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ABSTRACT

Pyrimido[4,5-b]quinolones play a significant role in medicinal chemistry owing to their various biological properties, including
antihistaminic, antimalarial, antifungal, anticancer, antioxidant, antiviral, anti-microbial, and anti-inflammatory activities. A dual
acidic ionic liquid anchored on graphene oxide nanosheets (GO-Si-Pr-Lysin-SOsH) was provided and characterized using
transmission electron microscopy (TEM), scanning electron microscopy (SEM), X-ray diffraction (XRD), thermogravimetric
analysis (TGA), and Fourier transform infrared spectroscopy (FT-IR). The six-step process was utilized to create this catalyst,
beginning with graphite powder. This catalyst was capable to develop the one-pot and three components (6-amino-1,3-
dimethyluracil, dimedone, and different aromatic aldehydes) synthesis of pyrimido[4,5-b]quinolone derivatives at moderate
temperature in water as a green medium (12 derivatives). The results obtained indicated that this method could be an effective
approach for synthesizing pyrimido[4,5-b]quinolones with high yields ranging from 86% to 98% in a short reaction time of 15
to 40 minutes. In addition, the pointed catalyst shows reusability and recoverability without remarkable loss of catalytic activity.
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1. Introduction preventing bacterial DNA from unwinding and

duplicating. The active structure or basic
pharmacophore of the quinolone unit is based upon the
ring system that highlighted is as blue color in Fig. 1.

A quinolone antibiotic compound is a member of a vast
group related to the substance 4-quinolone [1]. In the
Human body, antibiotics Kill or inhibit the growth of
bacteria [2-4]. The fluoroguinolones are nearly According to the importance of quinolone drug
compounds to the quinolones antibiotic, which involve substances, an important category of hetero-cycles

a fluorine atom in their chemical structure and these involving nitrogen is  pyrimido[4,5-b]quinolone
compounds are effective against both Gram-negative derivatives, which could be produced using the one-pot,
and Gram-positive bacteria. The ciprofloxacin, and multicomponent reaction of aldehydes, 6-amino-

levofloxacin, norfloxacin, besifloxacin, and 1,3-dimethyluracil, and dimedone. Up to now, some of
moxifloxacin are some of the quinolones containing the catalysts have been used for the preparation of
fluorine atoms. The chemical structure of some of the pyrimido[4,5-b]quinolone derivatives [5-24] (Scheme
drugs based on the quinolone derivatives is shown in 1). The previous reported catalysts have several
Fig. 1. The mechanism of drugs based on quinolone was disadvantages, including the use of metal catalysts, the
occurred during interfering DNA replication using use of hazardous organic solvents, non-recoverable
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Fig. 1. The structure of some of the medicinal drugs based on the quinolone ring system.

design and preparation of superior and robust
heterogeneous catalyst is still in demand for providing
of pyrimido[4,5-b]quinolones using a greener and high-
yielding method.

In 2008, Li and co-workers reviewed the materials based
on graphene as a major scientific research topic [32].
The large specific surface area, approximately 2600
m2.g?t, is the best factor for the application of graphene-
based materials as support for heterogeneous catalysts
[33, 34]. Up to now, a lot of organic transformations
have been performed using functionalized graphene and
graphene oxide as support or heterogeneous catalyst
[35-62]. These catalytic systems show high efficiency,
high turnover number (TON), high stability towards
chemical and thermal conditions, and worthwhile
reusability. In addition, lonic liquids (ILs) hold
immense importance in various scientific and industrial
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domains [63, 64]. Organic synthesis has significantly
benefited from the use of acidic ionic liquid catalysts
[65-67]. Grafting solid supports (nano or bulk materials)
onto ionic liquids enables the heterogenization process,
resulting in catalysts that possess the combined benefits
of both ILs and heterogeneous catalysts. It is
comparatively simpler to handle, isolate, recycle, and
reuse heterogeneous catalysts in comparison to
homogeneous catalysts. Based on the reported data for
graphene support, it is the best choice for election as a
superior support for the target method. Furthermore, as
part of our ongoing research [68-70], we endeavored to
employ green functionalized groups for the purpose of
anchoring onto the surface of graphene nanosheets. In
this regard, the special ionic liquid was modified and
anchored on the surface of graphene oxide nanosheets.
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Scheme 1. Some of the synthetic approaches for the providing of pyrimido[4,5-b]quinolone a) 1,4-diazabicyclo[2.2.2]octane-
1,4-diium HSO., solvent: Ethanol: Water, Time: 2.083 h, T: 75 °C, Yield: 95% [7]. b) Celloluse@FesO4 nanoparticles, solvent:
water, Time: 2 h, T: reflux, Yield: 92% [25]. ¢) DMF, heating, Time: 2h, Yield: 88% [26]. d) p-Tol-SOsH, solvent: water, Time:
2.5 h, T: 90 °C, Yield: 88% [27]. €) 1-n-butyl-3-methylimidazolium bromide, Time: 3h, T: 95 °C Yield: 87% [28]. f) 1,3-
disulfonic acid imidazolium hydrogen sulfate, solvent: Ethanol, Time: 0.583 h, T: 70 °C, Yield: 86% [29]. g) Rohdium (I1I)
chloride hydrate, solvent: water, Time: 0.1333 h, T: 40 °C, ultrasound irradiation, Yield: 80% [30]. h) Zirconium hydrogen
sulfate, solvent-free, Time: 1h, T: 80 °C, Yield: 96% [31]. i) nano-[Fes0s@-SiO.@R-NHMe;][H2PO4], solvent-free, Time:

