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Highly Efficient Synthesis of Optically Active Drimanic
Sesquiterpenes, (+)-Fuegin, (+)-Epifutronolide (73-
Hydroxyisodrimenin) and (+)-7-Ketoisodrimenin.
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Abstract: A highly efficient synthesis of (+)-fuegin 4, (+)-7-cpifutronolide (7p-hydroxyisodrimenin) Sa and (+)-7-
ketoisodrimenin 6 from manool 1, is reported. © 1999 Elsevier Science Ltd. All rights reserved.
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We have recently elaborated a highly efficient strategy for the synthesis of the optically active
drimane-type sesquiterpenes, (+)-confertifolin, (+)-isodrimenin, (+)-euryfuran, (-)-warburganal, (+)-
albicanol, (+)-bicyclofarnesol,! (+)-valdiviolide and (+)-winterin.2 The key step in this strategy was the
Norrish type II cleavage of the ketone 2, obtainable from the oxidation of commercially available manool 1,

to the diene 33 (53% overall yield). Compound 3 served as a common precursor for the synthesis of these

natural products.
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This paper presents a further extension of our work to the synthesis of (+)-fuegin 4, (+)-7-
epifutronolide (7B-hydroxyisodrimenin) 5a and (+)-7-ketoisodrimenin 6.
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In 1963 Appel et al.* isolated (+)-fuegin 4 and (+)-futronolide from Drimys winteri Forst. In 1993
Kingston et al.? reported the isolation of (+)-7-ketoisodrimenin 6 from Porella cordeana (Hueb). (+)-
Futronolide has been assigned the structure 7 by Appel et al., but Kitahara ef al. 6 later synthesized (&)-

futronolide and reported that its structure should be formulated as Sbh and the 7-epimer, as S5a
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by us,< after protecting its 11-OH group. However, when this oxidation was attempted with various known

reagents, either recovered starting material or a complex mixture of products resulted. Therefore, for the
synthesis of the title three sesquiterpenes we have proceeded in the following way. The olefinic 1,4-diol 9a,
prepared by the photo-oxygenation of the diene 3, followed by the reduction of the resulting endo-peroxide
with lithium aluminum hydride, as previously described,” was converted with acetic anhydride-pyridine to
the acetate 9b (100%). This acetate was then oxidized with chromium trioxide-acetic acid to the 7-keto-
derivative 10a8 (69%). Hydrolysis of this compound was then attempted with 10% methanolic sodium
hydroxide in order to obtain the 7-keto olefinic 1,4-diol 10b. However, the product was found not to be
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compound 10b, but a 3:1 mixture of the hemiacetals 11a,b (50% yield). Separation of these two epimers was

not attempted and their structures were assigned on the basis of their *H and *°C NMR specira. The
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presence of tne nemlacetal moreues was COHIleCG oy me Slgﬂa t O O.1Y (i, It ) anda oC 1vo.1 ana at

Oy 6.12 (1H, m) and §¢ 101.7, the intensities of which signals were 3:1, respectlvely These signals must
result from the -CH(OH)-O- grouping at C-11. The two protons at C-12 resonated at 5 4.82 (2H, m) and
4.58 (2H, m). That the OH group was situated at C-11 (not at C-12) was verified by oxidation of this
mixture of hemiacetals with pyridinium chlorochromate? to (+)-7-ketoisodrimenin 6 (88%). The
erial oxidation of 10b to 11a,b may reasonably be explained as follows. Removal of a
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t C-9 to form the conjugated radical would be faster than
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aldehyde group at C-9 would then form a mixture of epimeric hemiacetals with the adjacent OH group at C-
8.
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{a) Ac;0, pyridine; (b) CrOs, AcOH; (c) 10% meihanoiic NaOH; (d) pyridinium chiorochromate, CH>Cly;
(e) NaBH,, EtOH.

Reduction of compound 6 with sodium borohydride gave (+)-7-epifutronolide (7pB-
hydroxyisodrimenin) Sa (86%). The B (equatorial) stereochemistry of the 7-OH group was deduced from the
1H NMR spectrum. The 7-proton absorbed at & 4.50 (1H, m, half-height width 17 Hz), which indicated that

chiortde-pyridine compounds iia,b anorded 7-Ketoeuryruran iZa (" 8%). The presence of a furan ring was
demonstrated by the proton signals at 8 7.12 (1H, d, J 1.4 Hz, 11-H) and 7.86 (1H, d, J 1.4 Hz 12-H).
Reduction of compound 12a with sodium borohydride yielded 7-hydroxyeuryfuran 12b (94%). In the 1H
NMR spectrum of this compound, two furanoid protons resonated at 8 7.03 (1H, d, J 1.4 Hz) and 7.36 (1H,
dd, J 1.4, 1.4 Hz). The proton at C-7 absorbed at 6 4.73 (1H, ddd, J 9.8, 7.1, 1.4 Hz, half-height width 15

Hz), indicating that it was axially oriented.
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correlation studies. The carbonyl carbon signal appeared at 8 171.4. The tetra-substituted doubie bond
carbons resonated at & 128.5 and & 170.5. The signal at higher field (8 128.5) must be due to the carbon
adjacent to the CO group. The other olefinic carbon at lower field (5§ 170.5) showed correlation through
three bonds to the C-13 methyl protons (& 1.29) and also through two bonds to the carbon bearing the OH
group which resonated at 8 97.84. The 7-proton appeared at 8 4.54 (1H, ddd, J 9.8, 7.1, 1.4 Hz, half-height

width 1§ Hz), in_d_ica‘[ing that it was axiallv griented and hence the 7-QH group should possess the R

a buienolide (40%). iis siruciure was deduced from 2D NMR ‘H and
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(a) SOC,, pyridine; (b) NaBH,, EtOH; (c) '0s, eosin, t-BuOH-2,6-lutidine (2:1).

