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An approach to (+)-Lingzhiol
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ABSTRACT: (+)-Lingzhiol has been synthesized from commercially
available $,8-dimethoxytetralone in seven steps with an overall yield of
10.3% via an unprecedented acid-catalyzed semipinacol-type rearrange-
ment. In addition, a novel strategy for the construction of the tetracyclic 5/
5/6/6 core structure of lingzhiol has been developed via a tandem

rearrangement /reduction/lactonization reaction.

Lingzhiol, a novel meroterpenoid with an unprecedented
tetracyclic 5/5/6/6 core structure, was isolated from
Ganoderma lucidum in its racemic form. Initial biological studies
show that (+)-lingzhiol (1) has a potent inhibitory effect on the
phosphorylation of Smad3, which is implicated in chronic kidney
disease, such as diabetic nephropathy, and therefore, it can be
considered as a drug lead against chronic kidney disease.
Although (+)-lingzhiol (1) can be resolved using chiral HPLC,
both its enantiomers show similar activity.' Its interesting
biological activity and unique structure have attracted attention
from the organic chemistry community. In 2014, Yang’s group”
completed the first asymmetric synthesis of (—)-lingzhiol in 17
steps. They used a novel Rh-catalyzed [3 + 2] cycloaddition as
the key step to efficiently construct the two quaternary carbon
centers. Very recently, Qin’s group” published the total synthesis
of (+)-lingzhiol (1). They took a different approach and used an
epoxyarene cyclization to construct the 5/5/6/6 ring system of
(£)-lingzhiol (1). Due to the important pharmacological
properties of this natural product, a practical and versatile
synthetic strategy that is capable of providing an adequate
amount of material and its analogues for medicinal studies is
urgently needed.

Herein, we describe a highly concise and eflicient synthesis of
(£)-lingzhiol (1). Our retrosynthetic analysis is outlined in
Scheme 1.* We envisioned that the core structure of tetracyclic
5/5/6/6 lactone 7 might be constructed via an AlEt;-promoted
tandem rearrangement/reduction/lactonization of the cyclic 2,3-
epoxy alcohol 8.7° Compound 8, in turn, could be conveniently
prepared from §,8-dimethoxytetralone 2 via a Robinson
annulation, reduction, and epoxidation sequence.

Our synthesis commenced with preparation of the cis-f-allylic
alcohol § from commercially available 5,8-dimethoxytetralone 2
(Scheme 2). Treatment of $,8-dimethoxytetralone 2 with
dimethylcarbonate in the presence of NaH gave the known f-
ketoester 3.”° Then, a Robinson annulation of -ketoester 3 with
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Scheme 1. Retrosynthetic Analysis of (+)-Lingzhiol (1)
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methyl vinyl ketone via heating in the presence of MeONa
delivered the a,f-unsaturated cycloketone 4. However, during
the Luche reduction”'” of the @,B-unsaturated cycloketone 4 at
room temperature, only moderate cis stereoselectivity was
observed. Maintaining the reaction temperature at —78 °C was
crucial for attaining a high cis stereoselectivity (dr >10:1). The
relative stereochemistry of alcohol 5 was clearly confirmed by X-
ray crystallography (Figure 1). However, to our surprise, in
attempting to prepare the precursor epoxide 8, we found that
treating alcohol § with m-CPBA in CH,Cl, at room temperature
did not result in the expected epoxide but instead gave a 3:1
mixture of ring-contracted aldehydes 6 and 6'. The structures of
aldehydes 6 and 6’ were determined by "H NMR, "*C NMR, and
2D NMR spectroscopy, and the configuration of aldehyde 6 was
further confirmed by converting into the lactone 7, the key
intermediate in Yang’s synthesis of lingzhiol.” When aldehyde 6
was subjected to NaBH, reduction, the tetracyclic lactone 7 was
obtained. The 'H NMR and "*C NMR data of our product 7
were consistent with the data reported in the literature.”’
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Scheme 2. Synthesis of Lactone 7
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Figure 1. X-ray crystal structure of S.

Obviously, an acid-catalyzed semipinacol-type rearrangement
of a 2,3-epoxy alcohol mechanism may be used to explain the
experimental outcome, as shown in Scheme 3. The Lewis acid

Scheme 3. Possible Mechanism of the Acid-Catalyzed
Semipinacol-Type Rearrangement

mediated rearrangement of alcohol-protected 2,3-epoxides has
been fully documented,'" whereas the use of unprotected 2,3-
epoxy alcohols is rare.”'” It is also worth mentioning that, to our
knowledge, this is the first example of a semipinacol-type
rearrangement caused by the oxidation of an allylic alcohol using
m-CPBA. We proposed that the easy rearrangement of the
epoxide 8 was attributed to the strong electron-donating
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(—OMe) substitution present in its ortho-position, which
could stabilize the benzylic cation formed in the transition
state and facilitated this reaction.

