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ABSTRACT
Hydro-Metathesis of Long-Chain Olefin (1-decene) using Well-Defined SilicaSupported Tungsten (VI), Molybdenum (VI) and Tantalum (V) Catalysts
Aya Saidi

Nowadays, catalysis lies at the heart of economy growth mainly in the petroleum industry
1

. Catalysis can offer real and potential solutions to the current challenges for a long-term

sustainable energy, green chemistry, and environmental protection 1.In this context, one
of the most important and future prosperity promising catalytic applications in the
petrochemical field is hydrocarbons metathesis; it consists on the conversion of both
renewable and non-petroleum fossil carbon sources to transportation fuels 2.
Olefin metathesis has become one of the standard methodologies for constructing C-C
bonds in many organic transformation reactions. This owed to the numerous types of
metathesis reactions that have been developed, for example, enyne, ring-opening and
closing, self and cross metathesis, etc. But the one step conversion of olefin to alkanes
has not been studied much. Recently, only one such a work has been published for the
hydro-metathesis of propylene by tantalum hydride supported on KCC-1 in dynamic
reactor 3.

4

With this knowledge, we thought to study the hydro-metathesis using liquid olefin (1decene). Another aspect of using 1-decene comes from our previous experience on
metathesis of n-decane where the first step is the conversion of decane to 1-decene and
subsequently to different chain length alkanes with W-alkyl/alkylidene catalyst. In this
way, it would be easy for us to use different catalysts and compare them with parent
catalyst concerning TON. We found 100% conversion with TON of 1010 using
supported WMe6 onto SiO2-700 [(≡Si-O-)WMe5] against the previous results for n-decane
showing 20% conversion and TON of 153 4.
In this work, we disclose the hydro-metathesis reaction of 1-decene using well-defined
silica supported W(VI), Mo(VI) and Ta(V) alkyl catalysts in batch reactor condition.
This work is divided into three major sections; first chapter contains an introduction to
the field of catalysis and surface organometallic chemistry. In second chapter, we
describe all the experimental procedures of the catalysts. The third chapter is devoted to
the characterization and interpretation followed by catalytic reactions. Finally, a brief
conclusion of the present study is given.
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CHAPTER 1: BACKGROUND
1.1.

Introduction

Catalysts can be divided into three types; homogeneous, heterogeneous, and enzymatic.
The main advantages and drawbacks of each type are presented in Table 1.

Catalytic

operation is based on the same fundamental principle; a molecular phenomenon. Since
the distribution of products is specifically dependent on the catalyst, we can tune the
catalyst in terms of electronic and steric to get better activity as well as selectivity in a
given reaction 5.
Table 1: Advantages and disadvantages of the different types of catalysts
Homogenous

Heterogeneous

Enzyme

Definition

Catalyst and
reactants are in
samephases

Catalyst and
reactants are in
different phases

Based on the use of
the active site of
a protein 6

Advantages 1, 5

Structurereactivity
relationship

Easy catalyst
recovery and
separation

Higher Specificity
for the substrates.

Solubility hence
enhances the rate
Easy modification
of catalytic
activity changing
the electronic and
steric environment
around the
catalyst

Better thermal and
chemical stability

Less environmental
pollution
Very active, higher
yield rates
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Disadvantages 7, 1

Difficult catalyst
recovery and
separation

Difficult to assess
active sites and to
improve

Less stable at high
temperature

Nonsoluble; Slow
rate
Activators use;
Poisoning effect

Insufficiently
stable
Problem with
separation of
product and
recovery of the
substrate

The main advantage of heterogeneous catalyst in industrial processes is because of their
chemical and thermal stability.

In particular, easy separation between catalysts and

products, but they suffer from low selectivity and over-consumption of energy making
the process neither economic nor ecological friendly 8. These problems are a consequence
of the small number of active sites which are poorly characterized. In contrast, in
homogeneous catalysis, the active species, and the catalytic mechanism are better
understood. Therefore, the main idea is the implementation of the homogeneous concept
onto heterogeneous. Two approaches are possible,

first

is to immobilize the

homogeneous catalyst by substituting one of the ligands by another one linked to a oxide
surface (Silica, Alumina…), this method is called supported homogeneous catalysis. The
second approach is by bonding directly the metal center to the surface which is referred
as surface organometallic chemistry (SOMC) as presented in figure 1 9. Here we will be
focusing on surface organometallic approach to design and synthesize the catalyst.

15

Figure 1: Well-defined heterogeneous catalyst building approaches 9

1.2.

Surface Organometallic Chemistry (SOMC)

1.2.1. Definition
The term surface organometallic chemistry (SOMC) is the chemistry of organometallic
compounds directly linked onto oxide surfaces, metal oxides and nanoparticles 8. SOMC
is based on attempting to bridge between the two types of catalysis. Although the surface
organometallic complexes resemble superficially as heterogeneous catalysts, its uniform
structure and catalyst distribution on the support make it unique from other, it is closely
related to the homogenous one having character of heterogeneous catalyst 10.
One of the most challenging goals is the preparation of a surface and the uniform
distribution of the active sites, for the better understanding of the organometallic
fragments (SOMF) on the surface. Furthermore, better understanding of SOMF would
leads to better understanding of the elementary steps to drive the catalytic reaction
mechanism 8.

16

Thus, elaborating new catalysts for the desired product for a specific reaction pathway
using the single site approach is the primary objective of SOMC.

1.2.2. Well-Defined Catalyst
By definition, a single-site heterogeneous catalyst is a solid where the catalytically active
sites are well-defined and structurally identical with uniform composition as in
homogeneous systems, having all the advantages of heterogeneous complexes at the same
time (easy separation, catalyst recyclability, and recovery). These species have all the
same energy of interaction between the site and the reactant, they are spatially isolated
from one another, work independently and structurally well characterized 11, 8.
The schematic presentation of SOMF in Figure 2 permits to have access to all the needed
information of the metal center coordination sphere (e.g., formulation, oxidation state,
electronic configuration, non-bonding electrons, total electron counting, podality, and
geometry) 8.
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M = Transition metal
W, Ta, Mo, Re…

R = “Functional”

M’= Oxide Support

ligand(s)

SiO2, Al2O3 , SiO2-Al2O3,
SBA15, MCM 41…

H, Alkyl, Alkylidene,
Amido, Carbyne…

X= Spectator ligand
Oxo, amido, imido…

Figure 2: Schematic presentation of a surface organometallic fragment design able to
achieve any catalytic reaction 8

Transition metal ions are covalently bonded to the oxide support surface by an M–O−Si
bond (due to a grafting process) giving site-isolated complexes, while the oxide support is
pivotal to the surface complexes and it can be considered as very bulky ligand 8.
This approach leads to isolate the highly reactive intermediates, assess a structure-activity
relationship, identify the elementary steps, study their stoichiometric activity and so
predict the catalytic reaction mechanism 12.
Therefore, single/well-defined site approach in SOMC permits the design of better and
even new catalysts and the discovery of new catalytic reactions 12.
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1.2.3. SOMC Fragments
Reaction between surface and organometallic complex results in the formation of SOMC
catalyst where the organometallic part attached to surface is called as surface organo
metallic fragments (SOMF). A huge number of catalytic reactions (e.g. alkane
metathesis, olefin metathesis…) has been explored by SOMC via a wide range of these
surface complexes; metal hydride (M-H), metal alkyl (M-R), metal carbene (M=C), metal
carbyne (M≡C) and metal imide (M-NR) as shown in figure 3. Moreover, some metal
centers can be bonded to different fragments simultaneously leading to enhance the
catalysis performance 8. Due to the importance of hydrocarbon transformations, metalalkyl and metal hydrogen fragments have been the most widely studied.

