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Abstract: With the self-metathesis of 1-octene to 7-
tetradecene catalyzed by Grubbs 1st generation [ben-
zylidene-bis(tricyclohexylphosphine)dichlororutheni-
um, (1)] precursor at low concentrations (0.02
mol %) as basis, the effects of the solubility of the
substrate in ionic liquids, the solvent polarity, as well
as the influence of various impurities stemming from
the preparation of ionic liquids have been investigat-
ed. The solubility of the substrate in the ionic liquid
has little effect on the conversion, and the reaction is
not mass-transfer limited. While a higher polarity of
an organic solvent increases the rate, it is independ-
ent of the polarity excerted by the cation of an ionic

liquid. Of paramount importance for reproducible
results is the purity of ionic liquids. An extensive
study shows that catalyst deactivation by impurities
increases in the order of water<halide<1-methyl-
imidazole. In the presence of water or 1-methylimi-
dazole impurities, the Grubbs-Hoveyda precursor (3)
is superior to both the 1st (1) and 2nd (2) generation
Grubbs complexes. Under impurity-free conditions
or in the presence of chloride, the performance of 2
is equivalent to that of 3.

Keywords: Grubbs’ catalysts; HPLC; ionic liquids; 1-
octene solubility; olefin metathesis; purity

Introduction

Although ionic liquids have been investigated as sol-
vents in many transition metal-catalyzed reactions[1]

and are beginning to be applied in industrial process-
es,[2,3] relatively little attention has been paid to the
metathesis of olefins. Cross- and self-metathesis was
first studied in 1995,[4] with W ACHTUNGTRENNUNG(OAr)2Cl4 complexes
dissolved in Lewis acidic 1-butyl-3-methylimidazolium
chloride/AlCl3/EtAlCl2 ionic liquids. Both the active
catalyst and ionic liquid can be recycled several
times.[4] Other precursors, such as tungsten(VI) chlo-
ride and sodium perrhenate, give fast isomerization of
1-hexene, yielding mainly 4-octene, albeit with low
yields and at high catalyst concentrations.[5] Better re-
sults are obtained using ruthenium-based precursors,
leading to a patent on ring-closing metathesis or poly-
merization of a,w-unsaturated dialkenes in ionic liq-
uids.[6] Grubbs 1st and 2nd generation, and ruthenium
allenylidene catalyst precursors have been investigat-
ed in detail in ring-closing metathesis.[7–17] Many of

these reactions feature high selectivities and high re-
action rates in the first run, which then decrease upon
recycling due to catalyst leaching or deactivation.
However, attachment of an “ionic liquid tag” to cata-
lyst ligands hugely improves the recyclability of the
system.[12–15]

Interestingly, neither of these nor most other stud-
ies involving transition metal catalysts attach any im-
portance to the purity of the ionic liquid used as sol-
vent, although it is known that impurities such as
water, amines or halides, stemming from the prepara-
tion of the ionic liquid, affect the reaction outcome,
especially if transition metal catalysts are used.[4,18–31]

In this sense, the conclusions drawn from this present
study are certainly transferable to other catalytic reac-
tions.

In general, self-metathesis proceeds under mild
conditions, which allows for the controlled manipula-
tion of the carbon number of an alkene feed. We
have now chosen 1-octene as a test substrate example,
and studied its self-metathesis reaction in various
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ionic liquids using the 1st generation Grubbs catalyst
precursor (1, Scheme 1). In order to show the validity
of the conclusions for other catalysts, the study was

extended to the 2nd generation (2) and Grubbs-Hov-
eyda (3) precursors. It is known that the 1st generation
precursor is generally less stable than the more so-
phisticated 2nd generation, Grubbs-Hoveyda or Ru-al-
lenylidene precursors.[32,33] However, they are also five
to six times more expensive than the 1st generation
complex type, and only a comprehensive economical
balance will reveal which precursor is more profitable.
While the use of expensive catalysts may be accepta-
ble in the fine chemical or pharmaceutical sector, this
aspect becomes more important if a large-scale petro-
chemical product with small profit margins is con-
cerned.

The 1st generation Grubbs catalyst has been well-
studied[32] in the metathesis of 1-octene. In the ab-
sence of solvent, the activity of the catalyst is largely
independent of the reaction temperature (between 20
and 80 8C). A maximum turnover frequency (TOF) of
8640 h�1 at 22 8C, using ppm-level catalyst concentra-
tions, is reported.[32]

Intriguing results observed during a preliminary
study led to an extensive investigation of the influ-
ence of solvent polarity, the solubility of the educt,
and the effect of strongly coordinating impurities
present in the ionic liquids. These impurities impact
on the catalysts themselves and the results should
apply to other examples of metathesis as well.

