CHAPTER 11

THEORY

2.1 Molecular Sieves
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Figure 2.1 Classification of molecular sieve materials indicating the extensive

variation in composition.*®



According to the IUPAC classification,'® molecular sieves can be classfied into

three main categories as shown in Table 2.1.

Table 2.1 Classification of porous materials

Class of porous : Pore size (A) Examples
Macropores _ N “\ ) / glasses
Mesopores M418S, pillared layered clays
Micropores /An\ zeolites, activated carbon
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2.1.1
2 eadd
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Zeolites are crysialli ieroporous ‘aluminosilicate with a structure based
on an extensive three-dimensiona which formed by connection of
5 " S a0hi3 -
tetrahedral [A1Q,] andy , trahedfa, or empirically AIO, in
L-“-‘
the structure determing : Vill=be balanced by cations
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occupied nonframewor posmons A representatlve empirical formula for a zeolite
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penodlc table of element
n represents the cation oxidation state

X is equal to or greater than 2 because Al"® does not occupy adjacent

tetrahedral sites.
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The framework contains channels and interconnected voids which are occupied by

the cation M and water molecules.
The primary building units for aluminosilicate zeolites are the [SiO,]*" and
[AlO,)" tetrahedra i. e. formally Si* or AP* at the center of a tetrahedron with

O, at each apex as shown in Figure 2.2. The trahedra are corner shared to form

ordered three-dimensional macrostruc \ 2olite framework structures are usually
represented by joining the tetr \ S ith straight lines, and ignoring

the O atoms between the

*
' 71&

icon or
-

'\\\ ~ Aluminium

The combination of*hig ites, selective sorption

and molecular sieving properties makes the zeolites the most useful among

MO 121 1) L

high activity, le selective sorptlon and molecular swvmg result in hlgh reaction
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selectivity) or may be geometrically controlled (transition state selectivity)." Figure

2.3 shows the models for the three types of selectivity obseved in zeolites.
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2.1.2 Mésoporous Matenals
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Two classes of meterials that are used ‘extensively as heterogeneous
catalysts and adsorption media are microporous and mesoporous materials. Well-
known members of the microporous class are zeolites, which provide excellent
catalytic properties by the virtue of their crystalline aluminosilicate framework.
However, their applications are limited by the relatively small pore openings,

although many attemptes to synthesize zeolites with larger pores have been made,
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these attempts have been unsuccessful. Larger pores are present in porous glasses
and porous gels, which were known as mesoporous materials.

In 1992, Mobil scientists'’ firstly reported the synthesis of mesoporous
silicate molecular sieves (M41S). 'Thcse mesoporous silicate materials are well-
defined pore sizes of 15-100 A, which can break to part of the pore-size

desirable properties that h : sucb maﬁ. focus of great interest. The

constraint (<15 A) of microporous tes. The extremely high surface areas of

greater than 1,000 m%g and : pore sizes are among the many

A-41, MCM-48 and MCM.-

M41S family is classifi

50. MCM-41 has a
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pores. The structure of ‘the_cubic ‘and it'can be thought of as two

terconnecting cylindrical

intertwined networks " of #Splierical ¢ages fseparated

ep y a continuous silicate
1 ‘ \ strated in Figure 2.4.
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Figure 24 Illustration of mesoporous M41S materials : (a) hexagonal MCM-41,

(b) cubic MCM-48 and (c) lamellar MCM-50.%
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2.1.2.1. MCM-41

MCM (Mobil Composition of Matter)'’ 41, a member of the extensive family

of mesoporous molecular sieves, has a honeycomb structure that is the result of

hexagonal packing of unidimensional cylindrical pores as shown in Figure 2.5.

f
ﬂ ——m §
(b) Transmissi electron microscopy (TEM)
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RD) pattern of MCM-41 shows typlcally three to five reﬂectlons of
o 0 PG TR M 1 b o
hexagonai array of parallel silica tubes and can be assigned to the coresponding
lattice planes of Miller indices (100), (110), (200), (210) and (300). Since the
materials are not crystallinc_: at the atomic level, no reflections at higher angles are
observed. The wall thickness can be calculated by determining the difference
between the lattice parameter (a = 2d,00/¥3). From Bragg’s law, when an X-ray

beam strikes a crystal surface at some angle 6, a portion is scattered by the layer
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of atoms at the surface. The unscattered portion of the beam penetrates to the
second layer of atoms' as shown in Figure 2.6, where d is the interplanar
distance of the crystal. Thus, the conditions for constructive interference of the

beam at angle O are called the Bragg equation which is written as Equation (2.1).

