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Synthesis of combretastatins A-1 and B-1
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Abstract—Combretastatins A-1 and B-1 have been synthesized by coupling MOM-protected p-iodomethoxycatechol with 3,4,5-tri-
methoxyphenylacetylene in a Sonogashira reaction.
� 2005 Elsevier Ltd. All rights reserved.
The combretastatins are a group of antimitotic agents
isolated from the bark of an African tree, Combretum
caffrum.1 Biological studies of these compounds have
revealed that they are among the most cytotoxic agents
tested so far against several cancer cell lines.2 They share
a common binding site on tubulin with several other
well-known antimitotic agents such as colchicine, podo-
phyllotoxin, and steganacin. Combretastatins A-1 (1),
B-1 (2), and A-4 (3) (Fig. 1) interact with and disrupt
the vascular life support of tumors by inhibition of tubu-
lin. This prevents metastasis and retards the cancer cells
ability to grow new blood vessels by preventing micro-
tubule assembly.3 The high potency of the combretasta-
tins together with their non-complex structures may
offer a new approach to cancer treatment.

Structure–activity relationship analyses of combretasta-
tins and their analogues have shown that the cis-olefin
and the phenolic functional groups are important for
antitumor activity.4 Since tubulin inhibitors are of inter-
est as potential anticancer drugs, synthesis, and biolo-
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Figure 1.
gical testing of the combretastatins and their
derivatives continue to attract interest.5

In the previously reported synthesis of combretastatin
A-1, the biaryl moieties were combined using non-stereo-
selective Wittig reactions, which required chromato-
graphic separation of the isomers.6 Hudlicky and
co-workers used biocatalytically generated p-bromo-
methoxycatechol that was coupled in a Suzuki reaction
with 3,4,5-trimethoxyphenylacetylene in their synthesis
of combretastatins A-1 and B-1.7

We have recently reported a one-pot ortho-formylation/
Dakin-oxidation method for the synthesis of catechols8

via ortho-formylation of substituted phenols.9 The cate-
chol moiety is present in combretastatins A-1 and B-1,
and herein we report convergent synthesis of both 1
and 2 applying this methodology.

Accordingly, 5-bromo-2-methoxyphenol (4) was con-
verted into p-bromomethoxycatechol (5), which was
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protected as the bis-(methoxymethyl)ether 6.10,11 The
bromide was converted to the more reactive iodide 7
in 98% yield (Scheme 1).

3,4,5-Trimethoxyphenylacetylene (8), obtained from
reaction of TMS–diazomethane and 3,4,5-trimethoxy-
benzaldehyde,12 reacted with iodide 7 in a Sonogashira
reaction affording alkyne 9 in 85% yield.11,13 Hydro-
genation and deprotection of alkyne 9 in a one-pot se-
quence afforded combretastatin B-1 (2) in 33% overall
yield from 4 (Scheme 2).

Hydroboration has previously been reported7 superior
to the use of Lindlar’s catalyst in the reduction of 9 to
MOM-protected combretastatin A-1. Hydroboration
Scheme 2.
under the reported conditions gave the desired cis-
olefin. Final deprotection with diluted HCl yielded com-
bretastatin A-1 (1) in 74% yield over two steps (Scheme
2). No isomerization of the cis-olefin was observed. The
spectral data were in accord with those reported
earlier.1,11

In conclusion, combretastatin A-1 and B-1 have been
prepared from the phenol 4 in 28% and 33% overall
yield, respectively. Our syntheses compare favorably
with those previously reported with respect to yield
and simplicity. Further work emphasis on synthesis
and biological activity of novel analogues of these natu-
ral products as potential tubulin inhibitors. Results from
this research will be reported in due course.
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