
HETEROCYCLES. Vol 31. No 3, 1990 

SYNTHESIS OF HILRINONE, A CARDIOTONIC AGENT 

Xin-Jen ~hiao* and Li-Ming Shyu 
Institute of Chemistry, Academia Sinica 
Nsnkang, Taipei, Taiwan, Republic of China 

Chieh-Fu Chen 
National Research Institute of Chinese Medicine 
Taipei Hsien, Taiwan, Republic of China 

Abstract- A new synthesis of milrinone 161 from 6-methgl-5-14- 

pyridinyll-2llfil-pyridonn (41 is reported. A convenient synthesis 

of 3,4'-bipyridines 13al and 13bl is achieved. 3a and 3b can be 

converted into pyridone 4 by hsdrogenolysis and hydrolysis, 

respectively, Bromination at C-3 of the pyridone ring of 4 

followed by cyanation affords milrinone 161. 

Milrinone, 1,6-dihydro-2-meth~-l-6-oso-[3,4'-bipyridine1-5-carbonitrile 161, a 

potent novel cardiotonic agent, is undergoing clinical inve~tigation."~ It has 

been synthesized by the condensation of cyanoacetamide with .l-Ldiroethylnminoi- 

3-(I-pyridy11-3-buten-Z-one in the presence of a base3 or the reaction of 

1-1 4-pyridyl 1-2-propanone with ethoxymethylenemalononitrile. Recently in our 

laboratory, we have developed a method to prepare 3,4'-bipyridine derivatives by 

the addition of the lithium salt derived from 2-alkoxy-5-bromopyridine to 

N-ethoxycarbonylpyridinium chloride(11~'~ and we have also applied it to the 

synthesis of amrinone, a cardiotonic agent.7 Here we report an application of 

this synthetic method to the synthesis of ailrinone 161. 

2-Benzy loxy-5 -b romo-6 -me thy lp l . r i d ine8  12al was treated with n-butsllithium (1.2 

eq.1 and a catalytic amount of 5% CuI in THF at -78 UC for 1 h. Addition of this 

solution to a preformed solution of N-ethoxycarhonylpyridinium chloridee Ill 11 

eq.1 in THF gave the corresponding unstable l,,1-dihydropyridine which was oxidized 

in oxygen for overnight to give the 3,4'-bipyridine derivative 3e in 54% yield. 

Similarly, treatment of the lithium salt derived from 5-bromo-?-methozy-6- 

methylpyridine8 12bl with compound 1 followed by oxidation of the resulting 

1,l-dihydropyridine gave rise to 3,4'-bipyridine 13bl in 51% yield. 

Hydrogenolysis of the 34'-bipyridine l3al 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 1613 cm-l. Subsequently, we carried out 



bromination of compound I using X-bromosuccinimide in ?leOH and obtained the 

3-bromopyridone compound 5, in 82% yield. Compound 5 showed a carhonyl absorption 

at 1 6 5 6  cm-'. The ms spectrum gave the molecular ion peaks at m/z 7 6 1  and 2 6 6  

with n relative intensity of 1 0 0 : 9 G ,  which provide p r o o f  of the presence of a 

bromo-substituent. Treatment of compoiind 5 with "Naked" cyanide reaqentl0 in 

acetonitrile in the presence of catalvtic amount of 1 8 - C r o w n - 6  gave 6 in 6 2 %  

yield . I r  spectrum indicated the absorptions of a nitrile group st 2 2 2 1  em-' and 

- 1 
a carbonyl group et 1 6 6 2  cm , respectively. The 'H nmr and mass spectra are in 

full agreement ~ i t h  milrinone. 2-?lethox?-3, 1'-bipyridine 13bl was also converted 

to 4 in 8 2 %  yield by heating with 48% HBr in neOH for 50 h. Thns ,  r e  achieved the 

sinthesis of milrinone I61 via 6-methyl-5(~L-p~-ridyll-Zl1HI-pyridone ( 4 1  from 

6 - n l l ~ o ~ r - 2 - m e t h y l - 3 , 4 ~ - b i p p r i d i n e s  l3a) or 13b) by a three-steps process. 

