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Abstract

Grafting of 3-aminopropyltriethoxysilane (APTS) on graphene oxide (GO) nanosheets
followed by reaction with phosphotungstic acid (HsPW12040, denoted as H:PW) gave
a new functionalized GO which was characterized using FT-IR, FESEM, EDX, EDX
elemental mapping and ICP-OES techniques. The catalytic activity of this nanomaterial
containing phosphotungstic counter-anion HoPW12040 (H2PW) which was denoted as
GO-SiC3z-NHs-H2PW was probed in the synthesis of amidoalkyl naphthols through the
one-pot, three-component reaction of f-naphthol with various aromatic aldehydes and
acetamide. The results showed a significant catalytic performance of the catalyst for
this transformation in ethanol as solvent at reflux temperature, giving the corresponding
products in high yields. In addition, the nanocatalyst could be easily recovered from
the reaction mixture and reused many times with no significant loss of its catalytic
activity.

Keywords: Phosphotungstic acid; HsPW12040; functionalized graphene oxide;
amidoalkyl naphthols.

Introduction

Graphene which is a two-dimensional
monolayer of carbon atoms can be
arranged in a honeycombed network.
Graphene-based  nanosheets  have
attracted much attention in recent years
owing to their unique properties such as
high thermal conductivity, extremely
high surface area, thermal and chemical
stability, good biocompatibility, and
good mechanical strength [1-4]. These
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features make graphene-base materials
appropriate for use in various fields such
as  electrochemical sensors and
biosensors [5-8], anti-cancer drugs
delivery [9], catalyst in degradation of
methylene blue [10], detection of
neurotransmitters [11], energy
technology [12], in microsupercapacitor
[13], and cell biotechnology [14].
Recently, graphene oxide (GO) that can
be easily prepared from graphite powder
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using Hummers method [15,16] and
converted to graphene by reduction
using reducing agents such as NaBH4
[17] or hydrazine [18], has also attracted
great interest as a new low-cost
carbocatalytic material with remarkable
potential to facilitate various chemical
transformations [19-22].
Functionalization of GO is necessary for
various applications such as
carbocatalysis. ~The  presence of
hydrophilic oxygen-containing groups
on the surface of GO nanosheets such as
hydroxyl, epoxy, and carboxyl groups
makes the surface modification of GO
with a better efficiency and allows
construction of various novel functional
groups attached at the GO surface [23-

26]. The methods for covalent
functionalization of GO include
amidation reaction between the

carboxylic acid group of GO and amine
[27], esterification reaction between the
carboxylic acid group of GO and
hydroxyl group in alcohol compounds
[28], reaction between the hydroxyl and
carboxyl groups of GO and isocyanates
[29], and silylation of the hydroxyl
groups of GO using 3-
aminopropyltriethoxysilane (APTS), as
a silane coupling agent [30,31].
Multicomponent reactions (MCRS)
have gained considerable attention as a
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powerful method in organic synthesis
and medicinal chemistry because they
involve simultaneous reaction of more
than two starting materials to yield a
single product through one-pot reaction
[32-34]. Development of new MCRs
and improvement and modification of
the known MCRs are still popular areas
of research in current organic chemistry
[35-37]. One such reaction is the
synthesis of amidoalkyl naphthols
which are generally synthesized via the
three-component reaction of S-naphthol
with an aldehyde and an amide in the
presence of various promoting agents
[38-46].

Based on these precedents and in
line with our interest in catalysis [47-
55], herein, we report the preparation of
a new functionalized GO containing a
phosphotungstic counter-anion
HoPW12040 (H2PW) by grafting of
APTS on GO nanosheets followed by a
reaction with phosphotungstic acid
(H3PW12040, denoted as HzPW) which
was fully characterized (Scheme 1). The
catalytic activity of this new material
which was denoted as GO-SiCz-NHs-
H2PW was then investigated in one-pot
synthesis of amidoalkyl naphthols by
reaction of p-naphthol, aromatic
aldehydes, and acetamide (Scheme 2).

