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Abstract A large library of pyrano[2,3-d]pyrimidines and pyrido[2,3-d]pyrimi-

dines was synthesized through the reaction between various aromatic aldehydes,

malononitrile and pyrimidine derivatives in the presence of Al-HMS-20 as the

catalyst in EtOH at room temperature after 12 h. This multi-component approach is

a very efficient and economical benign process.
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Introduction

With increasing concerns about environmental pollution problems, researchers have

started to pay more attention to the detrimental effects of non-green processes on the

environment. Currently, mesoporous silicate acid catalysts have gained great

interest in chemical synthesis because environmentally benign chemical processes

have been greatly needed in light of the paradigm shift to green chemistry [1].

Mesoporous silicates due to larger pores in comparison with acidic zeolites could be

good hosts for bulky organic substrates, as such substrates have more efficient

contact with acidic sites on the interior surfaces of mesopores [2]. HMS is a

hexagonal mesoporous silica with a particular wormlike pore structure. It has a

simple preparation method using cheap primary alkyl amines which can be
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extracted without pollution [3]. After the introduction of mesoporous FSM-16 [4, 5]

and MCM-41 [6] in the early 1990s, a series of mesoporous aluminosilicates have

been reported which have remarkable acidic properties [7]. Purely mesoporous

silica does not have enough acidity, but the acidity can be improved through the

insertion of foreign metal ions into its structure during the synthesis [8, 9].

Pyrano[2,3-d]pyrimidines and pyrido[2,3-d]pyrimidines have attracted great

attention owing to their diverse biological properties [10]. Pyrimidine-containing

heterocyclic compounds have shown antitumor, antibacterial, antihypertensive,

vasodilator, bronchodilator, hepatoprotective, cardiotonic, and antiallergic activities

[11–16]. Also, some of them have shown antimalarial, antifungal, analgesic, and

herbicidal properties [17, 18]. The derivatives of pyrano-pyrimidines have been

reported to display biological activities, especially antipyretic, anti-inflammatory,

and gastroprotective [19]. Pyrido-pyrimidine derivatives are of great interest due to

their anti-tumor, antifolate, antibacterial, and growth regulator activities [20]. Thus,

development of new greener approaches for the synthesis of these important

scaffolds is still of interest [21].

Here, a new route for the synthesis of pyrano[2,3-d]pyrimidines 4a–l and

pyrido[2,3-d]pyrimidines 6a–h was developed in the presence of Al-HMS-20 as the

heterogeneous recyclable catalyst, in EtOH at room temperature (Scheme 1).

Experimental

The chemicals used in this work were purchased from Merck and Fluka Chemical.

Al-HMS-20 was prepared as reported in the literature [20]. Melting points were

measured on an electrothermal 9100 apparatus and are uncorrected. The specific

surface area and pore volume of the samples were measured in an ASAP-2010

Micromeritics (USA) using low temperature N2 physisorption isotherms. Before the
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Scheme 1 Reaction between aldehyde 1, malononitrile 2 and pyrimidines 3 or 5 in the presence of Al-
HMS-20 as the catalyst
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analysis, the sample was evacuated at 350 �C under vacuum conditions. The acidity

of Al-HMS was measured by TPD of ammonia in a TPD/TPR analyzer (2900

Micromeritics) with a thermal conductivity detector. The Si/Al ratio of Al-HMS was

determined by XRF (XRF-8410 Rh 60 kV).

Typical procedure for preparation of 7-amino-2,4-dioxo-5-phenyl-1,3,4,5-

tetrahydro-2H-pyrano[2,3-d]pyrimidine-6-carbonitrile (4a)

To a magnetically stirred solution of benzaldehyde (0.11 g, 1.00 mmol) and

malononitrile (0.07 g, 1.00 mmol) in EtOH (5 mL), barbituric acid (0.13 g,

1.00 mmol) and Al-HMS-20 (0.03 g) were added at room temperature and the

reaction mixture was stirred for 12 h. Upon completion, the reaction mixture was

filtered off for separation of the catalyst, and the catalyst was washed with acetone

(2 9 3 mL) [some of the products were washed with DMSO (3 mL) and

crystallized in EtOH/DMSO/H2O]. Then, product 4a as a colorless crystal

(0.26 g, yield 92 %) was crystallized in acetone/EtOH mixture resulting from the

washing process.

Results and discussion

The catalytic activity of Al-HMS-20 [22] with BET surface area 1,289 m2/g, pore

volume 2.1 cm3/g, and total acidity 0.845 mmol NH3/g was evaluated for the

synthesis of pyrano[2,3-d]pyrimidines via a three-component reaction of aromatic

aldehydes 1, malononitrile 2 and pyrimidines 3. For optimization of reaction

conditions, the reaction of benzaldehyde 1a, malononitrile 2 and barbituric acid 3a
as a model reaction was investigated. In a pilot experiment, 3a (1 mmol) and Al-

HMS-20 was added to the round bottom flask containing 1a and 2 in solvent (5 mL),

and the mixture was stirred for 12 h at room temperature. The progress of the

reaction was monitored by TLC. As shown in Table 1, it was found that 0.03 g of

Al-HMS-20 in EtOH is the best reaction condition.

