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Selective Oxidation of Benzylic and Allylic Alcohols Using Strontium Manganate 
in the Presence of Lewis Acids in Solution and under Solvent-Free Conditions
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The oxidation of alcohols to their corresponding carbonyl 
compounds is an important reaction in synthetic organic 
chemistry.* 1 Among oxides and oxoanions of manganese, 
only manganese dioxide2 and potassium permanganate3 have 
been extensively studied in the oxidation of organic 
compounds. Several permanganate based oxidants such as 
potassium permanganate/dicyclohexyl-18-crown-6,4 benzyl­
triethylammonium permanganate,5 tetrabutylammonium 
permanganate,6 bis(pyridine)silver permanganate,7 zinc per­
manganate supported on silica gel,8 barium permanganate,9 
KMnO4/CuSO4・5H2O,10 KMnOq/ZrOCkBHzO11 and potas­
sium permanganate/montmorillonite K-1012 have been used 
for the oxidation of organic compounds. Unfortunately, 
some of these reagents suffer at least from one of the 
following disadvantages; cost of preparation, instability, 
long reaction time, powerful oxidant without selectivity, and 
dangerous procedures for their preparation. On the other 
hand, little attention has been paid to the oxidation proper­
ties of manganates and only a few reports are available in the 
literature.13-15 Therefore, introduction of a new manganate 
oxidant for oxidation reactions is still in demand.

*Co-Corresponding Authors. Fax: +98-311-6689732, e-mail:
I. Mohammadpoor-Baltork (imbaltork@sci.ui.ac.ir), M. Gholizadeh
(m_gholizadeh@sttu.ac.ir)

In this paper we wish to report oxidation of alcohols to 
their corresponding carbonyl compounds using strontium 
manganate in the presence of Lewis acids in solution and 
under solvent-free conditions. Strontium manganate was 
prepared by the addition of strontium hydroxide to an 
aqueous solution of potassium manganate. The crystals of 
strontium manganate were collected and dried in vacuo. The 
experimental and calculated strontium contents of the 
reagent are in very good agreement.

At first, the oxidation of 4-chlorobenzyl alcohol was 
investigated with this reagent in refluxing acetonitrile in the 
absence of Lewis acids. Only 40% conversion to 4-chloro- 
benzaldehyde was observed after 3 h. In recent years, the 
effect of Lewis acids as promoter or catalysts for the 
oxidation of organic substrates has been reported.16 There­
fore, the effect of Lewis acids upon the reactivity of SrMnO4 

for the oxidation of 4-chlorobenzyl alcohol in refluxing 
acetonitrile was studied. The experimental results show that 
AlCl3, FeCl3, BiCl3, and SnC"2H2O are effective catalysts.

Table 1. 4-ClC6H4CH2OH
SrMnO4/Lewis acid

CH3CN, reflux
- 4-ClC6H4CHO

Lewis Acid Time/min Yield %a
AlCb 15 98
FeCb 15 90
BiCb 15 90
ZnCl2 15 25
SnCW2H2O 15 90
CuC"2H2O 15 30
MnC"4H2O 15 20

aIsolated yields.

Therefore, the more familiar and the most effective one, 
AlCl3, was chosen as catalyst through this investigation 
(Table 1). As we have mentioned in our previous publi- 
cations,16負,d,e some of the reagents under our investigations 
are effective under nonaqueous conditions when catalyzed 
with AlCl3. This trend has been also observed for the 
oxidation of alcohols with strontium manganate. Unfor­
tunately the mechanism of the reaction is not clear to us.

The effects of solvents upon the oxidation ability of 
SrMnO4 in the presence of AlCl3 for the oxidation of 4- 
chlorobenzyl alcohol was also investigated; the best result 
was achieved using acetonitrile (Table 2).

