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Abstract - Condensation of ethyl D-alkylaminacrotonates, 

obtained from ethyl acetoacetate and amines, in the presence 

of 3-mercaptopropionic acid gave 1,6-naphthyridine-2,5-dione 

derivatives. The structures of these compounds were deter- 

mined an the basis of several informations of chemical react- 

ivities and spectral data. 

A mixture of 3-mercaptapropionic acid and ethyl D-methylaminocrotonate, 

obtained from ethyl acetoacetate (24.5g, 188 mmol) and 40 % methanolic 

methylamine (50 ml), was heated at 160•‹C for 30 h to synthesize 2-ethoxy- 

1) carbonylmethyl-2,3-dimethyl-3,4,5,6-tetrahydro-2H-l.3-thiazin-~-one (A) . 
. ~lthough the attempt was unsuccessful, the reaction gave 1,4-dimethyl- 

6-(N-methylcarbamoylmethyl)-p~ridin-2-on 2, (20.1 %),  3-acetyl-1,6- 

dimethyl-4-hydroxypyridin-2-ane 3, (10.5 1) and a new compound, 4-hydroxy- 

1,6,7-trimethyl-lH,6H-1,6-naphthyridine-2,5-dione (11) in 4.8 % yield, - 
mp 191-192•‹C (from EtOH) [IR V :z: em-' : 1695, 1650, 1600 ; 'H-NMR 

(CDC1,)ppm: 2.33 (3H, s, CH.), 3.38 (3H, s, NCH,), 3.43 (3H, s, NCH.), 

6.42 (lH, s, =CH-), 6.57 ilH, s, =CH-), 11.95 (lH, s,  OH); 13c-N~R (CDCls) 

ppm : 21.56 (q), 26.59 ( q ) ,  29.84 (q), 103.34 (d), 110.52 (dl, 140.25 (s), 

147.59 (s), 150.10 (s), 152.16 ( s ) ,  161.21 (s), 165.76 (s); MS m/e : 220 

(M') ] . The reaction of ethyl 0-benzylaminocrotonate under the similar 

conditions for ethyl D-methylaminocrotonate to give I1 afforded 3-acetyl- - 
1-benzyl-4-hydroxy-6-methylpyridin-2-one 3, (20.0 % )  and 1,6-dibenzyl-4- 

hydroxy-7-methyl-1H,6H-l,b-naphthyridine-2,5-dione (111) in 2 % yield, - 



mp 165-166OC (from acetone) IRV zlpl cm-I : 1690, 1650, 1610 ; 
IH-NMR (cDc~.) ppm : 2.28 (3H, s, CH.), 5.30 (4H, s, N-CHz-x 2), 6.35 

( l ~ ,  S, =CH-), 6.50 ( i ~ ,  s,  =cH-), 7.35 (10H, s, CsH. x 2), 12.18 ( l ~ ,  

s, OH); 13c-~MR (CDC1,) ppm : 21.70 ( q ) ,  45.05 (t), 48.31 (t), 106.06 

(a), 112.49 (d), 136.76 (s), 137.70 (s), 141.44 (s), 149.47 (s), 152.10 

(s), 163.15 (s), 167.24 (s), 167.31 (s); MS m/e : 372 (M+) 1. 

The structures of I1 and 111 were elucidated as follows. Acetylation 
d - 

of 11 gave 4-acetoxy-1,6,7-trimethyl-1H,6H-1,6-naphthyridine-2,5-dione - 
nujol cm-l . 

