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Our previous study identified 2-[2-(2-methoxy-ethoxy)-ethoxy]-5-[5-(2-methyl-4-pyridyl)-1H-[1,2,4]-
triazol-3-yl]-benzonitrile (2) as a safe and potent xanthine oxidoreductase (XOR) inhibitor for the treat-
ment of hyperuricemia. Here, we synthesized a series of 3,5-dipyridyl-1,2,4-triazole derivatives and, in
particular, examined their in vivo activity in lowering the serum uric acid levels in rats. As a result, we
identified 3-(3-cyano-4-pyridyl)-5-(4-pyridyl)-1,2,4-triazole (FYX-051, compound 39) to be one of the
most potent XOR inhibitors; it exhibited an extremely potent in vivo activity, weak CYP3A4-inhibitory
activity and a better pharmacokinetic profile than compound 2. Compound 39 is currently being evalu-
ated in a phase 2 clinical trial.

� 2009 Elsevier Ltd. All rights reserved.
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Hyperuricemia is a metabolic disorder in which blood uric acid
(UA) levels are elevated for a sustained period of time; it is caused
by various genetic and environmental factors.1 In a normal person,
UA is dissolved in the blood; however, in a person with hyperuri-
cemia, insoluble UA forms microscopic crystals in the capillary ves-
sels of joints. These crystals cause joint inflammation and sharp
pain which are symptoms of acute gout; this condition signifi-
cantly degrades the quality of life of patients.

Some epidemiological studies have suggested that hyperurice-
mia is an independent risk factor for cerebral infarction and cardio-
vascular diseases such as myocardial infarction.2 Thus, the
amelioration of hyperuricemia is of great importance for prevent-
ing the occurrence of gout and cardiovascular diseases. Two types
of drugs are used for controlling the blood UA levels—xanthine oxi-
doreductase (XOR) inhibitors and uricosuric agents. XOR inhibitors
are ideal for treating hyperuricemia because XOR catalyzes the ter-
minal step in UA biosynthesis,3 and patients lacking only XOR
(xanthinuria type 1) do not exhibit any severe disorders except
for xanthine urolithiasis.4 Allopurinol (1), the only clinically avail-
able XOR inhibitor until recently, has been widely used in clinical
practice because it is generally well tolerated by patients (Fig. 1).
ll rights reserved.
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However, in patients with renal impairment, the use of allopu-
rinol (1) is restricted because the plasma half-life of oxipurinol, a
major active metabolite of allopurinol (1) that is mainly eliminated
via renal excretion, becomes prolonged. Moreover, rare but severe
cases of hypersensitivity to allopurinol (1), which is a purine
analogue, have been reported.5 Therefore, there has been a consid-
erable demand for a novel and safe XOR inhibitor. Recently, one
such novel inhibitor—febuxostat—that was approved by the Euro-
pean Medicines Evaluation Agency (EMEA) and the Food and Drug
Administration (FDA), has attracted worldwide attention. We also
have been attempting to develop a novel and safe XOR inhibitor
with nonpurine isosteres that can be eliminated by nonrenal excre-
tion. In our previous research, we identified certain 4-pyridyltriaz-
ole derivatives that can potently inhibit the XOR in vitro6 and
reduce the serum UA levels in vivo;7 for example, at a dose of
0.3 mg/kg, compound 2 decreased the serum UA levels of rats by
52% (Fig. 2).8
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Allopurinol (1)

Figure 1. Structure of allopurinol (1).
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Figure 2. Potent XOR inhibitors identified in our previous study.

Table 1
3,5-Dipyridyl-1,2,4-triazole compounds with XOR-inhibitory activity

N

N

HN

R2
N

R1

Compound R1 R2 In vitro
IC50 (nM)6

In vivo (%)7

at 0.3 mg/
kg, 6 h

Inhibition of
CYP3A4 (%)12

at 10 lM

4 H
N

170 �6.8 ± 30.9a 18.5

5 H

N

130 �7.7 ± 22.6a 10.4

6 H
N

31% inhibition
(10 lM)

NT 20.3

7 Me
N

28 �0.4 ± 5.9 24.7

8 Me N

Me

310 26.1 ± 12.0 15.3

a Test compound was administered orally at a dose of 1 mg/kg; NT: Not tested.
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Scheme 1. Reagents and conditions: (a) NH2NH2, 1,10-carbonyldiimidazole, THF, room temperature (rt); (b) NaOMe, MeOH, rt; (c) MeOH, reflux; (d) 200 �C.
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Figure 3. XOR inhibitor with high Cmax value.
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Table 2
SAR analysis of 3-(3-pyridyl)-5-(4-pyridyl)-1,2,4-triazole compounds

N

N

HN
N

N

R1
R2

Compound R1 R2 In vitro
IC50 (nM)6

In vivo (%)7

at 0.3 mg/kg, 6 h

5 H H 130 �7.7 ± 22.6a

15 H CN 38 �4.0 ± 12.5

16 H O
Me

Me
24 13.4 ± 7.4b

17 Me O
Me

Me
170 13.0 ± 6.7

18 CN O
Me

Me
590 �6.1 ± 5.2b

a Test compound was administered orally at a dose of 1 mg/kg.
b Test compound was administered orally at a dose of 3 mg/kg.

