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Abstract—Fourteen symmetrical bis-alkynyl pyridine and thiophene derivatives were synthesized and their antiangiogenic activity
was evaluated with the proliferation and tube formation inhibitory activity on the human umbilical vein endothelial cells (HUVEC).
Compounds 6, 8, and 10, rigid mimetic structure of curcumin, showed the potent growth inhibitory activity and the potent tube
formation inhibitory activity.
� 2004 Elsevier Ltd. All rights reserved.
Angiogenesis occurs during embryonic development,
wound healing, and the menstruation cycle in physio-
logic conditions. Angiogenesis is an elaborately regu-
lated phenomenon. Unregulated angiogenesis causes
pathological conditions, such as diabetic retinopathy,
psoriasis, arthritis, and cancer.1 During the tumor
growth, angiogenesis need for nourishment and removal
of metabolic wastes from tumor sites. Tumor requires
coordination of angiogenesis with continuous cancer cell
proliferation. Tumor growth and metastasis strictly,
which depend on angiogenesis reminds the idea that
blocking tumor nourishment can be one of the ways to
avoid its spread and growth.2 Therefore, antiangiogenic
treatment has received a lot of attention in cancer
research.3 A lot of antiangiogenic compounds were
reported4 and several antiangiogenic drugs are currently
in clinical trials.5

Curcumin (1) is a natural product isolated from the
spice turmeric. It inhibits several signal transduction
pathways including protein kinase-C, transcription fac-
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tor NF-jB, phospholipase A2, arachidonic acid
metabolism, EGF receptor autophosphorylation, and
Ca2þ-ATPase.6 Thus curcumin has a potent antiangio-
genic effect.

Arbiser et al. reported that curcumin (1) and its deriv-
atives including demethoxycurcumin and tetrahydro-
curcumin were discovered as potent antiangiogenic
agents.7 Kwon and co-workers reported that hydrazi-
nocurcumin, which curcumin’s diketone part is modified
to imidazole ring has a potent antiangiogenic activity.8

Recently, Bowen and co-workers reported that aromatic
enone and dienone analogues of curcumin (1) have a
potent antiangiogenic activity.9 Therefore, although
structure–antiangiogenic activity relationship of curcu-
min (1) is not completely understood, curcumin is a
promising lead compound for structural modification.
These studies suggest that phenolic group and aromatic
enone or dienone group is essential to the antiangiogenic
activity of curcumin (Fig. 1).

In addition, based on the previous results,9 we hypoth-
esized that the rigidity of symmetrical aromatic moieties
plays an important role to enhance angiogenic activity.
To certify our assumption, we synthesized symmetrical
bis-aromatic alkynyl pyridine and thiophene derivatives
(2) and bis-aromatic alkyl pyridine and thiophene
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Figure 1.
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derivatives. The bis-alkynyl compounds (2) are the rigid
structure of curcumin.

The antiangiogenic activities of those synthetic com-
pounds were evaluated with the proliferation and tube
formation inhibitory activities on the human umbilical
vein endothelial cells (HUVEC).

Commercially available aldehyde (3) was reacted with
carbon tetrabromide in the presence of triphenyl phos-
phine in CH2Cl2 at 0 �C for 2 h. The crude product was
twice chromatographed (CHCl3/MeOH¼ 95/5) on silica
gel to afford dibromoalkene (4). This alkene (4) was
dissolved in dry THF under n-BuLi and stirred at
)78 �C for 5 h to give aromatic alkyne (5). Utilizing
Sonogashira reaction,10 bis-alkynyl pyridines (6 and 8),
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Scheme 1. Synthesis of symmetrical bis-alkynyl pyridine and thiophene deri
and bis-alkynyl thiophene (10) compounds were ob-
tained by the reaction of 5 with two dibromo pyridines
or diiodothiophene at room temperature for 15–17 h in
the presence of dichloro bis-(triphenylphosphine) pal-
ladium, copper (I) iodide, and diethylamine, as shown in
Scheme 1. 1H, 13C NMR spectrum, and GC/MS spec-
trum of bis-alkynyl compounds (6, 8, and 10) were
investigated for structural identification.11

