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Abstract—A pyridinecarboxaldimine grafted to silica-coated magnetic nanoparticles was prepared. The 
structure and magnetic properties of the functionalized magnetic silica nanoparticles were identified by TEM, 
FT-IR, XRD, elemental analysis, and vibrating sample magnetometer (VSM). The supported pyridinecar-
boxaldimine as chelating ligand in combination with CuBr2 and 2,2,6,6-tetramethyl-1-piperadoxyl (TEMPO) 
exhibited efficient catalytic performance in the aerobic oxidation of primary alcohols to aldehydes. The 
functionalized magnetic silica nanoparticles could be easily recovered using an external magnetic field and 
reused for at least 6 times with low reduction in its performance in the aerobic oxidation of benzyl alcohol. 
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INTRODUCTION 

Magnetic nanoparticles, especially Fe3O4, have 
attracted close attention due to their unique physical 
properties including high stability, developed surface 
area, super-paramagnetism, low toxicity, and easy 
functionalization [1, 2]. However, naked Fe3O4 
nanoparticles are generally not stable because of high 
surface area to volume ratio and tendency to aggregate 
which is supported by strong magnetic dipole-dipole 
interaction and Van der Waal attraction [3, 4]. Close 
attention has been focused on the synthesis of 
magnetic core-shell structures by making a SiO2 shell 
coating around preformed Fe3O4 nanoparticles because 
the silica-shell can reduce their aggregation [5, 6]. 
Silica coated magnetic particles have higher stability 
and can be more easily functionalized by organosilanes 
yielding modified surface that have potential 
application in adsorption of heavy metals from waste-
water [7–9] and heterogenization of homogeneous 
catalysts [10–14].  

Traditionally the process of oxidation of alcohols 
into aldehydes and ketones [15–17] is carried out 
under the action of inorganic oxidants, such as CrO3 

[18, 19], MnO2 or hypervalent iodine compounds [20–
22] that usually generate large amount of byproducts 
and cause pollution to the environment. From both 
economic and environmental viewpoints development 
of efficient catalytic oxidation processes with mole-
cular oxygen as the terminal oxidant is highly desirable. 
The [copper–TEMPO] based catalytic systems have 
proven to be highly efficient in the transformation of a 
broad range of alcohols to aldehydes and ketones upon 
oxidation by O2 [23–30]. Some chelating ligands such 
as 2,2'-bipyridine are essential in the catalyst systems 
due to their coordination with copper. Application of a 
chelating ligand grafted to silica coated magnetic 
particles could lead to reaction acceleration, simplified 
separation procedures and recycling of the ligand. 
Therefore, we designed and synthesized the chelating 
ligand (pyridinecarboxaldimine) grafted to silica 
coated magnetic particles. Performance of the supported 
pyridinecarboxaldimine in combination with CuBr2 
and 2,2,6,6-tetramethyl-1-piperadoxyl (TEMPO) as a 
catalyst system has been evaluated in oxidation of 
alcohols with molecular oxygen. 

RESULTS AND DISCUSSION 

The route to synthesis of pyridinecarboxaldimine 
grafted to silica-coated magnetic nanoparticles is 
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presented in Scheme 1. The Fe3O4, Fe3O4@SiO2, and 
Fe3O4@SiO2–NH2 nanoparticles were synthesized by 
the developed earlier methods [31–33] followed by 
double Michael addition of the attached amino group 
to methyl acrylate for increasing the number of 
functional groups and lengthening the spacer between 
the support and the functional groups supported. 
Generally, a long spacer is favorable for performance 
of the immobilized homogeneous catalysts. Amide 
product can be avoided due to very low reaction rate of 
aminolysis compared to the Michael addition of 
methyl acrylate with the attached amino group on the 
nanoparticles [34–37]. The next step was 
ethylenediamine (nucleophilic agent) amino group 
attack of the carbonyl of the supported ester to give the 
amide and leaving another amino group free. Finally, 
the free amino group was condensed smoothly with 
pyridine-2-aldehyde to afford the corresponding pyridine-
carboxaldimine grafted to the silica-coated magnetic 
nanoparticles.  

The pyridinecarboxaldimine ligand grafted to 
silica-coated magnetic nanoparticles (F) was tested in 
the CuBr2–TEMPO based catalytic system applied to 
oxidation of alcohols to aldehydes by O2 in the 
presence of a base. Oxidation of benzyl alcohol to 
benzaldehyde was used as a model reaction for 
screening application of various components in the 
catalytic system. Initially, K2CO3 was chosen as a base 
due to its good performance in oxidation of alcohols 
catalyzed by copper-based catalysts [44–46].  