APTS

NH,
H3PW 12040 S /_/7
-~ O—/Si -
O

GO-SiC;-NH,

Scheme 1. Preparation of GO-SiCs-NHs-H,PW nanosheets
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Scheme 2. Synthesis of amidoalkyl naphthols in the presence of GO-SiCs-NH3-H,PW nanosheets

Experimental

All chemicals were purchased from
Merck and Aldrich and used without
further purification. Melting points were
recorded with a Stuart SMP3 melting
point apparatus. Fourier transform
infrared (FT-IR) spectra were obtained
using a Tensor 27  Bruker
spectrophotometer as KBr  disks.
Ultrasonication was performed using a
Soltec sonicator at a frequency of 40
kHz and a nominal power of 260 W.
Field emission scanning electron
microscopy (FESEM) analyses were
done using a TESCAN BRNO-MIRA3
LMU. Energy-dispersive X-ray (EDX)
analysis and elemental mapping were
performed using a SAMX model
instrument. The amount of phosphorus
and tungsten in the catalyst was
determined using inductively coupled
plasma optical emission spectroscopy
(ICP-OES) conducted with a Spectro
Arcos model spectrometer. The *H
NMR (300 MHz) spectra were recorded
on a Bruker 300 FT spectrometer, in
DMSO-ds as the solvent using
tetramethyl silane (TMS) as internal
standard.

Preparation of GO nanosheets

GO nanosheets were prepared from
natural graphite using Hummers method
[15] with some modification. A mixture
of graphite powder (5.0 g), sodium
nitrate (NaNOg, 2.5 g), and concentrated
sulfuric acid (115 mL, 98% H2S04) was
stirred in an ice bath at 0-5 °C for 15 min
and, then, potassium permanganate

(KMn0O4,15.0 g) was slowly added. The
stirring was continued for 2 h while the
temperature was kept in the range of 0-
10 °C. The mixture was then transferred
to a water bath and stirred at 35 °C for
30 min, forming a brownish grey thick
paste. Afterwards, deionized water (230
mL) was slowly added to the paste and
the suspension, now brown in color, was
stirred at 95-98 °C for 15 min. The
suspension was further diluted with
warm deionized water (700 ml, 40 °C),
followed with a drop by drop addition of
30% hydrogen peroxide (H202, 50 mL).
The mixture was centrifuged and the
isolated yellow-brown cake was washed
with diluted HCI (5 wt%) and deionized
water several times until the pH became
neutral. The solid graphite oxide was
separated by centrifugation and dried at
60 °C under vacuum for 12 h. The
obtained graphite oxide (0.4 g) was
dispersed in distilled water (400 mL)
and sonicated in an ultrasonic bath
cleaner (100 W) for 1 h to exfoliate
graphitic  oxide. = The  complete
exfoliation of graphite oxide is
confirmed with the formation of light
brown coloured homogeneous
dispersion GO. Afterwards, the GO
solution was centrifuged for 20 min and
then the supernatant was removed (to
remove any unexfoliated graphitic
oxide). The GO nanosheets were
obtained after drying the sediment in a
vacuum oven at 80 °C for 24 h.
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Preparation of GO-SiC3s-NH2
nanosheets

GO-SiCs-NHz was prepared by grafting
of APTS on GO nanosheets according to
methods cited in the literature [30,31].
Briefly, the synthesized GO (1.0 g) was
ultrasonically dispersed in anhydrous
toluene (30 mL) at room temperature for
30 min and, then, APTS (3.0 mmol, 0.66
g) was added. The mixture was heated
under a N2 atmosphere at 110 °C for 24
h. The resultant solid was filtered and
washed with toluene (3 x 10 mL), and
dried at 50 °C under vacuum for 24 h to
give black powder of GO-SiC3-NHo.

Preparation of GO-SiCs-NH3-H2PW
GO-SiCs-NH> (0.5 g) was ultrasonically
dispersed in absolute ethanol (10 mL) at
60 °C for 20 min. HsPW (1.0 mmol, 2.88
g) was added to the suspension and
sonication continued for another 1 h at
same temperature. The mixture was then
refluxed for 12 h. After cooling to room
temperature, the solid was collected by
filtration and repeatedly washed with
absolute ethanol and dried under
vacuum at 60 °C for 12 h to form GO-
SiCs-NHs-H2PW.

