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Abstract-------- The c y c l i z a t i o n  o f  8 - k e t o e s t e r s  wi th@-amino-  

CrOtonateS i n  t h e  p resence  o f  molecular  s i e v e s  gave 6 - s u b s t i t u t e d  

o r  5.6-disubstituted-1.4-dihydr0-4-0x0nic0tnic a c i d  e s t e r s  by 

one s t e p  r e a c t i o n .  

1,4-Dihydro-4-oxonicotinic a c i d  is t h e  e s s e n t i a l  component o f  a n t i b a c t e r i a l  

a g e n t s ,  e .g . ,  n a l i d i x i c  ac id , '  o x o l i n i c  a c i d P 2  pyromidic a c i d , 3  and pipemidic  

a c i d .  4 

The most common s y n t h e t i c  methods o f  1.4-dihydro-4-oxonicotinic a c i d  

d e r i v a t i v e s  a r e  1) Gould-Jacobs 2 )  r e a c t i o n s  o f  acy lke tene7  

or d ike tene8"  wi th  enamines.  The former method i s  c o n s i s t e d  o f  two s t e p s  and t h e  

y i e l d  is g e n e r a l l y  low w i t h  d i f f i c u l t y  f o r  p repa r ing  enaminomethylene malonate 

i n t e r m e d i a t e .  The l a t t e r  h a s  l i m i t a t i o n  o f  s u b s t i t u e n t s .  

W e  wish t o  r e p o r t  a new s y n t h e s i s  o f  6 - s u b s t i t u t e d  o r  5 , 6 - d i s u b s t i t u t e d -  

1,4-dihydro-4-oxonicotinic a c i d  e s t e r s .  Thermal c y c l i z a t i o n  o f @ - k e t o e s t e r s  (1) 
w i t h p - a m i n o c r o t o n a t e s  (2) i n  t h e  presence  o f  molecular  s i e v e s  a f f o r d e d  smoothly 

compounds (2). 

C h a r t  1 



The c y c l i z a t i o n  o f  e t h y l  o r  methyl a c e t o a c e t a t e  w i t h  methyl o r  e t h y l  

3 - a m i n o c r ~ t o n a t e ' ~  was examined w i t h  v a r i o u s  r e a c t i o n  c o n d i t i o n s .  (Table  1) 

Table  1. React ion c o n d i t i o n s  and v i e l d s .  

En t ry  
NO. 

I 

I1 

I11 

IV 

v 

VI 

VI I 

C2H5 
CH3 CH3 xylene  

r e f l u x  

C2H5 El 
CH3 CH3 xylene  

r e f  l u x  

CzH5 
CH3 CH3  n e a t  

140°C 

C2H5 
CH3 C H 3  xylene  

r e f l u x  

C2H5 
CH3 CH3 DMF 

r e f l u x  

CH3 H CH3 C2H5 xyiene  

r e f l u x  

CH3 H "3 C2H5 xylene  

r e f l u x  

Molecular 
S ieves  

3A 

4A 

4A 

5A 

5A 

4A 

5A 

3 - 
Time Compd. Yie ld  

NO. 

4 24 h - 10 % 

24 h 4 - 32 % 

24 h - 4 27 .% 

24 h - 4 42 % 

2 4  h - 4 33 % 

24 h - 5 64 % 

2 4  h - 5 65 % 

This  r e a c t i o n  occur red  n e i t h e r  w i t h  absence o f  molecular  s i e v e s  n o r  under 

low t empera tu re ,  f o r  example, w i t h  r e f l u x i n g  benzene.  The the rmal  c y c l i z a t i o n  i n  

d ipheny l  e t h e r  (250-260°C) formed many by-products and t h e  use  o f  molecular  

s i e v e s  13X gave t h e  p r o d u c t s ,  b u t  i n  low y i e l d .  From above r e s u l t s ,  it appea res  

t h a t  xylene  r e f l u x  c o n d i t i o n  i n  t h e  p resence  o f  molecular  s i e v e s  5A i s  s u i t a b l e  

f o r  p r e p a r a t i o n  o f  compound 4 and 2. (En t ry  No. IV and VII) . Then t h i s  r e a c t i o n  

was a t tempted t o  t h e  c y c l i z a t i o n  o f  o t h e r f l - k e t o e s t e r s  w i t h  a p p r o p r i a t e  

a -aminocro tona tes .  (Table  2) 



Table 2. 

Entry No. 

