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Abstract. N-Substituted aminouracils (1) react with malo- 
nates by cyclocondensation to 5-hydroxy-pyrido[2,3-d]pyr- 
imidine-2,4,7-triones (2), which give with triethylorthofor- 
mate and aniline 6-(phenylaminomethylene)-pyrido[2,3- 
dlpyrimidine-tetraone (3). Halogenation of 2a-d (with R2 = 
Me) with phosphorylchloride leads to 5,7-dichloro-pyri- 
do[2,3-d]pyrimidine-2,4-diones (4) by cleavage of the me- 

thyl group at N-8, whereas Vilsmeier reaction of 2 affords 5- 
chlorod-formyl derivatives (6), which cyclize with arylamines 
to give benzoCb]pyrimido[4,5-h] 1,6-naphthyridines (9). Com- 
pounds 9 were obtained independently by amination of the 
tosylates 5 to the 5-arylamino compounds 8, and Vilsmeier 
formylation to yield 9. 

Pyrido[2,3-d]pyrimidine systems represented by struc- 
ture 2 having an enolized 1,3-dicarbonyl moiety in the 
pyridine ring are of chemical and chemotherapeutic in- 
terest because they show the properties of a 4-hydroxy- 
2-pyridone and of uracil in one ring system. Known 
syntheses are described starting from 5-cyanoacetyl-6- 
aminouracils [ 11, or from substituted malonic acids, 
acetic anhydride and 6-glycopyranosylamino-pyrimi- 
dine-4-ones [2]; however in this case no 6-unsubstitu- 
ed derivatives could be obtained. This paper details a 
simple and efficient route to 5-hydroxy-1,3,6,8-tetrasub- 
stituted or 1,3,8-trisubstituted pyrido[2,3-d]pyrimidine- 
2,4,7-triones (2a-g) by thermal reaction of 6-alkylami- 
no- or arylamino-uracils (la-c) with ethyl malonates at 
220-250 'C, a method without the restrictions described 
in ref. [2]. The yields range between 62 and 94%, which 
shows that no further activation of the malonates is nec- 
essary. 

Infrared spectral data of 5-hydroxy-pyrido[2,3-d] 
pyrimidine-2,4,7-triones (2) show two typical carbonyl 
frequencies, the lactame signals of the pyrimidine part 
at 1695-1730 cm-I, and the a-pyridone signal in the 
region of 1655-1680 cm-l. These data reveal, that 2 
exists as 7-OX0 tautomer rather than as 5-OXO tautomer, 
because the latter structure would include a y-pyridone 
structure element, which should be indicated by carbo- 

nyl frequencies[3, 41 below 1600 cm-l. The existence 
of a 5,7-dioxo structure can be excluded because of the 
appearance of OH-signals of the 5-hydroxy group in the 
IH-NMR spectrum at 6 = 12-13 ppm and the lack of 
aliphatic signals deriving from hydrogens at C-6. The 
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olefinic proton at C-6 in 2a,b,g can be observed at 5.5- 
5.9 ppm. The methyl signals at N-1 and N-3 of the py- 
rimidine part at 3.3 and 3.4 pprn can be distinguished 
clearly from the N-methyl signal of N-8 at 2.8-2.9 ppm. 

Reaction of 2a with triethylorthoformate and aniline 
yielded the 6-phenylaminomethylene derivative 3, 
which has been shown to be a versatile synthon for fur- 
ther functionalizations and ring closure reactions in cy- 
clic 1,3-dicarbonyl systems [5]. The 'H-NMR spectrum 
revealed that 3 exists mainly in the anilinomethylene- 
tetraoxo form and not in the tautomeric 5-hydroxy- 
azomethine form, because the 13-Hz-coupling of CH 
at 8.7 ppm and NH at 14.10 ppm indicate the =CH- 
NH-Ar structure element of the anilinomethylene moi- 
ety, whereas a -CH=N-Ar structure element together 
with a hydroxy group at position 5 is not supported by 
the spectroscopical data. 

