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ABSTRACT
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A remarkably high asymmetric amplification was realized in the Yb[(R)-BNP]s-catalyzed hetero-Diels—Alder reaction as the first example in the
metal/chiral ligand 1:3 system. The mechanism may be explained by the autogenetic formation of the enantiopure complex as the most active
catalyst. The enantiomer-discriminative formation of homochiral ML; complexes is quite general within the lanthanide metal ions with similar
ionic radii to that of the ytterbium ion.

Since the Kagan’s first report regarding the positive nonlinear model? and a high degree of asymmetric amplification

effect! such an asymmetric amplificatidmas frequently

concerning the Mk.system has never been reported although

been observed in various catalytic asymmetric reactions usingmathematical treatment allows one to expect considerable

chiral metal complexe%.®> However, most of them are
limited within the range of Kagan’s ML(L = chiral ligand)
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effect on the Danishefsky’s Eu(hfegatalyzed hetero-DietsAlder reaction



reactiort and also some interesting insights into the mech- || ENEGTGNNGNGEGEGEGEGEEEGEEEEEEEEEEEE

anism.

Recently, we synthesized the 1:3 complexes of a series of catalyst A or B CFsCOOH
trivalent rare earth metal ions with chiral ligands, RE la + 2 CH.CL AT 4a
BNP]; (RE = rare earth; BNP= 1,1'-binaphthyl-2,2'-diyl >z
phosphate), as isolable chiral Lewis acids which effectively 100
catalyze the hetero-Diels—Alder reaction of aldehydes with o - o0
the Danishefsky dieng”~% (Scheme 1). 80 I S
| g 60+

Scheme 1. Yb[(R)-BNPL-Catalyzed Hetero-Diels—Alder B
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Method I:
Yb 2,6-lutidine
3 Yb[(R)-BNPl; ————— (solution)
CHyClp
3: Yb[(R)-BNP — catalyst A
2,6'|Utidine (a% ee)
Yb[(S)-BNPl; ———  (solution)
CHxClp

Further investigation allowed us to find a remarkably high ~ _ -

positive nonlinear effect as the first example in Mlystem. Method II:
Thus, when solutions of enantiopure YR[{BNP]; and Yb- 1) NaOH aq. -

o - . 2) YbCle6H,0 2,6-lutidine
[(S)-BNPE complexes containing 2,6-lutidine were mixed (R-BNPH Yb(BNP)g catalyst B
in different ratios (method 1) and the resulting suspension (% 66) MeOH, reflux, CHCl
was used as a catalysh)(for the reaction ofla with 2, a ° then filtration

notable asymmetric amplification was observed (Figure 1).
Very interestingly, the catalyst8) prepared from the chiral  Figure 1. The asymmetric amplification observed in the hetero-
ligands with various ees according to the method Il further Diels—Alder reaction ofla with 2 by the catalysi or B.
promoted the amplification, e.g., by using only 20% ee of
the chiral ligand, the produda with a 90% ee was obtained.

The results strongly suggest that the active catalyst generate_

from an enantiomerically impure ligand has the same Scheme 2. Correlation between Catalytic Activity and Optical

structure as that of the catalyst prepared from the enantiopure Purity of the Yb-BNP Complex
ligand. (RA-BNPH
To gain an insight into the mechanism of the present highly (50% ee)
positive nonlinear effect, we carried out the reactions shown MeOH, reflux, | 1) NaOH aq.
in Scheme 2. The ytterbium compleXl{-5) was prepared then filtration | 2) 1/3 YbClg»6H,0

from 50% ee of the ligandy{S 75:25), and the once-isolated
complex was treated with 2,6-lutidine in dichloromethane.
Separation of the C¥€l-soluble part (comple®) from the
insoluble part (complex’) by centrifugation §/7 41:59)
followed by LiAIH,4 reduction of each part afforded the (solution) (precipitate)
corresponding BINOLs with 98 and 7% ee, respectively. In
addition, while the comple$ did catalyze the reaction of

