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V-ATPase is an important anti-cancer target and archazolid   
natural products represent a promising starting point for 
the development of V-ATPase-based cancer therapies. Over 
the last few years, the intensity of cancer research involving 
 archazolid natural products has increased, as evidenced by 
 several recent studies demonstrating promising activity for 
these compounds against particularly lethal and aggressive 
types of cancer. This follows an increasing appreciation for the 
role of the vacuolar-type ATPase (V-ATPase) in cancer.

However, archazolids remain scarcely available, which has 
hindered their development as V-ATPase inhibitor therapeu-
tics. “Only small quantities of archazolids are available from 
the natural source, and yet the vast majority of biological 
studies have utilized extracted and laboriously purified ma-
terial. This argues for continuing efforts toward a more ‘ideal’ 
total synthesis,” said Professor Gregory O’Neil from Western 
 Washington University (USA). In a recent Synlett article, Pro-
fessor O’Neil’s group described what promises to be a highly 
efficient synthesis of the archazolids based on a convergent 
Stille coupling to construct the substituted Z,Z,E-conjugated 
triene unique to this class of compounds.

Professor O’Neil noted: “It is interesting that this reaction 
was only successful when using the ‘eastern’ fragment as the 
stannane and the ‘western’ fragment as the iodide (which we 
rationalize as being due to steric interactions during the oxi-
dative addition step). Since tin and iodide groups are inter-

changeable, the lesson here seems to be that it is prudent to 
investigate both coupling scenarios when attempting and/or 
encountering difficulties with complex Stille couplings.”

The group’s advanced archazolid intermediate displayed 
dose-dependent inhibition of the V-ATPase. “We were quite 
excited by the V-ATPase assay results obtained for our advanc-
ed fragment 1, despite its modest activity (~100 times less 
potent than the natural product), given the overall structural 
simplifications relative to the natural product,” remarked Pro-
fessor O’Neil. He continued: “The results make a further case 
for the C7–C15 region of the natural products being pharma-
cophorically relevant, and gives us a starting point for future 
SAR studies. It is also planned to scale up our synthesis of 1 to 
make this compound more widely available as a new tool for 
V-ATPase/cancer research.”

Despite a computational suggestion that the compound 
would inhibit the cyclooxygenase (COX) enzyme, no COX in-
hibitory activity was measured. 

“There are a number of interesting questions that have 
been raised by our COX inhibition results in light of the pre-
vious theoretical study,” concluded Professor O’Neil. “For in-
stance, does the inactivity of our compound arise from it being 
too large and/or because it lacks a carboxylic acid terminus? 
Are other factors such as binding entropies at play? These are 
all questions that we hope to address through synthesis.”
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Figure 1 Structure of the archazolid natural products. Glycosylation at either the C7 or C15 hydroxyl significantly reduces their  
V-ATPase inhibitory activity, indicating that these two groups form important interactions with the enzyme. Interestingly, these 
same hydroxyls are connected by a Z,Z,E-conjugated triene unique to the archazolids.
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Scheme 1 Synthesis of the ‘eastern’ and ‘western’ domains of the archazolids

Scheme 2 Completion of the C1–C23 fragment (1) of the archazolids by a complex Stille coupling. First attempts using the ‘western’ 
stannane and ‘eastern’ iodide all failed. Switching the sense of organometallic/halide in these reactions led to success with the 
reaction.
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Figure 2 Arabidopsis V-ATPase assay results for synthetic archazolid fragments 1, 12, and 13 along with a known V-ATPase inhibitor 
concanamycin A. Whereas compounds 12 and 13 were inactive, tetrol 1 displayed dose-dependent growth inhibition of etiolated 
Arabidopsis as an indicator for inhibition of V-ATPase. The results provide further evidence for the importance of properly linked C7- 
and C15-hydroxyls for archazolid/V-ATPase binding.

Figure 3 Predicted and measured COX inhibitory activity of hypothetical archazolid fragment ArcA-1, archazolid A (ArcA), and 
synthesized archazolid fragment 1. The inactivity of 1 suggests certain structural requirements for COX binding (i.e. carboxylic acid 
or macrocycle).
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