When 5-hydroxy-8-methyl-pyrido[2,3-d Jpyrimidine- 
2,4,7-triones (2a-d) were halogenated with phosphor- 
yl chloride in order to exchange the 5-hydroxy group to 
a 5-chloro substituent, the 8-methyl group was cleaved 
during this reaction at mild reaction temperatures as it 
is known from 4-hydroxypyridones [4b, 61, and the only 
reaction products which could be obtained were the 57-  
dichloro-pyrido[2,3-d]pyrimidine-2,4-diones (4a-d). 
The spectral data of 4 show the loss of the 8-methyl 
group, and the proton at C-6 is shifted from about 5.7 
to 7.25 ppm, which indicates a more aromatic charac- 
ter of compounds 4. The 8-phenyl derivative 2g did not 
react at temperatures of 50 "C. When the reaction tem- 
perature was increased, only decomposition products 
could be obtained. 
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Attempts to obtain the desired 5-chloro derivatives 
by a milder chlorination method using phosphoryl chlo- 
ride and dimethylformamide, which was employed suc- 
cessfully in 4-hydroxycoumarin and phenalenedione 

chemistry [7], resulted in chlorination and formylation 
of the 6-unsubstituted pyrimido-pyridinetriones (2a,b,g) 
similar to a Vilsmeier reaction to yield the 5-chloro-6- 
formyl-8-substituted-pyrido[2,3-d]pyrimidine-2,4,7-tri- 
ones (6a-c), but with the success that the 8-methyl group 
was not cleaved. 

Because for further reactions 6-unsubstituted deriva- 
tives of 2 activated in 5-position were needed and the 
way through 5-chloro compounds was not successful, 
the tosyloxy compounds 5a,b were synthesized from 
the hydroxy derivatives 2a,b and p-toluenesulfonyl chlo- 
ride in the presence of triethylamine as HCl scavenger. 

3-Arylaminomethylene compounds of quinoline-2,4- 
diones cyclize readily to dibenzo-naphthyridines by 
intermolecular rearrangement [5b-d]. But it was impos- 
sible to obtain the 1,6-naphthyridine derivative 9a via 
the anilinomethylene intermediate 3. To investigate an- 
other entry to this 1,6-naphthyridine system, we started 
from chloro aldehydes 6. Reaction of 6 with anilines 
should lead by condensation to 6-aryliminoformyl-py- 
rido[2,3-d]pyrimidine-2,4,7-triones if the attack of the 
amino nitrogen had taken place at the aldehyde moiety. 
As reaction product, however, the benzo-pyrido-naph- 
thyridine derivative 9 was obtained, which could be 
explained to be formed by a primary attack of the aro- 
matic amine at C-5 (cp. 1181) followed by subsequent 
ring closure reaction of the 5-formyl group with the or- 
tho-position of the phenyl part of the aniline group. 
Spectroscopic structure elucidation revealed that the 
azomethine structure of the other possible isomer 7 
which should be indicated by a 13C-NMR signal of an 
a-quinoline-carbon of C-7 (the former aldehyde carbon) 
at about 150 ppm [9], could not be confirmed because 
of lack of this signal. The 13C NMR spectrum of the 
isolated compound showed the signal of C-7 at 139 ppm, 
a chemical shift which is in good agreement with liter- 
ature values of y-quinoline carbons at 136-139 ppm [9], 
and indicated strongly the structure of the 1,6-naphthy- 
ridine 9. 

An independent synthesis of 9 by amination of the 
tosylates 5 with anilines and Vilsmeier formylation of 
the 5-arylamino-pyrido[2,3-d]pyrimidine-2,4,7-triones 
8a,c,e,f followed by subsequent ring closure reaction 
led to benzo[b]pyrimido[4,5-h] 1,6-naphthyridine- 1,3,6- 
triones 9a,c,e,f which were identical in all physical and 
spectroscopic aspects with the compounds obtained by 
amination of 6. The infrared spectra of 9 showed carb- 
onyl frequencies similar to the pyrido[2,3-d]pyrimidine- 
triones 2 with two carbonyl bands, one at 1695-1730 
cm-1 for the pyrimidine nucleus, and the other at 1660- 
1670 cm-' for the 2-pyridone moiety. A typical lH-NMR 
signal of the hydrogen at C-7 (at the y-quinoline site) 
could be observed at 9.5-9.9 ppm (in trifluoro acetic 
acid) or at 8.9-9.1 ppm (in chloroform as solvent). These 
findings show again that the formation of the 1,6-naph- 
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thyridine system derived from an ortho-chloro aldehyde 
moiety and aromatic mines is in preference over the 
formation of the isomeric 2,7-naphthyridines as found 
recently in another connection in quinoline series 
[5b-d]. 

