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The title compounds 4 and 5 have been prepared in one-step reaction from 6-amino-4-pyrimidinones 1,
the corresponding 4-substituted benzaldehyde 2 and ethy! cyanoacetate 3 in very good yields. The structure
of the final compounds was determined on the basis of nmr measurements, especially by 1H,1H-, 1H,13C
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Introduction.

Pyrido[2,3-d]pyrimidines present interesting biological
properties [1-6], especially for their potential antibacterial
[7,8] properties, and as for some recent applications, they
have been used as dihydrofolate reductase inhibitors and
as antitumor agents [9-11]; some of them have shown
antimicrobial activity [12], diuretics properties [13] and
activity against platelet aggregation [14].

In continuation of our previous studies of the synthesis
of heterocyclic compounds from heterocyclic amines [15-
20], in this work we studied the reaction of 6-amino-3,4-
dihydro-4-pyrimidones la,b with 4-substituted benzalde-
hydes 2 and ethyl cyanoacetate 3 in order to obtain novel
pyrido[2,3-d]pyrimidine derivatives.

Results and Discussion.

A solution of equimolar amounts of amine 1a, benzalde-
hyde 2 and ethy! cyanoacetate 3 in ethanol, in the presence
of catalytic amounts of triethylamine, was heated to reflux
for 2.5-3 hours. After the reaction mixture was cooled, a
precipitate was formed and removed by filtration to give
the corresponding 5-(4-R-phenyl)-6-cyano-2-methoxy-5,6-
dihydro-3H,8 H-pyrido[2,3-d]pyrimidine-4,7-diones 4a-c
(Scheme 1) which were recrystallized from ethanol.

It is important to note that the reaction of compound 1b
(methylthio analogous of 1a) with 2 and 3 under the same
conditions leads to the formation of oxidized products,
5-(4-R-phenyl)-6-cyano-2-methylthio-3H,8 H-pyrido[2,3-
d]pyrimidine-4,7-diones 5a-c, in this case, it was impossi-
ble to isolate the intermediate product, a dihydro deriva-
tive (Scheme 2).

The formation of 4 and 5 was confirmed by their spec-
troscopic analysis. Thus, the ir spectra of these com-
pounds, measured in potassium bromide pellets, show two
bands of the elongation vibrations of the C=0 groups at
1638-1727 cmrl, two bands for NH-groups at 3276-3435
cm! and one band for the CN group at 2220-2263 cm-!,

In the !H-nmr spectra of compounds 4a-c and 5a-c,
measured in dimethyl-dg sulfoxide (Table 1), besides the
signal of CH;X- group at 3.90-3.92 (methoxy) and 2.58-
2.59 (methylthio) ppm and the aromatic proton signals at
7.21-8.31 ppm, for 4 two doublets were observed at & =
4.42-5.15 ppm (3J = 7.1 £0.2 Hz) which were assigned to
the H-5 and H-6 protons. These two doublets disappeared
in the H-nmr spectra of compounds 5. For compounds 4
and 5 two singlets at § = 12.45-13.09 and 11.25-13.09 ppm
with a 1:1 relation, corresponding to the protons 3-NH and
8-NH of pyrido[2,3-d]pyrimidine system, were observed.
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Table 1
IH-NMR Data for 4 and 5 (8 values, Tetramethylsilane as the Internal Standard, in Dimethyl-dg Sulfoxide, 300 MHz)
Compound CH3X 5-H 6-H 3-NH 8-NH 5-Ar
s d d s o m P
4a 3.90 5.01 442 12.45 11.25 7.21 7.32 7.28
4b 3.90 5.03 4.46 12.45 11.25 7.23 7.41 -
4c 3.92 5.15 4.70 12.50 11.35 7.51 8.21 -
Sa 2.58 - - 12.91 " 1291 7.20 7.34 7.27
5b 2.59 - - 13.00 13.01 7.34 7.50 -
S¢ 2.59 - - 13.09 13.09 7.63 8.31 -
Table 2
13C-NMR Data for 4 and 5 (8 Values, Tetramethylsilane as the Internal Standard, in Dimethyl-dg Sulfoxide 75 MHz)
Compound 4a 4b 4c 5a 5b Sc
CH3X 54.9 55.0 55.1 129 13.06 13.01
C-2 157.7 157.8 158.0 159.9 159.8 158.8
C-4 161.3 161.3 161.3 161.0 160.0 160.0
C-4a 96.1 95.7 95.0 98.9 99.0 98.9
C-5 40.9 40.8 40.3 102.2 102.3 101.9
C-6 36.8 36.2 36.5 157.8 157.9 158.0
C-7 163.8 163.6 163.5 166.8 167.0 167.5
C-8a 138.0 137.2 147.1 136.1 135.2 147.5
-CN 115.7 115.6 1154 115.2 115.3 115.1
Ar G 154.1 154.2 154.4 155.4 155.5 155.6
Com 1274 128.7 123.9 127.1 127.6 123.1
128.6 1293 128.9 127.6 129.0 128.9
C 1325 1334 145.8 128.7 133.4 143.3

