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Abstract- A new synthesis of milrincne (6) from 6-methyl-5-(4-
pyridinyl}-2(1H)-pyridone {4} is reported. A convenient synthesis
of 3,4’-bipyridines (3a) and (3b) is achieved. 3a and 3b can be
converted into pyridone 4 by hydrogenolysis and hydrolysis,
respectively. Bromination at C-3 of the pyridone ring of 4

followed by cwvanation affords milrinone [8).

Milrinone, 1,6-dihydro-2-methyl-6-oxc-(3,4’-bipyridine)-5-carbonitrile (61, a

1.2 It has

potent novel cardiotoniec agent, is undergoing clinical investigation.
been synthesized by the condensation of cyancacetamide with 4-(dimethylamino)-
3-{4-pyridyl}-3-buten-2-one in the presence of a b8583 or the reaction of
1-{4-pyridyl)-2-propanone with ethoxy:_nethylenemalononitrile.4 Kecently in our
laboratory, we have developed a method to prepare 3,4'-bipyridine derivatives by
the additien of +the 1lithium salt derived from Z2-alkoxy-5-bromepyridine to

N-ethoxycarbonylpyridinium chloride(1)5’6

and we have alse applied it to the
synthesis of amrinone, a cardiotonic agent.T Here we report an application of
this synthetic method to the synthesis of milrinone (6).
2—Benzyloxy—5—bromo—6—methylpyridines {2a] was treated with gp-butyllithium {1.2
eq.) and a catalytic amount of 5% Cul in THF at -78 %C for 1 h. Addition of this
seolution to a preformed solution of N-ethoxycarbonyipyridinium chloride9 {1y 11
eq.) in THF gave the corresponding unstable 1,4-dihydropyridine which was oxidized
in oxvgen for overnight to give the 3,4’-bipyridine derivative 3a in 54% wield.
Similarly, treatment of the 1lithium salt derived from B&-bromo-2-methoxy-6-
methylpyridine8 12b) with compound 1 follewed by oxidation of the resulting
1,4-dihydropyridine gave rise to 3,4’'-bipyridine {3b) in 51% wvield.

Hydrogenclysis of the 3,4'<bipyridine {3a} in MeOH in the presence of 10%
palladium on charcoal gave directly the pyridone compound 4 in 91% yield.3 Ir

spectrum showed a carbonyl band at 1643 cm_l. Subsequentlv, we carried out
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bromination of ceompound 4 using N-bromosuccivimide in MeOH and obtained the

3-bremopyridone compound %, in 82% vield. Compound 5 showed a carbonyl abserption

at 1656 cm_l. The ms spectrum gave the molecular ion peaks at m/z 261 and 266

with a relative intensity of 100:%6, which provide proof of the npresence of a
bromo-substituent. Treatment of compound 5 with "Naked" cyvanide reagentIU in

acetonitrile in the presence of catalytic amocunt eof 18-Crown-6 gave 6 in 62%

vield . Ir spectrum indicated the absorptions of a nitrile group at 2221 cm_i and
a carbonyl group at 1662 cm_l, respectively. The 1H nmr and mass spectra are in
full agreement with milrinone. 2-Methoxy-3,4’-bipyridine (3b) was also converted

to 4 in B2?% vield by heating with 48% HBr in MeOH for 50 h. Thus, we achieved the
synthesis of milrinone (6] via E-methyl-5{d-pyridyl)-2{IHi-pyridone (4} from

E-alkoxy-2-methyl-3,4"-bipyridines (3a) or (3b) by a three-steps process.
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EXPERIMENTAL

Melting peints are uncorrected. The 1H—nmr spectra were recorded on a Bruker AW
80 and MSL 200 spectrometers. The ms spectra were measured with a Hewlett-Paclkard
5995 GC/MS system at 70 ev. The ir spectra were measured with a Perkin-Elmer 882
spectrophotometer. The elemental analyses were performed on a Perkin-Elmer 2400

Elemental Analyzer,

B-Benzvlosv-Z-methvl-3, 1’-bipyvridine {(3a}.

To a stirred solution of 2-ben2rloxy-5—brom0—6-methylpyridineg {2a) (5.58 g, 20
mmel) in 80 ml of dry THF were added n-BulLi in hexane (15.5 ml, 21 mmol) and
0.19g of 5% Cul at -787C under nitrogen for 1 h. The above solution was added to
a preformed solution of pyridinium chloride (1) (frem 2 ml of pyridine, 2.6 ml of
ethyl chlorefermate, 140 ml of THF at -23°7 for 0.5 h} at -78°C over 3 h. The
reaction mixture was warmed to roecm temperature and guenched by 5% NaHCDj3 sclution
{80 ml). Aftery evaporation of THF ithe residue was s=tirred under an oxygen stream
for overnight. The reaction mixture was extracted with ether, and the organic
extracts were washed with water, and dried over anhvdrous Nagso4. After
evaparation under reduced pressure, the residue was purified by column
chromatography on a silica gel (hexane-CHarClz, 3:1) and then was recrystallized
from hexane-CH»Cls to give 2.98 ¢ (34%) of 3a, mp 83.3-84.5 9C. Ir (KBr!} : 304G,
2982, 1598, 1495 cm '; 'H-nmr (CDCL,) @ ¢ 2.45 (s, 3H, CHat, 5.43 (s, %H,
benzylic H), 6.72 {d, J = 8,4 Hz, 14, H-5), 7.41 (m, 7H, arematic BH and pyridine

2H), 7.49 {d, J = 8.4 Hz, 2H, H-4), B.65 (AA’BB', J=8.0, 2.0 Hz, 2H, pyridine 2H);

ms : m/z [relative intensityl 276 {M+, 11}, 91 (100}, Anal. Caled for C18H16N20

c, 78.23; H, 5.81; N, 1(.14. Found : C, 78.24; H, 5.83; N, 10.10.

