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Abstract

Pulmonary artery hypertension (PAH) is a group of
rare and progressive lung disorders. Because of the
low incidence of the disease, progress in the search
for treatments for PAH has been slow. Conventional
therapy for mild to moderate PAH consists of diuretics,
calcium channel blockers and anticoagulants, while
options for patients with moderate to severe PAH are
more limited (prostacyclin infusion and balloon atrial
septostomy). However, research efforts in this field
have intensified with several novel agents currently
under active development. One such agent is the
pyrimidine-derived ambrisentan, an endothelin recep-
tor antagonist that is highly selective for ET,. As com-
pared to nonselective endothelin receptor antagonists,
ambrisentan displays enhanced efficacy, a low
propensity to cause liver toxicity and adverse drug
interactions, a high oral bioavailability and a half-life
enabling once-daily dosing. The efficacy of ambrisen-
tan was demonstrated in clinical trials in patients with
WHO class Il and Ill PAH and it is presently undergo-
ing phase Ill development for the treatment of PAH.

Synthesis

The condensation of benzophenone (l) with methyl 2-
chloroacetate (ll) by means of NaOMe in THF gives 3,3-
diphenyloxirane-2-carboxylic acid methyl ester (Ill), which

by treatment with BF,/Et,0 and methanol yields 2-
hydroxy-3-methoxy-3,3-diphenylpropionic acid methyl
ester (V). The condensation of compound (IV) with 4,6-
dimethyl-2-(methylsulfonyl)pyrimidine (V) by means of
K,CO, in DMF affords 2-(4,6-dimethylpyrimidin-2-yloxy)-
3-methoxy-3,3-diphenylpropionic acid methyl ester (VI),
which is finally hydrolyzed with KOH in hot dioxane (1, 2).
Scheme 1.

The pure (S)-enantiomer of the free acid from ester
(IV) can be obtained by crystallization with a chiral amine
1, 2).

Introduction

Pulmonary artery hypertension (PAH) is a group of
rare and progressive lung disorders characterized by
identical obstructive pathological changes of the pul-
monary microvasculature. It includes primary pulmonary
hypertension (PPH), secondary pulmonary hypertension
(PH) which occurs as a result of other medical conditions
or drug use (e.g., scleroderma, chronic obstructive pul-
monary disease [COPD], systemic lupus erythematosus,
HIV infection, portal hypertension, appetite-suppressant
drug use, cocaine inhalation), and persistent pulmonary
hypertension of the newborn (PPHN), occurring when a
neonate is unable to successfully transfer from gas
exchange by the placenta to that of the lungs. In adults,
PAH is characterized by an increase in mean blood pres-
sure in the pulmonary artery to > 25 mmHg at rest and >
30 mmHg during exercise. The progressive increase in
pulmonary vascular resistance usually leads to right ven-
tricular heart failure and death. The cause(s) of PPH is
unknown, although genetic components (e.g., mutations
in the BMPR2 gene) may be involved to some extent (3-
5).

PPH is relatively rare, with an estimated total inci-
dence of 35,000-70,000 patients worldwide. As a result of
the low incidence of the disease, progress in the search
for treatments for PAH has been slow. Initial treatment
strategies starting in the 1950s included attempts to
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Scheme 1: Synthesis of Ambrisentan
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decrease pulmonary artery pressure with acute adminis-
tration of vasodilators. Later in the 1980s and 1990s, the
use of oral anticoagulants and high-dose calcium channel
antagonists (nifedipine and diltiazem) was implemented.
The development of continuous i.v. administration of
prostacyclin (epoprostenol) occurred in the 1990s, with
favorable results. Unfortunately, this method involves an
awkward form of delivery. Later, balloon atrial septostomy
was proposed and also showed favorable results. To
date, conventional therapies for mild to moderate PAH
consist of diuretics, calcium channel blockers and antico-
agulants. Options for patients with moderate to severe
PAH are more limited (prostacyclin infusion and balloon
atrial septostomy). However, since 2000, research efforts
to identify novel compounds for the treatment of PAH
have intensified. Agents currently under active develop-
ment for the treatment of PAH are shown in Table | (3, 6-
12).

