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Abstract: The catalyst immobilisation in a liquid phase represents an attractive mean to preserve high 

reaction rates and selectivities, also leading to an easy recycling. To attain this goal, organic products 

should be extracted in a simple way from the catalytic phase giving metal-free compounds; for this 

reason, ionic liquids exhibiting high affinity for metallic species and low affinity for low polar 

compounds, turn into a promising medium for the synthesis of fine chemicals. In the present 

Accounts, we illustrate this approach through our research involving both types of catalysts, 

molecular organometallic compounds and metallic nanoparticles, dispersed in an ionic liquid phase. 

________________________________________________________________________________ 

Introduction 

Ionic liquids (ILs), more particularly 

imidazolium-based ILs (ImILs), are the most 

widespread molten salts applied for catalytic 

purposes [1]. ImILs display supramolecular 

arrangements with polar and non-polar domains 

[2], which can permit the confinement of 

different kind of species, including metallic 

nanoclusters. ILs have been also used in 

combination with solid supports, e.g. for 

chromatography, membranes and catalysis 

(Supported Ionic Liquid Phase Catalysis, SILPC) 

purposes [3]. As expected, IL-support 

interactions induce changes in physico-chemical 

and structural properties of the ILs involved 

[4,5]. A deep study of thin films of ImILs 

supported on silica and -alumina amorphous 

solids by different techniques (TGA, DSC, XRD, 

solid NMR), revealed a noteworthy effect on the 

IL structure depending on the support nature. 

Therefore for the composite ImILs@Al2O3, a 

supramolecular assembly loss of the IL could be 

evidenced, while for the analogous ImILs@SiO2 

material, the ions interact with the silica giving a 

clear thermostability diminution of the IL [5]. 

In this Accounts, an overview of our 

experience in the application of ILs in catalysis, 

using both homogeneous (molecular 
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(pre)catalysts) and heterogeneous (metallic 

nanoparticles) systems, is analysed. The role of 

the ILs will be highlighted through different 

applications. A special mention will be devoted 

to the recycling of the catalytic phase. In a first 

time, we will focus on molecular catalysts 

applied in stereoselective transformations 

(section 1), followed by the applications of 

palladium nanoparticles (PdNPs) in 

hydrogenation and C-C couplings including 

tandem and sequential one-pot processes (section 

2), to conclude by the SILPC approach 

(immobilization of ImILs on multi-walled 

carbon nanotubes (MWCNT)), which can 

preserve the advantages of both homogeneous 

and heterogeneous catalysis (section 3). 

1. Molecular-based catalytic systems: 

applications in stereoselective processes 

In the last years, ILs found interesting 

applications in homogeneous enantioselective 

processes (including organocatalysts, enzymes 

and metallic complexes), in many cases 

improving activity (reaction rate) and 

stereoselectivity in relation to the use of 

conventional organic solvents [6]. What is even 

more important, the catalyst can be efficiently 

immobilised in the IL phase, permitting a 

straightforward catalyst recycling and avoiding 

the metal leaching. These aspects could be in 

particular found in Mo-catalysed alkene 

epoxidations and Pd-catalysed allylic 

substitutions, as following described. 

1.1. Chiral dioxomolybdenum complexes 

applied in alkenes epoxidation 

Molybdenum represents a crucial metal 

for nearly all living organisms, involved in 

catalysed redox transformations [7]. However its 

catalytic properties in synthesis have been less 

developed in comparison with their transition 

metals congeners, in particular in stereoselective 

processes [8]. In this frame, Mo-catalysed 

epoxidation of olefins has received a particular 

attention since the hydroperoxide processes 

developed by Halcon and Arco in the 1960’s 

(with a current market quota of approximatively 

20%), based on the use of t-butyl hydroperoxide 

(TBHP as oxidant) [9]; the concomitant t-butyl 

alcohol produced together with the desired 

epoxide is transformed and applied in the 

production of octane enhancers [10]. Although 

many contributions have been reported mainly 

involving (di)oxomolybdenum(VI) complexes, 

just a few of them, since the first report published 

in 2004 by A.A. Valente et al. [11], have been 

applied in ImILs [12]. To the best of our 

knowledge, only two types of chiral catalysts 

found applications in stereoselective processes, 

both of them coming from the dioxomolybdenum 

moiety and bearing chiral oxazolines: bidentate 

[13] (complexes 1-2, Fig. 1), tridentate [13] 

