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Abstract:

A series of novel arylpiperazines bearing a pyrrolidin-2-one fragment were synthesized and evaluated for their binding affinity for

��- and ��-adrenoceptors (ARs) as well as their antiarrhythmic and antihypertensive activities. The highest affinity for the ��-AR

was displayed by 1-{3-[4-(2-chloro-phenyl)-piperazin-1-yl]-propyl}-pyrrolidin-2-one 7, which binds with a pK� = 7.13. The highest

affinity for the ��-AR was shown by 1-{3-[4-(4-chloro-phenyl)-piperazin-1-yl]-propyl}-pyrrolidin-2-one 18, which binds with

a pK� = 7.29. Among the compounds tested, 1-{3-[4-(2-ethoxy-phenyl)-piperazin-1-yl]-propyl}-pyrrolidin-2-one 13 had the highest

prophylactic antiarrhythmic activity in epinephrine-induced arrhythmia in anesthetized rats. Its ED�� value was 1.0 mg/kg intrave-

nously (iv). The compounds with a hydroxy group in the 4-position of the phenyl ring or two substituents such as fluorine atoms in

the 2 and 4 positions of the phenyl ring significantly decreased systolic and diastolic pressure in normotensive anesthetized rats at

a dose of 2.5 mg/ kg iv, and their hypotensive effects lasted for longer than an hour.
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Introduction

Adrenoreceptors (ARs), belonging to the superfamily

of G-protein-coupled receptors, are grouped into three

classes, �1-, �2-, and �-ARs, and are considered attrac-

tive therapeutic targets for the treatment of various dis-

eases [11].

�1-Adrenergic receptors mediate the effects of the

sympathetic nervous system by binding the catechola-

mines, epinephrine and norepinephrine [9, 23]. Ini-

tially, �1-AR antagonists were used in the therapy of

hypertension (prazosin, doxazosin) [12], and then

they became common in the treatment of benign

prostatic hyperplasia (alfuzosin, tamsulosin) [4], in

which they reduce the ‘dynamic’ component of blad-

der outlet obstruction and appear to have additional

actions in reducing the irritative symptoms of this dis-

ease. �1-AR antagonists are also used in the treatment

of lower urinary tract symptoms and cardiac arrhyth-

mia [4, 6, 12].

The �2-ARs are located in the central nervous sys-

tem. It has also been shown that �2-ARs may be lo-

calized presynaptically, and act as negative modula-
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tors in the release of catecholamines and other neuro-

transmitters such as acetylcholine, �-aminobutyric

acid and nitrous oxide [7, 10]. �2-AR antagonists are

mainly used for the treatment of depression and dia-

betes (mirtazapine, yohimbine, idazoxan). Other po-

tential clinical applications include cardiovascular

disease, obesity, Raynaud’s disease, male sexual dys-

function, Alzheimer’s disease and Parkinson’s disease

[3, 22].

Non-selective �-AR antagonists such as phenoxy-

benzamine are effective in reducing radial artery

spasm in coronary artery surgery [24].

We have previously reported that a series of

1-[3-(4-arylpiperazin-1-yl)-2-hydroxy]- or 1-[3-(4-arylpi-

perazin-1-yl)-2-acetoxy]-propyl-pyrrolidin-2-one de-

rivatives possess affinity for �1- and �2-ARs and

show marked hypotensive and antiarrhythmic activi-

ties. Among the compounds tested, the most active

were 1-[2-hydroxy-3(4-phenylpiperazin-1-yl)-propyl]-

pyrrolidin-2-one 1 and those containing the hydroxyl-

(2) or chloro- (3) substituent in the 2nd position of the

phenyl ring [8, 15, 19, 20]. In this context, the goal of

our research was the development of derivatives of

arylpiperazine propyl-pyrrolidin-2-one as novel �-ARs

antagonists. In this work, we report on the synthesis

and in vitro and in vivo pharmacological studies of

a series of new analogues of compounds 1–3. For

these compounds, the following were studied: the in-

fluence of the replacement of the 2-hydroxy-propyl

fragment by a propyl one, modifications in the aryl-

piperazinyl moiety on their �1- and �2-AR affinity

and their antiarrhythmic and hypotensive properties.

Knowing that a hydrophobic group larger than

a methoxy substituent may be accommodated by a hy-

drophobic pocket [1, 2], phenylpiperazine compounds

with alkoxy moieties larger than a methoxy group at

the 2nd position of the phenyl ring were prepared.

The modifications in the arylpiperazinyl moiety also

included an introduction of one (2-fluoro-, 2-, 3-, or

4-hydroxy-, 2-methyl; 2-trifluoromethyl-, 3-trifluoro-

methyl-, 2-, 3-, or 4-chloro-, 2-, 3-, or 4-methoxy-) or

two (2,4-difluoro- and 2-methoxy-5-chlorophenyl-)

different substituents into the phenyl ring. Finally,

a more rigid analog of 1 was designed (Fig. 1). The

newly synthesized compounds (as water-soluble hy-

drochlorides) were tested for �1- and �2-AR binding

affinity in addition to their antiarrhythmic and hy-

potensive activities.

Materials and Methods

CHEMICAL PART

Unless otherwise noted, the starting materials were

obtained from commercial suppliers (arylpiperazines

from Chess chemicals GmbH, 1-bromo-3-chloropropane

and 1-benzhydrylpiperazine from Sigma-Aldrich Che-

mie GmbH) and used without purification. All experi-

ments in which air-sensitive materials were used were

carried out in oven-dried glassware under a dry nitro-

gen atmosphere. Standard vacuum techniques were

used for handling air-sensitive materials. Tetrahydro-

furan (THF) was dried, kept under nitrogen and

freshly distilled over sodium-benzophenone before

use. Uncorrected melting points were determined in

open glass capillaries on the Büchi 353 melting point

apparatus. Elemental analyses (C, H, N) were carried

out within 0.4% of the theoretical values and were

performed on an Elementar Vario EL III (Elementar

Analysensystem, Hanau, Germany). 1H-NMR and
13C-NMR spectra were recorded on a Varian Mercury

VX 300 MHz instrument in [d6]-DMSO or CDCl3 at

ambient temperature using the solvent signal as an in-

ternal standard. Thin layer chromatography (TLC)
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Fig. 1. Structures of parent and synthesized compounds



was carried out on Merck silica gel pre-coated 60 F254

plates (0.2 mm) using S1 – chloroform-acetone (1:1)

as a developing system. The plates were visualized

with UV light or iodine solution (0.05 M in a 10%

HClaq (v/v)). Column chromatography was performed

using Merck silica gel 60 and a chloroform-acetone

(1:1) mixture as a solvent system.

Synthetic routes leading to the new compounds are

presented in Figure 2.

1-(3-Chloro-propyl)-pyrrolidin-2-one 5

To a suspension of NaH (0.2 mol, 6.0 g) in THF

(30 mL), a solution of pyrrolidin-2-one 4 (0.2 mol,

15.2 mL) in THF (20 mL) was added dropwise and

the resulting mixture was stirred at room temperature

for an hour. Then a solution of 1-bromo-3-chloropropane

(0.4 mol, 62.8 g) in THF (50 mL) was slowly added,

and the reaction mixture was refluxed for 24 h. The

precipitated inorganic salt was filtered through celite,

and the filtrate concentrated under vacuum. The ob-

tained oil was distilled under reduced pressure giving

25.4 g (yield 76%) 1-(3-chloro-propyl)-pyrrolidin-2-one.