0.1666 h, T: 120 °C, Yield: 94% [12].

2. Experimental
2.1. General remarks

6-Amino-1,3-dimethyluracil (1), dimedone (2), various
aromatic aldehydes (3), inorganic reagents, and powder
of graphite were procurement from Merck company.
The pointed materials and compounds were applied
without further purification. The 3C and 'H Nuclear
Magnetic Resonance (NMR) spectra were obtained on
(DRX Brucker) 500 MHz spectrometer. Chemical shifts
(8) (based on ppm) are released relative to deuterated
dimethylsulfoxide (DMSO-dg) as a solvent: references
for DMSO-dg were 39.93 ppm (**C NMR) and 2.48 ppm
(*H NMR). In *H NMR spectra the multiplet, singlet,
doublet, triplet, and doublet of doublet were known as
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m, s, t, d, and dd, respectively. The elemental analysis
(Carbon, Hydrogen, Nitrogen) were recorded from a
Carlo-ERBA (EA-1108 Model) instrument. The Perkin-
Elmer 781 spectrophotometer was utilized to record FT-
IR spectra as KBr pellets within the 400-4000 cm™
range. The X-ray diffraction (XRD) pattern of the given
graphene oxide and catalyst samples was obtained using
a Philips device equipped with a Cu anode material. The
X-ray beam had a wavelength of 1.54 A, and the
scanning rate was set at 2° per minute within the range
of 10° to 80° (260). The Mettler-TA4000 instrument's
TG-50 Model was utilized to conduct TGA at a heating
rate of 10 K min under an inert nitrogen atmosphere.
The FESEM S4160 Hitachi device was utilized to
investigate the size and shape of the GO-Si-Pr-Lysin-
SOsH morphology. The electron acceleration voltage
(Vm) of 80 kV was utilized by (EM10C-Zeiss) to
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provide the TEM images. The melting points (M. P.) of
synthesized compounds had been acquired with a
Thermo-scientific micro melting factor tool using open
capillary tubes and are uncorrected. The monitoring and
development of the organic reactions were performed
using TLC on a silica gel plate with type poly Gram
SILG/ UV 254.

2.2. Providing of graphene oxide (GO) nanosheets

The optimized Hummer's method prepared the GO
nanosheets from graphite powder [71]. Typically, a
mixture of 10.0 g of graphite powder and 5.0 g of
NaNO; is combined with 230 mL of H,SO4 (98%) in a
2500 mL flask equipped with a condenser and magnetic
stirrer, which is then placed in an ice bath. The solution
that was obtained was mixed and slowly incorporated
30.0 g of KMnQ,. The blend was mixed for a prolonged
period of 2 hours. The mixture flask was transferred to
a water bath set at 35°C and mixed for a prolonged
period of 30 minutes. Subsequently, a gradual addition
of 460 mL of deionized water was made to the mixture
while maintaining the temperature at around 98°C. The
mixture was then blended for an additional 15 minutes.
Subsequently, 1400 mL of DI-H,O and 100 mL of
hydrogen peroxide (30%) were consecutively added to
the mixture to stop the major and minor reactions. The
provided mixture was purified and washed with
hydrochloric acid (5 v/v%) then followed by water at
various times. The mixture was purified using a vacuum
pump over sinter-glass (G4) under reduced pressure.
After drying in oven supplied with a vacuum pump for
12 h at 60 °C, the graphite oxide was provided. These
materials were dispersed in H.O to build a solution
involving 0.5 mg mL™, and separated sheets utilized
ultrasound irradiation (45 watt) for 30 min to provide
graphene oxide nanosheets, tracked by centrifugation
for 30 min at 3500 rpm to eliminate un-exfoliated
graphite oxide.

