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Abstract—For the development of new anticancer agents, phenyl, 2-pyridyl, 2-furyl, 2-thienyl, 2-furylvinyl and 2-thienylvinyl sub-
stituted derivatives on 2,4,6-position in pyridine moiety were prepared and evaluated for their topoisomerase I inhibitory activity.
Among the thirteen prepared compounds, four compounds exhibited strong topoisomerase I inhibitory activity. A structure—
activity relationship study indicated that the 2-thienyl-4-furylpyridine skeleton was important for topoisomerase I inhibitory

activity.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Since its discovery in 1932, the 2,2';6'.2"-terpyridine
molecule has attracted chemists due to its ability to form
metal complexes.! In addition to such a complexation
ability to act as a terdentate, its binding ability to DNA
also attracted biologists and medicinal chemists as a
potential anticancer agent.>3 We recently reported that
terpyridine derivatives showed a strong cytotoxicity
against several human cell lines and considerable topoiso-
merase I inhibitory activities.* Some of us also reported
that terthiophene derivatives, which are bioisosteres of
terpyridine, showed considerable inhibitory activity on
PKC and an antitumor cytotoxicity against several human
cell lines. Although the cytotoxicity of terpyridine deriv-
atives has long been reported, a systematic study on the
effects of substituted pyridines and of the substituents
on the pyridine nucleus has not yet been pursued.

Such previous studies prompted us to design 2.4,6-tri-
substituted pyridine derivatives as a topoisomerase I
inhibitors in our endeavour to develop novel anticancer
agents. We reasoned that the substituents at 2, 4, and/or
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6-position may affect the conformation of the whole
molecule to retain a preferably planar conformation for
better conjugation with the central pyridine anchor,
thus interacting with topoisomerase I effectively.’

In this study, we described the synthesis of 2,4,6-trisub-
stituted pyridine derivatives as bioisosteres of terpyridine
and/or terthiophene and the inhibitory activity of the
compounds prepared on topoisomerase 1. The structure—
activity relationship was also determined.

For the design, pyridine moiety was utilized as a basic
skeleton, and hydrogen, phenyl, 2-pyridyl, 2-furyl, 2-
thienyl, 2-furylvinyl and/or 2-thienylvinyl moieties were
attached to the 2, 4, and/or 6 position of the pyridine
structure (Fig. 1).

2. Chemistry

Synthetic methods for the preparation of 2,4,6-trisub-
stituted pyridine derivatives (B;—B;3) are summarized in
Scheme 1. Acetyl derivatives la—g were treated with
aldehyde derivatives 2a—d in the presence of KOH in
methanol-water (5:1), to afford intermediates A in a
82.4-97.1% yield. Using modified Kréhnke synthesis,®


http://www.sciencedirect.com
http://www.sciencedirect.com
http://www.sciencedirect.com
mailto:eslee@yu.ac.kr

1334 L.-X. Zhao et al. | Bioorg. Med. Chem. Lett. 14 (2004) 1333—1337

R,
_ 4
= = =
| | | 0\ A\ /A |
NS NS NS ) Rl X RJ
N N N S S S 2 N 6
terpyridine . Ry, Ry, Ry3: H, phenyl, 2-pyridyl,
R terthiophene 2-furyl, 2-thienyl, 2-furylvinyl,
2-thienylvinyl
Figure 1.
e L
R © | Rz RS)K/]Iq'\ L
1 2a-d X
\ﬂ/ a Rl\[H/ 3a-d o |
_ —
KOH o R N7 TR,
la-g : NH,;OA¢/MeOH
A Biis
N =y
H
v O O O T D
S (6] N
a b [ d e f g
Ry, R3= a, b, ¢, d
Scheme 1.

final products B;_;3 were prepared by treatment of A
with 1-(2-oxo-2-aryl-ethyl)pyridinium iodide (3a—d) in
the presence of ammonium acetate in methanol to give
B, 15 in a 46.7-88.3% yield. Pyridinium iodides 3a—d
were prepared in a quantitative yield by treatment of
la—d with iodine in pyridine.

Figure 2 shows the prepared 2,4,6-trisubstituted pyri-
dine derivatives (B;—By3).

