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CHAPTER I:

Introduction

Abstract

This section introduces the general context in Wwhiwe thesis has
been initiated and conducted. First, a detaile@rdiure survey
concerning the Suzuki coupling and the types chlgat formulations
employed is presented and then our own objectiveseaposed in
correlation with the limitations of the current kmedge. Finally, the
strategy to address the questions raised througtiost section is

developed.



1. General considerations about coupling reactions

Chemical reactions aiming at the coupling of carlasams are
important methodologies for the preparation of savdamilies of
molecules. These reactions have recently emergddranoften a crucial
step in the production of many compounds, espgdialthe synthesis of

materials [1-3], natural products [4-6] and bioaetmolecules [4, 7, 8].

Depending on the initial reactants, coupling reactican be divided

into two groups which are expressed as follows:

Homo-coupling: R-X + R-X2> R-R
Cross-coupling: R-X + R’-¥2 R-R’

Figure I-1: Homo-coupling vs cross-coupling
(R, R’ usually refer to aryl- or alkyl- groups) [9-11]

Homo-coupling refers to a reaction where two mdieswof the
same type react together to form a new symmetmeponnd (Figure I-
1), such as in Wurtz [12] and Ullmann reactiong] [(M&able 1-1). At the
opposite, cross-coupling is a reaction in which tlifferent molecules
react to produce a new non-symmetric compound asgnHeck and
Suzuki reactions [14] (Table I-1).

Many types of coupling reactions under various domts have
been developed over the last 170 years and namsddaytists who first
reported them. The first publication of a couplmegction may be found
in the middle of the nineteenth century. In 1855un&/ et al. [12]
reported the homo-coupling of alkyl-halides usimgliam metal as the
catalyst. A few years later, some homo-couplingtieas using copper-

based catalysts have been published such as ierGHE869) [15] and
10



Ullmann reactions (1901) [13]. In 1924, the firsbgs-coupling reaction
was reported in the literature: the Gomberg-Bachmegaction [16],

where aromatic hydrocarbons were coupled with dimgo salts in the

presence of a base. At that moment, the yieldhefréactions for the
desired products were very low, less than 40 %19#0's, the use of
palladium-based catalysts had permitted to imprthee yield of the

coupling reactions. From that time, several crasgting reactions have
been discovered, e.g. Heck (1972) [11, 14], Soruga$1973) [9, 17],

Stille (1977) [18] and the Suzuki couplings (197R), 14] (Table I-1).

Prof. Richard F. Heck, Prof. Ei-ichi Negishi andPrAkira Suzuki
were awarded the 2010 Nobel Prize in ChemistryHeir works on “the
development of palladium-catalyzed cross-coupling brganic
synthesis” [19]. This award proves that the couplireactions are
significant and recognised tools for chemists totlsgsise complex

carbon molecules.

In particular the Suzuki coupling has become onethaef most
popular reactions. It is a useful method for thenstmuction of
conjugated dienes and higher polyene compoundigbfdtereocisomeric
purity, as well as of biaryls and related moleculéf Furthermore,
Suzuki coupling is one of the most widely-adoptegctions in the

pharmaceutical industry.
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Table I-1: Coupling reactions overview (R: alkyl; Ar: aryl and X: halides)

Reaction Year Reactant Reactant Homo/Cross Catalyst
A B coupling

Wurtz [12] 1855 R-X R-X Homo Na

Glaser [15] 1863 R€CH RC=CH Homo Cu

Ulimann [13] 1901 Ar-X Ar-X Homo Cu

Gomberg- 1924 Ar-H Ar-NX Cross /

Bachmann

[16]