Table 3
Comparison of the in vitro and in vivo activities of mono-substituted 4-pyridyl
compounds and their methyl-substituted derivatives

N

N

HN

R2

N

R1

Compound R1 R2 In vitro IC50

(nM)6
In vivo (%)7 at
0.3 mg/kg, 6 h

19 H
Cl

NO2

4.7 0.9 ± 22.8

20 Me
Cl

NO2

30 19.8 ± 8.6

21 H
OMe

NO2

3.3 19.6 ± 15.1

22 Me
OMe

NO2

17 19.3 ± 5.5

23 H
O

NO2

Me

Me

3.7 33.7 ± 5.7

24 Me
O

NO2

Me

Me

10 39.1 ± 2.4

Table 3 (continued)

Compound R1 R2 In vitro IC50

(nM)6
In vivo (%)7 at
0.3 mg/kg, 6 h

25 H
O

CN

Me

Me

4.9 36.3 ± 8.2

3 Me
O

CN

Me

Me

17 46.0 ± 1.8

7 H N

Me

28 �0.4 ± 5.9

8 Me N

Me

310 26.1 ± 12.0

Table 4
SAR analysis of 3-(3-methyl-4-pyridyl)-5-(4-pyridyl)-1,2,4-triazole compounds

N

N

NH

N N

Me R1

Compound R1 In vitro
IC50 (nM)6

In vivo (%)7 at
0.3 mg/kg, 6 h

Cmax (lg/mL)9

at 3 mg/kg

7 H 28 �0.4 ± 5.9 1.24a

8 Me 310 26.1 ± 12.0 NT
26 Cl 89 32.9 ± 6.0 4.07
27 CN 59 41.1 ± 1.3 3.97

28
S

Me 170 19.2 ± 5.8 NT

29 Ph 59 8.0 ± 8.4 NT

30 O
Me

Me
63 2.3 ± 8.7 1.44

31 S
Me

Me
46 4.5 ± 7.1 NT

a Test compound was administered orally at a dose of 1 mg/kg; NT: Not tested.
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The pharmacokinetic profile of compound 2, such as the maxi-
mum blood concentration (Cmax 712 ng/mL (3 mg/kg))9 and the
half-life in the blood (t1/2, 0.97 h),9 can be improved further.

In light of such issues, we performed pharmacokinetic assays on
other compounds that exhibited XOR-inhibitory activity. This led
us to the identification of a 3,5-dipyridyl-1,2,4-triazole compound
4, possessing a high Cmax value (Fig. 3).

Certain 3,5-dipyridyl-1,2,4-triazole compounds with XOR-inhi-
bition properties have been described previously,10 and they
exhibited serum UA-lowering activity at a dose of 5 mg/kg/day.11

In our assay, they lowered the UA in rats by 26% or less at a dose
of 0.3 mg/kg (Table 1).7

On the other hand, we found that these compounds possess
good pharmacokinetic potential with an adequate Cmax value. The



Table 5
SAR analysis of 3-(3-cyano-4-pyridyl)-5-(4-pyridyl)-1,2,4-triazole compounds

N

N

NH

N N

NC R1

Compound R1 In vitro IC50 (nM)6 In vivo (%)7 at 0.3 mg/kg, 6 h Inhibition of CYP3A4 (%)12 at 10 lM Cmax (lg/mL)9 at 3 mg/kg

27 Me 59 41.1 ± 1.3 4.7 3.97
32 OMe 640 2.3 ± 3.2a NT NT

33
S

Me 160 �3.7 ± 11.5 NT NT

34 O
Me

Me
130 1.9 ± 6.1 NT NT

35 S
Me

Me
53 �1.4 ± 10.6 NT 0.20

36 Ph 37 4.2 ± 8.1 NT NT
37 Cl 39 33.6 ± 5.1 3.6 5.34
38 CN 18 32.0 ± 14.1 NT NT
39 H 5.3 51.1 ± 1.2 18.6 4.62

a Test compound was administered orally at a dose of 3 mg/kg; NT: Not tested.
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CYP3A4-inhibitory activities of these compounds were relatively
low although an unsubstituted 4-pyridyl compound tends to inhi-
bit CYP3A4.8,13

Considering the abovementioned characteristics, we modified
these compounds in order to enhance their in vivo activities.
Scheme 1 shows the general procedure used to synthesize 3,5-
dipyridyl-1,2,4-triazole derivative 14 for determining the struc-
ture–activity relationship (SAR).10 Acylamidrazone (13) was syn-
thesized by the condensation of isonicotinic hydrazide (10) and
iminoether (12), and it was then thermally cyclized to yield com-
pound 14.

