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Abstract:

Herein, we report on the impact of alkyl chain length of olefin moieties anchored into
silica mesopores on the confinement behavior and stability of the first-generation Grubbs
catalyst, i.e. [RuCIl2(=CH)(Ph)(PCyz)2]. In this contribution, ordered mesoporous SBA-15
silica materials were functionalized with alkenyl-trichlorosilanes exhibiting different
carbon chain lengths, e.g., vinyl- (C2), allyl- (C3), hexenyl- (C6) and octenyl- (C8)
trichlorosilanes. Subsequently, the Grubbs | catalyst was incorporated into these different
host materials in the presence of organic solvent. The thus-obtained materials, before and
after interaction with Grubbs I, were characterized by a variety of methods, including N
physisorption, thermogravimetric analyses, solid state NMR (*3C, 3P and 2°Si) and
attenuated total reflectance (ATR) spectroscopy. Our investigations reveal a pronounced
dependence of the Grubbs surface stability as a function of the grafted alkyl chain length
of the alkene moieties. The nature of the immobilized Ru-based species is function of the

surface modification and the presence of residual silanol groups.
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1. Introduction



The first-generation Grubbs’ catalyst, (PCys)2Ru(Cl).=C(H)(Ph), remains one of the
most commonly used homogeneous reagent for metathesis reactions, although more
durable and more active generations of catalysts have been introduced since [1-4].
Nevertheless, the stringent requirements for removal of trace transition metals from
products still limit the use of such metathesis catalysts in industry, especially in the
pharmaceutical industry. To overcome these issues, two main strategies have been
developed: the immobilization of the catalysts on solid supports and scavenging of
residual catalysts [5-7]. In both cases, several materials have been selected as supports
or scavengers [8-14], and nanoporous silica has proved to be one of the most suitable
[15-17]. In most cases, the different generations of Grubbs’ catalyst were supported
on silica by a tethering of ancillary ligands onto the surface, e.g. grafting of
triethoxysilyl-functionalized diphenyl and dicyclohexylphosphine ruthenium carbene
complex on mesoporous silica [18-34]. Most of the resulting heterogenized catalysts
show good catalytic activity in ring-closing metathesis (RCM) and ring-opening
metathesis polymerization (ROMP); however, they have lower activity compared to
their homogeneous analogues and substantial leaching of the ruthenium is observed.
Mechanistic studies have shown that one key step in the activation of the first- and
second-generation Grubbs’ catalyst is the loss of one phosphine ligand [35]. However,
on a mesoporous solid support, the catalyst will have to overcome interactions with
the surface (functionalized or not) as well as with other grafted substituents in order
to obtain the desired catalytic activity. In order for the catalyst to keep its optimal
activity, proper understanding of the grafting properties must be acquired.

A series of recent reports [36,37] allowed gaining practical insights into the
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interactions between Grubbs’ catalyst and mesoporous SBA-15-type materials. In
particular, Polarz and coworkers characterized ruthenium side-products in the liquid-
phase, thus obtaining some evidence of interactions between the catalyst and silica
[36]. We then supplemented these findings by focusing on solid-state characterization
of a series of SBA-15 silica materials modified with different surface functional
groups and their interactions with the Grubbs | catalyst and the liberated phosphine
species [37]. In particular, it was revealed that in the presence of a long olefin chain,
C8, some part of the introduced catalysts could transit into the mesopores and
undergo ring-closing metathesis, corresponding to the expected activity of the
ruthenium compound diffusing into the silica mesopores. Grubbs | was also shown to
react with residual silanol accessible on the surface thus trapping the catalyst and
terminating catalytic activity. A total silylation of surface SiOH could prevent
trapping and thus deactivation of the catalyst. However, a better understanding of the
role of the alkene chain in the confinement and nanopore surface behavior of the
Grubbs catalyst is still needed in order to optimize immobilization or scavenging
processes.