Anal. Calc. for C7H12ClON, calc. C 52.02%, H 7.48%,

N 8.67%, found C 52.13%, H 7.59%, N 8.81%; b.p.

140°C/12 mbar, 1H-NMR (CDCl3): � 1.72–1.83 (m,

CH2CH2CH2Cl (propyl chain), 2H), 1.90–2.00 (m, CH2-

CH2CH2 (pyrrolidin-2-one), 2H), 2.23 (t, CH2CH2CO

(pyrrolidin-2-one), 10.2 Hz, 2H), 3.20 (t, CH2CH2CH2Cl

(propyl chain), 6.7 Hz, 2H), 2.35–2.49 (m, CH2CH2-

CH2Cl (propyl chain), NCH2 CH2CH2 (pyrrolidin-2-

one), 4H); 13C-NMR (CDCl3): � ���� �CH2CH2CH2

(pyrrolidin-2-one)), 31.2 (CH2CH2CH2 (pyrrolidin-

2-one), 32.6 (CH2CH2CH2 (propyl chain)), 42.2 (CH2Cl

(propyl chain)), 43.7 (CH2CH2CH2Cl (propyl chain)),

46.4 (NCH2CH2 (pyrrolidin-2-one)), 173.4 (carbonyl).

General procedure for the synthesis of

1-(3-substituted aminopropyl)pyrrolidin-2-one 6–23

1.6 g (10 mmol) of 1-(3-chloro-propyl)-pyrrolidin-2-

one 5 and 10 mmol of the corresponding amine were

heated in an autoclave at 150°C (pressure 10 bar) for

6 h. The progress of the reaction was monitored by

TLC. The obtained oily residue was purified by col-
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umn chromatography using a mixture of chloroform-

acetone (1:1) as a solvent. Then the obtained oil was

dissolved in EtOH and HCl gas was bubbled through

the solution until the mixture become acidic. The ob-

tained precipitate was crystallized from EtOH.

1-[3-(4-Phenyl-piperazin-1-yl)-propyl]-pyrrolidin-2-

one dihydrochloride 6

Yield: 45.4%. Anal. for C17H25N3O 2HCl, calc. C

56.67%, H 7.55%, N 11.66%, found C 56.79%, H

7.62%, N 11.69%; Mr 360.32; m.p. 191.0–192.6°C;

TLC Rf = S1(0.69), 1H-NMR ([d6]-DMSO): � 2.20–2.29

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (pro-

pyl chain), 4H), 3.06–3.30 (m, piperazine, 8H), 3.53

–3.60 (m, CH2CH2N (propyl chain), CH2CH2CO (pyr-

rolidin-2-one), 4H), 3,73–3,79 (m, NCH2CH2 (propyl

chain), CH2CH2N (pyrrolidin2-one), 4H), 6.82–7.27

(m, arom., 5H); 13C-NMR ([d6]-DMSO): � 17.9 (CH2

CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2CH2 (propyl

chain)), 32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2

CH2 (propyl chain)), 46.4 (CH2CH2CH2 (pyrrolidin-

2-one), 50.0 (piperazine), 51.5 (CH2CH2N (propyl

chain)), 52.6 (piperazine), 114.3, 118.3, 129.7 (arom.),

173.3 (carbonyl).

1-{3-[4-(2-Chloro-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 7

Yield: 42.8%. Anal. for C17H24ClN3O 2HCl, calc. C

51.72%, H 6.64%, N 10.64%, found C 51.92%, H

6.69%, N 10.80%; Mr 394.77; m.p. 197.5°C (dec.);

TLC Rf = S1(0.68), 1H-NMR ([d6]-DMSO): � 2.19–

2.28 (m, CH2CH2CH2 (pyrrolidin-2-one), CH2 CH2CH2

(propyl chain), 4H), 3.10–3.28 (m, piperazine, 8H),

3.34-3.40 (m, CH2CH2N (propyl chain), CH2CH2CO

(pyrrolidin-2-one), 4H), 3.55 (t, NCH2CH2 (propyl

chain), 2H, J = 5.6 Hz), 3.75 (t, CH2CH2N (pyrro-

lidin-2-one), 2H, J = 4.1 Hz), 7.06–7.45 (m, arom.,

4H); 13C-NMR ([d6]-DMSO): � 17.4 (CH2 CH2CH2

(pyrrolidin-2-one), 25.2 (CH2CH2CH2 (propyl chain)),

32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2

(propyl chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-one),

49.5 (piperazine), 51.5 (CH2CH2N (propyl chain)),

52.6 (piperazine), 115.7, 119.7, 127.8, 123.2, 150.7

(arom.), 173.4 (carbonyl).

1-{3-[4-(2-Fluoro-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 8

Yield: 39.4%. Anal. for C17H24FN3O 2HCl, calc. C

53.97%, H 6.93%, N 11.11%, found C 54.00%, H

6.04%, N 11.20%; Mr 378.31; m.p. 175.2–176.9°C;

TLC Rf = S1(0.75), 1H-NMR ([d6]-DMSO): � 2.20–2.30

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2

(propyl chain), 4H), 3.12–3.29 (m, piperazine, 8H),

3.38–3.45 (m, CH2CH2N (propyl chain), CH2CH2CO

(pyrrolidin-2-one), 4H), 3.56 (t, NCH2CH2 (propyl

chain), 2H, J = 5.3 Hz), 3.74 (t, CH2CH2N (pyrro-

lidin-2-one), 2H, J = 4.8 Hz), 7.68–7.19 (m, arom.,

4H); 13C-NMR ([d6]-DMSO): � 17.7 (CH2CH2CH2

(pyrrolidin-2-one), 25.0 (CH2CH2CH2 (propyl chain)),

32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2 (propyl

chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-one), 50.0

(piperazine), 51.5 (CH2CH2N), 52.6 (piperazine), 115.9,

116.4, 119.9, 125.3, 137.3, 155.7 (arom.), 173.4 (carbonyl).

1-{3-[4-(2-Trifluoromethyl-phenyl)-piperazin-1-

-yl]-propyl}-pyrrolidin-2-one dihydrochloride 9

Yield: 47.8%. Anal. for C18H24F3N3O 2HCl, calc. C

50.47%, H 6.12%, N 9.81%, found C 50.57%, H

6.32%, N 9.98%; Mr 428.32; m.p. 189.4–190.9°C; TLC

Rf = S1(0.62), 1H-NMR ([d6]-DMSO): � 2.15–2.26 (m,

CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (pro-

pyl chain), 4H), 3.20–3.35 (m, piperazine, 8H),

3.40-3.54 (m, CH2CH2N (propyl chain), CH2CH2CO

(pyrrolidin-2-one), 4H), 3.56 (t, NCH2CH2 (propyl

chain), 2H, J = 5.4 Hz), 3.83 (t, CH2CH2N (pyrrolidin-

2-one), 2H, J = 4.2 Hz), 7.54–7.69 (m, arom., 4H);
13C-NMR ([d6]-DMSO): � 17.7 (CH2CH2CH2 (pyrro-

lidin-2-one), 24.9 (CH2CH2CH2 (propyl chain)), 32.6

(CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2 (propyl

chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-one), 50.3

(piperazine), 51.5 (CH2CH2N), 52.6 (piperazine),

113.3, 114.6, 118.9, 126.1, 133.0, 143.4 (arom.), 115.7

(CF3), 173.4 (carbonyl).

