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ABSTRACT: DABCO was used as a basic and inexpensive catalyst for the synthesis of
some new benzyloxy pyrimido[4,5-b]quinoline derivatives and 1,2,3- triazole-fused
pyrimido[4,5-b]quinolines by the one-pot multi-component reaction of various benzyloxy
benzaldehydes or benzylic −1,2,3-triazol-4-yl-methoxy benzaldehydes with dimedone and
6-amino-1,3-dimethyluracil at 90 °C under the solvent-free condition.

1. INTRODUCTION
The compounds containing quinoline and pyrimidine or both
of them in their structure including pyrimido[4,5-b]quinolines
are important in pharmaceutical chemistry due to significant
biological activities1 such as antitumor,2 antihistaminic,3 anti-
inflammatory,4 anticancer,5 antimicrobial,6 and antimalarial
properties.7 Moreover, some compounds containing pyrimi-
dine in their structure, have been used as inhibitors of AbI
kinase and PTP1B8,9 and applied as an antimicrobial agent.10

Some compounds with quinoline in their structure have
biological activities such as DNA binding11 and DNA
intercalating carrier.12 Uracil derivatives are used in drug
discovery with a wide range of biological activities and
synthetic accessibility.13 Antiviral, antitumor,14 herbicidal,
insecticidal, and bactericidal properties are other activities
which reported for these compounds.13

An important strategy for the preparation of pyrimido[4,5-
b]quinolines, which complies with green chemistry protocols,
is the one-pot multi-component condensation reaction of
dimedone, 6-amino-1,3-dimethyluracil and aldehydes.1 Nowa-
days, multi-component reactions are one of the most
important synthetic protocols in organic chemistry due to
shortening the production path of the target product and
saving on the consumption of raw materials and solvents
without the need to separate the intermediates produced
during the reaction. Decrease of the reaction time, increase the
yield of the product, and high atomic economy are some other
advantages of this protocol.15−22

According to the importance of the mentioned pyrimido-
[4,5-b]quinolines, various catalysts were reported for the multi-
component synthesis of pyrimido[4,5-b]quinolines such as

[TSSECM],1 SBA-15/PrN(CH2PO3H2)2,
23 [H2-DABCO]-

[ClO4]2,
24 nano-[Fe3O4@SiO2/N-propyl-1-(thiophen-2-yl)-

ethanimine][ZnCl2],
25 nano-[Fe3O4@-SiO2@R-NHMe2]-

[H2PO4],
26 Fe3O4@Cellulose sulfuric acid,27 N,N-diethyl-N-

sulfoethanaminium chloride,28 [bmim]Br,29 glycolic acid-
supported cobalt ferrite,30 nanocrystalline MgO,31

[C4(DABCO)2]·2OH,32 and agar-entrapped sulfonated
DABCO.33 However, most of the proposed methods are
performed by acidic and expensive catalysts. A suitable basic
catalyst for the synthesis of these valuable compounds has not
yet been proposed.

Diazabicyclo [2.2.2] octane (DABCO) was recently used as
a homogeneous and efficient organic catalyst in some organic
synthesis. Inexpensiveness, non-toxicity, and commercially
available are some important advantages of this organic
catalyst.34 Previously, DABCO was reported as a catalyst for
the preparation of some important organic compounds such as
xanthene derivatives,34 3-oxo-3H-benzo[a]pyrano[2,3-c] phe-
nazine-1-carboxylates,35 densely functionalized cyclohexa-
nones,36 unsymmetrical coumarins,37 3,3-disubstituted oxin-
doles and spirooxindoles,38 heteroaryl-substituted benzenes,39

highly substituted cyclopentenes,40 5-aryl-pyrimido[4,5-b]-
quinoline-diones,41 pyrano[3,2-a]phenazine derivatives,42
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highly substituted imidazoles,43 polysubstituted phthalimides
and piperidines,44 and bis-spiro pyranopyrazole.45

Herein, in the presented work, we have introduced DABCO
as a homogeneous and efficient organic catalyst for the
synthesis of some pyrimido[4,5-b]quinoline derivatives and
1,2,3-triazole derivatives of pyrimido[4,5-b]quinoline as new
products at 90 °C under solvent-free conditions (Schemes 1
and 2).

2. RESULTS AND DISCUSSION
At first, to find the best reaction condition for the synthesis of
pyrimido[4,5-b]quinoline derivatives, the reaction of 4-(4-
chlorobenzyloxy)benzaldehyde with dimedone and 6-amino-
1,3-dimethyluracil was considered as a model reaction. The
effect of temperature changes from room temperature up to
110 °C, various solvents and various bases such as DABCO
and HMTA were tested on the model reaction (Table 1). Also,
the model reaction was studied under solvent-free condition in
comparison with solvent media. The acidic media was also
tested in this reaction. For this purpose, acetic acid and para
toluene sulfonic acid as a common acidic catalyst were tested
on the model reaction which did not have a better result
(Table 1). As it is displayed from Table 1, it is indicated that
the best result was obtained using 25 mol % of DABCO as a
catalyst at 90 °C under the solvent-free condition.

After the optimization of the reaction condition, various
substituted benzyloxy benzaldehydes, which prepared by the
reaction of 4-hydroxybenzaldehyde with benzyl halide
derivatives in the presence of a base,46 were reacted with
dimedone and 6-amino-1,3-dimethyluracil to obtain different
pyrimido[4,5-b]quinolines as new products (Scheme 3).

In a mechanism which is supported by the previous
literature,23−33 dimedone converts into the enol form by the
tautomerization and then DABCO attracted one proton from
the hydroxyl group to obtain 5,5-dimethyl-3-oxocyclohex-1-
enolate. In the next step, the prepared enolate attacked to
aldehyde which is activated by protonated DABCO and lost a
molecule of water to generate (I) as an intermediate. 6-Amino-
1,3-dimethyluracil reacts with intermediate (I) as a Michael
acceptor to furnish (II). Finally, by intramolecular nucleophilic
attack in (II), with the removal of one molecule of water and
tautomerization, the desired product is prepared (Scheme 4).

In the next part of our investigation, we have prepared 1,2,3-
triazole-fused pyrimido[4,5-b]quinolines as new compounds
from two different paths. In the first method, 4-hydrox-
ybenzaldehyde was reacted with propargyl bromide in the
presence of potassium carbonate to give 4-(prop-2-ynyloxy)-
benzaldehyde and then added to a mixture of sodium azide and
benzyl halide derivative in dimethylformamide (DMF) as a
solvent in the presence of copper(II)sulfate, ascorbic acid,
triethylamine, and water to prepare 4-[(1-benzyl-1H-1,2,3-
triazol-4-yl)methoxy]benzaldehyde and other derivatives (3a−

Scheme 1. Preparation of Pyrimido[4,5-b]quinolines
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e). Finally, by the reaction of aldehyde 3a−e with dimedone
and 6-amino-1,3-dimethyluracil in the presence of DABCO as
a catalyst at 90 °C under the solvent-free condition, the

expected products (4a−e) were prepared (Scheme 2). In
another method, 4-(prop-2-ynyloxy)benzaldehyde was pre-
pared by the mentioned procedure and reacted separately with
dimedone and 6-amino-1,3-dimethyluracil in the presence of
DABCO as a catalyst at 90 °C to give (6a−b). In the next step,
by the click reaction of compounds 6a−b with sodium azide
and benzyl halide derivatives in DMF as a solvent in the
presence of copper(II)sulfate, ascorbic acid, triethylamine, and
water compounds 4a−e were synthesized as click products
(Schemes 5 and 6). It should be mentioned that the yield of
the expected products (4a−e) in this method is lower than in
comparison to the first method.