Figure 3: Surface organometallic fragments (SOMF) by SOMC 8
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Thus, by identifying the metal fragments, characteristic elementary steps could be
explored as the example of butane dehydrogenation in figure 4 13.

Figure 4: Formation of SOMF by interaction between metal support catalyst and
substrate
The support plays a crucial role in surface organometallic chemistry. Therefore, it is
crucial to understand it to control its catalytic performances regarding activity, selectivity
and stability 12, 14. The most common used supports are silica, silica-alumina and alumina.
The change of surface after grafting can be followed by different analysis methods
(Figure 5).

Figure 5: Surface complexes characterization 12

12
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1.2.4. SOMC Supports
1.2.4.1. Silica-Supported Systems

Silica is typically one of the most studied oxide supports; it is an amorphous solid with
relatively high surface area between 50 and 1000 m2 g−1

12

. Its preparation involves

different methods leading to different types, textures and shapes of silica 15, the most used
one are fumed silica, obtained via flame pyrolysis which is marked by Degussa under the
trade name Aerosil 8. This latter is characterized by its non-porous structure so no
diffusion problem, high purity, small particles size (10–30 nm) and large surface area
(100–400 m2 g-1) 15.
The surface is composed of tetrahedral [SiO4] units connected to each other to give
siloxane bridges (Si-O-Si) and different types of silanol groups (Si-OH). The density of
solanol groups depends on the thermal treatment of the material under vacuum 16.
The siloxane bridges form siloxane rings characterized by their size ranging from strained
4 to flexible 12-membered rings as shown in figure 6 (ν(SiOSi) = 909 – 889 cm−1 11) which
decreases with an increase in the pretreatment temperature 12.

Figure 6: Siloxane bridges 16
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Regarding the silanol groups (Si-OH), upon thermal treatment under vacuum, their
overall density decreases nearly exponentially with temperature by self-condensation.
Therefore three different types of silanol groups could be identified; isolated (νOH = 3747
cm−1), germinal (νOH = 3650 cm−1) or vicinal (νOH = 3750-3740 cm−1) as shown in figure
7 2, 16.

Isolated

Vicinal

Geminal

Figure 7: Different types of silanol groups

During dehydroxylation process, water is desorbed, and the surface area starts to drop
significantly due to a decreasing in isolated silanol density leading to reduce the
annularity of siloxane bridges which become strained and reactive 164.
The specific surface area is maintained without loss up to 700 ˚C. At this temperature, the
support is referred as SiO2-700 and the silanols are isolated and statistically distributed
with coverage (ɵOH) ca. 0.7 OH nm−2 gm−1 and an average distance between them ca. 13
Å 15.
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For the case of mesoporous silica such as MCM-41, if the thermal treatment is too fast or
if it exceeds 500-600 ˚C, the surface structure may collapse leading to a loss in the
specific surface area 14.
The isolated silanols could be identified from the sharp and unique signal at ca. 3747
cm−1 in IR spectrum and ca. 1.8 ppm in NMR spectrum (figure 5) 15.
Mesostructured silica such as MCM-41 and SBA-15 are also studied. They are prepared
by sol−gel methods using a surfactant as a template to form cylindrical mesopores which
are organized in a hexagonal lattice between the cylindrical pores

16

. The size of the

mesopores ranges between 6.5–15 nm 8 and 2.0−6.5 nm 17 while the thickness of the pore
walls varies from 3.1 to 4.8 nm

8

and ca. 1.65 nm

18

for SBA-15 and MCM-41

respectively.
1.2.4.2. Alumina-Supported Systems
Alumina (Al2O3) shows a more complex surface chemistry than silica due to its
numerous types of allotropes presenting different functionalities; it can be a pure phase or
combination of α, δ, γ, η and θ alumina 16.
Alumina has a mixture of interconnected octahedral AlO6 and tetrahedral AlO4 units. The
amount of this latter depends on the support type; θ (50%), δ (37%), γ (25%) and α (0%).
Alumina is a porous material with surface area (80–250 m2 g−1) which is used in a wide
range of catalytic application as it could be a catalyst or the catalyst support. The mostly
used one is γ-alumina 14.
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1.2.4.3. Silica−Alumina Supported Metal Complexes
Alumino-silicates which include zeolites are much more complex supports as they exhibit
the mixed features of both silica and alumina. They can be prepared by different methods
starting from the molecular precursors; sol−gel, thermolysis, and co-precipitation
16

.Generally, the surface is dominated by the silanols groups characterized by the similar

IR spectra in silica, but it is slightly broader due to its interaction with Al sites 16.

1.3.

Alkane Metathesis

Alkanes are the main constituents of the petroleum and especially C9-C20 linear range
which is considered as the ideal fuel composition for a diesel engine. As oil reserve is
going to deplete in coming years, massive efforts have been made to transform light
hydrocarbons coming from FT process into higher molecular weight transportation fuels.
This is very challenging as most of the organometallic fragment having little or less
affinity towards C-H and C-C bonds because of their stability 19.
Alkane metathesis reaction has been extensively studied during the past three decades.
In the year of 1997, Professor Jean-Marie Basset and coworkers reported for the first time
a well-defined silica-supported tantalum monohydride single-site catalyst as an active
catalyst for alkane metathesis. This catalyst works in mild conditions (<150 °C) to form
lower and higher homologues of a given alkane 19.

24

By definition, alkane metathesis is a reaction that directly transforms two molecules of a
given alkane into its homologs at different chain lengths according to the following
general equation (Equation 1) 19.

2 CnH2n+2 ——> Cn+iH2(n+i)+2 + Cn-iH2(n-i)+2

(n>2; i = 1, 2… (n−1)) Equation 1

It consists basically of the C-H bond breaking to form metal–carbon and metal–hydrogen
bonds as shown in figure 8; for C-H bond addition the resulting fragment of the broken
molecule is bonded to the metal. However, C-C bond activation is much rarer because
they are less reactive than C-H bond 4.

