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Reactivities of 5-dimethylaminomethylene-6-imino-1,3-dimethyluracil hydrochloride (1) toward a variety of
active methylene compounds 2 and 5 were investigated. Treatment of 1 with active methylene compounds
such as malononitrile and ethyl cyanoacetate in the presence of triethylamine gave pyrido[2,3-dJpyrimidine-
2,4-dione derivatives 3. Reaction of 1 with barbituric acids resulted in the formation of pyrido[2,3-d:6,5-d di-

pyrimidine-2,4,6,8-tetrone derivatives 6.

J. Heterocyclic Chem., 22, 345 (1985).

Synthetic studies on fused pyrimidines have been docu-
mented extensively in connection with the biologically im-
portant purines and pteridines. 6-Aminouracil derivatives
have been employed as a convenient starting material for
the preparation of not only purines [2] and pteridines [3]
but also a variety of fused pyrimidines such as pyrrolo-
[2,3-d)pyrimidines [4,5], thiazolo[3,4-d]pyrimidines [6,7],
pyrido[2,3-d]pyrimidines [5,8-10], pyrimido[4,5-d]pyrimid-
ines [7,10-12), pyrimido[4,5-b]{1,3]thiazines [12], pyrimido-
[4,5-blindoles [13], pyrimido[5,4-glpteridines [14], and pyr-
ido[2,3-d:6,5-d 'Jdipyrimidines [15]. Recently, we found [16]
that 5-dimethylaminomethylene-6-imino-1,3-dimethylurac-
il hydrochloride (1) (the Vilsmeier intermediate) obtained
with ease by the Vilsmeier reaction of 6-amino-1,3-dimeth-
yluracil was an useful intermediate for the preparation of

pyrimido[4,5-d]pyrimidine derivatives. During our inves-
tigation on the synthesis of fused pyrimidines by use of the
Vilsmeier intermediate 1, we now found a versatile and
convenient method for the preparation of pyrido[2,3-d}-
pyrimidines 3 and pyrido[2,3-d:6,5-d'|dipyrimidines 6 by
reaction of 1 with active methylene compounds.
Reaction of 1 with malononitrile (2a) and triethylamine in
ethanol at room temperature for 2 hours afforded 7-amino-
6-cyano-1,3-dimethylpyrido{2,3-d]pyrimidine-2,4(1 H,3 H)-
dione (3a) in 82% yield. The structure of 3a was presumed
by microanalysis and spectral data. Further treatment of
3a with sodium nitrite in aqueous solution of acetic acid
easily led to the formation of 1,3-dimethylpyrido[2,3-d]pyr-
imidine-2,4,7(1H,3H,8H)-trione (4), which was identical
with an authentic sample previously prepared [9]. Analo-
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Table 1
Physical Data of Pyrido[2,3-d]pyrimidine-2,4(1 H,3H)-dione
Analysis %
Compound Mp, °C Molecular Caled./(Found)
No. R! X Yield % (Recryst Solvent) Formula C H N
3a CN NH, 82 > 300 [a] C,,H,N;0, 51.94 3.92 30.29
(CH,CO,H) (51.72 3.95 30.36)
3b CONH, NH, 74 > 300 C,oH,,N;0, 48.19 4.45 28.10
(DMF) (48.39 4.41 27.85)
3c CO,C,H; NH, 83 220 C,H, N0, 51.79 5.07 20.14
(C,H,0H) (51.99 5.11 20.20)
3d COCH, CH, 42 151 C,.H,.N,0, 58.29 5.30 17.00
(C,H;0H) (58.42 5.41 17.07)
3e CO,C,H; CH, 58 123 C;H;;N,0, 56.31 5.45 15.16
(C,H,0H) (56.08 5.45 15.28)
fa] Lit mp 354° {10a).
Table 2
Physical Data of Pyrido[2,3-d:6,5-d"ldipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetrone
Analysis %
Compound Mp, °C Molecular Calcd./(Found)
No. R! X Yield % (Recryst Solvent) Formula C H N
6a CH, 0 91 > 300 C,,H,;N,0, 51.48 4.32 23.09
(DMF) (51.69 4.23 23.04)
6b H 0 76 > 300 C,,H,N;0, 48.00 3.30 25.45
(H,0) 48.17 3.38 25.33)
6¢c H S 67 > 300 C,;H,N;0,8 45.36 3.11 24.04
[a] (45.28 3.20 24.08)

[a] Recrystallization not possible. Washed with boiling DMF.

gous reaction of 1 with active methylene compounds such
as cyanoacetamide (2b), ethyl cyanoacetate (2¢), acetylac-
etone (2d), and ethyl acetoacetate (2e) gave the correspon-
ding pyrido{2,3-d]pyrimidines 3b-e, respectively, in good
yields (Table 1).

Subsequently, barbituric acid derivatives were employ-
ed as active methylenes. Heating of 1 with 1,3-dimethyl-
barbituric acid (5a) in dimethylformamide (DMF) at reflux
temperature for 1 hour gave 1,3,7,9-tetramethylpyrido-
[2,3-d:6,5-d'|dipyrimidine-2,4,6,8(1 H,3H,7H,9H)-tetrone
(6a) in 91% yield. Alternatively, 6a could be obtained in
46% yield by the reaction of 1 with 6-amino-1,3-dimethyl-
uracil (7) in refluxing DMF for 12 hours. Under the same
conditions, reaction of 1 with barbituric acid (5b) and
2-thiobarbituric acid (5¢) gave the corresponding pyrido-
dipyrimidines 6b and 6c¢ in 76% and 67% yield, respec-
tively (Table 2).