(IV) in 80.5 % yield, mp 208-210•‹C (from MeOH) 1 IR 9 max . 1760, 
1700, 1660, 1610; 'H-NMR (DMSO-d,) ppm : 2.33 (3H, s, CH.), 2.49 (3H, 

s, COCH,), 3.32 (3H, s, NCH,), 3.61 (3H, s ,  NCH,), 6.90 (lH, s, =CH-), 

7.30 (lH, s, =CH-1; MS m/e : 262 (M+)] . The Fries rearrangement of 

IV in the presence of aluminum chloride gave 3-acetyl-4-hydroxy-l,6,7- - 
trimethyl-lH,6H-1,6-naphthyridIne-2,5-dione (V) in 47.1 $ yield, mp 

147-148•‹C (from EtOH) [IR +' iz:O1 cm-I : 1695; 'H-NMR (CDC1,) Ppm : 

2.40 (3H, s, CH,), 2.58 (3H, s, COCH,), 3.43 (3H, s,NCHs), 3.54 (3H, s, 

NCH,), 6.45 (lH, s, =CH-), 12.68 (lH, s ,  OH); MS m/e : 262 (M+)] . 
Reduction of =with diborane in THF gave 1,6-dibenzyl-4-hydroxy-7- 

methyl-5,6-dihydro-lH-1,6-naphthyridin-2-0ne ( V I )  in 79.2 $ yield, mp - 
247-248OC (dec. from MeOH) [ 'H-NMR (DMSO-d.) ppm : 2.07 (3H, s, CH,), 
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4.30 (ZH, s, -CH,-), 4.71 (2H, s, NcH,-1, 5.14 (2H, s, NCH,-), 6.18 (lH, 

s, =CH-), 6.36 (lH, s, =CH-), 7.36 (5H, s, C.H,), 7.43 (5H, s, c.H,), 

9.65 (lH, s, OH); MS m/e : 358 (M') ] . Heating of VI with methyl iodide - 
and potassium carbonate in DMF afforded 1,6-dibenzyl-4-methoxy-7-methyl- 

5,6-dihydro-1H-1,6-naphthyridin-2-one (VII) in 68.8 % yield, mp 149-150'~ - 
(from MeOH) ( 'H-NMH (COCl.) ppm : 2.21 (3H, s, CH,), 3.74 (3H, s, OCH,), 

4.37 (ZH, s ,  -CH,-), 4.75 (2H, s, NCHz-), 5.17 (2H, S ,  NCHz-1, 6.22 (1H, 

s, =CH-), 6.30 (lH, s, =CH-), 7.33 (5H, s ,  CsH,), 7.40 (5H, S, C=H=) ; 

NS m/e : 372 (M+) ] . Hydrogenolysis of %on 10 % palladium-carbon in 

ethanol at 60•‹C afforded 4-methoxy-7-methyl-5,6-dihydro-l~-1,6-naphthyridin- 

2-one (VIII) in 68.3 % yield, mp 253-25qoC (from M~oH) [ I H ~  E:f cm-I : - 
3250, 1685, 1610 ; 'H-NMR (DMSO-d.) ppm : 2.19 (3H, s, cH,), 3.71 (3H, s, 

OcH,), 4.16 ( 2  s ,  -CH,-), 6.20 (lH, s, =CH-), 6.33 ( l ~ ,  s, =CH-), 6.65 

(lH, s, -NH-), 8.80 (lH, s, -NH-) ; MS m/e : 192 (M')] . Heating of 

a mixture of VIII and phosphorus pentachloride with a few drops of phos- - 
phorus oxychloride at 15OoC afforded 2,3-dichloro-4-methoxy-7-methyl- 

1,6-naphthyridine (z) in 31.7 % yield, mp 181•‹C (from CC1.) [ IR Ef 
cm-l : 1610 ; 'H-NMR (CDC1.) ppm : 2.64 (3H, s, CH.), 4.09 (3H, s ,  

ocH,), 6.84 (lH, s, =cH-), 9.59 (lH, s, =CH-) ; MS m/e : 244 (M+ + 2), 

242 (Mf) 1 . In the 'H-NMH spectrum of 2, the signal of 4.16 ppm due to 
the protons of methylene group of VIII disappeared and a new singlet signal - 
at 9.59 ppm assigned to the a-position of the pyridine ring appeared. 