2.1

Figure 2.6 Diffraction

Hexagonal structure h;ge charactenstlcs of d-spacmg ratio as follows :

"'“ﬁﬂﬁ“ﬂ‘ﬂ?ﬂﬂ’iﬂﬂ']ﬂﬁ B

dW/d0 = dao/dio = %000 23)
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From Equation (2.2), (2.3), _and (2.4)
a = 2d;p0/\3
To elucidate the pore structure of MCM-41, transmission electron
microscopy is usually used. Figure 2.7 shows a TEM image of the hexagonal

arrangment of uniform, 4 nm sized pores in a sample of MCM-41. The hexagonal
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morphology of MCM-41 can be easily observed in SEM as Figure 2.8 if the

sample is convertionally prepared.

Figure 2.8 Scanning electron micrograph of a MCM-41 sample.'®
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Figure 2.9 Adsorption isot ith 4.0 nm pores at -196°C."”

Adsorption of probe molee widely used to determine the

surface area and to e solid catalysts. From

-
-
.‘J

! r- vith pores of around 4.0

| i
e IUPAC classnfatlon shows two distinct features: a sharp

w038 YA s

the adsorption afid desorption branche‘§ The adsorptlon at very low relatlve pressure,
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does not ‘mply the presence of any micropores.

Figure 2.9, ‘the nitrog

nm,which is type IV iii
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2.2 Mechanism for Formation of MCM-41 Structure

2.2.1 Liquid Crystal Templating Mechanism

The original MCM-41 synthe s carrried out in water under alkaline
conditions similar to zeolite sy '/olecules (surfactants) functioned as
templates forming an ord a‘gﬂsiw material. Via calcination
the surfactant is rem Wae‘ framewo'r‘k. In contrast to
zeolites, the templates ar but liquid—crystalline self-
assembled surfactant mol rganic—organic composite is
based on eléctrostatic int charged surfactants and the
negatively charged uggested a “liquid crystal
templating (LCT)” mechanis e M41S materials as shown in
Figure 2.10.

Surfactant
micelle

- AT :
avaray, Ty —

Calcination

m"i ;Lé’ ¢

Figure 2.10 Two possible pathways for the LCT mechanism.'®
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There were two main pathways, in which either the liquid—crystal phase was intact
before the silicate species were added (pathway 1), or the addition of the silicate
results in the ordering of the subsequent silicate—encase_d surfactant micelles
(pathway 2). In this mechanism, inorganic material occupied the solvent (water)

region to create inorganic walls betw

encapsulation occurred becaus: “ TI

’%/cies entered the solvent region to

les. Alternatively, it might be
T ——

the introduction of y ies .. mediated the hexagonal

ordering. Once an ordere

the surfactant cylinders. It might be that

Several mechanistic "miG

silicate species promo:j the liquid crystal LC phase formation below the CMC.

. AU NN INeINg

icate-Encapsulated Rods
¢ o o/
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Davis ef al.*' found that the hexagonal liquid crystal phase did not develop
during MCM-41 synthesis. They proposed that, under the synthesis conditions
reported by Mobil, the formation of MCM-41 began with the deposition of two to
three monolayers of the silicate precursor onto isolated surfactant micellar rods as
shown in Figure 2.11. The silicate-encapsulated rods were randomly ordered,

eventually packing into a hexagonal mesostructure. Heating and aging then
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completed the condensation of the silicates into the as-synthesized MCM-41

mesostructure.

e |
W aeied - e
crystal phase upon addition of the—siticate s;}egjcs, based on '“N-NMR spectoscopy.
e e Sl
The silicates were “organized into layers, with rows f(bf the cylindrical rods
=" —

Y

intercalated between*the layers as illustrated in Figurej?.‘gz. Aging the mixture
I .
caused the layers to pucker and collapse around the rods, which then transformed

into the surfactasit-gontainings\MOM#4 | hexagonalsphgsé hesostrcture.