Figure 8: C−H bond activation

Alkane metathesis is usually catalyzed by well-defined group 5 and 6 supported metals
because of their ability to catalyze the hydrogenation, metathesis, and dehydrogenation at
a single metal site 16.
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Taking the example of propane metathesis with Ta-H supported on SiO2-700; a possible
mechanism propose as shown in figure 1 that the first step is C–H bond activation of the
alkane with M−H to form H2 and M−alkyl. Then, Ta−alkyl undergoes α-H transfer
leading

to

[Ta(=CH−C2H5)(C3H7)],

followed

by

β-H

elimination

giving

Ta(=CH−C2H5)(η2-C2H4). After that, [2+2] cycloaddition occurs as the main step of
metathesis reaction forming a substituted metallacyclobutane. This latter undergoes
cycloreversion to give new olefin and carbene. Further, olefins are reduced with the
same starting catalyst 8 (Figure 9).

Figure 9: Proposed mechanism of propane metathesis by Ta-H supported on SiO2-700 8
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1.4.

Olefin Metathesis

Olefin metathesis refers to the exchange reaction of substituents on each end of the
double bond between different olefins as it is shown in figure 10:

Figure 10: Olefin metathesis principle

This catalytic reaction was discovered 60 years ago using both homogeneous and
heterogeneous catalysts

16

. In 1971, Chauvin proposed a mechanism for alkenes

metathesis, it involves a [2+2] cycloaddition reaction between a transition metal
alkylidene complex and the alkene to form metallacyclobutane as a key intermediate
(Figure 11). Then, this latter is broken giving a new olefin and alkylidene. These
elementary steps could be repeated until obtaining an equilibrium mixture of olefins 20.
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Figure 11: Olefin metathesis mechanism by Chauvin 20

Both Schrock and Grubbs catalysts were found to be active in olefin metathesis

21

.

Although, Grubbs ones are more stable for functional groups, air, and water, Schrock
types catalysts are much more reactive. Their activity is due to their low coordination
number facilitating the access of the olefin to the metal center. Huge efforts were done to
modify the structure by changing ligands to promote the catalytic activity 21.

In this context, molybdenum and tungsten alkylidene complexes developed by Schrock
were found to be among the most powerful olefin metathesis catalysts

22

. Therefore,

based on SOMC approach, enormous efforts have been made for the development of
well-defined alkylidene catalysts toward alkene metathesis operating at mild conditions 5.
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(a)

(b)

Figure 12: (a) Classical Schrock catalyst alkyl type, M= Mo or W (b) First generation
Grubbs catalyst

Diverse classes of olefin metathesis could be identified; self, cross, both ring-opening and
closing, ethenolysis, acyclic diene and hydro metathesis 23.

The fundamental difference between olefins and alkanes metathesis is that in the latter
reaction, one or several sp3C-sp3C bonds can be cleaved and recombined, while for the
alkenes only the one double bond is reacted. This explains the non-selectivity observed in
the metathesis of paraffin. In fact, the product selectivity follows this order with a few
exceptions: Cn+1>Cn+2>Cn+3 ...; Cn−1>Cn−2>Cn−3... This order is affected by the
intermediates stability 19.

1.5.

Alkenes Hydro-Metathesis

Due to the importance of alkanes especially in the petroleum field, and knowing that
olefins metathesis is thermodynamically easier than its alkane analog even at low
temperatures 24, the development of direct transformation process of olefins into valuable
alkanes will be favorable.
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In this regard, a new catalytic reaction called “hydro-metathesis of olefins” is elaborated.
This reaction permits the direct conversion of alkenes into alkanes having higher and
lower numbers of carbon atoms in the presence of Hydrogen 3 as shown in the equation
below (Equation 2):
2 (CnH2n+2 + H2) → Cn+iH2(n+i)+2 + Cn-iH2(n-i)+2 + CnH2n+2

Equation 2

(n>2; i = 1, 2… (n−1))
This new reaction has been proved to exhibit an excellent catalytic performance, high
turnover number

3

and faster kinetic rate

24

when compared to the classical alkane

metathesis.
The first and only published hydro-metathesis reaction was realized with Tantalum
hydride supported on fibrous silica nanospheres (TaH/KCC-1) for propene and 1-butene
in dynamic reactor 3. This catalyst shows unusual catalytic activity and stability but low
conversion percentage as shown in Table 2.

Table 2: Products, Conversion and TON of TaH/KCC-1 for the hydro-metathesis
reaction of propene and 1-butene under dynamic reactor at 150 °C 3

Reactant

Products

Conversion

TON

Reaction
time

Propene

* Major products: propane, butane
(35–40%) and ethane (40%).
* Minor products: methane,
isobutane, and pentane.

37 - 40 %

750

65 h
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1-butene

* Major products: butane, propane

48 - 51 %

1150

75 h

(47–61%) and hexanes (13–25%)
* Minor products: ethane, propene,
pentane, and heptane.

Moreover, it has been found that the catalyst is not deactivated because hydrogen
prevents the formation of the unreactive carbynes 3.
Regarding the catalytic reaction mechanism, it involves almost similar elementary steps
as in alkane metathesis. The difference is the first step; for hydro-metathesis, the first
alkyl/metal complex is formed by insertion of the olefin into the Ta-H bond, while in
alkane metathesis this complex is formed by C-H bond activation 3.

1.6.

Chemistry of W, Mo, and Ta

Alkane metathesis is usually catalyzed by well-defined group IV and V supported metals
as they exhibit a high reactivity toward C–H and C–C bonds for numerous reasons 24:


Their ability to catalyze the hydrogenation, metathesis, and dehydrogenation at a
single metal site 16.



They are highly electron deficient (between eight and twelve electrons).



The use of support as a ligand adds a favorable electronic and steric factors.



The immobilization of a highly electron deficient complexes on a support
prevents the bimolecular deactivation (i.e. dimerization) allowing a better lifetime
of the catalysts 24.
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In this context, both supported metal hydrides and alkyls species; MHn,
M(neopentyl)n(alkylidene/alkylidyne) (M = Ta, W, Mo; x = 1−3) were investigated and
found very active in normal metathesis reactions 25.
Additionally, it has been found that the well-defined Tungsten pentamethyl grafted on
SiO2-700 [(≡Si-O-)WMe5] is a stable complex that exhibits a high activity towards the
metathesis of both cyclic and acyclic alkanes at moderate temperatures. This reaction
produces a wide distribution of linear alkanes from propane up to triacontane 26 in case of
n-decane metathesis reaction. or instance, it shows a conversion of 20% and TO

of

153 for n-decane metathesis over 120h at 150 C in batch reactor. Additionally, it displays
a significant activity towards 1-decene metathesis with a conversion of 90% and TON of
1650 in same conditions 25, 27.
Therefore, we choose to compare between well-defined silica-supported W(VI), Mo(VI)
and Ta(V) alkyl and their respective hydrides for the conversion of 1-decene to different
alkanes.
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CHAPTER 2: EXPERIMENTAL SECTION
2.1.

