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1. Introduction

Over the past decade, ionic liquids (ILs) have received great deal of attention as possible
“green” replacement for volatile organic solvent mainly due to their nonmeasurable vapor
pressure and good dissolubility for other salts. [1-5] Reaction types successfully performed
in ILs include Diels-Alder, [6] Friedel-Crafts, [7] olefin hydrogenation, [8] hydroformyla-
tion, [9] , [10] oligomerization, [11] and Heck and Suzuki coupling reactions. [12], [13] In
addition to solvent, ILs may have multiple functions in catalytic reactions. They may act as
catalyst, co-catalyst, support, or ligands for the catalytic process. [14] In particular, some
“unexpected” effects have been observed in affecting the catalytic reaction pathway. For ex-
ample, the cations/anions in ILs may be involved in the formation of the active species
changing the reaction mechanism. [15] - [20] Understanding the functions of ILs in the cata-
lytic reaction is of critical importance for deliberately modifying existed reaction system and
exploiting new types of synthetic route by using this “green” solvent.

Catalytic oxidation is a class of commercially important reaction. As an environmentally be-
nign oxidant, hydrogen peroxide (H,0O,) has been used for several catalytic oxidation. So far,
significant improvements on the catalytic performance, in terms of yield and selectivity,
have been observed using ILs as the solvent for the H,O, oxidation reaction. [21] - [23] Ac-
tually, in many cases, ILs are active participant because the formation of radical species, sta-
bilization of the charged reactive intermediate, and immobilization of the actual catalyst can
be strongly affected by the presence of an ionic environment. In comparison with traditional
organic solvent, the use of ILs in catalytic oxidation has been regarded as a new means for
recycling the catalyst and enhancing the yield and selectivity of the product. Though a great
number of catalytic oxidation have been performed in ILs, there are still rare examples
which demonstrate how the ILs affect the reaction pathway and the reactivity.
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This chapter aims at summarizing the examples that concern the H,O, oxidation reactions in
ILs, in particular the benzene hydroxylation, alcohol oxidation, and olefin oxidation. The ef-
fects of ILs on the reaction pathway and the selectivity are discussed, drawing to the conclu-
sion that ILs are offering unique properties as solvent by recycling the catalyst and
enhancing the yield and selectivity of the product. What should be pointed out is that the
examples are limited as far as possible to those that inform the readers” understanding of the
role of ILs in the H,0O, oxidation reaction. We apologize that some fine work is not covered,
and we hope to stimulate more discussions in the future.

2. Benzene hydroxylation

Direct hydroxylation of benzene to phenol with H,O, has been extensively investigated owing
to the reduced reaction steps and environmentally benign byproduct of water when compar-
ing to the commercial cumene process for phenol production. One of the fundamental targets
in this intriguing investigation is to enhance the utilization efficiency of H,O, and the selectivi-
ty of phenol. The low efficiency of H,O, always derives from the fast decomposition of H,O,,
and the low product selectivity is mainly originated from the over-oxidation of phenol. Stud-
ies have shown that solvents used in the hydroxylation play an important role on enhancing
both the H,O, efficiency and the product selectivity. For example, water was the solvent in the
traditional Fenton’s reagent (Fe'-H,O,) catalyzed hydroxylation, [24] whereas, the decomposi-
tion of H,0, was very fast. [25] The selectivity to phenol was rather poor in the aqueous solu-
tion since phenol is more reactive toward oxidation than benzene itself. Acetonitrile and acetic
acid were then used as the solvents for most of the catalyzed hydroxylation of benzene, [26] -
[28] and a biphasic water-acetonitrile (1:1) system was developed to decrease the over-oxida-
tion of phenol. [29] In Bianchi et al.’s work, [30] sulfolane was believed to form complexes with
phenolic compounds inducing increased selectivity to phenol.