3. Results and discussion

Wheat germ topoisomerase 1 inhibitory activities’ for
the thirteen prepared 2,4,6-trisubstituted pyridine deri-
vatives are shown in Figure 3. Compounds B,, B9 and
B3 exhibited strong topoisomerase I inhibitory activities,
and B¢ exhibited moderate inhibition compared to that
of camptothecin. It is generally recognized that such
compounds have strong inhibitory activities as synthetic

Figure 2.
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Lane B; — B13. pBR322 DNA + wheat germ Topo I + prepared
compounds ( By — By3, 1 mM)
*CPT: Camptothecin

Figure 3. Topoisomerase I (wheat germ) inhibitory activities of
prepared compounds.

compounds, even though they have weaker inhibitory
activities than that of camptothecin. Figure 4 shows
wheat germ topoisomerase 1 inhibitory effects in
decreasing concentrations of B, (ICsq: 400 uM), Bg
(ICSO: 500 I.LM), B10 (IC50: <10 MM) and B13 (IC50: 50
uM).® This result indicated that By showed stronger
inhibitory activity than that of camptothecin. Figure 5
shows calf thymus topoisomerase I inhibitory activities
of prepared compounds. While B,, By and By3 dis-
played strong inhibitory effects against wheat germ
topoisomerase I, Bg and By displayed considerable
inhibitory effects against calf thymus topoisomerase 1.
Figure 6 shows calf thymus topoisomerase I inhibitory
effects in decreasing concentrations of Bg (ICsy: > 1 mM)
and By (ICs: 200 uM). In this result By also showed
inhibitory activity in a one uM concentration since
topoisomers were present in that concentration.

Lane D. pBR322 DNA only

Lane T. pBR322 DNA + wheat germ Topo |

Lane C. pBR322 DNA + wheat germ Topo I+ CPT (30 uM)
Lane a, b, c. a:lmM, b: 100 pu M, c:l0uM

*CPT: Camptothecin

Figure 4. Topoisomerase I (wheat germ) inhibitory effects in decreasing
concentrations of B,, Bg, B1g and Bys.
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Lane B; — By;.  pBR322 DNA + Calf thymus Topo [ + prepared
compounds (B — By, 1 mM)
*CPT: Camptothecin

Figure 5. Topoisomerase I (calf thymus) inhibitory activities of
prepared compounds.

A structure—activity relationship study of prepared
compounds for topoisomerase I inhibition indicated
that the 2-thienyl-4-furylpyridine skeleton (Fig. 7) is
important for topoisomerase I inhibitory activity, since
B, By and B;3 possess that moiety. It is interesting to
notice that a slight modification of the 2-thienyl-4-furyl-
pyridine skeleton dramatically decreased the inhibitory
activity, as seen in B, versus By and B3, B3 versus Byy,
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Lane D. pBR322 DNA only
Lane T. pBR322 DNA + calf thymus Topo I
Lane C. pBR322 DNA + calf thymus Topo I+ CPT (30 uM)

Lanea,b,¢,d. a:1mM, b:100pM, c:10pM, d:1pM
*CPT: Camptothecin

Figure 6. Topoisomerase I (calf thymus) inhibitory effects in decreasing
concentrations of Bg and Bj.

2-thienyl-4-furylpyridine skeleton
Figure 7.
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and By versus By;. On the other hand, B¢ maintained
moderate topoisomerase I inhibitory activity on both
wheat germ and calf thymus topoisomerase I. In addition,
the 6-substituent effect on topoisomerase I inhibition
was not evident.

For the evaluation of antitumor cytotoxicity,” four dif-
ferent human tumor cell lines were utilized: A-549
(human lung carcinoma), HCT-15 (human colon adeno-
carcinoma), SK-OV-3 (human ovary adenocarcinoma),
SK-MEL-2 (human malignant melanoma). Cytotoxicity
of prepared compounds against human cancer cell
lines indicated that moderate cytotoxicities (ECsy value
of 10.4-118.1 uM) were observed for all prepared
compounds except B4 (ECsq value of 0.01-0.03 uM).

In conclusion, we have designed an efficient synthetic
route to prepare thirteen 2,4,6-trisubstituted pyridine
derivatives and evaluated them for their inhibitory
activity of topoisomerase I. This was the first report of
the topoisomerase I inhibitory activity of 2,4,6-trisub-
stituted pyridine compounds. The structure—activity
relationship analysis revealed that the 2-thienyl-4-furyl-
pyridine skeleton exhibited strong topoisomerase I inhi-
bitory activity. Further structure—activity relationship
studies are on progress. This study may provide valuable
information to the researchers who are working on the
development of antitumor agents, especially that of
topoisomerase I inhibitors.
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13C NMR (62.5MHz, CDCls) & 153.03, 151.21, 149.87,
144.72, 143.76, 138.07, 127.97, 127.60, 124.63, 116.06,
112.68, 112.08, 108.79.

ESI LC/MS [MH]* 228.