This work was supported by the Austrian Academic Exchange 
Service (EH-project no. 894/93 of the north south dialog, 
fellowship for D.V.T.). 

Experimental 

Melting points were determined on a Gallenkamp Melting 
Point Apparatus, Mod. MFB-595 in open capillary tubes. 200 
MHz [H NMR spectra were recorded on a Varian Gemini 
200 instrument, 360 MHz 'H-NMR spectra and 90 MHz 13C- 
NMR spectra were recorded on a Bruker AM 360 instrument. 
Chemical shifts are reported in ppm from internal tetra- 
methylsilane standard and are given in &units. The solvent 
for Nh4R was deuteriochloroform unless otherwise stated. 
Infrared spectra were taken in potassium bromide pellets on a 
Perkin-Elmer 298 spectrophotometer. Microanalyses were 
performed on a Car10 Erba 1 106 analyzer. 

Common reagent-grade chemicals are either commercially 
available and were used without further purification or pre- 
pared by standard literature procedures. All reactions were 
monitored by thin layer chromatography, carried out on 0.2 
mm silica gel 60 F-254 (Merck) plates using UV light (254 
and 360 nm) for detection. 

General Method for the Preparation of S-Hydmxy-1,3,6,8- 
tetrasubstituted-pyrido[2,3-d]pyrimidine-2,4,7(lH, 3H, 
8H) -triones (2a-g) 

A mixture of the appropriate substituted 6-amino-pyrimidine- 
2,4( lH,3H)-dione (la,b,c) (10 mmol) [lo] and the appropriate 

ethyl malonate (10 mmol) in diphenylether (5 ml) was heated 
for 2 h to 220-250 "C using a short air condenser to remove 
the liberated ethanol. After cooling, the reaction mixture was 
digested with hexane (50 ml), the obtained precipitate filtered, 
washed with cold hexane and dried. Then the precipitate was 
boiled with ethanol for 10 min, cooled, filtered by suction, 
washed with ethanol and recrystallized from the appropriate 
solvent. Experimental data: Table 1. 

6-Phenylaminomethylene- 1,3,8-trimethyl-pyrid0[2,3-d] py- 
rimidine-2,4,5,7(1H,3H, 6H,8H)-tetraone (3)  

A mixture of 2a (2.37 g, 10 mmol), triethylorthoformate (1.48 
g, 10 mmol) and aniline (0.93 g, 10 mmol) in 1,2-di- 
hydroxyethane (10 ml) was heated under stirring. At about 
110 "C formation of ethanol started. During 60 min the 
temperature was increased to 190 'C, and ethanol was distilled 
from the solution. Then the reaction mixture was cooled to 
room temperature and diluted with ethanol (10 ml). The 
resulting precipitate was filtered by suction and washed with 
ethanol. Yield: 2.6 g (76%) m.p. 282-285 "C (dimethyl- 
formamide); - IR: 1715 w, 1665 s, 1610 w cm-'. - 'H-NMR: 
6 =  3.31 (s, N-Me), 3.49 (s, N-Me) 3.52 (s, N-Me) 7.25- 
7.42 (m, 5 ArH), 8.7 (d, J = 13 Hz, CH=N), 14.10 (d, J = 13 
Hz, NH). 

(340.34) 
C17H16N404 Calcd.: C 60.00 H 4.74 N 16.46. 

Found: C 59.64 H 4.79 N 16.58. 

General Method for the Preparation of 5,7-Dichloro- 
1,3,6-trisubstituted-pyrido[2,3-d]pyrimidine-2,4(lH, 
3H)-diones (4a-d) 

A suspension of the corresponding 5-hydroxy-8-methyl- 
pyrido[2,3-d]pyrimidine-2,4,7-trione (2a,d) (10 mmol) in 
phosphoryl chloride (20 ml) was heated at 50 "C for 2 h. 
Then the excess solvent was removed by distillation, the 
residue poured into ice/water (100 ml) and brought to pH = 6 
with 2 N aqueous sodium hydroxide solution. The obtained 
precipitate was filtered by suction, washed with water and 
recrystallized from the appropriate solvent. Experimental data: 
Table 1. 