Results and Discussion

Preliminary 1-Octene Metathesis Study using 1 as
Catalyst Precursor

During preliminary experiments with Grubbs 1st gen-
eration catalyst precursor 1, we found that higher
turnover frequencies are achieved at lower catalyst
concentrations in neat 1-octene (see Supporting Infor-
mation), which can be assigned to an increased rate
of bimolecular decomposition of the catalyst at higher
catalyst concentrations.[34] Therefore, 0.02 mol %
(1.22 × 10�3 molL�1 octene) catalyst (1) precursor con-
centration was chosen since the corresponding
amount of catalyst can be weighed out without intro-
ducing too large an error, while giving reasonably
good turnover frequencies. Previous investigations
have used this catalyst precursor at much higher con-
centrations; e.g., Buijsman et al.[8] found that 5 mol %
catalyst precursor leads to optimal results in a ring-
closing metathesis. In addition, we noted that a bipha-
sic reaction mixture resulted when 1-octene was
added to any of the ionic liquids discussed here, while
a homogeneous reaction mixture is formed with or-
ganic solvents (vide infra) or in solvent-free modus.
The results of our initial studies of the metathetic re-
action (Scheme 2) are shown in Table 1.

Interestingly, the reaction occurs in the ionic liquid
only; no catalytic activity of the organic top phase
was observed after separation of the biphasic reaction
mixture. Leaching did occur, as indicated by the
brownish tint of the organic phase. This means that
the decomposition product(s) of the catalyst is/are se-
lectively leached into the top-phase. Optimization of

Scheme 2. Metathesis of 1-octene to 7-tetradecene in the
presence of a catalyst.

Table 1. Conversion of 1-octene to 7-tetradecene in depend-
ence of two series of ionic liquid homologues.

Ionic Liquid Conversion
[%][a]

Halide
[wt. %]

Water
[wt. %]

ACHTUNGTRENNUNG[C4mim] ACHTUNGTRENNUNG[BF4] 30.3 0.044 0.253
ACHTUNGTRENNUNG[C6mim] ACHTUNGTRENNUNG[BF4] 40.9 0.109 0.072
ACHTUNGTRENNUNG[C8mim] ACHTUNGTRENNUNG[BF4] 26.4 0.269 0.119
ACHTUNGTRENNUNG[C8dmim] ACHTUNGTRENNUNG[BF4] 2.0 0.223 0.218
ACHTUNGTRENNUNG[C4py]ACHTUNGTRENNUNG[BF4] 25.4 <0.035 0.190
ACHTUNGTRENNUNG[C6py]ACHTUNGTRENNUNG[BF4] 53.0 0.177 0.102
ACHTUNGTRENNUNG[C8py]ACHTUNGTRENNUNG[BF4] 43.8 0.512 0.204

[a] Reaction conditions: room temperature, 4 h, 0.02 mol %
catalyst precursor 1, ionic liquid:1-octene=1:1 (vol/vol).

Scheme 1. 1st (1) and 2nd (2) generation Grubbs, and
Grubbs-Hoveyda (3) catalyst precursors.
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the catalyst’s longevity and affinity for the ionic liquid
phase is a subject of our future research. In order to
determine the influence of the nature of the ionic
liquid, we carried out reactions in tetrafluoroborate-
based ionic liquids featuring either 1-alkyl-3-methyl-
imidazolium or N-alkylpyridinium cations with vary-
ing alkyl substituents. Significant trends were ob-
served on increasing the alkyl chain on the cation of
the ionic liquids: both, 1-alkyl-3-methylimidazolium-
and N-alkylpyridinium-based tetrafluoroborate ionic
liquids gave higher conversions for the hexyl deriva-
tives than either the butyl- or octyl-substituted ones.

In Table 1, the amounts of water and halide impuri-
ty are specified. It becomes obvious that the conver-
sions observed do not directly relate to the water or
halide contamination. In order to be able to fully ex-
plain the phenomena observed, we investigated not
only the solubility of the substrate in ionic liquids –
we reasoned that higher solubility would result in
higher conversion – but also other characteristics of
the ionic liquids, as well as the role played by contam-
inants.