In addition to organic solvents, Peng et al. [31] introduced a biphasic aqueous-imidazolium-
based IL system for benzene hydroxylation in the presence of ferric tri(dodecanesulfonate)
catalyst (Figure 1). In this aqueous- [C,mim] [X] (n=4, 8, 10; X=PF,, BF,) IL biphasic system,
both the catalyst and benzene were dissolved in the IL, whereas, H,0O, was mainly dissolved
in aqueous phase. The produced phenol was extracted into water phase, minimizing the
over-oxidation. A highest yield of 54% and selectivity of 100% to phenol was obtained in the
aqueous-IL biphasic system. However, as H,0, was existed in the IL-free aqueous phase, the
active oxidizing agent were deemed to be radical species. Therefore, this biphasic system
was not operative for the hydroxylation of toluene: only 1% of toluene was converted to
benzaldehyde although its selectivity reached 100%.

In our work, [25], [32] a benzene-triethylammonium acetate ([Et;NH] [CH;COQJ]) IL bipha-
sic system was constructed for the benzene hydroxylation (Figure 2). The Fenton-like re-
agent (Fe"-H,0,) existed in the IL phase and most of the phenol was extracted to the
benzene layer. The [Et;NH] [CH;COOQO] IL was found to be stable in the water- and oxygen-
rich environment. Benzene acted as both the substrate and the extractant in the hydroxyla-



lonic Liquids: “Green” Solvent for Catalytic Oxidations with Hydrogen Peroxide
http://dx.doi.org/10.5772/51936

tion reaction. In comparison with the aqueous-IL biphasic system, the continuous extraction
of phenol by benzene from [Et;NH] [CH;COOQO] IL protected phenol from further oxidation
by directly avoiding the contact of phenol with the catalyst and oxidant. As a result, moder-
ate yield (20%, based on benzene converted, excluding evaporated) and high selectivity (>
99.5%) of phenol were obtained in the IL-benzene biphasic system.
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Figure 1. A schematic representation of the aqueous—IL biphasiccatalytic reaction system for benzene hydroxylation
to phenol with H,0,.Step | charging; Step Il reaction; Step Il still; Step IV recovery of phenolvia extraction; Step V the IL
and catalyst are reused for anotherreaction cycle. IL = [C,mim] [X] (n = 4,8,10; X = PF,, BF,). [31] Reprinted with permis-
sion from ref. 31. Copyright ©2003, Royal Society of Chemistry.
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Figure 2. Schematic illustration of the benzene- [Et;NH] [CH;COO] IL biphasic system for benzene hydroxylation to
phenol with H,0,. [25]

Moreover, the [Et;NH] [CH,COO] IL exhibited retardation performance for the decomposi-
tion of H,O, and protection performance for the over-oxidation of phenol. From a molecular
aspect, the CH,COO- anions of [Et;NH] [CH,COO] IL were found to be coordinated with
the Fe ions, forming Fe complexes, by virtue of the solution of Fenton-like reagent in the IL
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phase (Figure 2). [25] Such coordination “anchored” the catalyst in the IL, affecting the sub-
sequent activation of benzene and H,O,. A higher electrophilicity of the Fe-complexes was
favorable for the interaction of H,O, with the Fe center, which may be the origin of the retar-
dation role of IL on the decomposition of H,O,. High-valent Fe'V-oxo species, formed from
the O-O bond homolysis of a Fe''-OOH intermediate, was found to be the main active oxi-
dizing species in the ionic environment rather than the widely accepted oxidizing species of
hydroxyl radical (OH®) in an aqueous Fenton system. The mechanism for hydroxylation of
benzene in the [Et;NH] [CH;COOQO)] IL was thus different from that occurred in aqueous solu-
tion (Figure 3) [32] : the activation of benzene was mainly achieved via the electrophilic at-
tack by the Fe'V-oxo species, rather than via hydrogen abstraction to form phenyl radical.
Over-oxidation of phenol through H-abstraction from O-H of phenol by the Fe'V-oxo species
was partly prohibited by the hydrogen-bond interaction between phenol and the CH,COO-
anion. The electrophilic character of the Fe'V-oxo species made the [Et;NH] [CH;COO] IL
suitable for hydroxylation of other alkyl-benzenes. As an instance, the oxidation of toluene
in [Et;NH] [CH;COQ] IL resulted in the selective activation of benzene ring with the selec-
tivity to methylphenols of about 62%. [33]

