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A new magnetic nanocatalyst, namely [Fe;O4@SiO, @RNMe,-SO3H][CF3;CO;] (FSRNSC), was
fabricated, and characterized using FT-IR, EDS (energy-dispersive X-ray spectroscopy), elemental
mapping, FE-SEM (field-emission scanning electron microscopy), XRD (X-ray diffraction), VSM
(vibrating-sample magnetometry), TG (thermogravimetric) and DTG (differential thermogravimet-
ric) analyses. It was utilized as a highly effectual and magnetically recoverable catalyst for the
construction of pyrimido[4,5-b]quinolines (12 examples) in high yields (15 — 50 min) and short
times (88 —96%). The synthesis was performed through the one-pot, three-component reaction of
aryl aldehydes, dimedone, and 6-amino-1,3-dimethyluracil in the absence of solvent.
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1. Introduction

Magnetic nanomaterials are of great prominence, and abun-
dant uses in various fields have been reported for them
[1-28]. For instance, they have been used in wastewater
treatment [1], supercapacitors [2], and biosensors [3]; the
nanomaterials have also been utilized for microplastic sepa-
ration and degradation [4], biomedical purposes [5], and cat-
alyzing organic reactions [6—28]. Nano-Fe3;Oy4 has unique
properties to use as a good core for the production of func-
tionalized magnetic nanomaterials; these properties consist
of suitable stability (thermic and chemical), non-toxicity,
superparamagnetic feature, facile isolation and recycling,
ability to graft with diverse functional groups, and straight-
forward synthesis procedures [10-28].

Multi-component reactions (MCRs) and solvent-free con-
ditions are practical and highly efficacious approaches in
synthetic organic chemistry, and their privileges have been
reported in scientific sources. Application of these tech-
niques in organic synthesis leads to higher yields of prod-
ucts, shorter reaction times, saving energy and cost, de-
creased waste production, reduced use of harmful organic
solvents, and good matching with green chemistry protocols
[29-38].

Pyrimido-quinoline, pyrimidine, quinoline, and uracil
moieties are found in the scaffolds of numerous bioac-
tive and medicinal substances. As examples, uracil
and pyrimidine-containing compounds are utilized as
gonadotropin-releasing hormone receptor antagonists [39],
carbonic anhydrase inhibitors [40], and anti-inflammatory
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[41] agents. Pyrimido-quinoline unit is found in compounds
that have antimalarial [42], antitumor [43], antiallergic [44],
antifungal [45], and analgesic [46] properties. Quinoline-
bearing heterocycles can be applied as P-selectin antag-
onistic [47], anti-inflammatory [48], anticancer [18], and
cyclooxygenase-2 inhibitory [49] agents. Pyrimido[4,5-
b]quinolines have uracil, pyrimidine, pyramid-quinoline,
and quinoline moieties and can be synthesized via the one-
pot MCR of aryl aldehydes, dimedone, and 6-amino-1,3-
dimethyluracil using a catalyst [5S0-61]. Considering the
high prominence of pyrimido[4,5-b]quinolines, introducing
new efficient catalysts for their synthesis is of significant
interest.

In this project, we report the use of magnetic nanocat-
alyst, MCR and solvent-free conditions for the fabrica-
tion of pyrimido[4,5-b]quinolines. We have constructed,
fully characterized, and applied [Fe;04 @Si0, @RNMe;-
SO3H][CF3CO,] (FSRNSC), as a novel magnetic nanocata-
lyst, to prepare of the mentioned compounds.

2. Experimental

2.1 Materials and apparatuses

Details of this section have been described in supplementary
material.

2.2 Fabrication of FSRNSC (Scheme 1)

Nano-Fe3;O4 was fabricated thru the published method
[62, 63]. Thereafter, a mixture of nano-Fe;O4 (1.16 g),
Si(OEt)4 (3.5 mL), EtOH (93 mL), H>O (23 mL), and NHj3
solution (3.5 mL) was stirred and refluxed for 12 h to gen-
erate I [62-64]. (3-chloropropyl)trimethoxysilane (0.92
g, 5 mmol) was added to compound I in toluene (40 mL)
and stirred under reflux conditions for 12 h to construct
II [62-64]. In continue, N!,N' N2 N2-tetramethylethane-
1,2-diamine (5 mmol, 0.75 mL) was added to II in toluene
(30 mL), and stirred in reflux conditions for 12 h, wherein
substance III was manufactured [56]. III was slowly added
to a stirring solution of CISO3H (5 mmol, 0.34 mL) in dry
CH,Cl, (25 mL) at 10 °C, and stirred for 5 h at ambient tem-
perature, in which IV was acquired. Eventually, a solution
of CF;CO,H (0.57 mL) in dry CH,ClI, (15 mL) was gently
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poured to IV at ambient temperature and stirred for 10 h
at this temperature and 2 h in reflux conditions to fabricate
FSRNSC.