1,3,8-Trimethyl-5-(4-toluenesulfonyloxy) py- 
rimidine-2,4,7( 1 H,4 

A mixture of 5-hydroxy- 1,3,8-trimethyl-pyrid0[2,3-d] 
pyrimidine-2,4,7-trione (2a) (0.47 g, 2 mmol), p-tolu- 
enesulfonyl chloride (0.57 g, 3 mmol) and dry triethylamine 
(0.3 g, 3 mmol) in dry acetonitrile (20 ml) was heated under 
reflux with intensive stirring for 12 h. Then the reaction mixture 
was poured into ice/water (100 ml), the obtained precipitate 
was filtered, washed with water and dried. Yield: 0.77 g (96%) 
colorless prisms, m.p. 194-196 "C (ethanol); - IR: 1715 m, 
1670 s cm-'; - IH-NMR: 6= 2.48 (s, 3 H, Me), 3.32 (s, N- 
Me), 3.51 (s,N-Me), 3.58 (s, N-Me), 5.95 (s, H-6), 7.36 (d, 
J = 8 Hz, 2 ArH), 7.9 (d, J = 8 Hz, 2 ArH). 

C17H17N306S 
(391.41) 

Calcd.: C 52.17 H 4.38 N 10.74. 
Found: C 51.95 H 4.39 N 10.70. 
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Table 1 Experimental Data of 5-Hydroxy- 1,3,6,8-tetrasubstituted-pyrido[2,3-d]pyrimidine-2,4,7( 1H,3H,8H)-triones (2a-g), 
5,7-Dichloro-1,3,6-trisubstituted-pyrido[2,3-d]pyrimidine-2,4(lH,3H)-diones (4a-d) and 5-(4-R4-pheny1amino)-1,3,8- 
trisubstituted-pyrido[2,3-d]pyrimidine-2,4,7( 1 H,3H,8H)-triones @a-h).") 

Nr. R' R2 R3 R4 yield(%) m.p. ["C] solvent 

2a 
2b 
2c 
2d 
2e 
2f 

4a 
4b 
4c 
4d 
8a 
8b 
8c 
8d 
8e 
8f 

8h 

2g 

8g 

Me 
Ph 
Me 
Ph 
Me 
Ph 
Me 
Me 
Ph 
Me 
Ph 
Me 
Me 
Me 
Me 
Ph 
Ph 
Ph 
Ph 

Me 
Me 
Me 
Me 
Me 
Me 
Ph 
- 
- 
- 
- 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

H 
H 
Ph 
Ph 
CHzPh 
CH2Ph 
H 
H 
H 
Ph 
Ph 
- 
- 
- 
- 
- 
- 
- 
- 

82 
94 
89 
73 
62 
93 
85 
80 
82 

87 
H 73 
F 70 
C1 86 
Me 91 
H 91 
F 91 
C1 89 
Me 91 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 85 
- 

2 19-22 1 
2 16-2 18 
205-207 
232-234 
2 14-2 16 
2 12-2 14 
25 8-260 
247-250 
286-288 
242-244 
276-278 
205-207 
245-247 
245-247 
23 1-233 
293-295 
252-254 
273-275 
234-236 

DMF/ethanol 
DMF/ethanol 
ethanol 
ethanol 
ethanol 
c yclohexane 
DMF/ethanol 
DMF 

ethanol 
ethanol 
ethanol 
acetic acid 
acetic acid 
DMF 

DMF/H20 

AcOWH~O 
AcOH/H20 
ethanol 
ethanol 

a) The elemental analyses agree within +_0.4% of the theoretical values. Spectroscopic data are available from the authors. 

8-Methyl-I ,3-diphenyl-5-(4-toluenesulfonyloxy)-pyrido[2,3- 
dlpyrimidine-2,4,7( I H, 3H, 8H)-trione (5b) 

From 5-hydroxy-8-methyl- 1,3-diphenyl-pyrido[2,3-d] pyr- 
imidine-2,4,7-trione (2b) (0.69 g, 2 mmol) as described for 
5a. Yield 0.96 g (93%) colorless prisms, m.p. 214°C (ethanol); 
-1R: 1735 m, 1685 s cm-'; - 'H-NMR: 6 = 2.47 (s, Me), 2.94 
(s, N-Me), 6.22 (s, H-6), 7.2-7.55 (m, 12 ArH), 7.94 (d, J = 7 
Hz, 2 ArH). 

C27H2 1 N306S 
(5 15.55) 

Calcd.: C 62.90 H 4.11 N 8.15. 
Found: C 62.55 H 4.15 N 8.12. 