(complex 3, Fig. 1) and tetradentate [14] ligands 

(complex 4, Fig. 1). 
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Figure 1. Dioxomolybdenum(VI) complexes containing 

chiral oxazoline-based ligands applied in stereoselective 

olefin epoxidation in ionic liquids (see [13] for 1-3; see 

[14] for 4). 

 

Dioxomolybdenum(VI) complexes 

containing chiral oxazolines were applied in the 

epoxidation of styrene-based substrates and 

optically pure limonene. In contrast with the 

negligible asymmetric inductions observed for 

styrenes epoxidation [12e], significant 

diastereoselectivity could be achieved for both 

limonene enantiomers [14], leading to the 

exclusive formation of trans-1,2-(R)-limonene 

epoxide with the bimetallic complex 1 in the 

pyrrolidinium-based IL [BMP][NTf2] (Scheme 

1); but no stereoselectivity was observed using 

imidazolium derivatives [13]. In toluene, a high 

diastereoselectivity was achieved (trans/cis = 

80/20) but associated to a low chemoselectivity 

(26% of formation of diol) [15].  

A multinuclear NMR study, including 

95Mo NMR [16], evidenced the formation of Mo-

carbene species in ImILs, which triggered the 

decoordination of the chiral ligand leading to a 

stereoselectivity loss. 

 

Scheme 1. Mo-catalysed diastereoselective (R)-limonene 

epoxidation in ILs (for structure of catalyst 1, see Figure 

1). 

 

1.2. Chiral palladium complexes applied in 

asymmetric allylic substitutions 

Pd-catalysed asymmetric allylic 

substitutions using soft nucleophiles, represent a 

powerful tool to form C-C and C-heteroatom 

bonds with excellent stereo-control [17,18]. 

Although this transformation is versatile, 

compatible with a broad range of functions and 

useful for the synthesis of target compounds 

(drugs, natural products…), only few catalytic 

systems can be recycled, preserving both the 

activity and the enantioselectivity. The 

immobilization of chiral palladium 

organometallic complexes in an ionic liquid 

phase was firstly reported by Toma in the 2000’s, 

for the asymmetric allylic alkylation of the 

benchmark reaction (rac-(E)-1,3-diphenyl-3-

acetoxyprop-1-ene with dimethylmalonate as 

nucleophile) in [BMI][PF6] using chiral 

ferrocenylphosphine ligands (ee up to 90%) 
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[19,20]. In this frame, we were interested in the 

application of monodentate chiral P-heterocyclic 

ligands in Pd-catalysed C-C bond formation 

processes in [BMI][PF6]. Unfortunately very low 

asymmetric induction was achieved (ee = 10%), 

even in conventional organic solvents [21]. Then 

we decided to use optically pure bidentate 

diphosphites derived from carbohydrate 

skeletons in asymmetric allylic alkylation, 

amination and phosphination reactions in 

[BMP][NTf2] and [BMI][PF6] [22] (Scheme 2). 

Both ILs gave high activity and excellent 

enantioselectivity (ee = 95%) for the alkylation, 

in contrast to the loss of activity and 

stereoselectivity observed using BINAP as chiral 

ligand [23]. However for the amination, the best 

activity together with a high asymmetric 

induction (ee = 96%) was observed using the 

pyrrolidium-based IL [BMP][NTf2]; this fact is 

probably due to the hydrogen bond formation 

between the imidazolium ion and benzylamine 

leading to a lesser nucleophilic behaviour of the 

amine in [BMI][PF6] than in [BMP][NTf2] [24]. 

