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A series of acidic triazoles with activity as soluble guanylate cyclase stimulators is described. Incorpora-
tion of the CF3 triazole improved the overall physicochemical and drug-like properties of the molecule
and is exemplified by compound 25.
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Soluble guanylate cyclase (sGC)1 is a heterodimeric (a/b) heme-
protein that converts guanosine-50-triphosphate (GTP) to cyclic
guanosine-3050-monophosphate (cGMP), an important messenger
in signal transduction. Its natural stimulator is nitric oxide, which
stimulates sGC via the formation of a nitrosyl-heme complex. Or-
ganic nitrates such as glycerol trinitrate or isosorbide dinitrate
have been used as a treatment for angina pectoris. In vivo they
are converted to NO which relaxes smooth muscles but develops
tolerance on repeat dosing. Two mechanistic classes of direct stim-
ulators of sGC have more recently been developed. One class of
stimulators is NO-independent but heme-dependent, the other is
both NO- and heme-independent.

The first reported direct stimulator of NO was YC-1,2 followed
by the discovery of more potent compounds such as BAY
41-8543 by Bayer3 and their more recent clinical compound BAY
63-2521 (Fig. 1).4 These compounds act synergistically with NO
to potentiate stimulation of sGC and have been reported to bind
to an allosteric binding site within the catalytic domain.

BAY 41-8543 and related compounds have a co-planar arrange-
ment of the two heterocycles as demonstrated by X-ray analysis,3

which seems a requisite for ligand function but could be detrimen-
tal to solubility. Neutral to weakly basic compounds can have a low
volume of distribution which in turn could lead to short intrinsic
half-life. Our medicinal chemistry strategy concentrated on
ll rights reserved.
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ts).
keeping the potency and selectivity of these compounds while spe-
cifically addressing PK properties and solubility.

Changing the pendant heterocycles such as the furan in YC-1
and the diaminopyrimidine in BAY 41-8543 to heterocycles con-
taining weakly acidic hydrogens should improve solubility at phys-
iological pH while keeping the required functionality required for
potency. However, initial reports on acidic heterocycles such as
tetrazole showed they were not particularly active.3 1,2,4-Triazoles
represented an attractive starting place because the pKa of NH on
the triazole can be modulated depending on the C3 and C5

substituents. Overall volume of distribution (Vd) of these slightly
acidic compounds, however, is likely to be low (0.2–1.0 L/kg) so
YC-1 BAY 41-8543 BAY 63-2521

Figure 1. sGC stimulators YC-1, BAY41-8543, and BAY 63-2521.
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Scheme 2. Reagents and conditions: (a) triazole CO2H, water soluble carbodiimide,
HOBT, DMF, NMM; (b) POCl3, Et3N, DCM.
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Scheme 1. Reagents and conditions: (a) PhO2POH, PhNH2, iPrOH, 50 �C; (b) (i)
Cs2CO3, ArCHO, iPrOH, THF then (ii) HCl; (c) (i) NH2OH�HCl, NaOH, EtOH, H2O, 75 �C;
(ii) Zn, NH4OAc, EtOH, H2O, NH4OH, 80 �C.
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modifications to the core template and the northern fragment to
vary physicochemical properties to address clearance is also key
for a good ADMET profile.

The imidazopyridines and related imidazopyrimidines 14–22
and 25–27 were constructed from the key amine intermediates
1a–e (1a X = CAH and Ar = 2-FAPh, 1b X = N and Ar = 2-FAPh, 1c
X = CAH and Ar = 5-pyrimidine, 1d X = CAH and Ar = 2-methyl-5-
pyrimidine, and 1e X = CAF and Ar = 2-methyl-5-pyrimidine).
These were synthesized via a modified Horner–Emmons condensa-
tion of an a-aminophosphonate ester 2 with an aldehyde followed
by hydrolysis of the resultant enamine to give the intermediate
ketones 3a–e.5 Simple oxime formation from the ketone followed
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Scheme 3. Reagents and conditions: (a) (i) MeOCOCOCl, Hunig’s base, DCM; (ii) POCl3

compounds 9–16, 19–21; (d) RCO2H, 120 �C. For compound 17; (e) (i) 1,10-thiocarbonyld
compound 18 (f) (i) EtOCOCOCl, Hunig’s base, DCM; (ii) 7 M NH3, MeOH, 100 �C.
by reduction with zinc and ammonium acetate gave amines 1a–e
(Scheme 1).

