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The endothelin peptides (ETs) consist of three structurally 
similar subtypes ET-1, ET-2 and ET-3 each consisting of 21 

amino acids. They produce their effects by binding to the two 

endothelin receptor subtypes ETA and ETB, and have been 

implicated in the pathophysiology of various human diseases.
1–4

 

Endothelin receptor antagonists have been evaluated extensively 

for the treatment of pulmonary arterial hypertension (PAH) and 
other hypertensive conditions, cancer, and fibrogenic diseases of 

the kidney.
2,5–10

 The FDA approved agents and the compounds in 

clinical trials are either ETA-selective antagonists with ETA/ETB 

> 100 or dual ETA/ETB receptor antagonists. The role of ETB 

receptor has not been fully elucidated and very few ETB selective 

antagonists have been developed for evaluation in clinical 
trials.

2,11
  

The three clinically available endothelin receptor antagonists, 

bosentan (Tracleer
®
),

12
 ambrisentan (Letairis

®
) and macitentan 

(Opsumit
®
)

12
 have been approved for the treatment of PAH 

(Figure 1). Sitaxsentan (Thelin
®
) was also approved for PAH in 

2006 but was withdrawn in 2010 due to fatal 
hepatotoxicity.

3,5,6,13,14
 Many other compounds are under phase II 

or phase III clinical trials and include clazosentan for aneurysmal 

subarachnoid hemorrhage, darusentan for coronary artery 

disease, tezosentan for acute heart failure, and atrasentan for 

hormone refractory prostate cancer metastatic to bone and for 

diabetic neuropathy treatment (Figure 2).
15–18

 More recently, 
clinical trials have been conducted to study the efficacy of the 

combination of some endothelin receptor antagonists with other 

cardiovascular drugs in improving the therapeutic outcome for 
PAH and cancer patients.

16,19
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The endothelin axis and in particular the two receptor subtypes, ETA and ETB, are under 

investigation for the treatment of various diseases such as pulmonary arterial hypertension, 

fibrosis, renal failure and cancer. Previous work in our lab has shown that 1,3,6-trisubstituted-4-

oxo-1,4-dihydroquinoline-2-carboxylic acid derivatives exhibit noteworthy endothelin receptor 

antagonist activity. A series of analogues with modifications centered around position 6 of the 

heterocyclic quinolone core and replacement of the aryl carboxylic acid group with an isosteric 

tetrazole ring was designed and synthesized to further optimize the structure activity 

relationship. The endothelin receptor antagonist activity was determined by in vitro Förster 

resonance energy transfer (FRET) using GeneBLAzer
®
 assay technology. The most potent 

member of this series exhibited ETA receptor antagonist activity in the subnanomolar range with 

an IC50 value of 0.8 nM, and was 1000-fold selective for the ETA receptor compared to the ETB 

receptor. Its activity and selectivity profile resembles that of the most recently approved drug, 

macitentan. 

2009 Elsevier Ltd. All rights reserved. 
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Figure 1. FDA approved endothelin receptor antagonists for PAH. 



  

Heterocyclic quinolone derivative 44 in the carboxylic acid 

series with the n-propoxy substituent at position 6 has been 

reported to be a potent and selective ETA receptor antagonist 

(Figure 3, Table 1).
20,21

 It exhibited an ETA and ETB receptor IC50 

values of 4 nM and 2870 nM, respectively with ETA-selectivity 
of 717 in receptor membrane preparations using a radioligand 

assay.
20

 It also antagonized [
125

I]ET-1 with an IC50 value of 0.11 

nM in monkey renal cells (CCL-81) expressing the ETA 

receptor.
21

 Based on the previous structure activity relationship 

studies reported by Patel et al., target compounds were designed 

to expand the SAR on the oxygen atom at position 6 of the 
quinolone core by substitution of alicyclic rings of varying sizes 

and introduction of a polar 2-aminoethyl group. The carboxylic 

acid at position 3 of the benzyl substituent was replaced with an 

isosteric tetrazole ring to obtain a parallel series of eleven 

compounds. The R
1
 substituents in the tetrazole series included 

those previously explored in the carboxylic acid series as well as 
the new R

1
 substituents being explored in this project for the 

carboxylic acid series. Endothelin receptor antagonist activities 

and selectivity against ETA and ETB receptors were evaluated 

using a whole cell based GeneBLAzer
®
 FRET assay. This is a 

functional assay which uses HEK293T cells containing a 

mammalian-optimized β-lactamase reporter gene combined with 
a FRET-enabled substrate under the control of the Nuclear Factor 

of Activated T-cell (NFAT) response element. This assay has 

been validated for EC50 concentrations of ET-1.
22,23

 The FRET 

assay was chosen as an alternative to the radioligand [
125

I] ET-1 

binding assay to avoid the generation of radioactive waste and 

also the need for a secondary functional assay to identify whether 
the compounds are agonists or antagonists.

