
Tetrahedron
Tetrahedron Letters 45 (2004) 2013–2015

Letters
An ionic liquid based on a cyclic guanidinium cation is an efficient
medium for the selective oxidation of benzyl alcohols
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Abstract—A novel room temperature ionic liquid (RTIL) has been prepared containing a cyclic hexaalkylguanidinium cation. The
selective oxidation of a series of substituted benzyl alcohols has been carried out in it, with sodium hypochlorite as the oxidant. The
RTIL acts as both phase transfer catalyst (PTC) and solvent. The ionic liquid could be recycled after extraction of the benzaldehyde
product with ether.
� 2004 Elsevier Ltd. All rights reserved.
Ionic liquids are defined as compounds that are com-
prised entirely of ions and are liquids below 100 �C.1
They exhibit a number of notable physical properties
that may be exploited in synthetic processes. For
instance, ionic liquids have negligible vapor pressure,
which makes them optimal replacements for the volatile
organic solvents and for use in high vacuum systems. A
nice feature of ionic liquids is that changing the anion or
properties of the cation can optimize yield and selec-
tivity of reactions. In addition, ionic solvents can be
recovered and reused. The synthetic utility of ionic liq-
uids is reflected in the rapidly increasing volume of lit-
erature available. Reaction types successfully performed
in ionic liquids include Friedel–Crafts,2 olefin hydroge-
nation,3 hydroformylation4;5 and Suzuki coupling reac-
tions.6

Oxidation of alcohols to the corresponding aldehydes
and ketones is one of the most important functional
group transformations in organic synthesis. Nowadays,
more and more example involving oxidations of non-
activated alcohols with dioxygen are being reported.
Many examples of homogeneous systems make use of
palladium,7–9 copper,10 cobalt11 or ruthenium com-
pounds,12 usually in aromatic or halogenated hydro-
carbon solvents. However, most of these catalysts are
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not very active (TOF<10 h�1) and therefore require
fairly large amounts of catalyst (5mol%) and sometimes
co-catalysts (10–20mol%) are used. Furthermore, most
systems operate under anhydrous conditions. Recently,
Seddon co-workers demonstrated that benzyl alcohols
can be oxidized selectively to benzaldehydes in dry ionic
liquids using Pd(OAc)2 as catalyst and O2 as oxidant.
The reaction time ranged 15–23 h and the reaction
temperature was 353K.13 The aerobic oxidation of
aromatic and aliphatic alcohols with TPAP/CuCl and
CuCl/TEMPO in RTILs has also been published.14;15

Large amounts of catalyst (5–10%), the need for addi-
tives, the high reaction temperatures, and long reaction
times make these reactions unattractive. Other examples
of oxidation of alcohols with TPAP/N-methylmorpho-
line-N-oxide and Ru catalyst have also been demon-
strated.16;17 It is preferable that these transformations be
based on the principles of green chemistry and avoid
heavy metal reagents, toxic solvents and the generation
of large volumes of hazardous waste. Sodium hypo-
chloride is an effective, inexpensive and non-toxic oxi-
dant, which has been reported to be transferred into the
organic phase in the presence of a quaternary ammo-
nium salt and is capable of oxidizing alcohols, including
benzyl alcohol, although it can be difficult to control
selectivity.18–23 However, organic solvents used in this
phase transfer catalytic reaction are environmentally
undesirable, and catalyst separation and recovery are
significant challenges.

As part of our research aimed at developing green
chemistry methods, we have prepared a novel ionic
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liquid 3 and applied it in the biphasic oxidation of
substituted benzyl alcohols using sodium hypochloride
as an oxidant (Eq. 1). Furthermore, we demonstrate the
possibility of recycling and reusing the ionic solvent.
Our work is based on the principles of green chemistry,
and avoids heavy metal reagents, toxic solvents, and
does not generate large volumes of hazardous waste.
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Taking into account the conditions of benzyl alcohol
oxidation (involving the use aqueous NaOCl), 1-butyl-3-
methylimidazolium hexafluorophosphate ([bmim][PF6]),
which was prepared by literature methods,24 was initially
selected as a solvent for our experiments among the many
other ionic liquids (cf. the BF4

� or halides salts, which are
soluble in water). The reaction was carried out by stirring
at room temperature with an excess of 10% aqueous
NaOCl and a [bmim][PF6] solution of substrate. The
products were isolated by simple extraction with ether.
Reactions were monitored by GC with an internal stan-
dard. The yield of 65% obtained using the ionic liquid as
the solvent for the reaction is close to the yield obtained
by the biphasic PTC method.18 To compare the effect of
the cation of the ionic liquids on both reactivity and
selectivity, a new ionic liquid 3 was prepared (Eq. 2) and
used in the same reaction as solvent. There are several
advantages and reasons for synthesizing hexaalkylguan-
Table 1. The oxidation of substituted benzyl alcohols to aldehydes and keto

