이온성 액체에서의 키랄살렌 촉매의 고정화

이동훈, 정다희, 심우호, 변일석*, 최두성*

한솔케미언스, 카이로젠*

Immobilization of Chiral Co(Salen) Complexes in Ionic Liquid : Practical Hydrolytic Kinetic Resolution of Epichlorohydrin

Donghoon Lee, Dahee Jung, Wooho Shim, Il-suk Byun*, Doo Sung Choi*

Hansol Chemience, CHIROGENE*
Introduction

The hydrolytic kinetic resolution (HKR) of terminal epoxides catalysed by Co (Salen) complexes has emerged as a powerful methodology for the asymmetric synthesis of useful chiral building blocks1 (Figure 1). The usefulness of the HKR reactions was exemplified by Jacobsen and co-workers, who introduced the HKR reaction for the first time. 
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Figure 1. HKR Reaction of Terminal Epoxides
Jacobsen reported that this HKR reaction can be run without solvents and the catalyst can be recycled a number of times without loss of activity and enantioselectivity.2a However, in case of the substrate is epichlorohydrin, the catalyst recycling procedure is not suitable on a large scale applications. Although there are several efforts to overcome the drawback of the HKR procedure, the HKR reactions are appealing still more practical candidates for immobilization.3 Immobilization on solid support often results in catalysts with lower enantioselectivities or efficiencies than solution phase counterparts and complexity associated with synthesizing the appropriately modified chiral ligands.

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.4 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. (Figure 2)
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Figure 2. Typical Ionic Liquids
In these solvents, catalysts having polar or ionic character can be immobilized and thus the ionic solutions containing the catalyst can be easily separated from reagents and products. One of the major novelties of this immobilization technology using ionic liquids is that the homogeneous chiral catalyst can be used without any structural modification. The immobilization of chiral catalyst in ionic liquids has been demonstrated in asymmetric epoxidation to be quite efficient and the catalyst are recyclable several times without loss of selectivity or reactivity.5 

Herein we report the immobilization of Co(salen) complex in ionic liquids and their application to the HKR reaction of epichlorohydrin. These systems allow highly simplified catalyst separation from product mixtures, and recovered catalysts are demonstrated to retain full activity and enantioselectivities.

Results and Discussion

To compare the effect of ionic liquids on both reactivity and enantioselectivity, we first examined the HKR reactions of epichlorohydrin which were carried out in the presence of 0.7eq of H2O and 0.5 mol% of (R,R)-1 in six different ionic liquids6, [bmim][X] 2 (X = PF6 (2a), SbF6 (2b), BF4 (2c), OTf (2d) and OAc(2f)) at 20 oC. After being stirred 24h, the optical purity of epichlorohydrin was analysed by chiral GC. The results of a series of experiment in which ionic liquids were used in the HKR of epichlorohydrin are summarized in Table 1. As shown in Table 1 (entries 1-4), enantioselectivity was strongly influenced by the nature of the anion [X]. When the non-coordinating ionic liquid 2a, 2b or 2c was used, the desired (S)-epichlorohydrin was obtained with the high degree of enantiomeric excess. In contrast to these results, in the coordinating ionic liquids, 2d or 2f, the reaction hardly occurred (Table 1, entries 4 and 5).

Table 1. Examination of the effect of Ionic Liquids on the Enantioselectivities 
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	Entry
	Ionic Liquid
	%ee

	1
	2a
	>99

	2
	2b
	95.1

	3
	2c
	97.7

	4
	2d
	6.8

	5
	2f
	15.9


Although this counter ion effect can not be explained easily, it is undoubtedly that the different coordination character of 2 depending on anions plays a decisive role in this reaction. When the HKR reaction was carried out in 2a and THF, the rate of the reaction somewhat depend on the mixing ratio. The results were described in Table 2. This reaction system was examined for immobilization and recycling ability.
Table 2. The Effect of Solvent ratio on the Rate of HKR
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	Entry
	Catalyst

(mol%)
	Solvent

(2a : THF, v/v)
	Time(h)
	%ee

	1
	0.50
	1:2
	17
	98.8

	2*
	0.50
	1:2
	24
	85.9

	3
	0.50
	1:4
	24
	>99

	5
	0.25
	1:8
	24
	90.9



* 0.5 eq of H2O was used.

The results of a series of experiments in which (R,R)-1 was immobilized on ionic liquid and recycled over five times in the HKR reaction of epichlorohydrin are summarized in Table 3. In this reaction system, the catalyst existed as a homogenized form in the ionic liquid 2a, then the catalyst was recoverable by simple work-up. After complete consumption of the reactive enantiomer, the unreacted epichlorohydrin was isolated by vacuum distillation and the residue was treated with dichloromethane and water. The catalyst immobilized on ionic liquid was almost quantitatively recovered from the dichloromethane phase. The recovered ionic liquid phase containing the catalyst was reused several times without any loss of activity and enantioselectivity even after five times use (Table 3). 

Table 3. The Recycling of the Catalyst using Immobilization in Ionic Liquid
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	Cycle
	% ee
	Cycle
	% ee

	1
	>99
	6
	97.8

	2
	>99
	7a
	>99

	3
	>99
	8
	97.7

	4
	>99
	9 a
	>99

	5
	>99
	10
	88.3


a : 0.0165 mol% of fresh (R,R)-1 was more added

In summary, we have developed a new and highly practical recycling procedure of Co(salen) catalyst by using ionic liquids 2. This procedure provides not only simple recycle of catalyst but also the additional advantage of use of catalyst without any modification of the structure. Detailed studies for the optimisation and scale-up of this are in progress. 
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