2.3. Synthesis of the GO-Si-Pr-Cl

The process involved introducing graphene oxide
nanosheets into a two-neck flask equipped with a
condenser and magnetic stirrer, all under a nitrogen gas
environment. A mixture of 2.0 g graphene oxide
nanosheets and 10.0 mL 3-
chloropropyltrimethoxysilane was then added to 50 mL
of dry toluene as the solvent, and the mixture was
refluxed for 6 hours. Upon finishing the reaction, the
mixture underwent a gradual cooling process until it
reached room temperature. Subsequently, it was filtered
through sinter glass and then washed using dry toluene.
The resulting functionalized graphene oxide with three-
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chloropropyltrimethoxysilane (GO-Si-Pr-Cl) was then
loaded into a desiccator system under N surroundings.

2.4. Evaluation and determination of Cl on the surface
of GO-Si-Pr-ClI

In order to determine of chlorine atoms on the surface
of GO-Si-Pr-Cl the Mohr’s approach was applied to
measure the content of chlorine atoms of 3-
chloropropylsilyl groups supported on graphene oxide
nanosheets. Initially, 500 mg of GO-Si-Pr-Cl was spread
out in H20 (50 mL), and 50.0 mL of sodium hydrogen
carbonate (0.0053 M) was added to the GO-Si-Pr-Cl.
Afterwards, the mixture was supplied using ultrasound
irradiation for 2.0 min. Later, the mixture was blended
for 60 min h at room temperature. Afterward, the
materials were filtered over grade 4 of sinter glass and
perfectly washed various times with water. Therefore,
the solution has NaCl together with the excess amount
of NaHCOs. At the moment, we might measure the
content of chlorine ions in solution by Mohr’s approach.
The pH of the mixture may be between 6.5 and 10. This
approach determines the chloride ion concentration of
the obtained solution by titration with AgNOs. As the
AgNO; is unhurriedly added, a precipitate of AgCI (s)
forms. The titration is complete when all of the chloride
ions have been precipitated. Ag ions are then treated
with the CrQy, ions of the indicator potassium chromate
(KoCrO4) to form a reddish-brown precipitate of
Ag.CrO4. For Mohr’s approach, the following items
were needed. AgNOs (aq): (0.1 M) if possible, 5.0 g of
silver nitrate anhydrous for 120 min at 100°C and allow
cooling. Accurately weigh about 4250 mg of AgNO: (S)
and dissolve it in a flask of 25.0 mL of water. Keep the
solution in a dark-brown flask. K>CrO, solution as an
indicator (about 0.25 M) dissolving 1000 mg of K,CrQO,
in 20.0 mL of H,O. According to Mohr’s approach, the
total of Cl in the GO-Si-Pr-Cl was 1.25 mmol per 1.0 g
of GO-Si-Pr-Cl. Therefore, we calculated the amount of
Cl-Propyl groups on GO was about 1.25 mmol g*.

Preparation of the GO-Si-Pr-Lysin-SOsH nanocatalyst
Using a flask (200 mL) equipped with a magnet and
condenser, the nitrogen atmosphere was maintained
while lysine monohydrochloride (6.0 mmol), GO-Si-Pr-
Cl (1.0 g), and EtsN (0.4 mL) were added to dry ethanol
(50 mL). The mixture was subjected to stirring for 8
hours at 60°C, followed by washing and filtration with
NaHCO:s (aq) at 10%, warm water, and ethanol (4 times
of 5 mL each). The GO-Si-Pr-Lysin-Cl was obtained as
a dark solid after being dried in a vacuum oven at 60 °C
overnight. Then, it was added to a flask (200 mL)
equipped with a magnet and condenser and purged with
nitrogen gas, along with CISOsH (2.0 mmol) and
absolute ethanol (25 mL), at 40 °C for 24 hours while
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stirring. Then, 1.0 mL of H,SO. was added and stirred
for an additional 3 h. After the suitable time, the solid
GO-Si-Pr-Lysin-SOsH catalyst was washed and filtered
with H,O and C,HsOH and dried at 100 °C for 12 h.
General method for the preparation of pyrimido[4,5-
b]quinolone using GO-Si-Pr-Lysin-SOsH

