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The oxidation of alcohols to corresponding aldehydes and ketones has been achieved using polymetallic com-
plexes as catalyst with hydrogen peroxide as the terminal oxidant under a solvent free condition. These
polymetallic complexes linked to a single ligand system exhibited remarkable cooperative effect in the oxidation
process. This ecologically friendly procedure releases water as the only by-product.
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Catalytic oxidation is a key technology to transform alcohols into
carbonyl compounds. In the current chemical industries noble metal
catalysts are used on a large scale. Due to limited resources of noble
metals chemists are prompted to develop new-generation catalysts in
which noble metal contents are effectively reduced [1]. In this regard,
the first transition metal polymetallic complexes often exhibit an en-
hancement of catalytic activity and selectivity compared with their
monometallic counterparts [2–4] and have the potential to be new-
generation catalysts by partially or even completely replacing noble
metals with non-noble metals. Mononuclear metal complexes have re-
ceived great attention but the adventure of hetero-metal complexes
comes from reactivity hitherto unseen in their mono/homo dinuclear
counterparts.

Combining multiple catalytic sites into a single ligand structure can
induce cooperative reaction pathways, improving the activities and se-
lectivities. Research groups are developing polymetallic catalytic sys-
tems to find synergy and cooperative effects between different metal
centers for activation of reagents and better results [5]. Hydrazones
are a special kind of polyfunctional Schiff base ligands which have the
potential for yielding homo- and hetero-metallic complexes among
which succinoyldihydrazones are unique because of their greater
flexibility [6].
+91 364 2550486.
Heterogeneous catalysts are desirable from both economic and in-
dustrial viewpoints because of the reusability of the catalysts and the
easy purification of the products as compared to homogeneous
catalysts.

From both an economic and environmental point of view, the
quest for effective catalytic oxidation processes that use clean, inex-
pensive primary oxidants, such as molecular oxygen or hydrogen
peroxide, i.e., a “green method” for converting alcohols to carbonyl
compounds on an industrial scale, remains an important challenge
[7]. In this communication, we report heterogeneous catalytic sys-
tems of poly-metallic complexes linked to a single ligand scaffold
(Fig. 1) [8–10], exhibiting remarkable catalytic cooperative effects
in the selective oxidation of alcohols to carbonyl compounds using
H2O2 as a terminal oxidant. The contribution is organized according
to the donor centers of the ligand to which the metal centers are
bonded [2]. These polymetallic complexes have been selected keeping
in view the fact that bis(5-bromosalicyaldimine)succinoyldihydrazone
is bulkier than bis(2-hydroxynaphthaldimine)succinoyldihydrazone.
Such special features associated with the structures of the ligand
are expected to play significant roles in the catalytic activity of the
catalyst.

Continuing our interest in exploring the catalytic properties of our
synthesized complexes [11] we report, herein a very efficient and selec-
tive oxidation of alcohols with H2O2 using reusable heterogeneous cat-
alysts under solvent-free condition. The present protocol is very simple,
mild and environment friendly withwater being the only by-product in
the reaction. No over oxidation of the alcohols to the acids occurred
(Scheme 1).
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Fig. 1. The structure of [ZnCu2(H4Ln)(NO3)2(H2O)8]·2H2O (H4Ln = H4L1(1), H4L2(2)). (R = 2-hydroxy-1-naphthaldehyde and Br, respectively).
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The detail of preparation and characterization of catalysts [12]
[ZnCu2(Ln)(NO3)2(H2O)8]·2H2O where (H4Ln = H4L1 (1), H4L2 (2))
has been reported in our earlier publication [8].

The catalytic efficiency of the synthesized trinuclear complexes 1–2
were explored for the oxidation of alcohols to corresponding carbonyl
compounds [13]. Our initial experiments were performed on benzyl
alcohol with H2O2 using complex 1 in acetonitrile under reflux to find
the best reaction conditions. The results are shown in (Table 1).

It was found that high conversion and good yield of oxidation prod-
uct were obtained by employing 8 mol% of catalyst 1 (Table 1, entry 3).
The synthetic transformation did not proceed in the absence of catalyst
(entry 6). This observation revealed the catalytic role of the complex. It
was observed that the oxidation of benzyl alcohol to the corresponding
benzaldehydedid not proceed at allwhen themonometallic copper [14]
and zinc [15] complexeswere used as catalyst (entries 7–10). This result
showed that two metal centers are better than one metal center and
work in better harmony with one another, thus exhibiting cooperative
effect of one another. Encouraged by these results, we screened
HO R

8 mol % catalyst, 
100oC, H2O2
Solvent free O R

1a-l 2a-l

Scheme 1. Oxidation of alcohol using catalyst.

