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Click on silica: systematic immobilization of Co(II) Schiff bases to the
mesoporous silica via click reaction and their catalytic activity for aerobic
oxidation of alcohols†
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The systematic immobilization of cobalt(II) Schiff base complexes on SBA-15 mesoporous silica via
copper catalyzed [3 + 2] azide–alkyne cycloaddition (CuAAC) “click reaction” involving either
step-wise synthesis of silica-bound Schiff base ligand followed by its subsequent complexation with
cobalt ions, or by the direct immobilization of preformed Co(II) Schiff base complex to the silica support
is described. The catalytic activity of the prepared complexes was studied for the oxidation of alcohols
to carbonyl compounds using molecular oxygen as oxidant. The immobilized complexes were recycled
for several runs without loss in catalytic activity and no leaching was observed during this course.

Introduction

Surface modifications of mesoporous silica with organosilane
groups are of tremendous importance in the development
of silica-immobilized transition metal complexes for organic
transformations.1 In particular, SBA-15 silica materials are attrac-
tive as supports since these materials can readily be synthesized,
have large surface areas (700–900 m2 g-1) and large pore sizes (6–9
nm).2 Cobalt(II) complexes coordinating with organic base ligands
including Schiff bases are well-known to interact with molecular
oxygen to form dioxygen adducts and these cobalt-dioxygen
complexes have extensively been used as efficient and selective
homogeneous catalysts for a variety of oxidation reactions in
recent years.3 However, the difficult separation of the catalyst
from the reaction mixture at the end of the reaction and their
non-recyclability make them inferior from synthetic, as well as,
economical viewpoints. Therefore, much attention has focused
on the immobilization of these catalysts onto solid supports as
they offer many potential advantages including ease of handling,
facile recovery from the reaction mixture by simple filtration and
recycling ability.4 Although many methods have been developed
for the heterogenization of homogeneous catalysts, they mainly
use inorganic materials,5 dendrimers6 and organic polymers7

as supports. Further, it has been well accepted that covalent
immobilization of metal complexes to the solid support offers high
catalytic efficiency and better recycling without having the inherent
problems of leaching of complex/ligand during the reaction.
Immobilization of cobalt Schiff base complexes to the inorganic
supports via covalent attachment, is well documented,5 albeit the
known methods have some limitations such as need of excess
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reagents, decomposition of the complex/ligand either due to the
properties of support or due to the stringent reaction conditions
required to immobilize.

In recent years, azide–alkyne [3 + 2] cycloaddition “click reac-
tion” owing to its simplicity in use, mild reaction conditions and
high conversion has proven to be one of the most powerful tools
for the covalent attachment between appropriately functionalized
molecules or their ligation to solid supports via a 1,2,3-triazole
linkage.8 Although, this approach has extensively been used for
the functionalization of surfaces with biomolecules,9 few reports
are known for the immobilization of metal complexes using
“click” reaction.10 Although, previous reports have demonstrated
the utility of the “click” reaction in the preparation of silica
bound Schiff base complexes for organic reactions,11 a systematic
study by using different approaches for the immobilization of
Co(II) Schiff base complexes is still unexplored. Recently, we
have explored the potential of this efficient and versatile ap-
proach for the immobilization of cobalt(II) Schiff base complexes
onto polystyrene support.12 However, poor thermo-oxidative and
mechanical stability of polystyrene based supports sometimes
causes problems in the regeneration of the catalyst,12 whereas
immobilization on silica supports offers several advantages in
terms of thermal stability, high surface areas, tailorable porosities
and lower cost. This led our interest towards the use of mesoporous
silica based materials as supports for developing efficient catalytic
system by using “click” chemistry.