In a round-bottom flask (25.0 mL), a mixture of 6-
amino-1,3-dimethyluracil (1) (2.0 mmol, 0.31 g),
dimedone (2) (2.0 mmol, 0.28 g), and different aromatic
aldehydes (3a-3I) (2.0 mmol), and 30 mg of GO-Si-Pr-
Lysin-SOsH was stirred completely at 50 °C in water as
a green and environmental-friendship solvent. After
completion of the reaction (monitoring by TLC), the
mixture of reaction was slowly cooled to room
temperature. Then, 30 mL of EtOAc (Hot) was added,
and the catalyst and remained starting materials were
filtered. The remaining EtOAc was slowly evaporated
to obtain crude products. In order to provide pure
products, the crude products were recrystallized from
ethanol or water: ethanol (1:1) to obtain highly pure
products.

2.5. General method for the reusability of the catalyst

The recovery and reuse of catalysts are crucial from both
an economic and industrial perspective in actual
practice. Reusability of the GO-Si-Pr-Lysin-SOsH was
investigated in the reaction of 6-amino-1,3-
dimethyluracil (1), dimedone (2), and 2,4-
dichlorobenzaldehyde (3f), and 30 mg of GO-Si-Pr-
Lysin-SOsH. At the end of each catalytic cycle, 30 mL
of ethyl acetate (Hot) was added, and the catalyst and
remained starting materials were filtered. For
regeneration of the GO-Si-Pr-Lysin-SOsH, the catalyst
was exhaustively washed using C2HsOH and water and
dried at 80 °C overnight.

Selected spectroscopic information of synthesized
compounds

Compound 4a. *H NMR (500 MHz, DMSO-ds): &
(ppm) 9.03 (s, NH, 1H), 7.17-7.24 (m, 4H), 7.02 (1H, t),
4.86 (s, CH, 1H), 3.45 (s,N-CHjs, 3H), 3.09 (s,N-CHj,
3H), 2.49-2.59 (O=C-CH,2H), 2.20 (d, C=C-CHy,1H,),
2.01 (d, C=C-CH,, 1H), 1.01 (s,C-CHs, 3H), 0.88 (s,C-
CHas, 3H). 3C NMR (125 MHz, DMSO-de): & (ppm)
26.80, 27.99, 29.05, 30.55, 32.31, 34.33, 50.41, 90.71,
112.06, 126.25, 127.99, 144.25, 146.32, 150.06, 150.88,
161.23, 194.89.

Compound 4b. 'H NMR (500 MHz, DMSO-ds): &
(ppm) 9.04 (s, NH, 1H), 7.25 (5H, aromatic-hydrogen),
4.83 (s, CH, 1H), 3.44 (s,N-CHjs, 3H), 3.06 (s,N-CHj,
3H), 2.44-2.60 (O=C-CH,,2H), 2.17 (d, C=C-CH>, 1H),
2.01 (d, C=C-CHjy, 1H), 1.05 (s, C-CH3s, 3H), 0.87 (s, C-

CHs, 3H). ®C-NMR (125 MHz, DMSO-ds): d(ppm)
27.14, 28.5 29.73, 30.53, 32.63, 34.04, 50.41, 90.13,
111.72,127.83, 129.85, 130.96, 144.24, 145.73, 150.08,
151.12, 161.294, 195.29.

