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Abstract 

The P2X3 receptor is primarily expressed in the peripheral sensory nerves, and therefore, antagonists 

of this receptor may be useful for the treatment of chronic pain. Pyrrolinone derivatives have been 

identified as a novel class of P2X3 receptor antagonists. A lead structure with moderate activity was 

discovered through a high-throughput screening assay. A structure-activity study led to the discovery of 

several P2X3 receptor antagonists. Compound 34 showed potent and specific antagonistic activity and 

analgesic efficacy. 

 

Adenosine triphosphate (ATP), produced in the mitochondria in cells, is used as a source of energy for 

various physiological activities, as a phosphorylation substrate for proteins, and as an extracellular 

neurotransmitter. ATP is released into the extracellular fluid by a variety of stimuli including 

inflammatory or cell damage. Extracellular ATP acts as a neurotransmitter for P2 receptors at the nerve 

terminal. P2 receptors are classified into two groups, P2X includes the ligand-gated ion channels
1
 and 

P2Y includes G protein-coupled receptors
2
. P2X3, a subtype of P2X receptors, was first cloned in 

1995
3,4

. P2X3 receptors are primarily expressed in the peripheral sensory nerve. P2X3 receptor 

knockout mice were reported for suppression of pain behaviors
5
. In 2002, A-317491, which is a specific 

P2X3 receptor antagonist, showed an analgesic effect by subcutaneous administration to rats in both an 

inflammation pain model and neuropathic pain model
6
. Thus, in an effort to develop a new analgesic 
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drug, P2X3 receptor antagonists with various chemotypes were reported (Figure 1)
7-9

. Among them, 

AF-219 improved symptoms of pain and urinary urgency in patients with moderate to severe symptoms 

of interstitial cystitis/bladder pain syndrome (IC/BPS) in a Phase 2 clinical trial. Furthermore, AF-219 is 

in a Phase 2 clinical trial that examines its ability to improve refractory chronic cough
10

. 

 

 
Figure 1. Structures of P2X3 receptor antagonists and hit compound 1 

 

Building on the information gained from these previous studies, we aimed to develop a new P2X3 

receptor antagonist as an analgesic drug free from the side effects observed for existing analgesics that 

act on the central nervous system. To discover novel chemotype P2X3 receptor antagonists, we 

performed high throughput screening of our chemical library using a FLIPR 384 Ca2+-influx assay 

system. Hit compound 1, which has a pyrrolinone skeleton, was identified. The IC50 value of compound 

1 showed the decrease by the increase in concentration of ATP. These results showed that compound 1 

was orthosteric antagonist. In attempts to improve the antagonistic activity of compound 1, a series of 

pyrrolinone derivatives were synthesized with various substituents to identify the structure exhibiting the 

strongest activity. Herein, we describe the synthesis and structure-activity relationships of pyrrolinone 

derivatives as P2X3 receptor antagonists. 

 

Pyrrolinone skeletons were easily synthesized in a one-pot by condensation of an α-ketoester, aniline 

and aldehyde (Scheme 1)
11

. The other pyrrolinone derivatives were synthesized from compound 2 as a 
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starting material according to Scheme 2. Compound 19 was prepared by methylation of compound 2 

using iodomethane in the presence of potassium carbonate. Dehydroxylated compound 20 was 

synthesized by acetylation of the enolic alcohol 2 and hydrogenation using Pd/C. Compound 2 was 

reacted with hydroxylamine to give compound 16 and 21 in moderate yields. To change the linker L at 

position-4 of the pyrrolinone ring, the Beckmann rearrangement was applied to the pyrrolinone 

derivatives (Scheme 3). The enolic alcohol 2 was converted to the benzyl ether by alkylation with benzyl 

bromide to give 35. Oxime 36 was obtained by using the same conditions as described for compound 16, 

and then amide compounds 37 and 38 were synthesized by Beckmann rearrangement using cyanuric 

chloride-ZnCl2
12

. Both amide compounds were debenzylated by hydrogenation to give 17 and 18.    