Solubility of 1-Octene in Ionic Liquids

Very little solubility data for alkene substrates in
ionic liquids are available at present in the litera-
ture,[35–37] and therefore the solubility of 1-octene in
ionic liquids was determined by gas chromatography
(see Supporting Information). For ionic liquids based
on the same cation the solubility increases the order
of [BF4]

�< [PF6]
�< [OTf]�< [BTI]� ([OTf]�= trifluoro-

methylsulfonate and [BTI]�=bis[trifluoromethanesul-
fonyl]imide).

For a given anion, lengthening of the alkyl chain on
the cation leads to a higher solubility of 1-octene. N-
Alkylpyridinium-based ionic liquids seem to possess
similar solubilities as 1-alkyl-3-methylimidazolium
melts with the same alkyl substituent. Literature data

of the solubilities for 1-hexene[36] and 1-octene[37] are
in good agreement, with 1-hexene being, as expected,
slightly better soluble than 1-octene.

Unfortunately, it was difficult to determine the sol-
ubility of 7-tetradecene, which is generally very low in
the ionic liquids used in this study, except for [C8py]-
ACHTUNGTRENNUNG[BTI] (4.3 mol %). As this is one of the more “lipo-
philic” ionic liquids, we assume the solubilities of 7-
tetradecene in the other ionic liquids to be well below
4 mol %. The lower solubility of the product is of ad-
vantage for the metathesis reaction design, since the
product is expelled from the ionic liquid, and can thus
be easily separated from the reaction mixture.

Therefore, the trends observed in our preliminary
investigation (Table 1) are not related to the solubility
of 1-octene in the ionic liquids: a steady increase in
conversion upon lengthening of the alkyl substituent
would be anticipated if the reaction was solubility-
and, therefore, mass transfer-controlled.

However, the fact that the hexyl-derivatives per-
form better than both the butyl- and the octyl-deriva-
tive is reminiscent of the trends reported in a polarity
study of various ionic liquids carried out by Carmi-
chael et al. ,[38] where the hexyl-derivative had a
higher polarity than either the shorter or longer sub-
stituted homologue, although theoretically, an in-
crease in the length of the alkyl chain should lead to
decreased polarity.

Thus, experiments were carried out in organic sol-
vents of various polarities in an attempt to elucidate
the source of this phenomenon.

Effect of the Solvent Polarity on the Metathesis of 1-
Octene

Several solvents were chosen to correlate the conver-
sions obtained to two constants (the relative permit-
tivity and the molecular dipole moment) used to
quantify polarity (Table 2). It should be noted that

Table 2. Conversion and TOF of the metathesis of 1-octene to 7-tetradecene in various solvents, and correlation to solvent po-
larity.

Entry Solvent Conversion[a] [%] TOF [h�1] Rel. Permittivity[b] Mol. Dipole Moment[c]

1 neat[d] 48.2 630
2 neat[e] 41.1 1230
3 chloroform 66.7 875 4.81 1.04
4 toluene 27.1 355 2.43 0.38
5 xylene (mix) 26.0 340 2.40 0.31
6 n-hexane 22.2 290 1.89 0.00
7 tetrahydrofuran 5.2 70 7.47 1.69

[a] Reaction conditions: room temperature, 4 h, 0.02 mol% catalyst 1 (6.10× 10�4 mol L�1 octene+ solvent), solvent:1-octene=
1:1 (vol/vol).

[b] Formerly known as dielectric constant, at 20 8C.[39]

[c] In the gas phase (in Debye).[39]

[d] In the absence of solvent, i.e., at 1.22 × 10�3 mol L�1 catalyst precursor.
[e] At 6.10 × 10�4 mol L�1 catalyst precursor.
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unlike with ionic liquids, 1-octene is mutually miscible
with all investigated molecular solvents, thus yielding
homogeneous reaction mixtures.

