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Abstract A novel catalyst consisting of a Schiff base–copper complex
on surface-modified silica-coated ferrite nanoparticles was been pre-
pared and used for oxidative C–O cross-coupling reactions of 1,3-dicar-
bonyl compounds with formamides for the synthesis of enol carba-
mates. The new catalyst has also been used for esterification of
alkylbenzenes with cyclic ethers.

Key words catalysis, bond activations, Schiff bases, oxidative cou-
pling, green chemistry, carbamates

In recent years, the heterogenization of homogeneous
catalysts has attracted immense attention.1 Although many
homogeneous catalysts demonstrate high selectivity and
can be used to control the stereochemistry and regiochem-
istry of the reaction products, it can be difficult to separate
soluble catalysts from the reaction products.2 Recovery and
reusability of catalysts are highly desirable from both eco-
nomic and environmental standpoints. As a result, several
methods have been explored for the recovery of homoge-
neous catalysts. These include the use of organic and/or in-
organic supports for heterogenized homogeneous cata-
lysts.3 In this regard, magnetic nanoparticles have a promi-
nent rule because of their good stability and ease of
separation by using a magnetic field.4 The surface of the
magnetic nanoparticles is usually coated with a layer of sili-
ca to prevent aggregation. Because of the importance of
magnetic catalysts, the synthesis and characterization of
these types of catalyst are of interest, and there have been
many reports dealing with this area.5

In the past decade, transition-metal-catalyzed C−H
functionalization has been developed as an attractive and
powerful strategy, because this method permits more-effi-
cient synthesis of functionalized molecules by minimizing
the number of synthetic steps.6 Although various transi-
tion-metal catalyst systems have been developed for C–H
activation reactions,7 copper remains one of the most im-
portant metal catalysts for this purpose because of the abil-
ity of the copper atom to act as a single-electron and/or a
two-electron mediator and as a Lewis acid. Moreover, cop-
per can act as either an electrophile or nucleophile, de-
pending upon its oxidation state and the reaction condi-
tions. Although copper-mediated transformations have
been overshadowed by developments in palladium chemis-
try, many novel copper-catalyzed processes have recently
appeared because of the low cost and ready availability of
copper compounds in comparison to palladium or other
precious metals, such as ruthenium, rhodium, and gold.8
Oxidative C–O cross-coupling is one of the most important
methods for the synthesis of various oxygen-bearing organ-
ic compound, such as ethers, esters, oxazoles, or carba-
mates.9

In a continuation of our work on heterogeneous cata-
lysts and C–O coupling reactions,3c,8f,10 we examined the
synthesis of a copper–Schiff base complex covalently sup-
ported on magnetic nano particles, and its application in
oxidative C–O reactions for the synthesis of esters and car-
bamates.

Initially, silica-coated ferrite nanoparticles (Fe3O4@SiO2)
were prepared from iron(III) chloride, iron(II) chloride, and
tetraethyl orthosilicate, according to a reported proce-
dure.11 A copper (II)–Schiff base complex was prepared by
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the reported procedure12 then treated with the silica-coat-
ed ferrite nanoparticles in methanol to give the new copper
catalyst (Scheme 1).

Scheme 1  Preparation of a copper(II)–Schiff base complex covalently 
anchored on silica-coated ferrite nanoparticles

The new magnetic catalyst was characterized by X-ray
diffraction, Fourier-transform IR spectroscopy, scanning
electron microscopy, vibrating sample magnetometry
(VSM), and inductively coupled plasma techniques (ICP)
(see Supplementary Information). In the IR spectrum, ab-
sorption bands at 2925, 2852, 1664, and 1097 cm–1, related
to symmetric and asymmetric vibrations of CH2, C=N, and
Si–O–Si groups, clearly indicated the incorporation of the
Schiff base complex onto the surface of the silica-coated
ferrite nanoparticles. VSM analysis showed that the mag-
netic saturation value of the copper-containing catalyst was
less than that of the silica-coated ferrite nanoparticles; this
can be explained by a shielding effect of the functional cop-
per complex on the magnetic nanoparticles. Finally, ele-
mental analysis indicated a loading of 1.1 mmol g–1.

After characterizing the catalyst, we decided to examine
its activity in oxidative C–O coupling reactions for the syn-
thesis of enol carbamates13 and esters.14

First, we examined the oxidative coupling of methyl
acetoacetate with N,N-dimethylformamide in the presence
of a subequivalent amount of the catalyst with tert-butyl
hydroperoxide as an oxidant. To optimize the reaction con-
ditions, we investigated various parameters, such as the
amount of catalyst, the temperature, and the nature and
quantity of the oxidant. Optimal results were obtained for
the reaction in the presence of 10 mg catalyst (containing
0.011 mmol copper) and tert-butyl hydroperoxide (1.5
equiv) at 80 °C for 20 minutes, which gave a 92% yield of
methyl (2Z)-3-{[(dimethylamino)carbonyl]oxy}but-2-
enoate (2a).15 In addition, the pure silica-coated nanoparti-

cles were tested for catalytic activity in this reaction, and no
product was obtained under these conditions.

With the optimized reaction conditions in hand, we ex-
tended our study to various 1,3-dicarbonyl compounds. The
reactions were generally clean, and gave the desired prod-
ucts 2a–g in good to excellent yields (Table 1).