In the present paper, we report a systematic study on the
controlled and randomly distributed loadings of an organoazide
on the mesoporous silica by a “direct synthesis” route. Subsequent
coupling of the organoazide on mesoporous silica with Co(II)
Schiff base complexes using azide–alkyne [3 + 2] cycloaddition
“click reaction” using different approaches involving either step-
wise synthesis of silica-supported Schiff base followed by its
complexation with cobalt ions (Fig. 1, Route I) or via direct immo-
bilization of preformed cobalt Schiff base to the support (Fig. 1,
Route II), resulted in high catalyst loading under mild reaction
conditions. Significant differences in reactivity are demonstrated
qualitatively between isolated and dense complexes.
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Fig. 1 Strategies applied for the immobilization of Co(II) Schiff base onto
SBA-15 materials.

Experimental

Materials

L-(-)-Tyrosine, salicylaldehyde, p-aminobenzoic acid, propargy-
lated bromide (80 wt% solution in toluene) and alcohols were
commercially available and used as obtained. CoCl2 was dried at
110 ◦C for 3–4 h under vacuum before use. Acetonitrile was dried
over CaH2 prior to use. Mesoporous silica functionalized with 3-
azidopropylsilyl groups 4 with tailored pore size of 5–20 nm was
synthesized using a triblock-copolymer template EO20PO70EO20

(MWn ca. 5800), hydrothermal synthesis method and by adding (3-
azidopropyl)trimethoxysilane (4–12 mol%) during the synthesis.
After the synthesis of mesoporous silica SBA-15 materials, the
templates were removed by the soxhlet extraction in ethanol for
24 h.

Techniques used

The melting points were determined in open capillaries on a Buchi
apparatus and are uncorrected. 1H NMR spectra were recorded
on Bruker 300 MHz spectrometer and the chemical shifts are
expressed in d parts per million relative to tetramethylsilane (TMS)
as the internal standard. The IR spectra were recorded on a Perkin
Elmer FTIR X 1760 instrument. Elemental analysis was done
by using ASTM D-3828 (Kjeldhal method). Analysis for metal
contents were carried out by using inductively coupled plasma
atomic emission spectrometer (ICP-AES, PS-3000UV) by Leeman
Labs. 10 mg of each sample was dissolved in 1 ml of refluxing 5%
KOH, acidified with conc. nitric acid, and diluted to 10 ml. The

resulting solutions were filtered and subjected to the analysis for
Co content by ICP analysis. Specific surface areas of the SBA-
15 materials were determined by the Brunauer–Emmett–Teller
(BET) method using N2 adsorption–desorption isotherms on a
Micromeritics ASAP 2010 equipment. The average pore diameters
were calculated by the BJH method. Powder X-ray diffraction
experiments were performed with a Cu-Ka radiation.

Preparation of (3-azidopropyl)trimethoxysilane

In a 250 ml round bottomed flask was added sodium azide
(0.05 mol, 3.66 g) and DMF (75 ml). The slurry so obtained was
then cooled in an ice bath and 3-(chloropropyl)trimethoxysilane
(0.12 mol, 5.0 g) was added under nitrogen atmosphere. The
reaction mixture was warmed to ambient temperature and stirred
for 48 h. The mixture was extracted with dichloromethane (3
times) and washed with water. The organic layer was dried
over anhydrous sodium sulfate and concentrated under reduced
pressure to give 3-azidopropyl)trimethoxysilane as a clear oil
(yield 1.5 g, 40%). IR (Nujol, cm-1): 2102 (azide); UV-vis
(CH3CN): 278 nm (azide).

Preparation of 3-azidopropyl SBA-15

3-Azidopropyl modified SBA-15 (N3PrSBA-15) was synthesized
using P123 (the triblock copolymer template (PEO20PPO70PEO20))
as a structure-directing agent, 3-azidopropyltrimethoxysilane
as a functionalized moiety and an auxiliary molecule 1,3,5-
trimethylbenzene (TMB, to expand the pore) over the conven-
tional hydrothermal synthesis method.13 In a typical synthesis
P123 (EO20PO70EO20) (1 mmol, 6 g) was dissolved in a 2 M HCl
solution (120 ml) and the mixture was stirred for 3 h. A solution of
TMB (6 g) in deionized water (50 ml) was added and the resulting
solution was stirred for 30 min. This solution was referred to as
the surfactant solution. Further, tetraethylorthosilicate (TEOS;
11.44 g, 0.055 mol) and 3-azidopropyltrimethoxysilane (0.56 g,
0.002 mol) in different molar ratios (96 : 4, 92 : 8, 88 : 12) were
added drop-by-drop to the surfactant solution and the mixtures
so obtained were vigorously stirred for 45 min at 35 ◦C. After
stirring, the mixtures were transferred to a stoppered PTFE bottle
and stored at 100 ◦C for 48 h. The resulting material was collected
by filtration and dried at 100 ◦C. The template was removed by
soxhlet extraction in ethanol for 24 h.