From amines 1a–e, test compounds could be synthesized in
either two ways. For compound 14, 1a was reacted with commer-
cially available triazole carboxylic acid using water soluble carbo-
diimide and HOBT to give an intermediate amide 4 which was
cyclized with POCl3 to give the triazole (Scheme 2).

The other compounds were made using an alternative proce-
dure (Scheme 3) as the substituted triazole carboxylic acids were
not commercially available. The route involved some functional
group manipulation but the chemistry was very straight forward.
The first step involved addition of methyl oxalyl chloride to amines
1a–e followed by cyclo-condensation with POCl3 to give esters
5a–e.6 These esters were converted to the amides by aminolysis
and dehydrated to nitriles 6a–e using TFAA in pyridine.7 The ni-
triles were reacted with hydrazine to give the versatile late stage
amidrazone intermediates 7a–e,8 which were then cyclo-con-
densed with a number of carboxylic acids to give the substituted
triazoles 15–19, 22, and 25–27.

Methylsulfone analog 20 was synthesized by addition of
1,10-thiocarbonyldiimidazole to the amidrazone 7a followed by
methylation with methyl iodide and finally oxidation with
Oxone™. Amide 21 was synthesized by first reacting amidrazone
7a with ethyl oxalylchloride followed by aminolysis of the resul-
tant ester.

The reversed imidazopyridazine 23 (X = N) and imidazopyridine
24 (X = CAH) were synthesized according to Scheme 4. Ethyl
2-pyridylacetate and ethyl 3-pyridazinylacetate 8a–b were each
converted to the amino esters 9a–b by nitration9 followed by
hydrogenation of the oxime to the amine in the presence of HCl
due to stability of the free base. The amine was reacted with
2-fluorophenylacetic acid and water soluble carbodiimide then cy-
clo-condensed with POCl3 to give esters 10a–b. The ester was
hydrolyzed to the acid, converted to the primary amide, dehy-
drated to the nitrile and finally converted to the amidazone 11a–
b in a similar sequence to that shown in Scheme 3. 11a–b were
then reacted with trifluoroacetic anhydride (TFAA) to give the
CF3 triazoles 23 and 24.

Compounds 28 and 29 were synthesized from late stage nitrile
intermediates 12a–b previously described in the literature,3 con-
verted into the amidrazones 13a–b through a similar sequence
shown in Scheme 3 then finally reacted with TFAA to give the
CF3 triazoles (Scheme 5). The primary screen was a cell based
enzyme assay and the more active compounds tested in isolated
rat aorta (Table 1).10,11

The pyrazolopyridine core was changed to an imidazopyridine
in the first instance because it was novel, kept the key nitrogen re-
quired for activity based on previous SAR and was synthetically
accessible. Simple alkyl substituents on the triazoles (compounds
14–19) gave a range of potencies, while the more polar electron
withdrawing groups such as the sulfone 20 and primary amide
21 being fairly weak. The CF3 triazole 16 had the best balance of
potency and physicochemical properties, with the pKa of the NH
around 6.5 and good potency in isolated rat aorta.
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(d) TFAA, rt.

Table 1
Structures and data for compounds 14–29
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Compound hsGCa EC10, nM hsGCa EC20, nM Rat aortab IC50, nM LogD7.4
c

