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Abstract A series of levosimendan analogues were

designed and synthesized, employing the Friedel–Crafts

reaction, hydrolysis, and cyclization from the key inter-

mediate compound R(-)-6-(4-aminophenyl)-5-methyl-4,

5-dihydro-3(2H)-pyridazinone, which was obtained from

the starting material, acetanilide. These compounds, except

1b, exhibited potent anti-congestive heart failure activities,

especially the compounds 1e and 1k, which showed more

effective action than levosimendan.

Keywords Pyridazinone � Anti-congestive heart failure �
Levosimendan analogues � Synthesis

Introduction

Heart failure has been one of the most important causes of

morbidity and mortality in developed countries (Nieminen

et al., 2005), with an increase in the numbers of patients

hospitalized for ischemic heart disease and chronic heart

failure related to aging populations (Cherng et al., 2006;

Gottdiener et al., 2000; Krum and Liew, 2003; McCullough

et al., 2002). Therefore, more research attention has been

paid to it. In recent years, a large number of compounds

with diverse structures have been synthesized and evaluated

for potent, but less toxic, anti-congestive heart failure

(CHF) drugs. Among anti-CHF drug candidates, R(-)-6-

(4-substitutedphenyl)-5-methyl-4, 5-dihydro-3(2H)-pyrid-

azinone compounds showed good inhibition of platelet

aggregation and cardiac failure (Bristol et al., 1984; Hayes

et al., 1987). They selectively inhibited phosphodiesterase

III and increased cAMP levels (Nobuo et al., 1993). The

pharmacological activity of 4,5-dihydro-6-phenyl-3(2H)-

pyridazinones has been extensively studied and is known

for its cardiovascular effects (Abouzid et al., 2009; Bansal

et al., 2009; Thota and Bansal, 2009). Among these pyrid-

azinone compounds, levosimendan, R(-){[4-(1,4,5,6-tet-

rahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrozono}

propanedinitrile, has been the most effective drug in the

treatment of CHF (Hosenpud, 1999). Therefore, in this

study, levosimendan was chosen as the leading compound

for screening potential anti-CHF analogues. In addition, 11

previously unreported analogues of levosimendan were

synthesized and tested for their anti-CHF activity in blood

pressure experiments (Fig. 1).

Results and discussion

Chemistry

The syntheses of compounds 1a–1k are shown in

Scheme 1. Acetanilide was chosen as the starting material

and the intermediate (R)(-)-6-(4-aminophenyl)-5-methyl-

4,5-dihydro-3(2H)-pyridazinone was synthesized via seven

steps of the Friedel–Crafts reaction, hydrolysis, cyclization,

etc. (Ali and Yar, 2007; Austel et al., 1982). The above

intermediate reacted with appropriate aldehydes and yiel-

ded 11 target compounds (Scheme 1). In the first step, the

maximum yield was up to 60.1% when the molar ratio of

acetanilide and anhydrous aluminum trichloride was 1:2.8.

The yield did not increase when additional anhydrous

aluminum trichloride was used. The reaction was simpler

and easier when sodium hydride and the solvent THF were

replaced with sodium ethoxide and ethanol, respectively, in
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the third step. The economical sulfuric acid was used as a

decarboxylation reagent instead of biphenyl ether in the

fifth step. In the last step of the synthesis, 95% ethanol was

used instead of anhydrous ethanol for comparison.

Biological activity

The in vivo anti-CHF activities of these compounds were

tested in blood pressure experiments with levosimendan as

the positive control group. The tracheal intubation method

was utilized to measure blood pressures. The preliminary

results revealed that these levosimendan analogues, except

1b, were effective against CHF by dilating blood vessels.

The anti-CHF activities of 1a, 1c, 1d, and 1f–1j at different

time intervals were similar to those of levosimendan

(P \ 0.01). The anti-CHF activities of compound 1e at

intervals of 10 and 20 min, however, were significantly

stronger than that of levosimendan (P \ 0.05). The anti-

CHF activities of 1k at intervals of 15, 20, and 25 min were

also significantly better than that of levosimendan

(P \ 0.05; Table 1).