[Et;NH][OAC] K s
Fe(lll) ~ LFe(lll), L=OAc- @ LFe(IV)=0 @
H,0, /

|

J

LFe(ll)-O0H |

AN

LFe(lV)=0

Figure 3. Mechanism for hydroxylation of benzene with H,0, in [Et;NH] [OAc] system. [32] Reprinted with permission
from ref. 32. Copyright © 2011, Elsevier Science Ltd.

In the benzene hydroxylation, both hydrophobic and hydrophilic ILs have shown the feasi-
bility of acting as solvent for enhancing both the yield and selectivity of phenol when com-
pared with that in aqueous solution (vide supra). The nature of the active oxidizing species is
mostly depended on the dispersion of both H,O, and the catalyst in the ILs because the gen-
eration of active species is thus influenced by the ionic environment. Furthermore, the com-
bination of ILs with a second solvent (co-solvent), either traditional organic solvent or water,
may offer opportunity for breaking the thermodynamic equilibrium by mass-transfer of the
product from phase to phase. Most importantly, the ILs-solvent biphasic system provides
opportunity for the stabilization of charged reactive intermediate and the protection of un-
stable product from over-oxidation. Therefore, the ILs-co-solvent biphasic system can be
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tentatively developed as solvent for a wide range of H,O, oxidation reaction to meet specific
requirements, for example, yield, selectivity, or solubility, etc.

3. Alcohol oxidation

The partial oxidation of alcohols to aldehydes, or secondary alcohols to corresponding ke-
tones is a fundamental synthetic transformation in organic chemistry and is industrially im-
portant. [34] - [36] However, this transformation always suffers from drawbacks such as
poor conversion and selectivity due to over-oxidation. Stable-free nitroxyl radicals such as
TEMPO(2,2,6,6-tetramethylpiperidine-1-oxyl) has recently emerged as a catalyst or co-cata-
lyst to promote the formation of the catalytically active species for selective oxidation of al-
cohols to aldehydes or ketones where volatile organic solvents such as CH,Cl, are frequently
used. [37] - [44] However, the recycling of the quite expensive TEMPO is problematic due to
the homogeneous character of the classic organic media. Replacement of organic solvents
with ILs or immobilization of TEMPO on ILs provide alternative strategies for solving the
above-mentioned problems. On the one hand, TEMPO can be anchored on ILs allowing the
recycling of the catalyst; on the other hand, ILs provide advantages for increasing the selec-
tivity of the product by promoting oxidation of alcohols to aldehydes but suppressing over-
oxidation of these aldehydes to acids.

In Wang et al.’s work, [45] oxidation of alcohols with H,O, was performed in pyridiniumtetra-
fluoroborate([Bpy] BE,) IL. The catalyst (vanadate) and co-catalyst (TEMPO and sulfonic acid)
were both grafted on [Bpy] BF, IL. The functionalized IL showed good dissolubility in the
[Bpy] BF, solvent. The as-formed homogeneous mixture of N-n-dodecyl pyridinium vana-
date, N-(propyl-1-sulfonic acid) pyridiniumtetrafluoroborate, and 4-(propanoate-TEMPO)
pyridiniumtetrafluoroborate exhibited good activity and recyclability for alcohols oxida-
tion.Jiang et al. [46] used the acetamido-modified TEMPO as catalyst for the selective oxida-
tion of benzylic alcohols to aldehydes in the 1-n-butyl-3-methylimidazolium
hexafluorophosphate ([bmim] [PF,]) IL (Figure 4). The [bmim] [PF,] ILwas immiscible with
H,0,, favoring the partial oxidation of alcohols to aldehydes but inhibiting the over-oxidation
of aldehydes to acids by reducing the contact of the product with the oxidant. The miscibility of
acetamido-TEMPO in [bmim] [PF,] IL ensured good catalytic activity and efficient recycling of
the catalyst. In comparison to the common organic solvents (ethyl acetate or chloroform), the
yield of aldehydes was enhanced by about three times.

