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In situ synthesis of copper nanoparticles (NPs) supported on
reduced graphene oxide (RGO)-Fe;0, nanocomposite was carried
out by barberry fruit extract as a reducing and stabilizing agent.
The morphology and structure of the Cu/RGO-Fe;0,
nanocomposite was fully characterized by means of X-ray
diffraction (XRD), Fourier transformed infrared (FT-IR)
spectroscopy, field emission scanning electron microscopy (FE-
SEM), energy dispersive X-ray spectroscopy (EDS) and
transmission electron microscopy (TEM). Cu/RGO-Fe;0, was a
promising catalyst for the O-arylation of phenols with aryl
halides under ligand-free conditions. A diverse range of diaryl
ethers were obtained in a good to high yield. Furthermore, due to
the magnetic separability and high stability of the composite the
catalyst could be separated conveniently from the reaction
mixtures by an external permanent magnet and recycled multiple
times without loss of catalytic activity.

Introduction

The synthesis and utilization of diaryl ethers is interesting
because they are not only important structures in a variety of
biologically active natural products and pharmaceuticals, but also
common backbone molecules in polymer industries and materials
science.' There are several methods for the preparation of diaryl
ethers; one of the main routes is the classic Ullmann coupling
reaction.” However, available procedures for the synthesis of
diaryl ethers suffer from certain disadvantages such as harsh
reaction conditions, high temperature (>200 °C) and long reaction
times, and low yields of the products, difficulty in availability or
preparing the starting materials or catalysts, necessity to use
stoichiometric amount of copper and expensive ligands or
homogeneous catalysts, tedious work-up, waste control formation
of side products, the environmental pollution caused by
utilization of homogeneous catalysts.”> These homogeneous
catalysts suffer from several disadvantages as a difficult
separation procedure, insufficiency in recyclability and a
powerful contamination from residual metals in the reaction
product.> To overcome these disadvantages several palladium-
catalyzed coupling reactions using phosphine ligands for the
synthesis of diaryl ethers have been developed.* However, the
high cost of expensive palladium catalysts, relatively rare
availability, the use of air and moisture sensitive phosphine

ligands and tedious work-up in the product isolation limit their
o relevance for industrial applications.’ Thus, there is a drastic need
to develop a simple and practical method for the synthesis of
diaryl ethers using heterogeneous copper catalyst under ligand-
free conditions.
Our recent study has shown that the Cu NPs can be used as a
s very active catalyst for the O-arylation of phenols using aryl
halides.® However, the agglomeration of Cu NPs is inevitable. An
ideal support is needed to decrease NPs agglomeration.’
Among heterogeneous catalysts, graphene oxide (GO) and
RGO have been reported as a new class of promising support and
70 catalysts for the development of environmentally friendly acidic
catalysts.*° Graphene oxide (Figure 1) can be defined as one
atom thick in a closely packed honeycomb two dimensional (2D)
lattice.® Due to its high thermal stability, good mechanical
strength, high specific surface area (2630 m%g) and high
75 adsorption capacity graphene has recently been garnering interest
as a novel support.®

Figure 1. Proposed structure of graphene oxide (GO), reprinted with
permission from ref. 8c.
80
Nowadays, the integration of GO (or RGO) and Fe;0, into a
single composite has become a hot topic of research, as it inherits
the advantages of two component materials.” The unique
properties of iron oxide-graphene based magnetic hybrid
ss materials such as high conductivity, a large surface-to-volume
ratio, strong magnetism, low cost and an environmentally benign
nature have opened options for various applications.’

This journal is © The Royal Society of Chemistry [year]
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The methods which are generally adopted for the preparation
of meta/RGO or metal/GO nanocomposites are chemical
reduction method, physical technique and ezc.® These methods are
extremely expensive and also involve use of hazardous chemicals

s which are highly toxic and present potential environmental and
biological risks. Therefore, it is desirable to develop more
efficient, convenient and ‘greener’ methods for the synthesis of
metal/RGO-Fe;04 nanocomposite.

Synthesis of metal NPs using nontoxic solvents such as water,
and environmentally benign Dbiological
methods is attractive especially if they are intended for invasive
applications in medicine.'” Greener synthesis of NPs provides
advancement over physicochemical methods as it is simple, cost-
effective, and relatively reproducible and often results in more

15 stable materials.'’ Recently, we have developed the synthesis of

various metal NPs using plants extract or trees gums and their
catalytic activity investigation in organic synthesis."'

The plant of Berberis vulgaris from the family of
Berberidaceae, is one of the most populated plants of Iran.

