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Abstract: 7hcunique structure of chiral ytterbium and scandium catalysts 
(prepared from ytterbium or scandium triJluoromethanesulfonatc, (RI- 
(+Minaphihol, and a terhy amine) was determined. The structure ~10119 
characterized by hydrogen bonds between the phendic hydrogens of CR)- 
l+J-binaphthol and the nitrogens of the tertiary amines. Aging and 
qgregation of the catalysts are also reported. 

Recently, we reported asymmetric Diels-Alder reactions catalyzed by a chiral ytterbium or 

scandium triflate, which was prepared in situ from ytterbium or scandium triflate (Yb(oTO3 or 

ScVfM, (RH+)_binaphthol, and a tertiary amine. 1) In the presence of the catalyst, 3-acyl-13 

oxazolidin-2-ones reacted with dienes to afford the endo Diels-Alder adducts in high yields 

and with good to excellent enantiomeric excesses. Although many striking fentur- were 

shown in these catalysts, the precise structure and coordination forms have not yet heen 

revealed. In this communication, we report the structure, aging, and aggregation of these 

catalysts. 
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Table l. Comparison of the i3C NMR Chemical Shifts (CD&l9 of the Carbons 

of the N-Methyl onnips of cis-l&5-Trimctllylpip&Iina (I?@) and the IR 

Wave Numbers (C!H&l2) in the Region 930-1000 cm“ 

&pound S(ppn) Wave Number (cm”) 

TMIJ + (R)-(+)-binaphthol 

TMP+TtOII 

TMP + Yb(OIQ + (R)-(+)-binapbthol ‘1 

‘IMP + Yb(OTQ + (R)-(+)-binaphtholb) 

TMP 4 Sc(OT& + (R)-(+)-binaphthol 

38.2 947 

35.1 989.947 

34.1 958 

37.5 997,955 

38.5 982,935 

37.5 997.956 

a) 3-Acetyl-l,3-oxazolidin-2-onc was added. b) PAA WILS added 

The new catalysts were prepared by simply mixing Yb(OTOs or Sc(OTf)s, (R)-(+)- 

binaphthol, and a tertiary amine for 0.5 h at 0 “C in dichloromethane. The unique structure 

shown in Scheme 1 was indicated by 1% NMR and IR spectra. The most characteristic point of 

the catalysts was the existence of hydrogen bonds between the phenolic hydrogens of (RI_(+)_ 

binaphthol and the nitrogens of the tertiary amines. The 1% NMR spectra indicated these 

interactions, and the existence of the hydrogen bonds was confirmed by the IR spectra21 (Table 

1). The coordination form of these catalysts may be similar to that of the lanthanideUII&water 

or -alcohol complex.31 It is noted that the structure is quite different from those of 

conventional chiral Lewis acids based on aluminum,4) boron,s) or tltanium.6) In the present 

chiral catalysts, the axial chirality of (R)-(+)-binaphthol is transferred via the hydrogen bonds 

to the amine parts, which shield one side of the dienophile effectively. This is consistent with 

the experimental results showing that amines employed in the preparation of the chiral 

catalysts strongly influenced the selectlvities and that bulky amines gave better selectivitles. 

While the novel catalysts have a unique structure, aging was found to take place in both 

Yb and Sc catalysts. As shown in Table 2, the selectlvities decreased in accordance with the 

stirring time of the catalyst solution and the temperature. It was then found that some 

additives prevented the catalysts from aging. In the Yb catalyst, additives such as 3-acetyl-1,3- 

oxazolidin-Z-one (1) and 3-phenylacetylacetone (PAA) were effective not only in stabilizing the 

catalyst but also in controlling the enantlofaclal selectivities in the Diels-Alder reaction. As for 

the chlral SC catalyst, aging was also observed and 1 was a good additive for stabilization of the 

catalyst, but reverse enantioselectivities due to these additives were not observed. This can be 

explained by the coordination numbers of ytterbium(lII) and scandium(III); while S&II) has 

up to seven ligands, the specific coordination numbers of Yb(II1) allow up to twelve ligands71 
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TRbk l. A& of the Cntalysis 

Marl OmIlldaIs Mdkivc Yield(%) - i?ww?ns (cc(%))” 

Ybb) 0%0.5h - 77 89111 97514.5 (9% 

0°C,5.5h - 61 m3 89.OJll.O (78) 

O”C,O.Sh;23”C,5h - 77 86J14 82.51175 (65) 

0 OC. 0.5 h 1 77 89/l 1 9&s/335 (93) 

0 “c. 0.5 h ecec” 81 85/15 225Jll5 (55) 

4O’=C,3h PM 83 93Jl 95J90.5 (81)‘) 
-._-_-_.____.__.____--.--.--.--_-_-.--_._-._~_.__-___._-______-______ 

SC=’ OQC,0.5h - 97 84116 92.oJ 8.0 (W 

0°C.0.5h;230C,3h - 87 @NO 46.5/53_5 (7) 

0°C.0.5h;230C,3h I 92 83J17 89.0111.0 (78) 

0°C,0.5h;23”C,3h scee” 90 W/IO 475J525 (5) 

-78“C,OJh - 94 89/l 1 9w4.0 (92)” 

a) Enantianerratiosofadoddms. b) Tl~~nxtionswuccmicdoutatO~C. 
c) Therrmicmwccarricdcurt23~,unlcssothawiscmti. d) AwyC 
acctoae. e) 1~2,6&PaUm&ylpipexktim was used instead of cis-1.2,ktri- 
mcthylpipcridinc. f) ‘Ibcnaaion~~~strrttd-78~CudtharwumcdloO”C. 

0 20 40 a 80 100 

‘kce of (R)-(+>binaphtlml 

Yb Clulym A : Yb(UW), + (I+(+)-bi@uhol + TMP + 1 
YbCulyaB: Yb@Tf),+(RH+Miqhkd+TMP+PM 
SE cedy0: Sc(Ul& + (R)<+~knaphtkd +TMP 

Fig. 1. Cm&ion bctwtm the et. of the DieleAkIer 
edduct and UIC cc of (R)-(+)-binaphtbol 
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It was also suggested that aggregation of the catalysts influenced the selectivities in the 

Diels-Alder reactions, and we next examined the reaction of 3-(2-butenoyl)-1,3-oxazolidin-2- 

one with cyclopentadiene using (R)_(+)-binaphthol in lower enantiomeric excesses.8) The 

results are shown in Fig. 1. Very interestingly, a positive nonlinear effect was observed in the 
chiral Sc catalyst.9) In the chiral Yb catalysk, on the other hand, the effect was dependent on 

the additives. The extent of asymmetric induction in catalyst A did not deviate from the 
enantiomeric excesses of fR)-(+I-binaphthol in the range 6&100% ee,9) while a negative 

nonlinear effect was observed in catalyst 8. These results can be ascribed to a difference in 

aggregation between the Sc catalyst, Yb catalyst A, and Yb catalyst 8.88) 

In summary, unique and unprecedented properties of chiral ytterbium and scandium 
catalysts compared with other conventional chiral Lewis acid catalysts have been revealed. 

We are now pursuing the development of new asymmetric reactions using these catalysts as 

well as the clarification of the precise reaction mechanism and transition states. 
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