Preparation of “click” modified SBA-immobilized Schiff base 5

To the stirred mixture of N3PrSBA-15 (4 mol%, 0.62 mmol g-1,
1 g) in dry DMF (10 ml) was added CuI (5 mol%), Et3N
(1 ml) and propargylated tyrosinato Schiff base 3 (1 mmol,
0.33 g). The resulting suspension was heated at 50 ◦C for 24 h
under N2 atmosphere. The solid material was filtered off and
washed thoroughly with DMF, methanol and soxhlet extracted
in acetonitrile for 24 h and dried under vacuum, yield (1.12 g,
94%). IR (cm-1): 2930 (b), 1737, 1627, 1509.

Preparation of SBA-immobilized Co(II) Schiff base
(SBA-click-Co-Schiff base 1A)

A mixture containing “click” modified SBA-immobilized
Schiff base 5 (1 g, 0.52 mmol), salicylidine-N-(methyl-3(4¢-
hydroxyphenyl) propionate 6 (0.15 g, 0.52 mmol) and anhydrous
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CoCl2 (0.07 g, 0.55 mmol) in dry acetonitrile (15 ml) was stirred
at room temperature for 24 h under nitrogen atmosphere. The
so obtained green coloured solid was separated by filtration and
thoroughly washed with acetonitrile, methanol, soxhlet extracted
in acetonitrile and dried under vacuum, yield 0.86 g (72%).
IR (cm-1): 3392 (b), 1731, 1652, 1604, 1511, 1082. Analytical
calculation for 7: C, 61.26; H, 5.14; N, 9.16. Found: C, 63.67;
H, 5.53; N, 9.98.

Preparation of “click” modified SBA-immobilized cobalt(II) Schiff
base complex (SBA-click-Co-Schiff base II)

To the stirred mixture of Co(II) Schiff base 13 (0.73 g, 1
mmol) in dry DMF (20 ml) was added N3PrSBA-15 (4 mol%,
0.62 mmol g-1), triethylamine (1 ml) and CuI (5 mol%). The
resulting suspension was heated at 50 ◦C for 24 h under nitrogen
atmosphere. The progress was checked by IR as it showed the
reduction of N3 band (2107 cm-1). After completion, the solid was
separated by filtration, washed thoroughly with DMF, methanol
and soxhlet extracted in acetonitrile for 8 h and then dried under
vacuum, yield 1.04 g (72%). IR (cm-1) 3419 (b), 2927, 1731, 1651,
1609, 956. Analytical calculation for 11: C, 62.84; H, 5.15; N, 8.72.
Found: C, 63.88; H, 5.69; N, 8.33.

General experimental procedure for aerobic oxidation of alcohols
to carbonyl compounds

To the stirred solution of alcohol (1 mmol) and 2-methylpropanal
(1.5 mmol) in dry acetonitrile (3 ml) was added SBA-click-Co
Schiff base I-II (2 mol%). The mixture was heated at 50 ◦C
under oxygen atmosphere. The progress of the reaction was
monitored by TLC (SiO2). At the end of the reaction, the catalyst
was removed by filtration and the solvent was evaporated under
reduced pressure. The residue thus obtained was dissolved in ethyl
acetate, washed with saturated sodium bicarbonate solution (3 ¥
10 ml) and brine solution (2 ¥ 10 ml). The organic layer was dried
over anhydrous MgSO4 and reduced under vacuum. The crude
product was purified by column chromatography (SiO2, hexane–
ethyl acetate, 6 : 4). The yields of the carbonyl compounds and
their reaction times are presented in Table 1.