20 Various parts of this plant including its root, bark, leaf and fruit

have been used as folk medicine for a long time.">"* The fruit of
the plant (Figure 2) is an oblong red berry 7 to 10 mm long and 3
to 5 mm broad, ripening in late summer orautumn; they are edible
but very sour, and rich in vitamin C. Phytochemical analysis of

2s different parts the plant reveals the presence of constituents such

as isoquinoline alkaloids, carbohydrates, organic acids, vitamin
C, polyphenolic compounds, pectin, tannin and minerals.'*> The
presence of various range of phytochemicals especially vitamin C
as a major antioxidant in its fruit confirmed the application of

30 Berberis vulgaris fruit extract as a suitable source for simple

synthesis of NPs.

Figure 2. Image of barberry fruit.

35 In continuation of our recent works on the green chemistry and

application of heterogeneous catalysts,”*!'""' we wish to report a

new, green, simple, cost effective and environment friendly
protocol for the preparation of Cu/RGO-Fe;04 nanocomposite
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using barberry fruit extract as a reducing and stabilizing agent
and its application as stable and heterogeneous catalyst in the O-
arylation of phenols using aryl halides (Scheme 1). Moreover, the
Cu/RGO-Fe;0, nanocomposite was easily recoverable with
excellent cycle stability and showed high catalytic activity for the
O-arylation of phenols as well. To date, there is no report on the
green synthesis of Cu/RGO-Fe;0,4 nanocomposite by utilizing the
fruit extract of barberry.

Cu/RGO-Fe;04 nanocomposite

ATOAF
Cs,CO,, DMSO, 120°C, 12 h :

Ar'OH + ArX

Scheme 1.

Results and Discussion

In this paper, we prepared a novel nanocomposite with in situ
growth of Cu NPs attached on RGO-Fe;O, as supporting
material. Moreover, the catalytic activity for the O-arylation of
phenols using aryl halides was also evaluated.

The synthetic procedure for the preparation of the Cu
NPs/RGO/Fe;0, nanocomposite was synthesized in four steps.
The first step involves the preparation of GO from natural
graphite powder by a modified Hummers method.'” In the second
step, the reduced graphene oxide (RGO) nanosheets was
synthesized by the reduction of a colloidal suspension of GO
based on glucose.'® In the next step, RGO/Fe;0;4 magnetic
nanocomposite was prepared via a coprecipitation route.' Finally
the barberry fruit extract was used for the synthesis of the Cu
NPs/RGO/Fe;0, nanocomposite by treating with RGO/Fe;04
nanocomposite and CuCl, in water at 60 °C for 7 h.

Successful preparation of RGO from GO and fully
characterized in our group recently.'® Here, prepared RGO/Fe;0,
and Cu NPs/RGO/Fe;0,4 nanocomposites are presented.

The XRD was used to examine the possible crystallinity of the
RGO/Fe;0,4 and Cu NPs/RGO/Fe;04 nanocomposite. The XRD
patterns of the RGO/Fe;O4 (a) and Cu NPs/RGO/Fe;04 (b)
nanocomposites are shown as Figure 3. In the 20 range of 20-70°,
the peak positions at 20 values as 30.42, 35.57°, 42.92°, 56.62°,
and 62.72° in patterns (a) and (b) are corresponded to (20 0), (3 1
1), 400), (511) and (4 4 0) spinel structure of Fe;0,,
respectively.’ It is demonstrated that Fe;O, is presented in the
nanocomposite and expected nanocomposites were successfully
prepared. The diffraction peaks at 26 value of 42.92° and 53.22°
corresponding, respectively, to Cu(l 1 1) and (2 0 0) crystalline
plane appears, in accordance with Cu immobilization.?!

The morphology of the RGO/Fe;0, magnetic nanocomposite
was determined by TEM. The average size of nanoparticles on
the surface of RGO determined from Figure 4 was about 10 nm.
The particles exhibited spherical morphology but with tendency
to agglomeration. In general, magnetite nanoparticles synthesized
through the co-precipitation are usually agglomerate. As can be
seen from Figure 4, a random distribution of Fe;O4 nanoparticles
was accrued and due to presence of Fe;O, nanoparticles
magnetization behaviour was expect.

2 | RSC Advances, [2015], [vol], oo—o00
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Figure 4. TEM image of RGO/Fe;0, magnetic nanocomposite.

Fresh barberry fruit (Berberis vulgaris) was provided from
Vartoon mountain area (Isfahan, Iran). The green synthesis of
Cu/RGO-Fe;04 nanocomposite using barberry fruit extract
provides a simple, cost effective and environment friendly route
without use of toxic organic solvents and hazardous and
dangerous materials. Also, in this method there is no need to use
high pressure, energy and temperature. Barberry fruit extract is a
reducing and stabilizing agent, which favors reduction and results
in the formation and distribution of Cu(0) nanoparticles on the
RGO sheets without a hazardous impact on the environment.

