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Retrosynthetic analysis

Isolation:
- First isolated in 2013 from a mushroom Ganoderma lucidum commonly used in traditional East Asian medicine for various
purposes (anticancer and antibacterial medicines)

Biological activity
- Both enantiomers inhibit generation of collagen IV, fibronectin, and reactive oxygen species (ROS)
- Shown to selectively inhibit the Smad3 pathway, which has been implicated in renal fibrosis and diabetic neuropathy,
without inhibiting the renoprotective Smad2 pathway.

Structural features/syntheses
- [4,3,0] carbobicyclic ring systems and two vicinal stereogenic quaternary carbon centers at the ring junction
- Seven total syntheses, including three enantioselective syntheses have been disclosed up to date.
Full paper: Nature Commun. 2014, 5, 5707. For the latest synthesis, Org. Lett. 2020, 22, 290.

[3 + 2] Cycloadditions using allene motifs

Danhaiser, J. Am. Chem. Soc. 1989, 111, 389.

Lu, Acc. Chem. Res. 2001, 34, 535.

This work - Rh-catalyzed [3 + 2] cycloaddition

( )-Lingzhiol

HO

OH

O

O

O

OH
MeO

OMe

O

O

OH

MeO

OMe

CO2Me

CHO

OHOMe

OMe

OOMe

OMe

OMe

OMe

O

SiR3Me

+

Me

R3Si

RH

BF4

MeO2C
CO2Me

CO2Me

CO2Me
MeO2C

CO2Me
+

cat. PR3

[3 +2]

OH

RO

CHO

RO

Rh

[Rh]

CHO

RO

n

nn

[3 + 2]

n = 1 [3,3,0] ring system
n = 2 [4,3,0] ring system

OH

RO

n

RO

Rh(I)

n

O

H

RO

n

O

H

Rh(I)

CHO

RO

n

Rh(I)

CHO

RO

n

n
O

R Rh(I)

Rh(I)LnCl

OH

RO

n

Catalytic cycle

HCl

Retro-
propargylation

Michael
addition

Conia-ene
type reaction

alcoholysis

alcoholysis

[3 +2]



SOTW: ( )-LingzhiolSarlah Group

Sungjong Lee, April 10, 2020 2

b. PhI(OAc)2, pTSA,
MeCN, 0 C, 95%

a. PPh3CH3Br, KHMDS
THF, 0 C to 25 C, 98%

1,4-dioxane, 105 C
98%

c. Et3N HCl, Et2NH,
(CH2O)n

THF, 20 C,
91%, 92% ee

g. LiHMDS, NCCO2Me

17 steps, 5.8% overall yield
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d. (R)-CBS, BH3

e. mCPBA, NaHPO4,
PhH, 25 C

f. DMP, NaHCO3
81% for 2 steps

THF, 78 C

h. TBAF, A

THF, 30 C
62% for 2 steps

A
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IO
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i. NaI

MeCN, CF3CO2H
0 C, 92%

j. NaBH4, CeCl3 7H2O,

EtOH, 0 C, 63%

k. cat. [Rh(CO)2Cl]2
CO, DCE, 85 C, 86% l. NaBH4 m. SeO2

MeOH, 0 C, 89% 1,4-dioxane, 110 C
65%

n. Pd/C, H2

MeOH, 95%

o. NBS, BPO, NaHCO3

H2O, CCl4, 80 C
MeO
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O
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p. MnO2, DCM

71% over 2 steps

q. tBuSH, AlCl3

DCM, 40 C, 71%

Koser's reagent

Eschenmoser's salt

Waser's reagent Luche reduction

Corey-Bakshi-Shibata
reduction

Mander's reagent
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