In comparison with the p-substituted phenyl compound

1d, the o-hydroxyl-substituted compound 1e showed higher

anti-CHF activity, whereas the m-hydroxyl-substituted

compound 1c showed lower activity. The results indicated

that the position of the hydroxyl group on the phenyl ring

greatly influenced anti-CHF activity, at an activity order of

o [ p [ m. When the R group was a furan ring, the anti-

CHF activity of compound 1k was obviously better than

that of levosimendan. For example, after treating with 1k

for 15, 20, and 25 min, the blood pressures were 25, 25,

and 24 mmHg, respectively. However, with levosimendan

at the same treatment times, the blood pressures were 34,

36, and 34 mmHg, respectively. The results indicated that

the furan ring of compound 1k played an important role in

anti-CHF activity. As a kinetophore, the furan ring may

have changed the electron density of the pyridazinone ring,

which increased the level of cAMP in cells and inhibited

ADP III as well, and finally resulted in better anti-CHF

activity.

Conclusions

A series of levosimendan analogues were successfully

synthesized and characterized by IR, 1H NMR, MS, and

elemental analyses. The results of the tracheal intubation
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Scheme 1 Synthesis route for

levosimendan analogues.

Reagents and conditions:

a CH3CH2COCl, AlCl3, CS2,

reflux for 3 h; b Br2, HOAc,

stirred at room temperature;

c CH2(CO2Et)2, EtOH,

C2H5ONa, room temperature,

8 h; d NaOH aq; e 3 mol/l HCl,

25–70�C; f H2SO4 (v:v = 1:1),

reflux; g NH2NH2�H2O, HOAc,

8 h; h L (?) tartaric acid,

isopropanol; i RCHO, EtOH, or

CHCl3, heated and stirred for

5 h

N    N

ON=HCR

H3C

1a-1k

H

Fig. 1 Levosimendan analogues. 1a: R = 4-nitrophenyl; 1b: R = 3-

nitrophenyl; 1c: R = 3,4-dihydroxyphenyl; 1d: R = 4-hydroxy-

phenyl; 1e: R = 2-hydroxyphenyl; 1f: R = 2-chlorophenyl; 1g:

R = 3,4,5-trimethoxyphenyl; 1h: R = 3,4-dichlorophenyl; 1i: R =

2-pyridyl; 1j: R = phenylvinyl; 1k: R = 2-furanyl
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tests showed that all target compounds, except 1b, signif-

icantly reduced the blood pressures of tested rats, sug-

gesting that these compounds have good anti-CHF

activities. The research results obtained in this study pro-

vided useful information for further structural modification

of these compounds and the synthesis of potent new anti-

CHF agents.

Experimental

Instrumentation

All compounds were characterized with MS, IR, 1H NMR,

and elemental analysis data. 1H NMR data were recorded

on a Bruker Avance 500 (500 MHz) spectrometer with

DMSO as the solvent and tetramethylsilane as the internal

standard. MS and IR spectra were taken on a Shimadzu

GS-MS/QP5050A mass spectrometer and a Shimadzu

FTIR-8700, respectively. Elemental analysis data were

obtained with a Perkin–Elmer 2400. Melting points were

determined in open capillary tubes on a Buchi 530 melting

point apparatus without correction. Optical rotation values

were measured on a WZZ-1S automatic spectropolarime-

ter. All chemical reagents used in the experiments were of

analytical grade and were obtained from Sinopharm

Chemical Reagent Co., Ltd., China.

General procedures

Synthesis of 4-propionacetylanilide (3)

A flame-dried round-bottomed flask (100 ml) connected to

a reflux condenser was charged with carbon disulfide

(60 ml), 2 (0.148 mol, 20 g), and anhydrous aluminum

chloride (0.412 mol, 55 g). The mixture was gently heated

and stirred until a colorless solution formed. After the

mixture was stirred for another 10 min, propionyl chloride

(0.160 mol, 14 ml) was added dropwise with a dropping

funnel for more than 30 min. Then, the mixture was stirred

at 50�C for 3 h. Removal of the solvent under normal

pressure yielded a pale red oil. The oil was then transferred

to a 250-ml beaker. A 55-ml mixture of ice, water, and

hydrochloric acid (5 ml) was added to yield 3 in the form

of a yellow solid. Recrystallization with 95% ethanol

produced a pale yellow solid (17 g, 60%).