TEMPO was determined to be crucial in the 
oxidation reaction as no catalytic activity was observed 

without it (Table 1, entry 4). Both K2CO3 and CuBr2 
were determined to be essential (Table 1, entries 2 and 
3) because very low yield of benzaldehyde was 
received in their absence. The function of K2CO3 was 
to deprotonate the alcohol, thus, favoring coordination 
of the resulting alcoholate to copper species and 
leading to higher activity [26, 27]. Application of pyri-
dinecarboxaldimine grafted to silica-coated magnetic 
nanoparticles (F) was very important too. Only 13.0% 
of benzaldehyde was accumulated in 4 h in absence of 
the immobilized ligand (Table 1, entry 1). Under the 
same conditions high yield of benzaldehyde (87. 8%) 
was achieved when 3 mol % of the immobilized ligand 
was added (Table 1, entry 5).  

It was determined that acetonitrile–water (2 : 1) 
media solubilized K2CO3 and led to deterioration of 
nanoparticles due to hydrolysis of the silica coat of 
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Scheme 1. Route to the synthesis of magnetic silica-coated nanoparticles with chelating nitrogen ligand. 

Entry Ligand, 
mol % 

TEMPO, 
mol % 

CuBr2, 
mol % 

K2CO3, 
mol % 

Yieldb, 
% 

1 – 5 5 15 13.0 

2 3 5 5 – 8.2 

3 3 5 – 15 5.3 

4 3 – 5 15 – 

5 3 5 5 15 87.8 
a  Reaction conditions: 2 mmol benzyl alcohol, 3 mL acetonitrile 
 water (2 : 1) mixture, temperature 50°C, reaction time 4 h.  
b  Yield was determined by GC. Selectivity of benzaldehyde was 
 ca 100%. 

Table 1. Oxidation of benzyl alcohol by O2
a  
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nanoparticles in the course of the catalytic run. 
Therefore, several organic bases were tested in the 
water free oxidation reaction of benzyl alcohol for 
avoiding hydrolysis of the silica coat (Table 2).  

Among all tested organic bases and K2CO3, N-
methyl imidazole exhibited highest performance in 
promoting the oxidation reaction. Low selectivity of 
hexylamine toward benzaldehyde was due to formation 
of imine in the condensation process.  

Effect of N-methyl imidazole rate on the reaction 
was studied upon keeping the other components of the 

catalytic system constant (Table 3). When loading of 
N-methyl imidazole was in the range of 15 to 20 mol % 
yield of the product reached 99% (Table 3, entries 2 
and 3). Further increase of N-methyl imidazole content 
led to lower yield of benzaldehyde (Table 3, entries 4 
and 5). Therefore, 15 mol % was used as the optimum 
rate of N-methyl imidazole in the subsequent experiments.  

Effect of TEMPO on the reaction was studied by 
varying its loading from 2 to 5 mol % at constant 
amounts of the immobilized ligand (2 mol %), CuBr2 
(5 mol %) and N-methyl imidazole (15 mol %) at 50°C. 
The data (Table 4) indicated that the yield of 
benzaldehyde increased from 90.1% in 22.5 h to higher 
than 99% in 9 h when the amount of TEMPO was 
increased from 2 to 4 mol %. In view of the cost of 
TEMPO, we used 4 mol % as the suitable loading of 
TEMPO in the subsequent experiments.  

The amount of CuBr2 was optimized at room 
temperature by keeping the respective amount of 
immobilized ligand, TEMPO and N-methyl imidazole 
at 3, 4, and 15 mol % respectively (Table 5).  

Entry Base Time, 
h   

1c K2CO3 7.0 >99 ~100 

2  6.5 >99 ~100 

3  7.0 48.0 ~100 

4  7.0 59.1 ~100 

5  7.0 68.0     87.0 
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a Reaction conditions: benzyl alcohol (2 mmol), supported 
 pyridinecarboxaldimine (3 mol %), TEMPO (5 mol %), CuBr2    
 (5 mol %), base (5 mol %), MeCN (3 mL), and temperature 
 50°C.  
b  Yield was determined by GC.  
c  3 mL acetonitrile : water (2 : 1) mixture. 