1-[3-(4-o-Tolyl-piperazin-1-yl)-propyl]-pyrrolidin-2-

one dihydrochloride 10

Yield: 35.1%. Anal. for C18H27N3O 2HCl, calc. C

57.75%, H 7.81%, N 11.22%, found C 57.93%, H

7.83%, N 11.26%; Mr 374.35; m.p. 233°C (dec); TLC

Rf = S1(0.71), 1H-NMR ([d6]-DMSO): � 2.18 (s, CH3,

3H), 2.20-2.30 (m, CH2CH2CH2 (pyrrolidin-2-one),

CH2CH2CH2 (propyl chain), 4H), 3.15–3.26 (m,
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piperazine, 8H), 3.40–3.54 (m, CH2CH2N (propyl

chain), CH2CH2CO (pyrrolidin-2-one), 4H), 3.57 (t,

NCH2CH2 (propyl chain), 2H, J = 6.0 Hz), 3.75 (t,

CH2CH2N (pyrrolidin-2-one), 2H, J = 3.29 Hz), 6.96

–7.18 (m, arom., 4H); 13C-NMR ([d6]-DMSO): � 15.8

(CH3), 17.7 (CH2CH2CH2 (pyrrolidin-2-one), 24.9

(CH2CH2CH2 (propyl chain)), 32.6 (CH2CO (pyrro-

lidin-2-one)), 44.3 (NCH2CH2 (propyl chain)), 46.4

(CH2CH2CH2 (pyrrolidin-2-one), 50.3 (piperazine),

51.5 (CH2CH2N), 52.6 (piperazine), 114.2, 118.2,

127.0, 126.7, 127.0, 147.7 (arom.), 173.4 (carbonyl).

1-{3-[4-(2-Hydroxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 11

Yield: 57.5%. Anal. for C17H25N3O2 2 HCl, calc. C

54.26%, H 7.23%, N 11.17%, found C 54.30%, H.

7.30%, N 11.20%; Mr 376.32; m.p. 209.8–211.3°C;

TLC Rf = S1(0.76), 1H-NMR ([d6]-DMSO): � 1.90–2.10

(m, CH2CH2CH2, CH2CH2CH2 (pyrrolidin-2-one), 4H),

2.21–2.35 (m, CH2CO (pyrrolidin-2-one), NCH2CH2

(propyl chain), 4H), 2.69–2.74 (m, CH2 piper., 4H),

2.85–2.99 (m, CH2 piper., 4H), 3.25 (dd, CH2CH2N

(propyl chain), 2H), 3.26 (s, OH, 1H), 3.43–3.58 (m,

CH2CH2N (pyrrolidin-2-one), 2H), 6.42–6.64 (m, arom.,

4H); 13C-NMR ([d6]-DMSO): � 17.7 (CH2CH2CH2

(pyrrolidin-2-one), 24.9 (CH2CH2CH2 (propyl chain)),

32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2

(propyl chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-one),

50.3 (piperazine), 51.5 (CH2CH2N), 52.6 (piperazine),

115.7, 116.8, 119.7, 122.3, 142.4, 145.9 (arom.),

173.4 (carbonyl).

1-{3-[4-(2-Methoxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 12

Yield: 35.1%. Anal. for C18H27N3O2 2HCl, calc. C

55.38%, H 7.49%, N 10.76%, found C 55.42%, H

7.56%, N 10.76%; Mr 390.35; m.p. 195 °C (dec); TLC

Rf = S1(0.65), 1H-NMR ([d6]-DMSO): � 2.20–2.29 (m,

CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (propyl

chain), 4H), 3.08–3.21 (m, piperazine, 8H), 3.43–3.54

(m, CH2CH2N (propyl chain), CH2CH2CO (pyrroli-

din-2-one), 4H), 3.62 (t, NCH2CH2 (propyl chain),

2H, J = 5.8 Hz), 3.70 (s, OCH3, 3H), 3.75 (t,

CH2CH2N (pyrrolidin-2-one), 2H, J = 3.3 Hz), 6.86

–7.03 (m, arom., 4H); 13C-NMR ([d6]-DMSO): � 17.4

(CH2CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2CH2

(propyl chain)), 32.6 (CH2CO (pyrrolidin-2-one)),

44.3 (NCH2CH2 (propyl chain)), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.3 (piperazine), 51.5 (CH2CH2N),

52.6 (piperazine), 55.9 (CH3), 115.2, 115.3, 119.3,

122.0, 144.3, 145.5 (arom.), 173.4 (carbonyl).

1-{3-[4-(2-Ethoxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 13

Yield: 39.4%. Anal. for C19H29N3O2 2HCl, calc. C

56.43%, H 7.73%, N 10.39%, found 56.46%, H

7.80%, N 10.40%; Mr 404.37; m.p. 169.4–171.0°C;

TLC Rf = S1(0.71), 1H-NMR ([d6]-DMSO): � 1.32 (t,

CH3CH2, 3H, J = 6.3 Hz), 2.18–2.28 (m, CH2CH2CH2

(pyrrolidin-2-one), CH2CH2CH2 (propyl chain), 4H),

3.01–3.26 (m, piperazine, 8H), 3.49–3.56 (m, CH2CH2N

(propyl chain), CH2CH2CO (pyrrolidin-2-one), 4H),

3.54 (t, NCH2CH2 (propyl chain), 2H, J = 6.7 Hz),

3.64 (t, CH2CH2N (pyrrolidin-2-one), 2H, J = 3.7

Hz), 4.02 (s, OCH2, 2H, J = 6.3 Hz), 6.96–7.18 (m,

arom., 4H), 13C-NMR ([d6]-DMSO): � 14.8 (CH3),

17.4 (CH2CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2CH2

(propyl chain)), 32.6 (CH2CO (pyrrolidin-2-one)),

44.3 (NCH2CH2 (propyl chain)), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.3 (piperazine), 51.5 (CH2CH2N

(propyl chain)), 52.6 (piperazine), 64.7 (CH2), 114.9,

115.3, 118.9, 121.3, 142.3, 144.4 (arom.), 173.4 (car-

bonyl).