5-Chloro-6-formyl-I,3,8-trimethyl-pyrido[2,3-d]pyr- imi- 
dine-2,4,7( 1 H,3H,8H)-trione (6a) 

Phosphoryl chloride (2 ml, 22 mmol) was added in portions 
to a cold, stirred suspension of 5-hydroxy-l,3,8-trimethyl- 
pyrido[2,3-d]pyrimidine-2,4,7-trione (2a) (1.2 g, 5 mmol) in 
dimethylformamide (30 ml), then the reaction mixture was 
stirred at 50-60 "C for 2 h. After cooling, the reaction mixture 
was poured into icelwater (200 ml). The obtained yellow 
precipitate was filtered, washed with water and dried. Yield: 
1.05 g (74%) colorless prisms, m.p. 252-254 "C (dime- 
thylformamide); - IR: 1715 m, 1695 m, 1655 s cm-'; - 'H- 
NMR(DMS0-4): 6= 3.22 (s,N-Me), 3.48 (s, N-Me), 3.52 
(s, N-Me), 10.2 (s, CH=O). 

(283.76) 
CllH10ClN304 Calcd.: C 46.58 H 3.55 N 14.81. 

Found: C 46.97 H 3.63 N 14.80. 

5 - Ch 1 o ro - 6- form y 1 - 8- meth y 1 - I, 3 -dip hen y 1 -p y rid0 [ 2,3 - 
d]pyrimidine-2,4,7(lH,3H, 8H)-trione (6b) 
From 5-hydroxy-8-methyl-1,3-diphenyl-pyrido[2,3-d]pyr- 
imidine-2,4,7-trione (2b) (1.7 g, 5 mmol) according to the 
method described for 6a. Yield: 1.4 g (75%) colorless prisms, 
m.p. 248-250 "C (ethanol); - IR: 1720 m, 1680 m, 1660 s 
cm-'; - 'H-NMR: 6= 3.2 (s, N-Me), 7.3-7.62 (m, 10 ArH), 
10.3 ( s ,  CH=O). 
C21H14C1N304 Calcd.: C 61.85 H 3.46 N 10.30 
(407.82) Found: C 61.66 H 3.82 N 10.14. 

5- Chloro-6-fomtyl-l,3-dimethyl-8-phenyl-pyrido[2,3-d]pyri- 
midine-2,4,7(lH,3H, 8H)-trione (6c) 
From 5-hydroxy- 1,3-dimethy1-8-phenyl-pyrido[2,3-d]pyr- 
imidine-2,4,7-trione (2g) (1.5 g, 5 mmol) according to the 
method described for 6a. Yield: 1.3 g (75%) colorless prisms, 
m.p. 236-38 "C (dimethylformamide/ethanol); - IR: 1730 w, 
1669 s crn-';-'H-NMR(DMSO-d6):6=2.64(s,N-Me),3.24 
(s, N-Me), 7.56-7.60 (m, 5 ArH), 10.18 (s, CH=O). 

(345.74) 
C16H12CW304 Calcd.: C 55.58 H 3.50 N 12.15. 

Found: C 55.84 H 3.72 N 12.02. 

General Method for the Preparation of 5-Arylamino- 
1,3,8-trisubstituted-pyrido[2,3-d]pyrimidine-2,4,7 (lH, 
3H,SH)-triones (8a-h) 

A mixture of the appropriate 8-methyl-5-(4-toluene- 
sulfonyloxy)-pyrido[2,3-d]pyrimidine-2,4,7-trione (5a,b) (2 
mmol) and the corresponding aromatic amine (4 mmol) in 2- 
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No. method m.p. ("C) IR (cm-') 
R' R2 R4 yield (%) solvent 'H-NMR (6 ppm) 

9a 

9b 

Me Me H 

Me 

A. 82 
B: 87 

325-227 
DMF 

~ ~~ 

1710 m, 1660 s, 1620 w, 1600 m. 
b)3.53 (s, N-Me), 3.78 (s, N-Me), 3.82 (s, N-Me), 7.9-8.05 (m, 1 ArH), 
8.31-8.45 (m, 3 ArH), 9.86 (s, H-7). 
1725 m, 1670 s, 1590 m. 
b)2.66 (s,9-Me), 3.58 (s, N-Me), 3.81 (s, N-Me), 3.86 (s, N-Me) 8.16 

1710 m, 1660 s, 1600 m. 
b)3.58 (s,N-Me), 3.83 (s,N-Me),3.86(s,N-Me), 8.25 (d,J = 7 Hz, 

1700 m, 1660 m, 1620 s. 
b, 3.2 (s,N-Me), 3.45 (s,N-Me), 3.49 (s,N-Me), 7.85 (d,J = 7 Hz, 

1730 m, 1670 s, 1620 m. 