Note: Before each stage, ultrasound irradiation was applied
for dispersion of the reaction mixture. The acquired sub-
stance in each stage was detached by a magnet, washed by
the utilized solvent in that stage, and dried.

2.3 The construction of pyrimido[4,5-b]quinolines

A mixture of aldehyde (1 mmol), 6-amino-1,3-
dimethyluracil (I mmol, 0.155 g), dimedone (1 mmol,
0.140 g), and FSRNSC (0.048 g) in a test tube mounted in
an oil bath was stirred strongly with a glass rod at 120 °C
(the stirring was done by hand). After consumption of the
reactants (affirmed by TLC) and cooling the mixture to
ambient temperature, EtOAc (40 mL) was added, stirred,
and refluxed for 2 min, and FSRNSC was detached by
a magnet, washed by EtOAc, and dried. The EtOAc
portion that remained after the magnetic separation was
distilled to produce a solid, which was recrystallized from
EtOH (95%) to construct the pure compound. The known
pyramid-quinolines were recognized by matching their
melting points with the literature data, as noted in Table 4;
representative spectra are provided below.

Pyrimido[4,5-b]quinoline 4c

'H NMR (500 MHz, DMSO-ds, ppm): & 0.88 (s, 3H,
CH3-C), 1.03 (s, 3H, CH3—C), 1.97 (d, J = 16.1 Hz, 1H,
one H of CH,—C=C), 2.19 (d, J = 16.0 Hz, 1H, one H of
CH,-C=C), 2.55 — 2.59 (AB system, 2H, CH,—C=0),
3.04 (s, 3H, CH3-N), 3.45 (s, 3H, CH3-N), 5.16 (s, 1H,
CH-Ar), 7.08 (t, J = 6.9 Hz, 1H, Hy,), 7.16 (t, J = 6.9
Hz, 1H, Ha,), 7.20 (d, J = 7.6 Hz, 1H, Hy,), 7.33 (d, J =
7.2 Hz, 1H, Ha,), 8.99 (s, 1H, NH); '3C NMR (125 MHz,
DMSO-dg, ppm): § 26.3,27.5,29.1, 30.2, 30.7, 31.9, 33.7,
50.1, 89.5, 110.8, 126.3, 127.3, 129.1, 132.0, 132.6, 143 4,
144.1, 149.8, 150.5, 160.5, 194.3.

Pyrimido[4,5-b]quinoline 4e
'H NMR (500 MHz, DMSO-ds, ppm): & 0.89 (s, 3H,
CH3-C), 1.05 (s, 3H, CH3-C), 2.06 (d, J/ = 16.0 Hz, one H
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Scheme 1. The fabrication of FSRNSC.
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of CH,—C=C), 2.23 (d, J = 15.9 Hz, one H of CH,—C=C),
2.56 —2.63 (AB system, 2H, CH,—C=0), 3.10 (s, 3H,
CH3-N), 3.46 (s, 3H, CH3-N), 4.87 (s, 1H, CH-Ar),
7.09 —7.40 (AB system, 4H, Ha;), 9.04 (s, 1H, NH).

Pyrimido[4,5-b ]quinoline 4i

IR (KBr disk, cm™): vimayx 1242, 1288, 1382, 1501, 1609,
1663, 1698, 2961, 3086, 3202; 'H NMR (500 MHz,
DMSO-dg, ppm): & 0.89 (s, 3H, CH3—C), 1.03 (s, 3H,
CH3-C), 2.03 (d, J = 15.7 Hz, 1H, one H of CH,—C=C),
2.20 (d, J = 15.4 Hz, 1H, one H of CH,—~C=C), 2.50 — 2.60
(AB system, 2H, CH,—C=0), 3.08 (s, 3H, CH3-N), 3.44 (s,
3H, CH3-N), 4.81 (s, 1H, CH-Ar), 5.00 (s, 2H, CH,-0),
6.81 (d, J = 5.3 Hz, 2H, Hy,), 7.11 (d, J = 5.6 Hz, 2H,
Hap), 7.30 — 7.40 (m, 5H, Ha,), 8.97 (s, 1H, NH); 13C
NMR (125 MHz, DMSO-dg, ppm): § 26.5, 27.6, 29.1,
30.1, 32.1, 32.9, 50.1, 69.1, 90.3, 111.9, 113.9, 127.6,
127.7, 128.4, 128.6, 137.3, 138.9, 143.6, 149.2, 150.5,
156.6, 160.7, 194.5; Mass (EL 70 eV): m/z 471 (M™).