\
H HBr/H,O 0]
2 )
acetamido-TEMPO/[bmin]PF

Selectivity = 99%

Figure 4. Highly selective oxidation of benzyl alcohol to benzaldehyde with acetamido-TEMPO/HBr//H,0, in [bomim]
[PFe]IL. [46]
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The strategy of anchoring TEMPO on ILs has also been applied in other catalytic oxidation re-
action. In Fall et al.’s work, [39] TEMPO was supported on ILs through click chemistry reac-
tion (Figure 5a). The IL-supported catalyst exhibited good solubility in [HMIM] [BF,] IL and
high activity for alcohol oxidation using bis(acetoxy)iodobenzene (BAIB) as the terminal oxi-
dant. The catalyst can be recycled together with the IL without loss of the efficiency for several
cycles. Karimi et al. [47] grafted TEMPO on SBA-15 solid support and then synthesized
IL@SBA-15-TEMPO catalyst by physically confining 1-methyl-3-butylimidazolium ([Bmim]
Br) IL within the mesopores of the TEMPO-modified SBA-15 (Figure 5b). The catalyst showed
high activity, improved selectivity, and good recyclability for the oxidation of alcohols to alde-
hydesand ketones with t-butylnitrite (TBN) as oxidant in AcOH. Although the catalytic per-
formance of the TEMPO-ILs and ILs@support-TEMPO catalysts in the H,O, oxidation reaction
is not investigated, we may expect the strategy of fixing TEMPO onto ILs or solid support ap-
plicable in recycling the expensive catalyst in a wide range of catalytic reactions.

N=N BF, L@N\
N
5. i
o IL = [BMim]Br
TEMPO (a)

Figure 5. Strategies for immobilizing TEMPO on ILs. (a) IL supported TEMPO, [39] and (b) IL@SBA-15-TEMPO. [47]

In addition to TEMPO, the combination of various kinds of catalysts (i.e., inorganic salts, tran-
sition metal complexes, and oxides) with ILs has shown prospect as effective catalytic system
for the H,0, oxidation reaction. Chhikara et al. [48] synthesized imidazolium-based phospho-
tungstate catalyst (Figure 6, 1) by grafting phosphotungstate onto imidazolium-based IL,
which showed good catalytic performance in the homogeneous oxidation of secondary alco-
hols in the 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim] [BF,]) IL (Figure 6a). All of
the secondary alcohols were converted to corresponding ketones in good to excellent yields.
Oxidation of primary alcohol, i.e. benzyl alcohol, produced benzaldehydein good yield (78%),
or benzoic acid in high yield (96%) after increasing the H,O, amount (Figure 6b). The IL and
catalyst after the extraction of the products could be reused for further catalytic oxidation.

Bianchini et al. [49] described the oxidation of some secondary alcohols to their ketones with
H,0, catalyzed by methyltrioxorhenium(VII)(MTO) or polymer supported-MTO in [bmim]
[PF,] or 1-ethyl-3-methylimidazolium bis-triflic amide ([emim] [Tf,N]) ILs. The supported
catalyst was dispersed in the IL layer, which allowed the recycling of the catalyst and sol-
vent system that could not be realized in a wide range of organic solvent. Moreover, in com-
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parison with ethanol or acetic acid, the activity of the catalyst in the ILs was obviously
improved.

