
2 0 1 7  ©  T H I E M E  S T U T T G A R T  •  N E W  Y O R K678

J . C H E R R Y * ,  A . K U M A R *  E T  A L .  ( I P C A  L A B O R A T O R I E S L I M I T E D ,  M U M B AI ,  I N D I A  A N D  
A M Y R I S  I N C . ,  E M E R Y VI L L E ,  U SA )
Amalgamation of Synthetic Biology and Chemistry for High-Throughput Nonconventional Synthesis of the 
Antimalarial Drug Artemisinin
Org. Process Res. Dev. 2017, 21, 551–558.

Synthesis of Artemisinin

Significance: Artemisinin is extracted from the 
Chinese medicinal plant Artemisia annua and is 
used in combination therapy for the treatment of 
malaria. To date, extraction and total synthesis 
have failed to address the problems of high cost 
and erratic supply of artemisinin. Amorpha-4,11-
diene (A) is a biogenetic precursor of artemisinin 
that can be generated in titers of more than 120 g/L 
using an engineered yeast strain containing the 
requisite Artemisia annua genes coupled with an 
upregulated terpene pathway. The scheme de-
picts a nine-step conversion of A into artemisinin 
in 30% overall yield.

Comment: The strategy for converting the amor-
pha-4,11-diene into artemisinin via key intermedi-
ate (11R)-dihydroartemisinic acid required the se-
lective functionalization of the exocyclic alkene. 
Because this was not possible, the more reactive 
endocyclic alkene was selectively protected as 
epoxide B. After side-chain manipulation, the ep-
oxide deprotection (G → H) was accomplished by 
reductive elimination using lithium biphenylide – a 
step that may be challenging on scale.
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amorpha-4,11-diene

H2O2 (2.5 eqiv)
HCO2H (0.25 equiv)

30–34 °C, 25 h
96% (1.14 mol scale)
99% regioselectivity
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C (0.34 equiv)
cyclohexane

30 °C, 7 h
94%

K2HPO4 (2.5 equiv)

DMSO, 85 °C, 45 h
95%

NaClO2 (1.1 equiv)
H2NCO3H (0.36 equiv)

2-PrOH–H2O, 0 °C

N2H4 (1.6 equiv)
H2O2 (1.4 equiv)

2-PrOH, 32 °C, 7 h
75% from A
dr not reported

Li (6.1 equiv)
PhPh (0.5 equiv)

DME, 85 °C, 10 h
67% (0.85 mol scale)

NaOH (1.0 equiv)
(MeO)2SO2 (0.85 equiv)

Bu4NBr (1% w/w)

CH2Cl2–H2O, 20 °C
0.6 mol scale

Na2MoO4 (0.23 equiv)
H2O2 (7.4 equiv)

MeOH, 25 °C

PhSO3H (0.06 equiv)
Indion 225H resin (22.32 g)

3O2

CH2Cl2, 0 °C to r.t., 25 h
60% from H

G
mp not reported

Artemisinin
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