Of those novel agents currently under investigation,
three are endothelin antagonists and show particular
promise. Endothelins are a family of three isopeptides
(ET-1, ET-2 and ET-3), composed of 21 amino acids and
two internal disulfide bonds, that have potent mitogenic,
vasoconstricting and/or bronchoconstricting effects. ET-1
has been found in abundance in endothelial and epithe-
lial cells, where it acts as an autocrine/paracrine media-
tor. It has been demonstrated to play a role in the modu-
lation of vascular tone, cell proliferation and apoptosis,
and has therefore been implicated in several cardiovas-
cular and noncardiovascular conditions, including PAH,

where high endothelin concentrations strongly correlate
with disease severity.

Endothelins exert their action via G-protein-coupled
receptors, of which two types have been cloned: ET, and
ETg. ET, is expressed in vascular smooth muscle cells,
cardiomyocytes and fibroblasts, and exhibits greater affin-
ity for ET-1 over ET-2 and ET-3. Thus, this receptor is
thought to predominantly mediate the vasoconstrictive
and proliferative effects of ET-1. ET is expressed in medi-
al smooth muscle of human arteries, where it also medi-
ates vasoconstriction. This receptor type is thought to be
counterregulatory, protecting against excessive vasocon-
striction by mediating clearance mechanisms for excess
endothelins and by virtue of its involvement in the feed-
back and regulation of endothelin synthesis and secretion;
ET, has also been shown to have antiproliferative effects
in human cells. Thus, in the treatment of PAH, selective
antagonism of ET, over ET, would appear to be optimal in
that the damaging effects of vasoconstriction and prolifer-
ation of endothelin would be blocked, while the beneficial
effects of ET, would be preserved (3, 13-16).

Ambrisentan is a pyrimidine-based endothelin recep-
tor antagonist that is highly selective for ET,. It also pos-
sesses enhanced efficacy and a low propensity to cause
liver toxicity (versus sitaxsentan and bosentan) and
adverse drug interactions (versus anticoagulants).
Moreover, the agent has a high oral bioavailability and a
half-life that would enable once-daily dosing.
Ambrisentan was therefore chosen for further develop-
ment as a treatment for PAH (2, 15, 16).
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Table I: Drugs under active development for PAH (from Prous Science Integrity®).
Drug Mechanism of action Source Phase
1. Sildenafil citrate (Revatio™) Phosphodiesterase 5 (PDES5) inhibitor Pfizer L-2005
2. Sitaxsentan sodium (Thelin™) Endothelin ET, receptor antagonist Encysive Pharmaceuticals Prereg.
3. Ambrisentan Endothelin ET, receptor antagonist Myogen 1l
4. Aviptadil Synthetic VIP Mondobiotech 71l
5. UK-369003* Phosphodiesterase 5 (PDES5) inhibitor Pfizer Il
6. PRX-08066* 5-HT,; antagonist Predix Pharmaceuticals |
7. TBC-3711 Endothelin ET, receptor antagonist Encysive PharmaceuticalsS |
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* Structure not available.

Pharmacological Actions

In experiments using membranes from stably trans-
fected CHO cells expressing human ET, or ET receptors
incubated with [*?%1]-ET-1, ambrisentan proved to be high-
ly selective for ET, over ETg, with K; values of 1 £ 0.9 and
195 nM, respectively (2) (Table II).

Ambrisentan exhibited potent ET, blockade in sever-
al in vitro and in vivo models. Efficacy was demonstrated
in pig models of in-stent restenosis and hepatic
ischemia/reperfusion injury, and in a gerbil model of glob-
al cerebral ischemia. The agent potently and concentra-
tion-dependently inhibited big ET-1- and ET-1-induced
contraction of isolated rat basilar artery segments in vitro
(see Table IlI), an effect mediated by the ET, receptor,
however, big ET-1- and ET-1-induced relaxation was only
observed in the presence of ambrisentan and was inhib-
ited at higher concentrations of the drug, suggesting ET,
receptor affinity. The agent was also active in protecting

against graft pancreatitis and ischemia/reperfusion-
induced pancreatic injury in a pig pancreas transplanta-
tion model, improving glucose balance and gastrointesti-
nal function in a rat model of type 2 diabetes, and
preventing the development of hypertension in stroke-
prone spontaneously hypertensive rats (17-26).

Clinical Studies

The efficacy of ambrisentan (1, 2.5, 5 or 10 mg/day
p.o. for 12 weeks, followed by a 12-week open-label
dose-adjustment period) as a treatment for PAH was
demonstrated in a randomized trial conducted in 23 WHO
class Il (baseline 6-min walk distance [6EMWD] = 390 m)
and 41 WHO class Il (baseline 6MWD = 316 m) patients
with idiopathic PAH or PAH associated with collagen vas-
cular disease, anorexigen use or HIV infection. Treatment
was well tolerated, with a low incidence and severity of
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Table II: Endothelin receptor affinities of ambrisentan compared
to other selected ET, antagonists (from Prous Science Integri-
ty®).