Introduction

All experiments were carried out by using standard Schlenk and glove box techniques in
inert atmosphere. The synthesis and the treatment of surface species were carried out
using high vacuum line (< 10−5 mbar) and glovebox technique.

2.2.

Catalyst Preparation

2.2.1. Silica Support

Figure 13: Silica calcination
SiO2-700 is prepared from Degussa Aerosil silica (specific area: 200 m2/g), it is partially
dehydroxylated at 700 ᵒC under high vacuum to give a white solid with specific surface
area of 190 m2/g and hydroxyl coverage of 0.3 mmol OH/g (The temperature to which
the silica is heated under vacuum determines the density of hydroxyl groups on the
surface). Slurry of Aerosil in water was placed in an oven at 120 ᵒC for seven days. 4 gm
of dry silica is put inside the quartz reactor and placed in the oven (Figure 13) at 150 ᵒC
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for 3 hours. The water droplets that appear at the top of the tube were evaporated with a
heating gun. Then, the reactor was connected to the high vacuum line (< 10-5 mbar) and
heated at 700 oC with temperature gradient of 1 degree per minute and maintain the
temperature at 700 oC for another 20 hours (Figure 14) 16.
Finally, the reactor is cooled to room temperature and put in a glovebox to be stored in
storage tubes.

T (°C)
20 h

700
3h

1°C/min

150
25

1°C/min
t (min)

Figure 14: Heating gradient for the silica treatment

2.2.2. Metallic Precursors

All the solvents were purified prior to use under argon atmosphere; pentane was dried
and distilled over Na/K alloy under argon, dichloromethane from CaH2 and diethyl ether
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from Na/benzophenone. All solvents were degassed through freeze-pump-thaw cycles.
All the metallic precursors were prepared according to literature procedure.
All the metallic precursors were prepared according to the synthetic protocols used in our
laboratory.
2.2.2.1. Tungsten(VI) Hexamethyl
Alkylation reactions of WCl6 was carried out with Zn(CH3)2 which is known as a mild
reacting agent (Equation 3).
WCl6 + 3 Zn(CH3)2  W(CH3)6 + 3 ZnCl2

Equation 3

Firstly, WCl6 was sublimed under high vacuum (Figure 15). In a glovebox, 1.8 gm of
WCl6 was taken in 25 mL of dry CH2Cl2 in a double Schleck and cooled to -80 ᵒC, to this
14 mL (3 equivalents) of Zn(CH3)2 were added drop by drop. The reaction was allowed
to continue at -80 oC for 3 hours. The reaction mixture was warmed up to −35 ᵒC and
stirred for another 45 minutes. Finally, the mixture was filtered dried and washed several
times with pentane, to obtain a red-brown solid of pure W(CH3)6.
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Figure 15: WCl6 sublimation procedure (Dry ice and acetone are immersed in inner tube
under continuous heating of the exterior tube for three independent times)

2.2.2.2. Molybdenum(VI) Tri-Neopentyl Neopentylidyne Complex
[Mo(≡CtBu)(CH2tBu)3] was prepared from MoC15 , this latter is mixed in 100 mL of mix
solvents (40 mL ether +60 mL pentane) to this 6 equivalents of Me3CCH2Li were added
and stirred at -80 C for 1 hour. Then, the solution was warmed up to ambient
temperature, and stirred for another 7 hours. The reaction mixture was filtered and dried
under vacuum. The crude product was purified by vacuum distillation to obtain a pure
yellow solid of [Mo(≡CtBu)(CH2tBu)3].
2.2.2.3. Tungsten(VI) Tri-Neopentyl Neopentylidyne Complex
The tungsten [W(≡CtBu)(CH2tBu)3] was purchased from STREM chemicals and purified
by vacuum distillation (Figure 16) to obtain a yellow solid.
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1

1
2

2

Figure 16: Schrock tungsten sublimation procedure (Heating of tube 1 and reception of
purified product in tube 2 which is immersed in liquid nitrogen for two times)

2.2.2.4. Tantalum(V) Tri-Neopentyl Neopentylidene Complex
A solution of Me3CCH2MgCl (5 equivalents) in ether was added to a solution of TaCl5 in
diethyl ether at -50 °C and stirred at that temperature for 1 hour. Then the reaction
allowed to come to room temperature and stirred for another 6 hours. The reaction
mixture was filtered and dried under vacuum. The crude product was purified by vacuum
distillation to obtain a pure orange solid of [Ta(═CtBu)(CH2tBu)3].

2.2.3. Grafting Process
The grafting procedure is standard for all the complexes; the metallic precursor (1.2
equivalent with respect to the amount of surface-accessible silanols) and excess of
pentane are put and well stirred in one compartment of the double-Schlenk, while the
silica 700 is added to the other side. The solution is added through the filter to the silica
under stirring. After the reaction, the supernatant is filtered into the other compartment of
the double-Schlenk by inversing the position of the double Schlenk. The filtrate is

37

washed and filtered three times with pentane, and then the remaining volatile solvent is
removed under dynamic volume. The final resulting solid is collected and stocked in a
fridge at −40 ᵒC.
The exposure of silica pretreated at 700 ᵒC to the metallic precursors results in an
irreversible chemisorption of the metal complex onto the surface. The silica, initially
colorless, acquires different colors depending on the metallic complex (Table 3).

Table 3: Different catalyst conditions

Complex

Stirring
conditions

Product Color

[(≡Si-O-)WMe5]

- 50 ᵒC for 1h

Golden yellow

- 30 ᵒC for 2h
[(≡SiO-)Mo(≡CtBu)(CH2tBu)2]

Room temperature
for 6h

Yellow

[(≡SiO-)W(≡CtBu)(CH2But)2]

Room temperature
for 6h

Light yellow

[(≡SiO-)Ta(=CHtBu)(CH2tBu)2]

Room temperature
for 6h

Light yellow

[(≡SiO-)W(H)x]

-

Yellow mustard

[(≡SiO-)Ta(H)x]

-

Brown

The expected resulting product of the grafting reactions can be written as in figure 17.
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Figure 17: Grafting of the different organometallic precursors on SiO2-700 24

For [(≡SiO-)Ta(=CHtBu)(CH2tBu)2] complex, the reaction starts with the addition of Si–
OH bond onto the Ta=C bond followed by α-H elimination, whereas in the case of

39

[(≡SiO-)W(≡CtBu)(CH2tBu)2] and [(≡SiO-)Mo(≡CtBu)(CH2tBu)2] the complex is directly
grafted on the silica surface 24.
Regarding Ta and W hydrides supported on SiO2-700, they were obtained by treatment
under hydrogen of the silica supported metal alkyls at 150 °C for overnight (Figure 18).

