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Abstract

A series of room temperature ionic liquids (RTILs) were tested as solvents for dioxomolybdenum(VI) complexes in the catalytic epoxidation
of cis-cyclooctene, usingert-butyl hydroperoxide (TBHP) as the mono-oxygen source. In general, the best results were obtained using
the RTIL 1n-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([BMIM]NE}. Upon addition of cyclooctene and TBHP (in
decane) to solutions of MoX,(p-tolyl-(CH3-DAB)) [X = CI, Me; p-tolyl-(CH3-DAB) = N,N-p-tolyl-2,3-dimethyl-1,4-diazabutadiene] in
[BMIM]NTT », biphasic mixtures were obtained. The epoxidation reactions proceeded with 100% selectivity to cyclooctene oxide, but activities
were lower than those observed for the same catalysts in the absence of any additional solvent (other than decane). By contrast, in the presenc
of the novel cationic complex [Mo£Z|(BnsMes-tame)|BR, [BnsMes-tame= N,N’,N’-tribenzyl-1,1,1-tris(methylaminomethyl)ethane] and
[BMIM]NTT ,, the catalytic activity was higher than that achieved with no additional solvent, although a minor amount of 1,2-cyclooctane diol
was formed as a by-product. This system gave the best results in terms of catalyst/solvent recycling (carried out by extracting the reactants and
products withn-hexane). There was a loss of catalytic activity from the first to the second run, but thereafter tended to stabilise. Interestingly,
selectivity to the desired epoxide increased upon recycling, reaching 100% in the third run.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and Lp, have been experimentally characterised and tested as
catalysts for epoxidation reactions, usually employtie-
High-valent & transition metal complexes, such as Wo butyl hydroperoxide (TBHP) as the mono-oxygen source
VV and TIV, are versatile catalysts for the epoxidation of [6-17]. Important properties, such as the solubility of the
alkenes[1-3]. Molybdenum catalysts in the homogeneous complex and the Lewis acidity of the metal centre, can be
phase (Arco and Halcon processes) are commercially ap-fine-tuned by variation of either X or L. However, homoge-
plied to the production of propylene oxide using alkyl hy- neous catalytic processes often suffer from drawbacks such
droperoxides as oxidani$,5]. In recent years, complexes of as the laborious separation of the reagents and products from
the type MoO(Q)2(L1)(L2) and MoQX2(L1)(L2) (X = ClI, the catalyst and catalyst recycling is often not feasible, orig-
Br, CHz), with different combinations of base ligandg L  inating chemical waste, which is of ecological and economi-
cal concern. One way to address these problems is to immo-
* Corresponding author. Tekt351-2-3437-8123; bilise the homogeneous catalysts on soliq_supqaﬁﬂ_g]. _
fax: +351-2-3437-0004. These approaches generally require additional modification
E-mail addressavalente@dg.ua.pt (A.A. Valente). of the catalyst, frequently lead to partial loss of activity,
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sometimes due to metal leaching from the solid into solu- Published procedures were also employed for the syn-
tion, making them unattractive for industrial applications. thesis of the ionic liquids [BMIM]PE, [BMIM]NTT 2,