4-(2-Bromopropionyl) acetylanilide (4)

A 250-ml round-bottomed flask was charged with 3

(0.05 mol, 10 g) and chloroform (100 ml). Bromine

(0.05 mol, 2.7 ml) was added dropwise to the mixture

while stirring. Next, the solvent was evaporated with a

rotary evaporator. The residue was adjusted to a pH of 8.0

using a saturated solution of sodium carbonate. After the

mixture was stirred for over 24 h at room temperature, the

solvent was evaporated with a rotary evaporator to form a

yellowish solid 4. Recrystallization with 95% ethanol

produced a white solid (10.2 g, 72%).

2-Ethoxycarbonyl-3-(4-acetylaminobenzoyl)-ethyl

butyrate (5)

Diethyl malonate (0.016 mol, 2.4 ml) was added portion-

wise in an ice-water bath to an ethanol solution of sodium

ethoxide prepared from absolute ethyl alcohol (60 ml) and

sodium (0.013 mol, 3 g). The resulting solution was

gradually warmed to 35�C and then an ethanol solution of 4

(0.0078 mol, 2.1 g) was added dropwise for 10 min. The

mixture was stirred at 75�C for 8 h and then evaporated

Table 1 The blood pressures of

rats at different times after

administration (50 mg/kg) of

compounds 1a–1k in

comparison with those in the

negative control and

levosimendan control

Comparison with control group:

a: P \ 0.01; b: P \ 0.05

Comparison with levosimendan

group: A: P \ 0.01; B:

P \ 0.05

Compound Dosage

(mmol/kg)

Average blood pressure (mmHg) at different time intervals (min)

5 10 15 20 25 30

Control group – 97 ± 3 95 ± 3 86 ± 3 81 ± 4 79 ± 4 88 ± 3

Levosimendan 0.179 51 ± 2a 39 ± 3a 34 ± 3a 36 ± 3a 34 ± 3a 31 ± 3a

1a 0.149 56 ± 3a 35 ± 3a 31 ± 3a 29 ± 4a 28 ± 3a 29 ± 2a

1b 0.149 77 ± 4b 71 ± 4a 69 ± 3a 68 ± 3 67 ± 3 67 ± 2b

1c 0.224 77 ± 3b 63 ± 3a 53 ± 3a 53 ± 2a 53 ± 3a 53 ± 3a

1d 0.163 80 ± 2 44 ± 3a 32 ± 3a 30 ± 2a 29 ± 3a 30 ± 4a

1e 0.163 55 ± 2a 28 ± 3aB 28 ± 4a 26 ± 3aB 26 ± 3a 26 ± 2a

1f 0.145 81 ± 4 68 ± 2a 55 ± 2a 34 ± 3a 34 ± 3a 32 ± 3a

1g 0.131 77 ± 3b 46 ± 3a 37 ± 3a 28 ± 3a 27 ± 3a 27 ± 3a

1h 0.139 52 ± 3a 33 ± 3a 25 ± 2a 24 ± 4a 25 ± 3a 25 ± 4a

1i 0.171 52 ± 2a 39 ± 3a 30 ± 3a 30 ± 2a 29 ± 2a 29 ± 3a

1j 0.158 59 ± 3a 36 ± 2a 33 ± 2a 36 ± 3a 36 ± 2a 31 ± 3a

1k 0.178 45 ± 3a 30 ± 3a 25 ± 2aB 25 ± 3aB 23 ± 2aB 24 ± 3a

Med Chem Res (2011) 20:287–292 289

123



under reduced pressure (65�C, 40 mmHg) to yield 5 in the

form of a brown solid, which was used directly with no

further purification.

2-Carboxyl-3-(4-aminobenzoyl) butyric acid (6)

A sodium hydroxide solution (200 ml, 15%) was added to

5. The mixture was stirred for 4 h, and then adjusted to a

pH of 1.0 using concentrated hydrochloric acid (34 ml).

Next, the mixture was stirred for 3 h at 100�C and con-

centrated with a rotary evaporator (40 mmHg, 70�C).

Then, 20 ml of methanol was added to the residue while

stirring and a white solid precipitated. The mixture was

filtered to remove the white solid by washing it with

methanol (10 ml). The combined organic phases were

concentrated with a rotary evaporator (50�C, 40 mmHg) to

form the crude product 6, which was used directly with no

further purification.