Table 2. Oxidation of benzyl alcohol in the presence of different 
basesa 

Entry N-methyl imidazole, 
mol % Time, h Yieldb, % 

1 10   9.0   97.1 

2 15   6.5 >99.0 

3 20   5.0 >99.0 

4 25 11.0   97.5 

5 30 11.0   93.1 

Table 3. Effect of N-methyl imidazole loading on oxidation 
of benzyl alcohola 

a Reaction conditions: 2 mmol of benzyl alcohol, 3 mol % 
 supported pyridinecarboxaldimine, 5 mol % TEMPO, 5 mol % 
 CuBr2, 3 mL MeCN, temperature 50°C.  
b  Yield was determined by GC. The selectivity was 100%. 

Entry TEMPO, mol % Time, h Yieldb, % 

1 2 22.5   90.1 

2 3 15.0   97.7 

3 4   9.0 >99.0 

4 5   6.5 >99.0 

Table 4. Effect of rate of TEMPO on oxidation of benzyl 
alcohola 

a Reaction conditions: benzyl alcohol (2 mmol), supported 
 pyridinecarboxaldimine (3 mol %), CuBr2 (5 mol %), N-methyl 
 imidazole (15 mol %), MeCN (3 mL), temperature 50°C.  
b  Yield was determined by GC. The selectivity was 100%. 

Entry CuBr2, mol % Time, h Yieldb, % 

1 3 25.0   92.5 

2 4 19.5   94.1 

3 5   9.0 >99.0 

Table 5. Effect of rate of CuBr2 on oxidation of benzyl 
alcohola 

a Reaction conditions: benzyl alcohol (2 mmol), supported 
 pyridinecarboxaldimine (3 mol %), TEMPO (4 mol %), N-methyl 
 imidazole (15 mol %), MeCN (3 mL), temperature 50°C.  
b  Yield was determined by GC. The selectivity was 100%. 
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The above data indicated the optimized parameters 
for oxidation of benzyl alcohol with atmospheric O2 to 
be 3 mol % of immobilized pyridinecarboxaldimine,          
4 mol % of TEMPO, 5 mol % of CuBr2, 15 mol % of 
N-methyl imidazole, 3 mL of MeCN, temperature 50°C, 
and reaction time 9 h. Upon the optimized parameters 
the yield of benzaldehyde was above 99%. 

The optimized parameters of the experiments were 
applied to the supported pyridinecarboxaldimine in 
combination with CuBr2, and TEMPO as the catalytic 
system in oxidation of various primary benzylic, allylic 
and aliphatic alcohols (Table 6). According to the 
accumulated data, various primary benzyl and allyl 
alcohols were successfully oxidized to aldehydes. 

Entry Substrate Product Time, h Yield, % 

1b 33.0 95.00 

2   9.0 >99 

3     8.0 >99.00 

4     6.0    2.68 

5     5.0 >99.00 

6   16.0 >99.00 

7     6.5 >99.00 

8     8.0 >99.00 

9     4.0 >99.00 

10c     8.0   15.24 

11   10.0 – 
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Table 6. Oxidation of various alcoholsa 

a Reaction conditions: substrate (2 mmol), supported pyridinecarboxaldimine (3 mol %), TEMPO (4 mol %), CuBr2 (5 mol %), N-methyl 
 imidazole (15 mol %), MeCN (3 mL), atmospheric pressure of O2, temperature 50°C. Unless otherwise specified, the selectivity was 
 100% according to GC.  
b  The reaction temperature was 25°C.  
c  The selectivity was 78.80%. 
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Oxidation rate of the alcohols with electron-withd-
rawing groups was higher than that with electron-
donating groups (Table 6, entries 5, 7, 8). Allyl al-
cohols such as cinnamic alcohol and geraniol were 
quantitatively converted to the corresponding alde-
hydes smoothly Table 6 (entries 3, 9).  

Like copper-based catalysts that had been reported 
earlier [26, 27, 47], the novel catalytic system was not 
very active in oxidation of secondary and aliphatic 
alcohols due to steric effects or retarded β-H 
elimination of the substrates. Almost no products were 
detected in the case of 1-phenylethanol and octan-1-ol 
as substrates (Table 6, entries 4 and 11). The catalytic 
system was also inactive in oxidation of 2-pyri-
dylcarbinol (Table 6, entry 10).  

Recycling of nanoparticles. The aim of this work 
was to obtain a recyclable bidentate ligand with the 
ease of separation. Therefore recycling of the func-
tionalized magnetic nanoparticles was evaluated. It 
was determined that the functionalized magnetic nano-
particles could be separated easily from the reaction 
mixture by an outside magnet applied after each 
catalytic run. The recycled magnetic nanoparticles 
were used in oxidation of benzyl alcohol. Yield of 
benzaldehyde in the second run was nearly as high as 
in the first one. With the increase in the recycle time of 
the magnetic nanoparticles, the yield of benzaldehyde 
decreased slowly. The yield of benzaldehyde 
decreased less than 10% in the sixth recycling run.  