A promising alternative to the above catalytic systems [CgMIM]PFg, [BAMIMINTf 2, [C5O2MIM]|PFg and [(d-
is to immobilise the catalyst in a room temperature ionic h),dmg]PF [42-46] Microanalyses for C, H and N were
liquid (RTIL), i.e. an organic salt with a melting point be- carried out at the ITQB. Mo was determined by ICP-AES
low ambient temperature. These novel reaction media areat the Central Laboratory for Analysis, University of Aveiro
interesting solvents, particularly for catalysis since they (E. Soares). IR spectra were obtained as KBr pellets us-
are non-volatile, non-flammable and thermally stable and ing a FTIR Mattson-7000 infrared spectrophotometeét.
possess enhanced potential for catalyst separation and recyNMR spectra were recorded at 300 MHz using a Bruker
cling, and accelerating reactiof@0—26] RTIL have been ~ CXP 300 spectrometet3C NMR spectra were recorded at
used for several types of organic reactions, but their use 100.28 MHz using a Bruker Avance DPX-400 spectrometer.
as solvents for oxidation reactions is only just emerging. Mass spectra were acquired on Bruker esquire 3000
Imidazolium-based ionic liquids are stable enough to air,
moisture and heat and have been successfully employed2.2. MoGQMe;(p-tolyl-(CHz-DAB)) (2)
for immobilising Ni(acac) in the catalytic oxidation of
aromaticg[27], Pd in the oxidation of benzyl alcoh{8], A solution of MOGClz(THF), (1.03 g, 3.0 mmol) in dry
PdCb in Wacker-type reactioni29] and Sharpless catalytic = THF (20 mL) was treated witlp-tolyl-(CH3-DAB) (0.79 g,
asymmetric dehydroxylatiof80,31] Transition metal (Mn, 3.0 mmol) and the mixture stirred vigorously for 30 min. Af-
Cr) salen complexes immobilised in BMIM-based ionic ter this time the mixture was cooled te20°C (isopropanol
liquids (BMIM = 1-butyl-3-methylimidazolium) consti- bath) and a solution of CiMgCl in THF (3M, 2.0mL,
tute recyclable catalyst/solvent systems for the asymmet-6.0 mmol) added slowly. The reaction was then allowed to
ric epoxidation of olefins and ring-opening of epoxides warm up to room temperature and stirred for 1 h. The dark
[32,33] More recently, the catalytic epoxidation of alkenes red suspension was taken to dryness and ice-cold distilled
has been successfully carried out by manganese porphyrinvater added. The product was extracted withpCH and the
in [BMIM]PF¢g with advantages over an organic catalytic organic phase dried over anhydrousS@y. Finally, the sol-
phase, such as higher reaction rates and efficiency and thezent was removed under reduced pressure and the resulting
RTIL/catalyst system could be recycl§#,35] red residue recrystallized from GBl,/diethyl ether (1.06 g,

To the best of our knowledge, the use of ionic liquids 90%). Found: C, 56.72; H, 6.16; N, 6.58p¢E26M0ON20>
in MoV! catalyst systems has yet to be investigated. Herein requires C, 56.87; H, 6.20; N, 6.63%. Selected FTIR (KBr,
we report on the catalytic performance of dioxomolybde- cm™1): v = 934vs bsym Mo=0), 907 vS (asym M0=0). H
num(VI) complexes for the epoxidation ofs-cyclooctene NMR (300 MHz, CDC§, Si(CHg)s, 20°C): § = 7.21 (d,
using TBHP as the oxidant and an ionic liquid as additional 4H), 6.90 (d, 4H), 2.31 (s, 6H), 2.25 (s, 6H), 0.82 (s, 6¥L
solvent. The results are compared with “conventional” one- NMR (100.28 MHz, CDC, Si(CHg)4, 20°C): § = 1651,
phase homogeneous catalysis. 146.8, 137.0, 129.8, 120.4, 21.1, 20.0.

2.3. N,N,N’-tribenzyl-1,1,1-tris(methylaminomethyl)ethane
2. Experimental (BrsMes-tame)
Potassium hydroxide powder (210mg, 3.90mmol;
3.1eqg.) and benzyl bromide (460 3.90mmol; 3.1eq.)
were added to a solution of Md¢ame (200 mg, 1.26 mmol)
in dry toluene (4mL). The reaction mixture was heated

) o i overnight at 90C under nitrogen. After cooling to room
(CHs-DAB)] [39], MoO;Cla(p-tolyl-(CH3-DAB)) (1) [40] temperature more potassium hydroxide (35 mg, 0.63 mmol,

and 1,1,1-tris(methylaminomethyl)ethane @vtame)[41] 0.5eq.) and benzyl bromide (&, 0.63mmol: 0.5eq.)

;vzrnedg;epared as described in the literature (see compound§Nere added and heating was continued &t®@or 1 h after

which time an additional amount of KOH (100 mg) was

2.1. Materials and methods

The compounds MogLl, [36,37], MoO>Clx(THF)2
[38], N,N-p-tolyl-2,3-dimethyl-1,4-diazabutadieng-folyl-

g added to the reaction mixture at room temperature. After
X filtration of solid KBr the solvent was removed by evapora-
o\f N CHs tion. The pure BpMes-tame was obtained as a colourless
O/ITO\N/ CHs oil (489 mg, 91%) after flash chromatog[aphy (elution with
\ hexane:ethyl acetate 8:2). FTIR (neat, &h v = 3084,
3027, 2944, 2837, 2780, 1494, 1452, 1364, 1025, 715, 697.
L. 1H NMR (300MHz, GDg, rt): § = 7.40-7.11 (m, 15H),
3

3.54 (s, 6H), 2.54 (s, 6H), 2.18 (s, 9H), 1.18 (s, 3tPC
X=CI(1), Me (2) NMR (100.28 MHz, GDg, rt): 140.9, 128.8, 128.5, 127.1,
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65.4, 65.1, 45.3, 45.1, 21.2. Mass spectram, (intensity) TBHP (5.5M in decane) and, optionally, either 2001,2-

ESI 430.2 1 + 1)* (100%). dichloroethane (DCE) or RTIL. The products were analysed
using a gas chromatograph (Varian 3800) equipped with a
2.4. [MoO,Cl(BrsMes-tame)]BF (3) capillary column (SPB-5, 20m 0.25 mmx 0.25pum) and

a flame ionisation detector.