One of the effective methods for the azide−alkyne
cycloaddition is using of copper(I) as a catalyst. In the
presented method, Cu(I) is generated by the reaction of
copper(II)sulfate and sodium ascorbate.47 Moreover, the
excess amount of sodium ascorbate, due to converting Cu(II)
into Cu(I), prevents the oxidative homo coupling reaction.
The triple bond is reacted with Cu(I) to give copper acetylide
and another copper atom connects to the π bond by
coordination. By the addition of benzyl azide to active copper
acetylide, a six-membered ring of copper metallacycle with low
stability is generated. The copper atom in the six-membered
ring acts as a stabilizing donor ligand. Ring contraction of the
metallacycle ring and then protonolysis process give the
desired triazole product (Scheme 7).48

Scheme 2. Preparation of 1,2,3-Triazole Derivatives of Pyrimido[4,5-b]quinolines

Table 1. Effect of Temperatures, Solvents, and Various
Catalysts on the Reaction of 4-(4-
Chlorobenzyloxy)benzaldehyde with Dimedone and 6-
Amino-1,3-dimethyluracil

entry solvent
catalyst
(mol %)

temp.
(°C)

time
(h)

yielda
(%)

1 110 °C 12 N.R.
2 H2O reflux 12 N.R.
3 EtOH reflux 12 N.R.
4 H2O DABCO (25) r.t. 4 N.R.
5 H2O DABCO (25) reflux 4 18
6 H2O/EtOH(1:1) DABCO (25) reflux 4 51
7 EtOH DABCO (25) r.t. 4 33
8 EtOH DABCO (25) reflux 4 68
9 DABCO (10) 90 °C 2 71
10 DABCO (25) 90 °C 1 95
11 DABCO (40) 90 °C 1 95
12 DABCO (25) 110 °C 2 97
13 HMTA (25) 90 °C 4 26
14 EtOH HMTA (25) reflux 2 TRACE
15 EtOH/H2O(1:1) HMTA (25) reflux 2 TRACE
16 P-TSA (25) 90 °C 1 43
17 acetic acid

(25)
90 °C 1 48

aIsolated yield.
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Scheme 3. Structure of Benzyloxy Pyrimido[4,5-b]quinoline Derivatives
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3. CONCLUSIONS
In conclusion, some new benzyloxy pyrimido[4,5-b]quinoline
derivatives and 1,2,3- triazole-fused pyrimido[4,5-b]quinolines
were synthesized by the one-pot multi-component reaction of
various aryl aldehydes with dimedone and 6-amino-1,3-

dimethyluracil using DABCO as a cheap and basic catalyst at
90 °C under the solvent-free condition.

4. EXPERIMENTAL SECTION
4.1. Procedure for the Preparation of Benzyloxy

Benzaldehydes. In a round-bottomed flask which is
connected to a reflux condenser, a mixture of various hydroxyl
benzaldehyde (1 mmol), various benzyl halide (1.3 mmol),
potassium carbonate (1.5 mmol), and DMF (4 mL) as a
solvent was stirred at room temperature for 4−6 h. After the

Scheme 4. Proposed Mechanism for the Preparation of
Pyrimido[4,5-b]quinolines Catalyzed by DABCO

Scheme 5. Preparation of 1,2,3-Triazole-Fused Pyrimido[4,5-b]quinolines

Scheme 6. Structure of 1,2,3-Triazole-Fused Pyrimido[4,5-
b]quinoline Derivatives
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completion of the reaction as considered by thin-layer
chromatography (TLC) (solvent: ethyl acetate and n-hexane
(2/8)), cold water (10 mL) was added to the reaction mixture
to precipitate the product and then separated by simple
filtration. Note: for the purification of aldehydes 1f and 1j,
there is no precipitate by adding cold water and the products
were extracted by ethyl acetate.
4.2. Procedure for the Preparation of Benzylic −1,2,3-

Triazol-4-yl-methoxy Benzaldehydes. Hydroxybenzalde-
hyde derivative (1 mmol), propargyl bromide (1.2 mmol),
potassium carbonate (1.5 mmol), and DMF (4 mL) as a
solvent were added in a round-bottomed flask, which is

connected to a reflux condenser, and stirred at room
temperature. After the completion of the reaction as monitored
by TLC (solvent/ethyl acetate/hexane 2:8), cold water (10
mL) was added to the reaction mixture to precipitate
propargyloxy benzaldehyde derivative and separated by simple
filtration. In the next step, sodium azide (3 mmol, 0.2 g),
various benzyl halide (2.5 mmol), and DMF (4 mL) were
added in a round-bottomed flask which is connected to a reflux
condenser and stirred at room temperature for 1 h and then
the prepared propargyloxy benzaldehyde derivative (1 mmol),
CuSO4·5H2O (0.25 mmol), ascorbic acid (0.25 mmol), NEt3
(0.2 mL), and water (1 mL) were added to the reaction

Scheme 7. Proposed Mechanism for the Click Synthesis of 1,2,3-Triazole-Fused Pyrimido[4,5-b]quinolines
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mixture and stirred at room temperature for 24 h. After this
time and completion of the reaction as monitored by TLC,
cold water (50 mL), ammonia (25%) (1 mL), and ethyl
acetate (50 mL) were added to the reaction mixture. Finally,
the organic phase was decanted, dried by sodium sulfate, and
ethyl acetate was removed to purify the expected aldehyde
(3a−e).
4.3. Procedure for the Preparation of Pyrimido[4,5-

b]quinolines. In a round-bottomed flask which is connected
to a reflux condenser, a mixture of aromatic aldehyde (1
mmol), dimedone (1 mmol, 0.14 g), 6-amino-1,3-dimethylur-
acil (1 mmol, 0.155 g), and DABCO (25 mol %) as a catalyst
was added and stirred at 90 °C under solvent-free condition.
After the completion of the reaction as monitored by TLC, the
reaction mixture was washed with aqueous ethanol (ethanol/
H2O; 20:80%) (10 mL) to remove DABCO, and finally, the
desired product was purified by washing with acetone. Note:
compounds 2g and 2i were purified by washing with ethyl
acetate.
4.4. Spectral Data of Compounds. 4.4.1. 5-(4-

(Benzy loxy)phenyl ) -1 ,3 ,8 ,8- tet ramethyl -5 ,8 ,9 ,10-
tetrahydropyrimido[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione
(2a). IR (KBr, cm−1): 735, 1154, 1208, 1241, 1289, 1378,
1490, 1507, 1607, 1644, 1664, 1695, 2875, 2960, 3083, 3200;
1H NMR (300 MHz, DMSO-d6) δppm: 0.91 (s, 3H), 1.05 (s,
3H), 2.05 (d, J = 16.10 Hz, 1H), 2.23 (d, J = 16.20 Hz, 1H),
2.58 (d, J = 8.30 Hz, 2H), 3.10 (s, 3H), 3.46 (s, 3H), 4.83 (s,
1H), 5.02 (s, 2H), 6.83 (d, J = 8.20, 2H), 7.14 (d, J = 8.1 Hz,
2H), 7.32−7.44 (m, 5H), 9.00 (s, 1H); 13C NMR (76 MHz,
DMSO-d6) δppm: 27.0, 28.1, 29.5, 30.6, 32.6, 33.3, 50.5, 69.5,
90.8, 112.3, 114.3, 128.1, 128.2, 128.8, 129.0, 137.7, 139.3,
144.1, 149.7, 151.0, 157.0, 161.1, 195.0; MS: m/z = 471.3.
4.4.2. 5-(4-(Benzyloxy)phenyl)-1,3-dimethyl-5,8,9,10-

tetrahydropyrimido[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione
(2b). IR (KBr, cm−1): 1013, 1171, 1198, 1240, 1380, 1506,
1636, 1661, 1701, 2948, 3083, 3222, 3287; 1H NMR (300
MHz, DMSO-d6) δppm: 1.78−1.84 (m, 1H), 1.93−2.00 (m,
1H), 2.23−2.28 (m, 2H), 2.56−2.62 (m, 1H), 2.75−7.79 (m,
1H), 3.11 (s, 3H), 3.46 (s, 3H), 4.88 (s, 1H), 5.03 (s, 2H),
6.82 (d, J = 8.70 Hz, 2H), 7.14 (d, J = 8.70 Hz, 2H), 7.45 (s,
5H), 9.08 (s, 1H); 13C NMR (76 MHz, DMSO-d6) δppm: 21.2,
27.0, 28.1, 30.6, 33.0, 37.1, 68.7, 90.7, 113.3, 114.4, 128.9,
129.0, 129.8, 132.7, 136.8, 139.7, 151.0, 156.8, 161.2, 195.2;
MS: m/z = 443.3.
4.4.3. 1,3,8,8-Tetramethyl-5-(4-((4-methylbenzyl)oxy)-

phenyl)-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2c). IR (KBr, cm−1): 797, 1155, 1208,
1287, 1376, 1490, 1507, 1606, 1644, 1663, 1695, 2892, 2958,
3083, 3191; 1H NMR (300 MHz, DMSO-d6) δppm: 0.91 (s,
3H), 1.05 (s, 3H), 2.05 (d, J = 16.10 Hz, 1H), 2.22 (d, J =
16.20 Hz, 1H), 2.30 (s, 3H), 2.57 (d, J = 9.00 Hz, 2H), 3.10 (s,
3H), 3.46 (s, 3H), 4.83 (s, 1H), 4.97 (s, 2H), 6.81 (d, J = 8.7
Hz, 2H), 7.12−7.19 (m, 4H), 7.30 (d, J = 8.00 Hz, 2H), 9.00
(s, 1H); 13C NMR (76 MHz, DMSO-d6) δppm: 21.2, 26.9, 28.1,
29.5, 30.6, 32.5, 33.3, 50.5, 69.4, 90.8, 112.3, 114.3, 128.1,
129.0, 129.4, 134.7, 137.4, 139.3, 144.1, 149.7, 151.0, 157.0,
161.1, 195.0; MS: m/z = 485.4.
4.4.4. 5-(4-((4-Chlorobenzyl)oxy)phenyl)-1,3-dimethyl-