The formation of metal nanoparticles by chemical reduction
(e.g., hydrazine hydrate, sodium borohydride, and ethylene
glycol) may lead to absorption of harsh chemicals on the surfaces
of nanoparticles raising the toxicity issue. But the present work is
an environmentally friendly method (green chemistry) without
use of harsh, toxic and expensive chemicals which flavonoid and
phenolic acids could be adsorbed on the surface of metal
nanoparticles, possibly by interaction through m-electrons
interaction in the absence of other strong ligating agents.

Moreover, the UV spectrum of extract (Figure 5) shows bonds
ranging Ap., 285 to 330 nm (bond I) due to the transition
localized of m — m* related to double bonds. The extract of
Berberis vulgaris fruits was obtained in aqueous media to extract
highly polar polyhydroxyls with conjugated double bonds as
major Berberis vulgaris constituents. Therefore, the absorption
ranging 210 nm to 225 nm (bond II) is for absorbance of ring
related to the benzoyl system and m — =* transitions and
demonstrates the presence of phenolics. The UV spectrum of
plant leaves extract show absorption bonds due to the transition

20

35

40

50

Figure 3. XRD pattern of RGO/Fe;0, (a) and Cu NPs/RGO/Fe;04 (b) nanocomposites.

localized within the conjugated system. Although, they are
generally related the 1 — ©* transitions of double bounds but this
absorption bonds of cinnamoyl and benzoyl systems as shown by
spectrum are finger print characteristic and specification of
phenolics inside the extract as reported in literature.??
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0.5

200 250 300 350 400
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Figure 5. UV-vis spectrum of Berberis vulgaris fruits extract.

The UV-vis spectrum of green synthesized Cu NPs using
Berberis vulgaris fruits extract (Figure 6) showed the significant
changes in the absorbance maxima due to surface Plasmon
resonance demonstrating the formation of Cu NPs. The color of
the solution immediately changed into dark with A, around 550
nm indicating formation of Cu NPs as characterized by UV-vis
spectrum. The synthesized Copper nanoparticles by this method
are quite stable with no significant variance in the shape, position
and symmetry of the absorption peak even after 20 days.

1.5
—— 3min

® — 1 week
g 1.0 - 20 days
E
2
<€ 0.5

0.0, : . . . , —

350 400 450 500 550 600 650
Wavelength (nm)

This journal is © The Royal Society of Chemistry [year]

RSC Advances, [2015], [vol], co—o0 | 3


http://dx.doi.org/10.1039/c5ra10037b

RSC Advances Page 4 of 11

View Article Online
DOI: 10.1039/C5RAI0037B

Published on 23 July 2015. Downloaded by Emory University on 29/07/2015 06:10:32.

Figure 6. UV-vis spectrum of green synthesized Cu NPs using Berberis
vulgaris fruits extract between 3 min to 20 days.
The FT-IR analysis was carried out to identify the possible
biomolecules responsible for the reduction of Cu nanoparticles
s and capping of the bioreduced nanoparticles. The FT-IR spectrum
of the crude extract (Figure 7) depicted some peaks at 3500,
1710, 1420, 1235 and 1050 cm™' which represent free OH in
molecule and OH group forming hydrogen bonds, carbonyl group
(C=0), stretching C=C aromatic ring and C-OH and C-H
10 stretching vibrations, respectively. These peaks suggested the
presence of poly hydroxyl phenolics in the plant extract which
could be responsible for the reduction of metal ions and
formation of the corresponding metal nanoparticles. According to
the FT-IR spectrum, flavonoid (FIOH) and phenolics acids
15 present in the extract contributed to the reduction of copper ions
and stabilization of the nanoparticles. Scheme 2 shows the
probable chemical constituents present in the of barberry fruit

extract responsible for the bioreduction of metal ions, their
growth and stabilization. The presence of various range of
20 phytochemicals especially vitamin C as a major antioxidant in its
fruit confirmed the application of Berberis vulgaris fruit extract
as a suitable source for simple synthesis of Cu NPs.
Furthermore, the FT-IR of Cu NPs shows demonstrative
differences in the shape and location of signals indicating the
»s interaction between CuCl,-2H,O and involved sites of
phytochemicals for production of nanoparticles (Figure 8).
Changing the location of peaks at 3400, 1720, 1432, 1300 and
1000 cm’™ represent the OH functional groups, carbonyl group
(C=0), stretching C=C aromatic ring and C-OH stretching
30 vibrations, respectively. Phytochemicals could be adsorbed on the
surface of metal nanoparticles, possibly by interaction through -
electrons interaction in the absence of other strong ligating
agents.
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Figure 8. FT-IR spectrum of synthesized Cu NPs using Berberis vulgaris fruits extract.
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Scheme 2. Green synthesis of Cu NPs using Berberis vulgaris fruits
extract.

s XRD analysis of Cu NPs (Figure 9) show major diffraction
peaks at 43.4, 50.5 and 74.5, which can be assigned to (111),
(200) and (220) planes of fcc structure of pure Cu (JCPDS no. 85-
1326). The synthesized Cu NPs were found to be pure, without
any impurities like CuO, Cu,O, Cu(OH),, etc.®
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Figure 9. XRD pattern of synthesized Cu NPs using Berberis vulgaris
fruits extract.