General procedure for the synthesis of
amidoalkyl naphthols 4a-j catalyzed
by GO-SiCs-NHs3-H2PW

A mixture of S-naphthol 1 (1.0 mmol,
0.14 g), an aromatic aldehyde 2a-j (1.0
mmol), acetamide 3 (1.2 mmol, 0.07 g),
and GO-SiCs-NH3-H,PW (0.03 g) in
ethanol (5 mL) was heated under reflux
for 10-20 min. Upon completion of the
transformation, monitored by TLC, the
reaction mixture was filtered whilst still
hot to separate the catalyst. The product
was then collected from the filtrate after
cooling to room temperature and
recrystallized from ethanol to give
compounds 4a-j in high yields. All the
products were characterized according
to comparison of their melting points
with those of authentic samples and for

some of them by their FT-IR and H
NMR spectral data.

Selected FT-IR and *H NMR data
N-((2-Hydroxynaphthalen-1-
yl)(phenyl)methyl)acetamide (4a). H
NMR (8, ppm): 1.99 (s, 3H, CH3), 7.11
(d,J=7.8 Hz, 1H, CH), 7.16 (d, J = 8.3
Hz, 2H, Ha), 7.20-7.34 (m, 5H, Ha),
7.39 (t, J =79 Hz, 1H, Hay), 7.75-7.87
(m, 3H, Har and NH), 8.50 (d, J = 8.0
Hz, 1H, Has), 10.06 (s br., 1H, OH); FT-
IR (v, cm™): 3439 (NH), 3241 (OH),
1673 (C=0).

N-((4-Chlorophenyl)(2-
hydroxynaphthalen-1-
yl)methyl)acetamide (4b). *H NMR (3,
ppm): 2.01 (s, 3H, CH3), 7.13(d, J=8.2
Hz, 1H, CH), 7.18 (d, J = 8.5 Hz, 2H,
Har), 7.22-7.35 (m, 4H, Har), 7.38 (t, J =
7.8 Hz, 1H, Ha), 7.76-7.87 (m, 3H, Har
and NH), 8.50 (d, J = 8.2 Hz, 1H, Ha),
10.07 (s, 1H, OH); FT-IR (v, cm): 3419
(NH), 3210 (OH), 1685 (C=0).

N-((2-Chlorophenyl)(2-
hydroxynaphthalen-1-
yl)methyl)acetamide (4d). *H NMR (3,
ppm): 1.97 (s, 3H, CHz3), 7.13-7.38 (m,
6H, Harand CH), 7.42 (t, J = 7.2 Hz, 1H,
Har), 7.62 (dd, J = 7.5, 1.3 Hz, 1H, Hay),
7.73-7.84 (m, 2H, Har and NH), 8.06 (d,
J=8.6 Hz, 1H, Ha), 8.64 (d, J = 8.0 Hz,
1H, Har), 9.89 (s, 1H, OH); FT-IR (o,
cml): 3414 (NH), 3195 (OH), 1654
(C=0).

N-((2-Hydroxynaphthalen-1-yl)(4-
nitrophenyl)methyl)acetamide (4h).
'H NMR (5, ppm): 1.99 (s, 3H, CHj3),
7.08 (d,J=8.8Hz,1H,CH), 7.30 (t,J =
7.3 Hz, 1H, Har), 7.41-7.50 (m, 2H,
Har), 7.54 (d, J=8.1 Hz, 1H, Har), 7.63-
7.83 (m, 5H, Har), 7.92 (d, J = 8.6 Hz,
1H, NH), 8.65 (d, J = 8.2 Hz, 1H, Ha),
9.79 (s, 1H, OH); FT-IR (v, cm™): 3374
(NH), 3214 (OH), 1647 (C=0), 1521
and 1347 (NOy).
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N-((2-Hydroxynaphthalen-1-yl)(3-
nitrophenyl)methyl)acetamide (4i). *H
NMR (8, ppm): 2.06 (s, 3H, CH3), 7.23-
7.33 (m, 3H, Har and CH), 7.43 (t, J =
7.6 Hz, 1H, Har), 7.54 (t, J = 7.9 Hz, 1H,
Har), 7.61(d, J =7.7 Hz, 1H, Ha), 7.80-
7.86 (m, 2H, Har), 7.92 (d br., J = 8.2
Hz, 1H, NH), 8.03-8.09 (m, 2H, Ha),
8.68 (d, J = 8.0 Hz, 1H, Har), 10.19 (s,
1H, OH); FT-IR (v, cm™): 3375 (NH),
3223 (OH), 1648 (C=0), 1524 and 1350
(NO2).