A solution of silver tetrafluoroborate (73 mg, 0.373 mmol)
in THF (2 mL) was added to a solution of MeQl, (75 mg,
0.373mmol) in THF (5mL) under nitrogen. The reaction 3. Results and discussion
mixture was left to stir for 2 h at room temperature. After fil-
tering to remove the precipitate, a solution ofsBfes-tame The Mo”' organometallic complex MogMex(p-tolyl-
(160 mg, 0.373 mmol) in THF (15 mL) was added dropwise (CHz-DAB)) 2was prepared by the treatment of the dichloro
to the clear filtrate, resulting in the immediate formation of complex MoQClx(p-tolyl-(CH3-DAB)) 1 (prepared in situ)
a white precipitate. Stirring was continued for 1 h at room with the Grignard reagent G¥gCl. Elemental analysis,
temperature and then the solid product was recovered by fil-FTIR and solution NMR data confirmed that the desired
tration. Washing with diethyl ether and drying in vacuum complex was obtained in high purity. The cationic complex
gave [MoQCl(BnzMes-tame)|BR (3) (218 mg, 85%) as a 3 was obtained as described$theme 1
pale blue powder, soluble in DMF. Found: C,51.12; H,5.56;  Octahedral dioxomolybdenum(VI) complexes containing
N, 5.93. GgH39N3MoO,CIBF4 requires C, 51.24; H, 5.78;  1,4-diazabutadienes (DAB) have previously been shown to
N, 6.18%. IR (KBr, cntl): 3464 w, 3034, 2966, 2927, 2646 be active and stable homogeneous catalysts for the epox-
w, 1648, 1456 s, 1382 m, 1060 s, 948 s, 913 5, 749 5, 702 sidation of olefins using TBHH13,14] The oxidation of
IH NMR (300 MHz,d7-DMF, rt): § = 7.55-7.44 (m, 15H), cis-cyclooctene using TBHP as oxidant in the presence of
4.18 (s, 6H), 3.49 (s, 2H), 3.23 (s, 4H), 2.7 (s, 9H), 1.48 (s, complexesl and 2 yields cyclooctene oxide as the only

3H). product Table ). Without additional solvent homogeneous
mixtures are formed and cyclooctene oxide is vyielded
2.5. Catalysis guantitatively after 4 hKig. 1). Compared to previous cat-

alyst systems based on dioxomolybdenum(VI) complexes
The epoxidation otis-cyclooctene was carried out under [14,15], including those containing other types of DAB
air in a micro reaction vessel equipped with a magnetic stir- ligands, complexed and 2 possess outstanding catalytic
rer, which was loaded with 36mol of complex, 3.6 mmol  activity. The kinetic profile shown ifig. 1 for the dimethyl
cyclooctene (1% molar ratio of catalyst/substrate), 5.5 mmol complex 2 is typical of MoG:X,Lo-type complexes used

Table 1

Cyclooctene epoxidation using TBHP in the presence of dioxomolybdenum(VI) compleles

Solvent/catalyst TemperatureQ) TOF® (mol mohy,~1h™1) Conversiofl (%) Select. to epoxide(%) Phase system
NonelL 55 (55% 100 100 L
DCEA 55 11 (32) 94 100 L
[BMIM]PF /1 55 7 (77) 73 100 L-L
Nonel2 55 (73) 100 100 L
DCER 55 12 (53) 100 100 L
[BMIM]PF /2 55 8 (24) 90 100 L-L
[BMIM]PF g/2¢ 55 6 73 100 L-L
[BMIM]PF /2% 35 2 34 100 L-L
[CsMIM]PFg/2 55 8 (25) 94 100 L-L
[BMIM]NTF 2/2 55 10 (34) 96 100 L-L
[BAMIMINTF »/2 55 4(7) 53 100 L-L
[C502MIM]PF¢/2 55 1(2) 14 100 L-L
[(d-h).dmg]PFs/2 55 9 (27) 92 100 L
NoneB 55 8 (48) 64 75 (o
DCER 55 6 (19) 71 of C
[BMIM]PF /3 55 9 (40) 71 85 Cc-L
[BMIM]NTF »/3 55 11 (47) 93 85 C-L

a Turnover frequency calculated at ca. 8 h reaction.

b Cyclooctene conversion after 30 h.