1-{3-[4-(3-Chloro-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 14

Yield: 37.6%. Anal. for C17H24ClN3O 2HCl, calc. C

51.72%, H 6.64%, N 10.64%, found C 52.00%, H

6.68%, N 10.67%; Mr 394.77; m.p. 201.4°C (dec);

TLC Rf = S1(0.81), 1H-NMR ([d6]-DMSO): � 2.20–2.32

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2

(propyl chain), 4H), 3.10–3.28 (m, piperazine, 8H),

3.38-3.48 (m, CH2CH2N (propyl chain), CH2CH2CO

(pyrrolidin-2-one), 4H), 3.61 (t, NCH2CH2 (propyl

chain), 2H, J = 5.3 Hz), 3.89 (t, CH2CH2N (pyrro-

lidin-2-one), 2H, J = 4.9 Hz), 7.12-7.30 (m, arom.,

4H); 13C-NMR ([d6]-DMSO): � 17.7 (CH2CH2CH2

(pyrrolidin-2-one), 25.0 (CH2CH2CH2 (propyl chain)),

32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2

(propyl chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-

one), 50.0 (piperazine), 51.5 (CH2CH2N (propyl

chain)), 52.6 (piperazine), 112.4, 114.7, 118.4, 131.1,

135.2, 151.0 (arom.), 173.4 (carbonyl).
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1-{3-[4-(3-Trifluoromethyl-phenyl)-piperazin-

1-yl]-propyl}-pyrrolidin-2-one dihydrochloride 15

Yield: 57.2%. Anal. for C18H24F3N3O 2HCl, calc. C

50.47%, H 6.12%, N 9.81%, found C 50.50%, H

6.13%, N 9.85%; Mr 428.32; m.p. 192.3–193.6°C;

TLC Rf = S1(0.48), 1H-NMR ([d6]-DMSO): � 2.22–2.34

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2

(propyl chain), 4H), 3.17–3.37 (m, piperazine, 8H),

3.43-3.57 (m, CH2CH2N (propyl chain), CH2CH2CO

(pyrrolidin-2-one), 4H), 3.60 (t, NCH2CH2 (propyl

chain), 2H, J = 5.9 Hz), 3.92 (t, CH2CH2N (pyrro-

lidin-2-one), 2H, J = 4.2 Hz), 7.65–7.72 (m, arom.,

4H); 13C-NMR ([d6]-DMSO): � 17.4 (CH2CH2CH2

(pyrrolidin-2-one), 24.2 (CH2CH2CH2 (propyl chain)),

32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2

(propyl chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-one),

50.0 (piperazine), 51.5 (CH2CH2N (propyl chain)),

52.6 (piperazine), 110.1, 114.7, 117.6, 130.0, 131.9,

149.9 (arom.), 124.2 (CF3), 173.4 (carbonyl).

1-{3-[4-(3-Hydroxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 16

Yield: 57.5%. Anal. for C17H25N3O3 2 HCl, calc. C

54.26%, H 7.23%, N 11.17%, found C 54.30%, H

7.0%, N 11.20%; Mr 376.32; m.p. 132.3–133.8°C; TLC

Rf = S1(0.55), 1H-NMR ([d6]-DMSO): � 2.00–2.20 (m,

CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (pro-

pyl chain), 4H), 2.26–2.38 (m, CH2CO (pyrrolidin-2-

one), NCH2CH2 (propyl chain), 4H), 2.70– 2.79 (m,

CH2 piper., 4H), 2.79–2.85 (m, CH2 piper., 4H), 3.13

(dd, CH2CH2N (propyl chain), 2H), 3.46 (s, OH, 1H),

3.58–3.72 (m, CH2CH2N (pyrrolidin-2-one), 2H),

6.06–6.15 (m, arom., 4H); 13C-NMR ([d6]-DMSO): �

17.7 (CH2CH2CH2 (pyrrolidin-2-one), 25.9 (CH2CH2CH2

(propyl chain)), 32.6 (CH2CO (pyrrolidin-2-one)),

44.3 (NCH2CH2 (propyl chain)), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.0 (piperazine), 51.5 (CH2CH2N

(propyl chain)), 52.6 (piperazine), 99.1, 105.4, 106.9,

131.1, 151.0, 159.4 (arom.), 173.4 (carbonyl).

1-{3-[4-(3-Methoxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 17

Yield: 53.1%. Anal. for C18H27N3O2 2HCl, calc. C

55.38%, H 7.49%, N 10.76%, found C 55.43%, H 7.50%,

N 10.80%; Mr 390.35; m.p. 190.2–191.6°C; TLC Rf =

S1(0.58), 1H-NMR ([d6]-DMSO): � 2.00–2.20 (m, CH2

CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (propyl

chain), 4H), 2.36–2.48 (m, CH2CO (pyrrolidin-2-one),

NCH2CH2 (propyl chain), 4H), 2.65–2.71 (m, CH2

piper., 4H), 2.82–2.97 (m, CH2 piper., 4H), 3.21 (dd,

CH2CH2N (propyl chain), 2H), 3.52–3.68 (m, CH2

CH2N (pyrrolidin-2-one), 2H), 3.73 (s, CH3, 3H),

5.99–6.43 (m, arom., 4H); 13C-NMR ([d6]-DMSO): �

17.4 (CH2CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2CH2

(propyl chain)), 32.6 (CH2CO (pyrrolidin-2-one)),

44.3 (NCH2CH2 (propyl chain)), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.0 (piperazine), 51.5 (CH2CH2N

(propyl chain)), 52.6 (piperazine), 55.9 (CH3), 97.5,

103.8, 106.6, 130.7, 150.6, 161.6 (arom.), 173.4 (car-

bonyl).

1-{3-[4-(4-Chloro-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 18

Yield: 43.2%. Anal. for C17H24ClN3O 2HCl, calc. C

51.72%, H 6.64%, N 10.64%, found C 52.00%, H

6.70%, N 10.60%; Mr 394.77; m.p. 213.0°C (dec.); TLC

Rf = S1(0.71), 1H-NMR ([d6]-DMSO): � 2.17–2.32

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (pro-

pyl chain), 4H), 3.11–3.30 (m, piperazine, 8H), 3.40–

3.52 (m, CH2CH2N (propyl chain), CH2CH2CO (pyr-

rolidin-2-one), 4H), 3.68 (t, NCH2CH2 (propyl chain),

2H, J = 5.7 Hz), 3.92 (t, CH2CH2N (pyrrolidin-2-one),

2H, J = 5.4 Hz), 7.12–7.26 (m, arom., 4H); 13C-NMR

([d6]-DMSO): � 17.7 (CH2CH2CH2 (pyrrolidin-2-

one), 24.9 (CH2CH2CH2 (propyl chain)), 32.6 (CH2CO

(pyrrolidin-2-one)), 44.3 (NCH2CH2 (propyl chain)), 46.4

(CH2CH2CH2 (pyrrolidin-2-one), 50.0 (piperazine), 51.5

(CH2CH2N (pyrrolidin-2-one)), 52.6 (piperazine), 115.7,

123.8, 129.8, 147.7 (arom.), 173.4 (carbonyl).

