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A series of 5,7-diarylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-diones was synthesized via the reaction of
6-aminopyrimidine-2,4-dione and a,b-unsaturated ketones in ionic liquid without using any catalyst.
This protocol has the advantages of easier work-up, milder reaction conditions, high yields, and envi-
ronmentally benign procedure over traditional methods.
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INTRODUCTION

The importance of uracil and its annulated derivatives

is well recognized by synthetic [1] as well as biological

[2] chemists. With the development of clinically useful

anticancer and antiviral drugs [3], there has recently

been remarkable interest in the synthetic manipulations

of uracils [4]. Pyrido[2,3-d]pyrimidines have received

considerable attention over the past years because of

their wide range of biological activities, which include

antitumor [5], antibacterial [6], anti-inflammatory [7],

antifungal [8], and antileishmaniasis [9] properties, and

also act as cyclin-dependent kinase 4 inhibitors [10].

Therefore, for the preparation of these complex mole-

cules large efforts have been directed towards the syn-

thetic manipulation of uracils. Broom et al. [11] synthe-
sized pyrido[2,3-d]pyrimidines from the reaction of

DMAD and 6-aminouracile in protic solvent but

obtained uncyclized condensed acetylenic adduct when

the reaction was carried in DMF [12]. Wawzonek

reported the synthesis of pyrido[2,3-d]pyrimidine-2,4-

diones by the acid- and base-catalyzed condensation of

6-amino-1,3-dimethyluracil with a,b-unsaturated car-

bonyl compounds [13]. Bhuyan et al. [14] reported the

synthesis of pyrido[2,3-d]pyrimidines from the reaction

of arylidenemalononitrile with 6-aminouracil in reflux-

ing 1-propanol, but in this reaction, benzylmalononitrile

was obtained as by-product and the amount of arylide-

nemalononitrile needed was in excess. Quiroga et al

[15] reported the synthesis of prrido[2,3-d]pyrimidines

by the reaction of 6-amino-2,3-dihydro-2-thioxo-4(1H)-
pyrimidinone and a,b-unsaturated ketones in boiling

DMF. Recently, Bagley et al. [16] reported a new

method for the synthesis of pyrido[2,3-d]pyrimidines by

the reaction of 2,6-diaminopyrimidin-4-one and buty-

nones in a range of different solvents at room tempera-

ture or 60�C. Quiroga et al. [17] reported the synthesis

of pyrido[2,3-d]pyrimidines via a selective cycloconden-

sation reaction between 6-aminopyrimidines and the

Mannich bases, propiophenone hydrochlorides. Devi

et al. [18] reported a novel three-component one-pot

synthesis of pyrido[2,3-d]pyrimidines using microwave

heating. These methods usually require harsh conditions,

using organic solvents, long reaction times and complex

synthetic pathways.

The ionic liquids have been the subject of consider-

able current interest as environmentally benign reaction

media in organic synthesis because of their unique prop-

erties of nonvolatility, nonflammability, and recyclabil-

ity, among others [19]. Numerous chemical reaction,

such as polymerization [20], hydrogenation [21], regio-

selective alkylation [22], Friedel-Crafts reactions [23],

dimerization of alkenes [24], Diels-Alder reactions [25],

Michael reactions [26], Cross-coupling reactions [27],

and some enzymic reactions [28] can be carried out in

ionic liquid. As part of our current studies on the devel-

opment of new routes to heterocyclic systems [29], we

herein describe a facile synthesis of pyrido[2,3-
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d]pyrimidine derivatives by the reaction of 6-aminopyri-

midine-2,4-dione and a,b-unsaturated ketones in ionic

liquid without using any catalyst (Scheme 1).

RESULTS AND DISCUSSION

Choosing an appropriate solvent is of crucial impor-

tance for the successful organic synthesis. To search for

the optimal solvent, the reaction of 6-amino-1,3-dime-

thylpyrimidine-2,4(1H,3H)-dione 1a and 1-(4-chloro-

phenyl)-3-(4-methylphenyl)prop-2-en-1-one 2a was

examined using ionic liquid such as [bmim]Br,

[bmim]BF4, [bmim]PF6, acetone, acetonitrile, ethanol,

chloroform, and DMF as solvent, respectively, at differ-

ent temperature for the synthesis of 3a. The results are

summarized in Table 1.