¢ Selectivity calculated at 30h.

d Values in brackets correspond to turnover frequency calculated at ca. 1h reaction.
€ Equimolar amounts of substrate/TBHP were used instead of 0.65.

f 1,2-Cyclooctanediol was formed.

9 Colloidal suspension.
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Scheme 1.

as epoxidation catalysts with TBHP. Initially, the reaction corresponding to a TOF of 8molmg~1h~1 (Table 1. A
is fast but then slows down, which has been attributed to conversion of 90% was only achieved after 30 h (cf. 73%
the formation oftert-butyl alcohol, a by-product of the  for 1). The reactions under biphasic conditions are therefore
epoxidation, which competes with TBHP for co-ordination sjower than in homogeneous phase, probably due to mass
to the Mo”' centre[15]. Homogeneous one-phase catalyst transfer limitations. When the molar ratio of comp@/sub-
systems were also obtained when 1,2-dichloroethane wasstrate was decreased from 1 to 0.5% the TOF decreased from
used as solvent. However, the oxidation reaction was slowerg to 5 mol mol,~+h=1 and conversion after 8 h decreased
than that observed without additional solvent, proceeding from 60 to 34%. With equimolar amounts of cyclooctene
to ca. 90% cyclooctene conversion within 8 h in the case of and TBHP the oxidation of cyclooctene was slower, pro-
2, giving a TOF of 12mol maho ~*h~* (Table 9. ceeding to 73% olefin conversion at 30Table ). Lower-
The epoxidation of cyclooctene was subsequently car- ing the temperature from 55 to 38 decreased cyclooctene
ried out using the RTIL [BMIM]PE (Plate 3 as a sol- conversion at 30 h by ca. 50%.
vent for the catalyst precursofsand2. Upon addition of The recyclability of the [BMIM]PFR/2 system was first
cis-cyclooctene and TBHP (in decane) the reaction systemsexamined by carrying out a second reaction run using
become biphasic. The catalyst precuratissolves in the  equimolar amounts of olefin and TBHP at35. In order
RTIL to give a deep red solution, while decane and cy- to recover the ionic mixture containing the catalyst, a liquid
clooctene are immiscible with the RTIL, and TBHP is sol- extraction was performed ugim‘ghexane (3( 2 mL), which
uble in the RTIL. It was noted that after addition of the js immiscible with the RTIL. This solvent was chosen
oxidant, the upper organic phase, containing the substrateamongst several others (cyclohexene, cyclopentene, diethyl
and products, adopted a pale orange colour suggesting thakther) in order to obtain a better separation of the reagents
some molybdenum species transferred from the ionic lig- and products relative to the catalystHexane was added to
uid phase. The conversion of substrate after 8 h was 60%,the reaction mixture followed by agitation, after which two
clear liquid layers were separated by decantation. When the
[BMIM]PF /2 system was recycled and reused partial loss

100 - o © of catalytic activity (evaluated as olefin conversion at 30 h)
o ° was observedFig. 2). The first hexane extract was yellow
o O a (and no solid could be separated by centrifuging) suggesting
80 4 o m|
] + T
(o} (m] + _ -
u]
= + — =
£ 60- o + ” X_ A= @N/ \N PEg [BMIM]PFg (R = n-butyl)
c - U R [CsMIM]PFg (R = n-octyl)
k<l o + X A
14 a X A - -
© =A
fc>:> 40 4 + X A a r /:\ 9 o
3 ® - .
o A>|(A % X N N—p =\\S/N\ //_ [BMIM]NTf, (R = n-Bu, R' = H)
+ K' % X Y | I [BAMIM]NTf, (R = n-Bu, R’ = Me)
20 L R ] CF; CFs
X X X
* ) ° o o/ — o~
e 0 0 © O O ' . . /N\/N\/\O PFe  [C50;MIM]PFg
0 1 2 3 4 5 6 7 8 L
time/h
S
Fig. 1. Kinetic profiles of cyclooctene epoxidation in the presence of N .
MoO,Me;(p-tolyl-(CH3-DAB)) 2 without additional solvent®) or us- /H\ PFe [(@-h)2dmg]PFe (R = n-hexyl)
ing DCE (), [BMIM]PFg (A), [CeMIM]PFg (=), [BMIMINTf  (4), | RN NR;

[BAMIMINTT 5 (x), [C502MIM]PFg (<) or [(d-hdmg]PFs (X) as sol-

vent at 55C.