The final elucidation of structure of compounds 4 and §
was carried out by analysis of the 13C-nmr spectra (Table
2). In the 13C-nmr spectra of compounds 4a-c two carbon
signals at 8 = 36.2-36.8 and 40.3-40.9 ppm were
observed, corresponding to carbon atoms C-6 and C-5,
respectively. The 1H, 13C COSY (HMQC and HMBC)
reveal that the proton signal at 5.01-5.15 ppm belongs to
the carbon atom C-6 at highest field.

EXPERIMENTAL

Melting points were taken on a Biichi Melting Point Apparatus
and are uncorrected. The !H-and !3C nmr spectra were run on a

Bruker DPX 300 spectrometer operating at 300 MHz and 75 MHz
respectively, in dimethyl sulfoxide-dg as solvent and tetramethyl-
silane as internal standard. The mass spectra were scanned on a
Hewlett Packard HP Engine-5959 spectrometer (equipped with a
direct inlet probe) operating at 70 eV. The elemental analyses
have been obtained using a LECO CHNS-900 equipment.

General Procedure for the Preparation of the Substituted
Pyrido[2,3-d]pyrimidines 4 and 5.

A solution of the 6-aminopyrimidine 1a,b (1.5 mmoles), the
corresponding 4-substituted benzaldehyde (2) (1.5 mmoles) and
ethyl cyanoacetate (3) (1.5 mmoles) in 10 ml of absolute ethanol
and 1 ml of triethylamine was heated to reflux for 2.5-3 hours.
The reaction mixture was cooled. The cyclized products 4 and 5
were collected by filtration, washed with ethanol, dryed and
recrystallized from ethanol.
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5-Phenyl-6-cyano-2-methoxy-5,6-dihydro-3H,8 H-pyrido[2,3-d]-
pyrimidine-4,7-dione 4a.

This compound was obtained according to the general proce-
dure as white crystals, mp 319°, yield 65%; ir (potassium bro-
mide): v 1638, 1717 (C=0), 2260 (CN), 3279, 3390 (NH) cm-1;
ms: (70 eV) m/z (%) 297 (23), 296 (100, molecular ion), 295
(23), 270 (17), 269 (72, M*-HCN), 268 (14), 267 (28), 228 (19),
219 (23, M+-CgHs"), 194 (28), 128 (13), 77 (15, C¢Hs"), 58 (23),
51 (21), 44 (10), 39 (13).

Anal. Caled. for C{sH,N4O5: C, 60.81; H, 4.08; N, 18.91.
Found: C, 60.95; H, 4.13; N, 18.80.

5-(4-Chlorophenyl)-6-cyano-2-methoxy-5,6-dihydro-3H,8 H-
pyrido[2,3-d]pyrimidine-4,7-dione 4b.

