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SYNTHESIS AND CARDIQTONIC ACTIVITY OF 5-{2-SUBSTITUTED THIAZOL-4-YL)-2-
DYRIDONES AND THIAZOLO[ 4,5-f JQUINCLINONES

Hiroshi Fukatsu®*, Yoshiaki Kato, Satoshi Murase, and Susumu Nakagawa
Okazaki Research Laboratories, Banyu Pharmaceutical Co., LTD.

3-9-1 Kamimutsuna, Okazaki 444, Japan

Abstract A variety of 5-(2-substituted thiazol-4-yl)-2-pyridones and
thiazolo[4,5-f Jquinolinones were synthesized and tested in vitro for car—
diotonic activity. Several compounds of these series showed good posi-

tive inotropic activity.

Alchough cardiac glycosides have major clinical utility in the treatment of congestive heart
failure, the use is rather limited mainly because of their arrythmogenic liability. The
general lack of safe, orally effective cardiotonics has stimulated the development of new positive

inotropic agentsl’2 a

s substitutes for cardiac glycosides.
As part of our effort in search of potent cardiotonics, we undertook the preparation of thiazolyl-
pyridones, and their cyclized derivatives. The present paper teports the preparation of 3-(2-

substituted thiazel-4-yl1)-2-pyridones and thiazolo[4,5-f]quinclinones and their cardiotonic ac-

tivity.

Tn the synthesis of 5-{2-substituted thiazol-4-yl}-2Z-pyridones, S-bromoacetyl-3-cyanc-6-mathyl-2-
pyridone (4) was selected as a key intermediate, since the bromomethyl keto function was convert-
ible intoc a thiazol-4-yl moiety by the Hantzsh synthesis3 using thiocarbonylamino compounds as
outlined in Scheme 1. The key intermediate 4 was prepared by brominaticn of S-acetyl-3-cyano-—
6—methy1—2-pyridone£‘, which was readily prepared from acetylacetone via the enamine 2.
Thicamides, the counterpart of the bromoacetyl derivative 4 in the thiazole synthesis, were either
purchased or prepared. The preparation of thicamides was performed conveniently from the cor-
responding amides and phosphorus pentasulfide in tetrahydrofuran or pyridine at room Lemperature.

Formation of the thiazole ring by the reaction of 4 with the thiocarbonyl derivatives proceeded
smoothly in DMF at room temperature. Thus, the thiazolylpyridones were prepared from 4 and the
corresponding thiocarbonyl functions; 5a-g and 5i from the thicamides 5f and 5g from the
thicureas; 5h from ammonium dithiocarbamate; and 5j from ethyl thicoxamate as shown in Scheme 1.
The resulting 2-mercaptothiazele (5h) and 2-ethoxycarbonylthiazole (51) derivatives were used

for further derivatization. Methylation of S5h gave the 2-methylthiothiazole derivative 6.
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Oxdation of § with either one or two equimolar equivalent of hydrogen peroxide produced the sul-
foxide 9 and the sulfone 18, respectively. Compound 7 carrying an alkoxy group at the 2-
position of the thiazole ring was prepared by displacement of the methylsulfonyl group of 10 with
the correspending alcohol in the presence of sodium hydride. The carbamoyl-substituted deriva-
tives 8a-d in the Z-position of the thiazole ring were prepared by aminolysis of the corresponding
ethoxycarbonyl compound 5j with appropriate amines. As transformation of another position, the
cyano group of compound 5a in the 3-position of the pyridene ring was hydrolyzed to amide, which
was subjected to the Hofmann reaction to yield 3-amino-6-methyl-5-(thiazol-4-yl)-2-pyridone (11).