First, the in vitro and in vivo activities of 3- and 4-dipyridyl-
triazole compounds with relatively low CYP3A4-inhibitory activity
were examined (Table 2).

Although the in vitro activity increased noticeably by the intro-
duction of cyano (15) and isobutoxy (16) groups at position 6 of the
3-pyridyl moiety, the in vivo activity did not. The introduction of
methyl (17) and cyano (18) groups at position 2 of the 4-pyridyl
moiety did not yield beneficial effects. We found that the presence
of a methyl group at position 2 of the 4-pyridyl moiety tended to
enhance the in vivo activity despite their less-potent in vitro
activities (Table 3).8 Compounds 16 and 17 provided similar results
(Table 2).
Table 6
SAR analysis of mono-substituted 4,4-dipyridyltriazole compounds

N

N

N

N

R1

Compound R1 In vitro IC50 (nM)6 In vivo (%)7 at 0.3 mg/kg, 6

7 Me 28 �0.4 ± 5.9
39 CN 5.3 51.1 ± 1.2
40 Cl 7.9 26.5 ± 25.4a

41 Br 9.9 �6.2 ± 6.3
42 F 48 �0.2 ± 2.1
43 Ph 6.8 �0.4 ± 12.6

a Test compound was administered orally at a dose of 1 mg/kg; NT: Not tested.
Therefore, we subsequently examined the activities of different
4,4-dipyridyltriazole compounds with the 3-methyl-4-pyridyl-
triazole moiety in common (Table 4).

Compounds containing less bulky steric groups exhibited po-
tent UA-lowering activity (8, 26, and 27). On the other hand, com-
pounds containing bulky substituents were weak despite their
potent in vitro activity (29, 30, and 31).

The compound containing a cyano group at position 2 of the 4-
pyridyl moiety (27) exhibited marked in vivo activity in lowering
the serum UA levels and it had a high Cmax value. Therefore, the
methyl group in the pyridyl moiety of compound 27 was replaced
with various substituents (Table 5).

The substitution of the methyl group by electron-donating
groups (32, 33, 34, and 35) and bulky groups (36) decreased the
in vivo activity. Compounds containing less bulky steric and elec-
tron-withdrawing groups (37 and 38) exhibited more than 30%
UA-lowering activity. Unexpectedly, the mono-substituted R1 com-
pound (39) exhibited the most potent activity both in vitro and
in vivo. Therefore, we examined various mono-substituted 4,4-
dipyridyltriazole compounds (Table 6).

These mono-substituted compounds exhibited highly potent
in vitro activity; however, except 39, none of these compounds
exhibited potent in vivo activity.
H

N

h Inhibition of CYP3A4 (%)12 at 10 lM Cmax (lg/mL)9 at 3 mg/kg

24.7 1.24a

18.6 4.62
54.1 4.36
NT NT
40.2 NT
NT NT



Table 7
Comparison of in vitro and in vivo activities of compound 39 and allopurinol (1)

Compound In vitro IC50 (nM)6 In vivo (%)7 at 0.3 mg/kg

2 h 6 h

39 5.3 59.9 ± 1.4 51.1 ± 1.2
1 2300 35.9 ± 4.0 �3.3 ± 2.7
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As compared to allopurinol (1), 39 exhibited more potent
in vitro and in vivo activities and had a more sustained in vivo ef-
fect than allopurinol (1) (Table 7).

These potent and more sustained effects of 39 have been con-
firmed by a crystallographic analysis of XOR-39 complex. The cya-
no group of compound 39 has been reported to play an important
role in the binding activity between 39 and XOR. This is attribut-
able to the formation of a hydrogen bond between Asn 768 of
XOR and the cyano group of compound 39, as revealed by X-ray
crystal structure analysis (PDB code 1V97).14

Compound 39 exhibited a weak CYP3A4-inhibitory activity
(18.6%); its Cmax and bioavailability were as high as 4.62 lg/mL
(3 mg/kg) and 69.6%, respectively. Moreover, the t1/2 value of 39
was greater (19.7 h) than that of compound 2 (0.97 h). Since 39
is mainly excreted in the urine as triazole N1- and N2-glucuronides
in monkeys and humans,15 it is expected to be a safe drug in
patients with renal impairment.

In conclusion, we modified a series of 3,5-pyridyl-1,2,4-triazole
compounds in order to improve their in vivo activities. The SAR
analysis of the methyl-substituted compounds confirmed the
important role of the cyano substituent in the expression of the
in vivo activity. The optimization of the series of compounds led
to the identification of the mono-substituted compound 39
(FYX-051). This compound exhibits extremely potent effect in
lowering the serum UA levels in vivo and it has good pharmacoki-
netic properties; moreover, it exhibits a weak CYP3A4-inhibitory
activity. It is expected to be a beneficial drug for patients with
hyperuricemia.
Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2009.08.091.
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