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Abstract—?2,5-Pyridinedicarboxylic acid derivatives were found to be the potent non-nucleoside inhibitors of hepatitis B virus
(HBV) with ICsy <0.01 pg/mL in a reverse transcriptase inhibitory effect. And they showed the low toxicity compared with the

nucleoside analogues.
© 2002 Elsevier Science Ltd. All rights reserved.

Introduction

Hepatitis B virus (HBV) infection globally affects 300
million people, which represents about 5% of the
earth’s population being accompanied by acute or
chronic hepatitis. In severe cases, it was reported that
HBYV is involved in transforming hepatitis into hepatic
cirrhosis and hepatocellular carcinoma.!

Though a-interferon has been used for the treatment of
patients with chronic HBYV, its effectiveness rate tends
to be low (less than 20%). Recently, as a nucleoside
compound, Lamivudine®? (3TC) was approved for the
anti-HBV therapy. And, many other nucleosides
including Adefovir dipivoxil, Famciclovir, Entecavir
and (—)-FCT* are currently undergoing clinical trials.
But the required prolonged usage of these anti-HBV
nucleosides leads almost invariably to resistance problems.
They have also other problems such as high treatment
cost and adverse effects.

Under these circumstances, there is an urgent need for
the development of effective anti-HBV agents as non-
nucleosides.

The mechanism of HBV replication differs from that of
other DNA viruses in that like retrovirus (e.g. Human
immunodeficiency virus type 1), the reverse transcrip-
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tion step is involved. Reverse-transcriptase (RT) is an
attractive target enzyme for anti-HBV therapy because
it does not exist in human cell indicating that RT inhi-
bitors are highly specific to virus. It is supposed that RT
inhibitors inhibit the proliferation of HBV by inter-
fering with the packaging of the reverse transcriptase in
active site. HIV-1 RT inhibitors as non-nucleosides have
been studied by Upjohn,> Merck,® etc. but non-nucleo-
sidic HBV RT inhibitors have not been reported until
now.

We have devised many classes of HBV RT inhibitors as
non-nucleosides on the basis of the structure of non-
nucleosidic HIV-1 RT inhibitors and discovered a series
of active compounds by screening in the RT poly-
merase. Our compounds were found to have significant
anti-HBV activities that HIV-1 RT inhibitors have not.
Among them, 2,5-pyridinedicarboxylic acid derivatives
(Fig. 1) showed the potent inhibitory effects. Herein we
report our results.
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Scheme 1. Synthesis of 2,5-pyridinecarboxylic acid derivatives. (a) pivaloyl chloride, triethylamine, methylene chloride; (b) Raney-nickel, H,, ethyl
acetate; (c) acetaldehyde (acetone, isobutylaldehyde) NaBH;CN, methanol; (d) NaOH, methanol, H,O; (e) pivaloyl chloride, triethylamine, RNH,,

Table 1.
Compd? R Q Inhibitory activity of HBV-RT(%) ICso (ng/mL)
1 pg/mL 0.1 pg/mL 0.01 pg/mL