VIII 

IX 

X 

XI 

XI I 

XI11 

XIV 

xv 

XVI 

XVI I 

The cyclization of P-ketoesters with @-aminocrotonates in refluxing 

xylene in the presence of molecular sieves 5A for 24 h. 

3 - 
Compound No. 

6 - 

7 - 

8 - 

9 - 

10 - 

11 - 

12 - 

13 - 

14 - 

15 - 

Yield 

25 % 

46 % 

18 % 

37 % 

16 % 

38 % 

13 8 

4 8  % 

24 8 

18 % 

The structure of above compounds was determined by chemical and physico- 

chemical means. Namely, the compoundI (mp 171-172°C) was identified with the 

authentic sample (lit. mp 168'C). Compound 5 or afforded the known compounds 

2-methyl-6-pheny1-1,4-dihydro-4-oxopyridine (mp 184-18S0C, lit. 175-177"C)11 or 

1.4.5.6.7.8-hexahydro-2-methy1-4-oxoquin01ine (mp 240DC, lit. 240-242OC) l2 by 

hydrolysis of corresponding esters followed by decarboxylative sublimation under 

pyrolysis (bath temp. 240-260°C) with diminished pressure (18 mm Hg). 



Table 3. 2-Methyl-6-substituted or -5,6-disubstituted-1.4-dihydro-4- 

oxonicotinic acid esters. 

~ r n r ~ )  6 Cornpd. Mp 'C Ir crn 
No. (Recryst. solv.) 

2.07 (6H, s ) ,  3.50 (3H, s), 5.67 
(lH, s )  

1.33 (3H, t), 2.66 (3H, s ) ,  4.30 
(2H. q), 6.80 (lH, s), 7.00 (3H, 
rn). 7.60 (ZH, m), 11.10 ( 1 ~ .  s )  

2.26 (3H, s ) ,  3.60 (3H, s ) ,  6.43 
(1H. s ) .  7.30 (4H. q) 

1.37 (3H, t), 2.66 (3H, s ) ,  4.25 
(ZH, q), 6.78 (lH, s), 7.27 (4H, 
q), 11.35 (lH, s )  

2.23 (3H, s ) ,  3.60 (3H, s ) ,  3.65, 
3.70 (3H, s ) ,  6.70 (lH, s ) ,  7.00 
(3H, rn) 

1.37 (3H, t), 2.66 (3H, s ) ,  3.70, 
3.76 (3H. s ) ,  4.23 (2H, q), 6.50, 
7.20 (lH, dl, 6.73 (1H. s ) ,  7.30 
1 s ,  11.3 (lH, s) 

2.20 (3H, s ) ,  3.67 (3H, s ) ,  4.07 
(4H. s ) ,  6.27 (lH, br s ) ,  6.86 
(lH, d), 6.95 (ZH, rn) 

1.73 (4H, rn), 2.17 (3H, s ) ,  2.20 
(4H. m), 3.70 (3H. s )  

Mass m/e 

a) (CD3I2SO was used for compd. 1. 3, 5, 7, 9, 11, and 12 as solvent. 

CDC13 was used for cornpd. 2, 4, 6, 8, and 10 as solvent, 
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Mass spectral data were particularly useful for structural assignment of 

1,4-dihydro-4-oxonicotinic acid esters. The fragmentation pathways (Table 31 

indicated the further evidence for the structures.13 Nmr spectra, ir spectra and 

elemental analysis also supported their structures. (Table 3). 

It was clear, shown in the Table 1 and 2 ,  that in any trial the ester of 

(3-aminocrotonate was incorporated in ester moiety of nicotinic acid and the 

alkoxy qroup ofp-ketoester was eliminated. This observation suggests that 

compound type (A) might be the intermediate to afford the product (3). 

LA1 
( 3 

Acylation of enamine &-carbon was generally carried out by the use of ketene or 

diketene. On the contrary, in the reaction reported here, molecular szeves caused 

direct dealcoholyration of P-ketoesters with p-aminocrotonates following 

dehydration to afford compound type (3 .I4 Exclusively methyl ester of p-keto 

acids gave higher yield than corresponding ethyl esters, probably depending on 

easy removal of methanol than of ethanol. 

Experimental 

All melting points are uncorrected. The ir spectra were measured with a JASCO 

IR-G recording spectrometer, nmr spectra with a Varian T-60A spectrometer using 

tetramethylsilane as an internal standard, and mass spectra with JMS-OlSG 

spectrometer. 