Figure 2.12. Puckering of silicate layers in the direction shown.®
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2.2.4 Charge Density Matching

A “charge density matching” mechanistic model, proposed by Monnier et al. **
suggested that MCM-41 could be derived from a lamellar phase. The initial phase
of the synthesis mixture was layered as detected by X-ray diffractometry, and was

formed from the electrostatic attractio een the anionic silicates and the cationic

surfactant head groups as de%'_ Fi /ﬂ As the silicate species began to

-
condense, the charge deﬂ!ﬁh}: redsccd.ﬁmnying this process, curvature
was introduced into y jinthi

surfactant head groups, i

‘density balance with the

ellar mesostructure into the
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2.2.5 Silicatropic Liquid Crystals

Under synthesis conditions that prevented condensation of the silicate

species, such as low temperatures and high pH (ca. 14), a true cooperative self-
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assembly of the silicates and surfactants was found possible, Firouzi er al* A
micellar solution of cetyltrimethylammoniumbromide (CTAB) transformed to a
hexagonal ph;xse in the presence of silicate anions. The silicate anions ion-exchanged
with the surfactant halide counterions, to form a “silicatropic liquid crystal” (SLC)
phase as illustrated in Figure 2.14. The SLC phase exhibited behavior very similar to

|

U actant concentrations were much lower
|

and the silicate counterions .were r )/yting the SLC phase caused the
silicates to condense irrey M’)Mé

typical lyotropic systems, except that

Figure 2.14. Formation of a silicatropic liquid crystal phase.*
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2.2.6 Silicate Rod Clusters

Regev et al.*® found that MCM-41 might be formed heterogeneously, MCM-
41 intermediate structures in the form of clusters of rodlike micelles wrapped by a
coating of silicate through low-temperature transmission electron microscopy and X-

ray scttering. The clusters of elon icelles were found before precipitation

occurred. The silicate species sited onto the individual surfaces

of the micelles within th : _elongated micelles eventually

became clusters of sililf-c#' icelles: 1 the Clusters of micelles served as

nucleation sites for

2.2.7 Generalized Lighid Crystal Témplating Mechanism Electrostatic

Interaction

A gereralized LCT me hanisr -M-41 is based on formation® based

on the specific type of algiven inorganic precursor,

e

I, and a surfactant it ‘original LCT mechanism

as illustrated in Figure 10 which involved anionic si

ate species and cationic

ey DTN S Y9 ) 5T . o

extension, the Lother charge-mteraétlon pathwaA are' ST, S XI X" is a

o8] HEPTIT b 51900 Y b 6184 215

success %f the cooperative templating model, referred to here the generalized LCT
mechanism in Figure 2.16, was illustrated by the possible diverse compositions of
organic-inorganic mesostructures.

The formation mechanisms of the mesoporous silica in acid and alkaline
conditions® can be compared schematically in Figure 2.17. Using tetraethyl

orthosilicate as a silicon source, both mechanisms include a variety of phenomena :
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binding of the counterion and surfactant; the hydrolysis of TEOS; preferred
polymerization of silicate species at the surfactant-silicate interface; and charge-
matching combination of the surfactant and silicate oligomers. The primary
distinction of the two formation processes is in the cooperative interaction between
surfactant and silica species. In alkaline condition, the silica species are negatively

charged and thus energetically favored to condense at the surface of the positive

of active sites (S"). dominating cationic silica

precursor (I") combi the surfactant micelles

through a weaker el 1 _5- - e silica condensation in

S*XT" without releasi

is opposite to the acid

ﬂuEI’J‘VIEWﬁWEI']ﬂ‘i
ammmmumqwmaa
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a) 1=Si
[e s??VV\M/ S = tnmethylammoaiuin
b)
<)
vlammonium
d)
c)
f) . '
0 ,1I 0 , ¥ J
1-? N = polyethylene oxide

, AUEINENINgNI
RIEIANITN A e

group interactions : electrostatic: a) S'I, b) ST", ¢) S'XT", and d) SM'T;

hydrogen bonding : €) S°I° and f) N°I°; and covalent bonding: g) S™.*
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| micelles <+ molecules molecular species

Figure 2.16 Cooperative templating of the generalized LCT mechanism: a) cooperative
nucleation; b), c) liquid crystal formation with molecular inorganic

compounds; d) inorganic polymerization and condensation.*’
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Figure 2.17 The comparison of the formation processes of the mesoporous materials

in basic and acidic conditions.*
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23 Effect of Parameters on the MCM-41 Synthesis