(d, J = 7 Hz, H-lo), 8.25 (d, J = 7 Hz, H-11) 8.30 (s, H-8), 9.81 (s, H-7). 

H-11), 8.36 (d, J = 7 Hz, H-lo), 8.39 ( s ,  H-8), 9.82 (s, H-7). 

H-11) 7.96 (d, J = 7 Hz, H-lo), 8.2 ( s ,  H-8), 9.45 (s, H-7). 

Me Me A: 83 322-324 
DMF 

9c 

9c.HCl 

Me Me 

Me Me 

c1  

c1 

A: 90 
B: 89 

3 3 3-3 35 
DMF 

A: 91 >350 
DMF 

9d 

9e 

Me Me 

Me Me 

A: 91 

A: 86 

334-336 
DMF 

DMF 
338-340 1720 m, 1670 s, 1620 w. 

b)3.28 (s, N-Me), 3.54 (s, N-Me), 3.58 (s, N-Me), 8.29 (d, J = 7 Hz, 

1730 w, 1705 m, 1630 s. 
b)3.34 (s, N-Me), 3.6 (s, N-Me), 3.65 (s, N-Me), 8.34 (d, J = 7 Hz, 

1715 m, 1690 s, 1670 s. 
2.89 (s, 3 H, N-Me), 3.47 (s, 3 H, N-Me), 7.42-7.57 (m, 5 H, ArH), 
7.90-8.10 (m, 3 H, ArH), 8.3 (d, J = 7 Hz, 1 H, ArH), 9.03 (s, 1 H, H-7). 
1710 m, 1670 s, 1699 m. 
2.53 (s, 9-Me), 2.82 (s,N-Me), 3.43 (s, N-Me), 7.35-7.50 (m,5 ArH), 

1715 w, 1695 w, 1670 s. 
b, 2.8 (s, N-Me), 3.24 (s, N-Me), 7.25-7.35 (m, 5 ArH), 7.98 (d, J = 7 Hz, 

1720 w, 1670 s, 1600 w. 

1755 w, 1695 s, 1680 s. 
b)2.78 (s,N-Me), 3.30 (s,N-Me) 7.13-7.34 (m,5 ArH), 8.31 (d,J = 7 Hz, 

1720 m, 1675 s, 1620w. 
3.08 (s, N-Me), 7.36-7.51 (m, 10 ArH), 7.6 & 7.85 (2 t, J = 7 Hz, H-9 

1720 m, 1680 s ,  1600 m. 
2.56 (s, 9-Me), 3.06 (s, N-Me), 7.34-7.49 (m, 10 ArH), 7.7 (d, J = 7 Hz 

1730 m, 1710 s, 1660 m, 1630 s. 
b, 2.65 (s, 9-Me), 3.15 (s, N-Me), 7.35-7.58 (m, 10 ArH), 8.10 (s, H-8), 

1725 m, 1680 s, 1595 m. 
b, 2.85 (s, N-Me), 6.8-7.3 (m, 10 ArH), 7.82 (d, J = 7 Hz, H-lo), 8.1 (d, 
J= 7 Hz, H-1 I), 8.15 (s, H-8), 9.58 (s, H-7). 
1730 m, 1700 m, 1665 m, 1630 s. 
b, 3.15 (s, N-Me) 7.35-7.58 (m, 10 ArH), 8.18 (d, J = 7 Hz, H-11), 8.35 

1725 s, 1675 s, 1600 m. 
3.1 (s, N-Me), 7.28-7.52 (m, 10 ArH), 7.6-7.72 (m, 10 ArH), 8.26-8.36 

1730 w, 1680 s, 1650 w. 
3.1 (s, N-Me), 7.25-7.55 (m, 10 ArH), 8.39 (d, J = 7 Hz, H-I]), 8.58 (d, 
J = 7 Hz, H-lo), 8.95 (s, H-8), 9.4 (s, H-7). 