The FT-IR spectra of RGO/Fe;0, nanocomposite and Cu

15s NPs/RGO/Fe;0, nanocomposite are shown in Figure 9. The
analysis of FT-IR bands of Cu NPs/RGO/Fe;0, nanocomposite
shows that most of the oxygen-containing groups of GO,
particularly carboxyl groups, have been removed by the reducing
reaction. As expected, the FT-IR spectrum of Cu

DOT: 10.1039/C5RAI003/B

20 NPs/RGO/Fe;04 nanocomposite is in good agreement with
RGO/Fe;0, (Figure 10a and 10b). An absorption band in the FT-
IR spectrum of the RGO/Fe;0, and Cu NPs/RGO/Fe;0,
nanocomposite observed at about 560 cm™ which corresponds to
the stretching mode of Fe-O. The broad and intense band

»s observed in the FT-IR spectrum of the RGO/Fe;O4 and Cu
NPs/RGO/Fe;0, nanocomposite at 3403 cm™ is ascribed to the
stretching vibration of O-H.

%T

[

3900 3400 2900 2400 1900 1400 900 400
Wavenumber [cm-1]

Figure 10. FT-IR spectra of (a) RGO/Fe;0; nanocomposite (b) Cu
30 NPs/RGO/Fe;0,4 nanocomposite.

The morphology of the Cu NPs/RGO/Fe;O4 nanocomposite
was characterized by scanning electron microscopy (SEM).
Figure 11 illustrates the SEM images of the Cu NPs/RGO/Fe;0,
nanocomposite. The SEM image of the Cu NPs/RGO/Fe;0,

35 nanocomposite reveals that large quantities of copper
nanoparticles are attached on the surface of the RGO/Fe;0,
nanocomposite.

To further confirm this Cu NPs/RGO/Fe;0, nanocomposite
structure, we take the elemental mapping by energy dispersive X-

40 ray absorption spectroscopy (EDS). It further confirmed that the
Cu NPs/RGO/Fe;0, nanocomposite was composed of carbon,
copper, iron and oxygen (Figure 12). The amount of Cu
incorporated into the RGO/Fe;04 nanocomposite found to be
11.09 w%, which determined by EDS.

ss  The TEM image (Figure 13) of the Cu NPs/RGO/Fe;0,
nanocomposite shows that Cu and iron oxide nanoparticles have
spherical shapes. In addition, it is observed that many copper
nanoparticles with the size of about 35 nm are uniformly
distributed on the RGO/Fe;04 nanocomposite surfaces.

This journal is © The Royal Society of Chemistry [year]
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Figure 11. SEM images of Cu NPs/RGO/Fe;04 nanocomposite.
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In addition to that, magnetic properties of the Cu
s NPs/RGO/Fe;04 nanocomposite were also investigated at room
temperature. Figure 14 shows the hysteresis loop of Cu
NPs/RGO/Fe;0,4 nanocomposite obtained in applied magnetic
field at 298 K by using a SQUID magnetometer. The magnetic
saturation (Ms) value of the composite was estimated to be 22.4
0 emu g’l. Although, the Ms values of Cu NPs/RGO/Fe;04
nanocomposite was lower than that of the pure Fe;0,4, 42 emu g
! but their superparamagnetic still retain the original value.
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Figure 13. TEM images of Cu NPs/RGO/Fe;0, nanocomposite.

Figure 14. Room temperature of Cu

magnetization

curve

15 NPs/RGO/Fe;04 nanocomposites.

Raman intensity

The Raman spectrum of Cu NPs/RGO/Fe;04 nanocomposites
is shown in Figure 15. The Raman spectrum of Cu

NPs/RGO/Fe;04 nanocomposites displays signals at 100-500 cm”
20 !, which are due to the Fe;O, NPs. The peak at about 1589 cm’!
(G band) is corresponded to the in-phase vibration of the
graphene lattice, and another peak at about 1358 cm™ (D band) is
related to the defects and disorder.®®

Raman shift cm-1)

2000 1800 1600 1400 1200 1000
Raman shif (cr-1)

5
Figure 15. Raman spectrum of Cu NPs/RGO/Fe;O4 nanocomposite.

Evaluation of the catalytic activity of Cu NPs/RGO/Fe;O,
nanocomposite through the ligand-free Ullmann coupling
o reaction

In this work, we used Cu NPs/RGO/Fe;0, as a catalyst to test the
catalytic performance of this nanocomposite for the O-arylation
of phenols using aryl halides under ligand-free conditions. In
order to search for a suitable solvent, we carried out the reaction

This journal is © The Royal Society of Chemistry [year]
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of iodobenzene with phenol in DMSO as solvent and in the Table 2. Performance of the Cu NPs/RGO/Fe;O4 nanocomposite
presence of Cs,COj; as base and Cu NPs/RGO/Fe;0, as catalyst.