Results and discussion

Preparation and characterization of
the catalyst GO-SiCz-NH3-HPW

GO nanosheets were prepared from
natural graphite powder by modified
Hummers method [15]. Grafting of
APTS on GO nanosheets gave the amino
functionalized GO-SiCs-NH2 which was
then reacted with HsPW to afford GO-

SiCs-NH3z-H2PW as a new
functionalized GO containing a
phosphotungstic counter-anion. The

latter nanomaterial was characterized
using FT-IR spectroscopy, FESEM and
EDX analysis, EDX elemental mapping,
and ICP-OES.

To verify the chemical changes that
occurred during the modification of GO,
the FT-IR spectra of GO, GO-SiC3z-NHa,
and GO-SiCs-NHs-H2PW are compared
in Figure 1. One intense and broad peak
is observed at 3430 cm™ due to the
presence of OH groups at the surface of
GO (Figure 1(a)) which is the major
binding site for amine-functionalized
silane material. The adsorption bands at
1716 and 1625 cm™ could be attributed
to the carbonyl group of carboxylic acid
and stretching vibration of -C=C group
of aromatic  graphene  moiety,
respectively.  Another characteristic
band at 1060 cm™ is related to C-O
stretching vibration. Many vibrational
peaks in the FT-IR spectrum of GO-
SiC3-NH2 (Figure 1(b)) confirm the

formation of APTS-coated GO. The
vibration peaks at 3427 and 1577 cm
could be assigned to the amino groups,
which revealed the successful grafting
of APTS to the GO. The two set of bands
at 2927 and 2864 cm are attributed to

the symmetric and  asymmetric
methylene groups in alkyl chains
moieties. Furthermore, high intense

absorption bands at 1053 and 1119 cm*
are assigned to the characteristic
absorption of Si-O bonds acquired
during the silylation process. Finally, as
shown in Figure 1(c), the appearance of
the new characteristic peaks at 803 and
1049-1112 cm (overlapped with Si-O
stretching vibration bands) which
originates from the H>PW stretching
vibration bands confirm the successful
immobilization of the HsPW on the
organic ligand linked to GO. Other
bands in the FT-IR spectrum of GO-
SiC3-NH3z-H2PW are similar to those of
GO-SiCs-NH2 with a slight shift for
some of them.

(c)

(b)

Transmittance [%)]

(a)

3500 3000 2500 2000 1500 1000
Wavenumber (em™)

Figure 1. FT-IR spectra of (a) GO, (b) GO-
SiCs-NHz, and (C) GO-Sng-NHg-HQPW

The FESEM analysis was applied for the
characterization of GO-SiCz-NHs-
H>PW from view point of morphology.
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As shown in Figure 2, a nanosheet-
like structure in disordered phase with
crumpled and wrinkled edges can be
seen in FESEM image. These folded
edges owing to sp3-carbon in GO-SiCs-
NHs-H2PW, carry SiCz-NHs-H2PW on
both sides of the GO nanosheets. These
sites may serve as reactive catalytic sites

to provide the desired chemical
transformation. Many granular-like
particles that were distributed on the
surfaces of GO sheets in GO-SiCs-NHz-
H.PW are also visible, suggesting the
organic moieties had bound to the

surfaces of the GO nanosheets.