H-II), 8.69 (d, J = 7 Hz, H-lo), 9.0 ( s ,  H-8), 9.75 (s, H-7). 

H-11) 8.73 (d, J = 7 Hz, H-lo), 9.05 (s, H-8), 9.8 (s, H-7). 

7.64 (S, H-8), 7.7 (d, J = 7 Hz, H-lo), 8.15 (d, J = 7 Hz, H-ll), 8.88 (s, H-7). 

H-II), 8.10 (d, J = 7 Hz, H-10). 8.15 (s, H-8), 9.55 (s, H-7). 

H-ll), 8.72 (d, J = 7 Hz, H-lo), 9.0 (s, H-8), 9.73 (s, H-7). 

& H-lo), 8.0 & 8.29 (2 t, J = 7 Hz, H-8 & H-ll), 9.23 (s, H-7). 

H-lI), 7.75 (s, H-8), 8.16 (d, J = 7 Hz, H-lo), 9.12 (s, H-7). 

8.16 (d, J = 7 Hz, H-lo), 8.30 (d, J = 7 Hz, H-11), 9.82 (s, H-7). 

(d, J = 7 Hz, H-lo), 8.42 (s, H-8), 9.84 (s, H-7). 

(dd, J = 2+7 Hz, 1 ArH), 9.2 (s, H-7). 

9eHCl Me Me 

Me Ph 

Me Ph 

A: 89 >350 
DMF 

9f H A: 85 302-305 
DMFlEtOH 

9g Me A: 87 297-299 
DMF/EtOH 

9h Me Ph c1  A: 88 3 13-3 15 
DMFlEtOH 

9i 

9j 

Me Ph 

Me Ph 

A: 86 

A: 82 

322-324 
DMF/EtOH 

DMFEtOH 
348-35 1 

9k c, Ph Me H A: 86 
B: 84 

3 12-3 14 
DMFlEtOH 

Ph Me Me 

Me 

c1 

A: 81 304-306 
DMFEtOH 

9LHC1 Ph Me 

Ph Me 

A: 85 >350 
DMF 

mn 

9mHCI 

A: 86 326-328 
DMF/ethanol 

Ph Me 

Ph Me 

Cl 

F 

A: 86 >350 
DMF 

!hl A: 91 
B: 87 

316318 
DMFEtOH 

B: 85 343-345 
DMFlEtOH 

90 Ph Me 

") The elemental analyses agree within +0.4% of the theoretical values. b, trifluoroacetic acid was used as the solvent. 
c ,  13C-NhIR of 9k (CDC13): 6= 36.57 (N-Me), 98.10 (C-l2b), 117.15 (C-6a), 125.93 (C-7a), 127.23-133.04 (14 aryl-C of 2- and 4- 
phenylsubstituents and fused benzoring), 134.80 (C-1 of 4-phenyl), 138.81 (C-1 of 2-phenyl), 139.04 (C-7), 148.22 (C-l2a), 150.88 (C- 
4a),151.63 (C-lla), 151.68 (C-3), 158.84 (C-l), 163.71 (C-6). 
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propanol (20 ml) was heated under reflux for 12 h with 
intensive stirring. After standing at room temperature for about 
6 h, the formed precipitate was collected by suction, washed 
with a small amount of methanol and recrystallized from the 
appropriate solvent. Experimental data: Table 1.  

General Method for the Preparation of 2,4,5,9-Tetra- 
substituted-benzo[b]pyrimido[4,5-h]1,6-naphthyridine- 
1,3,6( 2H,4H,SH)- triones (9a-o) 

Method Q) A solution of the corresponding 5-chloro-6-formyl- 
1,3,8-trisubstituted-pyrido[2,3-d]pyrimidine-2,4,7-trione (6a- 
e )  (5 mmol) in dimethylformamide (15-30 ml) and the 
appropriate aromatic amine (6 mmol) was stirred at 60-70°C 
for 2 h. After this time a yellow precipitate was formed, which 
was filtered after cooling, washed with acetone, dried and 
recrystallized from dimethylformamide. This product could 
be shown to be the hydrochloride of 9, which gave upon 
treatment with aqueous 2 N sodium hydroxide solution (50 
ml) the free base of 9. 
To obtain the free base of 9 without isolation of the salt, the 
mixture containing the yellow precipitate, isolated by filtration 
of the reaction mixture, was poured into ice/water (100 ml) 
and the suspension brought to pH = 8 with aqueous2 Nsodium 
hydroxide solution (50 ml). After standing at room temperature 
for 5 h, the formed precipitate was collected by suction, washed 
with water, dried and recrystallized from the appropriate 
solvent. Experimental and spectroscopic data: Table 2. 

