
© Georg Thieme Verlag Stuttgart • New York – Synform 2015/08, A113–A115 • Published online: July 20, 2015 • DOI: 10.1055/s-0034-1380870

Literature CoverageSynform

The treatment of malaria remains a medical challenge and the 
current best practice relies on combination therapy, namely 
the use of two or more drugs mostly for reducing the risk of 
therapy failure and developing resistance. Access to a broad 
portfolio of effective antimalarial drugs is an urgent medi-
cal need; therefore, the discovery and development of novel  
affordable antimalarial drugs continues to be a vibrant re-
search area. Sponge-derived kalihinanes have been reported 
to have antimalarial activity; however, a systematic study of 
kalihinanes as antimalarial agents has not been described.  
Recently, Professor Christopher D. Vanderwal from the Uni-
versity of California (Irvine, USA), described a 12-step synthe-
sis of kalihinol B, which was found to have potent antimalarial 
properties.

Professor Vanderwal said: “Although there had been 
synthesis work on the kalihinanes before by the Wood and  
Miyaoka groups (see the original JACS paper for references), 
my PhD student Mary Beth Daub and I began our studies be-
cause we believed that a general approach to many members 
of the family might offer a better understanding of the me-
chanism of action of these potent antimalarials, assuming that 
we could engage excellent collaborators (which we have, in 
Professor Karine Le Roch and Jacques Prudhomme!). After all,” 
he continued, “there are over 50 known naturally occurring 
kalihinanes at the last count and, because the antimalarial  
activity of kalihinol A (EC50 = 1.2 nM against a drug-resistant 
malaria parasite) was reported after many of these com-

pounds were discovered, only five natural products had been 
tested for antimalarial activity.” 

The group’s synthesis strategy arose from a ‘Molecule 
of the Quarter’ challenge, in which the group breaks up into 
teams, each of which develops a strategy for the synthesis of 
the target molecule. Professor Vanderwal explained: “Kali
hinol A, with its incredible antimalarial activity, was the tar-
get. The key idea came from a different way of looking at the 
simpler but related sesquiterpene, isocyanocadinene.” The 
Wood and Shenvi groups had made this molecule previously 
by application of an intramolecular Diels–Alder cycloaddition 
originally described by Taber for his synthesis of torreyol. That 
same type of cycloaddition also featured in the Wood and 
Miyaoka syntheses of the kalihinanes. Professor Vanderwal 
said: “We looked at the decalone cycloadduct A as a possible  
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product of an annulation or cycloaddition onto cryptone, a 
known building block available in enantiopure form by asym-
metric organocatalytic Robinson annulation.” 

He continued: “That was the insight we needed to be able 
to connect the oxygen-heterocycle synthesis with the ‘B’-ring 
synthesis via a sequence of oxa-Michael addition and Robin-
son annulation. The possibilities for organocatalytic stereo-
control of the C7,C11 relationship, which admittedly didn’t 
work out quite perfectly, were really exciting. We felt that this 
approach to the synthesis of the pendant heterocycle – target
ing the C11–O bond whereas Wood and Miyaoka forged the 
C14(15)–O bond (likely also the biosynthetic process) – set 

our approach apart from the previous work and offered the 
possibility of a very short synthesis. Fortunately, Mary Beth 
was able to reduce this relatively simple idea to practice in a 
way that I am very proud of.”

According to Professor Vanderwal, the short step count (12 
or 13 steps, depending upon the starting epoxidation) would 
not have been possible without application of the excellent in-
vertive isocyanation of tertiary trifluoroacetates developed by 
Shenvi and Pronin. “We have the good fortune of being friend-
ly with Professor Shenvi and of having Professor Sergey Pronin 
as our newest colleague here at UCI,” said Professor Vander-
wal. “At the outset of our work, we anticipated needing to de-
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velop this type of reaction; having been beaten to it so nicely 
obviated any work by us in that area. We can tell you, that 
reaction works as advertised! What was so fortunate for us 
was that the conditions developed by Shenvi and Pronin also  
behaved well in the epoxide isocyanolysis. If that hadn’t work
ed out, our endgame would have been much, much longer.”

“We were ecstatic to learn that our synthetic sample of ka-
lihinol B had nearly identical activity against drug-resistant 

malaria parasite to that reported for kalihinol A,” said Profes-
sor Vanderwal, who concluded: “That is the first of many SAR 
data points that we hope to add to the literature as we work 
with Jacques and Karine to understand how some of the kali-
hinanes exert their exciting antimalarial activity.”
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