) ) > catalyst in the O-arylation of phenols with substituted aryl halides.”
Some solvent including toluene, DMF and DMSO were tested in

Cuw/RGO-Fe;0,4 nanocomposite

the model reaction and DMSO was selected as the best one Ar'OH + ArX ArOAr'
(Table 1, entry 3). Various bases such as Cs,COs, Et;N, Na,COs Cs,CO;3, DMSO, 120°C, 12 h
and KOH were also screened for their effect on the reaction in
DMSO as solvent at 120 °C. Among the bases tested, Cs,CO; was .
the most effective reaction base fo% this reaction. A’lso,zdiftgerent Entry ArX ArOH Yield” (%)
temperatures were also checked and 120 °C was selected as the 1 CoHsl CsHs;OH 98
suitable temperature. The best result was obtained with 0.05 g of 2 P-CH3CeHal CsHsOH 83
Cu NPs/RGO/Fe;04 nanocomposite catalyst, iodobenzene (1.0 3 p-CH;0CsHal C¢HsOH 84
mmol), phenol (1.0 mmol), Cs,CO; (2.0 mmol) and DMSO (10.0 4 Pp-NOCHLI C4HsOH 97
mL) which gave the product in an excellent yield (98%). 5 P-CNCH,I C.H:OH 97
Table 1. Screening of base and solvents for O-arylation of iodobenzene 6 CeHsl 0-CH;C6H{OH 80
with phenol.” 7 CeHsl p-CH;0CH,OH 98
Entry Base Solvent Temperature (°C) Yield” (%) 8 CeHsl p-CH3CH,OH 98
1 Cs,COs Toluene 100 10 9 CoHsl p-CICsH,OH 56
2 Cs,CO;s DMF 120 72 10 CoHsl p-FCH4OH 81
3 Cs,CO; DMSO 120 98 1 CsHsBr CsHsOH 96
4 KOH DMSO 120 36 12 p-CH;0C¢H4Br C¢HsOH 79
5 Na,CO; DMSO 120 62 13 p-NOCeHiBr CsHsOH 95
6 Et;N DMSO 120 Trace 14 p-CNCeH,Br CeHsOH 94
7 Cs,CO; DMSO Room temperature 12¢ 15 CsHsBr p-CH;CH,OH 95
8 Cs,CO; DMSO 70 52 16 C¢H;sBr p-CH;0C¢H,OH 92
“Reaction conditions: iodobenzene (1.0 mmol), phenol (1.0 mmol), base 17 C¢H;sCl1 p-CH;0C¢H,OH 63
(2_.0 rr;mol), solvent (10.0 mL), catalyst (0.05 g), 12 h, open air. *Isolated 18 P-NOCHLCl C H:OH 66
yield. “24 h 19 »-NO,CH,CI p-CH;C4H,OH 68

. . . . “Reaction conditions: aryl halide (1.0 mmol), phenol (1.0 mmol), Cs,CO;
To expand the scope of this coupling reaction, various phenols (2.0 mmol), DMSO (10.0 mL), catalyst (0.05 g), 120 °C, 12 h, open air.

and aryl halides were used as substrates under the optimized "Isolated yield.

reaction conditions. The aryl halides and phenols bearing .,  we also perform a comparative study of the reactivity of Cu

electron-donating and electron-withdrawing groups reacted well NPs/RGO/Fe;0, nanocomposite with other reported catalysts for

and gave good to excellent yields under the standard reaction the synthesis of diphenyl ether via O-arylation of phenol with

conditions (Table 2). Ortho-substitution of the phenol did not bromobenzene or iodobenzene (Table 3). With an overall look at
2s hamper the cross-coupling reaction, affording products in good Table 3, we can say that our method is comparable with other

yield (entry 6) and no significant electronic effects were observed reported methods in term of yield and reaction time.

for para-substituted phenols (entries 7-10). The presence of an Compared with the other literature works on the O-arylation of

electron-withdrawing group on the aryl halides resulted in phenol with aryl halides, the notable features of our method are:

excellent yields for the ligand-free Ullmann coupling reactions e No requirement of inert atmosphere;

(entries 4,5,13 and 14). e Elimination of toxic ligands and homogeneous catalysts;

ss e The yield of the product is very high;
e The use of barberry fruit extract as an economic and
effective alternative represents an interesting, fast and clean
synthetic route for the synthesis of Cu NPs;
e Ease of handling and cost efficiency of the catalyst; and

so e The catalyst can be easily recovered.
Table 3. Comparison of present methodology with other reported methods in the O-arylation of phenol with bromobenzene or iodobenzene for the
synthesis of diphenyl ether.