HPLC condition: column: C18 reverse phased, 1.5x150
mm, 5 um, GL science, flow rate: 180 pL/min, injection
volume: 5 pL of 100 uM solution, mobile phase: 0.1%
formic acid in water (A), 0.1% formic acid in acetonitrile
(B), 10% B in A to 90% B in A for 10 min and retaining
for 10 min at 90% B in A, retention time: 15 min.
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Aux gas flow rate: 20 arb, I spray voltage: 4.5 KV, Capil-
lary Temp.: 215°C, Capillary voltage: 21 V, Tube lens
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'H NMR (250 MHz, CDCls) & 7.80 (s, 2H, pyridine H-3,
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ESI LC/MS [MH]* 278.

Byo: TLC (EtOAc:n-hexane = 1:5, viv), R,=0.2, mp 102.5-
104.3°C.
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furan H-5), 7.41 (dd, /=5.0, 1.0 Hz, 1H, thiophene H-3),
7.37 (d, J=1.2 Hz, 1H, pyridine H-5), 7.13 (dd, J=5.0,
3.7 Hz, 1H, thiophene H-4), 7.09 (d, J=15.7 Hz, 1H,
-CH=CH-furan), 6.92 (d, /J=3.3 Hz, 1H, 2-furan H-3),
6.55(dd, J=3.7, 1.7 Hz, 1H, 2-furan H-4), 6.52 (d, J=3.3
Hz, 1H, 4-furan H-3), 6.46 (dd, J=3.7, 1.7 Hz, 1H, 4-
furan H-4).

13C NMR (62.5MHz, CDCl3) & 155.71, 153.51, 153.13,
151.92, 145.76, 144.04, 143.03, 139.07, 128.36, 128.06,
126.23, 125.23, 121.18, 115.52, 112.53, 112.37, 111.25,
111.09, 109.08.

ESI LC/MS [MH]* 320.

By3: TLC (EtOAc:n-hexane = 1:5, viv), R,=0.3, mp 120.4—
122.2°C.

'H NMR (250 MHz, CDCl3) § 7.72 (s, 2H, pyridine H-3,
H-5), 7.70 (dd, J=3.7, 1.1 Hz, 2H, 2-thiophene H-5, 4-
thiophene H-5), 7.56 (dd, J=1.8, 0.5 Hz, 1H, furan H-95),
7.42 (dd, J=5.0, 1.1 Hz, 2H, 2-thiophene H-3, 4-thio-
phene H-3), 7.13 (dd, J=5.0, 3.7 Hz, 2H, 2-thiophene H-
4, 4-thiophene H-4), 6.95 (dd, /=3.4, 0.5 Hz, 1H, furan
H-3), 6.56 (dd, J=3.4, 1.8 Hz, 1H, furan H-4).

13C NMR (62.5MHz, CDCl3) & 152.61, 151.38, 144.76,
143.73, 138.88, 127.92, 127.82, 124.85, 112.13, 110.92,
108.79.

ESI LC/MS [MH] ™ 310.

. Skehan, P.; Streng, R.; Scudiero, D.; Monks, A.; McMahon,
J.; Vistica, D.; Warrenm, J. T.; Bokesch, H.; Kenney, S.;

Boyd, M. R. J. Natl. Cancer Inst. 1990, 82, 1107. All
experimental procedures were followed up the NCI’s
protocol based on the Sulforhodamine B (SRB) method.
Briefly, tumor cells were cultured to maintain logarithmic
growth by changing the medium 24 h before cytotoxicity
assay. On the day of the assay, the cells were harvested by
trysinization, counted, diluted in media and added to 96-
well plates. The concentrations of tumor cells used were
5%103 (A549, HCT15), 1x10* (SK-MEL-2), and 2x10*
cells/well (SK-OV-3). The cells were then preincubated for
24 h in 5% CO, incubator at 37°C. The compounds dis-
solved in DMSO were added to the wells in six 3-fold
dilutions starting from the highest concentrations, and
incubated for 48 h in 5% CO, incubator at 37°C. The
final DMSO concentration was <0.5%. At the termina-
tion of the incubation, the culture medium in each well
was removed, and the cells were fixed with cold 10% tri-
chloroacetic acid (TCA) for 1 h at 4°C. The microplates
were washed, dried, and stained with 0.4% SRB in 1%
acetic acid for 30 min at room temperature. The cells were
washed again and the bound stain was solubilized with 10
mM Tris base solution (pH 10.5), and the absorbances
were measured spectrophotometrically at 520 nm on a
microtiter plate reader (Molecular Devices, Sunnyvale,
CA). The data was transformed into MS Excel format
and survival fractions were calculated by regression ana-
lysis (plotting the cell viability versus the concentration of
the test compound). The ECs, values represent the con-
centrations of the compounds that inhibit 50% of cell
growth. All data represent the average values for a mini-
mum of three wells.
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