Herein, to supplement our previous study, [37] we now focus specifically on the
impact of alkyl chain length of olefin moieties anchored into silica mesopores on the
confinement behavior and surface stability of the first-generation Grubbs catalyst, i.e.
[RuCl2(=CHPh)(PCys)2]. To this aim, ordered mesoporous SBA-15 silica materials
were functionalized with alkene-trichlorosilanes exhibiting different carbon chain
lengths, e.g., vinyl- (C2), allyl- (C3), hexenyl- (C6) and octenyl- (C8)
trichlorosilanes. Subsequently, the Grubbs | catalyst was incorporated into these
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different host materials in the presence of organic solvent. The resulting materials,
before and after interaction with Grubbs I, were characterized by a variety of
methods, including N2 physisorption, thermogravimetric analyses, solid state NMR
(BC, 3P and 2°Si) and attenuated total reflectance (ATR) spectroscopy. This
contribution confirms that the nature of the immobilized Ru-based species is strongly
depending on the surface modification, i.e., the chain length of the alkenyl-silane

moeities grafted on the mesopores.

2. Experimental Section

2.1 Materials

All grafting manipulations were carried out under an atmosphere of nitrogen, using
standard Schlenk and glove box techniques. All support materials were outgassed under
vacuum overnight, at 200 ‘C in the case of pure silica and at 80 'C for the hybrid
organosilicas. Dry toluene was distilled from sodium/benzophenone. Deuterated solvents
were dried over NaK, degassed using freeze-pump thaw cycles, and purified by vacuum
transfer.

SBA-15 silica. Mesostructured SBA-15 silica material was prepared under aqueous acidic
conditions using poly(alkylene oxyde)-based triblock copolymer Pluronic P123
(EO20PO70EO20, MW = 5800, Aldrich) dissolved in a HCI solution (0.3 M) [38]. The
silica source was TEOS (ACROS 98%). The molar composition of the starting reaction
mixture was 0.0012 P123 / 0.069 TEOS / 0.102 HCI / 6.771 H20. The reaction
temperature with TEOS was fixed at 35 "C and the hydrothermal temperature was 100 C.
A typical preparation of the mesoporous 2-D silica is as follows: 6.71 g of P123 is
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dissolved in 121.87 g of distilled water and 3.72 g of 37 % wt HCI solution with stirring
at 35 "C. After complete dissolution, 14.45 g of TEOS is added at once to the
homogeneous clear solution. This mixture is left under vigorous stirring at 35 "C for 24 h.
Subsequently, the mixture is aged at 100 ‘C for 24 h under static conditions. The white
precipitated product is filtered hot without washing and dried at 100 "C for 24 h in air.
Surfactant-free mesoporous material is obtained after a brief ethanol/HCI washing and
subsequent calcination at 550 “C in air.

Functionalization with the trichlorosilanes (Cyx). The trichlorosilane (Gelest 95%) (8.4
mmol, 3.25 eq.) was added to a suspension of calcined SBA-15 (2.0 g, 1.19 mmol
-SiOH/g [39,40]) in dry toluene (60 mL) and then heated at 110 °C for 24 h. After
cooling, the powder was filtered and washed with equivalent volumes of toluene and
hexane. The resulting organic/inorganic hybrid material was dried at 85 °C overnight.
Incorporation of the Grubbs | catalyst (Cx-Ru). To a suspension of a given silica support
(0.5 g) in toluene (50 mL), Grubbs I catalyst (Sigma-Aldrich) (0.2 g, 0.24 mmol) was
added and the mixture stirred for 2 h at room temperature. After filtration, the resulting

material was washed in CH2Cl> using Soxhlet extraction to obtain a grey/brown powder.

2.2 Characterization

Solid state NMR spectra were recorded with a Bruker Avance 300 MHz
spectrometer (13C: 75.4 MHz; 3!P: 121.4 MHz; ?°Si: 59.6 MHz) equipped with a MAS
probe head using 4mm ZrO; rotors and a sample spinning rate of 8000 Hz. The NMR
spectra were recorded using cross-polarization/magic angle spinning (*3C) or magic
angle spinning (?°*Si and 3!P). Nitrogen adsorption-desorption isotherms were
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measured at liquid nitrogen temperature (-196 °C) over the full micropore-mesopore
range using a Quantachrome Autosorb-1MP volumetric adsorption analyser. Before
the measurements, the samples were outgassed under turbomolecular pump vacuum
for 24h at 200 °C for purely siliceous SBA-15 and 80 °C for the functionalized
organosilica materials, as implemented previously [37,41]. Note that for the sake of
accuracy of the N2 measurements, the equilibrium time was set in the micropore
range, to 3 min and the tolerance factor to the value of 0, whereas in the relative
pressure range between 0.5 and 1(P/P,), the values were set to 2 min and a tolerance
factor of 3. The Brunauer-Emmett-Teller (BET) equation was used to calculate the
apparent surface area from adsorption data obtained at P/Po between 0.05 and 0.2.
Total pore volume of micro-mesopores was calculated from the amount of nitrogen
adsorbed at P/Po=0.95, assuming that adsorption on the external surface was
negligible compared to adsorption in pores. Cumulative pore volumes and pore size
distributions were determined by using non-local density functional (NLDFT)
methods considering sorption of nitrogen at -196 °C in cylindrical silica pores
[42,43]. Both the kernel of equilibrium NLDFT isotherms (desorption branch) and the
kernel of (metastable) NLDFT adsorption isotherms (adsorption branch) were applied
for pore width determination [44]. For comparison, the pore size distributions were
also calculated by analyzing the adsorption branch of the isotherm using the Barret-
Joyner-Halenda (BJH) method. Note that in contrast to the DFT analysis, pore sizes
obtained using the classical BJH model on the desorption branch (equilibrium
conditions) are known to be underestimated (by ~ 25%). It has clearly been