 

 
Scheme 1.  Reagents and conditions for the synthesis of the pyrrolinone skeltons: (a) AcOH, dioxane, 

reflux. 
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Scheme 2.  Reagents and conditions for the conversion of compound 2.: (a) MeI, K2CO3, DMF, rt 3h, 

83%; (b) Ac2O, pyidine, rt 3h, 93%; (c) H2, Pd/C, THF, rt, 3 days, 11%; (d) 50% NH2OHaq, THF, reflux 

7h, 16 (20%), 21 (25%). 
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Scheme 3. Reagents and conditions for the synthesis of amide derivatives. : (a) BnBr, K2CO3, DMF, rt 

overnight 84%; (b) NH2OH·HCl, pyridine, 80°C 6h, 64%; (c) cyanuric chloride, ZnCl2, CH3CN, reflux  

2.5h, 32 (57%), 33 (31%); (d) H2, Pd/C, dioxane, rt 2h, 83%; (e) H2, Pd/C, dioxane, rt 2h, 83%. 

 

Table 1 shows the effects of substitution of the pyrrolinone ring at each position and the 

ethoxycarbonyl moiety of the pyrrolinone derivatives on antagonistic activity
13

. 

Among compounds with a substituent (R
1
) at position-5 of the pyrrolinone ring (1 – 9), the phenyl (2), 

4-fluorophenyl (5), and cyclohexyl (7) derivatives were the most active, followed by the 3-fluorophenyl 

derivative (4). These compounds showed higher activity than compound 1 (R
1
: 2-chlorophenyl). The 

2-fluorophenyl (3), 4-chlorophenyl (6), and isopropyl (8) derivatives showed reduced antagonistic 

activities. Non-substituted compound (9) was inactive. These findings suggested that the presence of a 

bulky group and electron-donating substituent at position-5 on the pyrrolinone ring may contribute to the 

high activity. 

By modification of substituents (R
2
) at position-4 on the pyrrolinone ring (10 – 13), 4-methoxyphenyl 

(2) showed higher antagonistic activity than phenyl (10), and tert-butyl (13). The smaller substituents 

methyl (11) and n-butyl (12) led to over a 10-fold reduction in activity. Therefore, a bulky substituent 

was necessary at position-4 on the pyrrolinone ring for high activity. 

To explore the linker (L) at position-4 on the pyrrolinone ring, the carbonyl moiety was removed (14) 

or converted to a methylene from the carbonyl (15). Neither 14 nor 15 had activity. Additionally, oxime 

(16) maintained some activity, but amides (17, 18) showed significant decreases in activity. 

The enolic hydroxyl group (R
3
) at position-3 of the pyrrolinone ring was converted to the methyl ether 

(19), non-substituted (20) or hydroxyamino (21) compound, all of which showed large activity decreases. 

From these results, it appears that the carbonyl moiety at position-4 and enolic hydroxyl group at 

position-3 were essential for the antagonistic activity. 

We also explored the substituent effects (R
4
) at the para position on the benzene ring (22 – 28). The 

para-substituted trifluoromethyl compound (27) showed moderate activity, but the compounds with the 

other functional groups at this position showed significant decreases of activity (22 – 26). The ortho or 
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meta substituted compounds were also synthesized, and all showed significant decreased activities (data 

not shown). 

 

Table 1. Structure activity relationship study of pyrrolinone derivatives 

 

     

Compound R
1
 R

2
 L R

3
 R

4
 IC50 (µM) 

1 2-Cl-Ph 4-MeO-Ph CO OH COOEt 0.09 

2 Ph 4-MeO-Ph CO OH COOEt 0.02 

3 2-F-Ph 4-MeO-Ph CO OH COOEt 0.13 

4 3-F-Ph 4-MeO-Ph CO OH COOEt 0.03 

5 4-F-Ph 4-MeO-Ph CO OH COOEt 0.02 

6 4-Cl-Ph 4-MeO-Ph CO OH COOEt 0.13 

7 c-Hexyl 4-MeO-Ph CO OH COOEt 0.01 

8 i-Pr 4-MeO-Ph CO OH COOEt 0.14 

9 H 4-MeO-Ph CO OH COOEt >10 

10 Ph Ph CO OH COOEt 0.37 

11 Ph Me CO OH COOEt 4.79 

12 Ph Bu CO OH COOEt 1.02 

13 Ph t-Bu CO OH COOEt 0.26 

14 Ph 4-MeO-Ph none OH COOEt >10 

15 Ph 4-MeO-Ph CH2 OH COOEt >10 

16 Ph 4-MeO-Ph C(=NOH) OH COOEt 0.56 

17 Ph 4-MeO-Ph NHCO OH COOEt 1.37 

18 Ph 4-MeO-Ph CONH OH COOEt 3.93 

19 Ph 4-MeO-Ph CO OMe COOEt 9.80 

20 Ph 4-MeO-Ph CO H COOEt >10 

21 Ph 4-MeO-Ph CO NHOH COOEt 4.24 
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22 Ph 4-MeO-Ph CO OH COOH >10 

23 Ph 4-MeO-Ph CO OH H >10 

24 Ph 4-MeO-Ph CO OH Ac 3.28 

25 Ph 4-MeO-Ph CO OH CONMe2 5.92 

26 Ph 4-MeO-Ph CO OH CH2OH >10 

27 4-F-Ph 4-MeO-Ph CO OH CF3 0.36 

28 Ph 4-MeO-Ph CO OH 

  