The thiazole[4,5-f]quinolinones l6a-d, having a ring system bridged with two carbon units between
the 5-position of the thiazole ring and the fH-position of the pyridone ring of the above
thiazolylpyridone, were synthesized according to the Scheme 2, Cyclohexane-1,3-dione reacted
with DMF acetal to give the enamine 13, which was condensed with cyanoacetamide in the presence
of sodium ethoxide to afford the bicyclic ketone l4. Bromination of 14 followed by cyclization

with thiocarbamoyl functions gave 16a~d in a similar fashion described in the synthesis of the

thiazolylpyridones {steps 3 through 5). Dehydrogenation of léa was effected by aeration in the
presence of DBU in refluxing ethanol to afford the aromatized derivative 17. Conversion of the

cyano groups of compound 16a and 17 into amino group was carried out as described above to give

compounds 18 and 19.
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The 5-(2-substituted thiazol-4-yl)-2-pyridones and thiazolo[4,5-f]quinclinones thus prepared were
tested for positive inotropic activity (PIA) on the isolated guinea pig papilliary muscle, and the
effects on heart rate were recorded by using the right atrium.

Table I shows the PIA of the 5-(Z-substituted thiazol-4-yl)-2-pyridones 5a-i, 6, 7, 8a-d, 9, 10

and 11. Compounds 5a, 5b, 5i and 7 having a hydrogen, a methyl, an ethoxy and a 2-
morphelinoethoxy group, respectively, at the 2-position of the thiazole, and having a cyana group
in common at the 3-position of the pyridone were the most active, being as active as milrinone at
1075u. Reduction of activity was noted when either the alkyl side-chain on the
thiazole(compound 5b) was extended to ethyl or the cyano group of 5a was transformed to an amino
group. The resulting compounds 3¢ and 11, and other 2'-gubstituted derivatives{5e, 5f, 5g, 6,

8b, 8c, 84 and 9) showed weak to intermediate activity, while the remaining compounds showed no

significant activity. The PIA of the thiazole[4,5-f)quinolinone derivatives i6a-d, 17, 18 and
19 are shown in Table II. Compounds 163(R6=H, R?=CN, 4-5 bond=saturated) and _1_2(R6=H, R7=NH2,
4-5 bond=double) were as active as milrinone at 1074M. It is interesting to note that the

cyano compound l6a was more active than -the amino analcg 18 in the 4-5 bond saturated series,
whereas the activities were reversed, E(R7=NH2) > E(R7=CN) when the 4-5 bond was unsaturated.

Conpounds 16b, 16c, 17 and 18 exhibited weak to intermediate activity.
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Compounds which showed good activity similar to milrinone were further evaluated to confirm the
activity. The results are summarized in Table III. The pyridone derivatives 5i and 7, and
the thiazole[4,5-f]quinolincne derivative 19 were the most active of these analogs with 1070m
levels of EDgg values, although somewhat less active than milrinone. Compound 19 having less
effect on heart rate gave the greatest HR/FC ratio of the three, Thus, this study clarified that

the thiazolylpyridones and the tricyclic analogs showed good cardiotonic activity in guinea pigs.

Table IIL. Positive Inotropic Activity and Effect on Heart Rate

Compound Contr;;tit;)gorce Hzgrt(ﬁige HR/FC
25 25
5a 1.15x107° 4.52% 1072 3,95
5 2.99 x1073 1.86x107% 6.15
51 3,56 x107° 3,84 %1076 10.79
7 4.24 x1070 1.63 x 102 .56
16a 2.08 x 1077 3.12x 1077 1.50
19 3.70 x107® 1.10 x1074 29.73
amrinone 4,81 x 1074 1.77 x1073 3.68
milrinone 1.26 x 1070 3.85% 1070 1.0

a8 EDys values were calculated from the linear portion of the
dose-response curve for each preparation via least-squares

analysis(n=4-9),

EXPERIMENTAL
Melting points were determined by using a Mitamura Riken micromelting point aparatus and are un-
corrected. Ir spectra were recorded with a JASCO A-102 spectrophotometer, Nmr spectra were

recorded with a Hitachi R-4C spectrometer with tetramethylsilane as an internal standard.