To study the relationship between structural rigidity and
activity, we obtained the bis-alkyl compounds (7, 9,
and 11), which are the hydrogenated compounds (6, 8,
and 10) with Pd/C at room temperature in the H2 atmo-
sphere, respectively (Scheme 1). Also, to obtain water-
soluble promising molecules, we reacted bis-alkynyl and
bis-alkyl pyridines (6, 7, 8, and 9) with trimethyloxo-
nium tetrafluoroborate ((Me)3OBF4) in dichloroethane
to transform into their salts (12a, 13a, 14a, and 15a),
and the treatment of methyl trifluoromethanesulfonate
(MeOTf) on 6, 7, 8, and 9 in diethyl ether afforded these
salts (12b, 13b, 14b, and 15b), as shown in Scheme 2.

Cell growth inhibitory effect of synthesized compounds
was measured by MTT colorimetric method,12 as shown
in Table 1.

As we expected, the bis-alkynyl compounds (6, 8, and
10), rigid mimetic structure of curcumin (1), showed
more potent growth inhibitory activity on HUVEC than
curcumin (1). Especially, bis-alkynyl compounds (6 and
8) have a highly strong inhibition activity upon HU-
VEC. The bis-alkyl compounds (7, 9, and 11) having
more flexible alkyl chain, hydrogenated compounds of
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vatives, and their hydrogenated compounds.
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Scheme 2. Synthesis of tetrafluoroborate and triflate salts of symmetrical bis-alkynyl pyridine and bis-alkyl pyridine derivatives. Reagents and

conditions: (i) (a) (Me)3OBF4 (1.3 equiv), ClCH2CH2Cl, X¼BF4
�, (b) MeOTf (1.6 equiv), diethyl ether, X¼OTf�.

Table 2. The rate of tube-formation inhibition by synthesized com-

poundsa

Compounds Inhibition percentage (%)

At 10 lg/mL At 5lg/mL At 2.5 lg/mL

6 97.4 79.4 31.7

8 98.2 79.2 59.9

10 89.3 71.7 37.8

14a 41.9 –– ––

aValues expressed in percentage of HUVEC total tube length/field as

compared to untreated control. Total tube length was measured using

Image-pro plus version 3.0 (Media Cybernetics, MD, USA).

Table 1. Inhibitory activity of synthetic compoundsa on HUVEC

growth

Compounds Growth inhibition IC50, lg/mL

6 2.2

7 12.6

8 2.0

9 9.3

10 7.2

11 10.8

12a >50

12b >50

13a >50

13b >50

14a 9.2

14b 1.5

15a 22.8

15b 9.9

Curcumin 10.7

a IC50 was calculated from nonlinear regression by Graphpad Prism

software.
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6, 8, and 10, showed similar inhibition activity with
curcumin.

When considered growth inhibition activity upon HU-
VEC, we concluded that the increase of the extent of
unsaturation or rigidity of structure enhanced biological
activity.

Finally, we examined the antiproliferative effect of salts
(12a,b, 13a,b, 14a,b, and 15a,b) with water solubility.
Disappointingly, except of triflate salt (14b) of 3,5-bis-
alkynyl pyridine, all salt-type molecules have a mild or
weak inhibitory effect.

In the tube-formation assay using HUVEC on the
Matrigel,13 as shown in Table 2, the bis-alkynyl com-
pounds (6, 8, and 10), inhibited the tube formation on
Matrigel as nearly 100% at the concentration of 10 lg/
mL. Even at the concentration of 2.5 lg/mL, compound
8 inhibited about 60%. In expected water-soluble salts,
only 14a have a mild inhibitory activity of tube forma-
tion. The hydrogenated molecules (7, 9, and 11) and salt
compounds failed to effectively inhibit the tube forma-
tion.

In conclusion, for the first time, we have shown that
several symmetrical bis-alkynyl pyridine and thiophene
derivatives (6, 8, and 10) readily synthesized by Sono-
gashira reaction, rigid mimetic structure of curcumin,
have a strong antiangiogenic activity and rigidity of
synthetic structures have improved the biological activ-
ity.
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