Entry Conditions (yield, %) Ref.
1 PhBr, Cul, Meso-N-C-1, KOH, DMSO, 100 °C, 48 h (79) 23a
2 PhBr, natural clay, K,COs;, DMF, 110 °C, 12 h (55) 23b
3 Phl, natural clay, K,COs;, DMF, 110 °C, 12 h (97) 23b
4 PhBr, Cu NPs, Cs,CO;, DMF, 140 °C, 24 h (66) 23¢
5 Phl, Cu NPs, Cs,CO;, DMF, 110 °C, 24 h (85) 23¢
6 PhBr, silica-supported Cu(I), KF, DMSO, 130 °C, 16 h (73) 23d
7 Phl, silica-supported Cu(1l), KF, DMSO, 130 °C, 16 h (92) 23d
8 PhBr, Ni-alumina, K,COs;, H,0, SDS, 80 °C, 9 h (83) 23e
9 Phl, Ni-alumina, K,COs, H,0, SDS, 80 °C, 9 h (84) 23e
10 PhBr, Cul, g-diamide-based hybrid silica, Cs,COs;, MIBK, 110 °C, 22 h (87) 23f
11 PhBr, Cu-Fe-hydrotalcite, DMF, reflux, 10 h, (85) 23g
12 Phl, Cu-Fe-hydrotalcite, DMF, reflux, 7 h, (89) 23g
13 Phl, Cu,0, ligand, Cs,COs;, CH5CN, 80 °C, 24 h (93) 23h
14 Phl, Cul, TMHD, Cs,COs;, DMF, 60 °C, 24 h (85) 23i
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15 PhI, BINAM-Cu(OTf),, Cs,CO;3, dioxane, 110 °C, 18 h (70) Sa

16 PhBr, Cu,O/graphene, Cs,CO;, THF, Ar atm., 150 °C, 3 h (26) 23j

17 Phl, Cu,O/graphene, Cs,COs, THF, Ar atm., 150 °C, 3 h (96) 23j

18 Phl, CuO NPs, Cs,CO;, DMSO, 110 °C, 18 h (83) 23k

19 Phl, Cu NPs, Cs,CO;, DMF, 120 °C, 24 h (88) 6

20 Phl, Cul, salicylaldimine ligand, K5PO,, dioxane, Ar atm., 101 °C, 24 h (91) 231

21 PhBr, Cu NPs/RGO/Fe;04, Cs,CO3, ‘BusNBr, DMSO, 120 °C, 12 h (96) This work
22 PhI, Cu NPs/RGO/Fe;0,, Cs,COs, ‘Bu,NBr, DMSO, 120 °C, 12 h (98) This work

Reusability of the Cu NPs/RGO/Fe;0, nanocomposite

The stability and reusability are important properties for

evaluating the performance of the Cu NPs/RGO/Fe;0,

nanocomposite. In order to make our catalytic system greener and
economical, the reusability and activity of the catalyst was also
investigated for the O-arylation of phenol using iodobenzene.

Furthermore, after the completion of the reaction the composite

catalyst can be easily separated by an external magnetic field and

subsequently washed with ethanol and dried and used for
successive cycles. The catalyst could be reused six times without

significant loss of catalytic activity (Table 4).

To check the heterogeneity of catalyst, which is an important
factor, the phenomenon of leaching was studied by Inductively
15 Coupled Plasma Atomic Emission Spectroscopy (ICP-AES)

analysis of the resulting reaction solution mixture. According to
the ICP analysis, very low copper contamination was observed
during these experiments. These studies clearly prove that the
reaction occurs heterogeneously.

20 Also, the nature of the recovered catalyst was investigated by
EDS and SEM. EDS analysis of recovered catalyst indicates that
the catalyst can be recycled six times without any significant
change in the amount of Cu (Figure 16 and 17).

3

=3

25 Table 4. Reusability of the Cu NPs/RGO/Fe;O4 nanocomposite in
Ullmann coupling of iodobenzene with phenol.”

Reaction cycle Ist 2nd 3rd 4th 5th 6th
Yield® (%) 98%  98%  98%  96%  96% 9%

“Reaction conditions: iodobenzene (1.0 mmol), phenol (1.0 mmol),

Cs,CO; (2.0 mmol), tetrabutylammonium bromide (0.1 mmol) and

DMSO (10.0 mL), catalyst (0.05 g), 120 °C, 12 h, open air. “Isolated
30 yield.