Kumada 1972 Ar-X Ar-MgBr Cross Pd, Ni

[20] Vinyl-X

Heck [11, 14] 1972 Ar-X Alkene Cross Pd
Vinyl-X

Sonogashira 1973 Ar-X RC=CH Cross Pd, Cu

[17] Vinyl-X

Negishi 1977 Ar-X R-Zn-X Cross Pd, Ni

[21] Vinyl-X

Stille [18] 1977 Ar-X R-SnR Cross Pd
Vinyl-X

Suzuki [22] 1979 Ar-X  Ar-B(OR), Cross Pd
Vinyl-X

Buchwald- 1994 Ar-X R,N-Sn-R Cross Pd

Hartwig Vinyl-X

[23, 24]

2. Suzuki coupling

The Suzuki coupling was firstly published in 199 Rrof. Akira
Suzuki [22, 25]. This reaction allows the combioatiof aryl-halides

with aryl- or vinyl-boronic acids in the presenckaopalladium-based

12



catalyst and a base (Figure 1-2) [22, 25]. It i® @f the most popular
reactions for the production of biaryls for seveessons: (i) it uses mild
conditions; (ii) it uses boron compounds which stable, available and
have a low toxicity and (iii) a wide range of subgts with various
functional groups can be employed [11, 26, 27].

Y Y
/ Pd
R—X + R—B — » R—R + X—8B
Y \'%

Figure 1-2: Schematic representation of the Suzuktoupling
(R and R’: aryl, vinyl ; X : Br, Cl, I ; Y : OH, O- R) [6]

This reaction is widely performed to synthesiseypldfins [28] and
substituted biaryls [11, 26, 27]. These biaryl slwes are present in a
large number of biologically active molecules [28lich as drugs
(Valsartan, Telmisartan, etc.) or pesticides (Bbdpa[30, 31]. In
addition, some of these structures are presentompounds with
interesting physical properties such as liquid tatgs organic conductors

or semiconductors, etc [11, 29, 32]. Examples arengn Figure I-3.

The reactivity of the aryl-halide (Ar-X) dependsrywestrongly on
the nature of the halides: 1> Br>> Cl. lodides @ndmides are the most
usually employed [11, 26]. Whereas chlorides ass feactive, more and
more research is carried out about these chlodnatgls due to their
low cost and ready availability [26, 33, 34]. Taif-aryls have also been
studied but they are generally thermo-labile, hiydgrable and expensive
[26, 35].

13



o7 r ! w

O N n-Pr
NH
o] S
| -
Cl N
Boscalid (BASF) Diovan (Valsartan, Novartis)  Micardis (Telmisartan, Boghringer)
ca 1000 Ha, ca 150 mio €fa 2004 sales: 26 bn e 2004 sales: 789 mio &

CH
h ¢ ﬂ s
N OH H‘ITCUO [
HN N CN
& O
T NH,
OH _
Biphenomycin B (antibiotic) NCB 807 {Liquid crystal, Merck)

Figure 1-3: Examples of molecules produced via th8uzuki coupling [32]

The solvent is a significant component of the tieacbecause it
must be able to solubilise the reactants, the mmtsdand the base. Polar
aprotic solvents such as dimethylformamide (DMF)6-88] or
tetrahydrofuran (THF) [37, 39] (Figure I-4) arengeally employed to
perform the reaction. Other types of solvents cenfdund in the
literature such as toluene, water, ethanol, methahgcerol, etc. [40-

46).

Dimethylformamide (DMF)  Tetrahydrofuran (THF)

Figure I-4: Dimethylformamide (DMF) and
tetrahydrofuran (THF) structures
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In addition, the bases used in these reactiogeliavary. The most
common and effective bases are potassium carbdikgteO;) and
sodium carbonate (NG@Os) [26, 33, 39, 47]. However, other bases such
as sodium phosphate (§rDy) [26, 39], cesium carbonate (Cs) [26]
or organic bases such as tert-butylamine (TBA) [26]d N,N-
diisopropylethylamine (DIPEA) were sometimes coasidl, leading to
good biaryl yields [48, 49].

Other parameters such as the duration (betweer ¥#& hours) of
the catalytic tests, the reaction temperature (eetw293 and 393 K) or
even the quantities of reactants differ considgréfgim one reaction to
another, showing the wide variety of ways that hiagen implemented

to achieve and study the Suzuki reaction [11, 2649].