5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2d). IR (KBr, cm−1): 759, 829, 947, 1013,
1046, 1172, 1199, 1224, 1355, 1379, 1505, 1661, 1700, 2948,
3070, 3221, 3288; 1H NMR (300 MHz, DMSO-d6) δppm:
1.81−1.86 (m, 1H), 1.94−2.00 (m, 1H), 2.23−2.28 (m, 2H),

2.59−2.64 (m, 1H), 2.74−7.83 (m, 1H), 3.11 (s, 3H), 3.46 (s,
3H), 4.89 (s, 1H), 5.00 (s, 2H), 6.82 (d, J = 8.7 Hz, 2H),
7.14−7.23 (m, 4H), 7.43−7.50 (m, 2H), 9.07 (s, 1H); 13C
NMR (76 MHz, DMSO-d6) δppm: 21.2, 26.9, 28.1, 30.6, 33.1,
37.1, 68.8, 90.8, 113.4, 114.4, 115.5, 115.8, 129.0, 130.3, 134.0,
139.6, 144.0, 151.0, 151.8, 156.9, 161.2, 195.3; MS: m/z =
477.4.
4.4.5. 5-(4-((2-Fluorobenzyl)oxy)phenyl)-1,3,8,8-tetra-

methyl-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2e). IR (KBr, cm−1): 760, 1208, 1241,
1377, 1490, 1508, 1608, 1644, 1663, 1695, 2897, 2960, 3085,
3205; 1H NMR (300 MHz, DMSO-d6) δppm: 0.91 (s, 3H),
1.05 (s, 3H), 2.06 (d, J = 16.10 Hz, 1H), 2.23 (d, J = 16.10 Hz,
1H), 2.58 (d, J = 6.00 Hz, 2H), 3.10 (s, 3H), 3.46 (s, 3H), 4.84
(s, 1H), 5.06 (s, 2H), 6.85 (d, J = 8.7 Hz, 2H), 7.15 (d, J =
6.00 Hz, 2H), 7.21−7.28 (m, 2H), 7.39−7.46 (m, 1H), 7.53 (t,
J = 6.80 Hz, 1.8 Hz, 1H), 9.00 (s, 1H); 13C NMR (76 MHz,
DMSO-d6) δppm: 26.9, 28.1, 29.5, 30.6, 32.6, 33.3, 50.5, 63.8,
90.7, 112.3, 114.2, 115.7, 115.9, 124.5, 125.0, 129.1, 130.7,
131.1, 131.1, 139.6, 144.1, 149.7, 151.0, 156.8, 161.1, 195.0;
MS: m/z = 489.3.
4.4.6. 5-(4-(Benzyloxy)-3-methoxyphenyl)-1,3,8,8-tetra-

methyl-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2f). IR (KBr, cm−1): 740, 1033, 1140,
1207, 1235, 1267, 1377, 1511, 1605, 1643, 1661, 1695, 2899,
2959, 3077, 3187; 1H NMR (300 MHz, DMSO-d6) δppm: 0.95
(s, 3H), 1.06 (s, 3H), 2.07 (d, J = 16.1 Hz, 1H), 2.24 (d, J =
16.1 Hz, 1H), 2.59 (d, J = 10.0 Hz, 2H), 3.46 (s, 3H), 3.12 (s,
3H), 3.72 (s, 3H), 4.85 (s, 1H), 5.00 (s, 2H), 6.69 (d, J = 8.3
Hz, 1H), 6.92−6.80 (m, 2H), 7.44−7.31 (m, 5H), 9.05 (s,
1H); 13C NMR (76 MHz, DMSO-d6) δppm: 26.9, 28.1, 29.6,
30.6, 32.5, 33.6, 50.6, 55.9, 70.3, 90.7, 112.1, 112.7, 113.5,
119.8, 128.1, 128.2, 128.8, 137.8, 140.0, 144.3, 146.6, 148.8,
151.0, 161.2, 195.0; MS: m/z = 501.4.
4.4.7. 5-(4-((4-Bromobenzyl)oxy)-3-methoxyphenyl)-

1,3,8,8-tetramethyl-5,8,9,10-tetrahydropyrimido[4,5-b]-
quinoline-2,4,6(1H,3H,7H)-Trione (2g). IR (KBr, cm−1): 701,
804, 1035, 1140, 1208, 1230, 1372, 1509, 1616, 1645, 1665,
1698, 2902, 2958, 3082, 3197; 1H NMR (300 MHz, DMSO-
d6) δppm: 0.94 (s, 3H), 1.06 (s, 3H), 2.07 (d, J = 16.20 Hz,
1H), 2.24 (d, J = 16.20 Hz, 1H), 2.58 (d, J = 8.1 Hz, 2H), 3.11
(s, 3H), 3.45 (s, 3H), 3.71 (s, 3H), 4.84 (s, 1H), 4.99 (s, 2H),
6.68 (d, J = 8.30 Hz, 1H), 6.82 (d, J = 8.30 Hz, 1H), 6.87 (d, J
= 2.00 Hz, 1H), 7.37 (d, J = 8.40 Hz, 2H), 7.58 (d, J = 8.4 Hz,
2H), 9.02 (s, 1H); 13C NMR (76 MHz, DMSO-d6) δppm: 26.8,
28.1, 29.6, 30.6, 32.5, 33.6, 50.5, 55.9, 69.5, 90.7, 112.1, 112.7,
113.6, 119.8, 121.3, 130.2, 131.7, 137.3, 140.1, 144.1, 146.3,
148.8, 150.0, 151.0, 161.2, 195.2; MS: m/z = 580.4.
4.4.8. 5-(4-((2-Fluorobenzyl)oxy)-3-methoxyphenyl)-

1,3,8,8-tetramethyl-5,8,9,10-tetrahydropyrimido[4,5-b]-
quinoline-2,4,6(1H,3H,7H)-trione (2h). IR (KBr, cm−1): 767,
1033, 1148, 1208, 1235, 1270, 1377, 1508, 1607, 1643, 1661,
1694, 2898, 2958, 3084, 3195; 1H NMR (300 MHz, DMSO-
d6) δppm: 0.95 (s, 3H), 1.07 (s, 3H), 2.08 (d, J = 16.2 Hz, 2H),
2.25 (d, J = 16.60 Hz, 2H), 3.12 (s, 3H), 3.46 (s, 3H), 3.70 (s,
3H), 4.85 (s, 1H), 5.04 (s, 2H), 6.69−6.72 (m, 1H), 6.88−
6.91 (m, 2H), 7.22−7.28 (m, 2H), 7.41−7.44 (m, 1H), 7.51−
7.55 (m, 1H), 9.02 (s, 1H); 13C NMR (76 MHz, DMSO-d6)
δppm: 26.9.28.1, 29.6, 30.6, 32.5, 33.6, 50.5, 55.8, 64.5, 90.7,
112.1, 112.7, 113.4, 115.6, 115.9, 119.9, 124.4, 125.0, 130.7,
130.8, 131.2, 140.3, 144.1, 146.4, 148.8, 151.0, 161.2, 195.1;
MS: m/z = 519.4.
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4.4.9. 5-(4-((4-Chlorobenzyl)oxy)-3-methoxyphenyl)-
1,3,8,8-tetramethyl-5,8,9,10-tetrahydropyrimido[4,5-b]-
quinoline-2,4,6(1H,3H,7H)-trione (2i). IR (KBr, cm−1): 751,
809, 1035, 1140, 1209, 1245, 1378, 1418, 1508, 1609, 1645,
1664, 1697, 2958, 3086, 3195, 3274; 1H NMR (300 MHz,
DMSO-d6) δppm: 0.94 (s, 1H), 1.06 (s, 1H), 2.07 (d, J = 18.0
Hz, 1H), 2.24 (d, J = 18.0 Hz, 1H), 2.58 (d, J = 6.8 Hz, 2H),
3.11 (s, 3H), 3.45 (s, 3H), 3.71 (s, 3H), 4.84 (s, 1H), 5.00 (s,
2H), 6.68 (d, J = 7.70 Hz, 1H), 6.82 (d, J = 8.30 Hz, 1H), 6.87
(s, 1H), 7.43−7.44 (m, 4H), 9.03 (s, 1H); 13C NMR (76
MHz, DMSO-d6) δppm: 26.9, 28.1, 29.6, 30.6, 32.5, 33.6, 50.5,
55.9, 69.6, 90.7, 112.2, 112.8, 113.7, 119.8, 128.8, 129.8, 132.7,
136.9, 140.2, 144.1, 146.4, 148.8, 149.9, 151.0, 161.2, 195.0;
MS: m/z = 535.5.
4.4.10. 5-(3-(Benzyloxy)phenyl)-1,3,8,8-tetramethyl-

