
J. CHEM. RESEARCH (S), 2002 395

J. Chem. Research (S),
2002, 395–397

A large number of sesquiterpene hydroquinones (and
quinones) have been isolated from marine algae and sponges.1

Sesquiterpene hydroquinones are compounds of mixed
biosynthesis, which are constructed from drimane and hydro-
quinone moieties, and possess a wide range of biological
activities.2 These biologically active sesquiterpene hydro-
quinones, have been a target for organic synthesis in various
laboratories over the past 10 years. Drimanic aldehydes and
derivatives have been prepared as intermediates for the syn-
thesis of sesquiterpene hydroquinones.3a,b Previously we have
reported a new highly efficient synthetic route to the drimane
sesquiterpenes (+)-albicanol 1 and (+)-albicanal 2.4 In this
synthesis the diene 4, obtained in two steps from manool 3,5

was employed as a key intermediate. 

In 1973 Fenical et al.6 isolated (+)-zonarol 5 and (+)-
zonarone 6 in very small amounts from the alga Dictyopteris
zonaroides. In 1993 these compounds were also obtained from
same algae by Taniguchi et al.7 and were reported to exhibit a
potent feeding-deterrent activity towards the abalone, Haliotis
discus.

This paper presents a further extension of our work in the
synthesis of the sesquiterpene hydroquinone 5 and quinone 6. 

Previously Nakano et al.4 reported that the partial epoxida-
tion of the diene 4 with m-chloroperbenzoic acid (MCPBA)
afforded monoepoxide 7 (76%), monoepoxide 8 (7%) and
stereoisomeric diepoxide 9 (7%). In this synthesis monoepox-
ide 7 was required as a key starting material. We have modi-
fied the reaction conditions and obtained the monoepoxide 7
(84% yield based on reacted starting material) along with 44%
of recovered starting material and only small amounts of
monoepoxide 8 and stereoisomeric diepoxide 9. The monoe-
poxide 7 was isomerised with magnesium bromide in benzene

to (+)-albicanal 2 (67 %) according to the method reported
earlier. 4

The nucleophilic addition of the organolithium compound,
derived from hydroquinone, to the aldehyde 2, was first
attempted, using the di-TBS-ether of hydroquinone, but with-
out success. Therefore, we prepared the di-THP-ether of
hydroquinone3b and tried to couple it with the aldehyde 2 in
the presence of n-butyllithium, affording a mixture of iso-
meric benzyl alcohols 10 (90% yield), as shown by the 1H
NMR spectrum.

Reduction of the hydroxyl group of the benzyl alcohol 10
with ionic hydrogenation reaction8 afforded a complex mix-
ture of products. In 1981, Morita et al.9 reported deoxygena-
tion of alcohols with a chlorotrimethylsilane/NaI/zinc system,
but this method failed to reduce the alcohol 10. Reduction
with Li/NH3/NH4Cl3b, 10 gave a good result, yielding the
desired compound 11 in 93 % yield. Deprotection of the THP
group with pyridinium p-toluenesulfonate11 gave a (+)-
zonarol 5 in 86% yield, whose physical and spectroscopic
properties were identical to those reported.6, 7

(i) di-THP ether of hydroquinone, n-BuLi, THF, 0°C; (ii)
Li/NH3/NH4Cl, THF, –78°C; (iii) TPPA, EtOH; (iv) Jones,
acetone

The β stereochemistry of the 11-CH2 group of this com-
pound was confirmed by a NOESY experiment, which
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showed NOE cross peaks between 11-CH2 (δ 2.67), 15-CH3
(δ 0.78) and 12-HA (δ 4.66) (see Fig. 1).

Oxidation of compound 5 with Jones reagent12 afforded (+)-
zonarone 6 (97 %), whose physical and spectroscopic data
were identical to those reported.6, 7

Experimental

Melting points were measured with a Kofler hot-stage apparatus and
are uncorrected. NMR spectra were recorded with a Bruker Advance-
300 and Advance-500 spectometers for solutions in CDCl3. Electron-
impact mass spectra (EIMS) and high-resolution mass spectra
(HRMS) were obtained on a ZAB HS or Nermag R 10-10 mass spec-
trometer. The intensity of each peak in the mass spectrum relative to
the base peak is reported in parentheses. Rotations were measured at
24°C with a Zeiss ‘0.01°’ polarimeter. THF, ether, and benzene were
freshly distilled from sodium benzophenone before use. All other sol-
vents and reagents were obtained from commercial suppliers and
were used without further purification. Merck silica gel (70–230
mesh ASTM) was used for column chromatography. TLC was per-
formed on Analtech silica gel 60 G254 and the spots were observed
either by exposure to iodine or by UV light. All organic extracts were
dried over anhydrous sodium sulphate and evaporated under reduce
pressure below 60°C. 