Method b) Phosphoryl chloride (2.0 ml, 22 mmol) was added 
portionwise to a cold, stirred suspension of the corresponding 
5-arylamino-l,3,8-trisubstituted-pyrido[2,3-d]pyrimidine- 
2,4,7-trione (Sa,c,efl(5 mmol) in dimethylformamide (10 d). 
Then the reaction mixture was stirred for 1 h at 50-60 "C. 
After cooling, the reaction mixture was poured into ice/water 
(200 ml) and the suspension brought to pH = 8 with 2 N 
aqueous sodium hydroxide. The obtained yellow precipitate 
was collected by suction, washed with water and recrystallized 
from the appropriate solvent. Experimental and spectroscopic 
data: Table 2. 

References 

[l]  0. A. Burova, N. M. Smirnova, V. I. Pol'shakov, G. S. 
Chernov, G. A. Losev, T. S. Safonova, Khim. Geterot- 
sikl. Soedin 1991,674 

[2] L. Quijano, M. Nogueras, M. Melgarejo, A. Sanchez, 
Monatsh. Chem. 122 (1991) 255 

[3] a) A. R. Katritzky, R. A. Jones, J. Chem. SOC. 1960, 
2947; b) L. J. Bellamy, R. E. Rogash, Spectrochim. Acta 
16 (1969) 30; c) W. Fabian, Z .  Naturforsch. 34b (1979) 
266 

[4] a) H. J. Knops, L. Born, Tetrahedron Lett. 24 (1983) 
2973; b) M. J. Shapiro, M. X. Kolpak, T. L. Lemke, J. 
Org. Chem. 49 (1984) 187 

[5] a) F. A. L'Eplattenier, L. Vuitel, H. Junek, 0. S .  Wolf- 
beis, Synthesis 1976, 543; b) P. Roschger, W. Stadl- 
bauer, Liebigs Ann. Chem. 1991,401; c) W. Fiala, W. 
Stadlbauer, J. Prakt. Chem. 335 (1993) 128; d) M. 
Fischer, dissertation, University of Graz, 1995 

[6] Th. Kappe, S. Ajili, W. Stadlbauer, J. Heterocycl. Chem. 
25 (1988) 463 

71 a) V. L. Savel'ev, 0. S. Artamonova, V. S. Troitskaya, 
V. G. Vinokurov, V. A. Zagorevskii, Khim. Geterotsikl. 
Soedin. 1973, 885; b) S. L. Solodar, V. A. Kochkin, 
Zhur. Org. Khim. 18 (1982) 1555; Chem. Abstr. 97 
(1982) 197956~ 

81 a) E. C. Taylor, P. S. Ray, Heterocycles32 (1991) 1327; 
b) T. Kimachi, M. Kawase, S. Matsuki, K. Tanaka, F. 
Yoneda, J. Chem. SOC., Perkin Trans. 1, 1990,253; c) 
R. Martinez, E. Cortes, R. A. Toscano, I. Linzaga, J. 
Heterocycl. Chem. 27 (1990) 353; d) E. Cortes, R. 
Martinez, J. G. Avila, R. A. Toscano, J. Heterocycl. 
Chem. 25 (1988) 895 

[9] L. F. Johnson, W. C. Jankowski, ,,Carbow13 NMR 
Spectra", J. Wiley & Sons Inc., New York, London, 
Sydney, Toronto, 1972 

[lo] a) H. Ogura, M. Sakaguchi, Chem. Pharm. Bull 21 
(1973) 2014; b) W. Pfleiderer, K. H. Schundehutte, Lie- 
bigs Ann. Chem. 612 (1957) 158; c) G. Strauss, Lie- 
bigs Ann. Chem. 638 (1960) 205 

Adress for correspondence: 
Prof. Dr. Wolfgang Stadlbauer 
Institut fur Organische Chemie 
Karl Franzens-Universitat Graz 
Heinrichstr. 28 
A-8010 Graz, Austria 