5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2j). IR (KBr, cm−1): 732, 1039, 1208,
1256, 1380, 1497, 1592, 1613, 1638, 1664, 1697, 2892, 2951,
3060, 3096, 3235, 3289; 1H NMR (300 MHz, DMSO-d6)
δppm: 0.92 (s, 3H), 1.05 (s, 3H), 2.06 (d, J = 16.10 Hz, 1H),
2.23 (d, J = 16.20 Hz, 1H), 2.58 (d, J = 8.50 Hz, 2H), 3.11 (s,
3H), 3.46 (s, 3H), 4.87 (s, 1H), 5.02 (s, 2H), 6.75−6.85 (m,
3H), 7.11 (t, J = 7.80 Hz, 1H), 7.33−7.44 (m, 5H), 9.02 (s,
1H); 13C NMR (76 MHz, DMSO-d6) δppm: 27.0, 28.1, 29.4,
30.6, 32.6, 34.1, 50.5, 69.5, 90.4, 112.0, 112.1, 115.0, 120.7,
128.1, 128.2, 128.8, 129.1, 137.6, 144.2, 148.3, 150.0, 151.0,
158.4, 161.1, 195.0; MS: m/z = 471.1.
4.4.11. 1,3,8,8-Tetramethyl-5-(3-((4-methylbenzyl)oxy)-

phenyl)-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2k). IR (KBr, cm−1): 489, 802, 1042, 1152,
1208, 1260, 1377, 1508, 1608, 1645, 1697, 2872, 2899, 2958,
3086, 3195, 3268; 1H NMR (300 MHz, DMSO-d6) δppm: 0.91
(s, 3H), 2.05 (d, J = 15.00 Hz, 1H), 1.05 (s, 3H), 2.22 (d, J =
15.00 Hz, 1H), 2.32 (s, 3H), 2.57 (d, J = 15.00 Hz, 2H), 3.11
(s, 3H), 3.46 (s, 3H), 4.86 (s, 1H), 4.96 (s, 2H), 6.72−6.84
(m, 3H), 7.10 (t, J = 7.80 Hz, 1H), 7.19 (d, J = 7.90 Hz, 2H),
7.31 (d, J = 8.00 Hz, 2H), 9.06 (s, 1H); 13C NMR (76 MHz,
DMSO-d6) δppm: 21.2, 26.9, 28.1, 29.4, 30.6, 32.5, 34.1, 44.8,
50.5, 69.3, 90.4, 112.0, 112.2, 115.0, 120.6, 128.2, 129.1, 129.4,
134.5, 137.4, 144.3, 148.2, 150.1, 151.0, 158.5, 161.1, 195.0;
MS: m/z = 485.4.
4.4.12. 5-(3-((4-Fluorobenzyl)oxy)phenyl)-1,3,8,8-tetra-

methyl-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2l). IR (KBr, cm−1): 810, 1047, 1151,
1208, 1258, 1376, 1490, 1645, 1664, 1696, 2874, 2895, 2961,
3086, 3198, 3268; 1H NMR (300 MHz, DMSO-d6) δppm: 0.90
(s, 3H), 1.05 (s, 3H), 2.03 (d, J = 15.00 Hz, 1H), 2.22 (d, J =
15.00 Hz, 1H), 2.56 (d, J = 6.00 Hz, 2H), 3.11 (s, 3H), 3.46 (s,
3H), 4.87 (s, 1H), 5.02 (s, 2H), 6.73−6.85 (m, 3H), 7.11 (t, J
= 7.80 Hz, 1H), 7.46 (s, 4H), 9.05 (s, 1H); 13C NMR (76
MHz, DMSO-d6) δppm: 26.9, 28.1, 29.4, 30.6, 32.5, 34.1, 45.4,
50.5, 68.6, 90.4, 111.9, 112.2, 115.0, 120.8, 128.8, 129.1, 129.9,
132.8, 136.7, 144.4, 148.3, 150.3, 151.0, 158.2, 161.2, 195.1;
MS: m/z = 489.3.
4.4.13. 5-(3-((4-Chlorobenzyl)oxy)phenyl)-1,3,8,8-tetra-

methyl-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (2m). IR (KBr, cm−1): 1153, 1208, 1222,
1288, 1377, 1490, 1509, 1610, 1664, 1697, 2898, 2959, 3078,
3192; 1H NMR (300 MHz, DMSO-d6) δppm: 0.91 (s, 3H),
1.05 (s, 3H), 2.05 (d, J = 15.00 Hz, 1H), 2.22 (d, J = 15.00 Hz,
1H), 2.57 (d, J = 9.00 Hz, 2H), 3.11 (s, 3H), 3.46 (s, 3H), 4.87
(s, 1H), 5.00 (s, 2H), 6.74−6.85 (m, 3H), 7.12 (t, J = 7.80 Hz,
1H), 7.19−7.25 (m, 2H), 7.46−7.51 (m, 2H), 9.03 (s, 1H);

13C NMR (76 MHz, DMSO-d6) δppm: 26.9, 28.1, 29.4, 30.6,
32.6, 34.1, 44.5, 50.5, 68.7, 90.4, 112.1, 115.0, 115.5, 115.8,
120.8, 129.1, 130.3, 130.4, 133.8, 144.2, 148.3, 150.1, 151.0,
158.3, 161.1, 195.0; MS: m/z = 505.3.
4.4.14. 5-(4-((1-Benzyl-1H-1,2,3-triazol-4-yl)methoxy)-

phenyl)-1,3,8,8-tetramethyl-5,8,9,10-tetrahydropyrimido-
[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione (4a). IR (KBr,
cm−1): 1173, 1210, 1240, 1354, 1378, 1504, 1608, 1642,
1662, 1696, 2072, 2961, 3202, 3268; 1H NMR (300 MHz,
DMSO-d6) δppm: 9.00 (s, 1H), 8.27 (s, 1H), 7.40−7.32 (m,
5H), 7.13 (m, 2H), 6.84 (d, J = 8.60 Hz, 2H), 5.61 (s, 2H),
5.05 (s, 2H), 4.83 (s, 1H), 3.45 (s, 3H), 3.10 (s, 3H), 2.56 (d, J
= 7.30 Hz, 2H), 2.22 (d, J = 16.10 Hz, 1H), 2.04 (d, J = 16.10
Hz, 1H), 1.05 (s, 3H), 0.90 (s, 3H); 13C NMR (76 MHz,
DMSO) δppm: 28.1, 28.5, 30.3, 32.3, 39.0, 39.3, 39.6, 39.8, 40.1,
40.4, 40.7, 47.7, 53.3, 61.4, 86.2, 108.2, 113.8, 122.8, 125.1,
128.4, 128.6, 129.2, 129.2, 131.3, 136.4, 143.6, 151.2, 152.2,
157.5, 167.2, 196.1; MS: m/z = 552.1.
4.4.15. 1,3,8,8-Tetramethyl-5-(4-((1-(4-methylbenzyl)-1H-