2.3.1 Surfactant

Surfactant plays an important role in the synthesis of MCM-41 such as pore

size, and structure. It has been reported that MCM-41 pore diameter generally

increases  with increasing surfactan

o\
el

h. When quaternary ammonium

engths'® (n = 8-16) were used,

own in Table 2.2.

a ‘."'".
Table 2.2. Effect of surfa: ; re size, XRD d,q
peak location, 3 = 2d100/V3 )
M
diliaas
, -
Suifaceant chain length, (n) 7 parameter, a Average
08 =/
n CnH2n+I(CH3)3 pore size
o Wl
. ,
¢ 27 31 18
% iRiL] ]
1o Y 29 ¢ 33 2
Q | 3 22
TM 33 38 30
16 35 40 37
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Furthermore, Vartuli er al*" found that the surfactant/silicon molar ratio was the key
parameter for controlling the mesophase structure. The result was concluded in Table 2.3.
The MCM-41 was obtained only when the molar ratio of surfactant and silicon less

than 1.

ieves and controlling synthesis parameters

Table 2.3. Mesophases of silicate mole ,I /s

Name ::: phqe [Surfactant]/[Si]
<1
1-1.5
122
232 pH :
ately ¢
.wﬁ-'f.x
Tatsumi et al** inverstigated, the of TMAOH on the Ti-MCM-41

structure with the gel &ofm :6 DTMABr : 0.3 TMAOH :

60H,0 by measuring bl ent. They reported that the
optimum pH for the hexa‘gonal phase was in the range of 11-12. The pH lower than

vt il | A A NP o 15

highly crystallind! hexagonal phase was obtained w1th relatively Iay yield and no
o TS R WH 2 V12161 2

A hydrothermal procedure with pH adjustment has been develped in order to
obtain MCM-41 of high structural order. Figure 2.18 shows XRD patterns of the
MCM-41 mesostructure with molar gel composition of 4 SiO,: 1 HTACI : 1 Na,0:0.15
(NH,),0 : 200H,0) at various conditions.*” The structure formed at room temperature
had a relatively low diffraction intensity and resolution, while the structure obtained

after heating the reaction mixture at 373 K for one day exhibited four Bragg

T o101 355X
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diffraction peaks with high resolution and intensity. It was suggested that the structure
obtained from low temperature had a large number of excess silanol groups due to a
low degree of silicate cross-linking in the framework. The excess silanol groups were
condensed during calcination, leading to the loss of the structural order. The pH
adjustment and heating could prevent the loss of structural orders. The effect resulting

from the pH adjustment during the hy

hermal synthesis, was attributed to shift the

reaction equilibrium toward sation while the framework was

pH adjustment and heating

alternately.
4\ 4
% (5
.iﬁfie,
: AEEC
|
a b L _J{i‘ ]
oF T
{E:\f‘ -k
o T
oA
calcined
as-synthesised
2 2 2 4 6 8 2 4 6 8 10
201deg-ee 2U wm 26! degree

| ﬂuﬂawﬂﬂﬁwawni
e AP B FRY) 81 5

and at 373 K (b) without pH adjustment, (c) with pH adjustment to

10, (d) by repeating pH adjustment twice, and (e) three times.*’
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24 W-MCM-41

Tungsten oxides are versatile composite which has been extensively used as
catalysts for hydrodesulfurization, hydroxylation of unsaturated organics and alkene
metathesis. The preparation of tungstenoxides on amorphous support has been well

known, but only few publications rted for the incoporated tungsten into the

ordered MCM-41 structure. In» reported the synthesis of novel

tungsten-containing MC V-l ‘and oxidation reaction of

product was centrifuged, ashe ti , and air-dried. The

the catalytic test suggesteé that the isolated &’, sites incorporated in the framework of

wewr. stofé WRH YY) 5 T B e of ot

without decreasing the trans-cyclohexane-1,2-diol ields, comparedyto the crystallite

0 0 Wiohiiod B bt WIQ b i B .07 a5

oxidant and acetic acid as a solvent.
On the contrary, the synthesis of a tungsten-containg MCM-41 in a strongly
acidic media may involve oligomeric species of WO; upon the calcination and it is

not easy to reproduce the synthesis method.
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25 Impregnation