24
 To our knowledge, 

this is the first reported use of a FRET assay for the evaluation of 

endothelin receptor antagonist activity. All 22 compounds 
belonging to the tetrazole series and carboxylic acid series were 

evaluated by this assay for direct comparison of their activities 

and ETA/ETB selectivity. 

Compounds 41-62 were synthesized as illustrated in schemes 

1-5. 3-(1H-tetrazole-5-yl)benzaldehyde 1 was obtained in 95% 

yield via [2 + 3] cycloaddition of sodium azide to commercially 
available 3-cyanobenzaldehyde in presence of triethylamine as 

reported in the literature.
25

 Nitration of 3-hydroxyacetophenone 

with nitric acid in presence of acetic acid resulted in the desired 

regioisomer 1-(5-hydroxy-2-nitrophenyl)ethan-1-one 2 in 14% 

yield.
26

  

Aldol condensation of 1-(5-hydroxy-2-nitrophenyl)ethan-1-
one 2 with 3-carboxybenzaldehyde followed by esterification 

resulted in chalcone 4 while aldol condensation of 2 with 3-(1H-

tetrazole-5-yl)benzaldehyde 1 resulted in chalcone 5 (Scheme 1). 

Protection of the phenolic hydroxyl group of 4 and 5 provided 

TBDMS-protected chalcones derivatives 6 and 7.
27

 

Hydrogenation of compounds 6 and 7 with PtO2 as a catalyst 
reduced both the nitro group and the olefinic double bond of the 

TBDMS-protected chalcone derivatives to yield compounds 8 

and 9 (Scheme 2).  

Palladium catalyzed reduction of 3,4-methylenedioxy 

acetophenone 10 followed by formylation with α,α-

dichloromethyl methyl ether resulted in the key intermediate 12 

(Scheme 3). Palladium catalyzed reduction of acetophenone 10 

was more efficient than the previously reported method using 

Wolff-Kishner reduction. Reductive amination of 12 with 

chalcones 8 and 9 using sodium triacetoxyborohydride yielded 

the corresponding secondary amines 13 and 14, respectively 

(Scheme 4). N-acylation of 13 and 14 with ethyl oxalyl chloride 
led to compounds 15 and 16 in excellent yields. Cyclization of 

compounds 15 and 16 in presence of the hindered base DBU 

yielded TBDMS-protected-4-quinolone ester derivatives 17 and 

18, respectively. Deprotection of the TBDMS group under acidic 

conditions resulted in free phenolic derivatives 19 and 20.
27

 As 

shown in Scheme 5, alkylation of compounds 19 and 20 with 
various alkyl halides led to the corresponding O-alkylated 

derivatives 21-30 and 31-40, respectively. Saponification of the 

ester group at position 2 of the quinolone ring led to the target 

compounds 41, 43-52 in the carboxylic acid series and 42, 53-62 

in the tetrazole series. 

Endothelin receptor antagonist activity of compounds 41-62 

was determined by in vitro Förster Resonance Energy Transfer 

(FRET) using GeneBLAzer
®
 assay technology (Table 1). Besides 

the target compounds, BQ-123, a selective ETA receptor 

antagonist and BQ-788, a selective ETB receptor antagonist were 

used as positive controls for ETA and ETB receptors, respectively. 

Figure 2.  Structures of endothelin receptor antagonists in clinical trials. 

Figure 3. General structure of the lead and target compounds 41-62. 



  

  

The structure activity relationship deduced for the carboxylic 

acid series was found to parallel that of the tetrazole series very 

closely. Among the compounds tested, n-propoxy analogue 54 in 

the tetrazole series was found to be the most potent ETA receptor 

antagonist with an IC50 value of 0.8 nM. Compound 54 was also 
the most selective ETA receptor antagonist with an ETA-

selectivity of 1004. In the carboxylic acid series, the lead 

molecule 44 with n-propoxy substituent was found to be the most 

potent ETA receptor antagonist with an IC50 value of 4.2 nM. As 

in case of the corresponding tetrazole analogue 54, it was also the 

most selective member of its series with an ETA-selectivity of 
683. 

Increasing the chain length to obtain n-butoxy analogue 45 

(IC50 = 1.88 nM) in the carboxylic acid series led to a slight 

improvement in ETA receptor antagonist activity but was 

accompanied by reduction in ETA-selectivity by a factor of 2. A 

similar reduction in ETA-selectivity for n-butoxy analogue 55 
(IC50 = 1.2 nM) in the tetrazole series was observed although the 

ETA receptor antagonist activity was slightly reduced in this 

series. 

