
The oxidation of alcohols into their corresponding aldehydes
and ketones has significance in synthetic organic chemistry.1-3

Many reagents for the oxidation of alcohol are known,3 e.g.
hypochlorite,4 chromium (VI) oxides,5 dichromate,6 man-
ganese (IV) oxide,7 permanganate,8 and ruthenium (VIII)
oxide.9 Unfortunately, one or more equivalents of these –
often hazardous and toxic – oxidising agents are required to
oxidise alcohols to the corresponding carbonyl derivatives
under acid or base conditions in water. Because of the insolu-
bility and sensitivity of alcohols, the quest for effective oxi-
dants that use inexpensive and non-toxic reagents, which work
under non-aqueous and neutral conditions for converting alco-
hols to carbonyl compounds, remains an important challenge.10

Sodium periodate is an inexpensive, water-soluble and sta-
ble oxidising reagent that is commercially available. This
reagent is insoluble in non-aqueous solvents and this require-
ment for aqueous conditions has to be overcome. Very
recently, we have introduced new reagents for the oxidation of
alcohols under non-aqueous conditions.11

As part of our continued effort in this area, we now wish to
report the synthesis of butyltriphenylphosphonium periodate 1
as an efficient and novel reagent for the oxidation of alcohols.
Various alcohols have been successfully oxidised to afford the
corresponding carbonyl compounds in good to excellent
yields after 2–17 h. Using BUTPPPI 1 in the presence of 0.3
molar ratio of aluminum chloride, The reactions are per-
formed in acetonitrile under reflux. It should be mentioned
that aldehydes did not undergo further oxidation to their car-
boxylic acids under the reaction conditions.

The reagent is a white powder, which was prepared by the
dropwise addition of an aqueous solution of NaIO4 to an aque-
ous solution of butyltriphenylphosphonium bromide at room
temperature. Filtration and drying of the precipitate produced
a white powder which could be stored for months without los-
ing its oxidation ability. This reagent is quite soluble in meth-
ylene chloride, chloroform, acetone, and acetonitrile and
insoluble in non-polar solvents such as carbon tetrachloride,
n-hexane, and diethyl ether.

In order to evaluate the effect of aluminum chloride in these
reactions, we tried the reaction of 1-phenyl ethanol with 1
without using any aluminum chloride. Oxidation of 1-phenyl
ethanol with 1 in the presence of various Lewis acids such as
ZnCl

2, FeCl
3
, BiCl

3
and AlCl

3
were also examined in acetoni-

trile under reflux conditions. Our observations showed that

reaction time for oxidation of alcohols is effected the nature of
the Lewis acids. Surprisingly only AlCl

3
was shown to be an

effective catalyst for this purpose. (Table 1). The reaction in
the presence of ZnCl

2, FeCl
3
, and BiCl

3
(0.5 mmol) proceeds

with lower efficiency even with a higher molar ratio of the oxi-
dant (1.5 mmol) in comparison with the amount of oxidant
used in the presence of AlCl3 (0.3 mmol). This could be the
effect of hardness and of the greater solubility of AlCl3 in
comparison with the other Lewis acids which have been used
in these experiments. Alcohols 2 are oxidised to the corre-
sponding carbonyl compounds 3 in acetonitrile under reflux-
ing conditions in the presence of aluminum chloride in good
to excellent yields. Benzoin was converted to benzil in quan-
titative yield after 150 min (Scheme 1 and Table 2). In com-
parison to benzylic alcohols, oxidation of aliphatic alcohols
with this reagent occurs in lower yield and in a longer reaction
time. When we tried to oxidise the allylic alcohols with this
reagent several by-products was obtained. Therefore, this
reagent is not suitable for oxidising allylic alcohols. The func-
tional groups such as NO2 and MeO decrease the rate of reac-
tion. This could be the effect of these functional groups
forming compleses with AlCl3 (Table 2).

In summary, in this study we have introduced a new reagent
for the oxidation of different types of alcohols in acetonitrile
in the presence of AlCl3 under reflux. The stability, easy
preparation, mildness of the reagent, and reaction conditions,
easy work up and high yields of the products, under non-aque-
ous conditions make this method a useful one for oxidation of
different alcohols to afford the corresponding carbonyl com-
pounds.