Results and discussion

Synthesis of silica immobilized Co(II) Schiff bases

Large (>5 nm) pore-size 3-azidopropyl-functionalized meso-
porous SBA-15 support 4 (0.62 mmol N3/g) was synthesized using
a triblock-copolymer template EO20PO70EO20 (MWn ca. 5800)
by hydrothermal synthetic method.10 Azido-functionalization to
the SBA-15 mesoporous silica support (4 mol%, 0.62 mmol g-1)
was carried out by adding 3-azidopropyltrimethoxysilane as a
functional moiety during the synthesis. The incorporation of
azido groups into the mesoporous material was confirmed by IR
spectroscopy as it showed a clear band at 2106 cm-1 of the azido
group (ESI, Fig. S1†).

Following Route I (Fig. 1, A), the required Schiff base 3
could readily be prepared from the three step sequence starting
from N-Boc protected tyrosine methyl ester 1 according to the
earlier report.14 The prepared Schiff base was reacted with azido-
functionalized SBA-15 4 by using copper(I) iodide (5 mol%)

Table 1 Oxidation of various alcoholsa

Entry Substrate Catalyst Time/h Yield (%)b

1 SBA-click-Co Schiff
base IA 7

2.0 98

SBA-click-Co Schiff
base II 11

2.5 97

2 SBA-click-Co Schiff
base IA 7

2.0 92

SBA-click-Co Schiff
base II 11

2.75 90

3 SBA-click-Co Schiff
base IA 7

3.5 98

SBA-click-Co Schiff
base II 11

4.25 98

4 SBA-click-Co Schiff
base IA 7

4.0 92

SBA-click-Co Schiff
base II 11

4.25 90

5 SBA-click-Co Schiff
base IA 7

3.5 94

SBA-click-Co Schiff
base II 11

3.75 90

6 SBA-click-Co Schiff
base IA 7

4.5 85

SBA-click-Co Schiff
base II 11

5.0 86

7 SBA-click-Co Schiff
base IA 7

1.0 98

SBA-click-Co Schiff
base II 11

1.5 98

8 SBA-click-Co Schiff
base IA 7

6.0 94

SBA-click-Co Schiff
base II 11

7.0 92

9 SBA-click-Co Schiff
base I 7

6.5 92

SBA-click-Co Schiff
base II 11

7.0 90

a Reaction condition: substrate (1 mmol), 2-methylpropanal (1.5 mmol),
catalyst (2 mol%), acetonitrile (3 ml), under dioxygen atmosphere (1 atm)
at 50 ◦C. b Isolated yields.

catalyzed [3 + 2]-cycloaddition “click reaction” to give 5 in a
virtually quantitative reaction, which is evident by the reduction
of the typical IR absorption band of azide (2109 cm-1) (ESI, Fig.
S2†). The loading of Schiff base was found to be 0.38 mmol g-1
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as determined by elemental analysis. The supported Schiff base
5 was subjected to react with anhydrous cobalt(II) chloride and
homogeneous Schiff base 6 in a molar ratio (1 : 1 : 1) in anhydrous
acetonitrile for 12 h, to afford the light green colored SBA bound
Co(II)-Schiff base 7 (SBA-click-Co-Schiff base IA, Scheme 1),
which was isolated by filtration, washed thoroughly with hot
methanol and subjected to soxhlet extraction in acetonitrile for
12 h and then dried under vacuum. The covalent attachment
and successful synthesis of silica-immobilized Co(II) Schiff base
complexes 7 (SBA-click-Co-Schiff base IA) was confirmed by

Scheme 1 Step-wise synthesis of silica immobilized Co(II) Schiff base
(SBA-click-Co Schiff base IA) 7.