Truncating the alkyl chain to two carbon atoms at position 6 

of the quinolone ring resulted in the ethoxy analogue 43 (IC50 = 

6.6 nM) in the carboxylic acid series. This led to 1.5-fold 
reduction in activity and selectivity against the ETA receptor 

compared to the lead molecule 44. Similar modification in the 

tetrazole series led to the ethoxy analogue 53 (IC50 = 7.1 nM) 

which showed 10-fold decrease in the ETA receptor antagonist 

activity and the ETA-selectivity also reduced to 581 compared to 

the most potent compound 54. Substitution of a branched alkyl 
chain to obtain i-butoxy analogue 46 (IC50 = 9.9 nM) of the 

carboxylic acid series led to a 5-fold decrease in the ETA receptor 

antagonist activity and was accompanied by 4-fold reduction in 

ETA-selectivity compared to the straight chain analogue 45. 

Scheme 1. Synthesis of compounds 4 and 5. (a) 3-Carboxybenzaldehyde, 

10N NaOH, CH3OH, Reflux. (b) Ethanolic HCl, rt. (c) 10N NaOH, 

CH3OH, Reflux. 

Scheme 3. Synthesis of 6-Ethylpiperonal 12. (a) 10% Pd/C, Ammonium 

formate, Acetic acid, 110 °C, N2. (b) α,α-dichloromethyl methyl ether, 
TiCl4, 0 °C to rt. 

Scheme 2. Synthesis of compounds 8 and 9. (a) Imidazole, TBDMSCl, 

DMF, 48 h, rt. (b) PtO2, H2, 70 psi, Ethanol, 2-3 h, rt. 

Scheme 4. Synthesis of compounds 19 and 20. (a) NaBH(OAc)3, DCE, rt. (b) Ethyl oxalyl chloride, Triethylamine, DMF, 0 °C to rt. (c) DBU, Ethanol, rt. 

(d) Ethanolic HCl, rt. 



  

Branched alkyl, i-butoxy analogue 56 (IC50 = 6.2 nM) of the 

tetrazole series had 5-fold lower ETA receptor antagonist activity 

and selectivity in comparison with straight chain analogue 55. 

Elimination of the alkyl chain entirely to obtain 6-OH analogue 
41 (IC50 = 37.01 nM) in the carboxylic acid series led to 10-fold 

decrease in ETA receptor antagonism and was accompanied by 

1.6 times decrease in ETA-selectivity compared to the most 

potent analogue 44 in this series. Removal of the alkyl chain in 

the tetrazole series to obtain analogue 42 caused the reduction of 

ETA receptor antagonist activity by 40-fold and selectivity by 1.8 
times compared to the most potent compound 54 in this series. 

Replacement of the saturated n-propoxy group in compound 

44 with the unsaturated allyloxy group to obtain compound 47 

resulted in 10-fold decrease in ETA receptor antagonism and 

more than 20-fold decrease in ETA-selectivity. Analogous 

unsaturated allyloxy compound 57 in the tetrazole series was 
found to have diminished ETA receptor antagonist activity by 60-

fold and ETA-selectivity by 50-fold compared to n-propoxy 

compound 54. This suggests that a saturated alkyl chain at 

position 6 of 4-oxo-1,4-dihydro-quinoline-2-carboxylic acid is 

beneficial for ETA receptor antagonist activity. Also, when the n-

propoxy chain in 44 is replaced by isosteric methoxymethyoxy 
chain in the carboxylic acid series to obtain analogue 48, there is 

6 fold loss of ETA receptor antagonism and 15 fold loss of ETA-

selectivity. 

A similar reduction in ETA-selectivity for methoxymethoxy 

analogue 58 in the tetrazole series was observed although the 

ETA receptor antagonist activity reduced by nearly 20-fold. 
Replacement of the terminal methyl group of the n-propoxy side 

chain of 44 in the carboxylic acid series with an amino group led 

to compound 49 which exhibited 85-fold reduction in ETA 

receptor antagonism. ETA-selectivity also declined drastically 

from 683 to 4 compared to 44. The 2-aminoethoxy analogue 59 

in the tetrazole series resulted in more than 450-fold reduction in 
ETA receptor antagonist activity and a virtual loss of ETA-

selectivity compared to 54. This suggests that substitution of an 

amino group in place of the terminal methyl group of the n-

propoxy side chain is detrimental for ETA receptor antagonism 

and selectivity. 