What is more important, the catalytic phase could 

be reused up to 9 times without loss of activity 

and maintaining the enantioselectivity more than 

10 times. The Pd load on the isolated organic 

products was less than 0.1 ppm (determined by 

ICP-MS). The allylic phosphination led to 

moderate activities and high chemoselectivity, 

but unfortunately low enantioselectivity (ee up to 

15%), similarly to that observed using 

dichloromethane instead of neat ionic liquid. 

 

Scheme 2. Pd-catalysed asymmetric allylic substitutions in 

ionic liquids (IL = . [BMP][NTf2] and [BMI][PF6]), using 

chiral diphosphites (L1, L2). 

 

Adapted chiral ligands, imidazolium-

tagged chiral diamidophosphites, were also used 

in Pd-catalysed enantioselective allylic 

transformations, obtaining high asymmetric 

inductions, including for sulfonylation processes 

(ee = 72%) [25]. The catalytic phase was 

recycled up to six times. 

 

 

Figure 2. Pd-catalysed asymmetric allylic substitutions in 

ionic liquids, using imidazolium-tagged chiral 

diamidophosphites. 

 

2. Palladium nanoparticles based catalytic 

systems 

Palladium nanoparticles (PdNPs) 

stabilised by polymers, dendrimers or ligands 

were successfully applied as catalytic systems to 

promote C-C coupling reactions. In general, 
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metallic nanoparticles used as catalytic 

precursors either act as a reservoir of molecular 

species or display a surface-like reactivity 

depending on the reaction conditions [26]. 

2.1. Ligand-free systems 

Dupont and co-workers described the 

synthesis of ligand-free PdNPs starting from a 

well-defined palladacycle in dichloromethane. 

Further dispersion of the obtained nanoparticles 

in [BMI][PF6] led to an efficient catalyst for the 

Heck-Mizoroki cross-coupling reaction and 

suggested that they were actually acting as a 

source of molecular palladium complexes [27]. 

Direct synthesis in [BMI][PF6] of PdNPs was 

carried out starting from various molecular 

precursors, following the procedure reported 

using organic solvents, that is decomposition of 

the complex under a dihydrogen atmosphere 

[28]. In that case, the ionic liquid was not only 

the solvent but also provided electrostatic 

stabilisation of the particles. Therefore, we could 

observe different organisations in solution by 

TEM analyses, depending on the nature of the Pd 

precursor. The particles generated from 

[PdCl2(cod)] (cod = 1,5-cyclooctadiene) led to 

the most active system in the Suzuki-Miyaura 

coupling between bromobenzene and boronic 

acid, recycling the catalytic phase up to 7 times 

without any significant loss of activity neither 

metal leaching (less than 5 ppm in the final 

product) (Figure 3). All observations and tests 

using other catalytic precursors were more in 

agreement with a colloidal nature of the catalytic 

species [29]. 

 

Figure 3. Schematic representation of the synthesis of 

PdNPs in [BMI][PF6] and their applications in Pd-

catalysed Suzuki-Miyaura coupling (top). TEM images of 

PdNPs from [PdCl2(cod)] dispersed in [BMI][PF6] 

(bottom). 

 

Multinuclear diffusion ordered 

spectroscopy (DOSY) applied to PdNPs 

dispersed in ILs allowed gaining insights into the 

assembling of the particles in solution and the 

species in interaction with their surface [30]. 

These systems, consisting of PdNPs stabilised in 

various ILs, were also efficiently used as sole 

catalytic precursor for the sequential Heck-

Mizoroki coupling and hydrogenation process. 

When [BMI][PF6] was used, an orange solution 

was obtained at the end of the cross-coupling 

reaction, due to the formation of Pd-NHC 

molecular species [31]. The latter compounds 

could not be reduced under dihydrogen pressure 

and consequently the system becomes inactive 

for the further hydrogenation step which requires 

Pd0 species. The use of a basic anion for the ionic 

liquid employed, [EMI][HP(O)2OMe], allowed 

the development of an efficient catalytic system 
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for the two consecutive steps of the reaction 

(Scheme 3) [32]. 

