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Abstract
A simple, rapid and effective protocol for the synthesis pyrido[2,3-d:6,5-d′]dipyrimidines has been developed via the
one-pot multi-component reaction of arylaldehydes, 2-thiobarbituric acid and NH4OAc using nano-[SiO2-R-
NMe2SO3H][Cl] as a mesoporous nanaocatalyst in solvent-free conditions. The remarkable features of this protocol
include superiority relative to the reported methods in terms of two or more of these items: the reaction times,
yields, the reaction temperature and conditions.

Keywords Pyrido[2,3-d:6,5-d′]dipyrimidines. Nano-[SiO2-R-NMe2SO3H][cl]. Mesoporous nanocatalyst. Multi-component
reaction. Solvent-free

1 Introduction

Currently, nanocatalysis is a significant field of
nanoscience [1]. Nanoparticles as active and stable cat-
alysts or supports could substitute bulk materials for a
variety of catalytic applications [2–5]. Owing to their
small sizes, nanoparticles have higher surface area and
exposed active sites, and consequently increased contact
areas with starting materials; this behavior is similar to
homogeneous catalysts. Nanostructured catalysts can si-
multaneously act as heterogeneous catalysts; because,
they are insoluble in reaction medium, and can simply
segregate from reaction mixture [6–10].

Nowadays, an applied method for decreasing the eco-
logical harms of chemical reactions is accomplishing
them in solvent-free conditions. Beside this, elimination
of solvent affords other profits, including: decrement of

reaction time, economic and energy savings, increment
of yield and selectivity, and a remarkable decrease in
the size of reactor [11–14].

The reactions in which at least three reactants are
treated in one pot to produce a material that has all
essential moieties of the reactants, are called multi-
component reactions (MCRs). MCRs are in accordance
with green chemistry protocols, affordable and high ef-
fectual, and produce less waste compared with multi-
steps reactions [15–19]. Moreover, it is clear, if MCRs
are performed in solvent-free conditions, their impor-
tance will be doubled, because their benefits merge to-
gether [15–19].

Pyrimidines are attractive heterocyclic frameworks
showing a variety of biological and medicinal activities
[20, 21]. Pyrimidines and their fused derivatives are
sources to synthesize therapeutic agents and new drugs
[22, 23]. Additionally, pyrimido-pyrimidine derivatives
are applied as tyrosine kinase inhibitory [24], antitumor
[25], antiviral [26], antiallergic [27], anti-inflammatory
[ 28 ] , a n t i f o l a t e [29 ] , a n t i hype r t en s i v e [ 30 ] ,
antimicroibial [31], fibroblast growth factor receptor
[32], anti-HIV [33], anticonvulsants [34], antibacterial
[35], analgesic [36] and antioxidant [37] agents. An im-
portant group of heterocycles containing pyrido-
pyrimidine core is pyrido[2,3-d:6,5-d’]dipyrimidines
which can prepared via the one-pot pseudo five-
component reaction of arylaldehydes, 2-thiobarbituric
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acid and NH4OAc; few catalysts have been reported to
perform this reaction, consisting of nano-[DMSPDE][Cl]
[38], γ-Fe2O3@HAp-SO3H [39], Fe-MCM-41-ionic liq-
uid [40], CuFe2O4 nanospheres [41], [H-NMP]+[HSO4]

−

[42], and nano CuFe2O4 (under ultrasonic or microwave
irradiation) [43, 44].

Considering the high importance of pyrido[2,3-d:6,5-
d’]dipyrimidines, existing few catalysts for their synthe-
s is in the l i tera ture , and high signif icance of
nanocatalysis and solvent-free technique, search for
finding efficient nanocatalysts to achieve this reaction
in solvent-free conditions is demanded; in the present
research, we have achieved this, and reported an easy-
to-follow, quick, eco-friendly and highly effectual proto-
col for the product ion of pyr ido[2,3-d :6 ,5-d ’ -
]dipyrimidines through the one-pot multi-component
condensation of arylaldehydes, 2-thiobarbituric acid and
ammonium acetate using nano-[SiO2-R-NMe2SO3H][Cl]
as a mesoporous recoverable nanocatalyst in solvent-free
conditions.

2 Results and Discussion

Nano-[SiO2-R-NMe2SO3H][Cl] was synthesized according to
Scheme 1 [10]. The FE-SEM (field emission scanning elec-
tron microscopy) and TEM (transmission electron microsco-
py) micrographs of the nanocatalyst are shown in Figs. 1 and
2. The organic moiety loading on the silica surface was
1.32 mmol/g [10].

