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Synthesis and absolute configuration of (−)-chrysolic acid and
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Abstract—An efficient synthesis of (−)-chrysolic acid and (+)-isofregenedol has been achieved from zamoranic acid and sclareol.
The characteristic tetrahydronaphtalenic system was obtained by use of a cationic rearrangement of bicyclic systems adequately
functionalized. The absolute configuration of the natural products was established using Sharpless asymmetric epoxidation.
© 2003 Elsevier Science Ltd. All rights reserved.

Bicyclic diterpenes with an aromatic B ring are not very
usual in nature.1 Compounds of this kind have mainly
two carbon skeletons, fregenedanes and isofre-
genedanes,2,3 fregenedadiol and isofregenedadiol being
representatives of these skeletons.

Chrysolic acid4 isolated from Chrysothamnus panicula-
tus and 14-isofregeneden-13-ol5 (isofregenedol) isolated
from Haplopappus parvifolius are isofregenedane diter-
penes whose structures were determined spectroscopi-
cally, but their proposed absolute configuration is
based on biogenetic grounds and still not proved.

In this paper we present the synthesis of chrysolic acid
and isofregenedol from ketone 8, easily obtained from

zamoranic acid and sclareol, which establishes the abso-
lute configuration of the natural products. The synthe-
sis is designed as shown in a retrosynthetic scheme
(Scheme 1), having the above ketone 8 as key
compound.

The key step in the synthesis of the tetra-
hydronaphtalenic system (THN) characteristic of these
compounds is a cationic rearrangement of bicyclic sys-
tems adequately functionalised, previously described by
us.3 Intermediate 8 could be obtained from 5 and/or 11
that have allylic groupings in ring B. These compounds
are easily synthetised from zamoranic acid and sclareol,
respectively. Successive Wittig and Sharpless reactions
on methylketone 8, make it possible to obtain both
natural compounds with total control of the absolute
configuration.

Synthesis of 8 from zamoranic acid (Scheme 2).

The transformation of zamoranic acid methyl ester 3
into methylketone 4 has been previously reported by
our group.6 Diacetate 5, having the groups necessary
for the cationic rearrangement to ketone 8 that pos-
sesses the THN system, was achieved from 4 by con-
ventional reactions of reduction and acetylation.
Treatment of 5 with I2 in C6H6, 1 h, under reflux gave
6 in a 60% yield after column chromatography on
silicagel, reduction of 6 with LAH afforded 7 (96%).
Oxidation with PCC/DCM7 of 7 led to ketone 8 in an
excellent yield (90%).
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Synthesis of 8 from sclareol 1 (Scheme 2)

KMnO4 oxidation in the presence of MgSO4
8 and

filtering the mixture on a silicagel column gave 9 as
the only product in a 65% yield, in multigram scale.
Treatment of 9 with HI in C6H6 at room temperature
over 30 min, gives ketone 10 quantitatively. Allylic

oxidation of 10 in anhydrous conditions followed by
LAH reduction and acetylation gave 11 (63% overall
yield 3 steps) required for the cationic rearrangement.
Treatment of 11 with HI in C6H6 at room temperature
over 1 hour gives 6 in a 65% yield after column
chromatography on silicagel; 6 was transformed into
ketone 8 as before.

Scheme 1.

Scheme 2. Reagents and conditions : (i) Ref. 6; (ii) LAH, THF (98%); (iii) Ac2O, Py (100%); (iv) I2, C6H6, reflux, 1 h (60%); (v)
KMnO4, MgSO4, SiO2 (65%); (vi) HI, C6H6, rt (98%); (vii) Na2CrO4, Ac2O, AcONa, AcOH, 60°C (65%); (viii) LAH, THF (97%);
(ix) Ac2O, Py (100%); (x) HI, C6H6 reflux, 1 h (65%); (xi) LAH (96%); (xii) PCC, DCM (90%); (xiii) (EtO)2P(O)CH2COOMe,
HNa (90%) (E/Z, 9/1); (xiv) DIBAL-H (90%); (xv) D-(−)-DET, t-BuOOH, Ti(i-PrO)4, −24°C, 24 h (90%); (xvi) LAH, THF (93%);
(xvii) a. PDC, DMF; b. CH2N2 (94%); (xviii) L-(+)-DET, t-BuOOH, Ti(i-PrO)4, −24°C, 24 h (90%); (xix) CITs, Py (75%); (xx)
Zn–Cu, ICu, THF, 2 h (84%); (xxi) Zn, AcOH, 2 h (80%).
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Synthesis of chrysolic acid and isofregenedol from ketone
8 (Scheme 2)

Horner–Emmons reaction of 8 with excess of the phos-
phonate (EtO)2POCH2COOMe9 gave a mixture E/Z
9:1 of the esters in good yield. DIBAL-H10 reduction of
the mixture led to the corresponding mixture of allylic
alcohols, from which 12 was isolated in an 81% yield.
Sharpless epoxidation of 12 gives the corresponding
enantiomeric epoxides 13 or 14 using D-(−)-DET or
L-(+)-DET11, respectively. 12

Reduction of 13 with LAH gave a diol that by oxida-
tion with PDC in DMF, followed by esterification with
diazomethane lead to 15 [� ]D=−7 (c 0.78, CHCl3). The
same sequence with 14 gave the enantiomer of 15, 16
[� ]D=+7 (c 1.25, CHCl3).

Spectroscopic properties for 1513 and 16 are identical to
the ones described for chrysolic acid methyl ester. The
[� ]D=−12 (c 2.39, CHCl3) described, for the last com-
pound implies that the absolute configuration is 13R,
the one of 15, opposite to the described one.4

The hydroxy derivative 17 was synthesised starting
from 14 in three steps, tosylation,14 iodide sustitution15

and Zn/AcOH reduction,16 in a good overall yield.

The physical properties for 1717 [� ]D=+16 (c 1.28,
CHCl3) agree with those described for the natural
product ([� ]D=+20), establishing the absolute configu-
ration as 13S for the natural product (+) isofregenedol,
opposite to the one proposed on the base of biogenetic
hypotheses.
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