IR spectroscopy (ESI, Fig. S3†). The reduced frequency of
phenolic OH, shift of C=N band from 1627 to 1604 cm-1 revealed
the formation of cobalt Schiff base complex on the support.
Nevertheless, the possibility of the formation of the homogeneous
Co(II) Schiff base 8 cannot be ruled out, the yield obtained for
the silica immobilized catalyst 7 was found to be 72%, indicating
the predominant formation of the silica immobilized Co(II) Schiff
base during the reaction. Low angle XRD pattern of the prepared
catalyst 7 is shown in Fig. 2. Low-angle XRD analysis showed
a clear prominent peak at 2q = 0.85◦ with d (100) spacing of
9.8 nm, along with higher order peaks indicating that the material
has a mesoporous structure with long range ordering of the pores,
confirming the periodic hexagonal mesoporous structure of the
silica supported material. The nitrogen-sorption analysis (Fig. 3)
showed a narrow pore-size distribution with a mean pore-size of
5.9 nm. The material had a surface area of 404 m2 g-1 and pore
volume of 0.45 cm3 g-1, which is considerably lower in comparison
to that observed for pristine mesoporous silica support (1.0 cc/g
pore volume and 902 m2 g-1 surface area), indicating considerable
loading of the complex inside the mesopores.15 However, even

Fig. 2 Low angle XRD of SBA-click-Co Schiff base IA 7.

Fig. 3 Nitrogen-sorption isotherm and pore-size distribution of
SBA-click-Co Schiff base IA 7.

after the surface functionalization through “click reaction”, the
pore width of the material was as high as 5.9 nm, which justifies
the use of auxiliary organic TMB in the synthesis. The loading
of Co(II) Schiff base complex to the silica support was found to
be 0.15 mmol g-1 as determined by the cobalt content through
ICP-AES analysis.

When the 3-azidopropyl loading was higher (12%), a lower
loading of Co(II) Schiff base complex on the silica support
was obtained (<0.1 mmol g-1). This could be due to molecular
crowding inside the mesopores at higher loadings which prevents
the growth of the Schiff base complex inside the mesopores.

In an alternative approach (Fig. 1, B), Schiff base 3 was first
reacted with 3-azidopropyltrimethoxysilane via copper catalyzed
[3 + 2] azide–alkyne cycloaddition “click reaction” to yield Schiff
base 9. In the next step, Schiff base 9 was used as an organo-
functionalized moiety and was added to the reaction mixture
(4 mol%) during the synthesis of mesoporous SBA-15 material,
which resulted in the formation of silica-immobilized Schiff base 5
(Scheme 2). The silica-immobilized Schiff base 5 was then reacted
with anhydrous cobalt(II) chloride and homogeneous Schiff base
6 in a molar ratio (1 : 1 : 1) in anhydrous acetonitrile for 12 h, to
afford green colored silica-bound Co(II)-complex 7, which was
separated by filtration, washed thoroughly with hot methanol and
soxhlet extracted in acetonitrile for 12 h and then dried under
vacuum. Again, the reduced frequency of the alkyne CH band
near to 3320 cm-1 and bands at 1715, 1642 due to C=O and C=N
of the Schiff base (ESI, Fig. S4†) and higher yield revealed the
predominant formation of silica immobilized Co(II) Schiff base

This journal is © The Royal Society of Chemistry 2010 Dalton Trans., 2010, 39, 7760–7767 | 7763
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Scheme 2 Step-wise synthesis of silica immobilized Co(II) Schiff base
(SBA-click-Co Schiff base IB).

complex 7 (SBA-click-Co Schiff base IB). Low angle XRD of the
prepared catalyst is shown in Fig. 4. The single low-angle XRD
peak indicates that the material has a mesoporous structure but
a lack of periodicity in the long range ordering of the pores. The
nitrogen-sorption analysis (Fig. 5) showed a clear type IV isotherm
due to mesoporous structure. The BET surface area and peak pore
diameter of this material were 325 m2 g-1 and 4.1 nm, respectively.
The loading of Co(II) Schiff base complex to the silica support was
found to be 0.11 mmol g-1 as determined by ICP-AES analysis.