1 , 2 , 3 - t r i a z o l - 4 - y l )m e t h o x y ) p h e n y l ) - 5 , 8 , 9 , 1 0 -
tetrahydropyrimido[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione
(4b). IR (KBr, cm−1): 549, 754, 827, 1049, 1107, 1245, 1282,
1363, 1409, 1513, 1546, 1612, 1672, 1719, 2869, 2957, 3086,
3136; 1H NMR (300 MHz, DMSO-d6) δppm: 0.90 (s, 3H).
1.05 (s, 3H), 2.05 (d, J = 16.10 Hz, 1H), 2.23 (d, J = 16.20 Hz,
1H), 2.29 (s, 3H), 2.58 (d, J = 8.4 0 Hz, 2H), 3.10 (s, 3H),
3.46 (s, 3H), 4.84 (s, 1H), 5.04 (s, 2H), 5.55 (s, 2H), 6.84 (d, J
= 8.30 Hz, 2H), 7.14 (d, J = 8.3 Hz, 2H), 7.21 (m, 4H), 8.22
(s, 1H), 8.99 (s, 1H); 13C NMR (76 MHz, DMSO-d6) δppm:
21.1, 26.9, 28.1, 29.5, 30.6, 32.6, 33.3, 50.5, 53.1, 61.4, 90.8,
112.3, 114.3, 124.8, 128.5, 129.1, 129.8, 133.7, 137.9, 139.4,
143.6, 144.1, 149.8, 151.0, 156.8, 161.1, 195.0; MS: m/z =
566.4.
4.4.16. 5-(4-((1-(3-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)-

me thoxy )pheny l ) - 1 , 3 , 8 , 8 - t e t ramethy l - 5 , 8 , 9 , 10 -
tetrahydropyrimido[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione
(4c). IR (KBr, cm−1): 751, 961, 1050, 1210, 1289, 1378, 1506,
1609, 1643, 1663, 1697, 2872, 2958, 3211; 1H NMR (300
MHz, DMSO-d6) δppm: 0.91 (s, 3H), 1.05 (s, 3H), 2.05 (d, J =
16.10 Hz, 1H), 2.23 (d, J = 16.20 Hz, 1H), 2.58 (d, J = 8.60
Hz, 2H), 3.11 (s, 3H), 3.46 (s, 3H), 4.84 (s, 1H), 5.07 (s, 2H),
5.64 (s, 2H), 6.85 (d, J = 8.70 Hz, 2H), 7.14 (d, J = 8.70 Hz,
2H), 7.28 (m, 1H), 7.39−7.45 (m, 3H), 8.31 (s, 1H), 9.00 (s,
1H); 13C NMR (76 MHz, DMSO-d6) δppm: 26.9, 28.1, 29.5,
30.6, 32.5, 33.3, 50.5, 52.5, 61.4, 90.7, 112.3, 114.2, 125.1,
127.1, 128.3, 128.6, 129.0, 131.2, 133.7, 138.8, 139.5, 143.7,
144.1, 149.7, 151.0, 156.7, 161.1, 195.0; MS: m/z = 588.3.
4.4.17. 5-(4-((1-(4-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)-

me thoxy )pheny l ) - 1 , 3 , 8 , 8 - t e t ramethy l - 5 , 8 , 9 , 10 -
tetrahydropyrimido[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione
(4d). IR (KBr, cm−1): 787, 843, 1050, 1147, 1210, 1289, 1379,
1508, 1638, 1659, 1699, 2958, 3083, 3225, 3291; 1H NMR
(300 MHz, DMSO-d6) δppm: 0.91 (s, 3H), 1.05 (s, 3H), 2.05
(d, J = 16.10 Hz, 1H), 2.23 (d, J = 16.10 Hz, 1H), 2.58 (d, J =
6.00 Hz, 2H), 3.11 (s, 3H), 3.46 (s, 3H), 4.84 (s, 1H), 5.06 (s,
2H), 5.60 (s, 2H), 6.85 (d, J = 8.50 Hz, 2H), 7.14 (d, J = 8.30
Hz, 2H), 7.17−7.26 (m, 2H), 7.41 (m, 2H), 8.27 (s, 1H), 9.00
(s, 1H); 13C NMR (76 MHz, DMSO-d6) δppm: 26.9, 28.1, 29.5,
30.6, 32.5, 33.3, 52.5, 61.4, 90.7, 112.3, 114.2, 115.9, 116.2,
124.9, 129.0, 130.7, 130.8, 132.7, 132.8, 139.5, 143.7, 144.1,
149.7, 151.0, 156.7, 161.1, 195.0; MS: m/z = 570.1.
4.4.18. 5-(4-((1-Benzyl-1H-1,2,3-triazol-4-yl)methoxy)-3-

me thoxypheny l ) - 1 , 3 , 8 , 8 - t e t r ame thy l - 5 , 8 , 9 , 1 0 -

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c05896
ACS Omega 2022, 7, 45314−45324

45321

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c05896?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


tetrahydropyrimido[4,5-b]quinoline-2,4,6(1H,3H,7H)-trione
(4e). IR (KBr, cm−1): 756, 1033, 1052, 1105, 1145, 1220,
1252, 1359, 1412, 1458, 1514, 1554, 1677, 1705, 1725, 2875,
2961, 3146; 1H NMR (300 MHz, DMSO-d6) δppm: 0.94 (s,
3H), 1.06 (s, 3H), 2.08 (d, J = 16.00 Hz, 1H), 2.24 (d, J =
16.20 Hz, 1H), 2.59 (d, J = 8.60 Hz, 2H), 3.12 (s, 3H), 3.46 (s,
3H), 3.67 (s, 3H), 4.84 (s, 1H), 5.03 (s, 2H), 5.61 (s, 2H),
6.69 (d, J = 8.30, 1H), 6.86 (s, 1H), 6.93 (d, J = 8.30 Hz, 1H),
7.29−7.43 (m, 5H), 8.25 (s, 1H), 9.02 (s, 1H); 13C NMR (76
MHz, DMSO-d6) δppm: 26.9, 28.1, 29.6, 30.6, 32.5, 33.5, 50.5,
53.2, 55.76, 61.1, 90.7, 112.1, 112.5, 113.5, 119.7, 125.1, 128.4,
128.6, 129.2, 136.5, 140.1, 144.1, 146.2, 148.75, 150.0, 151.0,
161.2, 195.1; MS: m/z = 582.1.
4.4.19. 1,3,8,8-Tetramethyl-5-(4-(prop-2-yn-1-yloxy)-

phenyl)-5,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-
(1H,3H,7H)-trione (6a). IR (KBr, cm−1): 696, 845, 1029, 1209,
1225, 1378, 1491, 1506, 1603, 1644, 1663, 1698, 2124, 2875,
2902, 2968, 3086, 3212, 3267; 1H NMR (300 MHz, DMSO-
d6) δppm: 0.91 (s, 3H), 1.05 (s, 3H), 2.05 (d, J = 16.10 Hz,
1H), 2.22 (d, J = 16.20 Hz, 1H), 2.58 (d, J = 9.70 Hz, 2H),
3.11 (s, 3H), 3.46 (s, 3H), 3.54 (t, J = 2.40 Hz, 1H), 4.72 (d, J
= 2.50 Hz, 2H), 4.84 (s, 1H), 6.80 (d, J = 8.70 Hz, 2H), 7.15
(d, J = 8.80 Hz, 2H), 9.00 (s, 1H); 13C NMR (76 MHz,
DMSO-d6) δppm: 27.0, 28.1, 29.5, 30.6, 32.6, 33.4, 50.5, 55.6,
78.5, 80.0, 90.7, 12.2, 114.4, 129.0, 139.9, 144.2, 151.0, 155.8,
161.1, 195.0; MS: m/z = 419.3.
4.4.20. 5-(3-Methoxy-4-(prop-2-yn-1-yloxy)phenyl)-

1,3,8,8-tetramethyl-5,8,9,10-tetrahydropyrimido[4,5-b]-
quinoline-2,4,6(1H,3H,7H)-trione (6b). IR (KBr, cm−1): 1266,
1209, 1379, 1505, 1639, 1662, 1699, 2124, 2875, 2958, 3100,
3231, 3294, 3312; 1H NMR (300 MHz, DMSO-d6) δppm: 0.95
(s, 3H), 1.06 (s, 3H), 2.08 (d, J = 16.20 Hz, 1H), 2.24 (d, J =
16.20 Hz, 1H), 2.59 (d, J = 10.10 Hz, 2H), 3.12 (s, 3H), 3.46
(s, 3H), 3.52 (t, J = 2.30 Hz, 1H), 3.70 (s, 3H), 4.69 (d, J =
2.40, 2H), 4.85 (s, 1H), 6.70 (d, J = 8.30, 1H), 6.83−6.88 (m,
2H), 9.01 (s, 1H); 13C NMR (76 MHz, DMSO-d6) δppm: 26.9,
28., 29.61, 30.6, 32.5, 33.6, 50.5, 55.8, 56.4, 78.5, 80.0, 90.7,
112.1, 112.6, 114.1, 119.6, 120.1, 140.7, 144.1, 145.2, 148.9,
150.1, 151.0, 161.2, 195.1; MS: m/z = 449.3.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.2c05896.