3-(4-Aminobenzoyl) butyric acid (7)

An aqueous solution of sulfuric acid (40 ml, 1:1, v/v) was

added to 6. The mixture was refluxed for 3.5 h and then

adjusted to a pH of 4.0 using a sodium carbonate aqueous

solution (20%) to yield the product 7 in the form of a

yellow solid (2.1 g, 55%).

6-(4-Aminophenyl)-5-methyl-4, 5-dihydro-3(2H)-

pyridazinone (8)

Hydrazine hydrate (85%, 0.0034 mol, 2 ml) was added to a

25-ml ethanol solution (95%) of 7 (0.0097 mol, 2 g). The

solution was stirred at 80�C for 3 h and then cooled to

room temperature to yield 8 in the form of a yellow solid.

Recrystallization with 90% aqueous ethanol produced a

white solid (1.8 g, 92%).

R(-)-6-(4-Aminophenyl)-5-methyl-4, 5-dihydro-3(2H)-

pyridazinone (9)

A 500-ml round-bottomed flask connected to a reflux con-

denser was charged with 8 (0.049 mol, 10 g), isopropanol

(250 ml), and L-tartaric acid (0.1 mol, 15 g). The mixture

was heated and stirred for 30 min. The mixture was then

cooled to room temperature and kept for 8 h to yield a white

solid. The solid was collected using filtration followed by

recrystallization in isopropanol (125 ml). Then, it was

transferred to a 200-ml beaker containing 50 ml of distilled

water, and this mixture was adjusted to a pH of 7–8 using

potassium carbonate and filtered to yield the solid. The solid

was then washed with water (50 ml) and dried to yield 7.3 g

of a white solid. The white solid was added to 1,4-dioxane

(60 ml) and heated under reflux for over 30 min. The

solution was cooled to room temperature and a white crys-

talline substance formed. The white solid was collected by

filtration and dried to produce 9 (0.8 g, 8%), [a]D
20 = -380�

(c = 1, VC2H5OH : VH2O : Vconc:HCl ¼ 17 : 2 : 1Þ; m.p.

205–207�C. [Literature (Bäckström et al., 1992) data:

[a]D
25 = -383� (ethanol–water-concentrated HCl 17:2:1),

m.p. 207–210�C, optical purity 99.5%].

General synthesis procedures for compounds 1a–1e

and 1g–1j

A 100-ml round-bottomed flask connected to a reflux

condenser was charged with 9 (0.0296 mol, 6 g), absolute

methanol (20 ml) (instead of the absolute ethanol used for

1g–1j), and aldehyde (0.0298 mol). The mixture was stir-

red and refluxed for 5 h and then cooled to ambient tem-

perature. The solid was collected by filtration followed by

recrystallization with acetone (instead of the absolute eth-

anol used for 1g–1j) to yield products 1a–1e and 1g–1j.

General synthesis procedures for compounds 1f and 1k

A 250-ml round-bottomed flask connected to a reflux

condenser was charged with 9 (0.0246 mol, 5 g), chloro-

form (200 ml), and the appropriate aldehyde (0.248 mol).

The mixture was refluxed for 4 h. After removal of the

solvent, the residue was recrystallized using ethanol to

yield products 1f and 1k.

R(-)-6-[4-(4-nitrobenzal)amino]phenyl-5-methyl-4,5-

dihydro-3(2H)-pyridazinoe (compound 1a)

Yield: 86%; m.p.: 110–112�C; [a]D
20: -421� (c = 1,

MeOH); IR (KBr, cm-1): 3210, 3110, 3020, 2940, 1690,

1600, 1510, 1350, 1560, and 1220; 1H NMR (DMSO-d6, d
ppm): 1.12 (3H, d, J = 7), 2.29 (1H, d, J = 1), 2.71 (1H,

dd, J = 7), 3.44 (1H, m, J = 7.5), 7.40 (2H, d, J = 7),

7.87 (2H, d, J = 7), 8.20 (2H, d, J = 7), 8.35 (2H, d,

J = 7), 8.84 (1H, s), and 10.95 (1H, s); MS: m/z 336 (M?),

44, 321, 279, 251, 204, 151, 129, 115, 96, 77, 69, and 57;

elemental analysis (%): calculated: C, 64.28; H, 4.79; N,

16.66; found: C, 64.34; H, 4.88; N, 16.65.