The dual behaviour of such nanoparticles 

was thus established by evidencing their 

capability to act both as a heterogeneous catalyst 

and as a reservoir of active molecular species. 

 

 

Scheme 3. Sequential Heck-Mizoroki 

coupling/hydrogenation process catalysed by PdNPs in a 

basic ionic liquid. 

 

2.2. Ligands as co-stabilisers 

During the formation and growth of 

metallic nanoparticles (MNPs), crystal structures 

constituted by a large surface area ratio and 

volume are favoured by kinetic and 

thermodynamic concerns. With the aim to 

control these effects, the use of stabilisers during 

synthesis of MNPs is a widely applied strategy, 

in particular in catalysis [33]. Accordingly, the 

use of phosphine-based ligands as stabilizers has 

been extensively employed due to their 

coordinating and easily tuning properties, which 

often lead to an increase of catalytic activity 

and/or selectivity [34]. 

2.2.1 Mono-phosphines 

We were interested in the synthesis of 

PdNPs which were prepared in both, an organic 

solvent (THF) and ILs ([BMI][PF6] and 

[EMI][HP(O)2OMe]) by decomposition of 

molecular precursors [Pd(ma)(nbd)] (ma = 

maleic anhydride; nbd = norbornadiene) and 

[Pd2(dba)3] (dba = dibenzylidenacetone) under 

hydrogen atmosphere, and in the presence of 

functionalized monophosphines (L3-L6) 

(Scheme 4) [35]. 

 

 

Scheme 4. Synthesis of PdNPs stabilised by 

monophosphines L3-L6 in ImILs. 

 

Only phosphines containing alkyl-phenyl 

substituents, L3 and L4, gave spherical and well-

dispersed PdNPs (mean diameter: 2.6 nm); in 

contrast, ligands L5 and L6 led exclusively to the 

formation of agglomerates. These results agree 

with those observed using 4-(3-

phenylpropyl)pyridine as stabiliser: Pd and Ru 

nanoparticles were efficiently synthesized in 

both THF and ImILs, proving the coordination of 

the phenyl group at the metallic surface (see 

below, Figure 8) [36,37]. PdNPL3 and PdNPL4 

were active in C-C cross-couplings and 

hydrogenations, but in both types of processes 

metal leaching was observed. 

2.2.2 Thioether-phosphines 

It is well known that soft metals present a 

high affinity towards sulphur, giving strong 



FRENCH-UKRAINIAN JOURNAL OF CHEMISTRY (2016, VOLUME 04, ISSUE 01)  

29 

 

sulphur-metal bonds, which can turn into a 

poisoning effect [38]. That is why, when metallic 

nanoparticles are involved in catalysis, sulphur 

compounds such as CS2 or thiols are commonly 

used in order to discriminate between 

homogeneous and heterogeneous reactivity (in 

other words, to elucidate if MNPs present a 

surface-like reactivity or act as reservoir of 

molecular species) [39]. But in some cases 

sulphur compounds could enhance the catalytic 

activity, inducing charge depletion at the metallic 

surface as observed for gold nanoparticles 

stabilised by a polymer 

(poly(glycidyl)methacrylate), modified by 

poly(allylamine) hydrochloride) in the presence 

of alkylthiolate ligands, applied in the reduction 

of 4-nitrophenol using NaBH4 as reducing agent 

[40]. Sulphur-based compounds can also help to 

the immobilisation of MNPs on modified 

supports by sulphur functions, which avoid the 

leaching of molecular species, as observed in the 

case of PdNPs supported on modified silica, 

which were applied in Suzuki-Miyaura couplings 

and hydrogenations [41]. In this context, we were 

interested in the study of thioether-phosphines as 

stabilisers with the aim to modulate the catalytic 

reactivity of PdNPs, which were prepared in 

both, an organic solvent (THF) and ImILs (see 

Figure 4 for ligands structure) [42-44]. When 

PdNPs were prepared in THF, the nature of the 

substituents on the sulphur atom played an 

important role on the stabilisation of the PdNPs. 