1-{3-[4-(4-Hydroxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 19

Yield: 57.5%. Anal. for C17H25N3O2 2 HCl, calc. C

54.26%, H 7.23%, N 11.17%, found C 54.30%, H

7.30%, N 11.20%; Mr 376.32; m.p. 189.2–190.2°C;

TLC Rf = S1(0.54), 1H-NMR ([d6]-DMSO): � 2.00–2.20

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2

(propyl chain), 4H), 2.26–2.38 (m, CH2CO (pyrro-

lidin-2-one), NCH2CH2 (propyl chain), 4H), 2.70–

2.79 (m, CH2 piper., 4H), 2.79–2.85 (m, CH2 piper.,

4H), 3.13 (dd, CH2CH2N (propyl chain), 2H), 3.46 (s,

OH, 1H), 3.58–3.72 (m, CH2CH2N (pyrrolidin-2-one),

2H), 6.42–6.55 (m, arom., 4H); 13C-NMR ([d6]-DMSO):

� 17.4 (CH2CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2

CH2 (propyl chain)), 32.6 (CH2CO (pyrrolidin-2-one)),
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44.3 (NCH2CH2 (propyl chain)), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.0 (piperazine), 51.5 (CH2CH2N

(pyrrolidin-2-one)), 52.6 (piperazine), 115.7, 116.8,

142.2, 148.0 (arom.), 173.4 (carbonyl).

1-{3-[4-(4-Methoxy-phenyl)-piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 20

Yield: 56.1%. Anal. for C18H27N3O2 2HCl, calc. C

55.38%, H 7.49%, N 10.76%, found C 55.40%, H

7.54%, N 10.85%; Mr 390.35; m.p. 165.2–166.9°C;

TLC Rf = S1(0.56), 1H-NMR ([d6]-DMSO): � 2.00–2.20

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2

(propyl chain), 4H), 2.36–2.48 (m, CH2CO (pyrrolidin-

2-one), NCH2CH2 (propyl chain), 4H), 2.65–2.71 (m,

CH2 piper., 4H), 2.82–2.97 (m, CH2 piper., 4H), 3.21

(dd, CH2CH2N (propyl chain), 2H), 3.52–3.68 (m,

CH2CH2N (pyrrolidin-2-one), 2H), 3.83 (s, CH3, 3H),

6.32–6.55 (m, arom., 4H); 13C-NMR ([d6]-DMSO): �

17.7 (CH2 CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2CH2

(propyl chain)), 32.6 (CH2CO(pyrrolidin-2-one)),

44.3 (NCH2CH2 (propyl chain)), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.0 (piperazine), 51.5 (CH2CH2N

(pyrrolidin-2-one)), 52.6 (piperazine), 55.9 (CH3),

115.2, 115.3, 141.9, 150.2 (arom.), 173.4 (carbonyl).

1-{3-[4-(2,4-Difluorophenyl)piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 21

Yield: 65.2%. Anal. for C17H23F2N3O 2HCl, calc. C

51.52%, H 6.36%, N 10.60%, found C 51.59%, H

6.47%, N 10.76%; Mr 396.30; m.p. 184.3–185.8°C;

TLC Rf = S1(0.421H-NMR ([d6]-DMSO): � 2.00–2.20

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (pro-

pyl chain), 4H), 2.46–2.68 (m, CH2CO (pyrrolidin-2-

one), NCH2CH2 (propyl chain), 4H), 2.75–2.77 (m, CH2

piper., 4H), 2.92–3.01 (m, CH2 piper., 4H), 3.11 (dd,

CH2CH2N (propyl chain), 2H), 3.45–3.51 (m, CH2CH2N

(pyrrolidin-2-one), 2H), 6.39–6.52 (m, arom., 3H);
13C-NMR ([d6]-DMSO): � 17.7 (CH2 CH2CH2 (pyr-

rolidin-2-one), 24.9 (CH2CH2CH2 (propyl chain)),

32.6 (CH2CO (pyrrolidin-2-one)), 44.3 (NCH2CH2

(propyl chain)), 46.4 (CH2CH2CH2 (pyrrolidin-2-one),

50.0 (piperazine), 51.5 (CH2CH2N (pyrrolidin-2-

one)), 52.6 (piperazine), 105.6, 112.0, 117.5, 132.9,

154.0, 157.3 (arom.), 173.4 (carbonyl).

1-{3-[4-(4-Chloro-2-methoxyphenyl)piperazin-1-yl]-

propyl}-pyrrolidin-2-one dihydrochloride 22

Yield: 58.3%. Anal. for C18H26ClN3O2 2HCl, calc. C

50.89%, H 6.64%, N 9.89%, found C 50.93%, H

6.74%, N 9.96%; Mr 424.79; m.p. 195.2–196.8°C; TLC

Rf = S1(0.24), 1H-NMR ([d6]-DMSO): � 2.00–2.20 (m,

CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2 (propyl

chain), 4H), 2.32–2.48 (m, CH2CO (pyrrolidin-2-

one), NCH2CH2 (propyl chain), 4H), 2.65–2.79 (m,

CH2 piper., 4H), 2.82–2.99 (m, CH2 piper., 4H), 3.07

(dd, CH2CH2N (propyl chain), 2H), 3.57–3.68 (m,

CH2CH2N (pyrrolidin-2-one), 2H), 3.79 (s, CH3, 3H),

6.29–6.58 (m, arom., 3H); 13C-NMR ([d6]-DMSO): �

17.7 (CH2CH2CH2 (pyrrolidin-2-one), 24.9 (CH2CH2CH2),

32.6 (CH2CO), 44.3 (NCH2CH2), 46.4 (CH2CH2CH2

(pyrrolidin-2-one), 50.3 (piperazine), 51.5 (CH2CH2N),

52.6 (piperazine), 55.9 (CH3), 116.7, 122.1, 124.6,

142.4, 146.9 (arom.), 173.4 (carbonyl).

1-[3-(4-Benzhydryl-piperazin-1-yl)-propyl]-

pyrrolidin-2-one dihydrochloride 23

Yield: 58.3%. Anal. for C24H31N3O 2HCl, calc. C

63.99%, H 7.38%, N 9.33%, found C 64.32%, H

7.43%, N 10.05%; Mr 450.44; m.p. 204.2–204.8°C;

TLC Rf = S1(0.35), 1H-NMR ([d6]-DMSO): � 2.00–2.20

(m, CH2CH2CH2 (pyrrolidin-2-one), CH2CH2CH2

(propyl chain), 4H), 2.37–2.49 (m, CH2CO (pyrro-

lidin-2-one), NCH2CH2 (propyl chain), 4H), 2.59–2.69

(m, CH2 piper., 4H), 2.82–3.00 (m, CH2 piper., 4H),

3.07 (dd, CH2CH2N (propyl chain), 2H), 3.57–3.68

(m, CH2CH2N (pyrrolidin-2-one), 2H), 4.21 (s, CH,

1H), 6.29–6.58 (m, arom., 10H); 13C-NMR ([d6]-

DMSO): � 17.7 (CH2CH2CH2 (pyrrolidin-2-one),

24.9 (CH2CH2CH2 (propyl chain)), 32.6 (CH2CO

(pyrrolidin-2-one)), 44.3 (NCH2CH2 (propyl chain)),

46.4 (CH2CH2CH2 (pyrrolidin-2-one), 50.0 (pipera-

zine), 51.5 (CH2CH2N (pyrrolidin-2-one)), 53.3 (pipera-

zine), 73.6 (CH), 126.3, 128.3, 129.3, 142.8 (arom.),

173.4 (carbonyl).