Compound 4e. 'H-NMR (500 MHz,DMSO-ds):
o(ppm) 9.13 (s, NH, 1H), 8.01 (s, 1H, aromatic-
hydrogen), 7.94 (dd, 1H, aromatic-hydrogen), 7.69 (d,
1H, aromatic-hydrogen), 7.50 (m, 1H, aromatic-
hydrogen), 4.96 (s, CH, 1H,), 3.44 (s,N-CHjs, 3H), 3.09
(s,N-CHs, 3H), 2.48-2.68 (O=C-CH,, 2H,), 2.22 (d,
C=C-CH,, 1H), 2.04 (d, C=C-CH, 1H), 1.05 (s, C-CHs,
3H), 0.90 (s, 3H, C-CH3). C-NMR (125 MHz, DMSO-
de): d(ppm) 26.48, 28.12, 29.42, 30.68, 32.59, 34.57,
50.11, 89.83, 111.41, 121.52, 121.57, 128.53, 135.04,
144.54,147.71, 148.97, 150.86, 150.89, 160.89, 195.30.
Compound 4k. H-NMR (500 MHz, DMSO-dg): ¢
(ppm) 9.08 (s, 1H, NH), 7.23 (d, 2H, aromatic-
hydrogen), 6.73 (d,2H, aromatic-hydrogen), 4.82 (s,1H,
CH), 3.66 (s,3H, OCHs), 3.41 (s, 3H, N-CHs), 3.07 (s,
3H, N-CHs;), 2.55-2.65 (2H,0=C-CH,), 2.11
(d,1H,C=C-CH,), 2.06 (d,1H,C=C-CH), 1.03 (s, 3H, C-
CHs), 0.89 (s,3H,C-CHs). *C-NMR (125 MHz, DMSO-
de): d(ppm) 26.79, 28.00, 29.73, 30.22, 32.36, 33.35,
50.64, 55.14, 90.64, 112.50, 113.44, 129.21, 139.15,
143.86, 149.37, 150.88, 151.15, 158.17, 160.92, 195.43.

3. Results and Discussion
3.1. Preparation of the GO-Si-Pr-Lysin-SO3;H

Initially, we provided GO-Si-Pr-Lysin-SOsH as a
powerful catalyst for the application in the synthesis of
pyrimido[4,5-b]quinolone derivatives (Scheme 2). At
first, the graphene oxide nanosheets were prepared in
according to the reported literature [71]. Then, 3-
chloropropyltrimethoxysilane was anchored on the
surface of graphene oxide nanosheets. In this step, using
Mohr’s method, the total density of chlorine atom were
approximately measured 1.25 mmol.g?. Then, the
amino acid lysine monohydrochloride was supported on
the GO-Si-Pr-Cl. Finally, through the two sequential
steps (I: addition of CISOsH I1: addition of H,SO4), the
GO-Si-Pr-Lysin-SOsH was successfully obtained. The
details of the experimental preparation of the catalyst
were described in the experimental part.

3.2. Characterization of the GO-Si-Pr-Lysin-SO3H

FT-IR technique was used for the analysis of GO,
lysine-GO, and GO-Si-Pr-Lysin-SOsH (Fig. 2). As can
be seen in Fig. 2, the transmittance peak at about 1581
cmtis related to C=C. A result of the asymmetry of GO
is that the pointed peak is even sharper than graphite
powder. The spectrum depicted in Fig. 2a exhibits peaks
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at 1064, 1719, 1275, 807, 467, and 3394 cm, which
could be associated with the stretching modes of various
groups attached to GO, such as C-O, C=0 (carbonyl),
and O-H (hydroxyl). The detection confirmed that the
nitrogen-hydrogen bond bending and stretching
frequencies of lysine monohydrochloride amino acid
are located at ~3310cm™ and 960cm?[72]. The bands as
1722 cm™ were related to C=0 of carboxylic acid. In
addition, it could be well observed that the lysine-
monohydrochloride was successfully supported on the
surface of GO through a covalent bond (Fig. 2c).

Fig. 3 displays SEM images of graphene oxide and GO-
Si-Pr-Lysin-SOzH catalyst. The FE-SEM image of GO
shows the exfoliated and layered graphene oxide sheets.
The morphology of GO-Si-Pr-Lysin-SOsH was clearly
converted relative to pristine GO.

Signal A = SE2 Date :24 Nov 2022 ZEISS

1m EHT = 15.00 kV
et Mag= 10.00KX  User Name = SYSTEM

WD= 89mm

Fig. 4 presents TEM images of graphene oxide and GO-
Si-Pr-Lysin-SOzH,  displaying  exfoliated, 2D
nanostructures with large, flat, and smooth flake-like
morphology. It is evident that the pristine graphite's
two-dimensional flake-like shape is maintained in the
graphene oxide and GO-Si-Pr-Lysin-SOsH nanosheets
even after the preparation steps of the catalyst.