Spectral data of all compounds and copies of FT-IR,
NMR, and mass spectra (PDF)

■ AUTHOR INFORMATION
Corresponding Authors

Ahmad Reza Moosavi-Zare − Department of Chemical
Engineering, Hamedan University of Technology, Hamedan
65155, Iran; orcid.org/0000-0003-0321-9326;
Email: moosavizare@yahoo.com

Ardeshir Khazaei − Department of Organic Chemistry,
Faculty of Chemistry, Bu-Ali Sina University, Hamedan
6517838683, Iran; Email: khazaei_1326@yahoo.com

Authors
Soheila Esmaili − Department of Organic Chemistry, Faculty
of Chemistry, Bu-Ali Sina University, Hamedan
6517838683, Iran

Zahra Najafi − Department of Medicinal Chemistry, School of
Pharmacy, Hamadan University of Medical Sciences,
Hamadan 6517838678, Iran

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.2c05896

Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We thank Bu-Ali Sina University and Hamedan University of
Technology for financial support to our research group.

■ REFERENCES
(1) Zare, A.; Dianat, M.; Eskandari, M. M. A novel organic-inorganic

hybrid material: production, characterization and catalytic perform-
ance for the reaction of arylaldehydes, dimedone and 6-amino-1,3-
dimethyluracil. New J. Chem. 2020, 44, 4736−4743.
(2) Xia, Y.; Yang, Z. Y.; Xia, P.; Bastow, K. F.; Tachibana, Y.; Kuo, S.

C.; Hamel, E.; Hackl, T.; Lee, K. H. Antitumor Agents. 181. Synthesis
and Biological Evaluation of 6,7,2’,3’,4’-Substituted-1,2,3,4-tetrahydro-
2-phenyl-4-quinolones as a New Class of Antimitotic Antitumor
Agents. J. Med. Chem. 1998, 41, 1155−1162.
(3) Alagarsamy, V. Synthesis and pharmacological investigation of

some novel 2-methyl-3-(substituted methylamino)-(3H)-quinazolin-
4-ones as histamine H1-receptor blockers. Pharmazie 2004, 59, 753−
5.
(4) Alagarsamy, V.; Venkatesaperumal, R.; Vijayakumar, S.;

Angayarkanni, T.; Pounammal, P.; Senthilganesh, S.; Kandeeban, S.
Synthesis and pharmacological investigation of some novel 2-phenyl-
3-(substituted methyl amino) quinazolin-4(3H)-ones as H1-receptor
blockers. Pharmazie 2002, 57, 306−7.
(5) Alqasoumi, S. I.; Al-Taweel, A. M.; Alafeefy, A. M.; Noaman, E.;

Ghorab, M. M. Novel quinolines and pyrimido[4,5-b]quinolines
bearing biologically active sulfonamide moiety as a new class of
antitumor agents. Eur. J. Med. Chem. 2010, 45, 738−744.
(6) Rajanarendar, E.; Nagi Reddy, M.; Rama Krishna, S.; Rama

Murthy, K.; Reddy, Y. N.; Rajam, M. V. Design, synthesis,
antimicrobial, anti-inflammatory and analgesic activity of novel
isoxazolyl pyrimido[4,5-b]quinolines and isoxazolyl chromeno[2,3-
d]pyrimidin-4-ones. Eur. J. Med. Chem. 2012, 55, 273−283.
(7) Joshi, A. A.; Viswanathan, C. L. Recent Developments in

Antimalarial Drug Discovery. Anti-Infect. Agents Med. Chem. 2006, 5,
105−122.
(8) Huron, D. R.; Gorre, M. E.; Kraker, A. J.; Sawyers, L.; Moasser,

M. M. A Novel Pyridopyrimidine Inhibitor of Abl Kinase Is a
Picomolar Inhibitor of Bcr-abl-driven K562 Cells and Is Effective
against STI571-resistant Bcr-abl Mutants. Clin. Cancer Res. 2003, 9,
1267−73.
(9) Thakkar, K. C.; Berthel, S. J.; Cheung, A. W. H.; Kim, K.; Li, S.;

Yun, W. Pyridopyrimidine protein tyrosine phosphatase inhibitors.
U.S. Patent. 20,070,021,445 A1, 2007.
(10) Nargund, L. V. G.; Badiger, V. V.; Yarnal, S. M. Synthesis and

Antimicrobial and Anti-inflammatory Activities of Substituted 2-
Mercapto-3-(N-aryl)pyrimido[5,4-c]cinnolin-4-(3H)-ones. J. Pharm.
Sci. 1992, 81, 365−366.
(11) Atwell, G. J.; Baguley, B. C.; Denny, W. A. Potential antitumor

agents. 57. 2-Phenylquinoline-8-carboxamides as minimal DNA-
intercalating antitumor agents with in vivo solid tumor activity. J.
Med. Chem. 1989, 32, 396−401.
(12) Chen, Y. L.; Chen, I. L.; Tzeng, C. C.; Wang, T. C. Synthesis

and Cytotoxicity Evaluation of Certainα-Methylidene-γ-butyrolac-
tones Bearing Coumarin, Flavone, Xanthone, Carbazole, and
Dibenzofuran Moieties. Helv. Chim. Acta 2000, 83, 989−994.
(13) Pałasz, A.; Ciez,̇ D. In search of uracil derivatives as bioactive

agents. Uracils and fused uracils: Synthesis, biological activity and
applications. Eur. J. Med. Chem. 2015, 97, 582−611.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c05896
ACS Omega 2022, 7, 45314−45324

45322

https://pubs.acs.org/doi/10.1021/acsomega.2c05896?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.2c05896/suppl_file/ao2c05896_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ahmad+Reza+Moosavi-Zare"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-0321-9326
mailto:moosavizare@yahoo.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ardeshir+Khazaei"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
mailto:khazaei_1326@yahoo.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Soheila+Esmaili"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zahra+Najafi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c05896?ref=pdf
https://doi.org/10.1039/c9nj06393e
https://doi.org/10.1039/c9nj06393e
https://doi.org/10.1039/c9nj06393e
https://doi.org/10.1039/c9nj06393e
https://doi.org/10.1021/jm9707479?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm9707479?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm9707479?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm9707479?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chin.200505135
https://doi.org/10.1002/chin.200505135
https://doi.org/10.1002/chin.200505135
https://doi.org/10.1016/j.ejmech.2009.11.021
https://doi.org/10.1016/j.ejmech.2009.11.021
https://doi.org/10.1016/j.ejmech.2009.11.021
https://doi.org/10.1016/j.ejmech.2012.07.029
https://doi.org/10.1016/j.ejmech.2012.07.029
https://doi.org/10.1016/j.ejmech.2012.07.029
https://doi.org/10.1016/j.ejmech.2012.07.029
https://doi.org/10.2174/187152106774755626
https://doi.org/10.2174/187152106774755626
https://doi.org/10.1002/jps.2600810416
https://doi.org/10.1002/jps.2600810416
https://doi.org/10.1002/jps.2600810416
https://doi.org/10.1021/jm00122a018?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00122a018?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm00122a018?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/(sici)1522-2675(20000510)83:5<989::aid-hlca989>3.0.co;2-e
https://doi.org/10.1002/(sici)1522-2675(20000510)83:5<989::aid-hlca989>3.0.co;2-e
https://doi.org/10.1002/(sici)1522-2675(20000510)83:5<989::aid-hlca989>3.0.co;2-e
https://doi.org/10.1002/(sici)1522-2675(20000510)83:5<989::aid-hlca989>3.0.co;2-e
https://doi.org/10.1016/j.ejmech.2014.10.008
https://doi.org/10.1016/j.ejmech.2014.10.008
https://doi.org/10.1016/j.ejmech.2014.10.008
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c05896?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(14) Irannejad-Gheshlaghchaei, N.; Zare, A.; Banaei, A.; Kaveh, H.;
Varavi, N. N,N,N’,N’-Tetramethyl-N,N’-bis(sulfo)ethane-1,2- Diami-
nium Mesylate as a Highly Effective and Dual-functional Catalyst for
the Synthesis of 1-Thioamidoalkyl-2-naphthols. Chem. Methodol.
2020, 4, 400−407.
(15) Moosavi-Zare, A. R.; Zolfigol, M. A.; Zarei, M.; Zare, A.;

Khakyzadeh, V. Application of silica-bonded imidazolium-sulfonic
acid chloride (SBISAC) as a heterogeneous nanocatalyst for the
domino condensation of arylaldehydes with 2-naphthol and
dimedone. J. Mol. Liq. 2015, 211, 373−380.
(16) Moosavi-Zare, A. R.; Afshar-Hezarkhani, H.; Rezaei, M. M.