Fig. 4 Low angle XRD of SBA-click-Co-Schiff base IB.

Following another strategy (Fig. 1, Route II), i.e. direct im-
mobilization of preformed cobalt Schiff base to silica support

Fig. 5 Nitrogen-sorption isotherm and pore-size distribution of
SBA-click-Co-Schiff base IB.

via “click reaction”, the required complex 8 was synthesized by
reacting 6 with anhydrous cobalt chloride in a molar ratio of 2 : 1
as reported earlier.9 Subsequent propargylation 10 and copper(I)
iodide catalyzed ligation with pore-expanded azido-functionalized
SBA-15 4 (0.62 mmol N3/g) resulted in covalently attached silica-
bound Co(II) catalyst 11 (SBA-click-Co salen II) as a light brown
solid which was separated by filtration, washed thoroughly with
acetonitrile, methanol, soxhlet extracted in acetonitrile for 24 h
and then dried under vacuum. Again, formation of 11 (SBA-click-
Co Schiff base II) was evidenced by the reduction of the typical
IR frequency at 2104 cm-1 for the azide group and appearance of
new bands at 3300–3400 cm-1 due to alkyne-CH, 1742 cm-1 and
1657 cm-1 due to C=O and C=N of the Schiff base respectively
(ESI, Fig. S5†). Low angle XRD of the prepared catalyst 11 is
shown in Fig. 6. The single low-angle XRD peak indicates that
the material has a mesoporous structure but lacks in periodicity
in the long range ordering of the pores. The mesoporous silica
was prepared in the presence of trimethylbenzene to expand the
mesopores to accommodate the bulky complex. The nitrogen-
sorption analysis (Fig. 7) showed a narrow pore-size distribution
with a very large mean pore-size of 23.8 nm. The loading of Co(II)
Schiff base was determined by ICP-AES analysis and was found
to be 0.18 mmol g-1.

Fig. 6 Low angle XRD of SBA-click-Co Schiff base II.

The superiority of the CuAAC for covalent immobilization of
the cobalt Schiff base to the silica support was reflected from the
fact that it is a simple process and gave high catalyst loading

7764 | Dalton Trans., 2010, 39, 7760–7767 This journal is © The Royal Society of Chemistry 2010

D
ow

nl
oa

de
d 

by
 H

ei
nr

ic
h 

H
ei

ne
 U

ni
ve

rs
ity

 o
f 

D
ue

ss
el

do
rf

 o
n 

19
/0

5/
20

13
 1

2:
18

:3
4.

 
Pu

bl
is

he
d 

on
 2

6 
Ju

ly
 2

01
0 

on
 h

ttp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
0D

T
00

20
8A

View Article Online

http://dx.doi.org/10.1039/c0dt00208a


Fig. 7 Nitrogen-sorption isotherm and pore-size distribution of
SBA-click-Co Schiff base II.

without using excess reagents under mild reaction conditions.
This is in contrast to the existing methods, where covalent
immobilization of functionalized ligand or complex on an inor-
ganic support mainly requires excess reagents, multi-step synthetic
procedures and gave lower yields either through ligand/complex
decomposition due to the properties of the inorganic support or
due to the relatively extreme conditions required to immobilize.11a

Catalysis

The catalytic activity of prepared silica immobilized cobalt(II)
Schiff bases I and II were tested for the oxidation of alcohols
12, both primary and secondary, to the corresponding aldehydes
and ketones 13, respectively, using molecular oxygen as oxidant
and 2-methylpropanal as a reducing agent (Scheme 4).

Scheme 3 Immobilization of preformed Co(II) Schiff base to silica
support (SBA-click-Co Schiff base II).

Scheme 4 Oxidation of alcohols.