0.10 

 

 

The ester group of R
4
 contributed largely to the antagonistic activity, although the excretion rate in 

vivo would likely be large because of the metabolic instability of the ester group. To improve the 

metabolic stability while maintaining high activity, we attempted to incorporate 1,2,4-oxadiazole rings 

as a bioisostere for the ester groups
14

. The resulting oxadiazole compound (28) was highly active.  

Pyrrolinone derivatives with an ester group or 1,3,4-oxadiazole ring at R
4
 showed the highest activity, 

so other substitutions at R
4 
were explored (Table 2). We introduced a 5-membered hetero aromatic ring 

at R
4
 while R

1
, R

2
 and R

3
 were maintained to ensure high activity (29 – 34). As a consequence, the IC50 

values were less than 0.05 µM except for the 1,3,4-oxadiazole (31) and oxazole (32). We evaluated the 

rat pharmacokinetics for a series of these compounds. Ester (5) was rapidly excreted in vivo and was not 

orally absorbed. As expected, the change of R
4
 from an ester to a 5-membered hetero aromatic ring 

greatly improved the total clearance. However, these compounds showed low oral bioavailability. This 

result suggested the possibility that the isoxazole ring was a bioisostere of the ester group. 

 

Table 2. Pharmacokinetics of selected compounds in rats 

 

   

Compound R
4
 IC50 (µM) t1/2 (hr) CLt (ml/min/kg)* BA (%) 
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5 COOEt 0.020 0.1 37 NC 

29 

 

0.019 0.8 5 7.1 

30 

 

0.021 1.0 3.4 13.5 

31 

 

0.072 1.7 5.5 2.9 

32 
 

0.135 NT NT NT 

33 

 

0.009 1.1 6.2 0.5 

34 
 

0.025 1.3 7.7 10.2 

 

 
Compound 5: Position-4 of the pyrrolinone ring has a 4-fluorophenyl group instead of a cyclohexyl. 

CLt: total clearance; BA: oral bioavailability; NC: not calculated; NT: not tested. 

a. All compounds were administered at 0.5 mg/kg iv and 1.0 mg/kg po. 

  These compounds were administered as a mixture of three to five compounds. 

 

To evaluate the activity of the other purinergic receptors, isoxazole derivative (34) was selected from 

the above compounds for further study. Compound 34 was a specific and potent antagonist for the P2X3 

receptor (Table 3). Additionally, compound 34 did not inhibit any of the 41 receptors and 17 enzymes 

tested at 10 µM (data not shown). To confirm the analgesic effect of our P2X3 antagonist, the sodium 

salt of compound 34 was prepared,
15 

and evaluated for efficacy in an acetic acid induced writhing test
16 

in mice by intravenous administration. The sodium salt of 34 showed good analgesic efficacy (ED50; 2.6 

mg/kg) in a dose-dependent manner (Figure 2). 

 

Table 3. The selectivity of compound 34 for P2X receptors.  
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P2Xn P2X1 P2X2 P2X3 P2X2/3 P2X4 P2X7 

IC50 (µM) >10 >10 0.025 4.32 >30 >10 

 

 
Figure 2. Analgesic effects of compound 34 by an acetic acid induced writhing test in mice 

 

In conclusion, a high throughput screen was performed of our chemical library in an effort to identify a 

new P2X3 antagonist. Hit compound 1 was discovered, which had a novel pyrrolinone skeleton different 

from previously reported P2X3 antagonists. In a series of hit to lead structure activity relationship 

studies, we identified compound 34, which showed potent and selective activity for the P2X3 receptor. 

Compound 34 showed analgesic efficacy in an acetic acid induced writhing test in mice, suggesting that 

a P2X3 antagonist may be useful as a new analgesic drug. It is expected that further improvement of the 

pharmacokinetics of compound 34 may lead to its development as a new analgesic drug. Further 

optimization of these pyrrolinone derivatives and evaluation of their optical isomers are ongoing. 
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