1") n- C,H,Li, 5% Cul 

NB CI@ w 
I 2. air oxidation 
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Yelting points are uncorrected. The '~-nmr spectra were recorded on a Bruker W 

80 and >EL 200 spectrometers. The ms spectra were  measured iiith a Hexilett-Paclurd 

5995 GC/MS system at 70 e , .  The i r  spectra were measured with n Perkin-Elmer 882 

spectrophotometer. The elemental analyses tiere performed on n Perkin-Elmer ?.I00 

Elemental Inalirer. 

6-Benzrlosi--2-mcthx~l-3. 1'-binvridiire 13-1. 

To a stirred solr!tion of 2 - b e n z ? l o ~ : y - 5 - b r 0 m o - i j - m e t h ? l p ~ - ~ i d i e  12al 15.56 :., 20 

mmoll in 80 nll of dr, THF liere ndded n-BuLi  in hexnne 115.5 ml, 21 mmol I. and 

0.19:. of 5% CCI at -78" under nitroZen for 1 h. The above solution was ndded to 

a preformed solution of pyridinium chloride I 1  I [from 2 ml of pyridine, 2.6 ml of 

eth3~l chloroformate, 140 ml of THF at -25°C for 0.5 hi at -78°C o ~ ~ e r  3 h. The 

reaction nlixture was warmed to room temperntitre a n d  quenched by 5% NRHCOI solution 

(60 mll. After evaporation of THF the residue was stirred imder an oxgoen stream 

for overnight. The r e a c t i o n  mixtiwe was extracted xith ether, and the organic 

extracts were washed with water, end dried over anhydrous Na7S0 .. 1 '  
After 

evaporation under reduced presst ire,  the residue was purified by column 

chromatography on a silica gel lhelane-CHzCl?, 3:11 and then was recr?stallized 

from hexnne-CH?Cl: to give 2.98 g 154%) of 3a, mp 83.5-84.5 "c. Ir IKBrl : 3046, 

2982, 1598, 1195 l~-nmr lCDCl31 : 2.15 IS, 3H, CHal, 5 A 3  is, ?H, 

benzglic Hi, 6.72 Id, J = 8.4 Hz, 1 ,  5 7.11 Im, IH, aromatic 5H and pyridine 

2H1, 7.49 id, J = 8.1 Hz, ?H, 4 8.65 I A . & ' B B ' ,  J=8.0, 2 . 0  Hz, 2H, pyridine 2HI; 

ms : m/z lrelntive intensity1 276 I%+, 141, 91 11001. &I&. Calcd for C18H16N20 : 

C ,  78.23; H, 5.81; N ,  1C.14. Found : C ,  78.21: H, 5.83; 9, 10 .10 .  

6-Methorv-2-methrl-3.I'-biurridine 13hl. 

5-Bromo-2-methor~--6-meth~~1ypyridine8 12bi 15.0 ~1 was reacted under the same 

condition as above to g i \ e  2.15 g 151%) of 3 b ,  mp 61-66°C Ihesnne-CHzC1:l. I r  



iKBrl : 30.l2, 1598, 1495 cmW1; l~-nmr iCDC1 1 : 6 2.45 Is, 3H1, 3.91 is, 3H, CHI], 
3 

6.67 id, J = 8.4 Hz, lH, H-51, 7.13 Id, J = 8.1 Hz, lH, H-41, i.15 and 8.65 

IAA'BB', J=8.0, 2.0 Hz, 4H, pyridine 4Hl; ms: m/z (relative intensity1 200 IM', 

851, 199 (1001, 171 1321, 171 1251. 169 (371. u. Cnlcd for C H N O  : C. 12 12 2 

71.98; H, 6.04; S ,  13.99. Found : C, 72.11: H, 5.94; N, 13.88. 

6-Methvl-5-1 i - " r r i d i n r l l - 2 1 W I - r , v r i d o n e  141. 