Methyl acetoacetate, ethyl acetoacetate, ethyl benzoylacetate, ethyl 2- 

cyclopentanonecarboxylate, and ethyl 2-cyclohexanonecarboxylate were commercially 

available. Methyl benzoylacetate,15 methyl p-chlor~benzo~lacetate,~~ and 

ethyl p-chlorobenzoy~acetate17 were prepared as follows. 

General Procedure for Preparation of Substituted Benzoylacetates. 

A solution of substituted-benzoylacetophenone (0.2 mol) in dry benzene (100 ml) 

was added dropwise into a refluxing suspension of sodium hydride (0.5 "01) . 



prewashed wi th  benzene(100 m l  X 4)  and dimethyl o r  d i e t h y l  ca rbona te  (0 .4  moll 

i n  dry  benzene (400 m l ) .  A f t e r  t h e  r e a c t i o n  mixture  was r e f l u x e d  f o r  3  h ,  a c e t i c  

a c i d  (50 m l )  was added t o  t h e  r e s i d u a l  brown suspension under c o o l i n g  wi th  i c e ,  

and t h e  mixture  was d i l u t e d  w i t h  w a t e r  (300 m l ) .  The o r g a n i c  l a y e r  was s e p a r a t e d  

and washed w i t h  w a t e r ,  s a t u r a t e d  aqueous sodium b i c a r b o n a t e ,  w a t e r ,  and d r i e d  

o v e r  magnesium s u l f a t e .  Evaporat ion o f  t h e  f i l t r a t e  gave s u b s t i t u t e d -  

benzoy lace ta t e s  whose s p e c t r a l  d a t a  a r e  shown i n  Table  4 .  

Table  4 .  

Compound R1 

a 'zH5 

b CH3 

c 'zH5 

d  CH 3  

N m r  (CDC13)  6 Ir cm-I ( n e a t )  

1730, 1670 

1740, 1670 

1730, 1675 

1737, 1670 

General  Procedure f o r  Condensation o f P - K e t o  Acid E thy l  E s t e r s  w i t h  Methyl 3- 

Aminocrotonate.  

A s o l u t i o n  of p - k e t o  a c i d  e t h y l  e s t e r  (10 mmol) and methyl 3-aminocrotonate 

(11 nunol) i n  xylene  (10 m l )  was r e f l u x e d  i n  t h e  p resence  o f  molecular  s i e v e s  ( 4  g ,  

3A o r  4A o r  5A) f o r  2 4  h .  The suspension was f i l t e r e d ,  and t h e  p r e c i p i t a t e  and 

molecular  s i e v e s  were washed w i t h  chloroform-methanol (1:1, 100 m l ) .  The washed 

s o l v e n t s  were evaporated .  The r e s u l t i n g  sy rup  was r e c r y s t a l l i z e d  from a p p r o p r i a t e  

s o l v e n t  t o  g i v e  methyl 2-methyl-6-subst i tu ted  o r  -5.6-disubstituted-l,4-dihydro- 

4-oxonicot inate .  Y ie lds  and p h y s i c a l  d a t a  were shown i n  Table 1, 2 and 3. 

General  Procedure f o r  Condensation o f  p-Keto Acid Methyl E s t e r s  w i t h  E t h y l  3- 

Aminocrotonate.  

A s o l u t i b n  o f  P - k e t o  a c i d  methyl e s t e r  (10 -01) and e t h y l  3-aminocrotonate 
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(11 m o l l  i n  xylene  (10 m l l  was r e f l u x e d  i n  t h e  p resence  o f  molecu la r  s i e v e s  ( 4  g ,  

4A o r  5A) f o r  24 h .  The r e a c t i o n  mixture  was f i l t e r e d  and washed w i t h  chloroform- 

methanol 1 ,  30 m l )  . The f i l t r a t e s  were combined and evapora ted  t o  d ryness .  The 

r e s i d u e  was d i s s o l v e d  i n  benzene ( 5  m l )  and chromatographed on a  s i l i c a  g e l  

column (100-150 g ,  packed w i t h  benzene) .  The column was e l u t e d  s u c c e s s i v e l y  w i t h  

benzene (600 m l l ,  benzene-e thyl  a c e t a t e  1 O : l  600 m l ) ,  and benzene-ethyl a c e t a t e  

1 1 ,  400 mll .  The l a s t  s o l v e n t  sys tem a f f o r d e d  e t h y l  2-methyl-6-subst i tu ted  o r  

-5,6-disubstituted-l,4-dihydro-4-oxonicotinate. Yie lds  and p h y s i c a l  d a t a  were 

shown i n  Table  1 ,  2 and 3. 
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