PHARMACOLOGICAL PART

Chemicals

[3H]Clonidine (Amersham, Germany), epinephrine

(Adrenalinum hydrochloricum, Polfa, Poland), nore-

pinephrine (Levonor, Polfa, Poland), methoxamine

(Sigma-Aldrich Chemie GmbH, Germany), [3H]pra-
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zosin (Amersham, Germany), tyramine (Sigma-

Aldrich Chemie GmbH, Germany), sodium heparin

(Polfa, Poland), thiopental sodium (Biochemie

GmbH, Vienna, Austria), Urapidil (Sigma-Aldrich

Chemie GmbH, Germany).

�-Adrenoceptor radioligand binding assay

These experiments were carried out in rat cerebral

cortex. [3H]Prazosin (19.5 Ci/mmol, an �1-adrenergic

receptor) and [3H]clonidine (70.5 Ci/mmol, an �2-adre-

nergic receptor) were used. Rat brains were homoge-

nized in 20 volumes of ice-cold 50 mM Tris-HCl

buffer (pH 7.6) and were centrifuged at 20,000 × g for

20 min (0–4 °C). The cell pellet was resuspended in

the Tris-HCl buffer and centrifuged again. Radio-

ligand binding assays were performed in plates

(MultiScreen/Millipore, USA). The final incubation

mixture (final volume 300 µL) consisted of 240 µL of

the membrane suspension, 30 µL of [3H]prazosin

(0.2 nM) or [3H]clonidine (2 nM) solution and 30 µL

of the buffer containing seven to eight concentrations

(10–11–10–4M) of the tested compounds [18]. To

measure the unspecific binding, 10 µM phentolamine

(in case of [3H]prazosin) or 10 µM clonidine (in case

of [3H]clonidine) was applied. The incubation was

terminated by rapid filtration over glass fiber and

placed in scintillation vials with a liquid scintillation

cocktail. Radioactivity was measured in a WALLAC

1409 DSA liquid scintillation counter (Perkin Elmer

USA). All assays were carried out in duplicate.

Radioligand binding was analyzed using an iterative

curve-fitting routine (GraphPad/Prism, Version 3.0 –

San Diego, CA, USA). Ki values were calculated

from methods described by Cheng and Prusoff [5].

Animals

The experiments were carried out on male Wistar rats

(180–250 g). Animals were housed in constant tem-

perature facilities under 12/12 h light-dark cycle,

maintained on a standard pellet diet and tap water was

given ad libitum. Control and experimental groups

consisted of 8–10 animals each. All procedures were

done according to the Animal Care and Use Committee

Guidelines and approved by the Ethical Committee of

the Jagiellonian University, Kraków, Poland (registra-

tion number 17/OP/2005 and ZI/UJ/217/2005).

Prophylactic antiarrhythmic activity in a model

of epinephrine-induced arrhythmia according

to Szekeres and Papp [25]

Arrhythmia was evoked in thiopental (60 mg/kg, ip)

anesthetized rats by iv injection of adrenaline

(20 µg/kg). The tested compounds were administered

intravenously 15 min before adrenaline. The criterion

of antiarrhythmic activity was the lack of premature

beats and the inhibition of rhythm disturbances in

comparison with the control group (ventricular brady-

cardia, atrioventricular block, ventricular tachycardia

or ventricular fibrillation). The cardiac rhythm distur-

bances were recorded for 15 min after adrenaline in-

jection. ECGs were analyzed according to the guide-

lines of the Lambeth Convention [26] on ventricular

premature beats (VBs), bigeminy, salvos (less than

four successive VBs), ventricular tachycardia (VT,

four or more successive VBs) and ventricular fibrilla-

tion (VF). The ED50 value was calculated according

to the method of Lichfield and Wilcoxon [17].

The influence on blood pressure

Male Wistar normotensive rats were anesthetized with

thiopental (50–75 mg/kg, ip). The right carotid was

cannulated with a polyethylene tube filled with hepa-

rin in saline to facilitate pressure measurement using

the Datamax apparatus (Columbus Instruments, USA).

The studied compounds were injected in a single dose

of 2.5 or 5.0 mg/kg into the caudal vein after a 5 min

stabilization period at a volume equivalent to 1 ml/kg.

Compound (1) and urapidil were used as references.

Statistical analysis

The data are expressed as the mean ± SEM. The sta-

tistical significance was calculated using a one-way

ANOVA. Differences were considered significant

when p < 0.05.

Results

In the present study, several pharmacological tests

were carried out to assess �1- and �2-AR affinity, as

well as antiarrhythmic and hypotensive activities of

the novel pyrrolidin-2-one derivatives 6–23.
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The pharmacological profile of the new com-

pounds was evaluated by radioligand binding assays

(the ability to displace [3H]prazosin or [3H]clonidine

from �1- or �2-ARs, respectively) in rat cerebral cor-

tex [5, 16]. All tested compounds displaced [3H]pra-

zosin (pKi �1-AR 5.33–7.13) and [3H]clonidine (pKi

�2-AR 5.52–7.29) from cortical binding sites. The re-

sults obtained are presented in Table 1.

Compounds 6–23 were tested for their prophylactic

antiarrhythmic activity in an epinephrine-induced ar-

rhythmia rat model [25]. Intravenous (iv) injections of

adrenaline at a dose of 20 µg/kg caused reflex brady-

cardia (100%), supraventricular and ventricular extra-

systoles (100%), bigeminy (75%) and ventricular

tachycardia (50%) in rats, which led to the death of

approximately 50% of animals within 10 ± 5 min.

Compounds 6–8, 11, 13 and 17 injected intravenously

15 min before adrenaline administration diminished

the occurrence of extrasystoles, bigeminy and reduced

mortality. The ED50 values are presented in Table 2.

The highest activity in this model of arrhythmia was

displayed by compound 13, which had an ED50 value

of 1.0 mg/kg.

The hypotensive activity of compounds 6–23 was

determined after iv administration to normotensive

anesthetized rats at doses of 2.5–10 mg/kg. The results

are presented in Table 3. Compounds 6, 7, 11–13, 15

and 19–23 significantly decreased systolic and dia-

stolic pressure. The observed effect lasted for more

than 60 min. Compounds 8–10, 14 and 16–19 were

found to be inactive.

The influence of compounds 6–23 on pressor re-

sponses to epinephrine, norepinephrine, methoxamine

and tyramine was studied. Intravenous epinephrine,

norepinephrine, methoxamine and tyramine were given

to rats at a dose of 2 µg/kg, 2 µg/kg, 150 µg/kg and

200 µg/kg, respectively, to induce pressor response.

Compounds 7, 8, 10, 13 and 21 given iv at a dose of

2.5, 5 or 10 mg/kg significantly antagonized the pres-

sor response elicited by epinephrine, norepinephrine

and methoxamine. Compounds 6, 14, 17, 18 and 23
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Tab. 1. Affinity of compounds 1–3 and 6–23 for different �-AR sub-
types in rat cerebral cortex

Compound pK� [�H] prazosin (�� rec.) pK� [�H] clonidine (�� rec.)