3. Results and discussion

3.1 Characterization of FSRNSC

Coating SiO; on the nano-Fe;O4 core and bonding
the organic constituent to the SiO, surface, and conse-
quently, successful fabrication of [Fe;04@Si0, @RNMe;-
SO3H][CF3CO,] were affirmed by FT-IR spectroscopy (Fig-
ure 1). The obtained data of FI-IR analysis and their inter-
pretation are given in Table 1; in the spectra, all expected
bonds in the structure of FSRNSC were seen; the scientific
data verified the interpretations [56, 65].
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Existing silicon (relevant to SiO; and Si-R), oxygen
(pertained to Fe3;O4, SiO;, SO3H and CF;CO;"), iron
(related to Fe3O4), carbon (appertained to the organic
chain and CF3CO;"), nitrogen (belong to NMe,), sul-
fur (related to SOs;H), chlorine (pertinent to CI)
and fluorine (relevant to CF3CQO;") in the structure of
[Fe;04@SiO, @RNMe, SO3H][CF3CO;] was affirmed by
EDS and elemental mapping analyses (Figures 2 and 3).
Moreover, the pictures attained from the elemental mapping
analysis (Figure 3) verified a good distribution of Si, O, Fe,
C, N, S, Cl, and F on the surface of FSRNSC.

Size and morphology of the particles were characterized
by FE-SEM analysis (Figure 4); as the gained micrograph
demonstrates, the particles sizes are less than 100 nm (i.e.
they can be defined as nanoparticles), and the particles have
different crystalline shapes.

In the attained diagram from the XRD analysis of
[Fe;04 @Si0, @RNMe,-SO3H][CF;CO;] (Figure 5), some
sharp peaks (at 20 ~ 25.3, 30.4, 35.9, 43.5, 54.0, 57.5, 62.9
and 74.8°) and a broad peak (at 20 ~ 10.6 — 33.0°) ap-
peared. The sharp peaks at 20 ~ 30.4, 35.9, 43.5, 54.0,
57.5, and 62.9° affirmed existing a cubic spinel structure
of Fe3O4 in FSRNSC, and the broad peak ascribed to SiO,
(amorphous structure). The FWHM (full width at half max-
imum), interplanar distance (d-spacing), relative intensity
pertained to each peak, and the computed particle sizes
of FSRNSC are given in Table 2. The particle sizes (D),
which were computed by the Debye-Scherrer equation D =
KA/(Bcosv), were in the range of 8.47 —24.26 nm.

To study the magnetic property of FSRNSC, VSM analy-

2
=
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Figure 1. The FT-IR spectrum of FSRNSC.

Table 1. The FT-IR data of FSRNSC and their interpretation.

Peak (cm!) Relevant bond Vibration type
465 Si-O Rocking
595 Fe-O -
640 S-O Stretching
807 Si-O-Si Symmetric stretching
1096 Si—O-Si Asymmetric stretching
1457 C-H Bending
2923 C-H Stretching
2200-3720  OH groups of SOsH Stretching
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Figure 2. The EDS spectrum of FSRNSC.
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Figure 3. The elemental mapping pictures of [Fe;04@Si0, @RNMe,-SO3;H][CF3CO;].
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Figure 4. The FE-SEM micrograph of FSRNSC.
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Figure 5. The XRD pattern of FSRNSC.

sis was utilized (Figure 6). Saturation magnetization (Ms)
of [Fe;04@Si0O, @RNMe,-SO3H][CF3CO;] was ~20.7
emu/g. It should be mentioned that the Ms of the used nano-
Fe3;0,4 for the fabrication of the nanocatalyst was ~56.7
emu/g [21]. The decrement of Ms in the nanocatalyst com-
pared with nano-Fe3; Oy is because of coating silica on the
core and bonding RNMe,-SO3H and CF;CO," with the
surface of Fe304@Si0,.

The thermal consistency of the nanocatalyst was investi-
gated using TG and DTG analyses (Figure 7); weight decre-
ment of FSRNSC occurred in three stages. The first stage

(below ~160 °C with T« at 128 °C in the DTG diagram)
seems to be because of evaporating the absorbed solvents on
the surface of FSRNSC. The second stage (~160 — 380°C
with Tax at 312 °C in the DTG diagram) can be ascribed to
decomposing the RNMe,-SO3H and CF3CO," constituents.
The third stage (~380 — 600°C with Ty« at 538 °C in the
DTG diagram) can be related to condensing the silanol
groups. The literature data verified these explanations
[33, 56].