EXPERIMENTAL 

FeCl2·4H2O, FeCl3·6H2O, tetraethoxysilane (TEOS), 
methyl acrylate, ethylenediamine and alcohols (99%) 
were purchased from Tianjin Guangfu Fine Chemical 
Research Institute. 2-Pyridinecarboxaldehyde was 
obtained from Tianjin Heowns Biochem LLC. 2,2,6,6-
Tetramethylpiperidine-1-oxyl (TEMPO) and 3-amino-
propyl triethoxysilane (APTES) were purchased from 
Alfa Aesar. All reagents were used as received without 
further purification. 

CHN analysis was carried out with a Vario EL 
CUBE elemental analyzer (elementar, Germany). FT-
IR spectra were recorded on a Bruker ALPHA FT-IR 
spectrophotometer. Transmission electron microscopic 
(TEM) observations were carried out by a JEOL 
100CX-II instrument equipped with an energy 
dispersive X-ray (EDX) detector (Oxford Instruments) 
at an accelerating voltage of 200 kV. X-Ray Diffrac-

tion (XRD) spectra were measured on a Rigaku model 
Dmax 2500 X-ray diffractometer operated with a Cu 
anode at 40 kV and 150 mA in the range of 2θ value 
between 10° and 80°. Magnetic properties of the 
samples were measured using a vibration sample magneto-
meter (VSM; Lake Shore-7400) under magnetic fields 
up to 20 kOe.  

Fe3O4 nanoparticles (Fe3O4). Fe3O4 nanoparticles 
were prepared by a modified coprecipitation method 
[31]. Initially, 1.71 g of FeCl2·4H2O and 4.66 g of 
FeCl3·6H2O were dissolved in 100 mL of double 
distilled water under the atmosphere of N2 with 
vigorous stirring. The solution was heated to 60°C 
prior to dropwise addition of NH3·H2O (25 wt %) 
solution to it. Stirring of the mixture lasted until pH 10 
was reached followed by additional stirring for 30 min 
more. The obtained magnetic dispersion was cooled 
down to room temperature and repeatedly washed with 
double distilled water to reach pH 7~8. Subsequently, 
the nanoparticles were isolated by a magnet from the 
solvent and added to 200 mL of 0.1 mol/L citric acid. 
The resulting mixture was heated to 65°C for 30 min. 
The obtained citric acid modified nanoparticles were 
washed three times with ethanol and isolated by a 
magnet. 

Silica-coated Fe3O4 (Fe3O4@SiO2). The silica-
coated Fe3O4 nanoparticles were prepared by using the 
modified Stober process [32]. Fe3O4 nanoparticles           
(2 g) were suspended in 200 mL of double distilled 
water and 1000 mL of 2-propanol. The mixture was 
sonicated for 15 min to give a clear solution. 10 mL of 
tetraethyl orthosilicate (TEOS) and 9 mL of 25 wt % 
NH3·H2O solution were added at 25°C upon vigorous 
stirring followed by stirring for 12 h. The dark brown 
product was collected by a magnet and washed with 
double distilled water and ethanol repeatedly. The 
product was dried in vacuum at 70°C for 12 h. 

Amino-functionalized nanoparticles (Fe3O4@SiO2–
NH2). Into a 500 mL three-necked flask equipped with 
a mechanical stirrer and a condenser were added 3 g of 
Fe3O4@SiO2 nanoparticles and 250 mL of dry toluene. 
10 mL of APTES were added to the suspension and the 
mixture was refluxed with vigorous stirring for 12 h 
under the atmosphere of nitrogen. Thus obtained 
nanoparticles were washed with ethanol repeatedly and 
dried at 70°C under vacuum for 8 h. 

Ester-functionalized nanoparticles. Into a 250 mL 
three-necked flask 60 mL of methyl acrylate and        
20 mL of methanol were added upon stirring at 0°C 
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followed by dropwise addition of 2.8 g of amino-
functionalized Fe3O4@SiO2 nanoparticles suspended 
in 60 mL of methanol. The mixture was warmed up to 
room temperature and stirred for 48 h. The ester-
functionalized nanoparticles were collected and 
washed with methanol several times and dried at 70°C 
under vacuum for 8 h.  