:\ mixture of compound 3a I1 3 ,  3.6 mmoll and 10% Pd/C 10.10 g l  in 30 ml of 

methanol was hydrogenated for 2 h ,  then filtered and concentrated in vacuum. T h e  

residue was purified b5- column chromatograph)- on s silica gel 15% YeOH-CH C1. I and 2 2 

was recrystallized from methanol-CHsC1. to give 0.61 g (91%) of 1, mp 288-289°C 

mp 287-288UCl. I r  INujolI : 1613, 1597, 1455, 1376 cm-I; l ~ - n m r  ICD30D + 

CDCl31 : 6 2.36 Is, 3H, CHI), 6.52 Id, J = 9 . 2 H z .  1 - 5  i.51 id, J =9.:Hz, 

IH, H-41, 7.35 and 8.59 IAA'BB', J=8.0, 2.0 HZ, 4 ~ ,  ppridine 1H1, 12.87 lbr s ,  lH, 

NHI; ms: m/e Irelatire intensity) 186 I M + .  21.91, 116 153.11, 117 117.41, 104 

122.41, 91 (100). Anal. Calcd for CllHlONZO : C, 70.95; H, 5.41; , 15.05. Found 

: C, 70.89; H ,  5.38; N, 15.01. 

From 13bl. 

To a solution of compound 3b (0.51 g .  2.5 mmoll in 10 ml of methnnol. were  added 

17.5 ml of .18% HBr. The reaction mixture uas refluxed for 50 1,. 5 X  Sodium 

bicarbonate was added and the mixture \<as extracted with dichloiomethane. The 

organic extracts %ere washed ~ i t h  water and dried o \ e r  anhydrous Na,SO \fter - .I' 

evaporation under reduced pressure. 0.38 g (8:%1 of 4 were obtained. Compound 4 

vas identified iiith that prepared from 3a b: its nmr and mp. 

3-Br -6-meth\l . - .  5 I 1  - n 7  rldln\l1 , - 21 1Hi-nddonc 1 jl. . . 

A mixture of 4 10.44 g ,  2.38 mmoll and N-bromosuci~nimide iO.63 S ,  3.6 mrnoli in 30 

ml of methanol was stirred at room temperature for 5 h, then filtered and 

concentrated in Titcuum. Purification of the residtte by column chromatography on a 

silica gel 15% MeOH-CH2C121 and was recrystallized from YeOH to give 0.32 g 182XI 

of 5 ,  mp 253-2550~ mp 252-251'1C1. lr iNujol1 : 1656, 1600, 1458 cm-'; 

l~-nrnr (CD30D + CDCI3) : 6 3.32 Is, 3H, CHal, 7.80 ( s ,  1 ,  - 1 1 ,  7.27 and 8.61 

(AA'BB', J=8.0, 2.0 Hz, 4H. pyridine 4H1, 12.09 lbr s ,  IH, NHI; m s  : m/z (relative 

intensity) 266 IM t 2, 95.51, 264 IM',  1001, 231 113.61, 235 135.51, 185 135.5). 
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Anal. C a l c d  f o r  C11H9N20Br : C ,  1 9 . 8 3 ;  H ,  3 . 4 2 ;  "1 1 0 . 5 7 .  Found : C,  1 9 . 7 8 ;  H ,  

3 3 ;  3 ,  1 0 . 5 0 .  

Y i l r i n o n e  i 1 . 6 - d i h ~ ~ d r o - 2 - m e t h ~ ~ l - 6 - 0 x 0 - I 3 ~ 4 ~ - b i ~ ~ r i d i n e l - 5 - c a r b n i t r i l e ]  1 6 ) .  

I n t o  a 50  m l  r o u n d  b o t t o m  f l a s k  e q u i p p e d  h . i t h  a m a g n e t i c  s t i r r i n ~  bar and a 

c o n d e n s e r  d r y i n g  t u b ?  s ~ s t e m  were p l a c e d  0 . 5 6  g ( 1 0  mmoll o f  d r?  KCN a n d  25  m l  o f  

a c e t o n i t r i l e  c o n t a i n *  O . 5 i  g ( 2 . 1 5  mmoll o f  bromo c o m p u n d  5 a n d  4 8 . 3  mg o f  