EXPERIMENTAL

Melting points were determined on a Yanagimoto micro melting point
apparatus and are uncorrected. Nuclear magnetic resonance spectra

were recorded on a Hitachi Perkin-Elmer R-20B spectrometer (60 MHz)
using tetramethylsilane as an internal standard. Chemical shifts are re-
ported as & values in parts per million (ppm). Mass spectra were taken on
a JEOL JMS-D300 machine operating at 70 eV. Elemental analyses were

carried out at the Microanalytical Laboratory of our university.

General Procedure for 6,7-Disubstituted Pyrido[2,3-d]pyrimidine-2,4-
(1H,3H)diones 3a-e (Table 1).

Triethylamine (490 mg, 4.9 mmoles) was added to a suspension of 1
(4.1 mmoles) [16] and an active methylene compound 2 (4.1 mmoles), such
as malononitrile (2a), cyanoacetamide (2b), ethyl cyanoacetate (2c),
acetyl acetone (2d), and ethyl acetoacetate (2e), in ethanol (30 ml) under
ice-cooling with stirring. The mixture was stirred for 1-2 hours at room
temperature and the resulting precipitate was collected by filtration to
give the product 3. Recrystallization from an appropriate solvent gave an
analytically pure sample.

7-Amino-6-cyano-1,3-dimethylpyrido[2,3-dJpyrimidine-2,4(1 H,3 H)-dione
(3a).

This compound had 'H-nmr (trifluoroacetic acid): & ppm 3.60 (3H, s),
3.80 (3H, s), and 8.73 (1H, s).

7-Amino-6-carbamoyl-1,3-dimethylpyrido{2,3-d]pyrimidine-2,4(1 H,3 H)-di-
one (3b).

This compound had 'H-nmr (trifluoroacetic acid): 8 ppm 3.60 (3H, s),
3.87 (3H, s), and 9.36 (1H, s).
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7-Amino-6-ethoxycarboylpyrido[2,3-d]pyrimidine-2,4(1 H,3H)-dione  (3c).
This compound had 'H-nmr (hexadeuteriodimethyl sulfoxide): 8 ppm

1.35 (3H, 1, ] = 7 Hz), 3.18 (3H, s), 3.38 (3H, s), 4.27 (2H, q, ] = 7 Hz),
7.93 (2H, br s), and 8.31 (1H, s).

6-Acetyl-1,3,7-trimethylpyrido[2,3-d]pyrimidine-2,4(1 H,3H)-dione (3d).

This compound had 'H-nmr (deuteriochloroform): 6 ppm 2.67 (3H, s),
2.86 (3H, s), 3.50 (3H, s), 3.74 (3H, s), and 8.77 (1H, s).

6-Ethoxycarbonyl-1,3,7-trimethylpyrido(2,3-d]pyrimidine-2,4(1 H,3 H)-di-
one (3e).
This compound had ‘H-nmr (deuteriochloroform): 6 ppm 1.42 (3H, t,J

= 7 Hz), 2.92 (3H, s), 3.50 (3H, s), 3.75 (3H, s), 4.38 2H, q, ] = 7 Hz), and
8.93 (1H, s).

Hydrolysis of 3a.

A mixture of 3a (115 mg) and sodium nitrite (1.0 g) in acetic acid (170
ml) and water (10 ml) was stirred for 30 minutes at room temperature.
The solvent was removed under reduced pressure. The residue was treat-
ed with water and the precipitate was collected by filtration to give 4 (80
mg) [9]

General Procedure for Pyrido[2,3-d:6,5-d ldipyrimidine-2,4,6,8(1 H,3H,-
TH,9H)tetrone (5a-c) (Table 2).

A mixture of 1 (490 mg, 2 mmoles) and 5 (2 mmoles) in DMF (7 ml) was
heated at 160-170° for 30-60 minutes. After cooling the reaction solution
was diluted with ethanol and the resulting precipitate was collected by
filtration. Recrystallization from an appropriate solvent gave an analyti-
cally pure sample.
1,3,7,9-Tetramethylpyrido[2,3-d:6,5-d |dipyrimidine-2,4,6,8(1 H,3H,-
TH,9H)-tetrone (6a).

This compound had 'H-nmr (triflucroacetic acid): & ppm 3.60 (6H, s),
3.88 (6H, s), and 9.36 (1H, s); ms: m/e 303 M*.

1,3-Dimethylpyrido[2,3-d:6,5-d|dipyrimidine-2,4,6,8(1 H,3H,7H,9 H)-
tetrone (6b).

This compound had 'H-nmr (trifluoroacetic acid): 6 ppm 3.59 (3H, s),
3.82 (3H, s), and 9.30 (1H, s); ms: m/e 275 M*.

1,3-Dimethylpyrido[2,3-d:6,5-d'|dipyrimidine-2,4,6(1 H,3H,7 H)-trione-
8(7H)-thione (6c¢).

This compound had ms: m/e 291 M*.
Alternative Procedure for 6a.

A mixture of 1 (490 mg, 2 mmoles) and 7 (372 mg, 2.4 mmoles) in DMF
(7 ml) was heated at 160-170° for 12 hours. After cooling the reaction so-

Pyrimidines. LII. 347

lution was diluted with ethanol and the resulting precipitate was collec-
ted by filtration to give 6a (280 mg, 46%).
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