This compound was obtained according to general procedure
as white crystals, mp 323°, yield 68%; ir (potassium bromide): v
1638, 1717 (C=0), 2263 (CN), 3276, 3435 (NH) cm-1; ms: (70
eV) m/z (%) 332 (27), 331 (19), 330 (87, molecular ion), 329
(13), 305 (34), 304 (25), 303 (100, M+-HCN), 302 (12), 301
(24), 295 (15), 262 (12), 221 (7), 220 (9), 219 (31, M+-4-Cl-
CgHy"), 111 (7, 4-CI-CgHy"), 75 (13), 69 (10), 68 (14), 67 (13),
58 (37), 50 (10), 44 (12), 43 (10), 39 (8).

Anal. Calcd. for CsH;N4O3Cl: C, 54.47; H, 3.35; N, 16.94.
Found: C, 54.35; H, 3.51; N, 16.82.

5-(4-Nitrophenyl)-6-cyano-2-methoxy-5,6-dihydro-3H,8H-
pyrido[2,3-d]pyrimidine-4,7-diones 4c.

This compound was obtained according to general procedure
as white crystals, mp 303°, yield 70%; ir (potassium bromide): v
1641, 1718 (C=0), 2263 (CN), 1337, 1513 (NOy,), 3350, 3510
(NH) cm!; ms: (70 eV) m/z (%) 342 (22), 341 (100, molecular
ion), 340 (16), 324 (33), 315 (15), 314 (66, M+-HCN), 312 (14),
294 (14), 266 (13), 227 (18), 219 (32, M*+-4-NO,-CgHy"), 194
(39), 187 (11), 180 (13), 176 (10), 127 (12), 115 (10), 101 (18),
100 (11), 89 (13), 88 (10), 83 (11), 77 (16), 76 (22), 75 (23), 74
(11), 69 (24), 68 (23), 67 (18), 64 (17), 63 (22), 58 (98), 57 (10),
55 (10), 44 (25), 43 (23), 42 (11), 39 (24).

Anal. Calcd. for CysH;NsOg: C, 52.79; H, 3.25; N, 20.52.
Found: C, 52.65; H, 3.13; N, 20.80.

5-Phenyl-6-cyano-2-methylthio-3H,8H-pyrido[2,3-d}pyrimi-
dine-4,7-dione Sa.

This compound was obtained according to general procedure
as white crystals, mp 345°, yield 65%; ir (potassium bromide): v
1637, 1721 (C=0), 2220 (CN), 3390, 3420 (NH) cm!; ms: (70
eV) m/z (%) 312 (15), 311 (24), 310 (100, molecular ion), 309
(58), 263 (15), 236 (19), 221 (25), 165 (35), 154 (10), 153 (15),
140 (13), 128 (18), 127 (19), 77 (38), 69 (29), 68 (52), 63 (61),
51 (39), 44 (45), 43 (45), 41 (35), 39 (37).

Anal. Calced. for CsH gN40,S: C, 58.06; H, 3.25; N, 18.05.
Found: C, 58.16; H, 3.15; N, 18.13.

5-(4-Chlorophenyl)-6-cyano-2-methylthio-3 H,8 H-pyrido[2,3-d]-
pyrimidine-4,7-dione 5b.

This compound was obtained according to general procedure
as white crystals, mp >360°, yield 70%; ir (potassium bromide):
v 1650, 1720 (C=0), 2240 (CN), 3445, 3565 (NH) cm-!; ms:
(70 eV) m/z (%) 346 (11), 345 (31), 344 (100, molecular ion),
343 (38), 255 (11), 89 (10), 47 (13), 46 (11), 45 (12).
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Anal. Calcd. for CsHgN40,SCl: C, 52.26; H, 2.63; N, 16.25.
Found: C, 52.18; H, 2.52; N, 16.34.

5-(4-Nitrophenyl)-6-cyano-2-methylthio-3H,8 H-pyrido[2,3-d]-
pyrimidine-4,7-dione Sc.

This compound was obtained according to general procedure
as white crystals, mp 350°, yield 68%; ir (potassium bromide): v
1642, 1721 (C=0), 2226 (CN), 1347, 1516 (NO,), 3300, 3440
(NH) cm-L.

Anal. Calcd. for C;sHgNsO,S: C, 50.70; H, 2.55; N, 19.71.
Found: C, 50.64; H, 2.43; N, 19.79.
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