Actually in the case of R = phenyl (L7), the NPs 

were better dispersed than in the case of the decyl 

group (L8), where only agglomerates were 

observed. In addition, both ligands, L7 and L8, 

were modified during the synthesis of PdNPs, 

observing by-products formation coming from 

C-S and C-P bond activations. This ligand 

degradation reached up 30% for both thioether-

phosphines. The corresponding species formed 

could be identified by different techniques (GC-

MS, 31P NMR, XPS) (Figure 4) [42]. It is 

important to underline that in contrast to the C-S 

bond activation [45], the cleavage of C(aryl)-P 

bonds promoted by MNPs was not previously 

reported.  

 

Figure 4. Schematic representation for the C-S and C-P 

bond activations observed during the synthesis of PdNPs. 

In brackets, the techniques permitting the identification of 

the formed species. 

 

With the aim to weaken the direct 

interaction of thioether-phosphines with the 

metallic clusters and consequently to avoid their 

degradation, we decided to synthesise PdNPs in 

ILs (Scheme 5) [43,44]. 
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Scheme 5. Synthesis of PdNPs in the presence of thioether-

phosphines in ImILs. 

 

Smaller particles were obtained in the 

presence of L7 and L8, giving L7 better 

dispersion than L8 as observed in the case of 

PdNPs prepared in THF (Figure 5). PdNPs were 

bigger in the IL than in THF (2.9 vs 1.6 nm), 

which is probably due to the role of the IL as 

stabiliser. However in IL medium, the ligand 

degradation was less significant (no more than 

6%), what means that the IL prevents the C-P and 

C-S bond activation induced by palladium 

clusters.  

 

 

Figure 5. TEM images of PdNPs prepared in 

[EMI][HP(O)2OMe]. 

 

We tested these PdNPs in the Heck-

Mizoroki cross-coupling reaction (Table 1). 

 

 

 

 

 

 

Table 1. Pd-catalysed Heck-Mizoroki cross-coupling 

reaction using preformed PdNPs as catalytic precursors. 

 

Entry Catalyst T (°C) Conv. (%) 
Selectivity 

I/II 

1 PdNPs 120 100 100/0 

2 PdNPL7 

90 

120 

150 

61 

100 

100 

60/40 

80/20 

20/80 

3 PdNPL8 
90 

120 

71 

100 

50/50 

78/22 

 

In contrast to ligand-free PdNPs for those 

only the cross-coupling product was formed 

(entry 1, Table 1) [32], when PdNPs were 

stabilised by a thioether ligand, 4-phenyl-butan-

2-one II was also generated (entries 2-3, Table 

1). Conversion and selectivity in the Heck 

product I increased between 90 and 120 °C, but 

the reduced compound II was the major product 

at 150 °C (entry 2, Table 1). These results 

indicated that the anion plays a role of reducing 

agent. This behaviour could be evidenced 

treating the compound I at high temperature in 

the absence of dihydrogen, obtaining up to 94% 

of product II (Scheme 6).  

 

 

Scheme 6. Pd-catalysed reduction of the Heck-coupling 

product I into II promoted by [EMI][HP(O)2OMe] (L = 

thioether-phosphine ligands). 
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3. Supported Ionic Liquid Phases on Multi-

walled Carbon Nanotubes 

Multi-walled carbon nanotubes 

(MWCNTs) can be used as support for the 

preparation of SILPC materials (Supported Ionic 

Liquid Phase Catalysts) because of their inherent 

advantageous properties, such as good 

mechanical strength, high chemical stability, and 

a large surface area-to-volume ratio [46]. 