Plate 1. Room temperature ionic liquids used in this work.
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complex?2 is also insoluble. These experiments gave sim-
ilar catalytic results to those obtained usindnexane, i.e.
olefin conversion decreased at least 83% from the first to
the second run. The loss of activity decreases with tempera-
ture probably because heating enhances the weight-fraction
of the catalyst in the upper organic phase.

Several other RTILsRlate ) were tested as immobilising
agents for2 and catalytic tests carried out using 76 g cata-
lyst/L RTIL, at 55°C. No significant differences in catalytic
activity are observed between [BMIM|BF[CgMIM]PF¢
or [(d-hdmg]PFs (Table 1. The oxidation reaction in the
presence of [@0,MIM]PF¢ was rather sluggish, yielding
14% epoxide after 30 h. The highest reaction rate was ob-
served for [BMIM|NTf, (TOF = 10molmojo—th=1).
When the different RTIL/catalyst systems were recycled
under the same conditions, cyclooctene conversion after
30h decreased ca. 94% for [BMIM]gRand [GMIM]PFg,

%
o
ettt

£
)
i

Conversion (%)
EE
R
SRR

S
T
e

e
o o

o,

TR

S
AT
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g catalyst/L RTIL whereas for [BMIM]NT% and [BAMIM]NTf; the loss was
Fig. 2. Influence of the amount of [BMIM]RFon the catalytic perfor- less than 40%Hig. 3) These reSUIt$ suggest tha.t the type
mance of MoQMey(p-tolyl-(CH3-DAB)) 2 at 35°C (first run—black; of anion plays an important role in the catalytic perfor-
second run—diamonds). mance of complex, with NTf, giving better results than

PFs. A possible explanation is the different solubility of

the complex in the RTILs, accounting for variable losses of
that a fraction of molybdenum species were also extracted inmolybdenum during the extraction operation. The amount
this multicomponent system. The leaching of active catalytic of Mo present in [BMIM]PF and [BMIM]NTf, after two
species from the RTIL phase, both during the reaction and runs was estimated by ICP-AES, which gave a maximum
recycling, is probably one reason why catalytic performance of 43 and 26 wt.% metal loss, respectively.
is poor in the second run. It is noteworthy that it is only ~ This study was further extended to the ionic dioxomoly-
the first 2mL extraction solution that turns yellow; the ad- denum(VI) complex3, for which the catalytic performance
ditional fresh solvent in subsequent single stage extractionswas evaluated under typical reaction conditions, either
remains colourless. These results suggest that the loss of Mawith no additional solvent, or with DCE, [BMIM]P&or
takes place mainly during the first extraction, being removed [BMIM|NTf 5, at 55°C (Table 1. The complex is not
together with the less hydrophobic organic phase containing
cyclooctene and polar reaction products, sudegssutanol
and cyclooctene oxide. Hence, the recyclability of this sys- 100 4
tem may depend on the partition of the catalyst in the RTIL
and organic phase. The [BMIM]RA. system was also recy-
cled but in a second reaction run substrate conversion after 4 |
30h at 55C was less than 4%. Further experiments were
restricted to systems containing the dimethyl com@ex

The influence of the amount of RTIL on the catalytic per-

formance was studied under similar conditions at@Gbus-
ing the same initial amount of compléx With increasing
amounts of ionic liquid the reaction rate decreased signif-
icantly, most likely due to increasing mass transfer limita-
tions (Fig. 2). For all recycling tests using different amounts
of RTIL, cyclooctene conversion decreased at least 40%
from the first to the second run. Further experiments were
performed with the [BMIM]PE/2 system using an excess
of TBHP, 76 g catalyst/L RTIL, at 55C. Under these con-
ditions, considerable loss of activity was observed (olefin
conversion after 30 h decreased from 90% in the first run 04 T T T
to 6% in the second run). In an attempt to minimise the [BMIM]PF6  [CBMIM]PF6 [BMIMINTf2 [BAMIMINTf2
loss of molybdenum during the extraction operation the ex- Fig. 3. Influence of the type of RTIL on the catalytic performance

periments were repeated using two other 50|Ver_1t5 in_Steadof MoO;Me,(p-tolyl-(CH3-DAB)) 2 at 55°C (first run—black; second
of n-hexane, namely-pentane and cyclohexane, in which run—diamonds).
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completely soluble in any of these reaction systems, form-

ing a colloidal suspension. Without additional solvent the
oxidation of cyclooctene with TBHP proceeded at a TOF
of 8molmolyo~th~1. Cyclooctene oxide was the main

reaction product, which underwent consecutive epoxide

ring-opening to give 25% 1,2-cyclooctanediol after 30h.