Table 2. The XRD data of FSRNSC.

20 (°) FWHM (°) d-spacing (nm) Rel. int. (%) Particle size (nm)
25.2920 0.5904 0.3521 17.66 13.47
30.4474 0.5904 0.2936 33.60 13.96
35.8610 0.3444 0.2504 100.00 24.26
43.4950 0.3936 0.2081 19.57 21.75
54.0470 0.5904 0.1697 11.61 15.12
57.5360 0.4920 0.1602 30.56 18.43
62.9942 0.6888 0.1476 39.05 13.54
74.7870 1.1808 0.1269 5.60 8.47

20 = -
E 10 <
20 k — o

-15000 -10000 -5000

0 5000 10000 15000

Applied Field(O e)

Figure 6. The VSM diagram of [Fe;O4 @SiO, @RNMe,-SO3H][CF;CO,].
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Figure 7. The TG and DTG diagrams of FSRNSC.

3.2 Catalytic performance of FSRNSC for the construc-
tion of pyrimido[4,5-b]quinoline

After full characterization of the magnetic nanocatalyst, we
chose the one-pot MCR of 6-amino-1,3-dimethyluracil (1
mmol), 4-chlorobenzaldehyde (1 mmol), and dimedone
(1 mmol) as a model (Scheme 2), and explored influ-
ence of different quantities of FSRNSC in a temperature
range of 100 — 125°C on the reaction (solvent-free tech-
nique was used); the gained data are summed up in Ta-
ble 3. Catalyst-free conditions afforded low yields of
pyrimido[4,5-b]quinoline 4e (entry 1). The optimal cat-
alyst amount and temperature were found to be 0.048 g and
120 °C, respectively (entry 3). When the catalyst quantity
was increased up to 0.055 g, or the reaction temperature was
enhanced up to 125 °C, the results did not improve (entries
4 and 6).

(=]

Different conditions

After studying the catalytic activity of FSRNSC on the
model reaction and observing its high efficacy under the
optimum conditions, we investigated the reaction scope.
Thus, diverse aryl aldehydes were reacted with dimedone
and 6-amino-1,3-dimethyluracil; the reaction times, yields,
and melting points are displayed in Table 4. We surveyed
aryl aldehydes bearing electron-donating and electron-
withdrawing substitutions on ortho, meta, and para po-
sitions and also disubstituted aldehydes. The reaction out-
comes did not seem to be very dependent on the nature or
number of substituent groups, and all aldehydes afforded
excellent yields of the relevant products in short reaction
times, suggesting that FSRNSC is a general and highly per-
formance catalyst for this reaction.

Table 5 gives a comparison of FSRNSC with some previous
catalysts for the construction of pyrimido[4,5-b]quinolines

FSRNSC
Solentiree

4e

Scheme 2. The model reaction for optimizing the catalyst quantity and temperature.

Table 3. Optimization of the catalyst quantity and the reaction temperature (Scheme 2).

Entry Quantity of FSRNSC (g) Temp. (°C) Time (min) Yield (%)
1 - 120 60 27
2 0.040 120 25 89
3 0.048 120 15 95
4 0.055 120 15 95
5 0.048 110 30 86
6 0.048 125 15 95
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Table 4. The fabrication of pyrimido[4,5-b]quinoline derivatives using FSRNSC.

=
Q

L ) /JL ) /(l'l’” ' FSRNSC
;: 5 A H HoN 'Il ’g:. Solvent-free, 120°C
| 2 1 4al

Compd. No. Ar Time (min)  Yield? (%) M.p. (°C) [Lit.]
4a CgHs 15 96 273 —275 (271 —273) [51]
4b 3-BrCg¢Hy4 15 96 278 —280 (280 — 283) [52]
4c 2-CICg¢Hy4 15 88 321 — 323 (324 — 326) [56]
4d 2,4-Cl,C¢H3z 15 95 317 —319 (319 —321) [56]
de 4-CIC¢H, 15 95 294 — 296 (290 — 292) [55]
af 4-CH3CgHy4 15 95 308 — 310 (305 —308) [61]
4g 4-HOCgH4 20 91 307 —309 (310 — 312) [56]
4h 4-CH30CgHy4 15 96 299 — 301 (301 —303) [51]
4i 4-(C¢HsCH,O)CgHy 15 93 289 —291 (295 —299) [50]
4j 2,5-(CH30),CV6H; 20 94 207 —210 (208 — 210) [51]
4k 3,4-(CH30),C¢H3 15 95 295 —297 (298 — 300) [56]
41 4-[(CH3),N]CgH4 50 93 256 —258 (253 —255) [61]

4Isolated yield.