demonstrated that the macroscopic, thermodynamic methods fail to correctly describe
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the thermodynamic and thermophysical properties of the confined pore fluid. Thus,
microscopic methods based on statistical mechanics, such as NLDFT, which allow
describing the configuration of the adsorbed phase on a molecular level, are
considered much more accurate [44,45,46].

Thermogravimetry-differential thermal analysis (TG-DTA) measurements were
performed using a Netzsch STA 449C thermogravimetric analyzer. The analyses were
carried out under air flow at a heating rate of 10 °C/min. Infrared spectra spectra were
recorded using a Thermo-Nicolet Magna 850 FTIR spectrometer with a narrow band
MCT detector and a diamond ATR Golden-Gate accessory (Specac Ltd., London).
The spectra were obtained from 128 scans with a 4 cm™ resolution. The elemental
analyzes were performed at the Guelph Chemical Laboratories Ltd, Guelph, Ontario,
Canada. Carbon, Hydrogen and Nitrogen analysis was performed by the combustion
method using a Carlo Erba Model 1108 CHNS Analyzer. In this method, a known
amount of sample (~2 to 3 mg) was combusted at 1000° C in the presence of an
oxidant catalyst in an oxidation quartz reactor tube. The resulting product gases were
passed through the catalytic reduction chamber. The final product gases (CO2, H.O
and N2) were analyzed by gas chromatography using a thermal conductivity detector.
Certified NIST traceable standards (acetanilide, cyclohexanone) with known % C, %
H, % N were also analyzed under the same experimental conditions from which the %
of CHN were calculated in the sample. The method error limit on Carbon is +/- 0.5%
of absolute value, Hydrogen is +/- 0.4% absolute value and Nitrogen is +/- 0.3%

absolute value.



3. Results and Discussion

3.1 Synthesis and characterization of the alkene-functionalized SBA-15 supports

First, native SBA-15 material was synthesized according to the standard procedure
developed by Choi et al.[38] and exhibited a concentration of surface silanols of 1.29
mmol/g, as evaluated by titration following a published procedure [39,40]. The different
alkene-modified silica SBA-15-Cx (X = 2, 3, 6, and 8) were then obtained through post-
synthesis grafting of pristine SBA-15 silica wusing 3.25 equivalents of
H2C=CH(CH2)nSIClz (X=2,n=0; X=3,n=1; X=6,n=4,and X =8, n=6) indry
toluene under reflux conditions. All these support materials exhibit similar nitrogen
sorption properties, showing typical type IV isotherms characteristic of highly ordered
materials with large mesopores, as shown on Figure 1 [47-49]. The physicochemical
parameters derived from nitrogen physisorption for the parent SBA-15 and the differently
functionalized support materials are grouped in Table 1. In all cases, the contribution of
external surface area to the total porosity of the materials is obviously very small and will
thus be neglected. Note that, the porosity values obtained for the parent SBA-15 are quite
typical of this material when it is aged 24 hours at 100°C. The pure silica material
exhibits rather large cylindrical mesopores (> 8 nm) accompanied with a contribution of
small intrawall mesopores ranging between 2 and 5 nm, as evidenced by the NLDFT
cumulative pore volume analysis (see Figure 1b). No micropores (pores < 2nm) could be
detected through our nitrogen physisorption measurements, which is fully consistent with
the reports of Galarneau, et al. [50] and Kleitz, et al. [44] describing in detail the

evolution of the intrawall porosity of such materials aged at elevated temperatures.