It can be seen from Table 1 that the reactions using

ionic liquids (Table 1, entries 6–8) as the solvents

resulted in higher yields and shorter reaction times than

those using organic solvents (Table 1, entries 1–5). On

the basis of the obtained results, [bmim]Br was found to

be superior in terms of cheap and yield. To optimize the

reaction temperature, the reactions were carried out at

different temperature ranging from room temperature to

90�C. We found that the yield of the product 3a was

improved and the reaction time was shortened, as the

temperature was increased to 90�C (Table 1, entries 8–

12). Therefore, the most suitable reaction temperature is

to 90�C. Under these optimized reaction conditions, a

series of pyrido[2,3-d]pyrimidine derivatives 3 were syn-

thesized. The results are summarized in Table 2.

As shown in Table 2, this protocol can be applied not

only to the aromatic rings of a,b-unsaturated ketones

with electron-withdrawing groups (such as halide and

nitro groups), but also to a,b-unsaturated ketones with

electron-donating groups (such as alkyl and alkoxyl

groups). Therefore, we concluded that the electronic na-

ture of the substituents of aromatic rings of a,b-unsatu-
rated ketones has no significant effect on this reaction.

In this study, all the products 3 were characterized by

mp, IR, and 1H NMR spectral data as well as HRMS

analysis.

Although the detailed mechanism of above reaction

remains not to be fully clarified, the formation of com-

pounds 3 could be explained by a reaction sequence pre-

sented in Scheme 2. We proposed that the reaction pro-

ceeded via a reaction sequence of Michael addition, cy-

clization, dehydration and aromatization. First, the Mi-

chael addition reaction of 6-aminopyrimidine- 2,4-dione

1 to a,b-unsaturated ketones 2 give the intermediate

product 4, which on intermolecular cyclization and

dehydration gave rise to 5. In the last step, the interme-

diate product 5 aromatized to product 3.

In conclusion, we have developed an efficient synthe-

sis of 5,7-diarylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-dio-
nes via the reaction of 6-aminopyrimidine-2,4-dione and

a,b-unsaturated ketones in ionic liquid without any cata-

lyst. This protocol has the advantages of easier work-up,

milder reaction conditions, high yields, and environmen-

tally benign procedure over traditional methods.

EXPERIMENTAL

Commercial solvents and reagents were used as received.
Melting points were uncorrected. IR spectra were recorded on
Varian F-1000 spectrometer in KBr with absorptions in cm�1.
1H NMR was determined on Varian-400 MHz spectrometer in

DMSO-d6 or CDCl3 solution. J values are in Hz. Chemical
shifts are expressed in ppm downfield from internal standard
TMS. HRMS data were obtained using TOF-MS instrument.

General procedure for the synthesis of pyrido[2,3-d]pyri-
midines derivatives 3. A dry 50 mL flask was charged with
6-aminopyrimidine-2,4-dione 1 (1 mmol), a,b-unsaturated
ketones 2 (1 mmol), and ionic liquid [bmim]Br (2 mL). The
mixture was stirred at 90�C for 5–7.5 h to complete the reac-
tion (monitored by TLC), then 50 mL H2O was added. The

solid was filtered off and washed with water. The crude prod-
uct was purified by recrystallization from ethanol to give 3.

7-(4-Chlorophenyl)-1,3-dimethyl-5-p-tolylpyrido[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione (3a). Mp: 238–239�C; IR (potassium
bromide): 3074, 2950, 1707, 1665, 1594, 1576, 1545, 1515,

1420, 1403, 1362, 1281, 1257, 1091, 1003, 834, 821, 784, 750

Scheme 1

Table 1

Solvent and reaction temperature optimization for

the synthesis of 3aa.

Entry Solvent

Reaction

temperature (�C)
Time

(h)

Yield

(%)

1 acetone reflux 15 43

2 acetonitrile reflux 10 58

3 ethanol reflux 8.5 72

4 chloroform reflux 13 52

5 DMF 100 7 88

6 [bmim]Br 90 5 96

7 [bmim]BF4 90 6 90

8 [bmim]PF6 90 6.5 88

9 [bmim]Br r.t. 18 47

10 [bmim]Br 40 16 62

11 [bmim]Br 60 10 73

12 [bmim]Br 80 6.5 81

a 6-amino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (1 mmol), 1-(4-

chlorophenyl)-3-(4-methylphenyl)prop-2-en-1-one (1 mmol), and 2 mL

solvent.