Drug ET, ETg ET, selectivity Ref.
Ambrisentan  1.00 195¢ 195 2
97-139 1.002 1000° 1000 32
Atrasentan 0.03 63.3 2110 33,34
Bosentan 26.7 228 8.5 35-46
Clazosentan 0.81 1930 2383 47
Darusentan 1.70 189 111 42, 46,
48, 49
J-104132 0.03 0.10 3.3 39, 50
SB-234551 0.13 500 385 43
Sitaxsentan 0.43d 9800* 22,790 51, 52
TBC-3711 0.08* 26,300* 328,750 53
ZD-4054 5.40 >10,000 >1852 54

Competitive binding affinity (K;, nM or * IC,, nM) for endothelin
ET, and ET, receptors evaluated by displacement of ['2%I]-ET-1
or ET-3 in cells transfected with the human receptor except when
otherwise pointed out: 2 in rat aorta; ? in human heart; ¢ in guinea
pig cerebellum; ¢ in TE671 human medulloblastoma cells. ET,
receptor selectivity is the ratio of ET./ET, receptor affinities.

aminotransferase abnormalities. Treatment with all doses
resulted in a similar improvement in 6MWD from baseline
for both class Il and class lll patients at weeks 12 (37.7
and 35.2 m, respectively) and 24 (58.3 and 51.9 m,
respectively). There was a trend toward greater improve-
ment in the Borg dyspnea index (BDI) in class Il patients
compared to class Il patients at week 12 (-1.1 and -0.4,
respectively). At week 24, class Il patients had a signifi-
cantly greater improvement in BDI over class Il patients
(-1.6 and 0, respectively) (27, 28).

The long-term safety and efficacy were assessed in
54 patients from this trial who continued on open-label
drug for 48 weeks. Treatment was well tolerated, with a
low incidence of aminotransferase abnormalities report-
ed. Adverse events were not dose-related and no drug
interactions were observed. Two patients developed
increased serum aminotransferase requiring either dose
reduction or discontinuation. When dose groups were
combined, a significant increase in mean 6MWD (54.5 +
54.9 m) and a significant improvement in BDI (-0.9 + 2.1)
were observed at 48 weeks. According to Kaplan-Meier
analysis, 57% of the patients had a WHO class improve-
ment, while only 5% deteriorated. The survival at this time
was 93% in contrast to 77% as predicted by the NIH
Registry formula (29).

Two multicenter, randomized, double-blind, placebo-
controlled, parallel-group phase Il trials (ARIES1: 5 and
10 mg p.o. once daily for 12 weeks; ARIES2: 2.5 and 5
mg p.o. once daily for 12 weeks) have been initiated to
examine the safety and efficacy of ambrisentan in approx-
imately 186 patients/trial with idiopathic PAH or PAH
associated with collagen vascular disease, anorexigen
use or HIV infection (WHO class I-IV symptoms; 6MWD =
150-450 m; mean pulmonary artery pressure = 25 mmHg
or greater; pulmonary vascular resistance > 3 mmHg/l/
min; pulmonary capillary wedge pressure and left ventric-
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Table III: Inhibition of ET-1-induced vasoconstriction by ambri-
sentan compared to other selected ET, antagonists (from Prous
Science Integrity®).

Drug Parameter Value Source Ref.
Ambrisentan  pA, 6.51 Rat basilar artery 21
97-139 pA, 8.80 Rat aorta 32
Atrasentan  plCg, 6.54  Rataorta 33
Bosentan pA, 7.08 Rat aorta 55-57

9.50 Rat aorta
Clazosentan pA, 8.24 Rat basilar artery 47, 58
J-104132 pA, 9.70 Rabbit iliac artery 50
SB-234551  pK 9.05 Human pulmonary
artery 43

B

ular end diastolic pressure < 15 mmHg; total lung capac-
ity 70% or greater than predicted normal; FEV, = 65% or
greater than predicted normal); pediatric patients and
subjects with congenital heart disease were excluded.
The primary efficacy endpoint is exercise capacity.
Secondary endpoints are BDI, WHO functional class and
quality of life assessment (30, 31).

Source

Myogen, Inc. (US) from Abbott

Laboratories).
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