To acquire the optimized catalyst quantity, reaction
t empe r a t u r e and so lven t , t h e r e ac t i on o f 4 -
chlorobenzaldehyde (1 mmol), 2-thiobarbituric acid
(2 mmol) and NH4OAc (1.4 mmol) was checked in
the presence of 0.01–0.03 g of nano-[SiO2-R-
NMe2SO3H][Cl] at range of 80–95 °C in solvent-free

conditions, and also in 3 mL of ethanol, ethyl acetate
and acetonitrile (Scheme 2); the results are tabulated in
Table 1. As the Table exemplifies, the best results were
acquired by utilization of 0.02 g of the nanocatalyst at
90 °C in the absence of solvent (Table 1, entry 2).
Enhancing the catalyst quantity or temperature didn’t
improve the results (Table 1, entries 3 and 5).
Furthermore, performing the reaction in solvent condi-
tions didn’t afford good results (Table 1, entries 6–8).
Besides, the reaction was studied using N,N,N′,N′-
te t ramethyle thane-1,2-diamine, nano-s i l ica and
chlorosulfonic acid (the starting materials for the synthe-
sis of nano-[SiO2-R-NMe2SO3H][Cl]) as catalysts
(Table 1, entries 9–11); it is clear that the starting
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Scheme 1 The preparation of nano-[SiO2-R-NMe2SO3H][Cl]

Fig. 1 The FE-SEM image of nano-[SiO2-R-NMe2SO3H][Cl]
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materials could not effectively catalyze the reaction,
even at 110 °C; these results verified that our plan to
anchor the diamine and chlorosulfonic acid on the sur-
face of nano-silica for the synthesis of nano-[SiO2-R-
NMe2SO3H][Cl] was rational and fruitful.

After finding the best reaction conditions, the con-
densation of miscellaneous arylaldehydes with 2-
thiobarbituric acid and NH4OAc was investigated in
the presence of nano-[SiO2-R-NMe2SO3H][Cl]; the rele-
vant reaction times and yields are indicated in Table 2.
Considering the attained results, effectuality and gener-
ality of the nanocatalyst were high, since high yields of
the corresponding pyrido[2,3-d:6,5-d’]dipyrimidines
were acquired in short times in the case of all alde-
hydes, i.e. benzaldehyde, and electron-deficient as well
as electron-reach arylaldehydes. In the other hand, the
results were very good when arylaldehydes with ortho,
para and meta substituents were utilized.

A literature-based mechanism was proposed for the
synthesis (Scheme 3) [40]. Firstly, the carbonyl group

of aldehyde is activated by the acidic group of
nano-[SiO2-R-NMe2SO3H][Cl], and then reacts with
the tautomer of 2-thiobarbituric acid to provide interme-
diate ІІІ. In the other hand, ammonia reacts with anoth-
er molecule of 2-thiobarbituric (which activated by the
catalyst) to produce intermediate ІV after removal of a
H2O molecule (the nanocatalyst also helps removing
H2O). Following that, Michael type addition of interme-
diate ІV to intermediate ІІІ (which activated with
nano-[SiO2-R-NMe2SO3H][Cl]), and tautomerization
produces intermediate V. Intermolecular nucleophilic ad-
dition of the amino group of intermediate V to its acti-
vated carbonyl group, and elimination of a H2O mole-
cule affords pyrido[2,3-d:6,5-d’]dipyrimidine.

To recogn ize supe r io r i t y o f nano- [S iO2 -R-
NMe2SO3H][Cl] with respect to the reported catalysts
for the production of pyrido[2,3-d:6,5-d’]dipyrimidines,
the reaction conditions and results when compound 10
has been prepared, using these catalysts, are tabulated in
Table 3. According to the Table data, the reaction time
of our catalyst is shorter than the catalysts showed as
entries 2–7; the yield of nano-[SiO2-R-NMe2SO3H][Cl]
is higher than the others; and the reaction temperature
of our protocol is lower than entries 2 and 3.
Furthermore, in our method, ultrasound and microwave
energies, that require especial devices, have not been
exploited. Application of solvent-free technique is an-
other benefit of our work.

