
Bioorganic & Medicinal Chemistry Letters 21 (2011) 764–768
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Replacement of the double bond of antitubulin chalcones with triazoles
and tetrazoles: Synthesis and biological evaluation

Ornella Mesenzani a, Alberto Massarotti a, Mariateresa Giustiniano b, Tracey Pirali a, Valentina Bevilacqua a,
Antonio Caldarelli a, Pierluigi Canonico a, Giovanni Sorba a, Ettore Novellino b, Armando A. Genazzani a,
Gian Cesare Tron a,⇑
a Dipartimento di Scienze Chimiche, Alimentari, Farmaceutiche e Farmacologiche and Drug and Food Biotechnology Center, Università degli Studi del Piemonte Orientale
‘‘A. Avogadro’’, Via Bovio 6, 28100 Novara, Italy
b Dipartimento di Chimica Farmaceutica e Tossicologica, Università di Napoli ‘‘Federico II’’, Via D. Montesano 49, 80131 Napoli, Italy

a r t i c l e i n f o
Article history:
Received 24 October 2010
Revised 23 November 2010
Accepted 23 November 2010
Available online 28 November 2010

Keywords:
Chalcone
Tubulin
Antiproliferative activity
Triazole
Tetrazole
0960-894X/$ - see front matter � 2010 Elsevier Ltd.
doi:10.1016/j.bmcl.2010.11.113

⇑ Corresponding author. Tel.: +39 0321 375857; fax
E-mail address: tron@pharm.unipmn.it (G.C. Tron)
a b s t r a c t

In the chalcone scaffold, it is thought that the double bond is an important structural linker but it is likely
not essential for the interaction with tubulin. Yet, it may be a potential site of metabolic degradation and
interaction with biological nucleophiles. In this letter, we have replaced this olefinic portion of chalcones
with two metabolically stable and chemically inert heterocyclic rings, namely triazole or tetrazole. Yet,
our biologic data suggest that, unlike in other antitubulinic structures, the olephinic ring might not be
merely a structural linker.

� 2010 Elsevier Ltd. All rights reserved.
Chalcones are open-chained molecules consisting of two
aromatic rings linked by a three-carbon enone fragment. Over
the last few years, it has been demonstrated that some chalcones
substituted on the aryl rings possess cytotoxic and antimitotic
activity due to their ability to inhibit tubulin polymerization1

(Fig. 1). These compounds exert such effect by binding to the col-
chi-site of tubulin in a reversible manner.2 To date, despite the
interesting pharmacological properties demonstrated by this class
of compounds, there are no chalcones as antitubulinic agents in
clinic or pre-clinic studies. This seems to be due to their metabolic
instability in vivo. Indeed, the phenolic group can easily undergo
phase II metabolism and the enone system can undergo Michael
additions with biological nucleophiles such as glutathione. Other
drawbacks can be: (a) chalcones are promiscuous structures with
a plethora of biological activities and (b) they can have patentabil-
ity problems. For these reasons, over the last decades, chalcones
have been used as starting points to design and synthesize novel
stable analogues with the same antimitotic effect and a better effi-
cacy/safety window.3 In particular, modifications on the chalcone
scaffold regarding the replacement of the double bond have been
fulfilled maintaining cytotoxicity and antitubulin action, suggest-
ing that the double bond is not strictly required for this biological
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activity (3–7) (Fig. 2).4 We therefore decided to take advantage of
the possibility to replace the olefinic bond to set up rapid synthetic
approaches that might be used to generate libraries based on the
chalcone scaffold. In particular, we thought to substitute the dou-
ble bond of chalcones with a triazole or a tetrazole moiety, meta-
bolically stable and chemically inert heterocyclic rings ( Fig. 3).
Furthermore, these substitutions might increase the bioavailability
of the new compounds. Preliminary molecular modeling studies
were performed, superimposing chalcone structure 1 with scaffold
A, B or C. Conformation of 1, docked into the colchi-site of tubulin,
was used as reference and superimpositions were made by using
the VegaZZ5 software. Visual inspection allowed us to see that,
for scaffold B and C triazole or tetrazole analogues can replace
the double bond of chalcone, maintaining the correct alignment
of the pharmacophoric groups (Fig. 4). In this letter, we now report
the synthesis, and the biological evaluation of these new chalcone-
like scaffolds.