Figure 18: Formation of Tungsten and Tantalum polyhydride on silica SiO2-700

2.3.

Metathesis Reaction

Inside the glove box, a mixture of catalyst and 1-decene (1 mL) (1-decene is degassed,
dried and distilled from Na) are mixed in a special glass reactor (Figure 19). The reaction
mixture was freezed and 0.8 bar of dry hydrogen was added to it. The reactor is warmed
up to the room temperature, connected to a chiller and immersed in an oil bath and heated
at 150 °C for three days. At the end of the reaction, four mL of CH2Cl2 were added to the
mixture, filtered and analyzed by GC and GC-MS
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HVL
connection
H2O out

H2O in

Figure 19: Batch reactor used for the Hydro-metathesis reaction

2.4.

High Vacuum Line

All experiments were performed using a glass high vacuum system composed of
 High vacuum manifold and gas manifold.
 Solvent trap immersed in liquid nitrogen which reduces pressure by freezing out
the condensable vapors that may exist in the system and reach the pump.
 Two vacuum pumps to maintain low pressures; a rotary pump which can only
bring the pressure in a vacuum line down to 10-3 torr and a diffusion oil pump
between the rotary pump and the vacuum line to achieve pressures down to 10-5
torr,
 Two capacitance manometers with a combined range of 10-3 to 1000 torr.
The reactors should be connected to the vacuum system via high vacuum stopcocks and
spherical joints.
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2.5.

Characterization Tools

In this work, analytical methods have been used to characterize the evolution of silica
surface starting from the Aerosol to the final catalyst complex. These techniques include
Infra-red, Elemental Analysis and both liquid and solid state Nuclear Magnetic
Resonance Spectroscopies.
The resulted products after the catalytic reaction have been qualified by Gas
Chromatography–Mass spectrometry and quantified by Gas Chromatography coupled
with FID detector.

2.5.1. Fourier Transform Infra-Red Spectroscopy

FT-IR spectroscopy is used to follow the surface functionalities (OH groups)
modification of the support during partial dehydroxylation and grafting.
FT-IR spectra were recorded on a Nicolet 6700 FT-IR spectrometer by using a DRIFT
cell equipped with CaF2 windows which are transparent to IR radiation.
Around 25 mg of the sample (Aerosol, silica 700 and the grafted complex) were pressed
at a pressure of 125 Kg/m2 into a pellet 1.6 cm in diameter inside the glovebox. The
pellets were then placed in a sample holder which was inserted into an infrared cell
(Figure 20).
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Quartz shuttle

Quartz spring

Figure 20: FT-IR cell
Then, the spectra were obtained by sliding the sample holder into the head of the FT-IR
cell such that the pellet is parallel to the windows and perpendicular to the infrared beam.
16 scans at 4 cm-1 resolution were averaged for both background and sample spectra.

2.5.2. Elemental Analysis

After grafting, the analytical technique Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) is used to determine the metal loading percentage in each
complex while the CHN analyzer determines the carbon and hydrogen fractions.
These analyses were performed at KAUST analytical core lab.

2.5.3. Liquid State Nuclear Magnetic Resonance Spectroscopy

In order to characterize the synthesized metal alkyls complexes, liquid state NMR
spectroscopy was performed.
The spectra were recorded on Bruker Avance 600 MHz spectrometers. The chemical
shifts were measured comparatively to 1H or

13

C resonance in the deuterated solvents

CD2Cl2 (5.32 ppm for 1H and 53.5 ppm for 13C) and C6D6 (7.16 ppm for 1H and 128.06
ppm for 13C).
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2.5.4. Solid-State Nuclear Magnetic Resonance Spectroscopy

The Solid-state NMR spectroscopy one-dimensional and particularly the two-dimensional
heteronuclear NMR correlation (HETCOR) is among the most powerful characterization
techniques for well-defined heterogeneous catalysts as it gives detailed informations
about the structure which leads to understanding the active sites.
One-dimensional 1H MAS and

13

C CP/MAS solid-state NMR spectra were recorded on

Bruker AVANCE III spectrometers operating at 400, 500, or 700 MHz resonance
frequencies for 1H and

13

C respectively, with a conventional double resonance 4mm

CP/MAS probe at 400 MHz and 3.2 mm HCN triple resonance probe at 700 MHz.
The samples were introduced into rotors under argon atmosphere then tightly closed (A
dry Nitrogen is used to prevent samples degradation) then analyzed. For the chemical
shifts, they were measured relatively to TMS and adamantane references.
HETCOR NMR spectroscopy experiments were conducted on a Bruker AVANCE III
spectrometer using a 3.2 mm MAS probe.
2.5.5. 1H-1H Multiple-Quantum Spectroscopy

In order to fully characterize the structure, two-dimensional double-quantum (DQ) and
triple quantum (TQ) experiments were recorded on a Bruker AVANCE III spectrometer
operating at 600 MHz with a conventional double resonance 3.2 mm CP/MAS probe.
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2.5.6. Gas Chromatography

GC is used to quantify the hydrocarbons products and to elaborate the calibration curves.
After the reaction, 4 mL of dichloromethane were added to the solution, well mixed then
filtered to be analyzed.
GC measurements were performed with an Agilent 7890A Series equipped with a FID
(flame ionization detector) detector and an HP-5 Column of 30 m length x 320 μm
diameter x 0.25 μm film thickness.
The used method for GC analysis is the following; Flow rate: 1.1 mL/min (He), Split
ratio: 100/1, Inlet temperature: 250 ᵒC, Detector temperature: 300 ᵒC, Analysis
temperature ramp: 30 ᵒC for 2 min then 12 ᵒC/min to 280 ᵒC for 15.2 min. The post run is
2 min at 300 ᵒC. 1-decene retention time is 9.55 min.
The different alkanes’ response factors ( rom C3 to C34) were obtained from
extrapolation of response factor versus n-alkanes carbon number plot as this latter shows
a linear correlation.

2.5.7. Gas Chromatography-Mass Spectrometer

To qualify the resulting products, GC-MS was performed; it is based on the separation of
the different hydrocarbons according to their molecular weight allowing their
identification. These measurements were conducted with Agilent 7890A Series coupled
with Agilent 5975C Series. It is equipped with capillary column coated with non-polar
stationary phase HP-5MS. The used method is the same as in GC.
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CHAPTER 3: RESULTS AND DISCUSSION

3.1.