6-Methoxy-2-methy1-3,4'-bipvridine (3b).

5—Bromo-2—methoxy—s-methyiypyridine8 {2b) (5.0 g} was reacted under the same

condition as ahocve to give 2.45 g (51%) of 3b, mp 64-667C (hexane-CH2C19o). Ir
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(KBr) : 3042, 1598, 1495 cm '; ‘H-nmr (CDCL,) : 6 2.45 (s, 3H), 3.97 (s, 3H, CHs),

6.67 {d, J = 8.4 Hz, 1H, H-5), T.43 {(d, J = 8.4 Hz, 1H, H-4}, 7,25 and R8.65

{AA'BB', J=8.0, 2.0 Hz, 4H, pyridine 4H); ms: m/z (relative intensity} 200 (M+,

851, 199 (100C), 171 (32), 171 (25). 168 (37). Anal. Calecd for C

12H19N90 G,

71.98; H, 6.04; N, 13.99. Found : C, 72.24: H, 5.94; N, 13.88.

E-Methyl-5-{4-pyridinyl}-2{]H)-pyridopne (4}.

A mixture of compound 3a (1 g, 3.6 mmol) and 10% Pd/C (0.10 g} in 30 ml of
methanol was hydrogenated for 2 h, lhen filtered and concentrated in vacuum. The
residue was purified by column chromatography on a silica gel (5% MeOH—CH2C12) and
was recrystallized from methanol-CHaClo to give 0.61 g (91%) of 4, mp 288-289°C
(13t.% mp 287-2880C). Ir (Nujel) : 1643, 1597, 1455, 1376 cm '; 'H-nmr (CD,OD +

cpbc1l,) ¢+ 6 2,36 (s, 3H, CHa), 6.52 {d, J = ¢.2 Hz. 1H, H-5), 7.51 (d, J = 9.2 H=z,

3
1K, H-4), 7.35 and 8.59 (AA’BB’, J=8,0, 2.0 Hz, 4H, pyvridine tH), 12.87 {br s, 1H,
NH}; ms: m/z (relative intensitv) 186 (M+. 21,9y, 146 (53.4y, 117 {47.4), 104

t22.4), 91 (100). Apal. Caled for C c, 70.85; H, 5.41; N, 15.05. Found

11810M20
c, 70.89; H, 5.38; N, 15.01.

From (3b}.

To a solution of compound 3b {0.51 g, 2.5 mmol) in 10 ml of methanol, were added
17.5 ml of 48% HBr. The reaction mixture was refluxed for 50 h. 5% Sodium
bicarbonate was added and the mixture was extracted with dichloromethane, The
organic extracts were washed with water and dried over anhvdrecus Nagso4. After

evaporation under reduced pressure, 0,38 g (82%) of 4 were obtained, Compound 4

was identified with that prepared from 3a hy its nmr and mp.

A mixture of 4 (0.44 g, 2.38 mmol) and N-bromosuccinimide {(0.63 g, 3.6 mmel} in 30
ml of methanol was stirred at room temperature for 5 h, then filtered and
cencentrated in vacuum. Purification of the residue by column chromatography on a
silica gel (5% MeOH-CH2Clns) and was recrystallized from MeOH to give .52 g (82%)

3 1

of 5, mp 253-255%c ([1lit. mp 252-2549C)., Ir (Nujol) : 1656, 1600, 1458 em

"H-nmr (cD,0D + CBCL § 3.32 (s, 3H, CHs), 7.80 (s, 1H, H-1), 7.27 and 8.61

H
3
{AA'BB’, J=8.0, 2.0 Hz, 4H, pyridine 4H), 12.0% (br s, 1H, NH); ms ; m/z (relative

intensity} 266 (M + 2, 95.5), 264 (M+, 160), 237 (43.6), 235 {35.5), 185 (35.5).
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Anal. Calcd for CllHQNQOBr ¢, 19.83; H, 3.42; N, 10.57. Found : C, 49,78; H,

3.435 N, 10.50.

Milrinene {1,6-dihydro-2-methyl-6-oxo-[3,4’'-bipyridinei-5-carbonitrile) {f).

Tnto a 50 ml reund bottom flask equipped with a magnetic stirring bar and a
condenser drying tube syvstem were placed 0.56 g {10 mmol) of dry KCN and 25 ml of
acetapitrile containg 0.37 g {2.15 mmol) of bromo compound 5 and 48.3 mg of
18-Crown-6. The two-phase system was heated to reflux with vigorous stirring and

the extent of reaction was followed by glc techniques. After 5 days, the reaction

mixture was cooled, filtered, and evaporated to dryness. The residue was
extracted with CH2C12' The organic extracts were dried over anhvdrous Na2804 and
filtered, The filtrate was evaperated under reduced pressure was recrystallized
from ethanel to give 0.37 g (62%) of &, mp > 3007C (lit‘3 mp > 3009C). Ir {kBrl
on91, 1662, 1598, 1543 cm ': 'Henmr (d-DMSO + €DC1,) : & 3.75 (o, 3H, CH3), .16
{s, 1, H-4), 7.72 and 8.91 {(AA’BB’, 4H, J=8.0, 2.0 Hz, pyridine 4H), 13.08 (br s,
1H, XH); ms ; m/z (relative intemsity) 211 (M+). 182 (41.8), 158 (40.3). Anal.
Calecd for CyoHgN, 2 ¢ C, 68.24; H, 4.29; N, 19.89. Found : ¢, 68.19; H, 4,23; N,
19.81.
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