3. Catalysts

The Suzuki cross-coupling reaction needs the poesesf a
palladium-based catalyst. A tremendous variety aiflgsts have been
used to perform this coupling whatever they werentgeneous or

heterogeneous.

3.1. Homogeneous catalysts

The Suzuki reaction is traditionally carried outlwhomogeneous
catalysts. These are often soluble palladium coxaglegenerally
associated with ligands of monoarylphosphine typehsas the
tetrakis(triphenylphosphine) palladium (Pd(R&@h(Figure I-5) [39, 50].
However, a large number of alternative homogenecaislysts are
reported in the literature like PdCJ11, 26] and Pd(OAg)[45, 51].

Some groups of researchers have tried to develap afbicient types of
15



ligands: for example the catalysts of Buchwald [53], Beller [54],

Nolan [55] and Herrmann [56]. Examples are giveRigure 1-6.

(7 )

ey

Q /4

Figure I-5: Tetrakis(triphenylphosphine) palladium
(Pd(PPhy),) catalyst [57]

(a) < é % ;\_\ (b) ( C’i;_\

(c) ;"1
LF f

4--3"“”“““&;“
TENEN
’\W('

Figure 1-6: Examples of homogeneous catalysts witiarious ligands: (a)
Beller catalyst, (b) Nolan catalyst and (c) Herrman catalyst

Whatever the homogeneous palladium-based catalystsis
generally accepted in the literature that the meisna of the Suzuki
reaction is a catalytic cycle comprising three neteps (Figure 1-7): (i)
the oxidative addition, (i) the transmetallationdafinally, (iii) the
reductive elimination [11, 26, 29, 31].
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The first step of the mechanism is the reactidwéen the catalysts
containing a zero valent-palladium species’(Rohd the aryl-halide to
form the palladium complex (1) (Figure 1-7). Thise is called
"oxidative addition" because Pi$ oxidized into Pd by the addition of
the aryl-halide. It has been established that wisdmg a catalyst such as
Pd(PPh)4, the reactive species in the oxidative additionaidow-
liganded complex P@PPh), obtained after the decomplexation of two
(PPh) ligands. The halogen of the complex (1) is eadigplaced by
hydroxide ions to form a fRPf*-OH complex (2).

Pd’(PPhy),

OXIDATIVE
Rle l 2P} ADDITION

® Pd°(PPh),

Ry
REDUCTIVE
ELIMINATION

PPhy PPhy

" |

PPhg

@ PPh, @)

“B(OH), Tph3 ‘/ oM
TRANSMETALLATION RlQTdZ‘ OH /-
(OH), - B(OH)3 PPh, <

+ OH ——

Ry Ra

Figure I-7: Catalytic cycle of the Suzuki coupling
with homogeneous catalysts: example of Pd(PBh catalyst

The transmetallation step first needs the presasfca base to
activate the boronic acid (Figure 1-8). The lattehaves as a Lewis acid

in the presence of an anionic base to produce éhmuare reactive
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boronate complex. The transmetallation leads tddhmation of biaryl-
Pdf* species (3).

B(OH), “B(OH)3
+ OH —>

Rz R2

Figure 1-8: Activation of the phenylboronic acid
in the presence of a base

The final step of the mechanism is a reductivenialation to
produce the final biaryl molecules. In this lastpstPd” is reduced into

its metallic form (P and thus starts again the catalytic cycle.

As it appears from this catalytic cycle, the bhae a dual purpose:
() the halide of the Ar-Pd-X complex (1) is dispdal by hydroxide ions
to produce the more reactive Ar-Pd-OH species (& i) in the
presence of a base, the phenylboronic acid (pK&)+88] is activated
into a hydroxylboronate complex Ar-B(OH) (Figure 1-8). The
activation of the phenylboronic acid increasesribeleophilicity of the

aryl group and thus promotes the transmetallation.