Fig. 5 displays the XRD patterns of GO and GO-Si-Pr-
Lysin-SOsH. According to Hummer’s method, the peak
at approximately 26 = 26.5° is a broad peak (in graphite
powder), and the peak at 20 = 12° appeared [73]. After
the functionalization of graphene oxide with amino acid
lysine and support of ionic liquid, the crystallinity of
graphene oxide remained (Fig. 5b).

Signal A = SE2 Date : Date :24 Nov 2022 ZEISS
Mag= 1000KX  User Name = SYSTEM

1ym EHT = 15.00 kV
WD= 89mm

Fig. 3. FE-SEM images of a) GO b) GO-Si-Pr-Lysin-SOsH

Fig. 4. TEM images of a) graphene oxide b) GO-Si-Pr-Lysin-SOsH
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Fig. 6 shows the TGA thermogram of GO-Si-Pr-Lysin-
SOsH. The TGA analysis of GO-Si-Pr-Lysin-SOzH
shows several weight decreases. The first one is
attributed to trapped H2O in the building of GO-Si-Pr-
Lysin-SOsH (65.2 °C, 4.6%). The 2" and 3" ones are
observed at 212-313 °C, and they attributed to the

decomposition of functionalized groups (7.13% &
3.52%). Based on the TGA spectrum, the TGA
thermogram shows the good thermal stability of GO-Si-
Pr-Lysin-SOsH. The later decreasing weight is related
to the destruction of graphene sheets at ~445 °C
(7.79%).

1C
Pom.\ﬁ
b ool 4
b o000 4

b ooois 4

Fig. 6. TGA thermogram of GO-Si-Pr-Lysin-SOsH
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3.3. Catalytic application of GO-Si-Pr-Lysin-SOsH

After providing and characterization of GO-Si-Pr-
Lysin-SOsH, the following reaction was performed for
catalytic measurement of GO-Si-Pr-Lysin-SOsH. The
GO-Si-Pr-Lysin-SOsH catalyzed reaction between 6-
amino-1,3-dimethyluracil (1), dimedone (2), and
various aromatic aldehydes (3a-3l) to obtain excellent
pure products of pyrimido[4,5-b]quinolone derivatives
in water at 50 °C (Scheme 3).

The reaction between 6-amino-1,3-dimethyluracil (1),
dimedone (2), and benzaldehyde (3a) was selected as a
model reaction in order to investigate the effects of
temperature, solvents, and amount of GO-Si-Pr-Lysin-
SOsH. As can be seen in Table 1, different solvents,
including ethanol, methanol, acetonitrile, water, and
neat (no solvent) conditions, were chosen for evaluation
of the medium reaction (Table 1, entries 1-5). The H,O
was selected as a good solvent for the reaction.
Furthermore, altering the reaction temperature resulted
in a modification of the reaction time, ultimately leading
to the selection of 50°C as the optimal temperature
(Table 1, entries 6-9). The catalytic amount of GO-Si-
Pr-Lysin-SOsH was also investigated (Table 1, entries
10-12). The amount of GO-Si-Pr-Lysin-SOsH was
selected as 30 mg. In these tests, entry 11 was the
excellent condition for the preparation of pyrimido[4,5-
b]quinolone derivatives. In order to show the efficiency
of the support (graphene oxide), the ionic liquid
(Lysine-H-SO3H) was applied in the model reaction
(Table 1, entries 13-14). However, the obtained results
show that the presence of support has an effective role
in the designed catalyst. Furthermore, the graphene
oxide without ionic liquid was used (Table 1, entries 15-
16). But the obtained results show that the presence of
ionic liquids for the promotion of the reaction is
necessary. In addition, in order to show the efficiency of

0
o

the treatment of H,SO. with a catalyst (dual acidic
catalyst), the GO-Si-Pr-Lys-H-Cl (before treatment of
H,SO4) was applied in the model reaction. Our
observation shows that the presence of a dual acidic
catalyst was more effective in the yield and time of the
reaction.

With optimization conditions in hand, several
derivatives of pyrimido[4,5-b]quinolone were provided
in the presence of GO-Si-Pr-Lysin-SOsH (30 mg)
(0.002 mol%) at 50 °C in water (Table 2). As can be
seen in Table 2, all of the target products were produced
using GO-Si-Pr-Lysin-SO3H in good to excellent yields.
Aldehydes containing electron-withdrawing (EW)
groups at the o- or p- positions exhibit a reduction in
reaction time and an increase in the yield of desired
products, as opposed to those with electron-donating
groups in the same positions. In addition, the turnover
number (TON) and turnover frequency (TOF) of GO-
Si-Pr-Lysin-SOsH were changed (68.8-78.4) and
(104.2-313.6), respectively.