Recoverability of nano-[SiO2-R-NMe2SO3H][Cl] was
studied for the condensation of 4-nitrobenzaldehyde
(1 mmol) with 2-thiobarbituric acid (2 mmol) and
NH4OAc (1.4 mmol) to prepare compound 3 .
Recycling the nanocatalyst was achieved via the men-
tioned procedure in the experimental section; it was re-
usable for 4 times with negligible loss of its activity
(Fig. 3). Full characterization of the nanocatalyst has
been reported in our previous paper [10]. The recycled
nano-[SiO2-R-NMe2SO3H][Cl] was also characterized by
FT-IR, FE-SEM and XRD (X-ray diffraction). The FT-
IR spectrum is shown in Fig. 4, and the corresponding
data are briefed in Table 4; the data showed that the
organic groups immobilized on the silica surface were
retained (the IR data is accordance with those reported
for nano-[SiO2-R-NMe2SO3H][Cl] in our published

Fig. 2 The TEM micrograph of nano-[SiO2-R-NMe2SO3H][Cl]
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paper [10]). Nonetheless, the FE-SEM micrograph of
the recycled catalyst (Fig. 5) indicated that the

nanoparticles have slightly aggregated during recycling,
and their sizes have slightly increased, when compared

Table 1 The results of optimizing the catalyst quantity, temperature and solvent on the reaction of 4-chlorobenzaldehyde, 2-thiobarbituric acid and
NH4OAc

Entry Catalyst Catalyst
quantity (g)

Temp.
(°C)

Solvent Time
(min)

Yielda

(%)

1 Nano-[SiO2-R-NMe2SO3H][Cl] 0.01 90 – 10 82

2 Nano-[SiO2-R-NMe2SO3H][Cl] 0.02 90 – 5 93

3 Nano-[SiO2-R-NMe2SO3H][Cl] 0.03 90 – 5 93

4 Nano-[SiO2-R-NMe2SO3H][Cl] 0.02 80 – 10 64

5 Nano-[SiO2-R-NMe2SO3H][Cl] 0.02 95 – 5 93

6 Nano-[SiO2-R-NMe2SO3H][Cl] 0.02 Reflux EtOH 120 84

7 Nano-[SiO2-R-NMe2SO3H][Cl] 0.02 Reflux EtOAc 120 80

8 Nano-[SiO2-R-NMe2SO3H][Cl] 0.02 Reflux CH3CN 120 75

9 N,N,N′,N′-Tetramethylethane-
1,2-diamine

0.02 110 – 15 43

10 Nano-silica 0.02 110 – 15 38

11 Chlorosulfonic acid 0.003b 90 – 20 82

aYield of isolated product
b Considering the amount of the acidic group (SO3H) immobilized on silica in nano-[SiO2-R-NMe2SO3H][Cl] (1.32mmol/g) [10], 0.003 g (0.026mmol)
of ClSO3H was used

Table 2 The production of pyrido[2,3-d:6,5-d’]dipyrimidines using nano-[SiO2-R-NMe2SO3H][Cl]

Nano-[SiO2-R-NMe2SO3H][Cl]
+ +

HN NH

S

OO
Ar-CHO

HN

N
H

N
H

N
H

NH

Ar OO

S S
Solvent-free, 90 °C

NH4OAc

Comp. no Ar Time (min) Yield
a

(%)
M.p. (ºC)

Found Reported

1 C6H5 5 89 208-210 211 [43]

2 2-O2NC6H4 10 92 228-230 230 [43]

3 4-O2NC6H4 5 94 329-331 330 [43]

4 4-MeC6H4 10 91 316-318 -

5 3-MeOC6H4 15 88 237-239 242 [43]

6 4-MeOC6H4 10 90 277-279 280 [42]

7 3,4-(MeO)2C6H3 10 91 >300 >300 [39]

8 4-ClC6H4 5 93 254-256 257 [43]

9 4-FC6H4 5 88 227-229 -

10 2-FC6H4 5 95 239-241 240 [43]

11 2 BrC6H4 15 91 255-257 253-255 [38]

12 3 BrC6H4 10 93 248-250 246-248 [38]
a Isolated yield
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Scheme 3 The suggested mechanism for the preparation of pyrido[2,3-d:6,5-d’]dipyrimidines

Table 3 Comparison of the reaction conditions and results of nano-[SiO2-R-NMe2SO3H][Cl] with the reported catalysts in the preparation of product 10

Entry Catalyst Conditions Time (min) Yield (%) Ref.