As expected, the introduction of organic moieties within the pores of SBA-15 results in
decreased adsorption capacity, which is reflected by lower BET specific surface areas
and reduced pore volumes as compared to the parent SBA-15. It is observed that the
decrease in mesopore volume and specific surface is more important for materials having
been functionalized with longer organic chains, the latter values ranging from 1.12 cm®.g"
1and 791 m2g?! to 0.81 cmi.g?! and 534 mig?!, for SBA15-C, and SBA15-Cs,
respectively, but does not differ significantly between SBA15-Cs and SBA15-Cs.
Similarly, the evolution of the mean mesopore size follows the same pattern with the
smaller pore size measured for samples grafted with C6 and C8-alkene chains (~ 7.6 nm,
NLDFTges, Table 1). From the NLDFT cumulative pore volume plots (Figure 1b), it can
also be seen that the intrawall pore volume typically observed for SBA-15-type silica is
significantly reduced upon grafting of longer chain alkenes (C6 and C8), which is similar
to what we observed previously for silane-grafted SBA-15[37]. Some secondary intrawall
(meso)porosity remains present in the case of C2 and C3 alkene chains. However, in all
of the organosilane-modified samples, no evidence of intrawall microporosity could be
deduced from the nitrogen sorption isotherms. These data are thus consistent with an
efficient covalent grafting of the carbon chains on the mesopore surface inducing a

progressive decrease in the pore volume and mesopore size (see Table 1).

In the next step, the first-generation Grubbs’ catalyst ((PCyz)2RuCl(=CHPh)) was added
to all support materials SBA15-Cx by an immobilization procedure performed by
dispersing the different powders in a 4.8 mM solution of the catalyst in toluene under
stirring over a period of 2 hours at room temperature. The resulting solids were then

filtered, washed with methylene chloride using a Soxhlet extractor, yielding the materials
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designated as SBA15-C»-Ru, SBA15-C3-Ru, SBA15-Cs-Ru, and SBA15-Cg-Ru. The
materials SBA15-Cg and SBA15-Cg-Ru were already discussed in our previous report

[37], but will be described herein for comparison purposes.

The thermogravimetric analysis (TGA) curves for the different mesoporous materials
SBA15-Cx and SBA15-Cx-Ru are depicted in Figure 2. The corresponding weight losses
(%) and elemental analysis (EA) results are compiled in Table 2. Materials SBA15-Cs.»
exhibit weight loss of 15.8, 10.7, 7.4, and 1.7 %, respectively, and contents of carbon of
10.5, 8.8, 2.9, and 0.8%, and hydrogen 2.8, 1.7, 1.7, and 1.5%, respectively. The values

are in line with the expected trend of a grafting reaction with similar yield in every case.

All of the SBA15-Cx-Ru materials show an increased weight loss and larger C and H
content than the respective support materials before Grubbs I insertion. This suggests that
the organic moieties of the Grubbs’ catalyst, that is mainly the tricyclohexylphosphine,
remain adsorbed on the surface. Although a difference in hydrogen content in SBA15-Cs
and SBA15-Cs-Ru is not detected, the difference in carbon content (2.7%) and TGA
weight loss (5.6%) is significant. Material SBA15-C»-Ru exhibit a much higher organic
content than the related support material SBA15-C>, demonstrated by large difference
values for weight loss (10.1%) and carbon content (7.9%), suggesting stronger
interactions between the organic portion of the Grubbs’ catalyst and the surface.
Compared to the latter two materials, the difference in weight loss and C and H content
before and after grafting of the Ru-species remains rather small for the C6 and C8
materials, which is indicative of limited chemisorbed species originating from the