Multi-amino functionalized silica-coated nano-
particles. Into a 250 mL three-necked flask 66 mL of 
ethylenediamine and 20 mL of methanol were added 
upon stirring at 0°C followed by dropwise addition of 
2.6 g of ester-functionalized Fe3O4@SiO2 nanopar-
ticles suspended in 60 mL methanol. The reaction 
mixture was warmed up to room temperature and stirred 
for 72 h. The nanoparticles were collected and washed 
with methanol and toluene repeatedly. Finally the 
nanoparticles were dried at 80°C under vacuum for 8 h.  

Pyridinecarboxaldimine grafted to silica-coated 
nanoparticles. Into a 250 mL three-necked flask 
equipped with a mechanical stirrer and a condenser 
were added 2.4 g of the multi-amino functionalized 
nanoparticles, 10 mL of pyridine-2-aldehyde and 150 mL 
of absolute ethanol under the atmosphere of nitrogen. 
The mixture was refluxed at 78°C for 48 h and cooled 
down to room temperature. The produced magnetic 
nanoparticles were precipitated at the bottom by a 
magnet and the supernatant was decanted. The 

collected nanoparticles were washed with ethanol 
repeatedly. Finally, the nanoparticles were dried at 70°C 
under vacuum for 8 h.  

TEM analysis. Size and morphology of the 
synthesized Fe3O4@SiO2 nanoparticles were studied 
by TEM (Fig. 1). TEM images demonstrated that the 
nanoparticles had a core-shell structure with dark core 
of Fe3O4 and grey silica shell, implying that Fe3O4 
nanoparticles were efficiently coated by the silica shell 
and had quasi-spherical shape. The average diameter 
of Fe3O4 core was ca 10 nm and average diameter of 
Fe3O4@SiO2 nanoparticles was ca 30 nm. Thickness of 
the silica shell of Fe3O4@SiO2 nanoparticles could be 
controlled by the addition of TEOS in the course of 
preparation process. Similarly, the diameter of Fe3O4 
core could be controlled by the addition of citric acid. 

XRD analysis. Figure 2 demonstrates the XRD 
patterns of the synthesized Fe3O4 nanoparticles (Fig. 2, 
curve 1), core–shell nanoparticles (Fig. 2, curve 2) and 
pyridinecarboxaldimine grafted to magnetic 
nanoparticles (Fig. 2, curve 3). The XRD patterns of 
the synthesized Fe3O4 nanoparticles exhibited eight 
characteristic peaks at 2θ = 18.48°, 30.52°, 35.75°, 
43.43°, 53.63°, 57.31°, 63.03°, 74.21° related to the 
indices (111), (220), (311), (400), (422), (511), (440), 
and (533), respectively. Positions and relative inten-
sities of the reflection peaks of Fe3O4 nanoparticles 
were in good agreement with those of Fe3O4 presented 
earlier [38, 39] and indicated the structure of magnetite 
materials to have the inverse spinel structure (JCPDS 
file no. 19-0629). According to XRD pattern of 
Fe3O4@SiO2, the coating process did not induce any 
phase change of Fe3O4. Based on the Debay-Sherrer 
formula  

D = Kλ/(βcos θ), 

50 nm 10 nm 

50 nm 100 nm 

Fig. 1. TEM images of synthesized Fe3O4@SiO2 nanoparticles. 

Fig. 2. XRD pattern of synthesized nanoparticles. Magnetic 
nanoparticles: (1) A,  (2) B, and (3) C. 

2θ, deg 

SYNTHESIS OF PYRIDINECARBOXALDIMINE GRAFTED  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  86   No.  4   2016 

949 



Fe3O4 nanoparticles size was 9.7 nm and consistent 
with the data deduced from the TEM images. The 
presence of a broader hump at 23.67° was attributed to 
the diffusion peak of silica [40]. XRD pattern of 
pyridinecarboxaldimine grafted to magnetic nano-
particles exhibited characteristic peaks of magnetite 
nanoparticles. The sharp strong peaks confirmed that 
the product was well-crystallized upon the multi-step 
functionalization of Fe3O4@SiO2 nanoparticles. 