8 HOCH,CH, H 74 67 54 0.003
9 HOCH,C(CH;), H 70 62 38 0.038
10 (CH;),CH H 79 62 43 0.023
11 2-Pyridylmethyl H 72 54 22 0.106
12 HOCH,CH, Et 84 69 52 0.007
13 HOCH,C(CH3), Et 72 56 32 0.068
14 (CH3;),CH Et 85 67 54 0.006
15 CH;0CH,CH, Et 75 57 36 0.049
16 2-Morpholinylethyl Et 66 52 30 0.109
17 2-Pyridylmethyl Et 70 56 19 0.116
18 HOCH,CH, i-Pr 54 51 30 0.261
19 HOCH,CH,CH, i-Pr 71 60 49 0.012
20 HOCH,C(CHj;), i-Pr 80 65 62 0.001
21 (CH3;),CH i-Pr 65 51 23 0.149
22 (CH;);C i-Pr 88 72 61 0.002
23 (CH;),CHCH, i-Pr 83 65 61 0.002
24 Cyclopropyl i-Pr 62 51 5 0.237
25 Cyclopentyl i-Pr 75 65 39 0.029
26 CH;0CH,CH, i-Pr 80 68 60 0.001
27 CH;0CH,CH,CH, i-Pr 63 53 28 0.130
28 (CH;0),CHCH, i-Pr 87 65 57 0.005
29 2-Morpholinylethyl i-Pr 70 60 49 0.012
30 2-Pyridylmethyl i-Pr 77 62 53 0.007
31 2-Pyridyl i-Pr 74 55 26 0.085
32 3-Imidazolylpropyl i-Pr 89 72 65 0.001
33 4-Butyrothiolactonyl i-Pr 72 53 23 0.106
34 3-Methylpyrazolyl i-Pr 70 53 20 0.124
35 5-Methylisoxazolyl i-Pr 72 50 25 0.110
36 HOCH,CH, i-Bu 86 60 54 0.009
37 HOCH,C(CH3)» i-Bu 90 71 63 0.001
38 (CH3),CH i-Bu 90 66 58 0.005
39 Cyclopropyl i-Bu 87 71 60 0.002
40 CH;0CH,CH, i-Bu 85 70 52 0.007
41 CH;0CH,CH,CH, i-Bu 72 51 20 0.123
42 2-(3-Hydroxypyridyl) i-Bu 71 46 13 0.170
43 3-Imidazolylpropyl i-Bu 88 72 60 0.002

“Proton NMR and mass spectra were consistent with the assigned structures of all compounds.
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Chemistry

All compounds were synthesized through the general
procedure shown in Scheme 1. 5-(Methoxycarbonyl)-2-
pyridinecarboxylic acid 2 was easily prepared from 2,5-
pyridinedicarboxylic acid (=isocinchomeronic acid).”
Also, 1-(3-nitro-2-pyridyl)piperazine 3 was obtained
from 2-chloro-3-nitropyridine with piperazine.

The compound 2 was reacted with pivaloyl chloride to
form acid anhydride with good reactivity; then, the
intermediate was reacted with the compound 3 to obtain
a nicotinic acid ester derivative containing a nitropyr-
idyl group. The compound 4 was reduced to form the
derivative containing aminopyridyl group of the com-
pound 5 under high-pressure condition using hydrogen
gas in the presence of Raney-nickel.

And, aminopyridyl group of the compound 5 was
reductively alkylated with acetaldehyde, acetone, or
isobutyraldehyde in the presence of sodium cyanobor-
ohydride under acidic condition to form nicotinic acid
ester derivatives containing alkylaminopyridyl group of
the compound 6. The nicotinic acid derivatives of 7 were
obtained by hydrolysis of nicotinic acid ester derivatives
6. The target compounds 1 were prepared using pivaloyl
chloride and several amines with acid compounds 7.

Results and Discussion

The inhibitory activities of each test compound were
shown in the following Table 1.8 Although general
structure—activity relationship of this series of com-
pounds to HBV RT inhibition was not elucidated from
these data, the compounds 3643, in which ‘Q’ is sub-
stituted by the isobutyl group, have the excellent activ-
ities (ICsop <0.01 pg/mL) with two exceptions (41 and
42). And in each class, the result was the most excellent
when ‘R’ was isopropyl or tert-butyl, 3-imidazolyl-
propyl. And also in general introduction of heterocyclic
groups into ‘R’ position was less effective except that of
3-imidazolylpropyl.

The cytotoxicity test was carried out using HepG2
cell in vitro. As a result, 2,5-pyridinedicarboxylic acid
derivatives have low cytotoxicity with CCsy, > 100 pM,
thus being quite safe compared with CCs5y=50uM of
Lamivudine.

In conclusion, we revealed that several synthetic com-
pounds have a HBV RT inhibitory effect as non-

nucleosides for the first time. And also they showed low
cytotoxicity. It presents great potentiality of a new,
effective and safe drug without any resistant problems
and adverse effects of present nucleoside agents.
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