To investigate the reusability and recyclability of GO-
Si-Pr-Lysin-SOsH, the reaction of 6-amino-1,3-
dimethyluracil (1), dimedone (2), and 24-
dichlorobenzaldehyde (3f), and 30 mg of GO-Si-Pr-
Lysin-SOsH was applied. The recycled catalyst was
reused for six catalytic cycles (Fig. 7). As can be seen,
a slight deactivation was observed that this event could
be attributed to the washing of GO-Si-Pr-Lysin-SOzH
during the recycling procedure. Furthermore, to
demonstrate the robustness of the current catalytic
system, we assessed the acidity strength by conducting
a back acid-base titration on both the initial and reused
catalyst. Our findings indicate that the fresh catalyst
exhibited a total of 2.5 mmol.g of active sites, while
the reused catalyst (run 6™) displayed a slightly lower
amount of 2.36 mmol.g™.

0 CHO GO-Si-Pr-Lysin-SO;H
P e (30 mg)
© NH ’\R H,0, 50 °C
1 2 3a-31

4a-41

Scheme 3. Preparation of pyrimido[4,5-b]quinolone derivatives using GO-Si-Pr-Lysin-SOsH in water
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Table 1. Optimization of the reaction conditions

X
\N N/ O O

CHO
+ N ©/ Catalyst
0 NH,

=
1 2 3a
Entry Type of Catalyst Catalyst (mg) Solvent T (°C) Time (min) Yield (%)?

1 GO-Si-Pr-Lysin-H- 20 EtOH Reflux 60 40
SOzH

2 GO-Si-Pr-Lysin-H- 20 MeOH Reflux 60 45
SOzH

3 GO-Si-Pr-Lysin-H- 20 CHsCN Reflux 60 35
SOzH

4 GO-Si-Pr-Lysin-H- 20 H,O Reflux 60 70
SOzH

5 GO-Si-Pr-Lysin-H- 20 Solvent-free 90 60 25
SOzH

6 GO-Si-Pr-Lysin-H- 20 H20 80 60(25)° 70
SOzH

7 GO-Si-Pr-Lysin-H- 20 H>O 60 25 70
SOzH

8 GO-Si-Pr-Lysin-H- 20 H>O 50 25 70
SOzH

9 GO-Si-Pr-Lysin-H- 20 H20 40 70 55
SOzH

10 GO-Si-Pr-Lysin-H- 25 H20 50 25 80
SOzH

11 GO-Si-Pr-Lysin-H- 30 H20 50 25 92
SOzH

12 GO-Si-Pr-Lysin-H- 35 H>O 50 25 88
SOzH

13 Lysine-H-SOzH 40 (~0.5mL) Net. 50 60 50

14 Lysine-H-SOzH 40 (~0.5mL) Net. 100 60 65

15 Graphene Oxide 50 H.O Reflux 120 35

16 Graphene Oxide 50 Solvent-free 80 180 35

17 GO-Si-Pr-Lys-H-ClI 50 H.0 50 60 50

(before treatment of

H2S04)

a: Isolated Yields. b: The time of the reaction was followed until 60 min. But after 25 min, no specific development was
observed.
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Table 2. Synthesis of pyrimido[4,5-b]quinolone derivatives using GO-Si-Pr-Lysin-SOsH in water?

0]
\NJI\N/ o} (o} cHo GO-Si-Pr-Lysin-SO;H
P + + ] N (30 mg)
© NH; X H,0, 50 °C
R
1 2 3a-31

Yield:?92%
Time:¢ 25 Yield: 95%
TON:?73.6 Yield: 96% Time: 18
TOF (h):* 176.5 Time: 15 TON: 76
TON: 76.8 TOF (h}): 316.7

TOF (h): 307.2

Yield: 93% 4
Yield: 97% Time: 22
Time: 20 TON'.744 Yield: 98%
TON: 77.6 .o Time: 15
TOF (h): 235.1 TOF (h): 203.3 TON: 78.4