Table 1
Amount of catalyst variation of 1 for oxidation of benzyl alcohol.

Entry Catalyst 1 (in mol%) Time (h) Yield (%)a

1b 2% 36 15
2c 5% 16 35
3d 8% 12 40
4e 10% 16 30
5f 15% 20 25
6g – 24 –

7h 5% 24 –

8i 5% 24 –

9h 8% 24 –

10i 8% 24 –

a Isolated yields.
b Reaction conditions: substrate (5 mmol), catalyst (2 mol%b, 5 mol%c, 8 mol%d, 10 mol%e,
15 mol%f, no catalystg, [Cu(H2L)(H2O)]h and [Zn(H2L)(H2O)2]i), H2O2, CH3CN (3 mL),
80 °C (oil bath temperature).
different solvents for the oxidation of 1a using catalyst 1 under the re-
flux condition and also under the solvent free condition. Results are
summarized in (Fig. 2). Except for CH3CN all other solvents gave very
low yields of 2a. The oxidation of 1a under the solvent free condition
gave the best yield of 2a.

Thus, our optimized reaction conditions are 1a (5 mmol), H2O2 and
8mol% of catalyst under a solvent free condition. The oxidation of other
primary, secondary, allylic and aliphatic alcohols were then examined
using the optimized protocol. Complex 2 was also found to catalyze
the oxidation of alcohols to corresponding carbonyl compounds under
the solvent free condition in 60–82%. Catalyst 1 showed better results
than catalyst 2. This may be due to the fact that the catalytic activity of
complexes varies with the size of the substituent. It was observed that
the activity decreases with an increase in the bulkiness of the substitu-
ent. This may be due to the steric hindrance caused by the substituent,
which can affect the planarity of the ligand in the complexes and
hence the approach of the incoming substrate to the center. The results
for the oxidation of a variety of alcohols are summarized in Table 2. All
the reactions occurred in open atmosphere with complete selectivity
for ketones or aldehydes and no other productwas detected in the reac-
tion mixture. So, it is clear that air is not a significant co-oxidant in the
oxidation process and copper (II) complexes are air stable.

It is also important to verify the viability of reusing catalytic system
for different substrates. The basic advantage of heterogeneous catalyst is
their reuse for consecutive catalytic cycles. To evaluate the catalyst reus-
ability, it was recovered by filtration,washedwith DCM and dried in the
oven for 30 min. Catalyst was reused under the optimized condition
with benzyl alcohol to give the corresponding benzaldehyde; the data
obtained are shown in (Fig. 3).

In conclusion, we have developed an efficient heterogeneous cata-
lytic system based on Cu(II)–Zn(II), showing cooperative effect for the
oxidation of benzylic, allylic and aliphatic alcohols to the corresponding
carbonyl compounds using hydrogen peroxide as an oxidant under sol-
vent free condition. Furthermore, the catalyst can be recovered and
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Fig. 2. Optimization of solvent effect.



Table 2
Oxidation of alcohols catalyzed by Cu(II)–Zn(II) complexes 1 and 2a.

Entry Substrate Product 1
yield (%)b

time (h)

2
yield (%)b

time (h)

1

1a 2a

84%
12 h

81%
14 h

2

1b 2b

86%
12 h

82%
15 h

3

1c 2c

82%
11 h

80%
14 h

4

1d 2d

80%
11 h

77%
16 h

5

1e 2e

76%
12 h

72%
16 h

6

1f 2f

80%
14 h

76%
16 h

7

1g 2g

81%
12 h

78%
14 h

8

1h 2h

78%
14 h

75%
17 h

9

1i 2i

75%
17 h

70%
20 h

10

1j 2j

79%
14 h

75%
18 h

11

1k 2k

70%
22 h

67%
27 h

12

1l 2l

65%
30 h

60%
35 h

a Reaction condition: substrate (5 mmol), catalyst 1/2 (8 mol%), H2O2 was heated at
100 °C for appropriate time.

b Isolated yields.
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Fig. 3. Reusability chart of catalyst.
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reusedwithout any significant loss of catalytic activity. The catalytic sys-
tem derived from more sterically crowded polyfunctional ligand is less
reactive than that derived from less sterically crowded ligand.
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Appendix A. Supplementary material

Spectral data of the compounds are provided in the SI file. This ma-
terial is available free of charge via the Internet. Supplementary data as-
sociated with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.inoche.2014.05.018. These data include MOL files
and InChiKeys of the most important compounds described in this
article.
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