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Abstract
Alcohols have been successfully converted into their corresponding carbonyl compounds using hydrogen peroxide cat-
alyzed by lithium chloride on montmorillonite K10. Clay supported lithium chloride can be recovered after using as cat-
alyst for oxidation of alcohols. The future runs according to this procedure showed no considerable decrease in the re-
action yield and catalyst effect.
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1. Introduction

Aldehydes and ketones are important precursors and
intermediates for many drugs, vitamins and fragrances.1,2

Oxidation of alcohols to carbonyl compounds is an impor-
tant transformation in organic synthesis and several meth-
ods are known for this particular conversion.3–8 However,
different reagents used have various degree of success as
well as limitations due to the strongly basic or acidic con-
ditions. Most of the reagents involve heavy metal ions that
are not ecofriendly. Oxidation of organic compounds with
hydrogen peroxide is one of the most important step in
synthetic organic chemistry for both environmental and
economical reasons.9,10 Furthermore, lithium chloride is
already used as the catalyst in some organic reactions.11–14

Chemists have been using highly dispersed mineral
solids with extensive specific areas, for a considerable
time. Many organic reactions have been devised in which
the reagents are deposited on various inorganic solid sup-
ports. These novel reagents have advantages over the con-
ventional homogeneous solution techniques, such as: easy
set-up and work-up, mild experimental conditions, and
high yields and selectivity.15,16 Montmorillonite K10 has a
great impact in organic synthesis and offer major break-
through for the fine chemicals manufacturing indus-
tries.17,18

As a part of our systematic study on the develop-
ment of supported reagents and catalysts for the organic
transformations,19–25 we report herein an oxidation of 

alcohols to carbonyl compounds with hydrogen peroxide
catalyzed by lithium chloride supported on montmoril-
lonite K10. Different types of alcohols (primary, second-
ary) were subjected to the oxidation by hydrogen peroxide
on the clay supported lithium chloride. The overall reac-
tion is best formulated as is shown in the Scheme 1. 

The proposed mechanism involves the attack of 
in-situ generated LiOCl (I) onto the alcohol (II) as shown
in Scheme 2. Then HCl was eliminated from III to afford
carbonyl compound (IV).26

Scheme 1

Scheme 2
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2. Results and Discussion

As shown in Table 1, the various solvent such as
dichloromethane, acetonitril, water, and toluene were 
examined in this work for oxidation of alcohols and
toluene was found to be very good solvent in this oxida-
tion method. The various lithium salts were examined for
oxidation of alcohols, as shown in Table 2. High yield in
relatively short reaction time was obtained using LiCl and
LiBr supported on montmorillonite K10. 

The effect of catalyst on the reaction (time/yield)
was investigated using benzyl alcohol, as shown in Table
3. Association of catalyst with oxidant resulted in 
increased yield and in decreasing of reaction time. Using
of K10 (Table 3, entry 2) and LiCl (Table 3, entry 5) lead
to increasing in yield by 13% and 19% respectively, in
comparison with Table 3, entry 1. However, using of LiCl
in combination with K10 leads to 63% increasing in yield
(Table 3, entry 4). 

Lithium chloride was supported on montmorillonite
K10 (20% w/w) and used for the oxidation of alcohols to
carbonyl compounds. It can be prepared by mixing lithi-
um chloride and montmorillonite K10 as the support. The
catalyst can be used several times. In this method work-up
is carried out simply by separation of heterogeneous sup-
ported catalysts by filtrations and removal of the solvent
followed by purification of the residue using short column

Entry Salt Time (h) Yield (%)
1 LiCl 1.5 93
2 LiBr 2 89
3 LiOH 4 73
4 Li2CO3 4 71
5 Li2SO4 5 56

Entry Solvent Time (h) Yield (%)
1 CH2Cl2 4 35
2 CH3CN 4 50
3 H2O 4 40
4 Ph–CH3 1.5 93

Table 1: Solvent effect on the oxidation of benzyl alcohol

Table 2: The effect of various supported lithium salts on montmo-
rillonite K10 for oxidation of benzyl alcohol.