The molecules belonging to the Scaffold A group were easily
prepared by using the Sharpless–Fokin cycloaddition6 between
the ynone 87 and 18 substituted aryl azides (Fig. 5) as shown in
Scheme 1. The insolubility of the ynone in polar solvents required
its dissolution in dichloromethane followed by the addition of the
azide, tert-butanol/water, copper sulfate and sodium ascorbate.
This two-phase system was stirred vigorously at room temperature
to give the desired click-chalcones (yields between 80% and 90%)
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Figure 2. Antitubulin chalcone-like compounds where the double bond has been replaced with an heterocyclic ring.
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Figure 3. Substitution of the double bond with triazoles or tetrazoles.
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Figure 1. Antitubulin chalcones.
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(8A–T) which precipitated and were obtained by simple filtration.
The two molecules belonging to scaffold B were prepared by react-
ing alkynes with acyl chlorides in a Sonogashira-type reaction8 to
give a ynonic system which can react with sodium azide in a 1,3-
dipolar cycloaddition. Compound 12 was then prepared reacting
trimethoxybenzoylchloride (9) and 4-ethynylanisole (10) under
the Sonogashira protocol, to give the ynone derivative 11 in 72%
yield. It is well known that alkynes with electron-withdrawing
groups favor the cycloaddition reaction with sodium azide even a
low temperature9 and the ynone 11 was reacted at �10 �C with so-
dium azide to give 12 in 55% yield (Scheme 2). Compound 15 was
Figure 4. Superimpositions between the chalcone (cyan) and the three scaffolds (A in y
respectively.
prepared using the same protocol. In brief, the ynone 1410 was ob-
tained in 65% yield by reacting 4-methoxybenzoylchloride (13)
with 5-ethynyl-1,2,3-trimethoxybenzene, followed by the reaction
with sodium azide to give the final product in 51% yield (Scheme
3). Finally, compounds belonging to scaffold C were prepared
exploiting a novel multicomponent reaction/post transformation
strategy developed by us11 illustrated in Scheme 4. Briefly, a four
component Ugi-like reaction among trimethylsilylazide, the
respective isocyanide, the respective aldehyde and the respective
benzylamine gives 16, which undergoes an hydrogenolytic cleav-
age of the N-benzyl group affording the amine derivative 17, which
ellow, B in green and C in orange) show an RMSD value of 1.993, 0.930 and 1.164,
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is then converted in the 1-aryl-5-aroyl tetrazole (18) through a
transamination reaction.12 This reaction was used to prepare
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compounds 18a–h and the respective intermediates (16a–h and
17a–h) were also tested. Alongside, we also generated compounds
in which the benzylamine of 16 was substituted to probe whether
this ring could participate in the interaction with tubulin (16i–k)
(Scheme 4).