Table 1 Effects of catalyst

amount and solvent on the

reaction yield

Reaction conditions:

benzaldehyde (1a) (1.00 mmol),

malononitrile (2) (1.00 mmol),

barbituric acid (3a)

(1.00 mmol), solvent (5 mL),

room temperature, 12 h. The

best reaction condition is shown

in bold
a Isolated yield

Entry Catalyst

amount (g)

Solvent Yield (%)a

1 0.01 EtOH 53

2 0.02 EtOH 82

3 0.03 EtOH 92

4 0.04 EtOH 93

5 0.03 H2O/EtOH(1:1) 48

6 0.03 H2O 34

7 0.03 MeOH 91

8 0.03 CH3CN 51

9 0.03 PhCH3 72
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Table 2 Synthesis of pyrano[2,3-d]pyrimidines 4a–l

Ar

CHO
CN

CN
NH

H
N X

O

O
HN

N
H

O

O

X NH2

CN
Ar

1 2 3 4a-l

Al-HMS-20
EtOH, rt.

Entry Product Aldehyde X Yield (%)a Melting point (�C)

Found Rep. [21]

1 4a CHO O 92 221–224 222–224

2 4b CHO

Cl

O 92 242–243 242–243

3 4c CHO

NO2

O 95 238 237–238

4 4d CHO

OH

O 90 [300 [300

5 4e CHO

Cl

O 93 239–241 239–241

6 4f S
CHO

O 89 273–274 272–273

7 4g O
CHO

O 87 281–282 280–282

8 4h CHO S 90 224–225 223–224
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To evaluate the use of this interesting approach, a variety of aldehydes and

pyrimidines were examined for which a good library of pyrano[2,3-d]pyrimidines 4
was obtained in fairly high yields (Table 2).

The efficiency of the catalyst was studied for the synthesis of pyrido[2,3-

d]pyrimidines 6a–h in three-component reaction of aromatic aldehydes 1,

malononitrile 2 and 6-amino-uracils 5 in EtOH at room temperature. The results

are very promising and good yields observed in this reaction conditions

(Table 3).

Recyclability of the catalysts was also examined. For this reason, the catalyst,

which was recovered from the reaction between benzaldehyde (1a), malononitrile

(2) and Barbituric acid (3a), were washed with acetone (2 9 5 mL), dried in the

oven (40 �C, 6 h), and used again. This procedure was carried out four times. The

results of these successive reactions are shown in Table 4. It is clear that, no

decrease in the reactivity or performance can be seen for after successive use of the

catalyst, Al-HMS-20.

Using Al-HMS-20, we want to solve the problems of using the homo-

geneous catalyst such as separation and regeneration. Successively, we

overcame these problems by utilizing Al-HMS as a heterogeneous recoverable

catalyst in EtOH. Thus, this process could be interesting for large-scale

synthesis.

Table 2 continued

Entry Product Aldehyde X Yield (%)a Melting point (�C)

Found Rep. [21]

9 4i CHO

Cl

S 92 [300 [300

10 4j CHO

NO2

S 95 234–235 234–235

11 4k S
CHO

S 84 280–282 280–281

12 4l O
CHO

S 84 281–283 281–282

Reaction conditions: aldehyde 1 (1.00 mmol), malononitrile (2) (1.00 mmol), pyrimidine 3 (1.00 mmol),

Al-HMS-20 (0.03 g), EtOH (5 mL), room temperature, 12 h
a Isolated yield
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Table 3 Synthesis of pyrido[2,3-d]pyrimidines 6a–h

Ar

CHO
CN

CN N

N O

O

H2N
R

R

N

N N

O

O NH2

CN
Ar

1 2
5 6a-h

R

R

Al-HMS-20
EtOH, rt.

Entry Product Aldehyde R Yield (%)a Melting point (�C)

Found Rep. [19]

1 6a CHO H 91 318 318–319

2 6b CHO

Cl

H 94 185–187 186–187

3 6c S
CHO

H 90 [300 [300

4 6d O
CHO

H 88 [300 [300

5 6e CHO Me 91 307–309 307–308

6 6f CHO

Cl

Me 92 267–268 267–268

7 6g S
CHO

Me 92 [300 [300

8 6h O
CHO

Me 87 [300 [300

Reaction conditions: aldehyde 1 (1.00 mmol), malononitrile (2) (1.00 mmol), 7-amino-uracil 5
(1.00 mmol), Al-HMS-20 (0.03 g), EtOH (5 mL), room temperature, 12 h
a Isolated yield
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Conclusions

In conclusion, we have developed an efficient method for the synthesis of

pyrano[2,3-d]pyrimidines and pyrido[2,3-d]pyrimidines under mild reaction condi-

tions in the presence of Al-HMS-20 in EtOH as a solvent with good yields. The

present route has the advantages such as good yields and recyclability of the catalyst

without loss of performance. The work-up procedure is very simple, and the

products do not require further purification. Good yields and recyclability of the

catalyst for this multi-component reaction makes it an interesting alternative to

other approaches.
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