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Abstract: Three cis-combretastatin analogs (8 — 10) and three novel 1,2,3-triazole derivatives (5 — 7) have been
synthesized. The cis-combretastatins were prepared from selective hydrogenation of the corresponding alkyne. Reaction of
the alkyne intermediates with benzyl azide via the [3+2] dipolar cycloaddition provided the 1,2,3-triazoles compounds.
Removal of the benzyl group by catalytic hydrogenation afforded the desired triazoles 5 — 7 in good yields. The
cytotoxicity of the target compounds against the growth of murine B16 melanoma cells was determined using a MTT-based
assay. The results demonstrated the triazoles to have cytotoxicity comparable to the cis-combretastatins, with the ICs,
values for compounds 7 and 10 as 56 pM and 55 puM, respectively.

Introduction

Combretastatins, isolated from the African willow tree Combretum caffrum Kuntze (Combretaceae), are known to inhibit
the growth of cancer cells (murine P388 lymphocytic leukemia). The most potent compound of this class of natural
products is combretastatin A-4 (CA-4, 1), which strongly inhibits the polymerization of tubulin by binding to the colchicine
site.' Major limitations on the clinical utility of CA-4 are its poor solubility in biological media and poor bioavailability,
which significantly impair its in-vivo activity. In addition, the combretastatins contain a core cis-stilbene nucleus, which
upon heating tends to isomerize to the trans-double bond configuration. While it was found that trans-combretastatins have
cytotoxic properties,” the interconversion from cis- to trans-combretastatins is not ideal for drug development. As a result,
there is significant interest in the design of combretastatin analogs that have more beneficial pharmacological properties.
Compound 2, a synthetic water soluble phosphate prodrug of CA-4 is currently undergoing clinical trials.? In addition, an
amino analog of CA-4 (3) and its amino acid derivative 4, have also been found to have more favorable water solubility and
in-vivo anticancer activity, with the latter also undergoing clinical evaluation.* In addition, analogs of combretastatins,
where a heterocycle serves as a bridge between the two aromatic ring systems, have been prepared. These corresponding
molecules include imidizoles, oxazoles, pyrazoles, thiazoles, 1,2,4-triazoles, and tetrazoles.” A number of these heterocyclic

analogs have been found to have potent anticancer activity.
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Figure 1. Structures of combretastatin A4 (1), CA-4P (2), amino-combretastatin AC-7739 (3),

the amino acid derivative 4, and the cis-combretastatin analogs (8 — 10) and their 1,2,3-triazole derivatives (5 — 7).
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Our research is focused on a novel class of heterocyclic combretastatin analogs, 4,5-diaryl-1,2,3-triazoles, which has not
been investigated heretofore. These triazoles will maintain the rigidity about the n-bond as well as the cis-configuration of
the aromatic rings. This conformation will ensure that the triazoles will mimic the combretastatins and fit into the
colchicine binding site in tubulin. Moreover, like imidazoles, 1,2,3-triazoles are polar and slightly basic making them
readily protonated as HCl salts.® 1,2,3-Triazoles are also useful as medicinal agents, including anticancer drugs,” suggesting
that they are stable in biological environments. In this paper, we report a highly convergent method for the preparation of
the cis-combretastatin analogs and their 1,2,3-triazole derivatives, as well as a brief discussion on the cytotoxic properties

of the target compounds 5 - 10.

Results and Discussion

The synthetic strategy for the generation of the target cis-combretastatins (8 — 10) and their 1,2,3-triazoles derivatives (5 —
7) is shown in Scheme 1. The key feature of this strategy is that both aryl groups of the final products are derived from
appropriate benzaldehyde synthons. This highly versatile synthetic approach allows for the possibility to create a wide
range of molecules, based on the availability of substituted benzaldehydes. The substituents on the aromatic rings will be
important as we examine the functionality of the final products and how the substituents play a role in affecting biological
activity. Reaction of substituted benzyl bromides with triphenylphospine in a benzene solution afforded the corresponding
phosphonium bromides (11 — 13). Treatment of the phosphonium bromides with sodium hydride produced the
corresponding Wittig reagents, which were reacted with substituted benzaldehydes (14 - 16) to generate the stilbenes (17 —

21) in good yields. Based on the coupling constants for the vinylenic protons of 16 Hz, and the chemical shift
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Scheme 1. Synthesis of 1,2,3-triazole derivatives 5 - 7 and combretastation analogs 8 — 10.
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being greater than 6.9 ppm, the trans configuration of the double bond was ascertained. Bromination of the stilbenes,
followed by didehydrobromination, generated the alkynes (27 - 31) in good yields. Following published procedures,®
reduction of the alkynes using Lindlar’s catalyst produced the cis-combretastatin analogs 8 — 10 in very high yields. The cis
configuration of the double bond in these compounds was confirmed by NMR analysis, in which the coupling constants for
the vinylenic protons were around 12 Hz and the chemical shifts were less than 6.6 ppm. Alternatively, the alkynes were
reacted under thermal conditions with benzyl azides to form the corresponding 1,2,3-triazoles (32 - 34) in modest yields.
Removal of the benzyl group by catalytic hydrogenation afforded the desired triazole derivatives § — 7. The structures of
the compounds in this study were confirmed by NMR, IR, mass spectrometry, and accurate mass measurements for the

target compounds § — 10.

With the target compounds in hand, their ability to inhibit the growth of murine B16 melanoma cells in culture was
determined. The cells were incubated continuously for 72 hours, and the cytotoxicity was measured using a colorimetric-
based MTT assay.’ The concentrations needed to inhibit the growth of the cancer cells by 50% for the target compounds are
given in Figure 2. Several observations can be made from the results. First, the triazole derivatives show comparable
cytotoxicity to the combretastatin analogs. For example, triazole 7 and combretastatin 10 have almost identical ICs, values.
Second, the results also indicate that having a 3,4,5-trimethoxy substitution pattern on the A-ring is beneficial for cytotoxic
potency. This observation is reasonable because the colchicine binding site in tubulin has a preference for a trimethoxy
substituted phenyl moiety.'® Even though the potency of the triazole 7 is moderate, the triazole nucleus offers favorable
solubility in aqueous media, while maintaining the geometry necessary to fit into the colchicines binding site in tubulin.
We believe that it represents an alternate class of compounds to the combretastatins worthy of further investigation.
Moreover, the availability of substituted benzaldehydes provides an opportunity for the generation of a wide range of

triazoles in combinatorial chemistry studies.
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Figure 2. Structures of the target compounds 5 — 7 and their ICs, values against the growth of B16 murine melanoma cells.
The compounds were dissolved in DMSO and diluted with DMEM media, with the eventual concentrations of 0.1% of
DMSO. This percentage of DMSO has no effects on the growth of B16 cells.
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