Practical method to recycle a chiral (salen)Mn epoxidation catalyst by using an

ionic liquid
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A practical recycling procedure for Jacobsen’s chiral
(salen)Mn!!! epoxidation catalyst involving the use of the air-
and moisture-stable ionic liquid [bmim][PFs] has been
developed.

Development of practical immobilisation methods! for chiral
homogeneous catalysts is highly desirable, since immobilised
chiral catalysts offer several practical advantages over soluble
catalysts such asfacilitation of catalyst separation from reagents
and products, simplification of methods for catalyst recycling,
and the possible adaptation of the immobilised catalyst for
continuous flow processes. To this end, some homogeneous
chiral catalysts have been immobilised either by anchoring the
catalyst on a solid support!a or by use of atwo-phase system.1b
All of these approaches are interesting but usually require
additional modifications of the catalyst. Moreover, such
approaches frequently lead to partial loss of activity and/or
enantioselectivity.

For Jacobsen’s chiral (salen)Mn!!! epoxidation catalyst,2
[N,N’-bis(3,5-di-tert-butylsalicylidene)- 1,2-cyclohexanedi-
aminelmanganese(inn)] chloride 1, several attempts to im-

(RR)-1

mobilise this catayst have been made3-© However, no
successful immobilisation procedure has, as yet, been reported.
Attemptsto immobilise Jacobsen’ s catalyst up to now consisted
of covaent attachment of the complex to insoluble solid
supports,3 steric occlusion in nano-sized cages of zeolites4
physical entrapment in a polydimethylsiloxane membrane,5 and
use of a fluorous biphasic system (FBS).6

Recently, a new approach has been adopted for catalyst
separation and recycling in a few types of catalytic reaction
involving the use of ionic liquids,” i.e. a salt mixture with a
melting point below ambient. Air and moisture-stable room
temperature ionic liquids consisting of 1,3-dialkylimidazolium
cations and their counter anions, in particular, have attracted
growing interest in the last few years® In these solvents,
catalysts having polar or ionic character can beimmobilised and
thus the ionic solutions containing the catalyst can be easily
separated from reagents and products. Recent applications
include Friedel—Crafts reactions,82 Diels-Alder reactions,sP
alkylations,sc olefin dimerisation and oligomerisation,8d hydro-
genation,8e Heck reaction,8" hydroformylationgs and palladium
catalysed alylation reactions.gh

Herein, we report a practical recycling procedure of
Jacobsen’s catayst (R,R)-1 involving the use of the air- and
moisture-stable ionic liquid, [bmim][PFg] 2 ([bmim]* =
1-butyl-3-methylimidazolium cation). The ionic liquid 2 is
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[bmim][PFg] 2

conveniently prepared,® and an excellent solvent for many
organic compounds, but is immiscible with saturated hydro-
carbon solvents, dialkyl ethers and water. Taking into account
the conditions of asymmetric epoxidation (involving the use of
aqueous NaOCl) and the unique solvating properties of 2, it was
selected as a solvent for our experiments among many other
ionic liquids (cf. the BF4— or triflate salts which are soluble in
water).

Asymmetric epoxidationst were carried out in the presence
of 4 mol% of (RR)-1 with 2,2-dimethylchromene, 6-cyano-
2,2-dimethylchromene, indene, cis--methylstyrene, and
1-phenylcyclohexene as substrates in [bmim][PFg]-CH.Cl,
(1:4, viv) using NaOCl as the oxidant at O °C. Since the ionic
liquid 2 solidifies at the reaction temperature (0 °C), the co-
solvent system was used. Both the catalyst (R,R)-1 and theionic
liquid 2 are soluble in CH,Cl,. The results obtained are shown
in Table 1.

Asshown in Table 1, conversion of alkenes to epoxides and
enantioselectivity were satisfactory and comparable to thosel©
obtained without an ionic liquid. In particular, the epoxidation
of 2,2-dimethylchromene and 6-cyano-2,2-dimethylchromene
in [bmim][PFg]-CHCI, afforded the corresponding chromene
oxidesin very high ee (96 and 94%, entries 1 and 2). Moreover,
thereaction in the presence of theionic liquid 2 proceeded faster
than without an ionic liquid. For example, the epoxidation of
2,2-dimethylchromene in the presence of 2 was completein 2 h
(entry 1) whereas in a control experiment, the same reaction
without 2 required 6 h to achieve a comparable degree of
conversion. Furthermore, both the catalyst (R,R)-1 and theionic
liquid could be easily recovered after reaction. The recovery
procedure was as follows. the organic phase of the reaction