The o stereochemistry!! of the 11-OH group in fuegin was deduced from the reaction mechanism of the
photo-oxygenation. The oxygenation must have taken place from the less sterically hindered a-face of the
furan ring. Subsequent breakdown of the resulting a-endo-peroxide 13 would produce the biradical species
14. The reaction would then terminate by disproportion in two ways, as illustrated in Scheme 4. One would

lead to fuegin 4 while the other would result in the formation of its 11-keto isomer 15,
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obtained. However, in that of compound iZb possessing a hydroxyi group ai C-7, ihe 11-keio 1somer iS5 was
not detected. This suggested that the 7-hydroxyl group in iZb would faciiitate the formation of

thermodynamically more stable 12-keto isomer 4 by hydrogen bonding.
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Scheme 4

EXPERIMENTAL

Melting points were measured with a Kofler hot-stage apparatus and are uncorrected. NMR spectra
were recorded with a Bruker AM-300 spectrometer for solutions in CDCl3. Mass spectra were determined
with a Kratos MS25RFA at 70 eV using a direct inlet system. Rotations were measured at 23°C with a Zeiss
'0.01' polarimeter. Merck silica gel (70-230 mesh ASTM) was used for column chromatography. TLC plates
were prepared on Merck silica gel 60 G254 and the spots were observed either by exposure to iodine vapour
or by UV light. All organic extracts were dried over anhydrous sodium sulfate and evaporated under reduced
pressure below 60°C.

Acetylation of the olefinic 1,4-diol 9a. Compound 9a (0.180 g) was treated with acetic anhydride-
pyridine (1:2, 5 ml) at room temperature for 3 h. Usual work-up afforded compound 9b8 (0.251 g, 100%) as
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an oil; dy (300 MHz) 0.82 (3H, s, Me), 0.87 (3H, s, Me), 0.97 (3H, s, 13-Me), 2.0 (3H, s, Ac), 2.02 (3H, s,
Ac) and 4.4-4.6 (4H, m, 11- and 12-H).

Oxidation of compound 9b. To a solution of compound 9b (0.210 g) in acetic acid (5 ml) was

added chromium trioxide {ﬂ 108 n\ and the mixture wag left under stirrino at room temnerature overniocht
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Water w. dded the product was extracted with ether and then chromatographed over silica gel. Elution
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0.84 (3H, s, Me), 1.08 (3H, s, 12-Me), 4.73 (ZH, AB system, J 1Z Hz, CH,OAc) and

d 4.74 (2H, broad s,

Alkaline hydrolysis of compound 10a. Compound 10a (0.24 g) was stirred with 10% methanolic
potassium hydroxide (5 ml) at room temperature for 12 h. Water was added and the product was extracted

with ether. The crude product obtained was chromatographed over silica gel. Elution with 40% ether in

havana affardad o wen Af haminantnls 110 ned 1R /N 19 An Aewrnd o 1LT 1TL300M.
nmeAaAallc aiiviucu a llll:\lulc Ul HuiiavoLal 1ia aliu 11 v \U | ¥4 5 JU/O} ad \/lyald j31 8 p 1Ui=190 Lz I’l/‘ LJ‘
(M*-18); 8y (300 MHz) 0.87 (3H, s, Me) 0.88 (3H, s, Me), 0.94 (6H, s, two Me) 1.31 (6H, s, two 13-Me),

AT Y s s m AT ~a s

4.58, 4.82 (ZH each, m, 12-H) and 6.12, 6.19 (1H each, m, 11-H); d¢ (75.45 Mkiiz) 34.5 (C-1), i8.0, 18.1 (C-
2), 41.1, 41.0 (C-3), 32.6, 32.8 (C-4), 52.6 (C-5), 35.9 (C-6), 197.5 (C-7), 133.9 (C-8), 165.6 (C-9), 36.8,
36.9 (C-10), 103.1 (C-11), 71.3 (C-12), 18.4 (C-13), 21.1, 21.1 (C-14) and 33.9, 33.1 (C-15).
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mo) was dissolved in dichloromethane (4 ml) an n i hromate (34 .6 mo) a

mg) was dissolved 1n dichloromethane (4 ml) an ¢ p num ch chromate (34.0 mg) at
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09-111°C (23 mg, 88%); [ajp +40° (¢ 1.5), literature data®: amorphous powder, [a]p +40° (¢ O