To prove the assumed mechanism of rearrangement and
provide structural analogues to probe biological activity, similar
cyclic allylic alcohols 12 with no substituent and 13 with a —OMe
group in the meta-position, which were obtained with a high
stereoselectivity (dr >19:1) based on our previous work (Scheme
2), were selected as test substrates (Scheme 4). As expected,

Scheme 4. Synthesis of Lactones 18 and 19
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when the cyclic allylic alcohol 12 or 13 was treated with m-CPBA,
only the epoxide product 14 or 15 was isolated (Scheme 4). In
addition, to our delight, when compound 14 or 15 was treated
with AlEt; in THF using Tu’s procedure,” the desired tetracyclic
lactone 18 or 19, which bears the core structure of lingzhiol,
could be obtained in a one-step procedure with a reasonable yield
of 57 and 55%, respectively (Scheme 4). The relative
stereochemistry of lactone 18 was unambiguously determined
by X-ray crystallography (Figure 2).

Figure 2. X-ray crystal structure of 18.

With rapid construction of key intermediate 7 through our
unexpected acid-catalyzed semipinacol-type rearrangement, our
attention then turned to improve the cis stereoselectivity in the
preparation of aldehyde 6, where different reaction conditions
were tested (Table 1). It was found that the solvent and
temperature have a substantial effect on the reaction. The
reaction performed in an apolar solvent (CH,Cl, or toluene) at
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Table 1. Optimization of the 6/6" Ratio Using Different
Solvents and Reaction Conditions

OH OH
v QOH QOH T
OMe omell 1 omel| | OMe
@. G RETL N o o
kS e O S O
OMe OMe OMe OMe
OMe OMe OMe OMe
5 6 6 8
entry solvent condition time (h) ratio” (6/6")
1 THF rt 24 b
2 EtOAc rt 24 b
3 CH,CN rt 24 3:1
4 toluene 0°C 3 S:1
5 CH,CI, rt 1 31
6 CH,Cl, 0°C 3 10:1
7 CH,CI, —20°C 3 b

“Determined by 'H NMR spectroscopy. “Major product was epoxide
8.

room temperature or 0 °C was fast with no detectable trace of the
expected epoxide 8," but decreasing the temperature to —20 °C
or using a polar solvent (THF or ethyl acetate) led to a much
slower reaction and resulted in the formation of epoxide 8 and
only trace amounts of 6 and 6’ (Table 1). Furthermore, the 6/6’
ratios, which were determined by 'H NMR spectroscopy, could
be improved to 10:1 by using CH,Cl, as the solvent and simply
altering the reaction temperature from 25 to 0 °C. Under the
optimized condition, aldehyde 6 was easily obtained by treating
alcohol 5 with 1.1 equiv of m-CPBA, and without separation, the
resultant mixture of aldehydes 6 and 6’ was subsequently
reduced using NaBH, in a one-pot procedure to afford lactone 7
in 70% isolated yield after column chromatography.

Finally, with tetracyclic lactone 7 in hand, Yang’s protocol”
could be employed to complete the total synthesis of
(£)-lingzhiol. Alternatively, introduction of the benzylic carbon-
yl functionality could also be achieved via oxidation with freshly
preprared CrO,/3.5-dimethylpyrazole'* after intermediate 7 was
protected with MOMCI (Scheme $). Then, the methoxymethyl

Scheme S. Synthesis of (+)-Lingzhiol (1)
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group and two methoxyl groups of ketone 20 could be
simultaneously removed to deliver (+)-lingzhiol (1) using
AICl, and t-BuSH in CH,Cl,.” The spectroscopic data of our
synthesized (+)-lingzhiol (1) were in excellent agreement with
the data reported in the literature.'

In summary, a novel strategy for the rapid construction of the
core structure of lingzhiol (1) has been developed. The strategy
was based on an unprecedented acid-catalyzed semipinacol-type
rearrangement of a bicyclic allylic alcohol and a tandem
rearrangement/reduction/lactonization of a bicyclic 2,3-epoxy
alcohol. This strategy was not only applied in the concise
synthesis of (+)-lingzhiol (1) but also proved to be suitable for
straightforward construction of its structural analogues.
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