Table 1 Asymmetric epoxidation of akenesin ionic liquid 22

Entry Substrate t/h Yield” (%) % ee Confign.c
0]

1 2 86 96 (3RAR)
=

2 @EOJL 4 72 94 (GRAR)
Pz

NC
3 4 72 84 (1R.25)
4 3 72(3.7:1)¢ 86 (1R,25)

Ph Me
\—/
5 4 77 84 (5.5)

« See footnote. T # Isolated yield. « Determined by chiral GC or chiral HPLC:
see footnotet and ref. 11. 4 Cis:trans selectivity.

Chem. Commun., 2000, 837-838 837

Thisjournal is© The Royal Society of Chemistry 2000



Table 2 Recovery and reuse of the ionic liquid phase containing (R,R)-12

o] (R.R)-1 (4 mol%). NaOCl e}
[bmim]PFg-CH,Cl,
= (1:4.vv).0°C.2h 7

Run 1 2 3 4
Yield (%) 86 73 73 60 53
% ee 96 90 90 89 88

2 See footnotet. ¢ Isolated yield. ¢ Determined by chiral HPLC.

mixture was washed with water and concentrated. After
extraction of the product with hexane, the brown oily ionic
liquid which contains the catalyst, was recovered, which could
be reused for further catalytic reactions. The above procedure
was repeated five times and results obtained are shown in Table
2. However, the enantioselectivity and the activity of the
recovered catalyst decreased dlightly upon successive use
possibly due to minor degradation of the salen catalyst (R,R)-1
under the oxidation conditions.

In summary, we have developed a practical recycling
procedure for Jacobsen’s chiral (salen)Mn'!! catalyst 1 by use of
ionic liquid 2. Our results showed that the catalyst (R,R)-1in a
reaction medium containingionic liquid 2 exhibited comparable
enantiosel ectivity (96% eefor 2,2-dimethylchromene) in asym-
metric epoxidation of alkenes as those obtained without ionic
liquid and, moreover, showed an increasein activity. At the end
of reaction the immobilised catalyst in ionic liquid 2 could be
easily recycled. In conclusion, the immobilisation method of 1
by using an ionic liquid provides not only simple recycling of
catalyst, but also the additional advantage of use of the catalyst
without any modification of its structure. A detailed study
concerning the optimisation of thisprocess and extension of this
methodology to recycle other homogeneous chiral catalysts are
currently in progress.

This research was supported by a grant from Korea Institute
of Science and Technology.

Notes and references

T Representative procedure for asymmetric epoxidation using an ionic
liquid: the pH of asolution of commercial household bleach (Clorox®) was
bufferedtopH = 11.3 with 0.05M Na;HPO, and 1 M NaOH (afew drops)
and then cooled to 0 °C. To 110 mL of this solution was added a precooled
solution (0 °C) of 2,2-dimethylchromene (5.0 g, 31.3 mmol) and the catalyst
(RR)-1(0.79 g, 1.25 mmal) in CH,Cl, (30 mL) and [bmim][PFg] (7.5 mL).
The two-phase system was stirred at 0 °C and the progress of reaction was
monitored by TLC. After 2 h, the organic phase was separated and washed
twice with water. The volatiles were concentrated in vacuo and the residue
was stirred with hexane. After concentration of the upper hexane phase in
vacuo, the residue was purified by column chromatography on silica gel
(deactivated with 1% NEt; solution in ethyl acetate-hexane) with ethyl
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acetate-hexane (1: 10) as eluent, to afford 4.74 g (86% yield) of the epoxide
with 96% ee. The brown oily ionic liquid phase (the lower phase) containing
the catalyst was reused.

Ee values of products were determined by chiral HPLC or chiral GC: for
3,4-epoxy-2,2-dimethylchroman: Daicel Chiralpak AD, propan-2-ol—-hex-
ane (5/95), 0.8 mL min—1; 9.30 min (3R4R), 10.63 min (3S49). For
3,4-epoxy-6-cyano-2,2-dimethylchroman: Daicel Chiralcel OJ, propan-
2-ol-hexane (30/70), 1 mL min—1; 13.95 min (3R4R), 26.88 min (354S).
For other epoxides: see ref. 11.
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