OH

O
)\ D01 > )L (a)

2

1

COOH
OH H0,/1 O

[bmim][BF,] -

+ (b)

1= NS NN [POLW(0)(0,),)4
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Figure 6. Oxidation of (a) secondary alcohols to ketones, and (b) benzyl alcohol to benzaldehyde and benzoic acid
with imidazolium-based phosphotungstate (1) and H,0, in [bmim] [BF,] IL. [48]

WO;, H,0,, 70°C
>
Methylimidazolium-based ILs

Figure 7. Selective oxidation of cyclohexanol to cyclohexanone with H,0O, in hydrophobic methylimidazolium-based
ILs. [50]

Chen et al. [50] applied several hydrophobic methylimidazolium-based ILs in the oxidation
of cyclohexanol to cyclohexanone with H,O, using WO; as the catalyst (Figure 7). The oxida-
tion of cyclohexanol in the absence of ILs produced cyclohexanone with a moderate yield
(42%) or adipic acid at high cyclohexanol conversion. [51] In the biphasic cyclohexanol-ILs
system, however, the ILs were found to effectively intensify cyclohexanol oxidation and re-
sulted in 100% conversion of cyclohexanol with 100% selectivity to cyclohexanone. The high
production of cyclohexanone can be explained by the fact that the oxidation of cyclohexanol
occurred in aqueous phase contained H,O, and WO,, whereas, the produced cyclohexanone
was abstracted into the organic phase, minimizing the further oxidation of the product.
Among the three kinds of methylimidazolium-based ILs (1-hydroxyethyl-3-methylimidazo-
liumchloride ([HOemim] Cl); 1-hexyl-3-methylimidazoliumchloride ([Hmim] Cl); and 1-oc-
tyl-3-methylimidazolium chloride ([Omim] Cl,)) investigated, the [Omim] Cl IL exhibited
the best solvent performance for enhancing the conversion of cyclohexanol when comparing
with the traditional organic solvents (methanol, n-propanol, or acetone). Furthermore, a
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higher concentration of the [Omim] CIIL favored the transformation of cyclohexanol, giving
evidence that the IL may be involved in the stabilization of the reaction intermediates in the
catalytic process. Detailed investigation revealed that a longer alkyl chain of the IL increased
the interaction between the solvent and the hydrophobic substrate, and a larger polarity of
the IL increased the strength of coulombic forces arising in the solvation process. Both of
these two factors improved the conversion of cyclohexanol considerably.

In this part, the anchoring of the actual catalyst on ILs offers opportunity for immobilizing
catalyst with the solvent, allowing the recycling of the catalyst, especially some expensive
reagent. This “anchoring” can be either chemical coupling or physical confinement. Chemi-
cal coupling requires special tailoring or functionalization of the ILs. The functionalized ILs
show prospect as both catalyst and solvent for the H,O, oxidation reaction. The physical
confinement of ILs within some solid porous materials has dual effects on the catalytic oxi-
dation: on the one hand, the ILs supply special microenvironment on affecting the reaction
pathway; on the other hand, the micropores of the porous material allow the controlling of
the selectivity of the product. In addition, we may expect structural modification of the func-
tionalized ILs by deliberately varying the cations/anions to meet the distribution require-
ment of the substrate or product, which will be of great importance for increasing the yield
and selectivity of the product. Beyond that, more synthetic method should be developed to
support the actual catalyst in order to shed light on the effective utilization of the expensive
reagent in future catalytic oxidation.