We were interested in the 

functionalization of MWCNTs in order to 

support an ionic liquid phase containing the 

catalyst (IL = [BMI][PF6]), both organometallic 

complexes and metallic nanoparticles. Therefore, 

rhodium-based SILPCs were prepared by 

immobilisation of a rhodium complex, 

[Rh(nbd)(PPh3)2][PF6] on functionalised 

MWCNTs [4]. MWCNTs without external 

functionalisation (CNT0) were prepared by C-

CVD (Catalytic Chemical Vapour Deposition) 

[47]. Their treatment with nitric acid led to the 

formation of CNT1 containing hydrophilic 

groups (CO, COOH), quinines and phenol on the 

surface. CNT1 was successively treated with 

thionyl chloride, imidazole, butyl bromide and 

potassium hexafluorophosphate, leading to the 

CNT2 material (Figure 6).  

 

Figure 6. a) Schematic surface functionalisation of 

MWCNTs with imidazolium-based groups; b) TEM image 

of CNT2b-SIL (55%) (white bar means the IL film on the 

surface; black bar, MWCNT); c) HR-TEM micrograph of 

CNT2b-SIL (55% w/w on IL); d) schematic representation 

of SILPC on MWCNTs. 

 

Tuning the amount of imidazole led to the 

formation of different supports: CNT2a, CNT2b 

and CNT2c, which are an increasing 

imidazolium concentration. The dispersibility of 

MWCNTs in [BMI][PF6] was clearly improved 

upon surface functionalization, following the 

trend: CNT2 > CNT1 >> CNT0. TGA analyses 

indicated that the [BMI][PF6] film decomposes 

between 340 °C and 360 °C, in contrast to 425 °C 

for pure IL. CNT2a and CNT2b were obtained as 

powders, whereas CNT2c, with the highest 

concentration of ionic groups at the surface, was 

a gel. The catalytic activity of SILPC containing 

the rhodium complex was evaluated for the 

hydrogenation of 1-hexene at 40 °C under 25 bar 

of hydrogen; only CNT2 based systems gave full 

conversion, without IL nor Rh leaching. The best 

catalyst was constituted by Rh/CNT2a-SIL (55% 

w/w on IL), permitting the recycling of the 
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material (up to five times). This catalyst was 

much more active and selective (hydrogenation 

versus olefin isomerisation) than the 

corresponding SILPCs prepared on oxide 

supports (such as SiO2, Al2O3, TiO2, ZrO2, MgO 

or ZnO) or activated carbon instead of 

functionalised MWCNTs (Figure 7). 

 

 

Figure 7. 1-Hexene hydrogenation catalysed by different 

materials constituted by a liquid phase of Rh in [BMI][PF6] 

supported on different materials (figures on the blue 

columns stand for BET specific surface area). The orange 

line indicates the selectivity percentage towards the 

hydrogenation product. 

 

Functionalised MWCNTs were also 

employed to efficiently immobilize PdNPs [37]. 

PdNPs were prepared by decomposition of 

[Pd2(dba)3] under hydrogen atmosphere and in 

the presence of 4-(3-phenylpropyl)pyridine (L9) 

acting as stabiliser improving the dispersion of 

NPs, in two imidazolium-based ILs (Figure 8). 

With [BMI][PF6], well-dispersed NPs were 

obtained with a large particle size distribution 

(4.3 ± 1.3 nm); using [EMI][HP(O)2OMe], a 

quite narrow particle size distribution (4.5 ± 0.8 

nm) could be obtained. 

 

Figure 8. a) Synthesis of palladium nanoparticles in an IL 

in the presence of the ligand L9; b) and c) TEM images 

with the corresponding size distribution diagram for 

PdNP/L9/IL1 (4.3 ± 1.3 nm) and PdNP/L9/IL2 (4.5 ± 0.8 

nm) respectively.  