Experimental

General: All yields refer to isolated products. The products were
characterised by comparison with authentic samples (IR and 1H-
NMR spectrum, melting and boiling points, TLC). All 1H-NMR spec-
tra were recorded at 90 and 500 MHz in CDCl3 and CCl4 relative to
TMS (0.00ppm). The Research Institute of Petroleum Industry,
Tehran, performed elemental analysis.
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Table 1 Oxidation of 1-phenyl ethanol with reagent 1 with dif-
ferent Lewis acids in acetonitrile under refluxing conditionsa

Entry Lewis acid Time/h Yield/%

1 ZnCl2c 3 30
2 FeCl3c 3 30
3 BiCl3c 3 50
4 AlCl3b 3 90
aMonitored by TLC analysis. bOxidant/alcohol/Lewis acid
(1:1:0.3). cOxidant/alcohol/Lewis acid (1.5:1:0.5).



Preparation of butyltriphenylphosphonium periodate 1
(BUTPPPI): A solution of butyltriphenylphosphonium bromide 
(7.98 g, 20 mmol) in 50 ml of water was prepared, and then NaIO4
(4.28 g, 20 mmol) in water (50 ml) was added dropwise to the above
solution and stirred for 30 min at room temperature. The resulting
white precipitate was filtered and washed with cooled distilled water
(2×50 ml), and dried in a desiccator under vacuum over calcium 
chloride to afford a white powder (10.6 g, 98% yield), which decom-
posed at 240–243°C to a dark-brown material. H-NMR: 7.89–7.72
(m, 15 H), 3.23 (m, 2 H), 1.68 (m, 4 H), 0.92 (t, 3 H). 13C-NMR: δ
136.03, 136.00, 134.62, 134.54, 131.27, 131.17, 119.72, 119.04,
118.26, 24.92 (d, J = 298.5 Hz, C-P). IR (KBr). Anal Calcd for
C

22
H

24
IO

4P: C, 51.76; H 4.70%. Found: 52.00; H, 4.68%. 
General procedure: oxidation of alcohols with BUTPPPI/AlCl3:

A solution of the alcohol (1 mmol) and AlCl
3

(0.04 g, 0.3 mmol) in
acetonitrile was prepared. in a round-bottomed flask (25 ml)

equipped with a reflux condenser and a magnetic stirrer,
Buthyltriphenylphosphonium periodate (0.51 g, 1 mmol) was added
to the solution and refluxed for .2.5–17 h. The reaction progress was
followed by TLC (eluent: cyclohexane/EtOAc: 8:2) The reaction mix-
ture was then cooled to room temperature and the solid was then sep-
arated through a thin pad of silica gel and washed with acetonitrile
(15 ml). The filtrate was evaporated and the resulting crude material
was purified by column chromatography on silica gel using a mixture
of ethyl acetate and hexane as eluent (10:90). Pure carbonyl com-
pounds were obtained in 60–100% yields (Table 2).
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Table 2 Oxidation of alcohols 2 with reagent 1 to carbonyl
compounds 3 in refluxing acetonitrile a, b

Compound R1 R2 Time/h Yield
c
/%

2a C
6
H

5
H 7.0 90

2b 4-NO
2
C

6
H

4
H 11.0 90

2c 3,4-(MeO)
2
C

6
H

3
H 9.0 95

2d 4-PhC
6
H

4
Me 9.00 99

2e 2-pyridyl C
6
H

5
6.0 90

2f C
6
H

5
Me 2.5 90

2g 4-MeOC
6
H

4
H 10.0 100

2h 2-MeOC
6
H

4
H 10.0 95

2i C
6
H

5
C

6
H

5
6.0 100

2j 3-MeOC
6
H

4
H 8 92

2k 4-ClC
6
H

4
H 5.0 90

2l 2-ClC
6
H

4
H 6.0 82

2m C
6
H

5
C

6
H

5
CH

2
4.5 90

2n 4-BrC
6
H

4
Me 5.0 97

2o 4-ClC
6
H

4
Me 2.5 89

2p C
6
H

5
C

6
H

5
CO 2.5 100

2q 2,3-(MeO)
2
C

6
H

3
H 5.0 91

2r Cyclohexyl - 12.0 95
2s α-Tetralol - 3.5 90
2t CH5(CH2)6 H 13.0 75
2u CH5(CH2)4 H 7.0 70
2v C

6
H

5
CH=CH H 3.0 nr

2w C6H5(CH2)2 H 17.0 75
2x C

6
H

5
(CH

2
)
3

H 6.0 90
a
Confirmed by comparison with authentic samples (IR, TLC

and NMR).10-11 b
Oxidant/Alcohol/AlCl3 (1.0:1.0:0.3). cYield of

isolated pure product after chromatography or distillation. 

Scheme 1