Paudler et al.') reported that the signals due to the C,-position of 1,6- 

naphthyridine and 4-methoxy-l,&naphthyridine appeared at 9.28 and 9.55 

ppm, respectively. Moreover, they reported that the 4-bromo and 3,4,8- 

tribromo derivatives of 1,6-naphthyridine were obtained by heating of 

4-hydroxy-1,6-naphthyridine with phosphorus pentabromide. In hydrogenolysis 

of E o n  10 % palladium-carbon, displacement of chlorine by hydrogen 

and reduction of N=C double bond took place, simultaneously, and 

3-chloro-4-methoxy-7-methyl-5,6-dihydro-l,6-naphthyridine (X) was obtained 

in 80.6 $ yield, mp 240-243•‹C (from MeOH) [ 'H-NMR (DMSO-ds) ppm : 2.32 

(3H, s,  CH,), 3.79 (3H, s ,  OCH,), 4.55 (2H, s, -cHz-), 6.96 (lH, S ,  =CH-), 

8.17 (1H, s, =CH-) ; MS m/e : 212 (M' + 2), 210 (M') ] . Reflux of 



X with 5 % palladium-carbon in p-cymene 5, afforded the 3-chloro-4- - 
methoxy-7-methyl-1,6-naphthyridine (XI) in 52.1 $ yield, mp 158-159'~ 

(from M ~ O H  or ~t.0) [IR IJ i:: cm-l : 1615 ; 'H-NMR (CDCl,) ppm : 

2.66 (3H, s, CH,), 4.04 (3H, s, OCH,), 6.83 (lH, s, =CH-1, 9.41 (lH, 

s, =CH-), 9.69 (lH, s, =CH-) ; 1 3 ~ - ~ ~ ~  (CDCls) ppm : 21.88 ( q ) ,  

56.00 ( q ) ,  108.61 (d), 117.01 (s), 122.23 (s), 143.31 ( s ) ,  147.04 (s), 

153.85 (s), 155.60 (d), 156.32 (d) ; MS m/e : 210 (M' + 2), 208 (M')] 

Chemical shifts of the 'H-NMR and 13c-~MR spectra of XI were similar 
to those of 1,6-naphthyridine 5,6). In addition, the 'H- 7, and 13c- 

NMR spectra of 1,6-dibenzyl-4,7-dimethyl-lH,6H-1,6-naphthyridine-2,5- 

dione (XII) prepeared by the Kato's method 7, were compared with those - 
of 111. The signals in 1 3 ~ - ~ ~ ~  spectrum of XI1 appeared at 21.52 ( q ) ,  - - 
23.88 (q), 46.15 (t), 46.99 (t), 97.15 (d), 118.76 (d), 129.32 ( s ) ,  

136.41 ( s ) ,  147 93 ( s ) ,  152.43 (s), 161.80 ( s ) ,  (in CDCl,, PP~). These 

signals due to the corresponding carbons of individual position of two 

compounds appeared in moderately good agreement. The basis of these 

facts are consistent with the structure of I1 and z. - 
The details of the experiments and some discussions of the reaction 

mechanism will be reported in the coming paper. 

Elemental analysis of the compounds 

No Molecular Calcd. ( 8 )  Found ( 5 )  

formula C H N C H N 

I1 C1,H,~N2Os 59.99 5.49 12.72 59.90 5.45 12.75 

I11 C,,H,,N,O, 74.17 5.41 7.52 74.31 5.48 7.49 

IV C I ~ H Z ~ N X O U  59.53 5.38 10.68 59.39 5.51 10.55 

V C L ~ H ~ U N ~ O *  59.53 5.38 10.68 59.45 5.29 10.72 

VI C 2 ~ H ~ l N 2 0 2  77.07 6.19 7.82 77.29 6.19 7.60 

VII C.uH,uN.Oz 77.39 6.50 7.52 77.10 6.32 7.20 
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