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The enantio- and diastereomerically pure Pd complex of the tropos biphenylphosphine (BIPHEP) ligand is obtained through complexation of
the enantiopure (R)-diaminobinaphthyl (DABN) with either enantiomer of the BIPHEP-Pd catalyst, followed by tropo-inversion of the less
favorable (S)-BIPHEP—Pd/(R)-DABN diastereomer to the more favorable (R)-BIPHEP—Pd/(R)-DABN diastereomer. The enantiopure BIPHEP—Pd
catalyst with DABN affords higher enantioselectivity and catalytic efficiency as an activated Lewis acid catalyst than the enantiopure BIPHEP—

Pd catalyst without DABN.

In an asymmetric catalysfsthe design of a chirally rigid

exchange with an often atropisomeratrppos) ligand such

ligand has been the key to establish high enantioselectivity as binaphthylphosphines (BINAP). The asymmetric catalysts

and to increase the catalytic activity from an achiral pre-
catalyst (“ligand accelerated catalysSis”A chiral metal
catalyst is formed from an achiral pre-catalyst via ligand
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thus prepared can be further transformed into highly activated
catalysts with association of chiral activators (“asymmetric
activation™). This asymmetric activation process is particu-
larly useful in in situ racemic catalysis; A “chiral activator”
selectively activates one enantiomer of a racemic catalyst to
attain higher enantioselectivity than that achieved with the
enantiopure catalyst, in addition to a higher level of catalytic
efficiency. We report here a further advanced strategy for
“asymmetric activation” of a racemic Pd catalyst bearing the
tropos biphenylphosphine (BIPHEP) ligand that achieves
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higher enantioselectivity and catalytic efficiency than those

attained byatroposand racemic BINAP ligands in carben Scheme 2

carbon bond-forming reactions. Combination of racemic

BINAPs—RuC}® or BINAPs—PdX (X = Sbk;)® even with O Php  He \Ph

a 0.5 molar amount of an enantiopure diamine, diphenyl- >Pd2< \
ethylenediamine (DPEN) gives a 1:1 mixture of BINARd (R.R)-DPEN B, N
(M = Ru or Pd)/DPEN diastereomers. However, when O Pha  \om 0.5 eq. 25bF
atroposBINAPs are replaced biyoposBIPHEPS, the single P\sz: ¢ ] (RY(RR): (SY(RR)=1: 1
diastereomer can be formed afteopo-inversion, where a P” “NCMe | | '
chiral activator (1) completely controls the BIPHEP—M Phz 2sbFy (R)-DABN

chirality and (2) significantly increases the catalyst activity 0.5 eq.
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of BIPHEP-M in in situ asymmetric catalysis of carben >Pd2{

carbon bond-forming reactions (Scheme 1). O Ehz ”z Oe

2SbFg

(RV(R) : (SY(R)=9: 1

Scheme 1
O PPh, 0 2 O P x diamine diastereomer. With respect to the 1:1 DPEN
onp — P/M ﬁ P/M\XD* diastereomers, no change in the diastereomeric ratio was
O O Ph, / O Ph, observed even at 80C. The 1:1 mixture of DABN
BIPHEP Activator higher eo ? diastereomers_ Qid not isc_)meriz_e at room temperature over 3
days, but exhibitedropo-inversion at 8C°C after 12 h to
(Asymmetric Catalysig the favorable R)-BIPHEP-Pd/R)-DABN diastereomer ex-
?lowereefz clusively (Scheme 3). TheR(/(R)-configuration of the
COlw, 02 C0er
J—— \M :> \M/ .
PPh, M X X /N Scheme 3
99 SO N Vieer S A _
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First, the selectivity in the complexation stage of the ? 2SbFe 28bFg

(R)-1/(R)-2

f 80°C

BIPHEP—Pd(Sb§), catalyst was examined with a variety
of diols, amino alcohols, and diamines. Unfortunately,
however, diols such as binaphthols (BINOLs) and their ethers

J ABN
LG
r.t.

did not complex with BIPHEPPA(SbR),. With the diamine @ oo Oler w010
DPEN, as expected, complexation of the BIPHERI RdZ \/\pdi
enantiomers was observed in a nonselective manner ever O P, \CMe O PN OO
with a 0.5 molar amount of enantiopur@,R)-DPEN. With 250F¢ 250Fs

0.5 equiv of R)-diaminobinaphthyl (DABN), by contrast, L— —
highly selective (9:1) complexation of one enantiomer of the
BIPHEP-Pd(Sbk), complex was observed withRJ-

BIPHEP-Pd/R)-DABN as the major diastereomer (Scheme g|pHEP-Pd/DABN diastereomer was determined by the

2). With 1.0 equiv of R)-DABN, however, complexation  x_ray analysis of the single crystal obtained from a hexane—
of either enantiomer of the BIPHERPd complex resulted  hioroform solution (Figure 1).

in the formation of a diastereomeric mixture of (R)- The single diastereomer, (R)-BIPHEP—Pd/(R)-DABN,
I(BllT)_'EP_Pd/(R)_DABN and (S)-BIPHEP—PA/(R)-DABN o obtained, even bearing trepos BIPHEP ligand, can
e . i ) _ be used as an activated asymmetric catalyst for carbon
Next, tropo-inversion was examined to convert the dia- ¢5rhon hond-forming reactions such as the hetero Biels
stereomeric mixture of (R)-BIPHEP—Pd/diamine and (S)- ajger (HDA) reaction&at room temperature (Table 1Yhis
BIPHEP-Pd/diamine (1:1) into the single BIPHERd/ g exemplified by the higher chemical yields and enantio-
selectivity (62% yield, 94% ee) in the HDA reaction of ethyl
glyoxylate with 1,3-cyclohexadiene attained by 0.5 mol %
of the R)-BIPHEP-Pd/{R)-DABN complex than those (11%
yield, 75% ee) attained by the enantiopuR)-BIPHEP—