52,53

Impregnation is the easiest method of making a heterogeneous catalyst. A

support or carrier, usually a porous material will be in contacted with a solution of

one or more suitable metallic compounds. The carrier is then dried, and the catalyst

« Wysts. The size and shape of the catalyst

3 @ technique requires less equipment

since the filtering and forming step ag' eliw washing may not bes needed.

in "i& supported noble metal catalysts in
order to spread out the v m as possible. The noble metal
is usually present in thefor 94 \ ss of the total. This makes

maximum use of a very . ¢ 0 ‘v in a precipitated catalysts
Y : \\ precip b

is activated as in case of precipita

some of the active ingredi th <psually- nclosed by other material present and

(a) Wet lmj g

. /- i \“'
This method€an be pr cXcess amount of metal salt

I

solution into supports. e composmon of the solution wnll be changed slowly as the

et = s 15 D19 BT 5 ot

equal to the initial content in the sslutlon Besndes the release of support debris in

e ”'@’W ) B ) B BV 4 ] e co
Dry Impregnation or Impregnation to incipient wetness

This method is favored for industrial catalysts because the solution of metal

salt will be dispersed by spraying on supports. The volume of solution should be

equal to the pore volume of support in order to control the amount of active

component. The required catalyst was obtained after drying and calcination step.
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2.6 Olefin Metathesis

2.6.1 Definition of Olefin Metathesis

Olefin Metathesis?’**** or olefin disproportionation reaction is an exchange

reaction between two olefins in ich alkylidene groups are interchanged
(transalkylidenation reaction) Each half of one olefin can become
attached to either half o ral form of olefin metathesis

reactions is shown i

R'CH=CHR? R'CH=CHR* (2.5)
+ +
R*CH=CHR* R’CH=CHR®
An initial pair of e whie '#R%#R’#R* may produce six different

> 2 1 - SVEL a1
combinations of alkylidene units, b 2ol
i &

S et e R ]

carbon are compa ;-'- vely rare. Olefin used in the m efathesis process are acyciic
vl‘ f}:ﬂ s per molecule including
cycloalkyl and aryl de atlves cyclic monoenes and polyenes having at least 4 carbon

atoms per molﬂl uvﬂfvﬂa w E’WW%W of the above olefins,

and mixtures ©f ethylene and tﬁp above olefi ns Many u fl reactions are

con Y 5 40 50 i

cyclic oféfins having 4-30 carbon atoms per molecule. Different types of monoolefin

vith more than one substituent per

monoenes and pol

and diolefin undergo metathesis via contact with a suitable catalyst, resulting in a

wide variety of possible products®as shown in Equations 2.6 to 2.9.
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Acyclic olefins
(2.6)

2 RCH=CHR' === RCH==CHR + R'CH==CHR'
‘ (R and R’ = alkyl or H)

Diolefins

Intermolecular Reaction

N CH, == CH(CH,)xCH ==CH, CH(CHy)xCH =]=n + CHE=CH, @7

Intramolecular Reaction

2.8
H,C——=CH, 28)

Cyclic Olefins

2.9

ra 7 _
(where { represeiits \6ut, a heteroatom)

\ ‘ — \,"
Diolefins, suclgB as am-dlenes, undergo intenﬂlecular and intramolecular

metathesis. Intﬂﬁaﬂ ?%ﬁﬁ‘j wa'crﬂﬁvenmauy lead to the

production of high polymers, known ‘as acyclic dlene metathesis (ADMET) polymers.
o G S TSV VP A s
Equatlonq2.8, the process is called ring-closure metathesis (RCM). RCM has become
an important tool for organic synthesis and has been widely applied for the
preparation of carbocyclic and heterocyclic intermediates. The reverse reaction of RCM
is called ring opening cross-metathesis. Equation 2.9 is an example of ring-opening
metathesis polymerization (ROMP). The reaction is driven by the release of ring strain

of the starting cycloalkene. Living polymerization occurs when the metal carbene
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catalyst reacts more rapidly with the cyclic olefin than those with a C=C bond of the

growing polymer chain. All double bonds from monomer molecules are preserved in

ROMP, resulting in- the formation of polymers with highly unsaturated backbones.
Metathesis reactions of acyclic mono-olefins®® can be classified into two

groups: (1) a self-metathesis of a single olefin, and (2) a cross-metathesis of double-