The ring-opening reaction could be due to the increased

Lewis-acidity of the catalys8. When DCE was used the
reaction rate decreased, as observed for compleees 2
(Table ). Interestingly, in the case of compl&sthe TOF
was higher when [BMIM]PE or [BMIM]NTf » were used,
contrary to that observed for complexeand2. Apparently,
the solubility of complex3 in these RTILs is higher than in
DCE or without additional solvent, which can explain the
higher TOF obtained in the RTIL.

Recycling tests were performed for [BMIM]BRB and
[BMIM]NTTf »/3 systems, at 55C. Since the complex is in-
soluble inn-hexane, this solvent was used for extraction be-
tween successive runs. The recyclability of compkein

A.A. Valente et al./Journal of Molecular Catalysis A: Chemical 218 (2004) 5-11

runs. Since the complex is ionic, some changes in the cata-
lyst precursor may occur in the presence of RTIL under the
applied reaction conditions.

4, Conclusion

This study shows that the use of RTILs for recycling
homogeneous dioxomolybdenw) complexes may be
promising if the right RTIL is chosen for a certain catalyst
as well as the recycling conditions, such as the extraction
solvent used for separating the reactants and products from
the RTIL/catalyst system.

Complexes2 and 3 are interesting catalysts for the
oxidation of cis-cyclooctene using TBHP as oxidant. In
particular, MoQMey(p-tolyl-(CH3-DAB)) possesses ex-
cellent selectivity towards the formation of the epoxide
and relatively high activity is observed without additional
solvent, with a chlorinated solvent or an adequate RTIL.

these RTILs is much superior to that observed for complex The [BMIM]PFs/MoO,Me,(p-tolyl-(CH3-DAB)) catalytic

2 (compareFigs. 3 and % Partial loss of activity was ob-

system conducts the reaction at room temperature using

served from the first to the second run, but then tends to re-equimolar amounts of olefin:TBHP. Loss of catalytic ac-

main constant, giving a TON of 144 and 229 mol met?!

for [BMIM]PFg and [BMIM]NTTf2, respectively, after three
runs. The molybdenum content in [BMIM]RFRafter three
runs was at least 90wt.% of the initial amount. The loss
of Mo is therefore lower than that observed for compkex

tivity is observed from the first to the second reaction run,
which is attributed to the loss of some Mo species from
the ionic liquid both during the reaction and the extraction
of the reagents and products. Amongst several RTIL tested
for recycling complexX, the best results were observed for

under the same conditions. This is probably related to the [BMIM]NTf ,, usingn-hexane as extraction solvent.

lower solubility of complex3 in the less dense organic phase

The catalytic performance of a new ionic compl&x

(decane/cyclooctene), leading to small losses of metal dur-was studied without additional solvent and using DCE
ing the extraction of the reagents and products. Selectivity or RTIL, under similar reaction conditions. The catalyst
towards epoxide formation increases in consecutive reactionyields cyclooctene oxide as the major product and 1,2-

100 -

80

60

40 -

Conv., Select. at 30 h (%)
i

20

PF6_1 PF6_2 PF6_3 NTf2_1 NTf2_2 NTf2_3

[BMIM]X/complex 3_batch number

Fig. 4. Catalytic performance of compleX in [BMIM]X {X =PFs

or NTf} in consecutive reaction runs at 86 (where Xn stands for
[BMIM]X used in n runs): cyclooctene conversion (black bars) and selec-
tivity towards epoxide formation (bricks) at 30 h, and TOF at 8h (white
bars).

cyclooctanediol as a by-product, as a result of epoxide
ring-opening. The highest TOF values are observed using
[BMIM]PFg or [BMIM]NTTf » instead of DCE or no addi-
tional solvent. In these RTILs, compl@&could be recycled
without significant loss of activity after the first run and
selectivity to the epoxide increased in consecutive runs.
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