1 Nano-[SiO2-R-NMe2SO3H][Cl] Solvent-free, 90 °C 5 95 –

2 Nano-[DMSPDE][Cl] Solvent-free, 110 °C 15 86 [38]

3 γ-Fe2O3@HAp-SO3H
a DMF, 110 °C 20–75 70–95 [39]

4 Fe-MCM-41-IL H2O, r.t. 45 80 [40]

5 Nano CuFe2O4 H2O, r.t. 35 85 [41]

6 [HNMP]+[HSO4]
− H2O, ultrasonic (26.5 W) 8 90 [42]

7 Nano CuFe2O4 H2O, ultrasonic (40 W) 10 90 [43]

8 Nano CuFe2O4 H2O, microwave (100 W) 2 90 [44]

a In this work, product 10 has not been synthesized; thus, we have tabulated the range of times and yields

Silicon (2020) 12:1407–1415 1411



with the fresh catalyst [10]. The XRD pattern of
recycled nano-[SiO2-R-NMe2SO3H][Cl] (Fig. 6) was
slightly different relative to the fresh catalyst [10] (the
sharp peaks has decreased); this can attributed to aggre-
gation of the nanoparticles, increment of their sizes and
increasing amount of amorphous form, during recycling
and reusing.

3 Conclusions

In summary, we have introduced nano-[SiO2-R-
NMe2SO3H][Cl] as a mesoporous catalyst for the prep-
aration of a significant class of heterocyles. The profits
of our protocol consist of relatively simple preparation
of the catalyst, recyclability of the catalyst, easy workup
procedure, short reaction times, high yields, generality,
effectiveness, convenient one-pot operation, good

compliance with green chemistry protocols, and superi-
ority of at least two of these items: yields, the reaction
times, the reaction temperature and conditions relative to
the reported methods.

4 Experimental

4.1 Materials and Apparatuses

The reactants and solvents were supplied from Merck or
F l u k a Chem i c a l Compan i e s . N ano - [ S iO 2 -R -
NMe2SO3H][Cl] was prepared by our recently published
method (Scheme 1) [10]. Identification of known prod-
ucts was accomplished by comparing their melting
points and/or NMR data with the reported ones. Thin
layer chromatography (TLC) on silica gel SIL G/UV
254 plates was applied for observation of the reaction

5 5 6 8 9

94 94 92 90 90

0
10
20
30
40
50
60
70
80
90

100

Run 1   Run 2   Run 3  Run 4  Run 5

Time (min) Yield (%)
Fig. 3 The results of reusing
nano-[SiO2-R-NMe2SO3H][Cl]

Fig. 4 The FT-IR spectrum of
recycled nano-[SiO2-R-
NMe2SO3H][Cl]
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progress. Melting points were measured by a Büchi
B-545 apparatus in open capillary tubes. 1H NMR
(500 MHz) and 13C NMR (125 MHz) were run on a
Bruker Avance DPX, FT-NMR spectrometers. Shimadzu
GC-MS-QP 1100 EX model was utilized for running
mass spectra. Apparatuses model MIRA3TESCAN-
XMU and Zeiss EM900 980 keV) were applied for
recording FE-SEM and TEM images of the catalyst.

4.2 General Method for the Synthesis
of Pyrido[2,3-d:6,5-d’]Dipyrimidines

Aldehyde (1 mmol), 2-thiobarbituric acid (0.288 g,
2 mmol ) , NH4OAc (0 .108 g , 1 .4 mmol ) and
nano-[SiO2-R-NMe2SO3H][Cl] (0.02 g) were mixed,
and stirred forcefully by a rod at 90 °C. After consump-
tion of the reactants, as observed by TLC, MeOH

(15 mL) was added to the reaction mixture, refluxed
for 2 min (accompanied with stirring), centrifuged and
decanted to detach the nanocatalyst {the recycled
nano-[SiO2-R-NMe2SO3H][Cl] was washed by MeOH
(2 × 3 mL), dried and utilized for the next run}.
Evaporation of the resulting solvent from the decanting,
and recrystallization of the obtained precipitate from
ethanol (95%) afforded the pure product.