 FT-IR spectra. For all nanoparticles the broad 
adsorption band at 571 cm–1 recorded in IR spectra 
(Fig. 3) was attributed to Fe–O vibrations [41]. SiO2 
coating on Fe3O4 was characterized by the absorption 
bands at 1094, 799 and 465 cm–1 (Si–O–Si) [42]. In the 
spectrum of Fe3O4@SiO2–NH2 nanoparticles (Fig. 3, 
curve 3) two peaks around 2950 cm–1 were attributed 
to the C–H stretching absorptions of –CH2CH2CH2– 
and verified the formation of amino-functionalized 
Fe3O4@SiO2 nanoparticles. In the spectrum of ester-
functionalized nanoparticles (Fig. 3, curve 4) the band 
at 1732 cm–1 was attributed to stretching vibrations of 
the ester carbonyl group, which indicated grafting of 
the ester group to the amino-functionalized magnetic 
nanoparticles. The spectrum of multi-amino-func-
tionalized nanoparticles (Fig. 3, curve 5) exhibited a 

shoulder at 1551 cm–1 attributed to N-H bending of 
secondary amides and the band at 1732 cm–1 almost 
disappeared. The changes in the spectra indicated that 
most of ester moieties were converted to the amide. 
Comparison of the spectrum of pyridinecarboxal-
dimine grafted to magnetic nanoparticles (Fig. 3,    
curve 6) with that of the multi-amino-functionalized 
nanoparticles (Fig. 3, curve 5) pointed out slight 
changes in the range of 1500–1750 cm–1 and two new 
bands at 2855 and 2924 cm–1 characteristic to ring 
skeleton stretching vibrations and =C–H stretching 
vibrations of pyridine [43]. Such observations indicated 
that pyridinecarboxaldimine was successfully grafted 
to the magnetic nanoparticles.  

Magnetic measurements. The magnetization 
curves measured by VSM at room temperature for 
Fe3O4, Fe3O4@SiO2, ester-functionalized nanoparticles 
(curve 3), and pyridinecarboxaldimine ligand grafted 
to silica-coated magnetic nanoparticles (curve 4) are 
presented in Fig. 4. There was no hysteresis in the 
magnetization for four tested nanoparticles. Neither 
coercivity nor remanence were observed indicating 
superparamagnetic nature of nanoparticles. The 
saturation magnetization values for Fe3O4, Fe3O4@SiO2, 
ester-functionalized nanoparticles (Fig. 4, curve 3) and 
pyridinecarboxaldimine grafted to silica-coated magnetic 
nanoparticles (Fig. 4, curve 4) were measured to be 
60.7, 38.1, 25.4, and 20.5 emu/g respectively. The data 
indicated that magnetization of Fe3O4 decreased upon 
coating and continuous functionalization of Fe3O4 
magnetic nanoparticles. Nevertheless, pyridinecarboxal-
dimine grafted to silica-coated magnetic nanoparticles 

Wavenumber, cm–1 

Fig. 3. FT-IR spectra of synthesized nanoparticles: (1) A, 
(2) B, (3) C, (4) D, (5) E, and (6) F. 
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Fig. 4. Magnetization curves of synthesized magnetic nano-
particles: (1) A, (2) B, (3) D, and (4) F. 
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could still be separated from the catalytic reaction 
mixture by applying the external magnetic field. 

Elemental analysis. Elemental analysis of the 
pyridinecarboxaldimine grafted to silica-coated mag-
netic nanoparticles indicated that the content of pyri-
dinecarboxaldimine in the species was 0.53 mmol per 
gram of magnetic nanoparticles. 

Catalytic oxidation. Oxidation reaction was 
carried out in a 10 mL three-necked round bottom 
flask equipped with a mechanical stirrer and a 
condenser connected to a balloon filled with oxygen. 
Typically, to alcohol (2 mmol) dissolved in 3 mL of 
acetonitrile were added CuBr2 (0.1 mmol), TEMPO 
(0.08 mmol), and 0.11 g of the pyridinecarboxaldimine 
grafted to magnetic nanoparticles. The system was 
purged with oxygen and sealed. Stirring it for 0.5 h 
was followed by addition of the base (0.3 mmol). The 
process was monitored by GC. Upon completion of the 
reaction, the supported pyridinecarboxaldimine was 
collected by a magnet and washed with acetonitrile 
repeatedly. The following drying under vacuum to 
constant weight made the nanoparticles ready for 
another run.  

CONCLUSIONS 

The nitrogen ligand (pyridinecarboxaldimine) was 
efficiently grafted to the Fe3O4@SiO2 nanoparticles. 
The immobilized ligand combined with CuBr2-
TEMPO demonstrated high catalytic activity in aerobic 
oxidation of primary alcohols to aldehydes. The 
immobilized chelating nitrogen ligand was readily 
recovered by a magnet and demonstrated excellent 
reusability.  
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