R(-)-6-[4-(3-nitrobenzal)amino]phenyl-5-methyl-4,5-

dihydro-3(2H)-pyridazinone (compound 1b)

Yield: 92%; m.p.: 215–217�C; [a]D
20: -382� (c = 1,

MeOH); IR (KBr, cm-1): 3210, 3080, 2960, 1690, 1350,

1540, 1600, and 1200; 1H NMR (DMSO-d6, ppm): 1.12

(3H, d, J = 7), 2.28 (1H, d, J = 1), 2.71 (1H, dd, J = 7),

3.44 (1H, m, J = 7.5), 7.40 (2H, d, J = 7), 7.84 (2H, m,

J = 7), 7.88 (2H, d, J = 7), 8.35 (1H, d, J = 7), 8.74 (1H,

s), 8.86 (1H, s), and 10.96 (1H, s); MS: m/z 336 (M?), 321,
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279, 251, 217, 204, 129, 115, 102, 77, 63, and 44; ele-

mental analysis (%): calculated: C, 64.28; H, 4.79; N,

16.66; found: C, 64.41; H, 4.84; N, 16.62.

R(-)-6-[4-(3,4-dihydroxybenzal)amino]phenyl-5-methyl-

4,5-dihydro-3(2H)-pyridazinone (compound 1c)

Yield: 94%; m.p.: 222–224�C; [a]D
20: -412� (c = 1,

MeOH); IR (KBr, cm-1): 3350, 2980, 1650, 1600, 1580,

and 1280 1H NMR (DMSO-d6, d ppm): 1.08 (3H, d,

J = 7), 2.27 (1H, d, J = 1), 2.68 (1H, dd, J = 7), 3.41

(1H, m, J = 7.5), 7.22 (2H, m, J = 8), 7.25 (2H, d,

J = 2.5, 7), 7.42 (1H, s), 7.80 (2H, d, J = 2, 7), 8.42 (1H,

s), 9.23 (1H, s), 9.70 (1H, s), and 10.88 (1H, s); MS: m/

z 323(M?), 203, 118, 188, 130, 146, 160, 308, 91, 77, and

65; elemental analysis (%): calculated: C, 66.86; H, 5.30;

N, 13.00; found: C, 66.66; H, 5.44; N, 12.78.

R(-)-6-[4-(4-hydroxybenzal)amino]phenyl-5-methyl-4,5-

dihydro-3(2H)-pyridazinone (compound 1d)

Yield: 92%, m.p.: 253–254�C; [a]D
20: -339� (c = 1,

MeOH); IR (KBr, cm-1): 3180, 1650, 2960, 1600, 1580,

1510, and 1280; 1H NMR (DMSO-d6, d ppm): 1.10 (3H, d,

J = 7), 2.26 (1H, d, J = 1), 2.68 (1H, dd, J = 7), 3.41

(1H, m, J = 7.5), 6.90 (2H, d, J = 2, 7.8), 7.26 (2H, d,

J = 2, 7), 7.78 (4H, m, J = 1.5, 7), 8.49 (1H, s), 10.07

(1H, s), and 10.878 (1H, s); MS: m/z 307 (M?), 221, 203,

115, 132, 57, 292, 236, 250, 41, 264, 102, 77, and 65;

elemental analysis (%): calculated: C, 70.34; H, 5.58; N,

13.67; found: C, 70.50; H, 5.56; N, 13.67.

R(-)-6-[4-(2-hydroxybenzal)amino]phenyl-5-methyl-4,5-

dihydro-3(2H)-pyridazinone (compound 1e)

Yield: 93%; m.p.: 187–189�C; [a]D
20: -442� (c = 1,

MeOH); IR (KBr, cm-1): 3230, 2920, 1680, 1600, 1580,

and 1260; 1H NMR (DMSO-d6, d ppm): 1.10 (3H, d,

J = 7), 2.28 (1H, d, J = 1), 2.71 (1H, dd, J = 7), 3.44

(1H, m, J = 7.5), 6.98 (2H, m, J = 7), 7.43 (1H, m,

J = 7), 7.47 (2H, d, J = 7.5), 7.67 (1H, d, J = 7), 7.87

(2H, d, J = 7.7), 9.00 (1H, s), 10.94 (1H, s), and 12.94

(1H, s); MS: m/z 307 (M?), 221, 203, 115, 132, 292, 236,

250, 264, 102, 77, 65, 57, and 41; elemental analysis (%):

calculated: C, 70.34; H, 5.58; N, 13.67; found: C, 70.38; H,

5.62; N, 13.66.