4.3 Spectroscopic Data of some Products

Product 1: 1H NMR (500MHz, DMSO-d6): δ (ppm) 5.96 (s,
1H, methine CH), 7.00 (d, J = 7.7 Hz, 2H, HAr), 7.05 (t, J =
7.1 Hz, 1H, HAr), 7.16 (t, J = 7.5 Hz, 2H, HAr), 7.55 (br., 1H,
NH), 11.53 (br., 3H, NH), 17.15 (br., 1H, NH) (supplementary
material, Fig. S1); 13C NMR (125 MHz, DMSO-d6): δ (ppm)
30.9, 96.3, 125.3, 126.9, 128.1, 143.4, 163.1, 164.2, 173.2
(supplementary material, Fig. S2).

Product 4: FT-IR (KBr, cm−1): νmax 3477 (NH), 3089 (C-
H, sp2 stretch), 2919 (C-H, sp3 symmetric stretch), 1644
(C=O), 1538 and 1433 (C=C), 1302 and 1132 (C=S)
(supplementary material, Fig. S3); 1H NMR (500 MHz,
DMSO-d6): δ (ppm) 2.20 (s, 3H, CH3), 5.90 (s, 1H, methine
CH), 6.87 (d, J = 7.8 Hz, 2H, HAr), 6.96 (d, J = 7.6 Hz, 2H,
HAr), 7.10 (br., 1H, NH), 11.51 (br., 3H, NH), 17.15 (br., 1H,
NH) (supplementary material, Fig. S4); 13C NMR (125 MHz,
DMSO-d6): δ (ppm) 21.0, 30.5, 96.4, 126.9, 128.7, 134.0,
140.3, 163.0, 163.9, 173.2 (supplementary material, Fig.
S5). Mass: m/z 371 [M]+ (supplementary material, Fig. S6).

Product 5: 1H NMR (500 MHz, DMSO-d6): δ (ppm) 3.63
(s, 3H, CH3), 5.91 (s, 1H, methine CH), 6.49 (s, 1H, HAr),
6.57 (d, J = 7.7 Hz, 1H, HAr), 6.63 (dd, J = 8.1, 2.3 Hz, 1H,
HAr), 7.07 (a broad peak and a triplet, J = 7.9 Hz, 2H, HAr and
NH), 11.54 (br., 4H, NH) (supplementary material, Fig. S7);
13C NMR (125 MHz, DMSO-d6): δ (ppm) 31.0, 55.4, 96.4,

Table 4 The FT-IR data of nano-[TSPSED][Cl]2

Absorption
(cm−1)

Related bond or functional group

457 Rocking of Si-O

582 Bending of -SO2-

673 Stretching of S-O

877 Stretching of N-S

1015 Stretching of Si-C

1073 Stretching of Si-O-Si

1178 Asymmetric stretching of -SO2-

1477 Bending of C-H

1636 Bending of O–H group of molecular water adsorbed on
silica gel

2930 Symmetric stretching of C-H

2400–3650 Stretching of OH group of the SO3H and OH groups on
silica surface

Fig. 5 The FE-SEM micrographs
of the recycled catalyst
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109.9, 113.8, 119.8, 129.3, 145.4, 159.6, 163.3, 172.9, 173.4
(supplementary material, Fig. S8).

Product 6: 1H NMR (500MHz, DMSO-d6): δ (ppm) 3.66
(s, 3H, CH3), 5.89 (s, 1H, methine CH), 6.72 (d, J = 8.5 Hz,
2H, HAr), 6.89 (d, J = 8.4 Hz, 2H, HAr), 7.08 (br., 1H, NH),
11.47 (br., 2H, NH), 11.61 (br., 2H, NH) (supplementary
material, Fig. S9); 13C NMR (125 MHz, DMSO-d6): δ
(ppm) 30.1, 55.4, 96.5, 113.5, 127.9, 135.3, 157.2, 163.0,
164.1, 173.2 (supplementary material, Fig. S10).

Product 9: FT-IR (KBr, cm−1): νmax 3475 (NH), 3142 (C-
H, sp2 stretch), 2880 (C-H, sp3 symmetric stretch), 1617
(C=O), 1537 and 1437 (C=C), 1304 and 1132 (C=S)
(supplementary material, Fig. S11); 1H NMR (500 MHz,
DMSO-d6): δ (ppm) 5.93 (s, 1H, methine CH), 6.95–6.99
(m, 4H, HAr), 10.48 (br., 1H, NH), 11.53 (br., 3H, NH),
17.14 (br., 1H, NH) (supplementary material, Fig. S12);
13C NMR (125 MHz, DMSO-d6): δ (ppm) 30.4, 96.2,
114.7 (d, 2JC-F = 21.3 Hz), 128.6 (d, 3JC-F = 7.5 Hz),
139.3 (d, 4JC-F = 2.5 Hz), 160.5 (d, 1JC-F = 238.8 Hz),
163.1, 164.5, 173.3 (supplementary material, Fig. S13).
Mass: m/z 375 [M]+ (supplementary material, Fig. S14).