CHClg) Vmax 1768 (lactone CO) and 1690 (C=0); m/z 248 (M™); 8u (300 MHz) 0.90, 094 (3H each, s,
Me), 1.26 (3H, s, 13-Me), 1.85 (1H, dd, J 13.9, 3.3 Hz, 5-H), 2.47 (1H, dd, 17.6, 13.9 Hz, 6-axial H), 2.62
(1H, dd, J 17.6, 3.3 Hz, 6-equatorial H) and 4.80 (2H, s, 12-H); 8¢ (75.45 MHz) 33.2 (C-1), 17.9 (C-2),
41.1 (C-3), 33.1 (C-4), 52.0 (C-5), 36.1 (C-6), 196.3 (C-7), 149.0 (C-8), 152.5 (C-9), 36.7 (C-10), 170.8 (C-
1. 672 (C “) mn{r‘ l’l\ 209 (C-14) and 32 R (C-15)
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Reduction of compound é with sodium borohydride. Compound & (0.1 g) in ethanol (5 mi) was
treated with sodium borohydride (13.3 mg) at room temperature for 30 min. After addition of water the
product was extracted with ether and then chromatographed over silica gel. Elution with 25% ether in
hexane afforded compound Sa, m.p. 166-168°C (86 mg, 86%); [alp + 27° (¢ 3.1), m’z 250 (M™); 84 (300
MHz) 0.91, 0.95 (3H each, Me), 1.12 (3H, s, 13-Me), 4.50 (1H, m, half-height width 17 Hz) and 4.64, 4.85
(1H each, d, J 17 Hz, 12-H); 8¢ (75.45 MHz) 34.0 (C-1), 18.1 (C-2), 41.3 (C-3), 32.8 (C-4), 51.2 (C-5),

29.2 (C-6), 69.2 (C-7), 160.2 (C-8), 136.6 (C-9), 35.4 (C-10), 172.5 (C-11), 67.8 (C-12), 19.8 (C-13), 21.4
L0 TAY nand 22 2 70 18N
L1144 aiid 25,50 (L -19).
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compounds iia and 1ib (0.1 g) in pyridine (5 mi) was added with stirring four drops of thionyi chioride.

After 15 min, water was added and the product was extracted with ether. Chromatography over silica gel
with 2% ether in hexane afforded compound 12a (72 mg, 78%) as an oil; 8y (300 MHz) 0.88, 0.91, 1.21 3H
each, s, Me), 2.39-2.57 2H, m, 6-H), 7.12 (1Hd, J 1.4 Hz, 11-H) and 7.86 (1H, d, J 1.4 Hz, 12-H); 8¢
(75.45 MHz) 51.1 (C-5), 196.7 (C-7), 123.0, 135.8, 138.5 and 144.1 (furanoid carbons) (Found: M,
232.1458. C15H2007 requires 232.1463).
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was treated with sodium borohydride (23.4 mg) at room temperature for 1 e product was worked up as
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usual. Compound 12b (91 mg, 94%) was obtained as a semi-solid; oy (300 MHz) 0.87, 0.90, 1.21 (3H, s,
Me), 4.73 (1H, ddd, J 9.8, 7.1, 1.4 Hz, half-height width 15 Hz, 7-H), 7.03 (1H, d, J 1.4 Hz) and 7.36 (1H,
dd, J 1.4, 1.4 Hz); 8¢ (75.45 MHz) 50.6 (C-5), 66.4 (C-7), 125.0, 135.2, 136.9, 138.9 (furanoid carbons)
(Found: M+, 234.1622. C15H220; requires 234.1619).

Photo-oxygenation of compound 12b. A solution of compound 12b (105 mg) in ¢ -butyl alcohol-
2,6-lutidine (9 ml, 2:1) containing eosin (3 mg) was irradiated with an external 150 W tungsten lamp for 166

I A hinh ¢ harhhiad th h ¢th t3 Iwrty Tho + P +h 43 flagl-
1 u'd.ﬁ.ﬁg which time OXYECil Was oUo0iea UIIougi UlC réaciion mixiure. inc Lempulalhi'e in the reaction flask
o0

was maintained at 15°C. Solvent was removed from the reaction mixture under reduced pressure and the
residue was submitted to column chromatography over silica gel. Elution with 60% ether in hexane afforded
compound 4, m.p. 174-176°C (42 mg, 40%); [a]p + S0° (c 1.8); literature data’: m. p. 170-172°, [a]p +76°
(¢ 1.1, CHCL); 8y (300 MHz) 0.90 (6H, s, 2-Me), 1.29 (3H, s, 13-Me), 4.54 (1H, m, half-height width 15
Hz, 7-H) and 6.05 (1H, d, J 1.4 Hz, 11-H); 8¢ (75.45 MHz) 34.8 (C-1), 18.0 (C-2), 41.2 (C-3), 33.1 (C-4),
51.1 (C-5), 27.6 (C-6), 64.9 (C-7), 128.5 (C-8), 170.5 (C-9), 37.9 (C-10), 97.8 (C-11), 171.4 (C-12), 19.8
(C-13), 21.5 (C-14) and 33.2 (C-15).
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