132 Vol 47D.-Q. Shi, Y. Zhou, and H. Liu

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



cm�1; 1H NMR (DMSO-d6) d: 2.38 (s, 3H, CH3), 3.18 (s, 3H,
CH3), 3.68 (s, 3H, CH3), 7.21–7.29 (m, 4H, ArH), 7.55–7.61

(m, 3H, ArH), 8.27 (d, J ¼ 8.4 Hz, 2H, ArH). HRMS [Found:
m/z: 391.1089(Mþ); Calcd for C22H

35
18ClN3O2: M 391.1088].

5-(3,4-Dichlorophenyl)-7-(4-methoxyphenyl)-1,3-dimethylpyr-
ido[2,3-d]pyrimidine-2,4(1H,3H)-dione (3b). Mp: 295–296�C;
IR (potassium bromide): 1706, 1670, 1578, 1543, 1472, 1422,

1367, 1253, 1221, 1178, 1132, 1027, 832, 753 cm�1; 1H NMR
(DMSO-d6) d: 3.20 (s, 3H, CH3), 3.73 (s, 3H, CH3), 3.85 (s,
3H, OCH3), 7.09 (d, J ¼ 8.8 Hz,2H, ArH), 7.38 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.4 Hz, 1H, ArH), 7.66 (s, 1H, ArH), 7.69 (d, J ¼
8.4 Hz, 2H, ArH), 8.28 (d, J ¼ 8.8 Hz, 2H, ArH). HRMS

[Found: m/z: 441.0646 (Mþ); Calcd for C22H
35
17Cl2N3O3: M

441.0647].
7-(4-Methoxyphenyl)-1,3-dimethyl-5-(4-nitrophenyl) pyrido

[2,3-d]pyrimidine-2,4-(1H,3H)-dione (3c). Mp: >300�C; IR

(potassium bromide): 1705, 1665, 1587, 1548, 1510, 1418,
1368, 1268, 1245, 1178, 1130, 838, 752 cm�1; 1H NMR
(DMSO-d6) d: 3.19 (s, 3H, CH3), 3.74 (s, 3H, CH3), 3.85 (s,
3H, OCH3), 7.09 (d, J ¼ 8.8 Hz, 2H, ArH), 7.65–7.68 (m, 3H,
ArH), 7.66 (s, 1H, ArH), 8.27–8.30 (m, 4H, ArH). HRMS

[Found: m/z: 418.1276 (Mþ); Calcd for C22H18N4O5: M
418.1277].

5-(4-Bromophenyl)-7-(4-chlorophenyl)-1,3-dimethyl-pyrido
[2,3-d]pyrimidine-2,4(1H,3H)- dione (3d). Mp: 264–266�C;
IR (potassium bromide): 1707, 1668, 1593, 1576, 1547, 1490,

1420, 1363, 1282, 1258, 1178, 1003, 832, 804, 752 cm�1; 1H
NMR (CDCl3) d: 3.38 (s, 3H, CH3), 3.87 (s, 3H, CH3), 7.22
(d, J ¼ 8.8 Hz, 2H, ArH), 7.39 (s, 1H, ArH), 7.48 (d, J ¼ 8.8

Hz, 2H, ArH), 7.59 (d, J ¼ 8.4 Hz, 2H, ArH), 8.07 (d, J ¼
8.8 Hz, 2H, ArH). HRMS [Found: m/z: 455.0039 (Mþ); Calcd
for C21H

79
15Br

35ClN3O2: M 455.0036].
5-(3,4-Dichlorophenyl)-7-(4-chlorophenyl)-1,3-dimethylpyrido

[2,3-d]pyrimidine-2,4(1H,3H)-dione (3e). Mp: 254–256�C; IR
(potassium bromide): 1710, 1672, 1575, 1548, 1475, 1421,
1365, 1218, 1089, 1008, 841, 753 cm�1; 1H NMR (DMSO-d6)
d: 3.20 (s, 3H, CH3), 3.72 (s, 3H, CH3), 7.39 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.4 Hz, 1H, ArH), 7.61 (d, J ¼ 8.8 Hz,2H, ArH),
7.69–7.71 (m, 2H, ArH), 7.76 (s, 1H, ArH), 8.23 (d, J ¼ 8.8
Hz, 2H, ArH). HRMS [Found: m/z: 445.0152 (Mþ); Calcd for
C21H

35
14Cl3N3O2: M 445.0152].