(S)-14R)-2
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Pd without DABN, obtained by protonation dR}-BIPHEP—
Pd/R)-DABN (entries 1 vs 2). In 2.0 mol % of catalyst
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Table 1. Asymmetric Hetero Diels—Alder Reaction of Ethyl
Glyoxylate and 1,3-Cyclohexadiene

0
Pd(ll}-comple:
© + )J\H/OEt __Palh-complex_ o,
H CH,Cly, rt, 24 h
0

CO,Et
entry catalyst mol (%)  vyield (%)2 % eeP
1 (R)-1 0.5 11 75 (1R,3S5,4S)
2 (R)-1/(R)-2 0.5 62 94 (1R,3S,4S)
3 (R)-1/(R)-2 2 75 92 (1R,3S,4S)
4 (£)-3/(R)-2 2 61 7 (1S,3R,4R)
5 (+)-1/(R)-2 2 64 9 (1S,3R,4R)

a|solated yield.” Determined by GC analysis using ERhirasil-Dex
CB. Exo product was not observed.

J Qe w1

Figure 1. ORTEP drawing of (R)-BIPHEP—Pd/(R)-DABN com- P/F'dziN
plex. O O Phe M OO
2SbFg
(R)-1/(R)-2

loading, the R)-BIPHEP-Pd/{R)-DABN complex gave a

higher chemical yield and enantioselectivity (75% yield, 92%
ee) than those attained by th&roposand racemic BINAP Pa
counterpart with DABN activator (61% yield, 7% ee) and b

racemic BIPHEP—Pd with DABN (64% yield, 9% ee) 28bFg
(entries 3 vs 4 and 5). (£)-BINAP : (£)-3/(R)-2
In summary, asymmetric activation thus provides a general (£)-BIPHEP : (£)-1/(R)-2

and powerful strategy even for the use tofpos ligands
without enantiomeric resolution or asymmetric synthesis.
Furthermore, the metal complex with ttepos BIPHEP X-ray analysis. We are also grateful to Prof. Masahiro Terada
ligand and DABN activator can establish, in in situ asym- of Tohoku University for his useful discussion. This work
metric catalysis of carbencarbon bond-forming reactions, was financially supported by the Ministry of Education,
higher enantioselectivity and catalytic efficiency than those Science, Sports and Culture of Japan (Nos. 09238209 and
attained by the BIPHEP complex without DABN or the 10208204).

atropos and racemic BINAP complex with DABN. The

mechanism of asymmetric activation is now under investiga- 5 9169675

tion.
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bond lengths (A) and bond and torsion angles (deg): Pd1—P1 2.283(17),
Pd1-P2 2.288(15), Pd1—N1 2.16(5), Pd1—N2 2.17(5): P1—Pd1—P2
(7) The single-crystal growth was carried out in a hexane/chloroform 89.6(6), N1-Pd1—N2 84.2(19): CiC2—-C12—-C11 63.88, C21C22—
mixed solvent at room temperature. X-ray crystallographic analysis was C28—C27 67.06.
performed with a Bruker SMART 1000 diffractometer (graphite mono- (8) (a) Johannsen, M.; Jgrgensen, K.JAOrg. Chem1995,60, 5757.

chromator, Mo Karadiation,A = 0.7107(3) A. Crystal data for [R¢R)- (b) Johannsen, M.; Jagrgensen, K. Petrahedron1996,52, 7321—7328.
bipheg{ (R)-dabr}](SbFs)2*4CHCL: CsoHasCl12F12N2P,PdSh, pale yellow, (c) Oi, S.; Kashiwagi, K.; Terada, E.; Ohuchi, K.; Inoue, Tetrahedron
crystal dimension 0.4« 0.3 x 0.3 mm, orthorhombic, space gro®2;, a Lett 1996 37, 6351. (d) Oi, S.; Terada, E.; Ohuchi, K.; Kato, T.; Tachibana,
= 10.0024(5) Ab = 26.7485(14) Ac = 12.6505(7) AV = 3382.2(3) Y.; Inoue, Y.J. Org. Chem1999, 64, 8660—8667.

A3, Z = 2, pcaca = 1.829 glcm, u(Mo Ka) = 1.65 cmil, T = 100K, (9) Typical Experimental Procedure (Table 1). To a solution of
16134 reflections were independent and unique, and 10501 witl2 o(l) [P (R)-bipheg { (R)-dabr} ](SbFs)2 (0.01 mmol, 2 mol % of ethyl gly-

(26max = 31.4°) were used for the solution of the structure. The non- oxylate) in CHCl, (1 mL) was added ethyl glyoxylate (0.5 mmol) and
hydrogen atoms were refined anisotropically. Hydrogen atoms were included 1,3-cyclohexadiene (0.75 mmol) at room temperature under an argon
but not refinedR = 0.0650, wRR = 0.1644. Crystallographic data (excluding  atmosphere. The reaction mixture was stirred at room temperature for 24
structure factors) for the structure reported in this paper have been depositech, directly loaded onto a silica gel column, and eluted with hexane/ether
with the Cambridge Crystallographic Data Centre as supplementary (3:2) to give HDA product as a colorless oil.
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