TOF (h): 313.6
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Yield: 92%
Yi(_ald: 94% Time: 22 Yield: 90%
Tlmg: 18 TON: 73.6 Time: 33
ToT:O(r’:!'l)T%OJ TOF (i): 223.0 ot
TOF (h}): 130.9
OCH, OCHjy

N/

N N/&O
Ho
41

Yield: 89% Ik Yield: 87%

Time: 40 Yield: 86% Time: 40
TON: 71.2 Time: 40 TON: 69.6
TOF (h): 107.9 TON: 68.8 TOF (h?): 105.4

TOF (hY): 104.2

a) General reaction conditions: 6-Amino-1,3-dimethyluracil (1) (1 mmol), dimedone (2) (1 mmol), aromatic aldehyde
(3a-31) (1 mmol), T: 50 °C, H,0: 3 mL, Catalyst: 30 mg (0.002 mol%).

b) Isolated Yields.

¢) Time of the reaction was reported as minutes.

d) TON (Turnover number): (mmol of the desired product per mmol of the active sites on the surface of the catalyst)

e) TOF (Turnover frequency): (TON per time of the reaction as hour).

100
90
80
70
60

< |98l 98l ‘96l 95l 94l |92

30

Yields (%)

20
10

1 2 3 4 5 6
Catalytic Cycle (Runs)
Fig. 7. The reusability of the GO-Si-Pr-Lysin-SOsH for the synthesis of product 4f within 15 min.
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As can be previously introduced, GO-Si-Pr-Lysin-SOzH
was a dual acidic ionic liquid including two hydrogen
sulfate as anion and one sulfonic acid group. Therefore,
the designed catalyst could be applied for both acidic
and basic organic reactions. The roles of GO-Si-Pr-
Lysin-SOsH was shown in Scheme 4. In the first step,
the acidic hydrogen of sulfonic acid or hydrogen sulfate
have activated the carbonyl groups in aldehydes and
dimedone. Therefore, the carbon of carbonyl groups was
appropriate for nucleophilic attacks. Then, the catalyst
promoted the removal of water from intermediate

molecules. In addition, the GO-Si-Pr-Lysin-SOsH
catalyzed the tautomerization process in the two steps.

In order to check the efficiency of GO-Si-Pr-Lysin-
SOs3H be compared with previously reported catalysts,
the synthesis of compound 4a were selected and
compared in specific keywords, including amount of
catalyst, reaction conditions, time, yield, and TOF of the
catalyst (Table 3). As can be seen, the efficiency of GO-
Si-Pr-Lysin-SO3H was highlighted in less reaction time,
more yield of the reaction, and mild reaction conditions.

OHIIIH
5 o

Scheme 4. The suggested reaction mechanism
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Table 3. Result comparison of GO-Si-Pr-Lysin-SOsH with other previous reported catalyst in the synthesis of 4a

Entry Catalyst name Amount Conditions Time Yield (%) TOF Ref.
(mol%) (min)
1 1-Butyl-3- 2mL 95 °C/Solvent- 210 90 -- [74]
methylimidazolium free
bromide ([bmim]Br)
2 Cellulose-SO3H 0.06¢ 90 °C/Solvent- 30 96 -- [75]
free
3 InCls 0.2 Reflux/ H,0 60 91 0.13 [76]
4 p-Ts-SOsH 0.2 90 °C/ H,0O 150 89 0.049 [77]
5 Fes04-Si0,-SOsH 0.02g 70 °C/ Hz0 25 92 - [78]
6 1,3-DiSO3H-Imid-HSO4 2.5 x10* 70 °C/ EtOH 15 91 404.44 [79]
7 [H:-DABCO][H:PO4]; 2.3 x 10* 75 °C/ H.0: 240 Not [80]
EtOH (2:1) completed
8 [H2-DABCO][HSO4]2 1.6 x 10* 75 °C/ H,0: 70 93 138.39 [80]
EtOH (2:1)
9 GO-Si-Pr-Lysin-SO3H 0.002 50 °C/ H,0 20 97 176.5 This
work

4. Conclusions

In summary, in this study, we have described a novel
and powerful dual acidic ionic liquid supported on
graphene oxide nanosheets (GO-Si-Pr-Lysin-SOsH) for
the  preparation  of  pyrimido[4,5-b]quinolone
derivatives. This methodology has several advantages,
including excellent yields of the target products, short
reaction times, and reusability of the catalyst, green and
eco-friendly solvent, and simple purification of the
catalyst.
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