5-ACETYL-3-CYANO-6-METHYL-2~PYRIDONE (3)

A mixture of acetylacetone (20.5 ml, 0.2 mol) and DMF dimethylacetal (53.1 ml, 0.4 mol) in THF
(100 ml) was stirred for 3 h at room temperature, The solvent was removed in vacuo to give an
oily residue (crude 2), which was added to a solution of sodium ethoxide prepared from 6.9 g (0.3
g atom) of sodium metal, and cyanoacetamide (16.8 g, 0.2 mol) in absolute EtOH (300 ml). The

mixture was refluxed for 1 h with stirring, and then cooled. The resulting crystalline
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precipitates (sodium salt of 3) were collected by filtration and dissolved in water (500 ml).
The solution was adjusted to pH 5.5 with 3N HC1. The resulting precipitates were collected and
erystallized from DMF-MeOH to give 3 (30.3 g, 86%), mp 232-4°C, 1it.? 231°C(decomp) . Ir (XBr)

2220 (C=N}, 1680 (C=0), 1650 cm 1. Nmr (DMS0-dg) & : 2.48 (3H, s, CHq}, 2.58 (3H, s, CHq),

8.62 (1H, s, pyridone-H), 13.05 (1H, br, pyridone-NH).

5-BROMOACETYL-3~-CYANO-6-METHYL-2~PYRIDONE (4)

To a solution of 3 (29.6 g, 0.168 mol) in AcCH (900 mil) was added a few drops of bromine at 60°C.
When the colour of bromine disappeared, the solution was cooled to 20°C, Te the stirred solu-
tion was added dropwise a solution of bromine (8.7 ml, 0.168 mol) in AcOH (50 ml) over 0.5 h at
20-25°C, and then stirred for an additional 1 h at the same temperature. The precipitates were
collected by filtration, thoroughly washed with ether, and recrystallized from DMF-MeOH to give &
(37 g, 86.4%), mp 224°C (decomp). Ir (KBr) : 2220 (C=N), 1700 (C=0), 1660 em™L.  Nar (DMSO—dG)é:
2.60 (3H, s, CH3), 4,75 (2H, s, CHZBr), 8.70 (1H, s, pyridone-H), 13.20 (1H, br, pyridone-NH).

Anal. Calcd for C9H7N202Br + C, 42,38 ; H, 2,77 ; N, 10.98, Found : C, 42.66 ; H, 2.59 ; N, 10.84.

3-CYANO-6-METHYL~5-(THTAZOL-4-YL)-2-PYRIDONE (5a)

To a solution of 4 (2.55 g, 10 mmol} in DMF (30 ml) was added thioformamide (0.732 g, 12 mmol) and
the mixture was left overnight at room temperature, The mixture was poured into water (300 ml}
and adjusted to pH 5 with aquecus sodium bicarbonate. The resulting precipitates were col-
lected by filtration and crystallized from DMF-MeOH to give 5a (0.868 g, 40%), mp 280-282°C.
Ir (XBr) : 2220 (CsN), 1655 em™ L. Nmr (DMSO-dg}§ @ 2.52 (3H, s, CHy), 7.83 (1H, d, J=2 He,
thiazole C5-H), 8.35 (1H, =, pyridome-H), 9.16 (1H, d, J=2 Hz, thiazole C2-H), 12.80 (1H, br,
pyridene-NH). Compound 5b-5j were prepared in a similar manner. Compound 5e were crystal-

lized from MeOH as hydrochloride.

3-CYANGO-6-METHYL-5~( 2-METHYLTHIOTHIAZOL-4-YL)-2-PYRIDONE (6)

A mixture of 5h {1 g, 4 mmol}, K2C03 (0.277 g, 2 mmol} and MeI (0.57 g, 4 mmol) in DMF (20 ml) was
stirred for 2.5 h at room temperature and then poured into water (100 ml), The resulting
precipitates were collected, and crystallized from DMF-MeOH to give 6 (0.823 g, 78.1%), mp 247-
252°C. Ir (XBr) : 2220 (C=N), 1665 cm_l. Nmr (DMSO—d6+NaOD)6 © 2.46 (3H, s, CHE), 2.73