The formation of carbon-carbon bonds with homogesecatalysts
has a high potential. Indeed, this type of catalysts some advantages:
(1) the catalyst is in the same phase as the substwhich leads to a very
efficient catalysis that is not hampered by diftusproblems, (ii) every
single metal atom is catalytically active and (iig rate and selectivity
of the catalyst are easily modified by changingrietal, the counterion

and the ligand [58]. Unfortunately, these soluldenplexes of palladium
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suffer from important downsides: (i) difficultieso trecover the
homogeneous catalysts and therefore to re-use ttig¢rhigh costs and
(iif) contamination of the product with Pd. Thistgoint is particularly
important in the synthesis of pharmaceutical mdesdor which the
tolerated concentration of residual metal is veny (less than 5 ppm)
[59]. So, for these reasons, organic chemistryaslgally turning to re-

usable and cheaper heterogeneous catalysts.

3.2. Heterogeneous catalysts

The use of heterogeneous catalysts would overchmeérawbacks
of the homogeneous ones. Indeed, to carry out tizeks reaction, the
active metal, namely palladium, can be immobilisadvarious supports
such as activated carbon, oxides or polymers [61592, 60]. This last
category will not be detailed in this thesis but éxample, polystyrene
[61] and polyethylene [62] are used as supportpédiadium to perform
the Suzuki coupling. An interesting example is tiee of a micelle
comprising Pd nanoparticle and a star-shaped btmgolymer as a
catalyst to perform this reaction [63].

Palladium-based catalysts supported on activated carbon (Pd/C)

Palladium on activated carbon is widely employediridustrial
processes and particularly as a hydrogenationysatfh4, 65]. More
recently, Pd/C catalyzed cross-coupling reactiorsveh received
considerable attention such as the Heck [66-68]le $69], Sonogashira
[70, 71] and Suzuki couplings [68, 72].

The first Suzuki coupling catalyzed by Pd/C appgare1994 for

the synthesis of liquid crystals [72]. Since thpalladium on activated
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carbon has become the most popular heterogenetalgstado achieve
the Suzuki coupling for several reasons. This sodid work with a wide
variety of substrates (bromide, iodide, chlorideyl aeaction conditions
(temperature, ultra-sound, and microwave). Indekese catalysts are
very stable in acidic or basic conditions and aighlly resistant to
heating [73]. Furthermore, palladium can be easibpvered by burning

the activated carbon under an oxygen flow.

However, specific activities of Pd/C-catalysts ke compared to

those obtained in homogeneous catalysis [11, 261334, 74].

Palladium-based catalysts supported on oxide supports

An alternative to carbon-supported catalysts isube of metallic
oxide supports. The use of Pd supported on metesthler than carbon
for the Suzuki coupling is found in the literatuRd can be deposited on
SiO; [75], SIO-TIO, [37], Al,O5 [76], Al,Oz~ZrO, [76], Al,O—~ZrO—
EwO; [76], MCM-41 [77], zeolites [75], sepiolites [78MgLa mixed
oxides [79], layered double hydroxide (LDH) [4], tale organic
framework (MOF) [80], KF/AJO; [81] and MgO [76]. The activity of
these catalysts is very low compared to the oneaiméd with
homogeneous and Pd/C catalysts and the conditiodsruvhich they
are used, are therefore quite hard (temperaturk, ywhich may lead to

dissolve them.

More generally, several recurrent problems haven eountered
in the articles concerning the use of supportedlysis whether on
activated carbon or metallic oxides. As shown pesiy (Figure 1-7),
the active species in homogeneous catalysis foStimiki coupling is

the zero-valent palladium (Bd During the catalytic cycle, PBdis
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oxidized into P@ and again reduced to repeat the cycle. For the
heterogeneous catalysts, the nature of the achi@sephas not yet been
well elucidated and investigations on this subjeften lead to
contradictory conclusions, particularly in termstioé oxidation state of
the active species (Pdnd/or P& [11, 26, 59, 66, 77, 82-84].