Introduction

The following catalysts presented in Table 4 have been synthesized and fully
characterized:
Table 4: Synthesized catalysts

Catalyst complex

Abbreviation

[(≡Si-O-)W(CH3)5]

Complex 1

[(≡Si-O-)W(≡CtBu)(CH2tBu)2]

Complex 2

[(≡Si-O-)Mo(≡CtBu)(CH2tBu)2]

Complex 3

[(≡Si-O-)Ta(=CHtBu)(CH2tBu)2]

Complex 4

[(≡Si-O-)W(H)x]

Complex 5

[(≡Si-O-)Ta(H)x]

Complex 6

The hydro−metathesis of 1−decene was recorded and compared for each catalyst at
different conditions, then compared to the decane metathesis.
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3.2.

Characterization

It is highly important to evaluate the structure of the support after each step of the
preparation process. To this end, Fourier Transform Infra-Red Spectroscopy (FT-IR),
elemental analysis, liquid and solid states NMR were recorded to identify the surface of
metal oxides.

3.2.1. Liquid state NMR

Liquid state NMR was conducted for all the four metallic precursors to confirm their
correct ligands structure.
Each of 1H and 13C NMR spectra of WMe6 (Figures 21 and 22) have shown one peak at
1.65 and 82.28 ppm respectively which correspond to the hydrogen and carbon atoms of
the methyl group bonded to tungsten. Thus WMe6 was successfully synthesized.

Figure 21: 1H NMR spectrum of WMe6
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CD2Cl2

Figure 22: 13C NMR spectrum of WMe6

Concerning [W(≡CtBu)(CH2tBu)3]; on one hand, the liquid-state 1H NMR spectrum
displays three signals at 0.9, 1.1, and 1.4 ppm (Figure 23) assigned to (−CH2tBu),
(−CH2C(CH3)3) and (≡CC(CH3)3) respectively. On the other hand, the

13

C NMR

spectrum (Figure 24) shows several peaks at 31.7, 33.6, 51.9, 53, 102.5 and 315.1 ppm
that can be tentatively assigned to (−CH2C(CH3)3)), (≡CC(CH3)3)), (−CH2C(CH3)3)),
(≡CC(CH3)3)) overlapped with the solvent and (≡CtBu) respectively.
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H

H
H

Figure 23: 1H NMR spectrum of [W(≡CtBu)(CH2tBu)3]

C
CD2Cl
2

C
C

C

C

C

Figure 24: 13C NMR spectrum of [W(≡CtBu)(CH2tBu)3]
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Additionally, DEPT

13

C NMR (Figure 25) was performed to confirm the structure; the

spectrum contains three peaks for CH2 and the two types of CH3 groups which are
consistent with

13

C spin decoupled mode results. Therefore, [W(≡CtBu)(CH2tBu)3] was

successfully well purified and identified

CH3

CH2

Figure 25: 13C DEPT mode NMR spectrum of [W(≡CtBu)(CH2tBu)3]

For [Ta(=CHtBu)(CH2tBu)3] complex, 1H NMR spectrum (Figure 26) contains four
signals at 0.8, 1.1, 1.4 and 1.8 ppm (Figure 1) assigned to (=CC(CH3)3), (−CH2C(CH3)3),
(−CH2tBu) and (=CH tBu) respectively. While 13C NMR spectrum (Figure 27) shows
several signals at 33.9, 34.1, 34.3, 46.2, 113 and 249.8 ppm that could be assigned to
(−CH2C(CH3)3)), (=CHC(CH3)3)), (−CH2C(CH3)3), (=CC(CH3)3), (−CH2tBu) and
(=CtBu) respectively. Moreover, DEPT 13C NMR (Figure 28) has confirmed the previous
results.Thus, [Ta(=CHtBu)(CH2tBu)3] was successfully synthesized.
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H

H
H
H

Figure 26: 1H NMR spectrum of [Ta(=CHtBu)(CH2tBu)3]

C6D6
C
C

C

C

C

C

Figure 27: 13C NMR spectrum of [Ta(=CHtBu)(CH2tBu)3]
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CH3
CH
CH2

Figure 28: 13C DEPT mode NMR spectrum of [Ta(=CHtBu)(CH2tBu)3]

For [Mo(≡CtBu)(CH2tBu)3] complex, 1H NMR spectrum (Figure 29) shows three signals
at 1.03, 1.29 and 1.42 ppm corresponding to (−CH2C(CH3)3), (−CH2tBu) and
(≡CC(CH3)3) respectively. While

13

C NMR (Figure 30) depicts six signals at 29, 32.64,

33.13, 51.8, and 322.42 which are attributed to (≡CC(CH3)3)), (−CH2C(CH3)3)),
(−CH2C(CH3)3), (≡CC(CH3)3)), (−CH2tBu) and (≡CtBu). Moreover, DEPT

13

C NMR

(Figure 31) was effectuated to confirm the structure, effectively it shows three peaks, one
of the CH2 group and the two of CH3 groups as it was expected. Thus,
[Mo(≡CtBu)(CH2tBu)3] was successfully synthesized.
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H

H H

Figure 29: 1H NMR spectrum of [Mo(≡CtBu)(CH2tBu)3]

C

C
C
C

C

Figure 30: 13C NMR spectrum of [Mo(≡CtBu)(CH2tBu)3]

C
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CH3

CH2

Figure 31: 13C DEPT mode NMR spectrum of [Mo(≡CtBu)(CH2tBu)3]

3.2.2. Solid NMR
The structure of W(CH3)6 has been analyzed by solid-state NMR too (Figure 32). The 1H
MAS/NMR spectrum (single-quantum (SQ)) shows a signal at 2 ppm which autocorrelates in double-quantum (DQ) and triple-quantum (TQ) experiments with a chemical
shift of 4 and 6 ppm respectively. This peak is attributed to the equivalent methyl groups
bonded to tungsten.
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(b)

(a)

(c)

Figure 32: (a) 1H single-quantum (SQ), (b) 1H double-quantum (DQ), (c) 1H triplequantum (TQ) NMR spectra of W(CH3)6

Moreover, the 13C CP/MAS NMR spectrum displays a single peak at around 82 ppm
(Figure 33). This signal correlates with the 1H NMR peak at 2.0 ppm as shown in the 2D
1

H−13C HETCOR NMR spectrum.

Therefore, it has been found that both 1H and 13C chemical shifts in liquid NMR of
WMe6 and solid-state NMR of the corresponding grafted complex are similar which
confirm its successful synthesis and isolation.
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(d)

(e)

Figure 33: (d) 13C CP/MAS (e) 1H−13C HETCOR NMR spectrum of W(CH3)6
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3.2.3. Fourier Transform Infra-Red Spectroscopy


Preparation of the silica supports

An FT- IR spectrum for silica 700 was recorded in figure 34.