4, Olefin oxidation

Recently, significant improvements on the catalytic performance in some transition metal-
catalyzed reactions have been observed using ILs as the solvent. [2] , [19] , [20] The room-
temperature ILs have emerged as environmentally benign reaction media as well as new
vehicles for the immobilization of transition metal-based catalysts. Singh et al. [52] reported
the H,0O, epoxidation of substrates containing both electron rich and deficient olefins cata-
lyzed with meso-tetraarylporphyrin iron(Ill) chlorides ([TAPFe(III)Cl]) in imidazolium ILs.
The active oxidizing species depended on the substrate used (Figure 8): the ferric peroxy
anions (TAP-Fe-OO’) were effective intermediates in the epoxidation of electron deficient
olefins, whereas the high valent oxoferrylporphyrin m-cation radicals (TAP-Fe'V=0*") were
involved in the epoxidation of electron rich olefins. The ILs provide special microenviron-
ment via the interactions between their cations and anions, where the active intermediates
could be fast generated from TAPFe"'Cl/ [Bmim] [PF,] and H,O, and well stabilized in the
[Bmim] [PF,] IL. The nature of the anions in the ILs played an important role on the activity
of the catalyst.

Han and coworkers [53] synthesized novel Ni*-containing 1-methyl-3- [(triethoxysilyl)prop-
yl] imidazolium chloride (TMICI) IL immobilized on silica to catalytic oxidation of styrene
to benzaldehyde with H,O, under solvent-free condition (Figure 9). With the aid of the IL,
both hydrophobic reactant and the hydrophilic reactant were accessible to the active sites of
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the catalyst: styrene and H,O, are miscible with the IL, and the Ni** was coordinated by the
immobilized IL that allowed both reactants to access to active sites of the catalyst effectively.
Under solvent-free condition, the conversion of styrene reached 18.5%and the selectivity to
benzaldehyde was as high as 95.9% on the IMM-TMICI-Ni** catalyst.

CI-TAP-FeUD_00-

—\ -H™ || +H*
N, NX
N N
PA-FeD_C| » CI-TAP-Fe™_00H
H,0,

H+
°+
CI-TAP-Fe™)=0

Figure 8. Mechanism for the generation of the reactive intermediate from TAPFe"Cl/ [Bmim] [PF] and H,0,. [52]
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+H,0+CO,  (a)

d

N I\
373 K i
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r\D s TR CANPAVL G
cr
NiCl, » TMICI-Ni(II) TEOS, NH;, CTAB » [MM-TMICI-Ni(II) (b)
373 K 373K,24h

Figure 9. Schematic illustrations of (a) oxidation of styrene to benzaldehyde with H,0, under solvent-free condition,
(b) synthesis of IMM-TMICI-Ni(ll) catalyst by grafting Ni** on IL-Silica. [53]

Some more examples are given by combining ILs with metal peroxides or polyoxometalates
in the catalytic epoxidation of olefins with H,O,. In Yamaguchi et al.’s work, [54] peroxo-
tungstate was immobilized on dihydroimidazolium-based IL-modified SiO, (Figure 10). The
as-prepared catalyst showed high activity and selectivity for epoxidation of a wide range of
olefins. Radical mechanism was excluded for the IL-involved epoxidation in CH;CN sol-
vent. Berardi et al. [55] embedded the catalytically active [y-SiW,,O5,(PhPO),] *polyanions in
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the hydrophobic IL ([bmim] [[PF,] or hydrophilic IL [bmim] [(CF;SO,),N]). The catalyst gave
out high yield and selectivity for epoxidation of olefins under microwave irradiation in the
hydrophilic IL (Figure 11). The catalyst can be recycled with the catalytic IL phase. Liu et al.
[56] demonstrated the role of [bmim] [PF,] IL as an activator for efficient olefin epoxidation
with H,O,catalyzed by Keggin polyoxometalate [bmim] ;PW,,0,, (Figure 12). In the IL, the
interaction between the anions and the cations supplied a special microenvironment, accel-
erating the generation of the active peroxotungstate [PO,{W(O)(O),},] > species from [bmim]
sPW 1,0, and H,0O,. In some sense, the [bmim] [PF,] IL could be considered as a co-catalyst
to promote the formation of active species for epoxidation. Both of the TOF and selectivity
for olefin epoxidation were significantly enhanced in the IL compared to that of traditional
organic solvents, e.g., 289 times TOF and 1.3 times selectivity as found in CH,Cl, for the ep-
oxidation of cis-cyclooctene. The utilization efficiency of H,O, reached as high as 87%.