Furthermore, some authors argue that Pd species baugached
from the support into the solution in order to a&e@ the Suzuki
coupling. According to these authors, the leachatdagium is re-
deposited on the support after the reductive ebtiom step of the
catalytic cycle [38, 74, 85, 86].

Whatever the heterogeneous palladium-based catalydte
knowledge of the Suzuki coupling mechanism is kaitand research

leads to contradictory results which bring to artad situation.

4. Batch vs continuous processes

Interest in liquid-phase synthetic processes perdor in
continuous-type reactor is growing for industry gratticularly for the
pharmaceutical sector. Indeed, these reactors $ewaral advantages in
terms of economic, environment and safety compdoedbatch-type
processes, traditionally used for the synthesis pbfrmaceutical

molecules [31, 32].

Batch reactors using homogeneous catalysts haveeradev
drawbacks: (i) the recovery and the re-use of tyje of catalysts are
difficult because of their dissolution in the réaotmedium, (ii) trace of
catalysts, remaining dissolved even after separatiod purification,
may persist in the interest product, (iii) high c@nal costs due to long

periods of inactivity between successive batchefigptying, cleaning,
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filling the reactor and restarting a run and fipdll) problems with the

selectivity of the products. In fact, it is likethiat a too long residence
time in the reactor leads to consecutive reactams thus to a loss of
selectivity for the desired product. The use of towous processes
makes it possible to reduce or eliminate the prablencountered when
using batch reactors. However, the synthetic pgasesn continuous
reactor require heterogeneous catalysts immobilisea fixed-bed that

must be crossed by the reaction mixture.

Currently, the vast majority of pharmaceutical ncoles are
synthesised by the coupling of aromatié sarbons (among others the
Suzuki reaction) in batch processes in which theblpms described
above occur. Generally, this reaction is perfornmedhe presence of
homogeneous palladium catalysts. Heterogeneouysistasuch as Pd
on activated carbon are also sometimes used. Howth@se are not
transferable to a continuous process because theyecoverpressure
problems upstream of the catalytic bed and diffaiolimitations
related, on the one hand, to the diffusion of r@atst inside of the
activated carbon pores, and on the other handhéo diffusion of

products from the pores to the outside of the rmadter

The further understanding of the intervention @& tteterogeneous
catalysts in the Suzuki cross-coupling may allowtaadapt them (tune
them) to allow their use in continuous reactor lgwis benefits) with
performances equal to, or even better than, thds@ined with

homogeneous catalysts in batch reactors.
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5. Towards the objectives of the thesis

As exposed in the previous sections, the knowléddkee literature
about the Suzuki coupling with heterogeneous cstislys relatively
limited and current research leads to contradictesylts which bring to
a blurred situation. The understanding of the Sumdaction mechanism
with heterogeneous catalysts is particularly lichitels it a real
heterogeneous catalysis or has the active metaliriBeled to be leached
from the supports in order to perform the Suzukissrcoupling ?
Furthermore, the nature of the active Pd oxidasitate is not yet well-

defined and investigations on this subject leacbtaflicting conclusions.

Based on the accepted mechanism in homogeneoalysiat[11,
29, 31], the Suzuki reaction requires the actioa bfse. This is also true
for the heterogeneous processes in which a basedtly K,CO;) must
systematically be added to the system [26, 87]theamore, one of the
reactants is an acid (boronic acid). In the hetmegus reaction, all
reactants (acids and bases) will have to interd#ti tive catalyst surface
or even adsorb on it. Understanding the acido-bphienomena that
govern the heterogeneous reaction turns out to fbeéhe® utmost

importance in the search for optimised formulations

In this context the central objective of the thesi is thus to
understand - and consequently take advantage of he intervention
of heterogeneous catalysts in the reaction mechanisof the Suzuki

coupling.
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Four intermediate objectives have been identifeedeich the main
one described above:

(i) determining if the Suzuki coupling with heterogeneous catalysts

is really heterogeneous and not homogeneous,

(ii) identifying the properties that a catalyst has to possess (or not)

to be active in the Suzuki coupling, e.g. the specific surface area,

the porosity, the palladium oxidation state, the palladium

crystalline phase, etc;

(iii) enlightening the influence of the acido-basic properties of the

supports and catalysts on Suzuki cross-coupling reaction;

(iv) identifying the mechanistic steps of the Suzuki coupling with

heter ogeneous catalysts via a kinetic study of the reaction.