Table 1  Synthesis of Enol Carbamate Derivatives

A plausible mechanism for the oxidative C–O coupling
reaction between 1,3-dicarbonyl compounds and N,N-di-
methylformamide has been proposed in the literature.13

Having successfully synthesized the enol carbamates
2a–g, we decided to evaluate the effect of this new catalyst
system in an oxidative esterification reaction between al-
kylbenzenes and cyclic ethers. For this purpose, our initial
studies focused on determining the optimal conditions for
the reaction of toluene with 1,4-dioxane. The best results
were obtained in the presence of 15 mg of the catalyst (con-
taining 0.016 mmol of copper) and 1.3 equivalent of tert-
butyl hydroperoxide at 80 °C for 10 hours, which gave an
83% yield of the ester 5a.16 When the reaction was attempt-
ed in the absence of the catalyst and/or the oxidizing agent,
the desired product was not obtained. To explore the gener-
ality of the reaction, we extended our study to various al-
kylbenzenes 3 and cyclic ethers 4 (Table 2).

This protocol tolerates a variety of alkylbenzenes con-
taining electron-withdrawing or electron-donating substit-
uents. The electron-donating groups increased the yield of
the reaction, because the electron-rich compounds are
more easily oxidized than the electron-deficient com-
pounds.

A plausible mechanism for the oxidative esterification
reaction between alkylbenzenes and cyclic ethers has been
proposed in the literature.14g

Next, we examined the reusability of the catalyst in
both reactions. After completion of a first reaction by either
protocol, the catalyst was recovered by using an external
magnet, washed with ethanol and diethyl ether, and oven-
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dried at 100 °C overnight. The recovered catalyst could be
used at least five times without significant loss in yield. To
examine whether there was any leaching of the copper
complex, we removed the catalyst by using a magnet 10
minutes after the beginning of the reaction, and we ob-
served that the reaction did not reach completion, even af-
ter 24 hours. This clearly confirmed that the active species
does not leach into the solvent. Furthermore, ICP analysis
showed that there was no copper in solution

In summary, we have developed a novel magnetic cata-
lyst functionalized with a Schiff base–copper complex. The
new catalyst was characterized by a range of physical tech-
niques and its catalytic activity was successfully demon-
strated in oxidative C(sp2)–O and C(sp3)–O coupling reac-
tions. The recyclability of the catalyst, ease of manipulation,
shorter reaction times in comparison with other reported
catalysts, and good yields are the main advantages of this
protocol.

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0035-1560067. Supporting InformationSupporting Information
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(15) Enol Carbamates 2a–g; General Procedure
A 70% aq solution of TBHP (0.193 g, 1.5 equiv) was added drop-
wise to a mixture of the appropriate 1,3-dicarbonyl compound
1 (1 mmol), the magnetic catalyst (10 mg), and DMF (2 mL). The
mixture was heated to 80 °C, stirred for 20 min, and then cooled

Table 2  Synthesis of Benzoate Derivatives

Entry R X Product Yield (%)

1 H O 5a 83

2 Me O 5b 85

3 Cl O 5c 55

4 OMe O 5d 90

5 Br O 5e 64

6 H CH2 5f 49

7 Me CH2 5g 51

8 Cl CH2 5h 38

+

Me TBHP (1.3 equiv)
magnetic catalyst (15 mg)

DMF, 80 °C
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to r.t. The catalyst was removed by using an external magnet,
and the residue was extracted with EtOAc (3 × 10 mL), dried
(MgSO4), filtered, and concentrated under vacuum. The crude
product was purified by column chromatography.
Allyl (2Z)-3-{[(Dimethylamino)carbonyl]oxy}but-2-enoate
(2g)
Yellow oil; yield: 160 mg (75%); IR (KBr): 1725, 1669, 1382,
1320, 1271, 1211, 1145, 1035, 750 cm−1. 1H NMR (400 MHz,
CDCl3): δ = 2.06 (s, 3 H, CH3), 2.97 (s, 3 H, CH3N), 3.02 (s, 3 H,
CH3N), 4.57 (dd, 3JHH = 5.6 Hz, 4JHH = 1.2 Hz, 2 H, CH2O), 5.18–
5.34 (m, 2 H, CH2=CH), 5.58 (s, 1 H, CHCO2), 5.82–5.97 (m, 1 H,
CH2=CH). 13C NMR (100 MHz, CDCl3) δ = 22.21, 36.59, 64.62,
107.61, 118.03, 132.31, 152.99, 161.33, 163.66.

(16) Aryl Esters 5a–5h; General Procedure
In a round-bottomed flask, a mixture of alkylbenzene 3 (1
mmol), magnetic catalyst (15 mg), and 70% aq TBHP (0.167 g,

1.3 equiv) in 1,4-dioxane (2 mL) was stirred at 80 °C for 10 h,
then cooled to r.t. The catalyst was removed by using an exter-
nal magnet and the residue was extracted with EtOAc (2 × 10
mL). The extracts were washed with 5% aq NaHCO3 (15 mL),
dried (MgSO4), filtered, and concentrated under vacuum. The
crude product was purified by column chromatography.
1,4-Dioxan-2-yl Benzoate (5a)
Pale yellow oil; yield: 156 mg (75%); IR (KBr): 3071, 2970, 2861,
1718, 1529, 1455, 1402, 1276, 1014, 911, 879, 715 cm−1. 1H
NMR (400 MHz, CDCl3) δ 3.64−3.69 (m, 1 H), 3.80−3.83 (m, 2 H),
3.85−3.89 (m, 2 H), 4.16−4.23 (m, 1 H), 6.08 (t, 3JHH = 2.1 Hz, 1
H), 7.42−7.46 (m, 2 H), 7.55−7.57 (m, 1 H), 8.09−8.11 (m, 2 H).
13C NMR (100 MHz, CDCl3) δ = 61.9, 66.4, 68.1, 90.0, 128.6,
129.9, 130.2, 133.56, 165.4.
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