ruthenium complex in the latter two samples.
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The DTA profiles of all materials under investigations are shown in Figure 3. These data
confirm that the organic moieties are chemically absorbed on the surface since the weight
loss of materials SBA15-Cx occur at temperatures over 200 °C, which is typical for the
degradation of grafted organic materials [51-54]. It can be observed that the longest
organic chains decompose earlier than short moieties, as can be observed by the main
DTA effect occurring at the maxima of 230, 265, and 350°C for SBA15-Cs, SBA15-Cs
and SBA15-Cs, respectively. No significant transition was observed for the SBA15-C;
material which can be ascribed to the fairly low organic content in that material. In case
of SBA15-Cg, a broad additional peak was observed in the DTA profile expending up to
higher temperatures (300-450 °C) which is reminiscent of the transition observed for
materials with shorter chain length, (e.g., C3). This suggests that smaller fragments are
formed throughout the degradation of the occluded organics [55-60]. The following
behavior is in accordance with an aerobic oxidation of the organic materials that occurs
by radical propagation starting from the extremities of organic materials [61]. Upon
addition of the Grubbs’ catalyst, the DTA profile was drastically altered and several
processes can be identified during combustion. For all SBA15-Cx-Ru materials, a thermal
event appears at temperatures above 365°C that can be closely related to the degradation
of Grubbs’ catalyst [37], in agreement with the fact that some part of the content of the
Grubbs’ catalyst remain on the surface. A process can also be observed at 280 °C for both
SBA15-Ce¢-Ru and SBA15-Cs-Ru. This step can be associated to the loss of the grafted
chains. The occurrence of these events at higher temperature than in the SBA15-Cs and

SBA15-Cg supports (+20 °C and +50 °C for the C6 and C8, respectively) suggest that a
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pronounced modification has occurred to the anchored organic chains, such as a ring

closing metathesis, as will be confirmed in the following section (vide infra).

3.2 Spectroscopic characterization of the materials

The organo-functionalized host materials were characterized using solid state NMR
spectroscopy. As can be seen in Figure 4, with the exception of material SBA15-Co,
aliphatic resonances were clearly observed in the 3C CP/NMR spectra in the 10-40 ppm
region. In material SBA15-C3, the presence of resonances at 55 and 66 ppm suggests that
functionalization of the allylic moiety (by chlorination) is taking place in significant
proportion under our synthetic conditions, notably by a Markovnikov addition of HCI on

the alkenyl group to generate the corresponding chloroalkyl species [62,63].

For SBA15-Cs and SBA15-Cg, four major resonances were observed for the vinylic
carbons at 137, 129, 124, 112 ppm for C6 and at 140, 132, 125, 114 ppm for the C8,
rather than two, which suggest that either isomerization has occurred on the surface or
that the alkene functionalities somewhat interact with the silica surface resulting in

chemically different environments, which has been previously observed [64].

The 2°Si MAS NMR experiments were also carried out for all materials (Figure 5) and
the expected Q and T resonances were visible, with the exception of SBA15-C, where the
T peaks could not clearly observed. Upon addition of the Grubbs | catalyst to the alkene-
functionalized SBA-15, the 3C CP/ NMR spectra for all resulting materials revealed an

important resonance at 30 ppm corresponding to the chemical shift of the cyclohexyl
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groups of PCys (Figure 6). For the cases of SBA15-C¢-Ru and SBA15-Cg-Ru, a single
new vinylic resonance is also observed at 133 ppm that is characteristic of a di-
substituted alkene, demonstrating that the ring-closing metathesis has indeed occurred on
these substrates. In contrast, no new signal was observed in the vinylic region in the case
of SBA15-C,-Ru and SBA15-Cz-Ru materials, suggesting that the carbon chains could be

too short to undergo metathesis with the neighboring olefinic moieties.

As it was previously reported, 3P MAS NMR spectroscopy provides a reliable route to
observe the nature of the interaction between the phosphorous moieties and silica [65-
68]. It was demonstrated that a resonance at 56 ppm was corresponding to the oxidized
OPCys interacting with silica, whereas resonances around 31 ppm were present for
HPCys* interacting with silica or when PCys-Ru moieties in interaction with the surface
of the materials. As seen in Figure 7, it can clearly be observed that the high-field
resonances are the main phosphorous-containing components in the presence materials
possessing longer carbon chains, i.e., SBA15-Cs-Ru and SBA15-Cg-Ru, suggesting either
that a large portion of phosphonium or organometallic moieties are present on the surface
of the materials. With SBA15-Cs-Ru, the latter signal is also predominant, although the
concentration of the bound OPCys seems to be slightly more important than that observed

with the longer chain analogues.

Finally, the 3P MAS NMR spectrum of species SBA15-C,-Ru, that possesses a lower
organic content, is principally constituted of the oxide species. These data agree well with
our results previously reported in regard of the interaction of the Grubbs’ catalyst with

SBA-15-type supports [37] Indeed, with a more hydrophobic environment originating
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from the longer alkyl chain moieties, oxidation of the PCyz is less likely to occur. Thus,
the phosphonium species and the organometallic fragments are more prone to be
stabilized by the organic-rich surface. On the contrary, with highly mineral surfaces, such
as in pristine SBA-15, oxidation of the phosphine occurs much more readily and will

interact more strongly with the surface silanols.