Figure 2. FESEM image of GO-SiCz-NHz-H:PW

Figure 3 displays the EDX spectrum
of GO-SiCs-NH3-H2PW, where the
signals for carbon, oxygen, silicon,

nitrogen, phosphorus, and tungsten with
no extra peak related to other impurities
confirm the successful functionalization
of GO.
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Figure 3. EDX analysis of GO-SiCz-NH3-HPW
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In addition, EDX elemental
mapping can provide qualitative
information about the distribution of
different chemical elements in the
catalyst structure. As can be seen in
Figure 4, the uniform distribution of Si,

N, P, and W, indicates that the functional
moieties  have  uniformly  been
immobilized on GO, which is very
important to perform efficient catalytic
organic transformations.

Figure 4. EDX elemental mapping of GO-SiCs-NH3-H.PW

Finally, as determined by ICP-OES,
the content of phosphorus and tungsten
in the GO-SiC3-NH3s-H2PW was 0.100
and 0.525 %, respectively, which is
another conformation for
immobilization of SiCs-NHs-HPW
over the surfaces of GO nanosheets.

Catalytic evaluation of GO-SiC3-NHs-
H2PW in the synthesis of amidoalkyl
naphthols

The catalytic activity of the prepared
GO-SiC3-NHs-H2PW was tested in the
synthesis of amidoalkyl naphthols by
one-pot, three-component reaction of /-
naphthol ~ with  various  aromatic
aldehydes and acetamide. First, to
optimize the reaction conditions, the
reaction of g-naphthol 1 (1 mmol), 4-
chlorobenzaldehyde 2b (1 mmol), and
acetamide 3 (1.2 mmol) was
investigated as a model in the absence or
presence of GO-SiCs-NH3z-H.PW  as

catalyst in different solvents including
EtOH, H20, EtOH-H:O, MeOH,
CH3CN, CH2Cl,, CHCIz and also under
solvent-free conditions. A summary of
the optimization experiments s
provided in Table 1. To illustrate the
need for catalyst in the reaction, the
model reaction was studied in the
absence of catalyst in refluxing EtOH,
H20O, or mixture of them and also under
solvent-free  conditions at  high
temperature (entries 1-4). The yield of
the product was trace even after 120
min. However, when the reaction was
performed in the presence of GO-SiCs-
NH3-H2PW, the desired product was
obtained in moderate to high vyields.
Ethanol proved to be a much better
solvent in terms of yield as well as
reaction time than all the others. The
excellent yield of the product was
obtained when the reaction was
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conducted in refluxing EtOH in the
presence of 0.03 g of the GO-SiC3-NHs-
H2PW catalyst (entry 7). No significant
improvement in the product yield and

the reaction time was observed using
higher amount of the -catalyst. All
subsequent reactions were carried out in
these optimized conditions.

Table 1. Optimization of reaction parameters for the synthesis of compound 4b catalyzed by GO-SiCs-

NHs-H,PW?

Entry Catalyst () Solvent T (°C) Time (min) Isolated Yield (%0)
1 EtOH Reflux 120 Trace
2 - H-,0 Reflux 120 Trace
3 - EtOH-H,0 Reflux 120 Trace
4 s 120 120 Trace
5 0.01 EtOH Reflux 40 43
6 0.02 EtOH Reflux 30 74
7 0.03 EtOH Reflux 15 90
8 0.04 EtOH Reflux 20 89
9 0.03 H.0 Reflux 30 48
10 0.03 EtOH-H.O Reflux 20 59
11 0.03 MeOH Reflux 20 45
12 0.03 CH3;CN Reflux 15 45
13 0.03 CHClI, Reflux 15 57
14 0.03 CHCl3 Reflux 15 52
15 003 - 120 50 22

@Reaction conditions: g-naphthol 1 (1 mmol), 4-chlorobenzaldehyde 2b (1 mmol), and acetamide 3 (1.2 mmol)

Using these optimized reaction
conditions, the scope and efficiency of
this approach was explored for the
synthesis of amidoalkyl naphthols 4a-j
and the obtained results are summarized
in Table 2. A wide range of ortho-, meta-
and para-substituted aromatic aldehydes
undergo  one-pot  multicomponent
reaction with g-naphthol and acetamide
under optimized conditions to afford
amidoalkyl naphthol derivatives. The

results showed that all electron-rich as
well as  electron-poor  aromatic
aldehydes reacted successfully and gave
the products in high yields within short
reaction time. The type of substituent on
the aromatic aldehydes had no
significant effect on the reaction time
and yield. These results clearly indicate
that the GO-SiCz-NHs-HPW acts as
highly  active catalyst in this
methodology.