6. Strategy

The strategy employed in thesis is divided inta feections that are

developed below.

The Suzuki coupling

To meet our objectives, it is firstly necessaryctmose a probing
reaction for the synthesis of biaryls. Precisely; choice was directed
towards two Suzuki reactions but the expected mdwamely the 4-
methylbiphenyl, is the same for both reactions.the first one, the
reactants are 4-bromotoluene and phenylboronic. ddi¢ second one
also implies the 4-bromotoluene but the phenylbigracid is replaced
by a phenylboronic acid pinacol ester. This last andetectable by gas
chromatography contrarily to the phenylboronic acsh making it

possible to follow the conversion of this reactasa function of time.
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These probe reactions employ identical reactamds ttose
implemented in the pharmaceutical industry in bapcbcesses with
homogeneous catalysts. Therefore, these reactrenssad to evaluate

the activity of the catalysts developed in thissteén a realistic context.

Concerning the nature of the halide of the aryle®alAr-X), we
have decided to use bromides because they haventarmediate
reactivity between the iodides (very reactive) #mel chlorides (slightly
reactive). In general, chlorides are cheaper thramides and iodides.
However, we were not able to perform the Suzukiptiog in the
beginning of this thesis with an aryl-chloride. Aoptimization of
reactionconditions was necessawjth this reactant, but without the
guarantee that the reaction would work. On the raoynt the reaction
with bromides was quickly developed and gave garitlities. Thus, it
was possible to optimize directly the reaction dtiods and test our
catalysts with the aryl-bromide. That is for thesmasons that the

bromide was chosen.
Pd-based catalysts supported on carbons

The first part of this thesis investigates the ofsBd-based catalysts
supported on activated carbon and carbon blacletioin the coupling
reaction. Indeed, they are sometimes used moress éfficiently in
batch type reactors for Suzuki reactions. The stfdfiese catalysts will
allow to identify the essential characteristicsligzium oxidation state,
palladium dispersion, acido-basicity and textureghaf supports) that a
catalyst has to possess (or not) to perform theulSuzoupling.
Furthermore, these catalysts will serve as a reéerdor the catalytic
performances of the oxide-supported catalysts deeel later on in this

research.
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Carbon black possesses pores of a larger size pmess) and a
lower specific surface area than activated carbuicrOporous). The
comparison between them will allow us to understdrainfluence of
the texture among others on the diffusion of reastaand products

inside the pores.

Different chemical treatments will additionally bpplied to the two
carbon supports in order to modify the groups presa their surface
and therefore modify their acido-basic propertiEse treatments may
affect the dispersion of Pd on the supports but &ile catalytic activity.
Indeed, the hypothesis that we want to assessaisthie acido-basic
properties of the supports should influence thalgat activity. In other
words the balance of the acidic, and basic, charatts of the
catalysts, could play a role on the adsorptionhefreactants and of the

base, and consequently affect the activity of theu&i reaction.