pair of molecules of two origin fins in order to produce a pair of
symmetric olefins; for um-;—-'i H=CH _R'CH=CHR' and R’*CH=CHR?,
and R’CH=CHR® gives and R'CH=C H‘.‘ Thus, in the self-metathesis
reaction, four ' units are added to six

unsymmetric combination ~EBquation, 2.5. initial pair of olefins may

become a mixture of tw i olefin \ _\ reactions must be designed

se the reaction can be completed in

for an appropriate use. If i ; @ ‘a single: olefin, only self-metathesis is possible

terminal olefin is prefered as in

Equation 2.10, the situation is ever simplel
B
either direction. Fo €] s M~ equilibrium in Equation
\e ',
2.11 to the right; ”yf'. d-16 4-octene in good yields.

Conversely, excess etfiylene drives equilibrium in Equation 2.12 to the left, thus,

whoe o= S A P G o e

terminal olefins flom symmetric inter&al olefins.

RN TUNRINYIAY
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2RCH=CH, o RCH=CHR +  CH,=CH, (2.10)
2PrCH=CH, e PrCH=CHPr + CH;y=CH, (2:.11)
2PhCH=CH, = PhCH=CHPh +  CH,=CH, (2.12)

Metathesis reaction c nto three different types:*’ (1) the

productive metathesis yiel degenerate or non-productive

ie groups does not result in new

products, and (3) the ci iSomeris hesis of asymmetric internal

alkenes, these reactions o aneous ’ e he

metathesis of l-alkenes only

Generally, the metathesis-teaction it imultaneous cleavage of double

bonds of two oleﬂn ------------------ ' ouble bonds™ as shown in

Equation (2.13), m m
T« Q/ + o
P9 TRIRHING o
U
where M is_an_appropriate metal cBmple T ‘ vin a 5 first proposed
by He%ﬁa’n-] aﬂiﬂ ij mnﬂimﬁ ﬁ:myﬂ:jpg,« EJ illustrated in

Scheme 2.1 for the initial pair of olefins in metathesis reaction with a carbene
catalyst M=CHR. It begins with formation of a metallacyclobutane (I), from the
carbene complex and one of the olefin reactants. Fragmentation of I gives a new

carbene complex and a new olefin, when the other olefin reactant is added, the new

carbene complex forms another metallacyclobutane (II). Fragmentatin of II finally
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gives an olefin which does not contain the carbene ligand of the catalyst. This

mechanism is continuously operated.

M==CHR M — CHR M=—CHR
+ [ ] == =
R!CH=—CHR? R'CH——CHR? RCH == CHR?

M==CHR?
: +
R’*CH=— CHRE. =& R!'CH==CHR*
Scheme 2.1 The Chavin
I'here are two general ciass ed 10 mechanistically investigate olefin
metathesis : (1) high valent (g = 1y d’) complexes of Mo, W and Re (these are

important industrial ¢a ompiexes of Cr, Mo, and W

|

(oxidation state of V determining the general

: t

s ; T i 3 : :
mechanism for the mefathesis reaction but are generally” not catalytic and industrial

. 5o S T Ao s e of

mixture between]/CsHs and C;D, the reaction of C;D6 with the catalyst results in the

" RRTRNT B 'M'TJ NYIAE

M=CD, M=CDCD;

I IV

The addition of propylene to speices Il generates a metallacyclobutane, which will be

decomposed to either the degenerative or the productive metathesis, depending upon



the orientation of the propylene molecule. The illustration of the degenerative and
productive metathesis of propylene by M=CD, are shown in Scheme 2.2. The analogous

reactions can also be written for species IV.

Degencrative metathesis :

M=CD, + C;Hq DESAY St +

M=CD, + C;Hg

Scheme 2.2 The illustration roductive metathesis of propylene

by M=CD,.

3

im-t6ntaining catalyst which is
T

For exampl,
: o : ol . . -
molybdenum oxide supported on a solid matrix of aliminum oxide or silica, was

e R NIV e -

formed by the ql,2-hydrogen shift of;. the alkenyl molybdenum complex and generated a

catalytialwdqemdﬂw Mtﬁa’ﬁ‘ %%&’%éﬁﬂm The metal

carbene proceeded metathesis reaction by the cycle as shown in Scheme 2.3.