In Table 2, entries 1 and 2, the conversions and
TOFs obtained in the absence of any solvent are
shown. Entry 1 refers to experiments conducted in
5 mL of 1-octene in order to allow for comparison re-
lating to the relative catalyst:1-octene ratio in the
ionic liquid experiments, while for entry 2, 10 mL of
1-octene were used to simulate the effect of extra sol-
vent. As discussed above, a reduction of the overall
catalyst concentration effectively increases the effi-
ciency of the catalyst, probably due to reduced cata-
lyst decomposition.[34] Neither of the investigated or-
ganic solvents added to the reaction mixture improves
the efficiency of the catalyst. Nevertheless, distinct
differences are obvious: with the exception of tetra-
hydrofuran, the conversions correlate well with both
the dipole moment and the relative permittivity.
While the reaction carried out with chloroform gave
good conversions, less polar solvents, such as toluene,
xylene and n-hexane, reduce the rate markedly. Simi-
lar effects have been previously observed.[40] The
large inhibitory effect of tetrahydrofuran may be
linked to potential strong binding of the excess sol-
vent to the catalytically active site.

We hasten to mention that neither molecular sol-
vents nor ionic liquids are necessary to carry out the
reaction. In general, the use of a solvent can only be
justified if it brings about an increase of reaction rate,
selectivity, control of exotherms, or if catalyst recy-
cling is facilitated. A recent energy balance as part of
a life-cycle assessment has shown that more than six
recycle runs are necessary before the use of an ionic
liquid can be justified in this particular reaction. The
energy required for the manufacture of the ionic
liquid has to recovered by the advantages a biphasic
system offers in terms of facile product separation.[41]

Effect of the Purity of the Ionic Liquid on the
Metathesis of 1-Octene

The strong inhibiting effect of tetrahydrofuran as well
as the results reported in Table 1 led us to reconsider
impurities that are potentially strong-coordinating
and which may deactivate the catalyst in the experi-
ments with ionic liquids. From their preparative meth-
odology, we anticipated halide impurities, and water
could be present due to the hygroscopic properties of
the ionic liquids.[42] Both of these impurities had been
determined in the preliminary study, albeit with a rel-
atively high detection limit for halide impurities
(0.035 and 0.080 wt.% for chloride and bromide, re-
spectively, see Table 1). Also, the effects observed can
not be directly correlated with impurity concentra-
tions.

We, therefore, included the determination of 1-
methylimidazole (residual starting material from ionic
liquid preparation) in an extended study of the effects
of the water, chloride and imine content in ionic liq-
uids.

The effect of residual halide from the ionic liquid
synthesis on the reaction outcome was investigated by
adding known amounts of [C6mim]Cl to catalysis-
grade [C4mim] ACHTUNGTRENNUNG[BF4]. Figure 1 shows that the initial re-

action rates are not severely influenced by the pres-
ence of chloride, at least not at concentrations be-
tween 0.00 and 0.69 mol% in the ionic liquid. Table 3
shows that the latter value corresponds to a molar
ratio of 23 (chloride:catalyst precursor 1), indicating
that the relative stability of the catalyst to halide is
comparatively high. A further increase of the chloride
content suppresses conversion, and at 51.00 mol % of
chloride with respect to the ionic liquid, the catalytic
activity is almost quantitatively inhibited. No reaction
is observed in pure [C6mim]Cl.

In a similar fashion, the effect of water in an ionic
liquid was investigated by adding known quantities of
water to catalysis-grade [C2mim] ACHTUNGTRENNUNG[BF4] (Figure 2). This
impurity shows a less pronounced effect, and even at
88.44 mol % water with respect to the ionic liquid
(corresponding to a ratio of water:catalyst precursor
of about 4500), the catalytic activity is reduced by
only 40%.

Surprisingly, the catalytic activity is most sensitive
to the addition of 1-methylimidazole to catalysis-
grade [C4mim] ACHTUNGTRENNUNG[BF4] (Figure 3), and the presence of a
mere 0.18 mol % with respect to ionic liquid leads to
a decrease in turn-over frequency by factor 11, al-
though this corresponds to only a six-fold excess of 1-
methylimidazole over catalyst precursor! In fact, this
imine is so potent in its inhibitory role towards the

Figure 1. Influence of added increments of chloride
([C6mim]Cl) to pure [C4mim] ACHTUNGTRENNUNG[BF4] on the conversion of the
metathesis of 1-octene at room temperature as a function of
time.
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catalyst that, even at concentrations at the detection
limit of our currently best HPLC method (0.025 wt.%
for 1-methylimidazole), an effect is clearly visible.