 

Then, the functionalised MWCNTs 

containing at the surface imidazolium ionic 

functionalities (CNT2a) [4], were added to a 

solution of preformed PdNPs in [BMI][PF6] 

(IL1) or [EMI][HP(O)2OMe] (IL2), giving 

PdNP-L9-IL1/CNT2a and PdNP-L9-IL2/CNT2a 

catalytic materials [37]. For comparative 

purposes, preformed PdNP in [BMI][PF6] with 

and without ligand, were also supported on silica, 

forming PdNP-IL1/SiO2 and PdNP-L9-IL1/SiO2. 

These materials were used as catalysts in Heck-

Mizoroki coupling, hydrogenation, and in the 

corresponding Heck coupling/hydrogenation 

sequential process (Scheme 7). In the 

hydrogenation of benzylidenacetone, no 

T
O

F
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h
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significant influence of the ligand was found; 

PdNP-IL1/SiO2 and PdNP-L9-IL1/SiO2 

exhibited similar catalytic behaviour, probably 

due to the electrostatic stabilization of PdNPs by 

the ImIL, as proved from DOSY NMR 

experiments [30]. 

 

Scheme 7. Sequential Heck coupling/hydrogenation 

process catalysed by PdNPs supported on functionalised 

MWCNTs. 

 

The catalytic system with the 

functionalised MWCNTs, PdNP-L9-

IL1/CNT2a, showed a higher catalytic activity 

than that obtained with PdNP-L9-IL1/SiO2, even 

with a lower palladium content; the open 

structure of the carbon nanotubes can favour the 

mass transfer phenomenon. The activity found 

with PdNP-L9-IL2/CNT2a was lower than that 

observed using the analogous catalytic system in 

[BMI][PF6]. The PdNP-L9-IL1/CNT2a catalyst 

was reused four times without significant loss of 

activity. The coupling between iodobenzene and 

methylvinylketone was studied in the presence of 

PdNP-L9-IL2/CNT2a; [EMI][HP(O)2OMe] was 

chosen as IL to avoid the addition of an external 

base (due to the basicity of the anion 

methylhydrogenphosphonate). A conversion of 

96% was achieved using [EMI][HP(O)2OMe] as 

solvent with the PdNP-L9-IL2/CNT2a catalyst. 

The system supported on silica, PdNP-L9-

IL2/SiO2 was less efficient than that supported on 

CNT2a. 

With the aim to demonstrate the dual 

homogeneous and heterogeneous behaviour of 

MNPs, we applied these SILP catalysts as the 

sole catalytic precursor for a Heck 

coupling/hydrogenation sequential process. The 

most appropriate system, PdNP-L9-IL2/CNT2a, 

with [EMI][HP(O)2OMe] as solvent, under mild 

conditions, led to both coupling products, 4-

phenyl-3-buten-2-one and 4-phenyl-butan-2-one 

(hydrogenated product of 4-phenyl-3-buten-2-

one, see Scheme 7) in a ca. 50:50 ratio (96% of 

iodobenzene conversion), without byproducts 

formation. This catalytic material was reused up 

to three times. In this sequential process, the 

generation of molecular palladium carbene 

species was prevented because no exogenous 

base was required. Then the molecular species 

formed during the Heck coupling gave PdNPs 

under hydrogenation conditions, permitting the 

further hydrogenation of the coupling product 4-

phenyl-3-buten-2-one. 

 

Outlook 

In summary, this personal Accounts 

evidences the interest of ionic liquids in catalysis, 

mostly due to their negligible vapour pressure, 

thermal stability and diversity of structures, 

permitting a convenient way to immobilize 

catalysts, both molecular- and nanoparticles-

based systems. Metal-free organic products were 

extracted by biphasic systems (addition of an 
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immiscible solvent with the IL used), without 

need of further purifications. The approach 

related to supported ionic liquid catalytic phase 

has proved its efficiency and potential 

applications. Engineering strategies, such as 

those involving polymer membranes modified 

with poly(ionic liquids), appear as highly 

valuable means to design continuous production 

[48]. 
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