18-Crown-6.  The t w o - p h a s e  s y s t e m  was h e a t e d  t o  r e f l u x  w i t h  v i g o r o u s  s t i r r i n g  a n d  

t h e  e x t e n t  o f  r e a c t i o n  has f o l l o x e d  by  s l c  t e c h n i q u e s .  A f t e r  5  d a y s ,  t h e  r e a c t i o n  

m i x t u r e  was c o o l e d ,  f i l t c r e d ,  a n d  e v a p o r a t e d  t o  d r s - n e s s .  The  r e s i d u e  was 

e x t r a c t e d  w i t h  CH,C12. The o r ~ n n i r  e x t r a c t s  rcre d r i e d  over nnh? -d rous  "i.l?SO,l a n d  

f i l t c r e d .  The f i l t r a t e  was e \ a p o r n t e d  u n d e r  r e d u c e d  pressure tias r e c r y s t a l l i z e d  

f rom e t h a n o l  t o  g i v e  0 . 3 7  q ( 6 2 % )  o f  6 ,  m p  > 300°C mp > 300"Cl .  I r  i h B r l  : 

2221 ,  1 6 6 2 ,  1 5 9 8 ,  1 5 4 3  rm-': ' ~ - n r n r  ( t i  D!ISO + CDCl31 : 6 3 . 7 5  1 2 ,  3H, CHQI ,  8 .  16 G .  

i s ,  1  4  7 .72  a n d  8 . 9 1  iAl'BB', 4H, J = 8 . 0 ,  2 . 0  H z ,  p y r i d i n e  4H1, 1 3 . 0 8  l b r  s ,  

l H ,  YHI; m s  : mlz  ( r e l a t i v e  i n t e n s i t y ]  211  ( ~ ' 1 ,  182  ( 4 1 . 8 1 ,  156 l 4 0 . 3 l .  u. 
C n l c d  f o r  C12HgN30 : C,  6 8 . 2 4 ;  H, 1 . 2 9 ;  N ,  1 9 . 8 9 .  Found : C ,  6 8 . 1 9 :  H, 4 . 2 3 ;  N ,  

1 9 . 8 1 .  

REFERENCES 

1  \ A l o u s i .  J .  >I .  C a n t e r .  M .  J .  >Iontcnaro, D. J .  f o r t <  a n d  R .  A .  F e r r n r i .  

J .  i ' u r d i o v a s c  P h a r m a c o l . ,  1 9 8 3 .  5 .  792 .  

? H .  I .  L I r e id ,  T. G e n e r a l o v i c h ,  P .  S .  Reddy.  R .  B.  S p a n g e n h e r g ,  and I ? .  P .  

F o l l a r r d e r ,  c i r c u l a t i o n .  1 9 8 3 ,  'T. 8 2 3 .  

3  G .  5 . .  L e s h e r ,  a n d  R .  E .  P h i l i o n ,  C .  S.  P a t e n t .  1 ,  3 1 3 ,  951 (?hem.  : \ b s t r . .  

1 9 8 2 ,  91, 2 1 6 0 0 5 f i .  

1 B. S i n ~ h .  H e t e r o c i - c l e s ,  1 9 8 5 ,  23. 1179 . 
5  I < . - P .  F a n g ,  P .  S h i e h ,  a n d  M:J. S h i a o ,  H e t e r o c i c l e s ,  1 9 8 6 ,  a, 1 5 8 5 .  

6  !I.-J. S h i a o ,  P .  S h i e h ,  a n d  J . - S .  L a i ,  S ~ ~ n t h . C o m m u n . ,  1 9 8 8 ,  18, 1 3 9 7 .  

7 )I.-J. S h i a o ,  P. S h i e h ,  a n d  J:S. L n i ,  J .  C h b e s e  Chem. SOL, 1 9 8 6 ,  35, 233 .  

8  X:J. S h i a o  nnd 6.-Y. T a r n o ,  H e t e r o c y c l e s ,  a c c e p t e d  f o r  p u b l i c a t i o n ,  1 9 8 9 .  

9  K.-T. A l i i ba ,  Y .  I s e k i ,  a n d  3. I inda ,  T e t r a h e d r o n  L e t t . ,  1 9 8 2 ,  3, 1 2 9 ;  D .  L. 

Cornins a n d  A. H .  A b d n l l a h ,  J .  Ore .  Chem.,  1 9 8 2 ,  41, 1 3 1 5 .  

10  F. L .  Cook, C. W .  B o w e r s ,  a n d  C .  L .  L i o t t a ,  J. O r e .  Chem., 1 9 7 4 ,  a, 3 4 1 6 .  

Received, 1st December, 1989 


