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Phainanoid A

3

1) Fan, Y.; Zhang, H.; Zhou, Y.; Liu, H.; Tang, W.; Zhou, B.; Zuo, J.; Yue, J. Am. Chem. Soc. 2014, 137, 138.
2) Xie, J.; Liu, X.; Zhang, N.; Choi, S.; Dong, G. J. Am. Chem. Soc. 2021, 143, 19311.
3) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Isolation
from Paranephelium hainanensis1)

Biological activity
1. cytotoxicity against various cancer cell lines
2. potent immunosuppressive activity against 
induced proliferation of T and B lymphocytes

Total synthesis
racemic : Dong (2021)2)

asymmetric : Dong (2023)3)A
B C

D E
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Structual features
• 13,30-cyclodammarane-type triterpenoids
• benzofuranone based 4,5-spirocycle (A/B/C rings)
• 13 stereocenters with 5 quaternary carbons (D/E/F rings)
• [4.3.1] propellane (F/G/H rings)
• 5,5-oxaspirolactone (I/J rings)
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Synthetic Approach  

61) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Tandem Alkenylation/Alkylation and Cross Coupling

71) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828..
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Pd-catalyzed Intramolecular Alkenylation

8
1) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
2) Xie, J.; Wang, J.; Dong, G. Org. Lett. 2017, 19, 3017.
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Attempts to Introduce A/B-Rings

91) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Construction of A/B/C/D/E Model Substrate

101) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Synthetic Approach Toward D/E/F/G/H-Rings

111) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Synthetic Approach Toward D/E/F-Rings

121) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Oxidative Radical Polyene Cyclization

13
1) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
2) Snider, B. Chem. Rev. 1996, 96, 339.
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C-H Oxidation at C7 and Stereoselective 1,2-addition

14

1) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
2) Trammell, R.; See, Y.; Herrmann, A.; Xie, N.; Diaz, D.; Siegler, M.; Baran, P.; Garcia-Bosch, I. J. Org. Chem. 

Soc. 2017, 82, 7887
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Undesired Stereochemistry at C14

151) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Desired Stereochemistry at C14

161) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.

TMSCl, HN(TMS)2
imidazole, CH2Cl2, rt

85%

m-CPBA
NaHCO3

CH2Cl2, rt

Me

H
H

Me

O Si Me

MeMe

O

Me

H

H

Me

OMOM

OTMS
O

O
O

Me

H

H

Me

OMOM

O

OH
O

O

<50% conversion

Me

H

H

Me

OMOM

OTMS

OH
O

O

Me

H

H

Me

OMOM

OTMS

O
O

O

[Al]

H

citiric acid
MeOH/CH2Cl2, rt, 99%

Me

H
H

Me

O

O AlMe3

65% + 
35% rcv.

AlMe3
CH2Cl2, –20 ºC

R = H
R = TMS

Me

H

H

Me

OMOM

OR
O

O

O
Me

O
Si

tBu

tBu H

O

O
Ar O

H

O

O
Ar

TMS

F

E

D E

8

13
14

14

13
8

8
14

13



Optimization of Semi Pinacol Rearrangement

171) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Completion of Construction of F-Ring

181) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Synthetic Approach Toward F/G/H-Rings

191) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Tandem Heck Cyclization and Homoallylic Elimination 

201) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Reaction Mechanism : Pd-catalyzed Tandem Heck 
Cyclization and Cyclopropane Formation 

211) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Construction of I/J-Rings

221) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Construction of I/J-Rings

231) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Attempts to Construct F/G/H-Rings by Pd-catalyzed 
Heck Cyclization

241) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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MOM Deprotection and HWE Olefination

251) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Ni-Mediated Reductive Heck Cyclization 
and Cyclopropane Formation

26
1) Xie, J.; Zeng, Z.; Liu, X.; Zhang, N.; Choi, S.; He, C.; Dong, G. J. Am. Chem. Soc. 2023, 145, 4828.
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Plausible Mechanism: Reductive Heck Cyclization
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Plausible Mechanism:
Protonation and Cyclopropane Fromation
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Bidirectional Total Synthesis
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Synthesis of Precursor of 4,5-spirocycle
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Construction of 4,5-spirocycle 
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Preparation for Reductive Heck Cyclization
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Total Synthesis of Phainanoid A (Racemic)
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Summary
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Appendix
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Reaction mechanism of oxidative radical polyene 
cyclization

41
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Reaction mechanism of C-H oxidation
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Stereoselectivity of HWE olefination
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Assymmetric Total Synthesis of Phainanoid A