7-(4-Methoxyphenyl)-1,3-dimethyl-5-p-tolylpyrido[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione (3f). Mp: 259–260�C; IR (potassium
bromide): 1700, 1655, 1604, 1554, 1519, 1423, 1367, 1246,
1225, 1176, 1036, 834, 818, 751 cm�1; 1H NMR (DMSO-d6)
d: 2.38 (s, 3H, CH3), 3.18 (s, 3H, CH3), 3.72 (s, 3H, CH3),
3.84 (s, 3H, OCH3), 7.04–7.09 (m, 2H, ArH), 7.20–7.30 (m,
4H, ArH), 7.53 (s, 1H, ArH), 8.20–8.27 (m, 2H, ArH). HRMS
[Found: m/z: 387.1583 (Mþ); Calcd for C23H21N3O3: M
387.1583].

5-(4-Chlorophenyl)-7-(4-methoxyphenyl)-1,3-dimethylpyrido
[2,3-d]pyrimidine-2,4(1H,3H)-dione (3g). Mp: 279–280�C; IR
(potassium bromide): 1702, 1657, 1607, 1579, 1557, 1519,
1423, 1366, 1249, 1226, 1174, 1087, 1029, 833, 751 cm�1; 1H
NMR (DMSO-d6) d: 3.19 (s, 3H, CH3), 3.72 (s, 3H, CH3),

3.84 (s, 3H, OCH3), 7.08 (d, J ¼ 8.0 Hz, 2H, ArH), 7.41 (dd,
J1 ¼ 2.0 Hz, J2 ¼ 7.6 Hz, 2H, ArH), 7.48 (dd, J1 ¼ 2.0 Hz,
J2 ¼ 7.6 Hz, 2H, ArH), 7.59 (s, 1H, ArH), 8.26 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.0 Hz, 2H, ArH). HRMS [Found: m/z: 407.1037
(Mþ); Calcd for C22H

35
18ClN3O3: M 407.1037].

1,3-Dimethyl-5,7-di(p-tolyl)pyrido[2,3-d]pyrimidine-2,4(1H,
3H)-dione (3h). Mp: 217–219�C; IR (potassium bromide):
1704, 1661, 1590, 1546, 1515, 1418, 1363, 1260, 1220, 819,
755 cm�1; 1H NMR (DMSO-d6) d: 2.43 (s, 6H, 2 � CH3),

3.39 (s, 3H, CH3), 3.88 (s, 3H, CH3), 7.27–7.32 (m, 6H, ArH),
7.44 (s, 1H, ArH), 8.03 (d, J ¼ 8.0 Hz, 2H, ArH). HRMS
[Found: m/z: 371.1634 (Mþ); Calcd for C23H21N3O2: M
371.1634].

5-(3,4-Methylenedioxyphenyl)-7-(4-methoxyphenyl)-1-methyl-
pyrido[2,3-d]pyrimidine-2,4 (1H, 3H)-dione (3i). Mp: 308–
309�C; IR (potassium bromide): 3299, 1707, 1687, 1577,
1550, 1502, 1484, 1441, 1376, 1255, 1229, 1180, 1106, 1028,

Table 2

Synthesis of pyrido[2,3-d]pyrimidine derivatives 3 in ionic liquid.

Entry R1 R2 Ar1 Ar2 Time (h) Yield (%)

3a CH3 CH3 4-CH3C6H4 4-ClC6H4 5 96

3b CH3 CH3 3,4-Cl2C6H3 4-MeOC6H4 6 92

3c CH3 CH3 4-NO2C6H4 4-MeOC6H4 6 92

3d CH3 CH3 4-BrC6H4 4-ClC6H4 6.5 90

3e CH3 CH3 3,4-Cl2C6H3 4-ClC6H4 7.5 93

3f CH3 CH3 4-MeC6H4 4-MeOC6H4 5 88

3g CH3 CH3 4-ClC6H4 4-MeOC6H4 6 87

3h CH3 CH3 4-MeC6H4 4-MeC6H4 5 90

3i CH3 H 3,4-OCH2OC6H3 4-MeOC6H4 5 90

3j CH3 H 4-ClC6H4 4-MeOC6H4 5 96

3k H H 3,4-OCH2OC6H3 4-MeOC6H4 5 92

3l H H 4-ClC6H4 4-BrC6H4 6 98

3m H H 4-MeC6H4 Naphthalene-2-yl 7 98

Scheme 2
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931, 842, 765 cm-1; 1H NMR (DMSO-d6) d: 3.68 (s, 3H,
CH3), 3.84 (s, 3H, OCH3), 6.08 (s, 2H, OCH2O), 6.91 (d, J ¼
8.0 Hz, 1H, ArH), 6.96 (d, J ¼ 8.0 Hz, 1H, ArH), 7.00 (s, 1H,
ArH), 7.08 (d, J ¼ 8.0 Hz, 2H, ArH), 7.52 (s, 1H, ArH), 8.24
(d, J ¼ 8.0 Hz, 2H, ArH), 11.39 (s, 1H, NH). HRMS [Found:

m/z: 403.1166 (Mþ); Calcd for C22H17N3O5: M 403.1168].
5-(4-Chlorophenyl)-7-(4-methoxyphenyl)-1-methyl-pyrido[2,

