
HETEROCYCLES, Vol. 42, No. 2,1996 543 

ENANTIOSELECTIVE ALLYLIC ALKYLATION AND 

AMINATION CATALYZED BY A CHIRAL PIN LIGAND- 

PALLADIUM COMPLEX# 

Hideki Kubotaa and Kenji ~ o ~ a * ~  

aTokyo R & D Center, Daiichi Pharmaceutical Co. Ltd., Edogawa-ku, Tokyo 134, 

Japan and h~aculty of Pharmaceutical Sciences, University of Tokyo, Hongo, 

Bunkyo-ku, Tokyo 113, Japan 

Abstract - The phosphorus-containing C2-symmetric chiral amine ligand (3) has 

been found to be highly effective for enantioselective allylic substitution catalyzed 

by palladium complex. A high level of enantioselectivity has been achieved in the 

reaction of racemic 1.3-diphenyl-2-propenyl acetate with various C-nucleophiles 

(>95% e.e.) and N-nucleophiles (84-92% e.e.). 

In recent years, chiral PIN Ligands have received a great deal of attention and have been employed to control 

the enantioselectivity of such metal catalyzed processes as Grignard cross coupling,' allylic substitation,2 

and hydroboration.3 

In the preceding paper, we have shown that palladium complexes with phosphorus-containing C2- 

symmetric c h i d  m i n e  ligands are very effective forenantioselective allylic alkylation.4 In the reaction of 

racemic 1,3-diphenyl-2-propenyl acetate with dimethyl malonate, chiral P/N ligands (1 and 2) which 

contain the chiral amine (R)-4,5-dihydro-3H-dinaphth[2,1-c:1',2'-e]azepine, attain a high level of 

enantioselectivity (93% e.e. using 1.96% e.e. using 2) when the relative ratio of chiral ligand to palladium 

is less than one. 

In this paper, we wish to report enantioselective allylic alkylation and amination catalyzed by the palladium 

complex with 3.5.6 
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2 : n = 2  3 

Enantioselective palladium catalyzed allylic alkylation employing 3 was investigated. Thus, ally1 palladium 

complex generated in situ from [Pd(r13-C3H5)Cl]Z (5 mol% as Pd) and 3 was treated successively with 

racemic 1.3-diphenyl-2-propenyl acetate and dimethyl malonate (3 equiv.) in the presence of N.0-  

bis(trimethylsily1)acetamide (BSA) (3 equiv.) and a catalytic amount of potassium acetate, to afford the 

alkylated product with the same level of enantioselectivity as that using 1 or 2 (Table 1). Interestingly, the 

enantiomeric excess is independent on the ratio of ligand to palladium in the case of using 3. This suggests 

that 3 should chelate to palladium more strongly than 1 and 2, and that excess ligand does not prevent the 

formation of the bidentate ligand-palladium complex. 

The palladium complex with 3 also showed excellent asymmetric induction with other C-uucleophiles. 

Bis(phenylsulfony1)methane was inert under the reaction conditions using BSA. However, the reaction 

was carried out successfully by using the sodium salt of bis(phenylsulfony1)methane in THF. 

Next, we investigated enantioselective allylic amination catalyzed by palladium complex7 with 1-3. Since 

amines as well as soft carbon nucleophiles attack the I$-allyl carbon from the side opposite to the 

good enantioselectivity was expected. 

The enantioselective allylic amination of racemic 1,3-diphenyl-2-propenyl acetate with benzylamine as a N- 

nucleophile was slower than the alkylation with dimethyl malonate. However, the reaction proceeded 

smoothly in THF at 500C to afford an allylamine derivative. The chiral ligand (3) shows the highest 

reactivity and best enantioselectivity among 1-3 (Table 2).9 

Ligand (3) also showed a high level of enantioselectivity with other N-nucleophiles. The reaction with the 

sodium salt of di-tert-butyl iminodicarboxylate resulted in the highest enantiomeric excess (92% e.e.). The 

palladium complex with 1 or 2 instead of 3 required a much longer reaction time and gave a lower 

enantiomeric excess. 

In summary, we have demonstrated that the palladium complex with chiral P/N ligand (3) is an efficient 

catalyst for both enantioselective alkylation and amination and is superior to that with 1 or 2. 
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[Pd ($-C~H~)  CI l2 (2.5 mol%) Nu 
3 (6.0 mol%) 

Ph Nucleophile (3 equiv.) t Ph - ~h . . .  
BSA (3 equiv.), AcOK 
CH2C12, room temperature 

Table 1. Enantioselective allylic alkylation 

Nucleophile 3lPd Time (min) Yield (%) % e.e. (Abs. confign.) 

CH2(COOMe)2 0.5 60 95 96a (R) 

CH2(COOMe)2 1.2 30 99 96a8b (R) 

AcNHCH(COOE~)~ 1.2 30 98 97a,C (R) 

NaCH(SO,ph),d 1.2 90 98 >95C (R) 

a: The e.e, values were determined by hplc with chiral column (Daicel CHIRALPAK AD). 
b: [alD2' +19.8" (c 1.14, EtOH). 
c: [alDx - 52.2"(c 1.0, ElOH). 
d: NaHCH(S02Ph)2 (2 equiv.), THF,  50°C. 
e: [ulDZS +5.6' (c 1.01, CHCI,). The minor enantiomer was not detected by ' ~ - n m r  using E ~ ( h f c ) ~  

Table 2. Enantioselective allylic amination 

Nucleophile Ligand Time(h) Yield (%) % e.e.' 

a: 2.5 mol% of ligand was used. 
b: 6.0 mo1% of lieand was used. 
c: The e.e. vdukwere  determined by hplc using chiral columns (Daicel CHIRALPAK AD or 

CHIRALCEL OD-H) 
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THF (3.0 ml) and benzylamine (214 mg, 2 mmol). The mixture was degassed and then stirred at 
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(6-4: 1)) afforded amination product as a colorless oil. 
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