Table 2. Synthesis of amidoalkyl naphthols 4a-j catalyzed by GO-SiC3-NH3-HPW?2

i m.p. (°C
Entry Ar Product z-rrllrl?s Y:Z?éitg?/o ) - C)
Found Reported

1 CeHs 4a 20 88 239-241 241-243 [38]
2 4-CICsH4 4b 15 90 227-229 228-229 [38]
3 3-CICgH4 4c 12 86 238-240 237-238 [39]
4 2-CICgH4 4d 20 82 211-212 212-214 [42]
5 4-BrCeHs 4e 15 91 228-230 230-232 [42]
6 4-MeCgH4 4f 15 89 216-218 213-215 [43]
7 4-MeOCg¢H4 49 15 80 181-182 183-185 [43]
8 4-O;NCeHs 4h 13 87 241-243 242-244 [43]
9 3-0O2NCgH4 4i 10 94 239-241 241-243 [43]
10 2-02NCgH4 4j 10 86 212-214 211-213 [44]

@Reaction conditions: g-naphthol 1 (1 mmol), an aromatic aldehyde 2a-j (1 mmol), acetamide 3 (1.2 mmol), GO-
SiCs-NHs-H2PW (0.03 g), EtOH, reflux.
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In view of the potential for green
chemistry, the recycling performance of
GO-SiCz-NH3-HPW was also
investigated in the model reaction. Upon
completion of the first run, the reaction
mixture was filtered whilst still hot to
separate the catalyst. The separated
catalyst was washed with hot ethanol,

100

80

S 60

T 40
I

20

0

dried at 70 °C under vacuum for 2 h, and
reused in the subsequent catalytic runs.
The recovered catalyst worked well for
up to five catalytic runs without any
significant loss of its activity (Figure 5)
which clearly demonstrates the practical
reusability of this catalyst.

Reaction cycle

Figure 5. Reusability of GO-SiCs-NHs-H.PW for the synthesis of compound 4b

To show the catalyst’s role, a
plausible mechanism for this reaction
may proceed as depicted in Scheme 3.
As shown, ortho-quinone methide (o-
QM) intermediate [11] is readily formed
in situ by Knoevenagel condensation of
S-naphthol 1 and aromatic aldehydes 2a-
J via the intermediate [I]. Subsequent,
Michael addition of acetamide to the o-
QM intermediate [I1] afforded the final

O -H,0

products 4a-j. We believe that the
catalyst GO-SiC3-NH3-H.PW = Cat.
with several accessible W sites and P-O-
H moieties can act as Lewis acid and
Bransted acid centres, respectively, and
therefore activates the reactants and the
intermediates in this reaction. However,
under the reaction conditions used,
attempts to isolate the intermediates
failed.

H,NCOCH;

: X
Ar / Cat. Ar NH
Uy — Q"
I

4a4

O.__Me

[GO'S|C3-N H3-H2PW — Cat]

Scheme 3. Plausible mechanism for the formation of amidoalkyl naphthols in the presence of GO-
SiCs-NH3-H,PW as catalyst
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Conclusion

In summary, a new functionalized GO
containing a phosphomolybdic counter-
anion, denoted as GO-SiCz-NHz-H:PW,
was successfully prepared by grafting of
APTS on GO nanosheets followed by a
reaction with HsPW and, then,
characterized using FT-IR spectroscopy,
FESEM, EDX analysis, EDX elemental
mapping, and ICP-OES. The new
functionalized GO performed well as a
catalyst in one-pot synthesis of
amidoalkyl naphthols by reaction of -
naphthol with several aromatic aldehydes
and acetamide in refluxing ethanol, giving
high yields of the products within short
reaction times. In addition, the catalyst is
readily recovered by simple filtration and
can be reused for subsequent reactions
with no significant loss of its activity.
Further applications of this new catalyst
for other reaction systems are currently
under investigation.
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