. é é — (2.14)



45

Cx. c I
B 5
M0< A
s
S -
c=c__ C=
G

2.63 Olefin Vet

.,I

The metathesis éﬁon can ’1 ﬁoﬁ heterogeneous® and
homogeneous ﬂluﬂq n&ln ﬁﬂ tituent elements are
soluble |n a rea tlo ﬁ ﬁ; ‘iﬂ ﬂz]oﬂ Fl?ﬁ one element
insoluble qin ys cl | e range of transition

metal compounds, and the most important catalysts are based on molybdenum,

tungsten, ruthenium and rhenium.
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2.6.3.1 Homogeneous Catalysts

The homogeneous catalysts receiving extensive attention in both academic and
industrial laboratories are of three major types. One family might be designated
Ziegler Natta catalysts because they are based on combinations of alkyl aluminum,

magnesium, or lithium reagents with sition metal chlorides, such as WCl, and

WOCl,, containing alkylidene e discrete alkylidene complexes of

Mo and W have been v ning metathesis polymerization

catalysts usually require \ by addition of a Lewis acid.
Also, the metal carbonyl : \ ogeneous catalysts. The other
family has been carrie i | wit _ derived from aquoruthenium (II)

ions. This system appears t close 1y reld io the alcoholic RuCl; catalyst, which

is a major industrial soluble

alyst used to produce polynorbornene.

Examples of homog 2ene

V.

7
s B NIy o

reactions are nofmally camed out near ambient tempcrature Excellent functional group

R A H A D e o

synthesns

sented in Table 2.4. The

homogeneous catal polymerization reactions

(predominantly ROMP)" more than metathesis of acyclic alkenes. Access to pure,
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Table 2.4. Examples of homogeneous catalysts for olefin metathesis at room

temperature.
Catalyst Ratio Time Solvent
WClI¢/EtAICI,/EtOH 1:4:1 1-3 min Benzene
WCl¢/n-BuLi/AICI, 15 min Benzene
WClg¢/LiAlH, 15 min Chlorobenzene

MoCl,(NO),(PPh;),/Me;Al, Chlorobenzene

ReCls/n-BusSn Chlorobenzene

ReCls/Et;Al/O, Chlorobenzene

2.6.3.2 Heterogeng

The largest industdal dpplicatio §%0of olefin metathesis use normally

heterogeneous catalysts. The tability and the ease of separation of

products from catalyst

V.

catalysts generally consis =g rhenium, molybdenum, or

eterogeneous metathesis

tungsten oxide) supported on a high surface area inorganic oxide such as alumina,

o S PENTNERT » e «

the support withilan aqueous solutlon of the ammomum salt of the transition metal,

oo 45 O ATV VRIS s o e

reactlwty of the reaction |s enhanced by the addition of other catalytically active
metal derivatives, additives or promoters.

Many heterogeneous metathesis catalysts cannot catalyze the metathesis of
functionalized olefins because of their intolerance to functional groups. Interference of
the functional groups also reduces the activity of the catalysts, in case, they are active.

This increases the costs of the catalyst because much higher catalyst/substrate ratios
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must be used than are required for normal olefins. Table 2.5 shows some of the

heterogeneous catalysts used for the metathesis of unsaturated carboxylic esters, These

esters can be used as test substrates for functionalized olefin metathesis.

Table 2.5 Examples of heterogeneous catalyst systems for the metathesis of

unsaturated esters

Catalyst T(C) t(h) TON
RC:O*)/AI;O;/EQS" 20 2 3

Re,0,/M00;/AL,04/Et,Sn 20 2 30

Re,0-/Si0,-Al,05/Bu,Sn 4045 3 120
R6207/ BzO;/ S io;-Alzong 50 13 343
CH;Re05/Si0,-Al,04 25 2 27

MoCly/SiO,/R,Sn 90 4 99

Mo0,/Si0,/(CO,hv)/cyclopropane’ ;< ElO < A ) 50 0.17 125
Mo0;/SiO,/(CO, laser)/cyclopropane. ,,_;7;';-!;,__' 40 3 500

[ iy T
L7 ' X J
*MeOl = methyl oleate™ Me ¢ ; EtOl = ethyl oleate.

i

*Time to reach the hlgheit conversion. CEthelwyms (7 bar). “Cross-metathesis

MW%%ﬂ‘IJEI’J‘VIEWI?WEI’]ﬂ‘i
ammnimumqwmaa
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