R(-)-6-[4-(2-chlorobenzal)amino]phenyl-5-methyl-4,5-

dihydro-3(2H)-pyridazinone (compound 1f)

Yield: 78%; m.p.: 163–164�C; [a]D
20: -415� (c = 1,

MeOH); IR (KBr, cm-1): 3200, 3080, 2960, 1680, 1600,

1580, 1500, 1330, and 750; 1H NMR (DMSO-d6, d ppm):

1.08 (3H, d, J = 7), 2.28 (1H, d, J = 1), 2.70 (1H, dd,

J = 7), 3.43 (1H, m, J = 7.5), 7.34 (2H, d, J = 1.5, 7.7),

7.48 (1H, m, J = 2, 7.8), 7.57 (2H, m, J = 2, 7.5), 7.85

(2H, d, J = 7), 8.17 (1H, d, J = 2, 7.7), 8.89 (1H, s), and

10.93 (1H, s); MS: m/z 325 (M?), 115, 310, 268, 254, 129,

239, 102, 141, 89, and 75; elemental analysis (%): calcu-

lated: C, 66.36; H, 4.95; N, 12.90; found: C, 66.17; H, 5.00;

N, 12.88.

R(-)-6-[4-(3,4,5-trimethoxybenzal)amino]phenyl-5-

methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1g)

Yield: 83%; m.p.: 165–167�C; [a]D
20: -318� (c = 1,

MeOH); IR (KBr, cm-1): 3330, 2960, 1690, 1600, 1580,

1500, 1320, and 1120; 1H NMR (DMSO-d6, d ppm): 1.11

(3H, d, J = 7), 2.26 (1H, d, J = 16.5), 2.70 (1H, dd,

J = 7), 3.42 (1H, m, J = 6.5), 3.76 (6H, s), 3.87 (3H, s),

7.30 (2H, s), 7.48 (2H, d, J = 2, 7), 7.83 (2H, d, J = 2, 7),

8.57 (1H, s), and 10.92 (1H, s); MS: m/z 381 (M?), 115,

366, 324, 309, 102, 271, 91, and 77; elemental analysis

(%): calculated: C, 66.13; H, 6.08; N, 11.01; found: C,

66.02; H, 6.01; N, 11.04.

R(-)-6-[4-(3,4-dichlorobenzal)amino]phenyl-5-methyl-

4,5-dihydro-3(2H)-pyridazinone (compound 1h)

Yield: 86%; m.p.: 158–160�C; [a]D
20: -348� (c = 1,

MeOH); IR (KBr, cm-1): 3210, 3100, 2960, 1680, 1600,

1580, 1500, and 1320; 1H NMR (DMSO-d6, d ppm); 1.12

(3H, d, J = 7.5), 2.29 (1H, d, J = 1), 2.70 (1H, dd, J = 7),

3.42 (1H, m, 6.5), 7.34 (2H, d, J = 4.5), 7.76 (1H, d,

J = 8.5), 7.85 (2H, d, J = 7), 7.92 (1H, dd, J = 2, 8.5),

8.14 (1H, s), 8.67 (1H, s), and 10.93 (1H, s); MS: m/

z 360(M?), 115, 245, 303, 288, 102, 248, 77, and 51;

elemental analysis (%): calculated: C, 60.01; H, 4.20; N,

11.66; found: C, 60.08; H, 4.39; N, 11.70.