Partial epoxidation of the diene 4 with MCPBA: To a solution of
diene 4 (0.314 g, 1.5 mmol) in CH2Cl2 was added small portions
MCPBA (0.479 g, 1.5 mmol) at –10°C. After 3 h the reaction mixture
was filtered through a small amount of silica gel to remove precipi-
tates. Evaporation of the filtrate gave a crude product, which was
chromatographed over silica gel. Elution with hexane yielded unre-
acted diene 4 (0.137 g, 44% of recovery). Elution with 2% ether in
hexane afforded the monoepoxide 7 as an oil (0.161 g, 84% based on
reacted starting material); δH (300 MHz) 0.81 (3H, s, CH3-14), 0.87
(3H, s, CH3-13), 0.97 (3H, s, CH3-15), 2.84 (2H, AB system J 4.6 Hz,
CH2O), 4.73 (1H, m, =CH2) and 4.84 (1H, m, =CH2); δC (75.45
MHz) 18.33 (C-2), 19.20 (C-15), 21.80 (C-14), 23.05 (C-6), 30.88
(C-1), 32.92 (C-13), 33.48 (C-4), 33.95 (C-7), 37.86 (C-10), 41.58
(C-3), 48.62 (C-11), 49.68 (C-5), 68.05 (C-9), 110.33 (C-12) and
146.39(C-8). Elution with 5% ether in hexane yielded only small
amounts of monoepoxide 8 and stereoisomeric diepoxide 9.
Prolongation of the reaction time for more than 3 h did increase the
amounts of stereoisomeric diepoxide 9.

Isomerisation of the monoepoxide 7 with magnesium bromide: The
monoepoxide 7 (0.103 g, 0.4 mmol) in dry benzene (5 ml) was
refluxed gently with magnesium bromide (0.103 g, 0.5 mmol) for 30
min. The product was extracted with ether and then chromatographed
over silica gel. Elution with 1% ether in hexane afforded the aldehyde
2 (69 mg, 67%) as an oil; HRMS m/z 220.1835 (M+, C15H24O
requires 220.1827); δH (300 MHz) 0.82 (3H, s, CH3-14), 0.84 (3H, s,
CH3-13), 1.11 (3H, s, CH3-15), 1.9-2.4 (2H, m, CH2-7), 2.42 (1H, m,
CH-9), 4.45 (1H, bs, =CH2), 4.87 (1H Bs, =CH2) and 9.83 (1H, d, J
3 Hz, CHO); δC (75.45 MHz) 15.90 (C-15), 18.70 (C-2), 21.90 (C-
14), 23.00 (C-6), 33.43 (C-13), 33.36 (C-4), 33.60 (C-7), 38.90 (C-
10), 39.80 (C-1), 41.80 (C-3), 53.90 (C-5), 67.80 (C-9), 109.20
(C-12), 145.00 (C-8) and 205.77(C-11).

Coupling of the aldehyde 2 with di-THP of hydroquinone: To a
cooled solution of the di-THP ether of hydroquinone (0.247g, 0.88
mmol) in dry THF (3 ml) at 0°C, was added n-butyllithium (0.55 ml,
1.6M in hexane). The resulting yellow solution was stirred for 15 min.
at 0°C and then slowly warmed to room temperature, stirred for 5
min. and then a solution of aldehyde 2 (0.110 g, 0.5 mmol) in THF (2
ml) was added. The mixture was stirred for an additional 1 h, satu-
rated aqueous NH4Cl solution was added and extracted with ether.
The solvent was evaporated under pressure and the product was chro-

matographed over silica gel. Elution with 30% chloroform in hexane
afforded compound 10 (0.225 g, 90 %); HRMS m/z 498.3936 (M+,
C31H46O5 requires 498.3345); δH (300 MHz) 0,80 (3H, s, CH3), 0.82
(3H, s, CH3), 0.84 (3H, s, CH3), 3.50 (2H, m, THP-group), 3.90 (2H,
m, THP-group), 4.92 (1H, bs, =CH2), 5.08 (1H, bs, =CH2), 5.20 (1H,
m, 11-CHOH), 5.27 (1H, m, THP-group), 5.45 (1H, m, THP-group),
6.96 (1H, m, aromatics H), and 6.84 (2H, m, aromatics H).

