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Abstract

The total synthesis of the naturally occurring sesquiterpene hydroquinones zonarol and isozonarol and
the sesquiterpene quinones zonarone and isozonarone was achieved starting from b-ionone, which was
transformed via (+)-albicanic acid to (+)-albicanal and (^)-drim-7-en-11-al. Coupling of the aldehydes with
lithiated hydroquinone ethers and further modi®cation of the coupling products led to the target molecules.
# 2000 Elsevier Science Ltd. All rights reserved.
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Sesquiterpene quinones represent a substance class with increasing pharmacological interest.
Among other properties, antitumour activity,1 inhibition of the HIV 1 reverse transcriptase2 and
immunomodulation3 have been reported. Our aim is the synthesis and the investigation of bio-
logical properties of these compounds. Zonarone4 (5), zonarol4 (4) and isozonarol5 (9) have been
synthesized before starting from geranylacetone and the Wieland±Miescher ketone. Herein we
wish to report an e�cient and general access to sesquiterpene quinones of the drimane type. The
marine natural products zonarol (4), zonarone (5), isozonarol (9) and isozonarone (10) have been
isolated from algae.6 Compounds 4, 5, 9 and 10 have been synthesized by coupling (+)-albicanal
((+)-1) and (^)-drim-7-en-11-al ((^)-6) with lithiated hydroquinone-di-THP-ether and transform-
ing the coupling products into the desired natural compounds (Scheme 1). The chiral aldehydes
(+)-1 and (^)-6 have been prepared starting from b-ionone via a known route.7ÿ9 The total yield
of (þ)-albicanic acid ((þ)-16) could be improved from 30% to 54% (Schemes 2 and 3).
The most important step in the synthesis of zonarone (5) and isozonarone (10) (Scheme 1) was

the coupling of the sesquiterpene part of the molecule with the arene unit. According to standard
procedures,10 we lithiated the di-THP-ether of hydroquinone with sec-butyllithium and added
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(+)-albicanal ((+)-1), respectively (^)-drim-7-en-11-al ((^)-6) to the formed lithium organyl. The
reaction a�orded high yields of the benzyl alcohols 2 and 7 as coupling products, which were
mixtures of diastereoisomers.
Removal of the hydroxyl group in position 11 using the Li/NH3/NH4Cl-system

11 led quanti-
tatively to the deoxygenated species 3, zonarol-di-THP-ether, and 8, isozonarol-di-THP-ether,

Scheme 1. (a) R�THP, ether, 0�C, (80%); (b) 10 equiv. Li, NH3, THF, NH4Cl, ^78�C, (94%); (c) oxalic acid, H2O,
MeOH, ethyl acetate, (80%); (d) 3.0 equiv. CAN, MeCN/H2O (1:1), (95%); (e) R�THP, ether, room temperature,
(85%); (f) 10 equiv. Li, NH3, THF, NH4Cl, ^78�C, (95%); (g) oxalic acid, H2O, MeOH, ethyl acetate, (86%); (h) 3.5

equiv. CAN, DMF/MeCN/H2O (1:1:1), (81%)

Scheme 2. (a) (i) Et3SiH, (Ph3P)3RhCl (0.5%), 55�C, (ii) MeOH, K2CO3 (99%); (b) dimethyl carbonate, NaH, toluene,
100�C (97%); (c) 2 equiv. SnCl4, CH2Cl2 (72%); (d) methylenetriphenylphosphorane, toluene (99%); (e) NaSEt, DMF,

re¯ux (79%); (f) and (g) separation of the racemate according to the literature9 using (+)- and (^)-a-phenylethylamine
as chiral auxiliary
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respectively. Deprotection in the presence of oxalic acid12 gave zonarol (4) and isozonarol (9).
Optimized oxidation of 4 and 9 with cerium (IV) ammonium nitrate (CAN) yielded the desired
sesquiterpene quinones zonarone (5) and isozonarone (10). The structures of compounds 1±19
have been determined by means of mass spectra and one and two dimensional NMR techniques.
A comparison of NMR data and optical rotations of synthethic 4, 5, 9 and 1013ÿ16 with natural 4,
5, 9 and 10 shows good agreement.
The chiral aldehydes (+)-1 and (^)-6 have been obtained starting from b-ionone (11) (Scheme 2).

11 was transformed to dihydro-b-ionone (12) by using Et3SiH in the presence of Wilkinson's
catalyst, followed by solvolysis with MeOH/K2CO3 instead of hydrogenation with Bu3SnH.7,8

Claisen condensation of 12 with dimethyl carbonate led to the monocyclic b-ketoester 13, which
was cyclized with two equivalents of SnCl4 in dichloromethane to 8-oxo-12-nordriman-11-acid
methyl ester (þ)-14. Methylenation of (þ)-14 led to (þ)-albicanic acid methyl ester (þ)-15, which
had to be hydrolysed to the corresponding racemic albicanic acid (þ)-16. This reaction is some-
what di�cult; we obtained (þ)-16 in a yield of 55% by using the described procedure (NaI, DMF,
3 days).9 However, we found that the reaction of (þ)-15 with NaSEt in DMF (150�C, 1 h) yielded
79% of (þ)-16 after two recrystallizations from methanol. (þ)-16 was separated into the two
enantiomers (^)-albicanic acid ((^)-16) and (+)-albicanic acid ((+)-16), as described in the literature.9

According to this procedure (þ)-16 was mixed with chiral (+)- or (^)-a-phenylethylamine and
the resulting salt was puri®ed by several recrystallizations from ethanol. For the synthesis of
(+)-albicanal ((+)-1) and (^)-drim-7-en-11-al ((^)-6), (+)-albicanic acid ((+)-16) was used.
(+)-16 was quantitatively transformed to the methyl ester (+)-15 (Scheme 3). Isomerisation of

(+)-15 in the presence of Pd/CaCO3 and triphenylphosphane under hydrogen atmosphere yielded
71% of (^)-drim-7-en-11-acid methyl ester (^)-17. The two esters (+)-15 and (^)-17 were reduced
with diisobutylaluminium hydride (DIBAH) to the corresponding alcohols (^)-albicanol ((^)-18)

Scheme 3. (a) (i) [Et4N]+OH^, MeOH, (ii) dimethyl sulfate, THF (99%); (b) Pd/CaCO3 (5%), Ph3P (2%), hydrogen
atmosphere, room temperature, ethyl acetate (71%); (c) DIBAH, CH2Cl2, 0

�C (98%); (d) PCC, CH2Cl2, room tem-

perature (98%); (e) DIBAH, CH2Cl2, 0
�C (95%); (f) PCC, CH2Cl2, room temperature (97%)
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and (+)-drim-7-en-11-ol ((+)-19), respectively. Oxidation with pyridinium chlorochromate (PCC)
led to the desired aldehyds (+)-albicanal ((+)-1) and (^)-drim-7-en-11-al ((^)-6).
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