1 5.72 [7] 4.54 [7]

2 6.71 [18] 5.64 [18]

3 6.57 [18] 4.79 [18]

6 6.25 ± 0.36 6.98 ± 0.01

7 7.13 ± 0.02 6.69 ± 0.01

8 6.73 ± 0.07 7.14 ± 0.07

9 5.33 ± 0.02 5.52 ± 0.01

10 7.05 ± 0.04 6.82 ± 0.09

11 6.79 ± 0.02 6.54 ± 0.05

12 6.81 ± 0.02 6.94 ± 0.06

13 7.09 ± 0.01 6.98 ± 0.08

14 6.61 ± 0.07 6.79 ± 0.09

15 6.06 ± 0.04 6.67 ± 0.12

16 6.37 ± 0.09 5.89 ± 0.01

17 6.30 ± 0.04 6.87 ± 0.03

18 6.21 ± 0.04 7.29 ± 0.07

19 5.59 ± 0.08 5.57 ± 0.04

20 5.29 ± 0.02 6.08 ± 0.07

21 6.30 ± 0.13 6.20 ± 0.06

22 6.94 ± 0.10 6.85 ± 0.05

23 6.10 ± 0.04 7.03 ± 0.03

Urapidil 6.89 ± 0.05 –

Tolazoline 5.79 ± 0.02 6.50 ± 0.03

The mean pK� ± SEM values were obtained from three experiments.
Inhibition constants (K�) were calculated according to the equation of
Cheng and Prusoff [4]

Tab. 2. The prophylactic antiarrhythmic activity in adrenaline-
induced arrhythmia in anesthetized rats. Compounds were adminis-
tered intravenously

Compound ED�� (mg/kg)

1 7.6 (6.9–8.4) [7]

6 2.8 (2.1–3.6)

7 5.1 (3.7–6.1)

8 8.9 (6.4–10.5)

11 13.1 (9.9–15.4)

12 5.2 (4.1–6.4 )

13 1.0 (0.8–1.2)

17 12.7 (8.7–14.7)

Tolazoline 3.4 (2.6–4.4)

Propranolol 1.05 (0.64–1.73)

Urapidil 1.26 (0.97–1.64)

Each value was obtained from three experimental groups. Each
group consisted of six animals. The ED�� values and their confidence
limits were calculated according to the methods of Litchfield and Wil-
coxon [16]



given iv at a dose of 2.5 or 5 mg/kg significantly an-

tagonized systolic pressor response elicited only by epi-

nephrine. Compound 11 given iv at a dose of 5 mg/kg

significantly antagonized pressor response elicited by epi-

nephrine, norepinephrine, methoxamine and tyramine.

Compounds 12, 15, 16 and 22 given iv at a dose 2.5 or 5

mg/kg significantly antagonized pressor response elic-

ited by epinephrine and methoxamine. Compound 20

given iv at a dose 2.5 mg/kg significantly antagonized

pressor response elicited by epinephrine, norepineph-

rine and methoxamine. (Figs. 3–20). However, com-

pounds 9 and 19 did not have any significant influence

on systolic pressor response generated by epinephrine,

norepinephrine, methoxamine and tyramine (data not

shown).

Discussion

All the newly synthesized compounds, 6–23, were

found to have an affinity toward �1- and �2-ARs,

which was comparable to or higher than the affinity

of the earlier reported compounds [15, 19, 20]. The

highest affinity for �1-AR (pKi 7.13) was displayed

by compound 7, which has a chlorine atom in the 2-

position of the phenyl ring. The highest affinity for

�2-AR (pKi 7.29) was shown by compound 18,

which has a chlorine atom in the 4-position of the

phenyl ring. Among the isomers with a methoxy-

(11, 17 and 20), hydroxy- (11, 16 and 19) or chloro-

(7, 14 and 18) substituent in the phenyl ring, the af-
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Tab. 3. The hypotensive activity of tested compounds in anesthetized normotensive rats after iv administration

Comp. Dose
mg/kg

Blood pressure
(mmHg ± SEM)

Time of observation (min)

0 5 10 20 30 60

6 2.5 systolic 153.5 ± 9.5 132.5 ± 5.5*** 134 ± 2.0** 132.5 ± 0.5*** 133.5 ± 0.5** 153.5 ± 9.5

diastolic 144 ± 10 121.5 ± 5.5** 122 ± 3.0** 120.5 ± 1.5*** 121 ± 1.0*** 144 ± 10

7 10.0 systolic 141.5 ± 1.5 109.5 ± 8.5* 114.5 ± 5.5 111.5 ± 9.5* 109.5 ± 13.5* 110 ± 13*

diastolic 126 ± 4 97.5 ± 8.5* 101 ± 5.0 98 ± 9* 96.5 ± 11.5* 96 ± 11*

11 5.0 systolic 135 ± 14 101 ± 18*** 104 ± 11*** 117 ± 14** 122 ± 6* 128 ± 14

diastolic 109 ± 12 80 ± 11*** 83 ± 12** 96 ± 15* 100 ± 12 105 ± 13

12 2.5 systolic 139 ± 6.4 114 ± 9*** 120 ± 11* 121 ± 10 130 ± 10 131 ± 14

diastolic 119 ± 10 98 ± 5** 105 ± 11* 114 ± 7 113 ± 9 117 ± 112

13 5.0 systolic 141.0 ± 0.6 127.0 ± 8.2* 128.3 ± 6.6 125.0 ± 3.6* 125.0 ± 4.0* 129.0 ± 2.5

diastolic 126.7 ± 3.5 115.7 ± 8.2 115.3 ± 8.9 112.7 ± 5.9 111.0 ± 5.7 114.3 ± 3.3

15 2.5 systolic 133.7 ± 1.9 112.7 ± 5.4**** 114.0 ± 3.6**** 117.3 ± 3.4*** 118.0 ± 3.1*** 117.0 ± 4.0****

diastolic 106.7 ± 2.8 81.0 ± 8.4** 86.3 ± 5.8* 89.7 ± 5.5 91.7 ± 4.9 89.3 ± 8.4

20 5.0 systolic 134.7 ± 1.3 125.0 ± 7.4 123.7 ± 1.7 118.3 ± 0.9 115.7 ± 2.6 120.3 ± 5.0

diastolic 115.0 ± 2.5 103.3 ± 4.7 98.7 ± 2.0 * 94.7 ± 1.7** 91.3 ± 0.9*** 96.0 ± 1.0*

21 2.5 systolic 135.0 ± 4.4 117.0 ± 1.2**** 119.0 ± 1.0**** 118.7 ± 0.9**** 124.0 ± 2.6*** 123.7 ± 3.2***

diastolic 110.7 ± 2.2 96.3 ± 2.2*** 97.0 ± 2.1*** 96.7 ± 1.8*** 98.3 ± 4.4*** 98.0 ± 2.5