)
=3

FeKa

N
o

o

keV

5 10
Figure 16. EDS spectrum of recovered Cu NPs/RGO/Fe;04
nanocomposite.
35

7 %

SEM HV: 15.0 kV
View field: 1.38 pym
SEM MAG: 150 kx |Date(m/dly): 01/20/15

Figure 17. SEM image of recovered Cu NPs/RGO/Fe;04 nanocomposite.

WD: 4.99 mm
Det: InBeam SE

Conclusion
40 In conclusion, we have developed a novel copper-based
heterogeneous magnetic catalyst by immobilizing copper NPs
onto RGO/Fe;0, nanocomposite via reduction of Cu®>* to Cu(0)
by using barberry fruit extract. The use of barberry fruit extract
for making metallic nanoparticles is inexpensive, easily scaled up
ss and environmentally benign. The synthesized catalyst exhibited
excellent activity for the O-arylation of phenols using aryl halides
in a good to high yield. The catalyst could be easily recycled by
means of an external magnet and reused without significant loss
of catalytic activity. The simple preparation of catalyst, high
efficiency of the catalyst along with high yields of products and
ease of work-up under ligand-free conditions will make the
present method a useful and important addition to the
methodologies for the synthesis of diaryl ethers. Finally, the good
catalytic properties of Cu NPs/RGO/Fe;O4 nanocomposite may
find potential applications in various organic syntheses by taking
advantage of the synergistic effects of RGO/Fe;O,4 and Cu NPs.

[
=

o
a

Experimental
High-purity chemical reagents were purchased from the Merck
e and Aldrich chemical companies. All materials were of
commercial reagent grade. Melting points were deter-mined in
open capillaries using a BUCHI 510 melting point apparatus and
are uncorrected. '"H NMR and '*C NMR spectra were recorded on
a Bruker Avance DRX spectrometer at 300, 400 and 75, 100
6s MHz, respectively. FT-IR spectra were recorded on a Nicolet 370
FT/IR spectrometer (Thermo Nicolet, USA) using pressed KBr
pellets. The element analyses (C, H, N) were obtained from a
Carlo ERBA Model EA 1108 analyzer carried out on Perkin-
Elmer 240c analyzer. The barberry fruit used in this study
70 originated from Vartoon area, Isfahan province, Iran. X-ray
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diffraction (XRD) measurements were carried out using a Philips
powder diffractometer type PW 1373 goniometer (Cu Ka =
1.5406 A°). The scanning rate was 2°min in the 20 range from 10
to 80°. UV-visible spectral analysis was recorded on a double-
beam spectrophotometer (Hitachi, U-2900) to ensure the
formation of nanoparticles. The shape and size of Cu/RGO-Fe;0,
nanocomposite was identified by transmission electron
microscope (TEM) using a Philips EM208 microscope operating
at an accelerating voltage of 90 kV. Morphology and particle
dispersion was investigated by scanning electron microscopy
(SEM) (Cam scan MV2300). The chemical composition of the
prepared nanostructures was measured by EDS (Energy
Dispersive X-ray Spectroscopy) performed in SEM. VSM
(Vibrating sample magnetometer) measurements were performed
by using a SQUID magnetometer at 298 K (Quantum Design
MPMS XL).

Preparation of barberry fruit extract

Fresh barberry fruit (Berberis vulgaris) was provided from
Vartoon alpine area (Isfahan, Iran). 50 g of dried fruit powdered
of Berberis vulgaris was added to 300 mL double distillated
water in 500 mL flask and well mixed. The preparation of extract
was using magnetic heating stirrer at 80 °C for 30 min. The
obtained extract was filtered then filtrate was used for further
experiment.

Preparation of Cu NPs using the aqueous extract of Berberis
vulgaris fruits

In a 250 mL conical flask, 10 mL solution of CuCl,-2H,O 5 mM
was mixed with 50 mL of the aqueous plant extract along with
vigorous shaking until gradually changing the color of the
mixture to dark during 3 min indicating the formation of Cu
nanoparticles (as monitored by UV-vis and FT-IR spectra of the
solution). The well shaked mixture then filtered and centrifuged
at 7000 rpm for 30 min and obtained precipitation washed with
absolute ethanol to remove possible impurities and kept under
argon atmosphere.