(3H, s, CH48), 7.56 (1H, s, thiazole-H), 8.14 (1H, s, pyridone-H).
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3-CYANO-6-METHYL-5-( 2-N-MORPHOLTNOETHOX YTHIAZOL-4-YL)-2-PYRIDONE (7)

A mixture of 10 (1 g, 3.39 mmol), 2-N-morpholincethanol (0.62 ml, 5.07 mmel) and 50% NaH dispersed
in mineral oil (0.39 g, 8.13 mmol) in DMF (10 ml) was stirred for 3 h at 50-60°C. The mixture
was poured inte water (60 ml) and adjusted to pH 7.5 with &N HC1. The resulting precipitates
were collected by filtration, and suspended in water (40 ml). The mixture was adjusted to pH
2.0 with 2N HC1, and then evaporated. The residue was crystallized from water-acetone to give
7HCL (1.09 g, 84.1%), mp 213-215°C. Ir (KBr) : 2220 (C=N), 1665 em™, Nmr (DMSO-dg) &
2.55 (3H, s, CH3), 3.00-4.00 (10H , m, morpholino CHp and NCHy), 4.92 (2H, m, CHy0), 7.22 (1H, s,

thiazole-H), 8.33 (lH, s, pyridone-H), 11,04 (1H, br, HC1), 11.84 (1H, br, pyridone-NH).

3-CYANO-5-[ 2-(2-N,N-DIMETHYLAMINOETHY LAMINOCARBONY L) THIAZOL~4~YL]-6-METHYL-2-FYRIDONE (Bc)

A mixture of 5i (2 g, 6.9 mwmol) and N,N-dimethylethylenediamine (3,04 ml, 27.6 mmol) in EtOH (150

ml) was refluxed for 18 h with stirring. The solvent was removed in vacuo, and to the residue
was added acetone (50 ml). The resulting precipitates were collected by filtration, and dis-
solved in water {50 ml). The solution was adjusted te pH 2 with 2N HCl, and evaporated in

vacuo to give a residue, which was crystallized from MeOH-acetone to afford 8c-HC1 (2.42 g,
95.2%), mp 252-255°C. Ir (KBr} : 2225 (C=N), 1630 emL, Nmr (DMSG-dg) 6 : 2.63 (3H, s,
CHs), 2.87 (6H, s, Me,N), 3.35 (2H, m, CHy), 3.72 (28, m, CHy), 8.13 (IH, s, thiazole-H), 8.57
(1H, s, pyridone-H), 9.21 (1H, t, J=4.5 Hz, NHCO), 11.06 (1H, br, HC1), 13.02 (1H, br, pyrideone-

NH) . The 2'-amide derivatives Ba-b and 8d were prepared from 5j in a similar fashion.

3-CYANO-6-METHYL-5-( 2-METHYLSULFONYLTHIAZOL-4-YL)-2-PYRIDONE (10)

A mixture of & (0.7 g, 2.66 mmol) and 30% H202 (1 ml, 10 mmol} in AcOH (20 ml) was stirred over-
night at 50-60°C, The solvent was removed in vacuo to give a residue, which was crystallized
from aqueous MeOH to afford 10 (0.665 g, 84.7Z), mp »300°C. Ir (XBr) : 2220 (C=N), 1640 emL,
Nmr (DMSO-dg)é : 2.52 (3H, s, CHy), 3.52 (3H, =, CH450,), 8.31 (1H, s, thiazole-H), 8.44 (lH, s,
pyridone-H), 12.95 (1H, br, pyridone-H}.

Compound 9 was prepare¢ from © by the same procedure except for with the use of one equimolar

H,0,.

3—AMINO-6-METHYL-5-{ THTAZOL-4-YL)-2-PYRIDONE (11)
A soluticn of 5a (3 g, 13.8 mmol) in concentrated HCL (60 ml) was heated overnight at 40-60°C, and
then diluted with water {300 ml}. The sclution was adjusted to pH 7 with aqueous sodium bicar-

bonate, and the resulting precipitates were collected by filtration to give 3-carbamoyl-6-methyl-
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5-(thiazol-4-y1}-2-pyridone (2.52 g, 77.6%), mp »>300°C. Ir (KBr} : 3300, 1650 cm_l.