3747 cm−1

Si-O-Si network

3900

3400

2900

2400

1900

1400

cm−1

Figure 34: FT-IR Spectrum of SiO2-700
The spectrum shows an intense sharp band at 3747 cm−1 which corresponds to the O−H
stretching of the isolated and germinal silanol groups, and broad peaks at
1980−1850−1625 cm−1 corresponding to the SiO2 network.

 Grafting
FT-IR spectra recorded after grafting for each catalyst complex are presented in figures
[35…38].
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Figure 35: FT- IR Spectrum of complex 1
Si700
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Figure 36: FT-IR Spectra of complexes 2 and 5
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Figure 37: FT-IR Spectrum of complex 3
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Figure 38: FT-IR Spectra of complexes 4 and 6
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From the FT-IR spectrum of complex 1, we observed a significant decreasing in the
intensity of the band at 3747 cm−1 corresponding to the silanol groups, which means that
WMe6 has been partially grafted on the silica surface, this can be explained by the fact
that the sensitive reaction requires a strict conditions (T ≈ −40 C). On the other side, two
new groups of bands in the region of 3022−2868 and 1410 cm−1 appeared confirming the
surface structure variation. These bands are assigned to C−H bond stretching ν(C-H) and
bending δ(C-H) respectively of the methyl groups bonded to tungsten.
Regarding FT-IR spectrum of complex 2 we noticed that instead of the narrow band of
the isolated silanols, a broad band of very weak intensity persists which corresponds to
ν(O-H) of a small amount of the residual silanols. Where for complexes 3 and 4, an
entirely disappearance of sharp silanol groups signal was observed. Concomitantly, there
are two new sets of band for all the three catalysts appear in the region of
3020−2800cm−1 designed to ν(C-H) vibrations of the alkyl ligands bonded to tungsten,
molybdenum and tantalum, and the second one in 1480−1400 cm−1 region which have
been assigned to δ(C=C) and δ(C−H) vibrations of the same ligands.

Concerning both the complexes 5 and 6, the FT-IR spectra showed a significant decrease
in ν(C-H), δ(C-H) and ν(C=C) signals. However, two new sets of signals for both
catalysts at 2280 and 1960 cm−1 for complex 5 and 2275 and 1830 cm−1 for complex 6
correspond to Si-H bond stretching ν(Si-H) and M-H (M= W or Ta) bond stretching ν(MH) respectively have appeared.
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3.2.4. Elemental Analysis

Complexes 1, 2, 3 and 4 have been analyzed through elemental analysis to confirm their
structure. Table 5 resumes the loadings of metal and carbon for each complex.
Table 5: EA results (M could be tungsten, molybdenum or tantalum)

Complex

%M

%C

C/M

C/M

(Exp)

(Theo)

1

3.9

1.3

5.1

5

2

4.11

4.1

15.23

15

3

2.3

4.28

14.95

15

4

4.2

4.3

15.5

15

The elemental analysis shows that complex 1 contains 3.9 wt. % of tungsten and 1.3 wt.
% of carbon which makes C/W ratio = 5.1 vs. 5 as expected. For complexes 2,3 and 4,
EA indicates that they contain 4.11, 2.3 and 4.2 wt. %M (W, Mo, and Ta) and they
involve 1.4, 4.28, and 4.3 wt. % carbon, which make C/W ratio = 15.23, what about
C/Mo and C/Ta ratios 14.95 and 15.5 respectively. Thus there are nearly three neopentyl
groups per metal center which confirm the monopodal structure of the grafted complexes.
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3.3.

Alkene Hydro−Metathesis

The 1-decene hydro-metathesis reaction was carried out in a batch reactor under
hydrogen atmosphere (0.8 bar) at 150 °C for 72 hours. Before comparing with other
catalysts, we started firstly with [(≡SiO-)WMe5] which has been reported as highly active
catalyst for hydrocarbons metathesis reactions

26

. Different ratios of reactants to catalyst

were used in order to optimize the best conditions: 577, 808, 1010, 1155 and 1347.
We choose the 1-decene as a substrate because we can compare it with the already
published results for n-decane metathesis in terms of TON, product distribution and
conversion.
We found that the conversion is 100 % for all the ratios used for the catalytic run. The
mass balance is relatively good with TON (TON is defined as the total number of mol of
the product formed per mol of catalyst used) of, 577, 808, 1010, 1155 and 1347 for the
previous ratios in the same order (Table 6). The best results we got when the ratio of
reactant to catalyst is 1010 (40 mg of catalyst for 1 mL of reactant).

Table 6: 1-decene hydro-metathesis Reaction under 0.8 bar of H2 and 150 °C for 72
hours: Understanding the effect of reactant to catalyst ratio, conversion, TON, and mass
balance using [(≡SiO-)W(CH3)5] as catalyst.

No of
Reaction

Reactant to catalyst
ratio (Catalyst weight)

TON

Conversion
(%)

Mass balance
(%)

1

577 (70 mg)

577

100

80.8

62

2

808 (50 mg)

808

100

82.1

3

1010 (40 mg)

1010

100

94.3

4

1155 (35 mg)

1155

100

75

5

1347 (30 mg)

1347

100

73.7

Unlike propene hydro-metathesis, which mainly gives propane, butane and ethane as
major products, and methane, iso-butane, and pentanes as minor ones 3. This catalytic
reaction has produced a broad distribution of linear alkanes ranging from propane (C3) to
tetratriacontane (C34) with a trace amount of branched alkanes and olefins. The product
distribution plot of the molar quantity of 1-decene hydro-metathesis products versus
carbon number (from C3) is shown in figure 39.
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Figure 39: Alkanes distributions using [(≡SiO-)WMe5]
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Figure 40: Olefins distribution for 1-decene metathesis using [(≡Si-O-)WMe5]

This broad distribution indicates that double bonds isomerization occurred leading to
numerous competitive metathesis reactions. Additionally, to confirm the broad
distribution of products 1-decene metathesis was investigated in similar reaction
conditions (Without introducing H2) and we found as expected a wide distribution of
olefins from ranging from C3 to C32. The obtained olefins distribution is presented in
figure 40.
On the other hand, as it was expected for hydro-metathesis reaction, n-decane is the
major primary product as it is directly obtained from the 1-decene hydrogenation.
Secondly, the proportion of each other obtained hydrocarbon increases with decreasing
the number of carbons except for propane and butane gasses as they cannot be correctly
quantified in a batch reactor. Regardless of C10, same product distribution shape was
observed in decane metathesis reaction 4 with the same catalyst as shown in figure 41.
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Figure 41: n-decane metathesis using [(≡SiO-)WMe5] 4
This distribution confirms on one side the C(n+1) < C(n+2) theory starting from Cn due to
steric conditions. Besides, the formation of higher n-alkanes is exceeding Cn+2 products
until Cn+24. Usually, if only degenerate metathesis of 1-decene happens, it will give only
n-decane as the major primary products from olefin metathesis after reduction. However,
this broad distribution indicates that numerous double-bond migrations leading to several
cross metathesis between the newly formed alkenes followed by hydrogenation leading to
formation of new alkanes, this occurred in a way that the double bond migrations are
faster than olefin metathesis.
Curiously, same 1-decene hydro-metathesis was performed over complex 1 for one day
to compare the catalyst activity (Table 7); it has been found that conversion is always
complete (100 %) with a small decrease in the mass balance to 74.3%.
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Table 7: Hydro-metathesis of 1-decene for one and three days using [(≡Si-O-)W(CH3)5]
complex