Product 10: 1H NMR (500 MHz, DMSO-d6): δ (ppm)
6.03 (s, 1H, methine CH), 6.94–7.01 (m, 2H, HAr), 7.12 (d,
J = 6.8 Hz, 2H, HAr), 10.59 (br., 1H, NH), 11.49 (br., 3H, NH),
16.97 (br., 1H, NH) (supplementary material, Fig. S15); 13C
NMR (125 MHz, DMSO-d6): δ (ppm) 25.9, 94.4, 114.3 (d,
2JC-F = 21.3 Hz), 122.5, 126.5 (d, 3JC-F = 7.5 Hz), 129.0 (d,
4JC-F = 2.5 Hz), 129.6 (d, 3JC-F = 12.5 Hz), 159.8 (d, 1JC-F =
242.5 Hz), 162.2, 163.5, 172.3 (supplementary material, Fig.
S16).

Acknowledgements The authors thank Research Council of Payame
Noor University for the support of this work.

References

1. C.M. Hussain, A.K. Mishra (2018) Nanotechnology in
Environmental Science, John Wiley & Sons. 1

2. KazemiM, Shiri L (2018) Recoverable Bromine-Containing Nano-
Catalysts in Organic Synthesis. Mini-Rev Org Chem 15:86–104

3. Safajoo N, Mirjalili BBF, Bamoniri A (2019) Fe3O4@nano-cellu-
lose/Cu(ii): a bio-based and magnetically recoverable nano-catalyst
for the synthesis of 4H-pyrimido[2,1-b]benzothiazole derivatives.
RSC Adv 9:1278–1283

4. N. Fattahi, A. Ramazani, H. Ahankar, P.A. Asiabi, V. Kinzhybalo,
Silicon, in press https://doi.org/10.1007/s12633-018-9954-5

5. Gawande M (2014). Org Chem: Curr Res 3:1000–1037
6. Bodaghifard MA, Hamidinasab M, Ahadi N (2018) Recent

Advances in the Preparation and Application of Organic– inorganic
Hybrid Magnetic Nanocatalysts on Multicomponent Reactions.
Curr Org Chem 22:234–267

7. Schmies H, Bergmann A, Drnec J, Wang G, Teschner D, Kühl S,
Sandbeck DJ, Cherevko S, Gocyla M, Shviro M (2018)
Unravelling Degradation Pathways of Oxide-Supported Pt Fuel
Cell Nanocatalysts under In Situ Operating Conditions. Adv
Energy Mater 8:1701663

8. Zare A, Merajoddin M, Moosavi-Zare AR, Zarei M, Beyzavi MH,
Zolfigol MA (2016) Design and characterization of nano-silica-
bonded 3-n-propyl-1-sulfonic acid imidazolium chloride {nano-
SB-[PSIM]Cl} as a novel, heterogeneous and reusable catalyst for
the condensation of arylaldehydes with β-naphthol and alkyl car-
bamates. Res Chem Intermed 42:2365–2378

9. Dezfoolinezhad E, Ghodrati K, Badri R, Silicon, in press, https://
doi.org/10.1007/s12633-018-9977-y

10. Zare A, Sadeghi-Takallo M, Karami M, Kohzadian A (2019)
Synthesis, characterization and application of nano-N,N,N′,N′-
tetramethyl-N-(silica-n-propyl)-N′-sulfo-ethane-1,2-diaminium
chloride as a highly efficient catalyst for the preparation of N,N′-
alkylidene bisamides. Res Chem Intermed 45:2999–3018

11. Zhao G, Tong R (2019) A solvent-free catalytic protocol for the
Achmatowicz rearrangement. Green Chem 21:64–68

12. Dong Z, Zhang X-W, Li W, Li Z-M, Wang W-Y, Zhang Y, Liu W,
Liu W-B (2019) Synthesis ofN-Fused Polycyclic Indoles via

Fig. 6 The XRD pattern of
recycled nano-[SiO2-R-
NMe2SO3H][Cl]