The protocol developed consists of the addition of silica-
immobilized cobalt(II) Schiff base complex (2 mol%) to a stirred
solution of alcohols 12 and 2-methylpropanal (1.5 equiv.) in
acetonitrile under dioxygen atmosphere at 50 ◦C. This afforded
corresponding carbonyl compounds 13 in high to excellent yields.
After completion of the reaction as monitored by TLC analysis,
the catalyst was separated by filtration and reused as such for
subsequent runs. We did not observe any leaching of metal or
ligand during the recycling experiments, and importantly, analysis
by inductively coupled plasma atomic emission spectroscopy (ICP-
AES) confirmed that the metal content of fresh and recovered
catalyst was almost the same (detection limit 1 ppm). To examine
the recyclability of the silica-immobilized cobalt Schiff base
complexes, we selected benzhydrol as a representative substrate
(Table 2). In all cases, the catalyst was recovered from the
reaction mixture by simple filtration, washed with methanol,
dried and subjected to subsequent experiments (4 cycles) without
further activation. All the immobilized catalysts could be recycled
without significant loss in activity and there was no metal/ligand
leaching observed. Next, we studied the oxidation of a variety
of primary and secondary alcohols under the described reaction

Table 2 Results of recycling experimentsa

Entry Substrate Catalyst Time/h Yield (%)b

1 SBA-click-Co Schiff base
IA 7

2.0 98

SBA-click-Co Schiff base
II 11

2.5 97

2 SBA-click-Co Schiff base
IA 7

2.0 98

SBA-click-Co Schiff base
II 11

2.5 97

3 SBA-click-Co Schiff base
IA 7

2.0 98

SBA-click-Co Schiff base
II 11

2.5 97

4 SBA-click-Co Schiff base
IA 7

2.0 98

SBA-click-Co Schiff base
II 11

2.5 96

5 SBA-click-Co Schiff base
IA 7

2.0 98

SBA-click-Co Schiff base
II 11

2.5 96

a Reaction condition: benzhydrol (1 mmol), 2-methylpropanal (1.5 mmol),
catalyst (2 mol%), acetonitrile (3 ml), under dioxygen atmosphere (1 atm)
at 50 ◦C. b Isolated yields.
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conditions. The results of these experiments are presented in
Table 1. Primary benzyl alcohols afforded the corresponding
aldehydes selectively without any evidence for the formation of
acids due to further oxidation. However, among the various
secondary alcohols studied, those having aromatic substituents
were found to be more reactive than alicyclic alcohols (Table 1,
entry 8–9). The presence of 2-methylpropanal was found to be vital
for this transformation, in its absence the oxidation of alcohols to
carbonyl compounds did not occur. The reactions were found
to be slow at room temperature, however 50 ◦C was found to
be optimum temperature for this transformation. Likewise, in a
controlled blank experiment, i.e. the stirring of a reaction mixture
containing benzhydrol (1 mmol), 2-methylpropanal (1.5 mmol)
and acetonitrile (3 ml) at 50 ◦C, no reaction occurred in the absence
of catalyst even after prolonged reaction time (3.5 h). Similarly,
the oxidation of benzhydrol did not occur when the reaction was
performed with 2-methylpropanal alone in the absence of catalyst
and molecular oxygen under otherwise similar reaction condition.

Conclusions

In summary, we have demonstrated the successful application of
the copper catalyzed [3 + 2] azide–alkyne cycloaddition (CuAAC)
“click reaction” for grafting cobalt(II) Schiff base complexes
to mesoporous silica supports. Either step-wise synthesis of
silica immobilized Schiff bases followed by their subsequent
complexation with cobalt ions or direct immobilization of already
prepared homogeneous complexes onto the support via “click
reaction” could be successfully achieved. The key features of
the “click reaction” such as its simplicity in use, versatility and
high efficiency with respect to the catalyst loading without using
excess reagents, makes it an attractive and superior tool for the
preparation of immobilized catalysts. The so obtained silica-
immobilized cobalt(II) Schiff base complexes could readily be
recycled for several runs with consistent activity and without
observable metal or ligand leaching to the aerobic oxidation
of alcohols to give the corresponding aldehydes or ketones in
excellent yields.
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