A series of analogues with alicyclic side chains were 

synthesized to determine tolerance of steric bulk at position 6 of 
the 4-oxo-1,4-dihydro-quinoline-2-carboxylic acid. Cyclopropyl-

methoxy analogue 50 in the carboxylic acid series showed more 

than 10 times lower ETA receptor antagonist activity and 

selectivity compared to the corresponding open chain i-butyl 

analogue 46. Reduction in ETA receptor antagonist activity and 

selectivity of cyclopropylmethoxy analogue 60 (IC50 = 78.4 nM) 
of the tetrazole series compared to the i-butyl compound 56 were 

found to parallel the effects of the carboxylic acid derivatives 50 

and 46. This considerable reduction in antagonist activity and 

receptor selectivity could be due to the fact that C-C bonds in 

cyclopropane have more π character than σ character, resulting in 

cyclopropylmethoxy substituent acting like an unsaturated 
allyloxy substituent at position 6 of the quinolone ring. This 

behavior resembles the ETA receptor binding nature of the 

unsaturated allyloxy derivatives 47 and 57 compared to the 

corresponding saturated n-propoxy derivatives 1 and 54. 

ETA receptor antagonist activity was found to decrease by 3-

fold with the increment of each methylene group to increase the 
ring size of the alicyclic analogue 50 to obtain 

cyclobutylmethoxy analogue 51 and cyclopentylmethoxy 52 in 

the carboxylic acid series. Compounds 51 and 52 also exhibited 

poor ETA-selectivity. A similar reduction of 3-fold in ETA 

receptor antagonist activity and poor ETA-selectivity was 

observed with an increase in the ring size of cyclopropylmethoxy 
analogue 60 in the tetrazole series to yield cyclobutylmethoxy 

analogue 61 and cyclopentylmethoxy 62. 

In conclusion, a series of endothelin receptor antagonists was 

synthesized and evaluated for their ETA and ETB receptor 

antagonist activity and selectivity using GeneBLAzer
®
 FRET 

assay technology. The structure activity relationship deduced for 
the carboxylic acid series was found to parallel that of the 

tetrazole series. The n-propoxy analogue 54 in the tetrazole series 

was found to be the most potent and selective ETA receptor 

antagonist with an IC50 value of 0.8 nM and an ETA-selectivity of 

1004. Target compounds with ethoxy, n-propoxy, n-butoxy, i-

butoxy substituents in both series were found to have similar or 
better activity than the positive control BQ-123. These results 

suggest that short chain saturated alkoxy groups at position 6 of 

the 4-oxo-1,4-dihydro-quinoline-2-carboxylic acid impart good 

ETA receptor antagonism and selectivity over ETB receptor. 

Tetrazole 54 exhibits similar or better ETA receptor antagonist 

activity as compared to the clinically approved endothelin 
receptor antagonists for PAH (Figure 1) with ETA-selectivity 

profile similar to that of the most recently approved drug, 

macitentan. 
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Scheme 5. Synthesis of compounds 41-62. (a) R
1
-X, DMF, NaH, K2CO3, 

0 °C to rt. (b) & (c) 6N KOH, Ethanol, Reflux. 



  

 

Table 1. Endothelin receptor antagonist activities of compounds 41-62 using in vitro GeneBLAzer® FRET assay. 

      
 

Compound R
1
 IC50 (nM)† ETA-

selectivity 
Compound R

1
 IC50 (nM)† ETA-

selectivity 
ETA ETB ETA ETB 

41^ -H  37.01 ± 2.1 15602.3 
±158.7 

421 42 -H  29.2 ± 3.4 16203.5 ± 
182.7 

558 

43^  6.6 ± 1.1 3119 ± 54.3 472 53  7.1 ± 2.1 4072.1 ± 
54.3 

581 

44^ 

 
4.2 ± .88 2868.4 ± 

12.5 
683 54  0.8 ± .05 803.2 ± 17.1 1004 

45^ 

 

1.88 ± 0.6 548.2 ± 
14.5 

291 55 

 

1.2 ± .3 617.5 ± 14.7 514 

46^  9.9 ± 2.1 713 ± 11.6 72 56  6.2 ± .7 698 ± 5.6 112.5 

47^ 

 

38.1 ± 3.6 1131.2 ± 

23.6 

29 57  48.2 ± 2.4 1003.7 ± 

13.8 

21 

48^ 

 

24.4 ± 2.9 1030.2 ± 

17.2 

43 58  17.1 ± 2.8 972 ± 56.3 57 

49 

 

364.5 ± 3.5 1353 ± 63.7 3.7 59 

 

373 ± 17.3 562 ± 31.7 1.5 

50^  121.3 ± 

32.5 

856 ± 73 7 60  78.4 ± 5.4 758.3 ± 53.7 9.7 

51  342 ± 12.5 935 ± 7.5 2.7 61  279.1 ± 9.5 1435 ± 23.5 5 

52 

 

1024 ± 
23.3 

2156 ± 45.7 2.1 62  873 ± 13.1 1983 ± 35.2 2 

BQ-123  7.3 ± .56 N.D.††  BQ-788  N.D.†† 1.2 ± .06  

Assay procedure performed in triplicate. 

^Compounds previously published by Patel et al.
21

 and were evaluated using FRET assay for comparison. 

†Given IC50 values are Mean ± SD. 

††N.D. = Not determined. 
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