+ H,0

Figure 10. Epoxidation of Olefins with H,02 catalyzed by peroxotungstate immobilized on IL-modified SiO,. [54] Re-
printed with permission from ref.54. Copyright © 2005,AmericanChemical Society.

L= S1W o gl PHPO, |

Pt
MN':"_":'G N‘I-"'--':I , T =50"C, Microwave

[BF,]. [CF3505] = hydrophilic TLs. Yield: 62-80%
[%7]=

[PF ), [WCF S0 3 W] = hydrophobee [Ls. Yield: > 99%;

Figure 11. Epoxidaton of cis-Cyclooctene with H,0, and polyoxometalates in both hydrophilic and hydrophobic ILs.
[55]

Numerous examples have shown that ILs are offering unique properties in the transition
metal-, metal peroxide- or polyoxometalates-catalyzed oxidation of olefins with H,O,. The
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ILs supply special environment for the generation and stabilization of the active intermedi-
ate, or act as support for immobilizing and recycling the actual catalyst, both of which are
necessary for performing effective catalytic oxidation. By delicately designing the combina-
tion of catalyst, support and ILs, the interactions between the hydrophobic substrate, hydro-
philic oxidant, and the active site could be reinforced, intensifying the catalytic efficiency of
the oxidation reaction.

H,0, - o

[bmlm] 3PW1204O/[bmlm] [PF6]
R R

[omin][PFel: [N @N_~_][PF¢]

Figure 12. Epoxidation of olefins with H,0, and polyoxometalates in [omim] [PF4] IL. [56]

5. Conclusion

Catalytic oxidations have been widely studied in ionic liquids, and much of this interest is
centered on the possible use as “green” alternatives to traditionally used volatile organic sol-
vents. This chapter summarizes limited examples that illustrate the applications of ILs in the
catalytic oxidation using H,O, as the oxidant, in particular benzene hydroxylation, alcohol
oxidation, and olefin oxidation. We focus our discussion on understanding how the unusual
solvent environment provide solute species that affect the reactions occurred in them.

As innocent and non-vaporized solvents, ILs provide good solubility to salts and most of the
hydrophobic substrate, endowing them good solvent for the transition metal complexes-,
peroxides-, oxides-, polyoxometalates-, or organic molecules-catalyzed oxidation. The misci-
bility of ILs with water and organic molecules can be elaborately tuned by varying the cati-
ons/anions (i.e., length of alkyl chain, polarity, etc.). The interactions between ILs and the
substrate, catalyst, oxidant, even reaction intermediate, make the ILs act as multi-functional
solvent for the H,O, involved catalytic oxidation. The cations/anions in ILs may influence
the reaction pathway by stabilization of the charged transition state, active species or li-
gands which are necessary for many oxidation reaction. The structure of ILs can also be spe-
cially tailored to support actual catalyst and/or co-catalyst for effective recycling. The
functionalized ILs have prospect as both catalyst and solvent for the H,O, oxidation reac-
tion. The grafting of ILs on some solid porous materials may improve the microenvironment
of the reactive site, affecting the reaction pathway by increasing the selectivity of the prod-
uct. Most importantly, the combination of ILs and a co-solvent (water or organic solvent) al-
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lows the mass transfer of unstable product from oxidative environment, protecting the
product from over-oxidation by H,0O,. As a conclusion, the integration of the multiple bene-
tits from ILs will provide a greener scenario for recycling the catalyst and solvent, as well as
improving the yield and selectivity of the product. We may expect novel synthetic strategy
for functionalized ILs and their elaborate combination with prevailing catalytic materials for
applications in a wide range of catalytic oxidation in future.
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