A Performance Comparison of Other Ruthenium-
Based Catalyst Precursors

The effect of impurities on the performance of meta-
thesis catalysts was investigated by including the 2nd

generation (2) Grubbs, and the Grubbs-Hoveyda (3)
catalyst precursors. Experiments were conducted at
impurity levels at which previously a pronounced
effect on the catalyst activity had been detected, i.e.,
0.28 mol% chloride, 88 mol% water or 0.12 mol% 1-
methylimidazole, respectively. Table 4 shows that in
the absence of any impurity, the performance of 2
and 3 is virtually similar and much better than that of

Table 3. Dependence of type and concentration of deliberately added impurity on the TOF.[a]

Ionic Liquid “Impurity” Ratio Impurity/Catalyst Mol % Impurity (rel. IL) Wt.% Impurity (rel. IL) TOF [h�1]

ACHTUNGTRENNUNG[C4mim] ACHTUNGTRENNUNG[BF4] ACHTUNGTRENNUNG[C6mim]Cl 0 0.00 <0.001 825
2 0.07 0.01 710
11 0.28 0.04 590
23 0.69 0.11 525
1720 51.00 8.00 65

ACHTUNGTRENNUNG[C2mim] ACHTUNGTRENNUNG[BF4] H2O 12 0.24 0.02 850
104 2.04 0.19 825
4494 88.44 8.05 525
7913 168.26 15.32 390

ACHTUNGTRENNUNG[C4mim] ACHTUNGTRENNUNG[BF4] 1-methylimidazole 0 0.00 0.00 825
2 0.06 0.02 600
4 0.12 0.04 175
6 0.18 0.06 75

[a] Reaction conditions: room temperature, 4 h, 0.02 mol % catalyst precursor 1, ionic liquid:1-octene=1:1 (vol./vol.).

Figure 2. Influence of added increments of water to pure
[C2mim] ACHTUNGTRENNUNG[BF4] on the conversion of the metathesis of 1-
octene at room temperature as a function of time.

Figure 3. Influence of added increments of 1-methylimida-
zole to pure [C4mim] ACHTUNGTRENNUNG[BF4] on the conversion of the meta-
thesis of 1-octene at room temperature as a function of
time.

Table 4. Dependence of type of deliberately added impurity
on the performance of various metathesis catalyst precur-
sors.[a]

“Impurity” Catalyst pre-
cursor

Mol % Impurity
(rel. IL)

Conv.
[mol %]
at
2 h 4 h

pure 1 st genera-
tion (1)

< l.o.d.[b] 55.8 60.2

2nd genera-
tion (2)

< l.o.d. 75.0 83.4

Grubbs-Hov-
eyda (3)

< l.o.d. 73.3 86.5

ACHTUNGTRENNUNG[C6mim]Cl 1 0.28 43.0 45.8
2 0.28 48.0 71.3
3 0.28 47.4 74.0

H2O 1 88.44 40.0 41.0
2 88.44 28.7 44.8
3 88.44 60.3 69.1

1-methylimida-
zole

1 0.12 7.8 13.0
2 0.12 5.2 5.3
3 0.12 38.0 39.0

[a] Reaction conditions: room temperature, 0.02 mol % cata-
lyst precursor, ionic liquid:1-octene=1:1 (vol/vol).

[b] l.o.d.= limit of detection.
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1. However, in the presence of halide impurity, all
precursors exhibit a reduced rate of reaction. Again, 2
and 3 show similar reaction profiles and are less sus-
ceptible to chloride poisoning than 1.

Contrary hereto the 2nd generation Grubbs catalyst
2 is even less effective than 1 in the presence of either
water or 1-methylimidazole impurity. Overall, al-
though still significantly negatively influenced, precur-
sor 3 is much less affected than either 1 or 2 by the
presence of any of the three impurities chloride,
water or 1-methylimidazole.

Final Remarks

Further investigations with 1 showed that similar
TOFs can in fact be achieved in sufficiently pure
[Cnpy]ACHTUNGTRENNUNG[BF4], [Cnmim] ACHTUNGTRENNUNG[BF4] and [Cndmim] ACHTUNGTRENNUNG[BF4] (n=4,
6, 8), i.e. , irrespective of the solubility of 1-octene.
Comparison of the TOFs obtained in neat 1-octene
(1230 and 630 h�1, at 6.10× 10�4 and 1.22 ×
10�3 molL�1 catalyst, respectively, see Table 2) and in
pure ionic liquids (850 h�1) shows that the latter lies
between the two reactions performed in the absence
of any solvent. Considering that the active catalyst re-
sides only in the ionic liquid phase where its relative
concentration is comparable to entry 1 in Table 2, the
TOF obtained in ionic liquids is high. This observa-
tion possibly points to an improved catalyst activity
and stability in the ionic liquid.