Silicon (2020) 12:1407–14151414

https://doi.org/10.1007/s12633-018-9954-5
https://doi.org/10.1007/s12633-018-9977-y
https://doi.org/10.1007/s12633-018-9977-y


Ligand-Free Palladium-Catalyzed Annulation/Acyl Migration
Reaction. Org Lett 21:1082–1086

13. Jadhav AM, Balwe SG, Kim JS, Lim KT, Jeong YT (2019)
Indium(III)chloride catalyzed synthesis of novel 1H-pyrazolo[1,2-
b]phthalazine-5,10-diones and 1H-pyrazolo[1,2-a]pyridazine-5,8-
diones under solvent-free condition. Tetrahedron Lett 60:560–565

14. Abadi SSADM, Abdollahi-Alibeik M (2018). Silicon 10:1667–
1678

15. Tamaddon F, Azadi D (2018) Nicotinium methane sulfonate
(NMS): A bio-renewable protic ionic liquid and bi-functional cat-
alyst for synthesis of 2-amino-3-cyano pyridines. J. Mol. Liq 249:
789–794

16. Tripathi BP, Mishra A, Rai P, Pandey YK, Srivastava M, Yadav S,
Singh J, Singh J (2017) A green and clean pathway: one pot, mul-
ticomponent, and visible light assisted synthesis of pyrano[2,3-
c]pyrazoles under catalyst-free and solvent-free conditions. New J
Chem 41:11148–11154

17. Shahid A, Ahmed NS, Saleh TS, Al-Thabaiti SA, Basahel SN,
Schwieger W, Mokhtar M (2017) Solvent-Free Biginelli
Reactions Catalyzed by Hierarchical Zeolite Utilizing a Ball Mill
Technique: A Green Sustainable Process. Catalysts 7:84

18. M. Karami, A. Zare, Z. Naturforsch. (2018) 73b, 289–293
19. Z. Hosseinzadeh, A. Ramazani, H. Ahankar, K. Ślepokura, T. Lis,

Silicon, in press, https://doi.org/10.1007/s12633-018-0034-7
20. Mohsenimehr M, Mamaghani M, Shirini F, Sheykhan M,

Moghaddam FA (2014) One-pot synthesis of novel pyrido[2,3-
d]pyrimidines using HAp-encapsulated-γ-Fe2O3 supported sul-
fonic acid nanocatalyst under solvent-free conditions. Chin Chem
Lett 25:1387–1391

21. Yang L, Shi D, Chen S, Chai H, Huang D, Zhang Q, Li J (2012)
Microwave-assisted synthesis of 2,3-dihydropyrido[2,3-
d]pyrimidin-4(1H)-ones catalyzed by DBU in aqueous medium.
Green Chem 14:945–951

22. Cordeu L, Cubedo E, Bandrés E, Rebollo A, Sáenz X, Chozas H,
Domínguez MV, Echeverría M, Mendivil B, Sanmartin C (2007)
Biological profile of new apoptotic agents based on 2,4-pyrido[2,3-
d]pyrimidine derivatives. Bioorg Med Chem 15:1659–1669

23. Youssif S, El-Bahaie S, Nabih E (1999). J. Chem. Res., Synop 2:
112–113

24. Trumpp-Kallmeyer S, Rubin JR, Humblet C, Hamby JM,
Showalter HDH (1998). J. Med. Chem 41:1752–1763

25. Kovacs JA, Allegra C, Swan J, Drake J, Parrillo J, Chabner B,
Masur H (1988) Potent antipneumocystis and antitoxoplasma ac-
tivities of piritrexim, a lipid-soluble antifolate. Antimicrob Agents
Chemother 32:430–433

26. Smaill JB, Palmer BD, Rewcastle GW, DennyWA, McNamara DJ,
Dobrusin EM, Bridges AJ, Zhou H, Showalter HH, Winters RT,
Leopold WR, Fry DW, Nelson JM, Slintak V, Elliot WL, Roberts
BJ, Vincent PW, Patmore SJ (1999). J. Med. Chem 42:1803–1815

27. Furukawa K, Hasegawa T (1996). Chem. Abstr 124:289568c
28. Kolla V, Deyanov A, Nazmetdinov FY, Kashina Z, Drovosekova L