3-d]pyrimidine-2,4(1H,3H)-dione (3j). Mp: >300�C; IR (po-
tassium bromide): 3172, 1707, 1692, 1579, 1543, 1485, 1448,
1386, 1363, 1262, 1242, 1179, 1032, 981, 833 cm�1; 1H NMR

(DMSO-d6) d: 3.65 (s, 3H, CH3), 3.85 (s, 3H, OCH3), 7.06–
7.10 (m, 2H, ArH), 7.41–7.50 (m, 4H, ArH), 7.56 (s, 1H,
ArH), 8.23–8.28 (m, 2H, ArH), 11.44 (s, 1H, NH). HRMS
[Found: m/z: 393.0881 (Mþ); Calcd for C21H

35
16ClN3O3: M

393.0880].

5-(3,4-Methylenedioxyphenyl)-7-(4-methoxyphenyl)pyrido[2,
3-d]pyrimidine-2,4(1H,3H)-dione (3k). Mp: 317–318�C; IR
(potassium bromide): 3294, 1723, 1705, 1593, 1578, 1549,
1441, 1406, 1362, 1253, 1183, 1094, 1037, 932, 871, 827, 804

cm�1; 1H NMR (DMSO-d6) d: 3.83 (s, 3H, OCH3), 6.07 (s,
2H, OCH2O), 6.91–6.96 (m, 2H, ArH), 7.01 (s, 1H, ArH),
7.06 (d, J ¼ 8.4 Hz, 2H, ArH), 7.44 (s, 1H, ArH), 8.17 (d, J
¼ 8.4 Hz, 2H, ArH), 11.13 (s, 1H, NH), 11.59 (s, 1H, NH).
HRMS [Found: m/z: 389.1024 (Mþ); Calcd for C21H15N3O5:

M 389.1012].
7-(4-Bromophenyl)-5-(4-chlorophenyl)pyrido[2,3-d]pyrimidine-

2,4(1H,3H)-dione (3l). Mp: >300�C; IR (potassium bromide):
3180, 1714, 1590, 1575, 1553, 1484, 1403, 1361, 1260, 1008,
828, 766 cm�1; 1H NMR (DMSO-d6) d: 7.46–7.48 (m, 4H,

ArH), 7.59 (s, 1H, ArH), 7.75 (dd, J1 ¼ 1.2 Hz, J2 ¼
8.4Hz,2H, ArH), 8.17 (dd, J1 ¼ 1.2 Hz, J2 ¼ 8.8 Hz, 2H,
ArH), 11.28 (s, 1H, NH), 11.77 (s, 1H, NH). HRMS [Found:
m/z: 426.9724 (Mþ); Calcd for C19H

79
11Br

35ClN3O2: M
426.9723].

7-(Naphthalen-2-yl)-5-p-tolylpyrido[2,3-d]pyrimidine-2,4(1H,
3H)-dione (3m). Mp: 302–304�C; IR(potassium bromide):
3412, 3170, 3056, 1721, 1692, 1594, 1553, 1506, 1409, 1389,
1262, 1197, 860, 747 cm�1; 1H NMR (DMSO-d6) d: 2.40 (s,

3H, CH3), 7.25 (d, J ¼ 7.6 Hz, 2H, ArH), 7.38 (dd, J1 ¼ 1.2
Hz, J2 ¼ 8.0 Hz, 2H, ArH), 7.59–7.63 (m, 2H, ArH), 7.70 (d,
J ¼ 1.6 Hz, 1H, ArH), 7.99 (d, J ¼ 8.0 Hz, 1H, ArH), 8.04–
8.09 (m, 2H, ArH), 836 (d, J ¼ 8.8 Hz, 1H, ArH), 8.83 (s,
1H, ArH), 11.22 (s, 1H, NH), 11.74 (s, 1H, NH). HRMS

[Found: m/z: 379.1345 (Mþ); Calcd for C24H17N3O2: M
379.1321].
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