R(-)-6-[4-(2-pyridinylmethylene)amino]phenyl-5-methyl-

4,5-dihydro-3(2H)-pyridazinone (compound 1i)

Yield: 83%; m.p.: 210–211�C; [a]D
20: -422� (c = 1,

MeOH); IR (KBr, cm-1): 3200, 3100, 3060, 1680, 1300,

1600, 1580, and 1500; 1H NMR (DMSO-d6, d ppm): 1.11

(3H, d, J = 7), 2.26 (1H, d, J = 17), 2.70 (1H, dd, J = 7),

3.44 (1H, m, J = 7), 7.39 (2H, d, J = 8.5), 7.54 (1H, m,

J = 7), 7.87 (2H, d, 8.5), 7.95 (2H, m, J = 7.5), 8.18 (1H,

d, J = 8), 8.63 (1H, s), 8.82 (1H, d, J = 6.5), and 10.93

(1H, s); MS: m/z 292 (M?), 79, 180, 206, 45, 105, 115, 221,

248, 235, 276, 264, 167, and 128; elemental analysis (%):

calculated: C, 69.85; H, 5.52; N, 19.16; found: C, 69.83; H,

5.78; N, 19.22.

Med Chem Res (2011) 20:287–292 291

123



R(-)-6-[4-(phenylvinylmethylene)amino]phenyl-5-methyl-

4,5-dihydro-3(2H)-pyridazinone (compound 1j)

Yield: 81%; m.p.: 217–219�C; [a]D
20: -422� (c = 1,

MeOH); IR (KBr, cm-1): 3200, 3100, 2960, 1680, 1600,

1580, and 1500; 1H NMR (DMSO-d6, d ppm): 1.10 (3H, d,

J = 7), 2.27 (1H, d, J = 16), 2.68 (1H, dd, J = 7), 3.41

(1H, m, J = 7), 6.85 (1H, m, J = 8), 7.13 (1H, m, J = 9),

7.24 (2H, d, J = 2, 9), 7.42 (2H, m, 7.5), 7.70 (2H, m,

J = 7), 7.82 (2H, d, J = 6.5), 8.43 (1H, d, J = 8.5), 9.67

(1H, d, J = 8), and 10.90 (1H, s); MS: m/z 316 (M?), 300,

231, 115, 44, 102, 77, 91, 128, 137, 205, and 57; elemental

analysis (%): calculated: C, 75.69; H, 6.03; N, 13.24;

found: C, 75.76; H, 5.78; N, 13.21.

R(-)-6-[4-(2-furanylmethylene)amino]phenyl-5-methyl-

4,5-dihydro-3(2H)-pyridazinone (compound 1k)

Yield: 73%; m.p.: 175–177�C; [a]D
20: -465� (c = 1,

MeOH); IR (KBr, cm-1): 3200, 3100, 1680, 1600, 1580,

and 1500; 1H NMR (DMSO-d6, d ppm): 1.10 (3H, d,

J = 7), 2.27 (1H, d, J = 16), 2.69 (1H, dd, J = 7), 3.41

(1H, m, J = 7.5), 6.77 (1H, m, J = 3.5), 7.18 (1H, d,

J = 3.5), 7.30 (2H, d, 6.5), 7.82 (2H, d, J = 7), 7.95 (1H,

d, J = 1), 8.48 (1H, s), and 10.91 (1H, s); MS: m/z 281

(M?), 68, 94, 224, 209, and 266; elemental analysis (%):

calculated: C, 68.31; H, 5.37; N, 14.94; found: C, 68.29; H,

5.51; N, 15.11.

Biological activity

The tracheal intubation method of measuring blood pres-

sure was used to evaluate preliminary anti-CHF activity.

The trachea were separated from anesthetized rats with

urethane (5 ml/kg) and intubated. The carotid of the rats

was separated and then connected to a biological func-

tion examination system, BL-420E. 2% solutions of levo-

simendan and the target compounds with 1% CMC were

then inserted in the rats’ duodenums (50 mg/kg). Blood

pressure values were recorded and analyzed statistically

(Table 1).
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Bäckström RJ, Haarala JV, Honkanen EJ et al (1992) (-)-[[4-

(1,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]-hy-

drazono]propanedinitrile. UK Patent 2251615A

Bansal R, Kumar D, Carron R et al (2009) Synthesis and vasodilatory

activity of some amide derivatives of 6-(4-carboxymethyloxy-

phenyl)-4,5-dihydro-3(2H)-pyridazinone. Eur J Med Chem.