Primary and secondary benzylic alcohols are oxidized 
cleanly and easily to their corresponding aldehydes and 
ketones in excellent yields (Table 3, entries 1-18). It is 
important to note that further oxidation of aldehydes to their 
carboxylic acids was not observed. Under the same reaction 
conditions, allylic alcohols are selectively oxidized to their 
cz,^-unsaturated carbonyl compounds without the cleavage 
of carbon-carbon double bonds (entries 19 and 20). In 
contrast, manganese dioxide, which has been widely used 
for the oxidation of allylic alcohols, requires a large excess

"Isolated yields.

Table 2. 4 -C1C6H4CH2OH
SrMnO4/AlCl3、

a 4-ClC6H4CHOSolvent, reflux

Solvent CH3CN THF CH2Cl2 n-Hexane
Time/min 15 60 60 60
Yield %a 98 75 15 40
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Table 3. Oxidation of alcohols to carbonyl compounds with SrMnO4/AlCl3

Entry Substrate Product"
Yield %b (Time/min)

Solution Solvent-free

,N

1 C6H5CH2OH C6H5CHO
2 2-ClC6H4CH2OH 2-ClC6H4CHO
3 4-ClC6H4CH2OH 4-ClC6H4CHO
4 2,4-CbC6H3CH2OH 2,4-Cl2C6H3CHO
5 2-BrC6H4CH2OH 2-BrC6H4CHO
6 4-BrC6H4CH2OH 4-BrC6H4CHO
7 3-MeOC6H4CH2OH 3-MeOC6H4CHO
8 4-MeOC6H4CH2OH 4-MeOC6H4CHO
9 4-(Me)2CHC6H4CH2OH 4-(Me)2CHC6H4CHO

10 4-(Me)3CC6H4CH2OH 4-(Me)3CC6H4CHO
11 4-PhCH2OC6H4CH2OH 4-PhCH2OC6H4CHO
12 (C6H5)2CHOH (C6H5)2CO
13 C6H5CH(OH)Me C6H5COMe
14 4-ClC6H4CH(OH)Me 4-ClC6H4COMe
15 4-MeC6H4CH(OH)Me 4-MeC6H4COMe

16 OkCH0H CKcho

17
广丫 CH2OH

O
'N

OH

18 M—1
19 C6H5CHYHCH2OH C6H5CH=CHCHO
20 C6H5CH=CHCH(OH)Ph C6H5CH=CHCOPh
21 2-NO2C6H4CH2OH 2-NO2C6H4CHO
22 3-NO2C6H4CH2OH 3-NO2C6H4CHO
23 4-NO2C6H4CH2OH 4-NO2C6H4CHO
24 C6H5CH(Me)CH2OH C6H5CH(Me)CHO
25 CH3(CH2)5CH2OH CH3(CH2)5CHO
26 CH3(CH2)6CH2OH CH3(CH2)6CHO
27 Cyclohexanol Cyclohexanone
28 Cycloheptanol Cycloheptanone

96(15) 95(90)
96(20) 95(120)
98(15) 98(120)
99(15) 98(120)
97(10) 97(120)
99(10) 98(120)
97(10) 97(90)
98(10) 98(60)
97(15) 98(60)
98(15) 96(60)
99(10) 99(60)
99(20) 97(120)
97(20) 95(120)
98(20) 96(120)
97(20) 98(120)

97(15) 96(90)

98(10) 97(60)

88(60) 90(120)

95(15) 94(120)
96(15) 93(120)
42(90) 40(120)
46(90) 41(120)
47(90) 44(120)
54(60) 50(120)
30(90) 34(120)
33(90) 30(120)
37(90) 35(120)
38(90) 37(120)

"All products were identified by comparison of their physical and spectral data with those of authentic samples. "Isolated yields.

of the reagent and long reaction times for successful 
oxidations.17 Benzylic alcohols with nitro-substituent and 
also saturated alcohols are more resistant towards oxidation 
with SrMnO4/AlCl3 and their corresponding carbonyl 
compounds were obtained in relatively low yields (entries 
21-28).

