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Abrbrcl: A cz-rymmcoic chid dimioc @sod 1 was fad to be effeuivc for pathdim catalyzed asymmetric 
auylic subsrimtion of racemic 1.3-diphenyi-2-pfopenyl wetate 5 with dimethyl malone. The x-ray andysis md 
NMRmJdyoflheptdhdiMlcomplex7wilhddrd~llmvemerbdlbBmechrninn ofhighe. 

Palladium catalyxed allylic substitution is one of the most significant carboncarbon bond fuming nmztions 

in organic synthesis and its enmtioselective control has been a chaknge io recent asymmek synthe&.l 

During the last years, it has been shown that a number of chiral phosphine complexes catalyze the 

convemion of mcemic allylic substmtea to optkally active substitution pmduck2 Recently, several groups have 

reported that promising enantioselectivity is achieved with chii ligands containing nitmger~,~~~~ which have 

been received considerab1e attention because of gteater advaotage of design versatility over phosphim ligands. 

Although chiral oxamline ligands were systematically studied by FYaltz.3 them is only one example reported 
abouttheuseofeliphatictertiaryaminewith&QnorcharacterbyT~~ 

Optically active C2-symmetric pyrrolidine~, on the other hand, have been utilized as chiral auxiliarks for 

asymmetric synthesis.6 we have repomd that bidentate diamine ligaods constructed by chital pyrrolidines an 

effective for asymmetric 1,Zaddition and asymmetric dihydroxylation.7 Here, we wish to describe the 

development of a simple diamine ligand 1 for palladium catalyzed asymmeaic akylarion of mcemic 1 $diptmyl- 

2-lmpenyl acetate 5 aod the investigation of W fnechanism of asymmetric hlduction. 
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A mixture of 6 mol% of one of the chiral diamine ligands I-48 and 2.5 mol% of allylic palladium chloride 

dimer in an appropriate solvent was treated with one equivalent of allylic acetate 5 and 3 equivalents of dimethyl 

malonate in the presence of 3 equivalents of N,O-bis(trimethylsilyl)acetamide and a catalytic amount of potassium 

acetate, according to procedures described by Ttost or pfahz.~3b 

Some representative results are shown in Table 1. ‘Ike most effective ligand was 2,Glimethylpyrrolidine 

derivative 1, which gave the product (-1-a in high yields with high enantiomeric excesses. Little solvent efkct on 

enantioselectivity was observed in the allylic substitution with the palladium complex with 1. In diethyl ether, 

THF, benzene or 1,2-dichloroethane, the enantioselectivity was almost unchanged (87-8We.e.). Interestingly, 

in polar solvents such as acetonitrile or DMF, the reaction proceeded smoothly without diminishing 

enautioselectivity (entries 2-4). The reaction in acetonitrlle at 4 ‘C afforded the most promising result (9l%e.e.) 

(entry 3). The use of sodium dimethyl malonate as a nucleophile in THF lowered enantiometic excess (7896e.e.). 

The chiral diamine ligands 2.3 containing larger substituents at 2.5position of the pyrrolidine rings 

showed lower reactivities, probably for stetic reason (entries 5 and 6). The 3Jdiphenyl pytrolidine derivative 4 

proved to he less effective (entry 7). 

Table 1. Asymmetric allylie alkylation catalyzed by Palladium complexes 
with cbiral dhmine ligands 

oAc 2.5 mol % [Pd (r13-CaH,) Cl I2 

F+h&PIt 

6 mol % Chiral Diamine 

CH2(COOMe)2 * Phay 
BSA , AcOK, r.t. 

Entry Llgand sohlent Time (h) Yield 6) % 8.8.. (Abs. confiadb 

1 1 CWh 36 84 89 @I 

2 1 M&N 6 97 69 (S) 

3= 1 MOCN 24 ,99 9ld (S) 

4 1 DMF 24 67 99 (9) 

5 2 CH2CI, 72 69 64 (R) 

6 3 CH2Ch norwctlon 

7 4 CH2Q? 38 89 48 (RI 

a) The e.e. values were &ennimd by HPLC with choral columas (D&e1 Chiralpack AD, hexane/iPrOH= 20/ 1). 
b) The absolute conli2utntion was &tcrmined by comparison of ths optical math with libxature value~.~~~ 

c)‘lk maction was cattied out at4 “Cc. d) [a]g -18.3” (c 1.74. EtOH). 
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In the case of asymmetric substitution to the 1.3~diphenyl 

ally1 complex with palladium@), the enantioselection should be * “\ 
( 

p 

Ph 

dependent on the tegioselection of mtcleophilic attack to one of L/M : 

the two allylic termini. Although a number of chhal pbosphine \ 
ligands are claimed to control the nucleophilic mgicselecticm by 

the interaction between ligands and nucleophiles,* our chiml 
ph -‘-‘- Nu 

diamine 1 is so compact that 1 should not be considered to Figure 1. 

interact with the nucleophile. We have assumed that the 

interaction between the chiral ligand and the substrate brings about the asymmetric induction. As a consequence 

of the steric repulsion between the allylic phenyl group and the methyl group of a chiral ligand 1, one of the 

allylic termini should be distinguished from the other. Very recently, Pfaltx made a similar explanation in their 

catalytic system.~ 

In order to investigate the mechanism of enantioselection. we prepared the (1,3-diphenylaUyl)palMium 

complex with a C2-symmetric chiral diamine 1 which is considered to be an intermediate in the catalytic reaction. 

The palladium complex 7 ([(lXl,3diphenylallyl)Pd] PFfj) was obtained as an air stable crystalline materialP 

The crystals were grown from dichloromethane solution and the crystal structure was determined by a X-my 

diffraction study (Figure 2).t* The complex 7 was found to have a little distorted square-planar coordination 

geometry of palladium@ and different bond lengths between the palladium and the two allylic tetmini (Figure 3). 

The repulsive interaction between the chiral diamine ligand and the substrate apparently discriminates the two 

allylic termini of the. substrate. 

This discrimination was clearly observed in *3C NMR spectroscopy of the palladium complex 7ttJ2 in 

dichloromethane-d2. Two allylic terminal carbons have different chemical shifts and CX-CY shift difference is 

13 ppm, which suggests that the CX carbon should have more cationic character and should be attacked 

preferentially by a nucleophite. 

In summary we have shown that the palladium complex with a simple C2-symmetric diamine ligand 1 

catalyzes asymmetric allylic substitution with a high level of enantioselectivity. As a result of the analysis of the 

intermediate 7, we have found that the asymmetric induction is caused by the repulsive interaction between tbe 

chiral @and and the substrate, which tiects the electronic character of the two allylic termini. 

x x 

Figure 3. 

Figure 2. Stereuview of7 
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