Preparation of the RGO/Fe;O4 nanocomposite

The RGO/Fe;0, magnetic nanocomposite with mass ratio of 1:1
was prepared via a coprecipitation route. Firstly, graphene oxide
(GO) was synthesized from natural graphite powder by a
modified Hummers method.'” Then, the reduced graphene oxide
(RGO) nanosheets were prepared by the reduction of a colloidal
suspension of GO based on glucose.' Finally, the RGO/Fe;0,
(1:1, W/W) magnetic nanocomposite was prepared by chemical
coprecipitation methods similar to our previous report for
preparation of Fe;0,."° FeCly.6H,0, FeCl,.4H,0 (2:1, mol/mol)
were dissolved in HCI (25 mL, 1.0 M) solution, degassed with
nitrogen gas before use. Then, the solution was added dropwise
into a NaOH (250 mL, 1.5 M) solution containing prepared RGO,
under vigorous stirring using nonmagnetic stirrer at 80 °C and
nitrogen atmosphere. The obtained RGO/Fe;04 magnetic
nanocomposite was separated from the reaction medium by
magnetic field, and washed with 200 mL deionized water four
times, then resuspended in deionized water (100 mL).

Green synthesis of Cu/RGO-Fe;O, nanocomposite using
barberry fruit extract

For the synthesis of the Cu NPs/RGO/Fe;0, nanocomposite, the
above extract was added into prepared RGO/Fe;0,
nanocomposite (100 mL, 20 mg/mL) under continuous stirring.
Then, 50 mL of 0.1 M CuCl,-2H,0 was added dropwise into
mixture under vigorous stirring at 60 °C for 7 h. The obtained Cu
¢s NPs/RGO/Fe;04 nanocomposite was collected using an external

S

S

b

=3

IS}
S

magnetic field, washed several times with deionized water and
absolute ethanol and dried in an air oven at 100 °C for 2 h. The
Cu NPs/RGO/Fe;0, nanocomposite catalyst was used for
characterization and investigation of the catalysis.

General procedure for the ligand-free Ullmann coupling
reaction

The catalyst was added to a mixture of aryl halide (1.0 mmol),
phenol (1.2 mmol), Cs,CO; (2.0 mmol) and DMSO (10.0 mL)
and 120 °C for 12 h under open air conditions (Table 1). After
completion of the reaction, mixture was cooled to room
temperature, the catalyst was recovered by external magnet and
washed with ethanol and dried in an oven. The resultant organic
layer was extracted with ethyl acetate (25 mL). The combined
organic layers were dried with anhydrous Na,SO,, the solvent
removed and the crude product was purified by column
chromatography over silica gel to provide O-arylated product. All
the products are known compounds and the spectral data and
melting points were identical to those reported in the
literature.>%*

Spectral data for selected products

Diphenyl ether (Table 1, entries 1 and 11):

'H NMR (300 MHz, CDCl;): 6y = 7.36-7.29 (m, 4H), 7.11-7.07
(m, 2H), 7.03-6.98 (m, 4H).

1-Methyl-4-phenoxybenzene (Table 1, entries 2, 8 and 15):

'H NMR (300 MHz, CDCly): 6y = 7.33-7.28 (m, 2H), 7.15-7.11
(m, 2H), 7.08-7.04 (m, 1H), 6.96 (d, J= 8.3 Hz, 2H), 6.92 (d, J =
8.3 Hz, 2H), 2.34 (s, 3H).

1-Methoxy-4-phenoxybenzene (Table 1, entries 3, 7, 12, 16 and
17):

'H NMR (300 MHz, CDCl;): 6y = 7.33-7.27 (m, 2H), 7.05-6.87
(m, 7H), 3.79 (s, 3H).

1-Nitro-4-phenoxybenzene (Table 1, entries 4, 13 and 18):

'H NMR (500 MHz, CDCl;): oy = 8.21-8.17 (m, 2H), 7.47-7.42
(m, 2H), 7.29-7.26 (m, 1H), 7.12-7.09 (m, 2H), 7.03-7.00 (m, 2
H).

4-Phenoxybenzonitrile (Table 1, entries 5 and 14):

'H NMR (500 MHz, DMSO): dy; = 7.62-7.58 (m, 2H), 7.44-7.38
(m, 2H), 7.25-7.21 (m, 1H), 7.05 (d, J = 8.3 Hz, 2H), 7.01 (d, J =
8.3 Hz, 2H).

1-Methyl-2-phenoxybenzene (Table 1, entry 6):

'H NMR (300 MHz, CDCl;): oy = 7.33-7.25 (m, 3H), 7.20-7.15
(m, 1H), 7.08-7.00 (m, 2H), 6.93-6.90 (d, 2H), 2.25 (s, 3H).
1-Chloro-4-phenoxybenzene (Table 1, entry 9):

'H NMR (400 MHz, CDCl;): 6y = 7.38-7.25 (m, 4H), 7.15-7.09
(m, 1H), 7.00-6.92 (m, 4H).

1-Fluoro-4-phenoxybenzene (Table 1, entry 10):

'H NMR (400 MHz, CDCl,): dy = 7.35-7.28 (m, 2H), 7.07 (t, J =
7.5 Hz, 1H), 7.05-6.94 (m, 6H).
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