Nor (DMSO-d.+MaOD) § : 2.40 (3H, s, CHq), 7.30 (1H, s, thiazole C5-H), 8.30 (1H, s, pyridone-H),
9.10 (1H, s, thiazole C2-H). To a sodium hypobromite solution prepared from 2N NaOH (20 ml, 40
mmol) and bromine (0.4 ml, 7.65 mmol) under cooling was added 3-carbamoyl-6-nethyl-5-{thiazol-4-
yl)-2-pyridene (1.5 g, 6.4 mmol} ,and the mixture was heated for 3 h at 70°C with stirring. The
mixture was adjusted to pH 7 with 6N HC1. The resulting precipitates were collected by filtra-
tion, and crystallized from MeOH to give 11(0.43 g, 32.5%), mp 232°C. Ir (KBr)
3380 (NH,), 1630, 1600 em L, Nmr (DM50-dg) 6 : 2.32 (3H, s, CHy}, 4.93 (2H, s, NH,), 6.90
(1H, s, thiazole C4-H), 7.57(1H, s,pyridone-H), 9.13 (1H, s, thiazole C2-R), 11.70 (1H, br,

pyridone-NH),

3-CYANO-5-0X0-5,6, 7, 8-TETRAHYDRO-2 (1H)-QUINOLINONE (14)

Cyclohexane-1,3-dione (22.4 g) was reacted via the enamine 13 with cyancacetamide in a similar
manner described for 3 to yield 14 (26.7 g, 70.9%), mp 269-270°C. Ir (KBr} : 2220 (C=N),
1680, 1650 cm L, Nmr (DMSO-dg)§ : 2,09 (2H, m, C7-H), 2.52 (2, t, J=7 Hz, C6 or C8-H), 2.93
{24, t, J=7 Hz, C6 or C8-H), 8.83 (lH, s, C4-H), 11.15 (1H, br, NH).

Anal. Calcd for CIDHSNZOZ : G, 63.82 ; H, 4.29 ; N, 14.89. Found : C, 63.60 ; H, 4.25 ; N,

14.81.

6-BROMG-3-CYANO-5-0X0-5, 6, 7, 8~TETRAHYDRO-2 ( 1H)-QUINOLINONE (13)

Bromination of 14 (26.5 g) as described for 4 gave 15 (35.8 g, 85.2%), mp 213-214°C, Ir (KBr)
: 2220 (C=N), 1650 cml. Ner (DMSO-dg)§ @ 2.50 (24, m, C7-H), 3.00 (3H, v, J=7 Hz, C8-H),
4.95 (1H, t, J=5 Hz, C6-H), 8.45 (1H, s, C4-H)}, 13.15 (lH, br, NH). Anal. Calcd for C10H7N202Br :

C, 44.97 ; H, 2.64 ; N, 10.49. Found : C, 45.18 ; H, 2.47 ; N, 1D.45.

8~CYANO-7-0X0-4,5,6 ,7-TETRAHYDROTHIAZOLO[ 4 , 5-f JQUINOLINE (1lea)

Compound 15 (20 g, 74.9 mmol) was reacted with thioformamide (5.49 g, 89.9 mmol) as described for
5a to give 16a (8.4 g, 49%), mp 273-280°C. Ir (KBr) : 2210 (C=N), 1620 em !, Nmr (DMSO-
dg) & + 3.11 (4H, s, CHoCH,), 8.33 (1H, s, C9-H}, 8.99 (1H, s, C2-H), 13.10 (1K, br, NH). Com~

pound 16b-d were prepared by the same procedure.
8-CYANG-7-0X0-6, 7-DTHYDROTHTAZOLO[ 4, 5-£ JQUINOLINE (17)

A mixture of 16a (0.5 g, 2.18 mmol) and 1,8-diazabicyclo[5.4.0]undec—7-ene (DBU, 0©.497 g, 3.27

mmol) in EtOH (50 ml) was refluxed for 2 h, and the solvent was removed in vacuo, The residue
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was crystallized from DMF-MeOH to give 17 (0.363 g, 73.7%), mp 270-273°¢C. Ir {KBr) : 2230
(C=N), 1665 en L. Nmr (DMSO-dg)8 : 7.46 (1H, d, J=9 Hz, C4 or C3-H), 8.42 (1H, d, J=9 Hz, C4

or C5-H), 9.l4 (1M, s, C9-H), 9.60 (1H, s, CZ-H}.