22 5.0 systolic 132.8 ± 4.4 115.5 ± 4.9*** 114.8 ± 4.3*** 113.3 ± 4.3*** 113.0 ± 4.2*** 117.8 ± 5.7**

diastolic 119.3 ± 3.4 99.8 ± 1.4**** 100.0 ± 1.1**** 97.8 ± 1.5**** 97.0 ± 0.9**** 102.8 ± 3.1****

23 5.0 systolic 129.2 ± 0.7 119.2 ± 1.4 116.7 ± 2.1* 113.0 ± 2.9*** 110.5 ± 3.9*** 107.7 ± 6.0****

diastolic 99.5 ± 4.1 88.0 ± 4.2 85.0 ± 5.3 82.2 ± 6.2* 81.0 ± 6.9* 77.2 ± 8.4**

Urapidil 0.625 systolic 135.5 ± 2.6 121 ± 2.6* 122 ± 2.5* 121 ± 2.6* 119.5 ± 3.1** 116.2 ± 4.6**

diastolic 117.2 ± 1.7 102.7 ± 1.9** 104 ± 2** 101.5 ± 2.6*** 101 ± 2.6*** 99.7 ± 3.3***

The data are the means of six experiments ± SEM; statistical analyses were performed using a one-way ANOVA test. * p < 0.05; ** p < 0.02;
*** p < 0.01; **** p < 0.001
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Fig. 3. The effect of comp. 6 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine

Fig. 4. The effect of comp. 7 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine

Fig. 5. The effect of comp. 8 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine
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Fig. 6. The effect of comp. 10 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine

Fig. 7. The effect of comp. 11 on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine

Fig. 8. The effect of comp. 12 on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine



80 �����������	��� 
������ ����� ��� �����

Fig. 9. The effect of comp. 13 on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine

Fig. 10. The effect of comp. 14 on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine

Fig. 11. The effect of comp. 15 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine
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Fig. 12. The effect of comp. 16 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine

Fig. 13. The effect of comp. 17 on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine

Fig. 14. The effect of comp. 18 on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine



82 �����������	��� 
������ ����� ��� �����

Fig. 17. The effect of comp. 22 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine

Fig. 16. The effect of comp. 21 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine

Fig. 15. The effect of comp. 20 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine
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Fig. 20. The effect of tolazoline on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine

Fig. 19. The effect of urapidil on the
blood pressure response to epineph-
rine, norepinephrine, methoxamine
and tyramine

Fig. 18. The effect of comp. 23 on the
blood pressure response to epineph-
rine, norepinephrine and methoxam-
ine



finity for �1-AR decreased in the order of 2-, 3- and

4-. For isomers with methoxy- or hydroxy-groups, the

affinity for �2-AR decreased in the same order as for

�1-AR, while for the chlorine isomers the �2-AR af-

finity decreased in order of 4-, 3- and 2-. The addition

of the second substituent in the phenyl ring of 21 and

22 caused, in the case of compound 21, a decrease in

both the �1-AR and �2-AR binding affinity, while for

compound 22 this modification resulted in an increase

in the �1-AR and �2-AR binding affinity. The effect

of protecting the hydroxy group in the 2-position of

the phenyl group of compound 11 was observed as an

increase in the affinity of compounds 12 and 13 for

both �1-AR and �2-AR. The compounds tested dis-

played rather low selectivity for �1-AR vs. �2-AR

subtypes. The highest selectivity was observed for

compound 18, which was 12 times more potent against

�2-AR then �1-AR (pKi �1 6.21; pKi �2 7.29).

To better understand the mechanism of action dis-

played by the tested compounds, their influence on

the pressor response to epinephrine, norepinephrine,

methoxamine and tyramine was tested. It is generally

accepted that �1-AR antagonists invert pressor re-

sponse to epinephrine and diminish the pressor re-

sponse of methoxamine, norepinephrine and ty-

ramine, whereas �2-AR antagonists antagonize or

cause no change in the pressor effect of norepineph-

rine or tyramine and reverse the pressor response to

epinephrine [13, 14, 21]. The results of these studies

are in good agreement with radioligand binding inves-

tigations and confirm the �-AR antagonist activity of

the compounds obtained. The significant increase of

the pressor response elicited by epinephrine, norepi-

nephrine and methoxamine observed after the iv ad-

ministration of compound 20 may be explained by

taking into account its binding profile. Compound 20

possesses a rather weak affinity for both �1- and �2-AR

(pKi �1 5.29; pKi �2-AR 6.08) and is slightly selective

for �2-AR. Blocking presynaptic �2-AR and partiary

blocking �1-AR led to increasing norepinephrine re-

lease, which resulted in increasing blood pressure.

The compounds obtained diminished or prevented

the appearance of epinephrine-induced arrhythmia

symptoms. It was found that 3- or 4- substitution

caused a diminished antiarrhythmic effect compared

with 2-substitution. Compound 13 diminished the oc-

currence of extrasystoles in the anesthetized rat in

37.5–100% of animals, significantly preventing mor-

tality in 100%. The ED50 value obtained for com-

pound 13 was 1.0 mg/kg, comparable to that dis-

played by propranolol (the commonly used reference

compound in the adrenaline-induced model of ar-

rhythmia) and urapidil and was 7.5 times lower than

that displayed by compound 1. Compound 12 con-

taining a 2-methyl-phenylpiperazine fragment pre-

vented mortality in 100% of animals, but showed

a weak protection with respect to the occurrence of

extrasystoles at a dose of 5 mg/kg and increased this

occurrence at higher doses. Hence, 2-methyl-substitution

is considered to have a proarrhythmic effect.

The obtained pyrrolidin-2-one derivatives 6–23

were also tested for their hypotensive activity in nor-

motensive anesthetized rats. Compounds possessing

a substituent at the 2- or 3- and two substituents in the

phenyl ring (6, 7, 11–13, 15 and 19–23) significantly de-

creased the systolic and diastolic pressure. This effect

persisted for more than 60 min. The highest hypotensive

activity was displayed by compounds 19 and 21.

In summary, the syntheis of several new 1-[3-(4-

arylpiperazin-1-yl)propyl]-pyrrolidin-2-one derivatives

was described. The new compounds were tested for

their affinity for �1- and �2-AR and their antiarrhyth-

mic and hypotensive activities. As a result, each com-

pound was found to possess an affinity for �1-AR. The

highest affinity for the �1-AR was displayed by 1-{3-

[4-(2-chloro-phenyl)-piperazin-1-yl]-propyl}-pyrrolidin-2-one

7, which binds with a pKi = 7.13. The highest affinity

for the �2-AR was shown by 1-{3-[4-(4-chloro-phenyl)-

piperazin-1-yl]-propyl}-pyrrolidin-2-one 18, which binds

with a pKi = 7.29. The introduction of a propyl linker

resulted in compounds having a higher affinity than

2-hydroxypropyl derivatives for both �1-AR and

�2-AR. It was also shown that the substituent in the 2-

position could play a crucial role in the antiarrhythmic

and hypotensive activity of the compounds tested.

The pharmacological results and binding studies sug-

gested that the antiarrhythmic and/or hypotensive ef-

fects of these compounds were related to their adreno-

lytic properties. More extensive structure-activity re-

lationship studies are in progress and will be reported

in due course.
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