Dendritic 광학활성 촉매를 이용한 Benzaldehyde의 에틸화반응 

정영민, 이현구
서울대학교 응용화학부, 화학공정 신기술 연구소
Enantioselective Ethylation of Benzaldehyde using Dendritic Chiral Catalysts 

Young-Min Chung and Hyun-Ku Rhee
School of Chemical Engineering and Institute of Chemical Processes, 

Seoul National University
Introduction

     Enantioselective addition of dialkylzinc reagents to aldehydes is one of the most important and fundamental methods that affords optically active secondary alcohols. In addition to the efforts to design effective ligands, increasing interest has been devoted to their heterogenization. 
     Dendrimers are highly branched macromolecules and they are generally described as structures that are spherical and possessing a high degree of symmetry. Since the curtain on the dendrimer catalyst was raised in 1994 by Knapen and coworkers [1], with the possibility of combining catalysis with other unique features of dendrimers, expectations are running high in this area. Herein, we have now developed a silica-supported dendritic chiral auxilliaries for the enantioselective addition of diethylzinc to aldehydes. 
Experimental

     The preparation of an ‘initiator site’ (G0) was achieved by the treatment of surface silanol groups with 3-aminopropyltriethoxysilane. Propagation of the dendrimer generation on the silica surface was carried out by two steps pioneered by Tomalia and co-workers [2]. Immobilization of (1R, 2S)-ephedrine on the dendrimer grafted silica (Gn.5-E) was carried out by reaction of Gn.5 solids with an excess of (1R, 2S)-ephedrine under reflux of xylene. 
     Enantioselective ethylation of benzaldehyde was carried out as follows: a mixture of catalyst (Gn.5-E, 5mol%) and diethylzinc (2ml of 1.1M solution in toluene, 2.2mmol) was stirred at 25℃ for 1h then cooled to 0℃. A solution of benzaldehyde (1mmol) in toluene (0.9ml) was added and the resulting mixture was stirred at 0℃ for 48h. After the reaction was quenched, the resulting products were analyzed by GC equipped with chiral column.

Results and Discussion

Propagation of dendrimer on silica surface

The treatment with methyl acrylate and ethlyenediamine was repeated for n times to obtain nth generation dendrimer grafted silica. It is noteworthy that the propagation of dendrimer grafting on silica surface at higher generation is hardly as high as that of the theoretical value due to the steric hindrance. 

     From the viewpoint of catalytic support, an irregularly hyper-branched dendrimer is considered to be rather detrimental because the symmetric nature of dendrimer can render the microenvironments of respective active sites approximately same. Therefore, to design an effective dendritic catalyst, a well-defined structure seems advantageous. In this regard, we prepared two types of aminopropylsilicas containing 0.24 (G0L) and 0.9mmol/g (G0H) of amino groups as an initiator site, respectively. 
     Regardless of the amino group contents of initiator sites, the amount of amino groups of the resulting silica increased with increase in the number of generations, although the grafting at every generation was smaller than the theoretical value. It should be noted, however, that the propagation on silica surface having a low density of amino groups (G0L) was more effective than silica having a high density of amino groups (G0H). With high density of initiator sites, the actual amount of the grafted amino groups became far from the theoretical value as the number of generations increased. 
Enantioselective addition of diethylzinc to aldehyde

     We examined the enantioselective addition of diethylzinc to benzaldehyde in the presence of the two families of dendritic chiral catalysts (Gn.5H-E, Gn.5L-E). Regardless of the catalyst used, the reaction yielded 1-phenyl-1-propanol as a major product. As summarized in Table 1, the reaction performance was strongly dependent upon both the dendrimer generation and the amino group contents of initiator sites. In all cases with Gn.5H-E, conversion, selectivity, and enantiomeric excess (ee) decreased with increasing generation of the dendrimer. It is conceivable that this may be due to the incomplete reactions at respective propagation steps. The incomplete propagation leaves several branches that did not react   and results in amputated versions of the proposed structures. In this case, the hyper-branched backbone of dendrimer becomes more densely coiled. This suggests that the more significant the irregular hyper-branching becomes, the less accessible are the catalytic sites and the less efficient the overall catalytic process.     

Concerning the enantioselectivity, it is reasonable that chiral environment cannot operate independently as the irregular hyper-branching becomes more significant. This implies that the end groups will have a number of different frozen-in conformations, which will result in the presence of different chiral environments. In addition, irregular branching seems ineffective to prevent reactant from accessing the native support. These features also decrease the enantiomeric excess. 

     On the other hand, the reactions with Gn.5L-E series exhibit different characteristics compared to those with Gn.5H-E series. Increasing the number of generation results in increase of conversion, going from 63 (G0.5L-E) to 88.5% (G3.5L-E). This indicates that large parts of active sites can exist at the periphery of dendrimers and can be exposed towards the reaction mixture so that they are easily accessible. It should be notified that although the incomplete propagation was also observed in this case, the diffusion problem does not appear serious in comparison with the Gn.5H-E series. However, when the 4th generation is reached, the steric hindrance caused by hyper-branching seems as high as to partially restrict the access of reagents to active sites and this may lead to a decrease in the catalytic activity. 

     The most conspicuous feature of the reactions with the Gn.5L-E series is the changes in enantioselectivities. Unlike the Gn.5H-E series, improved enantioselectivities are observed as the number of generation increases. When the reaction is carried out in the presence of G3.5L-E, the enantioselectivity is increased to 56%. Although it is slightly lower than that of homogeneous counterpart, as far as we know, this is the highest value among the enantioselective ethylation results using ephedrine immobilized amorphous silica as a chiral catalyst. The high enantioselectivity demonstrates the efficiency of dendritic chiral catalyst. 

     The high enantioselectivity may originate from the unique feature of the dendritic catalyst. Presumably, the globularly hyper-branching effectively prevents reagents from accessing native mineral surface which is responsible for the production of racemic alcohol. In addition, dense packing of end groups which is observed in homogeneous system seems to be relieved. Possibly, in heterogeneous system, the flexibility of dendritic backbone is rather restricted because dendrimer is propagated on the rigid solid support. This indicates that multiple interactions between the end groups decrease and consequently chiral ligand can operate independently. However, the diminished enantioselectivity observed in the reaction with G4.5L-E suggests that frozen-in effect becomes so high that it has an impact on the chiral environment. 

     On the basis of these results, it is clear that the reaction performance strongly depends upon the characteristic feature of dendrimer propagation on silica surface. A symmetric hyper-branching seems to be essential to suppress the racemic reaction taking place on the naked surface. Moreover, it seems that the control of hyper-branching makes it possible to relieve the multiple interactions between the chiral active sites and results in the improvement of enantiomeric excess. Consequently, an appropriate balance in two factors such as the amino group content of initiator sites and the number of generation is of prime importance to obtain high conversion, selectivity and enantioselectivity.

Table 1. Enantioselective addition of diethylzinc to benzaldehyde
	Catalysts 
	Conversion (%)
	Chemoselectivity (%)
	e.e (%), (R)

	(-)-Ephedrine
	91.3
	98
	62

	G0.5H-E
	82.7
	92.2
	11.8

	G1.5H-E
	79
	88.2
	8

	G2.5H-E
	70
	88.4
	6.5

	G3.5H-E
	67.6
	84.8
	3.7

	G4.5H-E
	66
	85.2
	2.8

	G0.5L-E
	63
	85
	11

	G1.5L-E
	77
	91
	23.8

	G2.5L-E
	86.2
	94.9
	40.5

	G3.5L-E
	88.5
	97.6
	56

	G4.5L-E
	83.6
	98
	42.2
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