Entry Substrates Ionic liquids (mL) Products

1 C6H5CH2OH 5 C6H5CHO

2 8

3 10

4 15

5 10

6 o-ClC6H4CH2OH 10 o-ClC6H4

7 p-ClC6H4CH2OH 10 p-ClC6H4

8 o-CH3C6H4CH2OH 10 o-CH3C6H

9 p-CH3C6H4CH2OH 10 o-CH3C6H

10 p-CH3C6H4CH(OH)CH3 10 p-CH3C6H

aReaction conditions: substrate (10mmol), aqueous solution of NaOCl 10%
bDetermined by gas chromatography with an internal standard.
c [bmim][PF6] as reaction medium.
idinium-based ionic liquids: 1. The hexaalkylguanidi-
nium salts are widely used as phase transfer catalyst.25

Due to their exceptional stability at high temperature. 2.
The positive charge in the guanidinium salts is delocal-
ized over one carbon and three nitrogen atoms, which
gives them a high degree of thermal stability compared to
tetraalkylammonium salts.

Cyclic pentaalkylguanidine 1 was prepared by the
reaction of the corresponding urea with phosphorus
oxychloride, to yield a chloroformamidinium salt, fre-
quently referred to as a �Vilsmeier salt�, followed by
reaction of said salt with a n-butylamine. The reaction of
1 with CH3I in acetonitrile gave high yield (95%) of 2.
Salt 3 was synthesized by metathesis of the guanidinium
iodine salt 2 with potassium hexafluorophosphate in
water. NMR and FAB-MS verified the structure and
composition of the new IL.26
When the oxidation reaction was carried out under
identical conditions using ionic liquid 3 as a solvent, we

found that the yield of 95% was higher than was
obtained in [bmim][PF6]. The selectivity towards the
aldehydes was higher than 98%. Using a catalytic
amount of 3 (5mol%) in the aqueous/dichloromethane
biphasic system, the oxidized product was obtained in
48% yield. This data points out an accelerating effect of
the ionic liquid solvent 3. The influence of several
parameters has been investigated so as to optimize the
performance of the ionic liquid 3 system (Table 1). The
effect of amount of ionic liquid 3 on the reaction was
first investigated. The conversion of benzyl alcohol
increased with increasing amount of 3 under the same
reaction conditions, entries 1–4.

The optimized system was successfully used for the
selective oxidation of a series of substituted benzyl
ne under different conditionsa

Unreacted alcohols (%)b Aldehydes or ketone (%)b

13 83

5 94

3 95

4 94

32 65c

CH2O 6 94

CH2O 8 92

4CH2O 2 95

4CH2O 5 95

4COCH3 1 99

(25.0 g) at pH¼ 8–9, reaction time is 60min.
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alcohols.27 As shown in Table 1, we can see that the
RTIL is a good alternative to the traditional toxic sol-
vents and catalysts in the selective oxidation of benzylic
alcohols to benzaldehydes and ketones. The result shows
good selectivity (no benzoic acid was observed) and high
yield compared with the traditional PTCs procedure.18

Next the stability and the recovery of the ionic liquid
was studied. An IL solution after extraction of the
benzaldehyde product with ether was washed by water
to remove inorganic salts and dried under vacuum at
70 �C for more than 10 h. The H1 NMR spectra of the
recovered IL indicated no evidence of degradation
during the course of the reactions and the recovered
solvent has been recycled five times with no appreciable
decrease in yield. The only observed limitation to this
recycling procedure is the overall reduction of the ionic
liquid phase to 85% of the initial volume after five
cycles, which arises from solubility of ionic liquid in
water and in diethyl ether, and mechanical lose. This
problem could be minimized by a direct distillation of
the carbonyl compounds from the reaction mixture.15

In conclusion, a new room temperature ionic liquid
based on a cyclic hexaalkylguanidinium salt has been
prepared. We have demonstrated the use of this RTIL as
a catalytic, environmentally benign solvent for the
selective oxidation of benzyl alcohol to benzaldehyde,
replacing phase-transfer catalyzed biphasic systems and
thus eliminating the need for a volatile organic solvent
and hazardous catalyst disposal. The ability to recycle
and reuse the ionic liquid for oxidation also has been
demonstrated.
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