To investigate the biological activity of the synthesized com-
pounds, we opted for SH-SY5Y cells, a neuroblastoma cell line
which we have previously shown to be sensitive to antitubulin
agents (e.g., combretastatin, taxol).13 In brief, cells were treated
for 48 h with the selected compounds and viability was deter-
mined by the MTT method. It should be noted that the MTT assay
measures viability as well as decreased proliferation and therefore
the results obtained reflect this. In this cell line, chalcone 1 dis-
played an IC50 for cell death/inhibition of proliferation of
50 ± 3 nM, confirming the choice of cellular model. All compounds
were first screened at a concentration of 10 lM. None of the click-
chalcones (8A–T) were active at this concentration (data not
shown). Similarly, compounds 12 and 15, also bearing a triazole
in place of the double bond were inactive (i.e., displayed more than
70% viability at this concentration). On the other hand, their pre-
cursors (11 and 14), bearing a ynone group, were cytotoxic/cyto-
static. Finally, the tetrazole analogues ( 18a–h and 16i–k) were
also inactive except for compound 18d. We therefore proceeded
with a concentration response curve of the active compounds un-
der the same conditions (Fig. 6). Compound 11 displayed an IC50 of
1.9 ± 0.3 lM, 14 displayed an IC50 of 0.7 ± 0.07 lM, and 18d dis-
played an IC50 of 4.1 ± 0.3 lM (Table 1). To confirm the mechanism
of action of these compounds, we performed a cell cycle analysis. It
would be expected that antitubulin agents, by disrupting the mito-
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Scheme 4. General synthesis for tetrazolic analogues of chalcones. Reagents and conditions: (a) MeOH, rt, 3 days; (b) H2, Pd/C 10%, MeOH, reflux, 24 h; (c) 4-formyl-1-
methylpyridinium benzenesulfonate, CH2Cl2/DMF, rt, 8 h then TEA 20 min then satd. aq oxalic acid, rt, 16 h.

Figure 6. Dose–response curves of cell viability/proliferation as measured by the
MTT assay. Values represent mean ± SEM of at least eight determinations from two
separate experiments.
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tic spindle, induce a G2/M block. For these experiments, cells were
treated for 16 h at a concentration twice the determined IC50. As
Table 1
Synopsis of results obtained with the active compounds. Results of the first column were ob
replicates. IC50 values were obtained from data presented in Figure 6. Cell cycle data is m

MTT assay 10 lM (% of control) MTT assay IC50

CTRL 100.0 ± 1.4
1 17.0 ± 2.2 0.05 ± 0.003
11 27.7 ± 4.0 1.9 ± 0.2
14 20.4 ± 0.2 0.7 ± 0.07
18d 51.6 ± 3.4 4.1 ± 0.3
expected, chalcone 1 induced a G2/M block, and this effect was
reproduced when using compound 18d. On the contrary, com-
pounds 11 and 14 displayed a G1 block, strongly suggesting that
their cytotoxic/cytostatic nature is not due to an effect on tubulin
(Fig. 7 and Table 1). Given the nature of ynone, it could be specu-
lated that the cytotoxic/cytostatic nature of 11 and 14 is aspecific
and given by their strong electrophilicity.

1,2,3-Triazoles have already been used successfully to replace
the double bond of combretastatin A-4.14 This, together with the
preliminary modeling of chalcones led us to speculate that this
strategy could have led to a new series of potent chalcone ana-
logues (click-chalcones) that might serve as scaffolds to generate
novel antitubulin agents. The data presented here, though, shows
that click-chalcones are inactive. Similarly, replacement of the
double bond with tetrazole has been considered for combretastatin
A-4.15 In our hands, one compound (18d) retained activity, albeit
displaying a very low potency compared to chalcone 1. Our new
scaffold has the advantage of being amenable to rapid synthesis
via a multicomponent reaction and could therefore be envisaged
to generate a large array of analogues. Yet, it should be noticed that
the potency reported here for 18d is in the same order of magni-
tude as other analogues previously reported which attempted to
replace the olefinic bond, raising the question on whether, unlike
combretastatin, the olefinic bridge on chalcones is not merely a
structural linker.
tained with a fixed concentration of drug (10 lM) are values are mean ± SEM of three
ean ± SEM of six separate experiments in two experimental days.

(lM) Cell cycle

G0/G1 S G2/M

49 ± 5.5 36 ± 4.0 15 ± 4.8
23 ± 7.1 48 ± 6.4 30 ± 0.7
79 ± 9.2 16 ± 6.4 6 ± 2.8
76 ± 2.1 18 ± 3.5 8 ± 0.7
41 ± 2.2 30 ± 5.3 29 ± 6.0



Figure 7. FACS analysis of the selected compounds. Cells were stained propidium iodide to investigate DNA content. Data are representative of at least 6 cytofluorimeter
analysis in two experimental days.
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