YC-1 3360 – – 3.7
BAY 41-8543 44 11 11 3.1
14 2800 – – 3.3
15 393 – 3.3
16 470 281 40 3.8
17 507 – – 3.8
18 840 554 – (4.9)
19 1170 – – 4.2
20 1340 – – 1.2
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Scheme 5. Reagents and conditions: (a) NH2NH2�H2O, MeOH, rt; (b) TFAA, rt.
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The imidazopyridine core was modified by moving/adding
nitrogens to the ring to give compounds 22–24. Potency did im-
prove for compound 23 but not for the other variants. Modification
of the 2-fluorophenyl group to the pyrimidine 25 gave an improve-
ment in terms of solubility and ADME properties without having a
deleterious effect on potency presumably driven by the lower
logD. The biggest problem with this compound was its potent
CYP1A2 inhibition likely caused by its flat conformation and the
accessible unflanked nitrogens on the pyrimidine ring. Sterically
hindering the two nitrogens by placement of a methyl group be-
tween them (compound 26) mitigated the CYP1A2 liability, how-
ever, the compound was less potent. Placing a fluorine on the
pyridine ring in the 6-position to give compound 27 brought back
the potency without greatly affecting the overall properties.

As comparators, compounds 28 and 29 were made using the
pyrazolopyridine core with the CF3 triazole attached. The 2-fluoro-
phenyl group was replaced with the methylpyrimidine in com-
pound 29. The potency of these compounds were very good and
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RRCKd HLM Clint
e lL/min/mg Solubilityf CYP1A2 Inhibition at 3 lMg

6 212 14 69%
ND ND <1 ND
8 175 19 39%
1 124 58 23%
6 72 ND 57%
0.2 62 <0.3 49%
0.5 ND <0.3 29%
3 92 <0.3 31%
ND 11 190 3%

(continued on next page)



Table 2
Selected data and rat pharmacokinetics of 25 and 28 dosed at 2 mg/kg iv and po

16 28

LogD7.4 1.8
HLM, Cli lL/min/mg <7
RLM, Cli lL/min/mg <16
hERG activity >10 lM
Cerep/Bioprint™ >10 lM
Rat PK Cl 9.9 ml/min/kga Cl 8.0 mL/min/kg

Vd 3.7 L/kgb Vd 3.1 L/kg
T1/2 4.1hc T1/2 4.7 h
F (%) 61%d F (%) 66%

a In vivo clearance after iv dosing.
b Volume of distribution at steady state after iv dosing.
c Half-life after iv dosing.
d Bioavailability after oral dosing.

Table 1 (continued)

Compound hsGCa EC10, nM hsGCa EC20, nM Rat aortab IC50, nM LogD7.4
c RRCKd HLM Clint

e lL/min/mg Solubilityf CYP1A2 Inhibition at 3 lMg

21 2810 – – 2.8 13 <8 2 16%
22 724 221 – 2.5 28 17 32 17%
23 224 – – (2.2) ND ND ND ND
24 658 1070 – 3.9 17 20 ND 66%
25 210 80 60 1.8 19 <8 195 82%
26 366 245 – 2.1 27 <8 17 5%
27 – 73 – 2.0 23 <8 ND 15%
28 60 22 33 3.2 20 <11 6 20%
29 – 58 – (1.3) (27) <7 59 <5%

ND, not determined.
a See Ref. 10 for details.
b See Ref. 11 for details.
c LogD measured in octanol:pH 7.4 buffer (c logD value given in parenthesis).
d RRCK assessment of passive permeability PappAB 10�6 cm/s (value in parenthesis are from PAMPA screen).
e Clint is the intrinsic metabolic clearance in microsomes in lL/min/mg of microsomal protein.
f Pseudo-thermodynamic solubility assay at pH 6.5.
g Cytochrome P450 CYP1A2 % inhibition.
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compound 29 looks attractive from a physicochemical perspective
as it had good HLM stability, good solubility with no CYP1A2
activity.

As compound 25 had an attractive profile in terms of potency in
rat aorta and good solubility, it was investigated further. It was
found to be selective (all IC50 values >10 lM) in wide-ligand profil-
ing over a range of >70 targets including PDE’s (CEREP, Bioprint™,
http://www.cerep.fr and Dundee Kinase). The pharmacokinetics of
25 and 28 were also determined in rat (Table 2).

Compound 25 was progressed to in vivo studies and shown to
be efficacious in the conscious SHR model of hypertension.12

In summary, optimization of a series of triazole containing sGC
stimulators is described. A combination of the acidic CF3 triazole
group coupled with a pyrimidine gave compounds having sGC
activity with a good pharmacokinetic profile.
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