In pure ionic liquids, no isomerization was ob-
served. However, the chromatograms of reaction mix-
tures in which either chloride, water or 1-methylimi-
dazole was deliberately added showed signals corre-
sponding to 2- and 3-octene which increased over the
duration of the experiment to about 5 %. This is not
surprising since the decomposed ruthenium catalyst is
known to act as an efficient double-bond isomeriza-
tion catalyst.[34,40]

Conclusions

Our investigations, based on the metathesis 1-octene
in ionic liquids, have shown that transition-metal cat-
alysis in such solvents is extremely sensitive to the
three impurities halide, water and imines such as 1-
methylimidazole. While the former can be accumulat-
ed by absorption of moisture from the atmosphere or
wet feedstock, all three may stem from the prepara-
tion of the ionic liquid itself. The effect of traces of
water or halides on both the physico-chemical proper-
ties and reaction out-come has been recognized in the
literature,[4,18–31,42,43] but, to the best of our knowledge,
no systematic study, particularly including the effect
of imine impurity, has been previously undertaken.
This impurity, however, has a pronounced effect on

the rate of ruthenium-catalyzed metathesis of 1-
octene. The detection limit of the HPLC method is
too high for the concentrations at which 1-methylimi-
dazole is effective as a catalyst poison, and better ana-
lytical methods need to be developed.

The study has shown that the catalyst precursors 2
and 3 are also affected to various degrees by the im-
purities investigated, and we anticipate that other
transition-metal catalysts would exhibit similar behav-
ior in the presence of these impurities. It is, therefore,
of utmost importance that authors, as well as manu-
facturers of ionic liquids, determine the purity of the
ionic liquids used. More sensitive as well as time- and
cost-effective analytical methods are presently being
developed and evaluated in our laboratories. These
results, although not directly transferable to other
types of catalysis than metathesis, indicate an ap-
proach that should be considered for other catalytic
cycles as well.

In general, the use of ionic liquids leads to good
conversions at very low catalyst loadings (0.02 mol %)
and under mild conditions. Although biphasic, no
mass-transfer limitations have been observed, and the
cation-dependent polarity and solubility plays, if at
all, a subordinate role in the conversion. Compared to
molecular solvents such as chloroform, using ionic liq-
uids allows for the reaction to be carried out in a bi-
phasic reaction mode, thus facilitating solvent-product
separation. In the case of 1, decomposition of the cat-
alyst occurs in both classes of solvents, and the de-
composition product can be efficiently removed from
the product using a method described by Cho and
Kim.[44] Interestingly, the high TOF obtained in pure
ionic liquids when compared to organic solvents at
similar catalyst concentrations indicate an improved
catalyst stability and activity. Further investigations
are in process to elucidate this aspect.

Experimental Section

General Remarks

Pure ionic liquids (for catalysis, Fluka) were used as sup-
plied. Product specification: [C4mim] ACHTUNGTRENNUNG[BF4]: water<200 ppm,
halogens<10 ppm. [C2mim] ACHTUNGTRENNUNG[BF4]: water<200 ppm, halo-
gens<10 ppm.

All other ionic liquids were prepared according to known
procedures[45] from the corresponding halide precursor
([C4mim]Cl, [C8mim]Cl, [C8dmim]Cl, [C4py]Cl, [mC4py]Cl,
[C8py]Cl, [C6mim]Br, [C6py]Br, where [Cnmim], [Cndmim],
[Cnpy] and [mCnpy] stand for 1-alkyl-3-methylimidazolium,
1-alkyl-2,3-dimethylimidazolium, N-alkylpyridinium and 4-
methyl-N-alkylpyridinium, respectively, and n=number of
carbons of the alkyl substituent), sodium tetrafluoroborate,
hexafluorophosphoric acid, trifluoromethanesulfonic acid
(HACHTUNGTRENNUNG[OTf]), and lithium bis(trifluoromethanesulfonyl)imide
(LiACHTUNGTRENNUNG[BTI]).
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1-Octene (Riedel-deHaën) was distilled twice from KOH
to destroy peroxide impurities, degassed and stored under
nitrogen to reduce oxygenates to a minimum.