Significant attention will be paid to the leachiofythe active metal

(palladium) in the liquid medium.
Pd-based catal ysts supported on oxide supports

The second part of the thesis concerns a systersati&ening
aiming at investigating the activity of palladiuraded -catalysts
supported on different oxide supports. Our choies @irected towards
on solids commonly used in catalysis, namely ,Ji®0;, Al,Os; MgO,
ZrO, and Ce®@ They were chosen for two main reasons. (i) These
materials have porosities (meso- or macropored) ahe in principle,
more easily modifiable and controllable than carkapports [88]. (ii)
They have quite different physico-chemical progaritompared to each
other, particularly in terms of their acido-basitatacter, reducibility,

hydrophobicity/hydrophilicity and ability to dispses palladium particles.
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Two techniques for catalyst syntheses will be usedeach oxide
support previously mentioned: the wet impregnatiod the deposition-
precipitation. We hope to get larger Pd dispersimmsthe deposition-
precipitation than for wet impregnation thus allogiithe study of the
effect of Pd dispersion and particle size on thalgac performance. A
significant attention has also been paid agaihédeaching of the active

metal (palladium) in the liquid medium.

Two mixed oxides catalytic systems have additignaen chosen
to further highlight the possible influence of abiase properties of
supports and catalysts on the catalytic activityeSe systems have been
selected thanks to the catalytic data obtained firwarscreening but also
in terms of ease of modulating the acido-basic @igs of the

materials. These mixed oxide systems selected are:

- Si-Al mixed oxides whose acid properties strongipehd on the
Si/Al ratio [89] ;
- Mg-Al mixed oxides which are materials whose basizperties

vary in function of the Mg/Al ratio [90-92].

Kinetic studies

An experimental reaction rate expression will belly determined
by varying the concentration of the reactants @hwmtoluene,
phenylboronic acid and the base,@0;)) and the reaction temperature.
This experimental reaction rate will be deduced dar best catalysts
supported on carbon materials and oxide suppoase®on the accepted
mechanism of the Suzuki coupling in homogeneoualysis and on the
results obtained on the previous chapters, theatetate expressions
will be also determined by making assumptions abibet reaction

pathway with a heterogeneous catalyst. By compahegexperimental
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and theoretical expressions, the idea is to idettié rate limiting step of
the Suzuki coupling. Having a better understandaigthe Suzuki
coupling mechanism and particularly identifying tlae limiting step,
might indeed eventually allow to determine whichrapaeter(s)
influence(s) the catalytic performances of the Ruzeaction, and

ultimately improve them.

7. Content of the thesis

This current chapterChapter |) consists in a brief review of
literature on the Suzuki coupling, the catalysteduso perform this
reaction, the objectives, the strategy and theerraf this thesis. The
necessary information concerning the experimenttups for the
physico-chemical characterisations of the diffenmaterials and for the
evaluation of the catalytic performances in theukuzoupling will be

given inChapter Il .

Part 1 concerns Pd-based catalysts supported on carbmhdsa
divided into two sections. The first sectid@h@pter 111 ) compares the
results obtained by the catalysts supported orvaetl carbon and
carbon black. Both supports possessing quite difitertextural
properties, the comparison will allow us to elutéd#he influence of
them on the Suzuki coupling. The influences of Bdding and Pd
oxidation state have been also studied in thistelaphe reproducibility
of the catalytic tests performed with our materesl the occurrence of
Pd leaching are checked. The second section giatte Chapter IV)
highlights the influence of the acido-basic projgsriof the supports on
the Suzuki coupling.
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Part Il focuses on the catalysts supported on oxide stgpbne
first chapter of this partGhapter V) reports a systematic screening
aiming at investigating the activity of palladiuraded -catalysts
supported on different oxide supports. The inflgeié the acidity is
studied on Pd supported on a series of silica-alamiith different Si/Al
ratios inChapter VI and the influence of the basicity is evaluated on

Mg-Al mixed oxides with various compositions@hapter VII .

In Part Il , a kinetic study has been carried out on the ¢eslysts
supported on carbon materials and on oxide supgGtiapter VIII ).
The comparison of the experimental reaction ratd whe theoretical
ones allows identifying the rate-limiting step bétSuzuki reaction. The
Chapter VIII also presents a tentative mechanisthe@fSuzuki coupling

with heterogeneous catalysts.

An overall discussion about the obtained resultghis thesis is
made inChapter IX.

Finally, a last chapteGhapter X) presents the main conclusions of

this thesis.
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