Tandem Four Component Condensation Reaction of Aryl Aldehydes
with Ethyl Acetoacetate, Malononitrile, and Hydrazine Hydrate using
Boric Acid in Water as an Efficient and Green Catalytic System.
Polycyclic Aromat. Compd. 2020, 40, 150−158.
(17) Moosavi-Zare, A. R.; Afshar-Hezarkhani, H. Design of 2-

Carboxy-1-sulfopyridin-1-ium Chloride as an Efficient and Eco-
friendly Catalyst for the One-pot Synthesis of Highly Functionalized
Tetrahydropyridines. Org. Prep. Proced. Int. 2020, 52, 410−421.
(18) Moosavi-Zare, A. R.; Zolfigol, M. A.; Derakhshan-Panah, F.;

Balalaie, S. Synthesis and characterization of 4,4′-bipyridinium
sulfonic acid chloride as a new and efficient catalyst for the
preparation of amidoalkyl phenols and bis amidoalkyl phenols. Mol.
Catal. 2018, 449, 142−151.
(19) Khazaei, A.; Moosavi-Zare, A. R.; Afshar-Hezarkhani, H.;

Khakyzadeh, V. Programming of Fe-catalyzed cascade Knoevenagel-
Michael-cyclocondensation reaction: create out pseudo acridine
derivatives under solvent free conditions. Eurasian Chem. Commun.
2020, 2, 27−34.
(20) Moosavi-Zare, A. R.; Afshar-Hezarkhani, H. Application of

[Pyridine-1-SO3H-2-COOH]Cl as an efficient catalyst for the
preparation of hexahyroquinolines. Eurasian Chem. Commun. 2020,
2, 465−474.
(21) Moosavi-Zare, A. R.; Goudarziafshar, H.; Jalilian, Z.;

Hosseinabadi, F. Efficient Pseudo-Six-Component Synthesis of
Tetrahydro-pyrazolopyridines Using [Zn-2BSMP]Cl2. Chem. Method-
ol. 2022, 6, 571−581.
(22) Khazaei, A.; Gohari-Ghalil, F.; Tavasoli, M.; Rezaei-Gohar, M.;

Moosavi-Zare, A. R. Fe3O4 Bonded Pyridinium-3-carboxylic acid-N-
sulfonic Acid Chloride as an Efficient Catalyst for the Synthesis of 3,4-
dihydropyrimidin-2(1H)-ones. Chem. Methodol. 2020, 4, 543−553.
(23) Jalili, F.; Zarei, M.; Zolfigol, M. A.; Rostamnia, S.; Moosavi-

Zare, A. R. SBA-15/PrN(CH2PO3H2)2 as a novel and efficient
mesoporous solid acid catalyst with phosphorous acid tags and its
application on the synthesis of new pyrimido[4,5-b]quinolones and
pyrido[2,3-d]pyrimidines via anomeric based oxidation. Microporous
Mesoporous Mater. 2020, 294, 109865−109897.
(24) Shirini, F.; Langarudi, M. S. N.; Daneshvar, N.; Jamasbi, N.;

Irankhah-Khanghah, M. Preparation and characterization of [H2-
DABCO][ClO4]2 as a new member of DABCO-based ionic liquids
for the synthesis of pyrimido[4,5-b]-quinoline and pyrimido[4,5-
d]pyrimidine derivatives. J. Mol. Struct. 2018, 1161, 366−382.
(25) Esmaili, S.; Moosavi-Zare, A. R.; Khazaei, A. Nano-[Fe3O4@

SiO2/N-propyl-1-(thiophen-2-yl)ethanimine][ZnCl2] as a nano
magnetite Schiff base complex and heterogeneous catalyst for the
synthesis of pyrimido[4,5-b]quinolones. RSC Adv. 2022, 12, 5386−
5394.
(26) Zare, A.; Lotfifar, N.; Dianat, M. Preparation, characterization

and application of nano-[Fe3O4@-SiO2@R-NHMe2][H2PO4] as a
novel magnetically recoverable catalyst for the synthesis of pyrimido-
[4,5-b]quinolines. J. Mol. Struct. 2020, 1211, 128030.
(27) Osanlou, F.; Nemati, F.; Sabaqian, S. An eco-friendly and

magnetized biopolymer cellulose-based heterogeneous acid catalyst
for facile synthesis of functionalized pyrimido[4,5-b]quinolines and
indeno fused pyrido[2,3-d]pyrimidines in water. Res. Chem. Intermed.
2017, 43, 2159−2174.
(28) Zare, A.; Dianat, M. A highly efficient and green approach for

the synthesis of pyrimido[4,5-b]quinolines using N,N-diethyl-N-
sulfoethanaminium chloride. Z. Naturforsch. 2021, 76, 85−90.

(29) Ji, S.-J.; Ni, S.-N.; Yang, F.; Shi, J.-W.; Dou, G.-L.; Li, X.-Y.;
Wang, X.-S.; Ji, S.-J. An Efficient synthesis of pyrimido[4,5-
b]quinoline and indeno[2′,1′:5,6]pyrido[2,3-d]pyrimidine derivatives
via multicomponent reactions in ionic liquid. J. Heterocycl. Chem.
2008, 45, 693−702.
(30) Gholami, A.; Mokhtary, M.; Nikpassand, M. Glycolic acid-

supported cobalt ferrite-catalyzed one-pot synthesis of pyrimido[4,5-
b]quinoline and indenopyrido[2,3-d]pyrimidine derivatives. Appl.
Organomet. Chem. 2020, 34, No. e6007.
(31) Rad, A. M.; Mokhtary, M. Efficient one-pot synthesis of

pyrido[2,3-d]pyrimidines catalyzed by nanocrystalline MgO in water.
Int. Nano Lett. 2015, 5, 109−123.
(32) Jolodar, O. G.; Shirini, F.; Seddighi, M. Efficient synthesis of

pyrano[2,3- d ]pyrimidinone and pyrido[2,3- d ]pyrimidine
derivatives in presence of novel basic ionic liquid catalyst. Chin. J.
Catal. 2017, 38, 1245−1251.
(33) Moghaddampour, I. M.; Shirini, F.; Langarudi, M. S. N. Agar-

entrapped sulfonated DABCO: Agelly acidic catalyst for the
acceleration of one-pot synthesis of 1,2,4-triazoloquinazolinone and
some pyrimidine derivatives. J. Mol. Struct. 2021, 1226, 129336.
(34) Paliwal, P.; Rao, J. S.; Shubha, J. DABCO Promoted Multi-

Component one-pot Synthesis of Xanthene Derivatives. Res. J. Chem.
Sci. 2012, 2, 21−25.
(35) Mohebat, R.; Yazdani-Elah-Abadi, A.; Malek-Taher

Maghsoodlou, M.-T.; Hazeri, N. DABCO-catalyzed multi-component
domino reactions for green and efficient synthesis of novel 3-oxo-3 H
-benzo[ a ]pyrano[2,3- c ]phenazine-1-carboxylate and 3-(5-
hydroxybenzo[ a ]phenazin-6-yl)acrylate derivatives in water. Chin.
Chem. Lett. 2017, 28, 943−948.
(36) Hazeri, N.; Lashkari, M.; Fatahpour, M.; Sheikhveisi, M.

DABCO-Catalyzed the Synthesis of Densely Functionalized Cyclo-
hexanones in a Benign Manner. Bull. Korean Chem. Soc. 2020, 41,
786−792.
(37) Basumatary, G.; Dhar, E. D.; Das, D.; Deka, R. C.; Yadav, A. K.;

Bez, G. Coumarin-based Trisubstituted Methanes as Potent
Anthelmintic: Synthesis, Molecular Docking and in vitro Efficacy. J.
Chem. Sci. 2020, 132, 1−12.
(38) Arupula, S. K.; Guin, S.; Yadav, A.; Mobin, S. M.; Samanta, S.