Table 3: The effect of catalyst (amount of K10/LiCl) on time and
yield of oxidation of benzyl alcohol in toluene.

Table 4: Oxidation of alcohols with hydrogen peroxide catalyzed
by lithium chloride on montmorillonite K10.

Entry K 10 (g) LiCl (g) Time (h) Yield (%)
1 0 0 2 30
2 0.2 0 2 43
3 0.2 0.03 2 84
4 0.2 0.05 1.5 93
5 0 0.05 2 49

Entry Alcohol Time (h) Yield (%)a

1 4 80

2 4.5 71

3 4 78

4 3.5 85

5 4 80

6 3.5 87

7 1.5 93, 89, 86b

8 1.5 87

9 1.5 90

10 2 76

11 1 95

12 1.5 85

13 1.5 92

14 2 95

15 1.25 96c

16 1.5 89

17 1 91

18 1.5 86

19 1.5 89

a Yields refer to isolated products. b Catalyst was used over three
runs. c Benzaldehyde is the sole product.
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chromatography to give pure products. The results are
summarized in Table 4.

In the case of mandelic acid (Table 4, Entry 15) oxi-
dation with hydrogen peroxide in the presence of LiCl
leads to benzaldehyde production in which CO2 is re-
leased in the reaction. Montmorillonite K10 supported
lithium chloride after using as catalyst for oxidation of al-
cohols can be recovered. In a typical procedure catalyst
was recovered after the first use by washing with
dichloromethane and n-hexane (2 × 15 ml), followed by
drying at 100 °C for 3h and then reused for the oxidation
of benzyl alcohol. The second and third runs, according to
this procedure, showed no considerable decrease in the re-
action yield (Table 4, Entry 7).

3. Conclusion 

In conclusion montmorillonite K10 supported lithi-
um chloride can be used as an efficient and recoverable
catalyst for oxidation of alcohols to their carbonyl com-
pounds. High yields, easy work-up and reusability of the
catalyst are the most significant advantage of this method.

4. Experimental

All products are known compounds and were charac-
terized by comparison of their physical and spectroscopic
data with those of authentic samples. IR and 1H–NMR
spectra were recorded on Perkin Elmer 781 and Bruker
DPX500 instruments. The progress of reaction was moni-
tored by thin-layer chromatography (TLC) on silica gel.

Procedure for catalyst preparation: Lithium chlo-
ride (2 g) is added to deionized water (100 ml) and the mix-
ture was stirred for 5 min until complete dissolution of the
lithium chloride. Clay (montmorillonite K10) (8 g) is then
added. The resulting suspension was refluxed and stirred
vigorously for 2h and the solvent was evaporated. The dry
solid residue was placed in oven at 120 °C for 24 hours.

Typical procedure for the oxidation of alcohols:
Alcohol (1 mmol) was dissolved in toluene (15 ml), then
0.25 g of catalysts (K 10: 0.2 g, LiCl: 0.05 g) and hydro-
gen peroxide (30%, 5 ml) was added and the mixture was
refluxed with stirring. The progress of the reaction was
monitored by TLC (ethyl acetate:petroleum ether, 1:4),
and after the completion of the reaction, mixture was fil-
tered and the residue was washed with dichloromethane
(2 × 10 ml). The combined filtrates were evaporated, and
the residue was passed through a short column of silica
gel to obtain pure carbonyl compound.
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Povzetek
V prispevku je predstavljena oksidacija alkoholov do ustreznih karbonilnih spojin z uporabo vodikovega peroksida in li-
tijevega klorida kot katalizatorja, vezanega na montmorilonit K10. Litijev klorid, vezan na glino lahko po uporabi rege-
neriramo. Nadaljne ponovitve postopka ne ka`ejo znatnega zman{anja izkoristka reakcije in u~inkovitosti katalizatorja.