Attenuated total reflection infrared spectroscopy (ATR-IR) was further used to obtain
additional insights into the integrity of the surface species in the different synthesized
materials. SBA-15-Cs, and SBA-15-Cs both possess vibrations at 2930 and 2860 cm™ that
can be attributed respectively to the asymmetric and symmetric CH; elongations (Figure
8a). With all of the alkene-modified materials, a band is observed at 3100 cm™
corresponding to the C-H elongations of alkenes (Figure 8b). The samples SBA15-Cs3,
SBA15-Cs, and SBA15-Cs also possess a sharp signal at 1650 cm™ corresponding to the
C=C stretching of alkenes, with the resonance of SBA15-Cs being shifted to slightly
lower wavenumbers (Figure 8c). However, the materials also reveal a broader band
around 1630 cm™, which is somewhat less pronounced for the SBA-15-Cg It is here
rather difficult to disentangle that signal from the possible bending mode of adsorbed
water (usually observed with silanol are present) or a shift of the alkenyl moiety vibration
caused by interactions with the surface. Indeed, for all of the materials, a very broad
signal was observed between 3650 and 3400 cm™, representative of surface hydroxyl
groups or physisorbed water. In addition to the resonance for the organic moieties, a
sharp signal at 3750 cm™ has been observed for SBA15-C; that corresponds to the SiO-H
vibration of free silanols, pointing to an incomplete coverage of silanols upon grafting

and that some free silanols remain (Figure 8). Note that the presence of residual silanol
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groups was proven to induce a decrease in the lifetime of the catalyst during metathesis

reaction [36,37].

After the addition of the Grubbs’ catalyst to materials SBA15-Cy, IR bands at 2930 cm™
and 2860 cm™ are now clearly visible for all materials, while they were not observed for
SBA15-C,, and SBA15-C3z. These results are in accordance with the NMR data that
indicate that phosphine-containing compounds (PCys) are now present inside the pores of
the material. The sharp signals observed at 3100 cm™ and at 1650 cm™, which are
attributed to the C-H vibrational mode for the alkenes, are no longer present for all the
SBA15-Cx.Ru materials, suggesting that metathesis could have occurred (for C3, C6 and
C8). The broad signals between 3400 cm™ and 3650 cm™ are however more intense,
which reflects important amounts of physisorbed water, suggesting that the pore surface
is becoming more hydrophilic by the addition of metallic moieties on the surface. In the
SBA-15-C2 case, the pronounced peak at 3750 cm™ corresponding to the Si-OH
elongation is still present after the addition of the catalyst, but its intensity decreased

noticeably.

4. Conclusions

In this contribution, Grubbs I catalyst was incorporated into host materials functionalized
with alkenyl-trichlorosilanes exhibiting different carbon chain lengths, e.g., vinyl- (C2),
allyl- (C3), hexenyl- (C6) and octenyl- (C8) trichlorosilanes. The thus-obtained materials,
before and after interaction with Grubbs I, were characterized and the investigations

revealed a pronounced dependence of the Grubbs stability as a function of the alkyl chain
16



length of the grafted alkene moieties. The nature of the immobilized Ru-based species is
clearly function of the surface modification, i.e. chain length of the alkenyl-silane.. Upon
addition of the Grubbs | catalyst to the alkene-functionalized silica, the *C CP/NMR
spectroscopy provided in all cases evidence of the cyclohexyl groups of PCys. For
SBA15-Ce¢-Ru and SBA15-Cs-Ru, a single new vinylic resonance characteristic of a di-
substituted alkene is also observed, demonstrating that the ring-closing metathesis has
unambiguously occurred on these substrates. In contrast, no new signal was observed in
the vinylic region in the case of SBA15-C>-Ru and SBA15-C3z-Ru materials, suggesting
that the carbon chains could in these cases be too short to undergo metathesis with the
neighboring olefinic moieties. We believe that these findings contribute to a better
understanding of the interactions between mesoporous silica supports (e.g. SBA-15 and
related materials) and Grubbs’ type catalysts, and that new insights into the reactivity of
phosphine-containing catalytic systems will be useful for further expanding the use of

metal-phosphorous coordination chemistry on solid surfaces.
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