No of days

TON

Duration (h)

Conversion (%)

Mass balance for
paraffins (%)

3

1010

72

100

94.3

1

1010

24

100

74.1

Further, the catalytic reaction was conducted under the same conditions (batch reactor,
0.8 bar of hydrogen, and over a 3 day period at 150 °C) by using complexes 1, 2, 3, 4, 5
and 6 at the same number of moles calculated from 40 mg of [(≡Si-O-)W(CH3)5] (Table
8).
Table 8: Different used amounts of catalysts according to their metals loading

Catalyst

Metal loading (%)

Mass (mg)

[(≡Si-O-)W(CH3)5]

2.4

40

[(≡SiO-)W(≡CtBu)(CH2tBu)2]

4.11

23.35

[(≡SiO-)Ta(=CHtBu)(CH2tBu)2]

4.2

22.5

[(≡SiO-)Mo(≡CtBu)(CH2tBu)2]

2.3

21.8

[(≡SiO-)W(H)x]

4.11

23.35
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[(≡SiO-)Ta(H)x]

4.2

22.5

The results in term of TON, conversion and mass balance for the different complexes are
collected in Table 9 while the various products distributions are compared in figure 1.
Herein, TON and mass balance were calculated basing on only the alkanes as products.

Table 9: 1-decene hydro-metathesis Reaction under 0.8 bar H2 and 150 °C for 72 hours:
TON, Conversion and mass balance for all the complexes

Catalyst

TON

Mass balance (%)

(Based on alkanes)

(Based on alkanes)

[(≡Si-O-)W(CH3)5]

955

94.3

[(≡Si-O-)W(≡CtBu)(CH2tBu)2]

227

22.5

[(≡Si-O-)Ta(=CHtBu)(CH2tBu)2]

700

69.3

[(≡Si-O-)Mo(≡CtBu)(CH2tBu)2]

942

93.3

[(≡Si-O-)W(H)x]

291

28.8

[(≡Si-O-)Ta(H)x]

670

66.3

It has been found that [(≡Si-O-)W(CH3)5]is the best catalyst concerning TON (955), then
we have the Mo complex for TON of 942. Both Ta complexes 4 and 6 have comparable
performances with a TON of 700 and 670 respectively. At the end, W complexes 2 and 5
exhibit the least reactivity with a TON of 227 and 291 respectively.
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The different alkane distributions obtained with the above catalysts are presented in
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figures [42...46].
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Figure 42: Products distribution using complex 2

0.12
mmols of Alkanes

0.10
0.08
0.06
0.04
0.02
0.00
C3

C5

C7

C9 C11 C13 C15 C17 C19 C21 C23 C25 C27 C29 C31 C33
Alkanes

Figure 43: Products distribution using complex 5
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Figure 44: Products distribution using complex 3
GC chromatogram using complexes 2 and 5 showed a wide range of distribution of nalkanes from C3 to C34 where decane is the major product observed, thus as with complex
1, double bond migration is the faster step followed by olefin metathesis and finally the
hydrogenation. While with Mo complex, the same variation of alkanes formed with ups
and downs, we could observe the amount is higher in case of C10 and C18 and it decreases
afterwards. This indicates that the double bond migration is relatively slower comparing
to tungsten.
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Figure 45: Products distributions using complex 4
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Figure 46: Products distributions using complex 6
Alkane product distributions using both tantalum complexes are very similar; they did not
exhibit a high activity toward 1-decene metathesis. The main product was the decane (ca.
70%) and the minor products were varied from C3 to C20. Besides, there are numerous
overlapped branched alkyls which were observed only with these catalysts. Thus Ta
complexes are not good for olefin metathesis (double bond isomerization reaction).
In the next step, we will compare the catalytic reaction performances of 1-decene hydrometathesis with the previous work done with normal decane metathesis using same
catalyst [(≡Si-O-)W(Me)5 ]. The different parameters are collected in Table 10:
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Table 10: Comparison between alkane metathesis and olefin hydro-metathesis using the
same catalyst

Reaction

Catalyst
(µmol)

Substrate
(µmol)

Conversion
(%)

Time
(h)

TON

Alkanes

Alkane
metathesis

6.7

5.13

20

216

153

C3 to C34

Olefin Hydrometathesis

5.22

5.13

100

72

1010

C3 to C34

Both reactions have shown the same product distribution shape. However, the hydrometathesis reaction was more efficient with 100% conversion and higher turnover
number up to 1010 for fewer amounts of catalyst and substrate.
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CONCLUSION

In this work, the following surface organometallic compounds of group IV and V;
[(≡SiO−)WMe5],

(≡SiO−)W(≡CtBu)(CH2But)2],

[(≡SiO−)Mo(≡CtBu)(CH2tBu)2],

[(≡SiO−)Ta(=CHtBu)(CH2tBu)2], [(≡SiO−)W(H)x] and [(≡SiO−)Ta(H)x] which exhibit a
high activity for olefin metathesis and C–H bond activation, have been synthesized and
fully characterized by elemental analysis, FT-IR and NMR spectroscopies.
We conducted and optimized the hydro-metathesis of 1-decene using [(≡SiO−)WMe5];
Its high activity was confirmed towards this reaction achieved in one step conversion.
Moreover, we compared between the different prepared catalysts performances,
[(≡SiO−)WMe5] was the best candidate in terms of TON, conversion, and products
distribution from C3 to C34.
After that, we have proved that olefins hydro-metathesis is more efficient than classical
alkane metathesis; we found 100% conversion with TON of 1010 using supported WMe6
onto SiO2(700) against the previous results for n-decane showing 20% conversion and
TON of 153 for the same products distribution.
Besides, by comparing between classical decane, 1-decene metathesis and 1-decene
hydro-metathesis in same conditions, a probable catalytic mechanism was proposed
consisting of an enchainment of three in-situ catalytic reactions; olefin metathesis due to
double bond migrations, newly formed olefins reduction and resulted alkanes metathesis,
the double bond migration was the faster in case of tungsten than molybdenum followed
by metathesis and hydrogenation reactions.
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Finally, this project will continue in several directions; firstly we will proceed with DFT
calculations to better understand the intermediates reactivities, then we will go through
functionalized olefins metathesis.
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