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The first total synthesis of isofregenedadiol, a bicyclic diterpene isolated from H. Viscosum, is reported starting from a p-(—)-pantolactone chiral
pool. A one-pot quadruple reaction sequence comprising an enyne ring-closing metathesis/cross-metathesis/Diels —Alder/aromatization for the

construction of a target skeleton is the highlight of the present synthesis.

Isofregenedadiol 1 is a tetrahydronaphthalenic diterpe-
nic diol isolated from Halium Viscosum (La Fregeneda).'
This compound’s skeleton can be considered as a new kind
of rearranged labdane with an aromatized B ring.> Although
biological activity for this compound was not reported,
the related labdanes have shown interesting antibacterial,
antifungal, antiprotozoal, and anti-inflammatory activ-
ities. The assigned structure and absolute configuration
were confirmed through preparation of its diacetate 2 from
7-labden-38,15-diol 3 by Marcos et al.> An interesting
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Figure 1. Structures of natural products.

side-chain migration reaction and ring B aromatizations were
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Here, we report the first total synthesis of 1 in an enantios-
pecific manner starting from p-(—)-pantolactone.*

Retrosynthesis is presented in Scheme 1. We envisioned
securing the target natural product 1 through a key one-pot
quadruple reaction process by combining two metatheses,
Diels—Alder and aromatization steps.”~® The present four-
step one-pot sequence in the synthesis of natural prodcuts is
novel. However, tandem enyne metathesis/Diels— Alder have
been widely employed in synthesis and the sequence compris-
ing enyne metathesis/cross metathesis/Diels—Alder is less
common.>® The synthesis is planned using an appropriate
enyne 4, alkene 5,” and 2-butyne. Enyne 4 and cross-metath-
esis partner alkene 5 could be prepared from p-(—)-panto-
lactone and S-(—)-citronellol, respectively.

Scheme 1. Retrosynthesis
isofregenedadiol 1

enyne ring closing metathesis
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Our synthesis commenced with the preparation of known
epoxide 6'° from commercially available p-(—)-pantolactone.
It was regioselectively opened with an allyl Grignard in the
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presence of Cul, and the resulting secondary alcohol was
protected as TBS ether to furnish compound 7."" Deprotec-
tion of the PMB group in 7 and Swern oxidation pro-
vided the aldehyde, which was immediately treated with a
Bestmann—Ohira reagent'? to yield the enyne 4 (Scheme 2).

Scheme 2. Synthesis of Key Enyne Precursor 4
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Having the key enyne precursor 4 in hand, initially we
have synthesized the isofregenedadiol skeleton in a sequen-
tial manner as described in Scheme 3. In the presence of
Grubbs’ second generation catalyst, enyne 4 underwent
RCM to produce diene 8 in 94% yield. The second metath-
esis (cross) using the same catalyst (5 mol %) and an excess
of 5 (~10 equivalents) under reflux conditions resulted in
the desired compound 9. After a few attempts'* and replacing
2-butyne with dimethylacetylenedicarboxylate (DMAD),
the DA reaction occurred smoothly which was immedi-
ately oxidized to 10 in 59% vyield over two steps.'*

Scheme 3. Synthesis of Isofregenedadiol Skeleton through Se-
quential Method

Z Grubbs'- 11 (10 mol%),
CH,Cly, rt, 16 h, 94%
tsorNT e L esO” Yy
4 8
5, Grubbs'- Il (10 mol%), P
CH,Cly, reflux, 22 h, 79% TBSO d
- OBn

9 (E/Z=~411)

DMAD, benzene; 110 °C,
sealed tube, 18 h;

DDQ, rt, 12 h, 59%
(for two steps)
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Having established the scheme in sequential manner,
next, we attempted the planned key one-pot quadruple
reaction sequence. After a few attempts, one-pot sequence
proceeded smoothly to furnish the desired tetrahydro-
naphthalene derivative 10 in 42% overall yield (Scheme 4).
The reaction times are chosen for the addition of sub-
sequent reagents and catalysts based on thin-layer chro-
matography (tlc) monitoring at each step. In a typical
procedure, a mixture of enyne 4 (1 mmol) and alkene
5 (8 mmol) was dissolved in toluene, degassed for 10 min
in a stream of argon, and then treated with 9 mol % of
Grubbs’ second generation catalyst in one portion. After
being stirred at 50 °C for 12 h, additional amounts of
alkene 5 (2 mmol) and catalyst (1 mol %) were added and
stirring was continued for 6 h at 50 °C. At this stage,
DMAD (2 mmol) was added to the reaction mixture,
heated at 110 °C for 10 h, and cooled to room temperature,
and DDQ (1.2 mmol) was added and stirring continued at
room temperature for 16 h. The reaction mixture was
filtered through a plug of Celite pad and washed with
dichloromethane. The crude product obtained after the
evaporation of solvent was purified by silica gel column
chromatography to furnish the desired compound 10 in
42% yield."® The diester 10 was transformed to the natural
product isofregenedadiol 1 by using LiAIH,4 reduction,
conversion of the diol to dibromide,'® and deprotection of
the benzyl group (Scheme 4). The spectral data of synthetic
isofregenedadiol 1 were compared with those of the natural
product and found to be identical. In addition, we have

Scheme 4. Synthesis of Isofregenedadiol and Its Diacetate
through One-Pot Quadruple Reaction Process
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confirmed the assigned structure without any ambiguity
with the help of single crystal X-ray analysis (ORTEP
diagram is shown in Figure 2). However, no optical
rotation of diol 1 was reported in the literature. To further
confirm its absolute configuration, we have prepared the
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corresponding diacetate 2 and compared the optical rota-
tion with the reported value in the literature.'

Isofregenedadiol

Figure 2. ORTEP diagram of the synthetic isofregenedadiol.

During this process, we have prepared a known inter-
mediate diene 8 as a bonus (Scheme 3). The spectral data
("H and '>C NMR) of the diene 8 was compared with that
of 8 from Snyder’s group,'” and both were found to be
identical. Previously, this diene 8 was converted to 3(S)-
hydroxytanshinone 13 and 3(S),17-dihydroxytanshinone
14 through an ultrasound-promoted Diels—Alder cycload-
dition with corresponding o-quinones followed by removal
of the TBS group (Scheme 5).'”'® Hence our effort can be
regarded as formal syntheses of 3(S)-dihydroxytanshinone'’
and 3(S),17-dihydroxytanshinones.'® It is noteworthy to
mention that the same diene 8 was prepared in racemic
form by Marsaioli et al. and utilized for the synthesis of
rearranged unsaturated drimane derivatives.'

Scheme 5. Formal Synthesis of 3(S)-Hydroxytanshinone and
3(S),17-Dihydroxytanshinone

ijng/OTBS
TBSO ; F

ultrasonlc

13. R = H hydroxytanshinone
(Snyder et al. ref 17)

14. R = OH dyhydroxytanshinone
(Duan et al. ref 18)

In short, we have described the first total synthesis of
isofregenedadiol 1, a bicyclic diterpene using a one-pot
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quadruple reaction sequence. In addition, formal syntheses
of two biologically interesting natural products 3(S)-
hydroxytanshinone 13 and 3(S),17-dihydroxytanshinone
14 are claimed through a common intermediate diene 8.
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