4a, 4e and 4h. Our catalyst afforded the products in higher
yields in comparison with most of the other catalysts; the
reaction times of FSRNSC were shorter than those of the
catalysts reported in entries 2 — 8 and 10. Moreover, in the
present method, we used solvent-free conditions, which are
in accordance with green chemistry protocols. But, the re-
action temperature of our method is higher than most of the
catalysts reported in Table 4. It is worth noting that our new
protocol has improved the range of yields when compared
with our published methods [50, 56, 61]. In general, we
feel that this method is among the best for the fabrication
of pyrimido[4,5-b]quinolines.

The recoverability of FSRNSC was surveyed for the fab-
rication of product 4e; it was recovered pursuant to the
method given in the Experimental section. When the fresh
[Fe304@Si0O, @RNMe,-SO3H][CF3CO;] was utilized, the
reaction yield and time were 95% and 15 min, correspond-
ingly. In the first recovery of FSRNSC, the reaction yield
and time were 20 min and 93%, respectively. In the second
recovery, the yield was diminished to 82%, and the reaction
time was enhanced by up to 35 min. Thus, FSRNSC was
recoverable and reusable for one time with an insignificant
decrement of catalytic performance, but, in the second recy-
cling, its catalytic performance was decreased.

Table 5. Comparing outcomes and the reaction conditions of FSRNSC with those of the reported catalysts for the
construction of pyrimido[4,5-b] quinolines 4a, 4e, and 4h.

Time (min) of Yield (%) of

Entry Catalyst Conditions product 4a/de/4h  product 4a/de/dh RS
1 FSRNSC Solvent-free, 120 °C 15/15/15 96/95/96 -
2 [TSSECM]? Solvent-free, 125 °C 40/40/30 93/92/95 [51]
3 Fe304NPs-cell® H,O0, reflux 120/120/120 89/91/87 [52]
4  CoFe,0,@Si0, @Si(CH,);NHCOOCH,COOH EtOH, reflux —©/45/75 —/97/93 [53]
5 [H,-DABCO][HSO41» H,O0/EtOH, 75 °C 65/70/-° 90/93/-¢ [54]
6 InCl3 H,O, reflux —¢/60/60 —£/91/89 [55]
7 Choline chloride/oxalic acid 80 °C 45 — 604 92 —9gd [57]
8 Fe;0,4 @Cellulose-SO;H H,0, 80 °C 20/20/30 95/90/87 (58]
9 [dsim]HSO4¢ EtOH, 70 °C —¢/15/25 —£/91/85 [59]
10 TrCl CHCl;, reflux 130/130/130 79/88/75 [60]

AN,N,N',N'-Tetramethyl-N-(silica-n-propyl)-N'-sulfonic acid-ethylenediaminium chloride/mesylate.

PFe;0,4 nanoparticles supported on cellulose.

“In the work, this compound has not been prepared.

4In the work, products 4a, 4e and 4h have not been synthesized; thus, we have reported ranges of times and yields.

€1,3-Disulfonic acid imidazolium hydrogen sulfate.
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Scheme 3. The mechanism.

The catalyst roles are clearly illustrated in Scheme 3. The
electrophiles are activated by the acidic hydrogen of FS-
RNSC, and then, nucleophilic addition reactions are per-
formed (steps 1, 3 and 5). Removal of H,O is also facilitated
by the acidic hydrogen (steps 2 and 6). Moreover, FSRNSC
can accelerate tautomerization reactions (steps 1, 4 and 7).
The literature information support the suggested mechanism
[54, 56].

4. Conclusion

In summary, a novel acidic magnetic nanocatalyst, namely
[Fe304@Si02 @RNMez-SO3H] [CF3C02], has been
introduced. It may catalyze organic reactions that need
acidic catalysts to carry out; in this work, the construction
of pyrimido[4,5-b]quinoline derivatives has been catalyzed
by [Fe304 @SiOz @RNMez—SO3H] [CF3C02]. The benefits
of this protocol consist of high performance, short reaction

times, excellent yields, low catalyst loading, usage of
solvent-free conditions, and good consistency with green
chemistry principles.
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