The oxidation of alcohols with this reagent system was 
also investigated under solvent-free conditions. As shown in 
Table 3, under these conditions, the yields of the products 
are comparable with the solution reactions, but the reaction 
times are longer.

In order to show the advantage of strontium manganate 
over potassium manganate in oxidation of allylic alcohols, 
the oxidation of cinnamyl alcohol (Table 3, entry 19) to 
cinnamaldehyde with potassium manganate was investigated 
in both solution and under solvent-free conditions. The 

experimental results show that in comparison with strontium 
manganate, the yields of the reactions are considerably lower 
with potassium manganate (55% in solution and 52% under 
solvent-free conditions).

In order to further extend the scope of this method, we 
have also studied the competitive oxidation of alcohols with 
this reagent in both solution and under solvent-free 
conditions. The experimental results show that benzylic and 
allylic alcohols are oxidized in the presence of saturated 
alcohols with excellent selectivity (Table 4). This may be 
considered as a useful practical achievement in oxidation 
reactions.

In conclusion, we have developed a convenient method for 
the oxidation of alcohols. In addition, high chemoselectivity, 
high yields, short reaction times, and easy workup are 
noteworthy advantages of this method.
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Table 4. Competitive oxidation of alcohols with SrMnO4/AlCl3

Entry Substrate Product
Yield %a (Time/min)

Solution Solvent-free
1 2-ClC6H4CH2OH 2-ClC6H4CHO 98(20) 98(120)

Cyclohexanol Cyclohexanone 0 0
2 4-MeOC6H4CH2OH 4-MeOC6H4CHO 100(10) 100(60)

CH3(CH2)6CH2OH CH3(CH2#CHO 0 0
3 4-BrC6H|CH2OH 4-BrC6H4CHO 100(10) 100(120)

CH3(CH2)5CH2OH CH3(CH2)5CHO 0 0
4 C6H5CH=CHCH2OH C6H5CH=CHCHO 97(15) 96(120)

Cycloheptanol Cycloheptanone 0 0
aGLC yields.

Experiment지 Section

Preparation of strontium manganate (SrMnO4). In a 
round-bottomed flask (250 mL) equipped with a magnetic 
stirrer and a condenser, a warm solution of potassium 
manganate (0.05 mol) in distilled water (60 mL) was 
prepared. To this solution, strontium hydroxide (0.05 mol) 
was added and the mixture was stirred for 0.5 h. The reaction 
mixture was filtered and the solid material was washed with 
distilled water. The resulting crystals were dried in a 
desiccator under vacuo to afford strontium manganate in 
87% yield. Found: Sr, 41.96%. Calcd for SrMnOq: Sr, 42.42%.

General procedure for oxidation of alcohols in solution. 
In a round-bottomed flask (50 mL) equipped with a 
magnetic stirrer and a condenser, a solution of alcohol (1 
mmol) in CH3CN (10 mL) was prepared. SrMnO4 (1 mmol) 
and AlCl3 (0.75 mmol) was added to the solution and the 
mixture was refluxed for 10-90 min. The progress of the 
reaction was followed by TLC (eluent: CCl4/EtOAc: 4/1). 
The reaction mixture was filtered and the solid material was 
washed with CH3CN (15 mL). The filtrate was evaporated 
and the resulting crude material was purified by column 
chromatography on silica gel to afford the pure product 
(Table 3).

General procedure for oxidation of alcohols under 
solvent-free conditions. A mixture of alcohol (1 mmol), 
SrMnO4 (1 mmol) and AlCl3 (0.75 mmol) were heated on an 
oil bath (70 °C) for 60-120 min. The progress of the reaction 
was followed by TLC (eluent: CCl4/EtOAc: 4/1). After 
completion of the reaction, the mixture was cooled to room 
temperature and extracted with CH2Cl2. The solvent was 
evaporated and the resulting crude material was purified by 
column chromatography on silica gel to afford the pure 
product (Table 3).
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