doi:10.1016/j.ejmech.2009.06.006

Bristol JA, Sircar L, Moos WH et al (1984) 4,5-Dihydro-6-[4-(1H-

imidazol-1-yl)phenyl]-3(2H)-pyridazinones: novel positive ino-

tropic agents for the treatment of congestive heart failure. J Med

Chem 27(9):1099–1103

Cherng SC, Huang WH, Shiau CY et al (2006) Mechanisms of

antiplatelet activity of PC-90, a newly synthesized pyridazinone

derivative. Eur J Pharmacol 532:32–37

Gottdiener JS, Arnold AM, Aurigemma GP et al (2000) Predictors of

congestive heart failure in the elderly: the cardiovascular health

study. JACC 35(6):1628–1637

Hayes JS, Pollock GD, Wilson H et al (1987) Pharmacology of

LY195115, a potent, orally active cardiotonic with a long drug of

action. J Cardiovasc Pharmacol 9:425–434

Hosenpud JD (1999) Levosimendan, a novel myofilament calcium

sensitizer, allows weaning of parenteral inotropic therapy in

patients with severe congestive heart failure. Am J Cardiol

83:9(I)–11(I)

Krum H, Liew D (2003) New and emerging drug therapies for the

management of acute heart failure. Intern Med J 33(11):515–520

McCullough PA, Philbin EF, Spertus JA et al (2002) Confirmation of

a heart failure epidemic: findings from the Resource Utilization

among Congestive Heart Failure (REACH) study. J Am Coll

Cardiol 39(1):60–69

Nieminen MS, Bohm M, Cowie MR et al (2005) Executive summary

of the guidelines on the diagnosis and treatment of acute heart

failure: the task force on acute heart failure of the European

Society of Cardiology. Eur Heart J 26(4):384–416

Nobuo M, Seiichi U, Hiroo M (1993) Cardiovascular effects of NSP-

804 and NSP-805, novel cardiotonic agents with vasodilator

properties. J Cardiovasc Pharmacol 21(6):983–995

Thota S, Bansal R (2009) Synthesis of new pyridazinone derivatives

as platelet aggregation inhibitors. Med Chem Res. doi:10.1007/

s00044-009-9232-6

292 Med Chem Res (2011) 20:287–292

123

http://dx.doi.org/10.1007/s00044-009-9218-4
http://dx.doi.org/10.1007/s00044-007-9000-4
http://dx.doi.org/10.1016/j.ejmech.2009.06.006
http://dx.doi.org/10.1007/s00044-009-9232-6
http://dx.doi.org/10.1007/s00044-009-9232-6

	Synthesis and anti-congestive heart failure activity of novel levosimendan analogues
	Abstract
	Introduction
	Results and discussion
	Chemistry
	Biological activity

	Conclusions
	Experimental
	Instrumentation
	General procedures
	Synthesis of 4-propionacetylanilide (3)
	4-(2-Bromopropionyl) acetylanilide (4)
	2-Ethoxycarbonyl-3-(4-acetylaminobenzoyl)-ethyl butyrate (5)
	2-Carboxyl-3-(4-aminobenzoyl) butyric acid (6)
	3-(4-Aminobenzoyl) butyric acid (7)
	6-(4-Aminophenyl)-5-methyl-4, 5-dihydro-3(2H)-pyridazinone (8)
	R(minus)-6-(4-Aminophenyl)-5-methyl-4, 5-dihydro-3(2H)-pyridazinone (9)
	General synthesis procedures for compounds 1a--1e and 1g--1j
	General synthesis procedures for compounds 1f and 1k
	R(minus)-6-[4-(4-nitrobenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinoe (compound 1a)
	R(minus)-6-[4-(3-nitrobenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1b)
	R(minus)-6-[4-(3,4-dihydroxybenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1c)
	R(minus)-6-[4-(4-hydroxybenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1d)
	R(minus)-6-[4-(2-hydroxybenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1e)
	R(minus)-6-[4-(2-chlorobenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1f)
	R(minus)-6-[4-(3,4,5-trimethoxybenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1g)
	R(minus)-6-[4-(3,4-dichlorobenzal)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1h)
	R(minus)-6-[4-(2-pyridinylmethylene)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1i)
	R(minus)-6-[4-(phenylvinylmethylene)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1j)
	R(minus)-6-[4-(2-furanylmethylene)amino]phenyl-5-methyl-4,5-dihydro-3(2H)-pyridazinone (compound 1k)


	Biological activity
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