The 1st generation Grubbs catalyst precursor [benzyli-
dene-bis(tricyclohexylphosphine) dichlororuthenium (1)],
2nd generation Grubbs catalyst precursor {benzylidene ACHTUNGTRENNUNG[1,3-
bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dichloro-
(tricyclohexylphosphine)ruthenium (2)} and Grubbs-Hovey-
da precursor [dichloro(o-isopropoxyphenylmethylene)(tricy-
clohexylphosphine) ruthenium (3)] were used as received
from Aldrich. All organic solvents used were distilled prior
to use.

Conversions were determined by gas chromatography.
GC-details: Hewlett–Packard 5890 GC, PONA column, ini-
tial temp. 100 8C, heating rate 4 8C min�1 to 300 8C, injector
temp.: 250 8C, detector temp. 300 8C (FID). DELSI
NELMAG GC, OV-1 (equivalent to SPB-1) column, isother-
mal run (180 8C), injector temp.: 220 8C, detector temp
220 8C (FID). Varian CP-3800 GC, HP5 column, initial
temp. 60 8C, heating rate 10 8C min�1 to 100 8C, injector
temp.: 250 8C, detector temp.: 300 8C (FID).

No correction factors were taken into account, as there is
no change in functionalization in both the product and start-
ing material. The AUC thus reflects the respective weight
percentage. Both, the retention times of 1-octene and the 7-
tetradecene were determined by comparison to a pure
sample and NMR spectroscopy. Conversions are given as
the molar percentage of 1-octene converted to 7-tetrade-
cene.

Preliminary Study of the Metathesis of 1-Octene in
Ionic Liquids and Organic Solvents

1-Octene (5 mL, Mr=112.22 g mol�1; 1=0.715 g mL�1;
0.0319 mol) was transferred into a Schlenk flask containing
5 mg catalyst precursor (1) (Mr=823.0 g mol�1, 0.02 mol %)
and 5 mL of either the ionic liquid or organic solvent. The
reactions were carried out at room-temperature and deter-
mined after 4 h reaction time. The organic phase was ana-
lyzed as described above. Due to the low solubilities of both
1-octene and 7-tetradecene, their concentration in the ionic
liquid phase was not taken into account for the conversion
studies. Experiments were performed twice and agreed
within 5 %.

Purity of Ionic Liquids

The purities of the ionic liquids used were determined by
Karl-Fischer titration (water), Volhard titration (halides)
and HPLC (1-methylimidazole). Experimental details are
available in the Supporting Information.

Influence of Chloride

Due to the high hygroscopicity of [C6mim]Cl (specifica-
tion:<0.17 wt. % 1-methylimidazole, 0.01 wt.% water), a
standard solution (0.0617 g [C6mim]Cl in 10 mL chloroform)
was prepared. In 5 g [C4mim] ACHTUNGTRENNUNG[BF4] (for catalysis, Fluka), in-
crements of the standard solution (0, 0.5, 2, and 5 mL) were
dissolved, and chloroform removed on a rotary evaporator.
In the case of the sample with the highest chloride content,
2.286 g [C6mim]Cl was directly dissolved in [C4mim] ACHTUNGTRENNUNG[BF4].
5 mL 1-octene and 6 mg of the catalyst precursor were

added. The progress of the reaction was determined by
taking samples of the upper phase at appropriate times, dilu-
tion with diethyl ether and analysis by GC.

Due to the high purity of the ionic liquid used, the chlo-
ride content of the blank sample was not taken into ac-
count.

Influence of Water

6 g [C2mim] ACHTUNGTRENNUNG[BF4] (for catalysis, Fluka) and 5 mL 1-octene
were transferred into a Schlenk flask. Before adding 5 mg of
the catalyst precursor, either none, 10, 500, or 900 mL water
was added using Eppendorf pipettes. The progress of the re-
action was determined by taking samples of the upper phase
at appropriate times, dilution with diethyl ether and analysis
by GC. Due to the absorption of water from the atmosphere
into the ionic liquid, the water content of the blank sample
was determined (0.022 wt.%) and taken into account for the
calculations.

Influence of 1-Methylimidazole

5 g [C4mim] ACHTUNGTRENNUNG[BF4] (for catalysis, Fluka) and 5 mL 1-octene
were transferred into a Schlenk flask. Before adding 5 mg of
the catalyst precursor, either none, 1, 2 or 3 mL 1-methylimi-
dazole was added using a GC-syringe. The progress of the
reaction was followed by taking samples of the upper phase
at appropriate times, dilution with diethyl ether and analysis
by GC.
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