8-AMINO-7-0X0-4,5,6, 7-TETRAHYDROTHIAZOLO[ 4, 5-£ ]QUINOLINE (18)

The preparation of this compound was carried out as described for 11. Acid hydrolysis of com-—
pound lba (3 g} gave the carbamoyl derivative (3.03 g, 93.9%), mp 5250°C. Ir (KBr) : 3360,
1660 cm™l. Nur (DMSO-d¢) § @ 3.13 (4H, s, CH,CHy), 7.50 (2H, br, NH), 8.75 (IH, s, C9-H),
9,00 (1H, s, C2-H), 12.96 (1H, br, NH). The Hofmann reaction of the carbamoyl derivative {2 g)
gave 18 (0.53 g, 29.8%), mp 265-268°C. Ir (KBr) : 1640, 15%)] cm_l. Nmr (DMSO—d6)6
2.65-3,20 (4H, CH,CHy}, 5.00 (ZH, br, NH,), 7.06 (lH, s, C9-H), 8.88 (1H, s, C2-H}, 11.80 (1H, br,

NH).

8- AMINO-7-0X0-6,7-DIHYDROTHIAZOLO[ 4, 5—f JQUINOLINE (19)

This compound was prepared in the same way as described for 11l. Acid hydrolysis of compound 17
(8.6 g) gave the carbamoyl derivative (7.4 g, 79.6%), mp >300°C. Ir (KBr) : 3420, 1625 e L,
Nmr (DMSO—d6)6 : 7.53 and 8.39 (1H each, d, J=7.5 Hz, C4 and C5-H), 9.47 (1H, s, C9-H). The
Hofmann reaction of the carbamoyl derivative (7.4 g) gave 19 (2.96 g, 45.2%), mp 245-250°C. Ir
(KBr) : 3400, 1650 cm_l. Nmr (DMSO—dG)(S : 5.77 (2H, br, NHZ}, 7.42 and 7.88 (lH each, d, J=9

Hz, C4 and C5-H), 7.63 (lH, s, C9-H), 9.40 (1H, s, C2-H}, 12.25 (1H, br, NH).

PHARMACOLOGICAL METHODS

Hartley gninea pigs of either sex, weighing 300-500 g, were stunned with a blow on the head and
exsanguinatd. The chest was opened rapidly, the heart was excised and rinsed with a medified
Tyrodes solution, and the right atrium and the right ventricular papillary muscle were excised.
The atrium and papillary muscle were mounted vertically in respective two-chambered vessels with
an interal circulation of the the modified Tyrodes solution saturated with a gas mixture of 951 Og
and 57 €04, and maintained at 30%+0.3°C. The solution has the fellowing composition (in mM):
NaCl, 136.9 ; KCl, 5.4 ; NaH,P0, Hy0, 0.4 ; CaCl, 2H,0, 2.0 ; MgCl, 6050, 1.0 ; WNaHCO,, 11,9 ;
glucose, 3.5.

The atrium was allowed to beat spontanecusly, and the papillary muscle was stimulated electrically
at a rate of 1 Hz by a suprathresheld (1.5 threshold rectangular pulse 0.005 see in duration).
The contractile force of the muscle was recorded isometrically by means of strain gauge transducer

(Nihonkoden TB-612T) connected with an amplifer (Nihonkoden AP-621G), and the beats of the atrium
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were recorded by a recticorder (Nihonkoden WT-645G). Drugs were used either as solutions in

distilled water or suspensions in Q.5% CMC.
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