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A Concise, Efficient and Scalable Total Synthesis of Thapsigargin and Nortrilobolide from (R)-(–)-Carvone
J. Am. Chem. Soc. 2017, 139, 6046–6049.

Total Synthesis of Thapsigargin and 
Nortrilobolide

Significance: Thapsigargin has attracted great in-
terest over the past 40 years due to its highly oxy-
genated, complex framework combined with high 
biological activity. Thapsigargin inhibits intracellu-
lar calcium transport at picomolar concentrations. 
A closely related analogue is currently in phase II 
clinical trials against liver, brain, prostate, and kid-
ney cancer.

Comment: (R)-(–)-Carvone is transformed into D 
through allylic chlorination and substitution. An 
ozonolysis–aldol sequence followed by a pinacol 
coupling delivers the characteristic 5-7-5 frame-
work in G. Further redox manipulation and side-
chain introductions then concisely deliver synthet-
ic thapsigargin. Nortrilobolide lacking the α-acyl-
oxy side chain at the ketone was similarly synthe-
sized.
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1. t-BuOCl, SiO2, pentane
2. DIBAL-H, –78 °C, CH2Cl2
3. TBSCl, imidazole, CH2Cl2

Pd2(dba)3·CHCl3
(S)-BINAP, LiCl, 0 °C
THF, then C, LiHMDS

O3, –78 °C, EtOAc
then Ph3P, r.t.
then E, 78 °C

N
H2 OAc

55%

93%88%

7 steps

60%

pinacol coupling

E

VCl3(THF)3
Zn, HMPA

55%

Mn(OAc)3, 80 °C
PhH–n-C7H15CO2H (5:1)

1. Zn(BH4)2, –20 °C, Et2O 
2. J, NaHCO3, 90 °C, PhMe
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64%
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