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Abstract : Asymmetric carbon-carbon bond formation was obtained in optical yields up to 57 % -_______ 

in allylic elkylations using benzophenone imine of glycine methyl ester 1 as a prochiral nucle- I 
ophile. Catalytic : (1.5-3 %) palladium-Chiral complexes have been used (12 chiral ligands have 

been tested) ; (+) or (-) DIOP appeared to be the more efficient. Good chemical yields were 

also obtained. Catalysis can be performed at low temperature. 

Carbon-carbon bond formation* is an important process in organic synthesis and in- 

creasing research activity for enantioselective C-C bond methods have been developped during 

the last few years. In reactionsusing palladium complexes3, two different catalytic systems 

have been investigated. The first one involves the use of prochiral allylic systems3 and 

Bosnish selected an aromatic allylic substrate which gave an 85 % ee with CHIRAPHOS-Palladium 

catalyst3b. Very recently Trost4 and Hayashi5 have devised two new ligands for the use in this 

type of approach which gave ee of 69 % and 92 % respectively. Kagan and Co-workers6 have pro- 

posed a second methodology which involves a prochiral nucleophile with allylic phenoxide in the 

presence of a Pd-DIOP catalysis, but this approach gives a lower ee (10 X). In the same system 

Kumada and Hayashi7 utilized a new chiral ligand containing functional group which permits an 

enantiomeric excess of 52 % to be obtained. 

Recently we reported a practical synthesis of a-amino acids based on Pd-alkylation of 

Schiff bases derived from glycine'. We wish to report the utilisation of this prochiral nucleo- 

phile in asymmetric synthesis using Pd-chiral ligands catalysts. In this preliminary study we 

used the stable benzophenone imine 
8 

synthon 1 with catalysts bearing different chiral ligands 

on the palladium'. The reaction conditions and results are summarized in Table I. 

(1) LDA ,THF - 78’C ; (Ifi CHB=CHC~Oh ; Pd(dba)* + L* 

(III) EC1 10 % then K*COa 
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Table I - Asymmetric allylation of benzophenone imine of glycine 

methyl ester 1 by Palladium Chiral Ligand a 
complexes . 

Run Ligands 10 Conditions 
T, "C Yields Xb ee % ' (config) 

Time (mn) 

1 (+) DIOP 60 25 70 3 (R) 

2 (+) DIOP 15 -10 80 22 (R) 

3 (+) DIOP 15 -35 75 39 (R) 

4 (+) DIOP 15 -50 70 52 (R) 

5 (+) DIOP 60 -60 60 57d (R) 

6 (-) DIOP 15 0 40 12 (S) 

7 (-) DIOP 15 -30 62 38.5 (S) 

a (-) DIOP 15 -55 50 55 (S) 

9 (-) NORPHOSl' 40 -35 55 3Ze (S) 

10 (+) NORPHOSl' 15 -35 70 30 (R) 

11 (+) NORPHOS12 40 -55 29 31 (R) 

12 (-) BINAP13 30 -35 84 a (R) 

13 (-) BINAP 40 -55 60 9 (R) 

14 (+) PROPHOS14 15 -35 64 12 (R) 

15 (-) BPPMl' 15 -35 69 15 (R) 

16 DIOXAP"OS16 120 -10 45 2 (R) 

17 0XAZAPHOS17 120 -20 40 6 (R) 

18 (-) CHIRAPHOS18 15 -35 90 3of (S) 

19 PAMPl9 40 -35 47 17 (R) 

20 DIPA?%'l' 15 -35 70 12 (R) 

21 DIPMC" 15 -35 80 3 (S) 

a) JO a mitie 06 .tLi&&m eno.&zte 06 1 (pmqw&.d a.t -?b’C ljhom LDA (0,9 mmole) and Schi,j~ ba- 

de 1 (I mno& in JHF) and &y!.ic aceaiuk (1, I ma&I wa6 added phedohmed9, paUadium cata- 

.tybt t&h tithe apphop&iute ckirrae figand. 

61 lootid ykki by &kbh clttromatogtuzphy on biLka geL [hexaneletiyt ace&.& : 4/l). 

cl QeZe.tminated by HPLC with [RI 3,5-d.inittropheny16cnzoyt gLycine22 ekkent : hex./JHF : 9S.5/3.5 
(Ehhohi, wi.tkn * I % dotr multi data cabu.baZion by .in&?ghtioh V. 2000). 

d,e,d) The hOtiOn 04 aUyLaRed paduct WUL+]ZI = +i’S.l ; -37.g ; -34.5 (c = 0.63 ; 0.66 ; 

0.62 in ckeoho~ohm) hebpeCZ%&j. 
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The lithium enolate of 1 was very reactive even at low temperature and gave the ally- 

lit Schiff base 2. Surprisingly 
21 

among,the different Pd-chiral phosphinesused (see entries l- 

21), we found that Pd-DIOP1 is the most efficient system,giving 39 % ee at -35'C (entry 3). De- 

creasing the temperature to -50 or -60°C gave acceptable chemical yields with substantially 

increases of the ee up to 57 % (entries 4,5,8) ; a detailed study of the temperature effect is 

shown in Table I (compare entries l-5).NORPHOS 
12 

gave a lower selectivity than DIOP, under 

our standard conditions : 30-32 % ee (entries 9-11). 

The ligands BINAP 
13 , PROPHOS 14 and BPPM15 gave good chemicals yields but relatively 

poor ee (8-15 X) entries 12-15. Chirality of the phosphorus ligand does not appear to play a 

crucial role in this system : PAMP 19 and DIPAMP19 showed poor selectivity (12-17 % ee, entries 

19,20). We also investigated the activity of the new chiral ligands DIOXAPHOS 
17 

and OXAZAPHOS 
I8 

which gave good chemical conversions but low ee (2-6 % entries 16 and 17). The inefficency of 

these ligands can be explained in terms of steric effects or the lack of functional groups ca- 

pable 597 of interaction with the nucleophile. However, more subtile effects are possible, since 

DIOP which is reputed to be a very poor ligand (O-10 %)21 in palladium-catalyzed asymmetric a& 

kylation, has revealed here a high capacity for inducing substantial enrichment. In this study 

the enantiomeric purity was determined using HPLC with a Pirkle column 
22 

;the absolute configu- 

guration of 2 was correlated with allylglycine methyl ester 
23 easily obtained after acid hydro- _ 

lysis of 2. 

The enantioselectivity achieved here is the highest known for catalytic asymmetric 

C-C bond formation with a prochiral nucleophile 
24 . 

In this study we have shown that it is possible to obtain acceptable levels of opti- 

cal purity in asymmetric a-amino acid synthesis using the benzophenone imine of glycine methyl 

ester as a very simple synthon and readily available ligands such as DIOP. 

Modification of the ligand as well as the nature of the prochiral nucleophile should 

permit to improve selectivity. Obviously, there is a demand for uncommon o-amino aci;ls 
25 

in organic and bioorganic chemistry ; such studies are currently in progress. 
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