Stereoselective Synthesis of 3,3-Disubstituted Oxindoles and Spiroox-
indoles via Allylic Alkylation of Morita-Baylis-Hillman Carbonates of
Isatins with Cyclic Sulfamidate Imines Catalyzed by DABCO. J. Org.
Chem. 2018, 83, 2660−2675.
(39) Babu, G. N.; Ayalew, H. M.; Jain, S. DABCO-promoted one-

pot synthesis of heteroaryl-substituted benzenes and their biological
evaluation. Med. Chem. Res. 2014, 23, 2608−2614.
(40) Wen, L.-R.; Lan, M.-C.; Yuan, W.-K.; Li, M. DABCO-mediated

isocyanide-based multicomponent reaction: synthesis of highly
substituted cyclopentenes. Org. Biomol. Chem. 2014, 12, 4628−4632.
(41) Mosslemin, M. H.; Zarenezhad, E.; Shams, N.; Rad, M. N.;

Anaraki-Ardakani, H.; Fayazipoor, R. Green Synthesis of 5-aryl-
(1H,3H,5H,10H)-pyrimido[4,5-b]quinoline-2,4-diones Catalysed by
1,4-diazabicyclo[2.2.2]octane in Water. J. Chem. Res. 2014, 38, 169−
171.
(42) Hasaninejad, A.; Firoozi, S. One-pot, sequential four-

component synthesis of benzo[c]pyrano[3,2-a]phenazine, bis-benzo-
[c]pyrano[3,2-a]phenazine and oxospiro benzo[c]pyrano[3,2-a]-
phenazine derivatives using 1,4-diazabicyclo[2.2.2]octane (DABCO)
as an efficient and reusable solid base catalyst. Mol. Divers. 2013, 17,
499−513.
(43) Murthy, S. N.; Madhav, B.; Nageswar, Y. V. D. DABCO as a

mild and efficient catalytic system for the synthesis of highly
substituted imidazoles via multi-component condensation strategy.
Tetrahedron Lett. 2010, 51, 5252−5257.
(44) Paymozd, F.; Maghsoodlou, M.-T.; Heydari, R.; Yazdani-Elah-

Abadi, A.; Kangani, M.; Graiff, C. Mild and Efficient Synthesis of
Polysubstituted Phthalimides and Piperidines Catalyzed by DABCO.
Iran. J. Sci. Technol., Trans. A: Sci. 2019, 43, 2851−2859.
(45) Safari, E.; Hasaninejad, A. One-pot, Multi-Component

Synthesis of Novel Bis-Spiro Pyranopyrazole Derivatives in the

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c05896
ACS Omega 2022, 7, 45314−45324

45323

https://doi.org/10.33945/sami/chemm.2020.4.3
https://doi.org/10.33945/sami/chemm.2020.4.3
https://doi.org/10.33945/sami/chemm.2020.4.3
https://doi.org/10.1016/j.molliq.2015.07.049
https://doi.org/10.1016/j.molliq.2015.07.049
https://doi.org/10.1016/j.molliq.2015.07.049
https://doi.org/10.1016/j.molliq.2015.07.049
https://doi.org/10.1080/10406638.2017.1382541
https://doi.org/10.1080/10406638.2017.1382541
https://doi.org/10.1080/10406638.2017.1382541
https://doi.org/10.1080/00304948.2020.1787058
https://doi.org/10.1080/00304948.2020.1787058
https://doi.org/10.1080/00304948.2020.1787058
https://doi.org/10.1080/00304948.2020.1787058
https://doi.org/10.1016/j.mcat.2017.09.037
https://doi.org/10.1016/j.mcat.2017.09.037
https://doi.org/10.1016/j.mcat.2017.09.037
https://doi.org/10.33945/SAMI/ECC.2020.1.3
https://doi.org/10.33945/SAMI/ECC.2020.1.3
https://doi.org/10.33945/SAMI/ECC.2020.1.3
https://doi.org/10.33945/SAMI/ECC.2020.4.5
https://doi.org/10.33945/SAMI/ECC.2020.4.5
https://doi.org/10.33945/SAMI/ECC.2020.4.5
https://doi.org/10.22034/chemm.2022.334202.1456
https://doi.org/10.22034/chemm.2022.334202.1456
https://doi.org/10.22034/chemm.2020.106433
https://doi.org/10.22034/chemm.2020.106433
https://doi.org/10.22034/chemm.2020.106433
https://doi.org/10.1016/j.micromeso.2019.109865
https://doi.org/10.1016/j.micromeso.2019.109865
https://doi.org/10.1016/j.micromeso.2019.109865
https://doi.org/10.1016/j.micromeso.2019.109865
https://doi.org/10.1016/j.molstruc.2018.02.069
https://doi.org/10.1016/j.molstruc.2018.02.069
https://doi.org/10.1016/j.molstruc.2018.02.069
https://doi.org/10.1016/j.molstruc.2018.02.069
https://doi.org/10.1039/d2ra00213b
https://doi.org/10.1039/d2ra00213b
https://doi.org/10.1039/d2ra00213b
https://doi.org/10.1039/d2ra00213b
https://doi.org/10.1016/j.molstruc.2020.128030
https://doi.org/10.1016/j.molstruc.2020.128030
https://doi.org/10.1016/j.molstruc.2020.128030
https://doi.org/10.1016/j.molstruc.2020.128030
https://doi.org/10.1007/s11164-016-2752-z
https://doi.org/10.1007/s11164-016-2752-z
https://doi.org/10.1007/s11164-016-2752-z
https://doi.org/10.1007/s11164-016-2752-z
https://doi.org/10.1515/znb-2020-0098
https://doi.org/10.1515/znb-2020-0098
https://doi.org/10.1515/znb-2020-0098
https://doi.org/10.1002/jhet.5570450310
https://doi.org/10.1002/jhet.5570450310
https://doi.org/10.1002/jhet.5570450310
https://doi.org/10.1002/aoc.6007
https://doi.org/10.1002/aoc.6007
https://doi.org/10.1002/aoc.6007
https://doi.org/10.1007/s40089-015-0145-8
https://doi.org/10.1007/s40089-015-0145-8
https://doi.org/10.1016/s1872-2067(17)62827-4
https://doi.org/10.1016/s1872-2067(17)62827-4
https://doi.org/10.1016/s1872-2067(17)62827-4
https://doi.org/10.1016/j.molstruc.2020.129336
https://doi.org/10.1016/j.molstruc.2020.129336
https://doi.org/10.1016/j.molstruc.2020.129336
https://doi.org/10.1016/j.molstruc.2020.129336
https://doi.org/10.1016/j.cclet.2016.12.042
https://doi.org/10.1016/j.cclet.2016.12.042
https://doi.org/10.1016/j.cclet.2016.12.042
https://doi.org/10.1016/j.cclet.2016.12.042
https://doi.org/10.1002/bkcs.12067
https://doi.org/10.1002/bkcs.12067
https://doi.org/10.1007/s12039-020-1737-z
https://doi.org/10.1007/s12039-020-1737-z
https://doi.org/10.1021/acs.joc.7b03090?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b03090?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b03090?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s00044-013-0857-0
https://doi.org/10.1007/s00044-013-0857-0
https://doi.org/10.1007/s00044-013-0857-0
https://doi.org/10.1039/c4ob00012a
https://doi.org/10.1039/c4ob00012a
https://doi.org/10.1039/c4ob00012a
https://doi.org/10.3184/174751914x13917105358323
https://doi.org/10.3184/174751914x13917105358323
https://doi.org/10.3184/174751914x13917105358323
https://doi.org/10.1007/s11030-013-9446-x
https://doi.org/10.1007/s11030-013-9446-x
https://doi.org/10.1007/s11030-013-9446-x
https://doi.org/10.1007/s11030-013-9446-x
https://doi.org/10.1007/s11030-013-9446-x
https://doi.org/10.1016/j.tetlet.2010.07.128
https://doi.org/10.1016/j.tetlet.2010.07.128
https://doi.org/10.1016/j.tetlet.2010.07.128
https://doi.org/10.1007/s40995-019-00789-z
https://doi.org/10.1007/s40995-019-00789-z
https://doi.org/10.1002/slct.201800410
https://doi.org/10.1002/slct.201800410
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c05896?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Presence of DABCO as an Efficient and Reusable Solid Base Catalyst.
ChemistrySelect 2018, 3, 3529−3533.
(46) Ghafary, S.; Najafi, Z.; Mohammadi-Khanaposhtani, M.; Nadri,

H.; Edraki, N.; Ayashi, N.; Larijani, B.; Amini, M.; Mahdavi, M. Novel
cinnamic acid-tryptamine hybrids as potent butyrylcholinesterase
inhibitors: Synthesis, biological evaluation, and docking study. Arch.
Pharmazie 2018, 351, 1800115.
(47) Himo, F.; Lovell, T.; Hilgraf, R.; Rostovtsev, V. V.; Noodleman,

L.; Sharpless, K. B.; Fokin, V. V. Copper(I)-Catalyzed Synthesis of
Azoles. DFT Study Predicts Unprecedented Reactivity and Inter-
mediates. J. Am. Chem. Soc. 2005, 127, 210−216.
(48) Worrell, B. T.; Malik, J. A.; Fokin, V. V. Direct Evidence of a

Dinuclear Copper Intermediate in Cu(I)-Catalyzed Azide-Alkyne
Cycloadditions. Science 2013, 340, 457−460.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c05896
ACS Omega 2022, 7, 45314−45324

45324

https://doi.org/10.1002/slct.201800410
https://doi.org/10.1002/ardp.201800115
https://doi.org/10.1002/ardp.201800115
https://doi.org/10.1002/ardp.201800115
https://doi.org/10.1021/ja0471525?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0471525?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0471525?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/science.1229506
https://doi.org/10.1126/science.1229506
https://doi.org/10.1126/science.1229506
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c05896?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