(1993) Investigation of the anti-inflammatory and analgesic activity
of 2-substituted 1-aryl-6-carboxy(carbethoxy)-7-methyl-4-oxo-1,
4-dihydropyrido[2,3-d]pyrimidines. Pharm Chem J 27:635–636

29. Rosowsky A, Mota CE, Queener SF (1995). J. Heterocycl. Chem
32:335–340

30. Ellingboe JW (1996). N.J. Princeton, Chem. Abstr 124:176134q
31. Donkor IO, Klein CL, Liang L, Zhu N, Bradley E, Clark AM

(1995). J. Pharm. Sci 84:661–664
32. Corre LL, Girard AL, Aubertin J, Radvanyi F, Lasselin CB,

Jonquoy A, Mugniery E, Mallet LL, Busca P, Merrer YL (2010)
Synthesis and biological evaluation of a triazole-based library of
pyrido[2,3-d]pyrimidines as FGFR3 tyrosine kinase inhibitors. Org
Biomol Chem 8:2164–2173

33. Rawal RK, Tripathi R, Katti SB, Pannecouque C, Clercq ED (2007)
Synthesis and evaluation of 2-(2,6-dihalophenyl)-3-pyrimidinyl-1,
3-thiazolidin-4-one analogues as anti-HIV-1 agents. Bioorg Med
Chem 15:3134–3142

34. Deyanov A, Niyazov RK, Nazmetdinov FY, Syropyatov BY, Kolla
V, Konshin M (1991) Synthesis and biological activity of amides
and nitri les of 2-arylamino-5-carboxy(carbethoxy)-6-
methylnicotinic acids and 1-aryl-6-carbethoxy-7-methyl-4-oxo-1,
4-dihydropyrido[2,3-d]pyrimidines. Pharm Chem J 25:248–250

35. Pastor A, Alajarin R, Vaquero JJ, Alvarez-Builla J, de Casa-Juana
MF, Sunkel C, Priego JG, Fonseca I, Sanz-Aparicio J (1994)
Synthesis and Structure of New Pyrido[2,3-d]pyrimidine
Derivatives with Calcium Channel Antagonist Activity.
Tetrahedron. 50:8085–8098

36. El-Gazzar ABA, Hafez HN (2009) Synthesis of 4-substituted
pyrido[2,3-d]pyrimidin-4(1H)-one as analgesic and anti-
inflammatory agents. Bioorg Med Chem Lett 19:3392–3397

37. Gangjee A, Zhu Y, Queener SF (1998). J. Med. Chem 41:4533–
4541

38. Zare A, Kohzadian A, Abshirini Z, Sajadikhah SS, Phipps J,
Beyzavi MH (2019) Nano-2-(dimethylamino)-N-(silica-n-propyl)-
N,N-dimethylethanaminium chloride as a novel basic catalyst for
the efficient synthesis of pyrido[2,3-d:6,5-d′]dipyrimidines. New J
Chem 43:2247–2257

39. Mamaghani M,Moslemi L, Badrian A (2018). Mod Org ChemRes
3:8

40. Naeimi H, Nejadshafiee V, IslamiMR (2016) Iron (III)-doped, ionic
liquid matrix-immobilized, mesoporous silica nanoparticles:
Application as recyclable catalyst for synthesis of pyrimidines in
water. Micropor Mesopor Mater 227:23–30

41. Naeimi H, Didar A, Mol J (2017). Struct. 1137:626–633
42. Naeimi H, Didar A, Rashid Z, Zahraie Z (2017) Sonochemical

synthesis of pyrido[2,3-d:6,5-d′]-dipyrimidines catalyzed by
[HNMP]+[HSO4]− and their antimicrobial activity studies. J
Antibiot 70:845–852

43. Naeimi H, Didar A (2017) Efficient sonochemical green reaction of
aldehyde, thiobarbituric acid and ammonium acetate using magnet-
ically recyclable nanocatalyst in water. Ultrason Sonochem 34:
889–895

44. Naeimi H, Didar A, Rashid Z, Iran J (2017). Chem Soc 14:377–385

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Silicon (2020) 12:1407–1415 1415

https://doi.org/10.1007/s12633-018-0034-7

	Effective...
	Abstract
	Introduction
	Results and Discussion
	Conclusions
	Experimental
	Materials and Apparatuses
	General Method for the Synthesis of Pyrido[2,3-d:6,5-d’]Dipyrimidines
	Spectroscopic Data of some Products

	References