Yb(BNP); Yb-5

2,6-lutidine/CHoCl

. . . . complex 6 (active catalyst complex 7 (inactive catalyst
lawith 2 giving 4a (90% ee) in 98% yield, the complek plex 6 vy plex 7 vy
hardly promoted the reaction under the same reaction LiAIH, LiAIH,
70%7_)7Ir13naga, J.; Sugimoto, Y.; Hanamoto, New J. Chem1995, 19, BINOL BINOL

(8) Hanamoto, T.; Furuno, H.; Sugimoto, Y.; InanagaSynlett1997, (98% ee) (7% ee)
79-80.
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conditions (<1% vyield). These results clearly indicate that  This phenomenon (autogenetic formation of the enantio-

the active catalysh is composed entirely of the enantiopure pure ytterbium complex) was also confirmed by use of THF

ligands, whereas the inactiveis made up with almost a  instead of 2,6-lutidine/dichloromethane and turned out to be

1:1 mixture of enantiomers. quite general within the lanthanide metal ions with similar
The experiments shown in Scheme 3 indicate how easily ionic radii to that of the ytterbium ion, e.g., Nd, Gd, and Ho

the ligands of the compleR can be exchanged by sodium (Table 1).

salt of the opposite enantiomer, giving the heterochiral

complex, whereas the comple prepared from racemic  |IEEEEE

BNPH hardly gives rise to such a ligand exchange reaction Taple 1. Correlation between the THF-Soluble CompRE-9
under similar conditions. These results demonstrate theand Optical Purity of the Ligarid

remarkable thermodynamic stability of the heterochiral (solution) LiAIH,
RE-5
THF
| . complexRE-10
Scheme 3. Attempted Ligand Exchange Reactions3nd8 (precipitate)
(+)-BNPNa
(3.0 equiv) LiAIH, ee of
Yb[(R)-BNPL (insoluble part) BINOL . b
entr RE RE-9:RE-10 R)-BINOL, %
3 MeOH, reflux, 11 h, 13% ee () y (R) o
then filtration 1 La 3:97
2 Ce 3:97
3 Nd 36:64 99
(R-BNPNa 4 Gd 37:63 98
(1.5 equiv) . LiAlH, 5 Ho 41:59 97
Yb[(x)-BNP} MeOH vofloe 11 1 (insoluble part) BINOL 6 Yped 46:54¢ 98
’ o <1% ee 7 Sc 54:46 64

then filtration

aRE-5 prepared from 50% eeR{-ligands was used.BINOL derived
from RE-9. Determined by HPLC using DAICEL CHIRALPAK AD.
. . . . ¢ Elementary analyses ofb-9 and Yb-10 were carried outYb-9. Calcd
Taking all these facts into consideration, we propose the for CH.6014P5Yb [=Yb(BNP)s-H,0-THF]: C, 58.90; H, 3.55. Found:

origin of the present asymmetric amplification as shown in C, 58.62; H, 3.63Yb-10. Calcd for GoHzg013P5Yb [=Yb(BNP)s-H2Ol:

- . C, 58.45; H, 3.11. Found: C, 58.67; H, 3.02The hetero-Diels—Alder
Figure 2. For the formation of Yhj. there are four reaction ofla with 2 catalyzed byYb-9 or Yb-10 in the presence of 2,6-

lutidine in dichloromethane affordeth with 88% ee (94% chemical yield)

I oo (R)-BINGL was obtained in st e, ) LA and e
corresponding (R)-BINOL was obtained in 5% ee.

/YbLHL,J_R N . . . S
Le=(R)-BNP —| (YbLALAL Ak In conclusion, an extremely high asymmetric amplification
Ls=(5)-BNP ) - was observed in the YHR)-BNP}-catalyzed hetero-Diels—
high solubility . . . . . .
high catalytic activity Alder regctlon and the unique enqntlomer-dlscnm|nat|ve
Nal YbLAlAls process in the formation of homochiral Micomplex was
i” YbCly < N revealed. These findings would lead to a new phase in the
NaLs area of asymmetric catalysis with chiral metal complexes,
YoLgds || (YoLAAAYbLslslgh especially lanthanide ones.
(NaLr> NalLg)
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