Deoxygenation of alcohol 10 with Li/NH3/NH4Cl: A stirred mix-
ture of Li (28 mg, 10 equiv.) in NH3 (10 ml) and THF (5 ml) at –78°C
was added (5 min) to a solution of alcohol 10 (0.2 g, 0.40 mmol) in
THF (2 ml) during 5 min. After stirring for an additional 20 min at
–78°C, NH4Cl (0.5 g) was cautiously added to discharge the blue
colour, and the NH3 was allowed to evaporate. After brine was added
the product was extracted with ether. The solvent was evaporated
under reduced pressure and the product was chromatographed over
silica gel. Elution with 10% ether in hexane afforded compound 11
(0.180 g, 93 %); HRMS m/z 482.3437 (M+, C31H46O4 requires
482.3396); δH (300 MHz) 0,79 (3H, s, CH3), 0.81 (3H, s, CH3), 0.83
(3H, s, CH3), 2.74 (2H, brd, J 6 Hz), 3.54 (2H, m, THP-group), 3.86
(2H, m, THP-group), 4.91 (1H, bs, =CH2), 5.13 (1H, bs, =CH2), 5.26
(2H, m, THP-group), 6.68(1H, m, aromatics H), 6.73 (1H, m, aro-
matics H), and 7.80 (1H, m, aromatics H).

Deprotection of the compound 11 with PPTS: To a solution of com-
pound 11 (0.110 g, 0.2 mmol) in EtOH (2 ml) was added PPTS (0.50
g, 0.19 mmol)at room temperature. This solution was stirred for an
additional 2 h at room temperature and then diluted with brine and the
product was extracted with ether. The solvent was evaporated under
pressure reduced and the product was chromatographed over silica
gel. Elution with 40% ether in hexane afforded zonarol 5 as a solid
(0.180 g, 93 %); m.p. 152°C (sub.); [α]D +18° (c 1.4, CHCl3); litera-
ture data:7 m.p. 179–180°C, [α]D +20.2° (c 0.93, CHCl3); HRMS m/z
314.2257 (M+, C21H30O2 requires 314.2246); EIMS m/z 314 (40,
M+), 299 (6), 229 (5), 191 (80), 178 (30), 163 (25), 161 (42), 149
(23), 123 (100), 109 (40), 95 (48), 69 (73), 55 (95), 43 (68); δH (300
MHz) 0.78 (3H, s, 15-CH3), 0.81 (3H, s, 14-CH3), 0.86 (3H, s, 13-
CH3), 2.67 (2H, brd, J 6 Hz, H-11), 4.66 (1H, s, H-12), 4.78 (1H, s,
H-12), 6.48 (1H, dd, J 8/2.8 Hz, H-4’), 6.58 (1H, d, J 2.8 Hz, H-6’)
and 6.59 (1H, d, J 8 Hz, H-3’); δC (75.45 MHz) 14.48 (C-15); δC
(75.45 MHz) 14.48 (C-15), 19.38 (C-2), 21.71 (C-14), 23.59 (C-11),
24.34 (C-6), 33.60 (C-13), 33.60 (C-4), 38.16 (C-7), 39.12 (C-1),
40.12 (C-10), 42.09 (C-3), 55.60 (C-5), 55.98 (C-9), 107.62 (C-12),
112.89 (C-4’), 115.82 (C-3’), 116.53 (C-6’), 129.79 (C-6’), 147.49
(C-2’), 148.72 (C-8) and 149.02 (C-11).

Oxidation of zonarol 6: The Jones reagent was added dropwise to
a solution of zonarol 5 (50 mg, 0.15 mmol) in acetone (2 ml) at room
temperature during 5 min. After decomposing the excess reagent with
methanol, the solution was poured onto ice and the product was
extracted with ether. The solvent was evaporated under reduced pres-
sure to give zonarone 6 (48 mg, 97 %), as bright yellow crystals. It
was recrystallised from methanol to form yellow needles; m.p.
131–132°C; [α]D +34° (c 1.7, CH3Cl); literature data7: m.p.
129–130°C, [α]D +34.3° (c 1.00, CHCl3); HRMS m/z 312.2120 (M+,
C21H28O2 requires 312.2089); EIMS m/z 314 (35, M+2), 312 (52,
M+), 297 (32), 256 (20), 189 (46), 175 (34), 161 (29), 147 (8), 137
(25), 123 (47), 95 (30), 81 (47), 69 (75), 55 (95), 43 (100); δH (300
MHz) 0.75 (3H, s, 15-CH3), 0.79 (3H, s, 14-CH3), 0.86 (3H, s, 13-
CH3), 1.98 (1H, m, H-9), 2.34 (1H, m, H-7), 2.56 (2H, m, H-11), 4.29
(1H, bs, H-12), 4.75 (1H, bs, H-12), 6.44 (1H, m, H-6’), 6.64 (1H, dd,
J 9.9/2.4 Hz, H-4’) and 6.72 (1H, d, J 9.9 Hz, H-3’); δc (75.45 MHz)
14.49 (C-15), 21.69 (C-14), 33.60 (C-13), 54.09 (C-9), 55.56 (C-5),
107.97 (C-12), 132.84 (C-3’), 135.99 (C-5’), 136.85 (C-4’), 149.43
(C-1’), 187.80 (C-2’), and 187.80 (C-6’).
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