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Abstract : Asymmetric carbon-carbon bond formation was obtained in optical yields up to 57 %
in allylic ?1ky1ations using benzophenone imine of glycine methyl ester 1 as a prochiral nucle-
ophile. Catalytic : (1.5-3 7) 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 formation2 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 complexesa, 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 Z ee with CHIRAPHOS-Palladium
catalystab. Very recently Trost4 and Hayashi5 have devised two new ligands for the use in this
type of approach which gave ee of 69 7 and 92 Z 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 Z). In the same system
Kumada and Hayashi7 utilized a new chiral ligand containing functional group which permits an
enantiomeric excess of 52 7 to be obtained.

Recently we reported a practical synthesis of o-amino acids based on Pd-alkylation of
Schiff bases derived from glycinel. 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 imine8 synthon 1 with catalysts bearing different chiral ligands

on the palladiumg. The reaction conditions and results are summarized in Table I.
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Table I - Asymmetric allylation of benzophenone imine of glycine

methyl ester 1 by Palladium Chiral Ligand complexesa.

Run Ligands10 Conditions T, °C Yields Zb ee 2¢ (config)
Time (mn)
1 (+) pIoP 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 60 579 @)
6 (-) prop 15 0 40 12 (S)
7 (-) DIOP 15 -30 62 38.5 (S)
8 (-) DIOP 15 -55 50 55  (8)
9 (<) NorPHOS!? 40 -35 55 325 (s)
10 (+) NoRPHOS 2 15 -35 70 30 (R)
11 +) NORPHOS 2 40 -55 29 31 (R)
12 ) pNapl3 30 -35 84 8 (R)
13 (-) BINAP 40 -55 60 9 (R
14 (+) propHos 4 15 -35 64 12 (R)
15 (-) sepmt’ 15 -35 69 15 (R
16 proxapHos'® 120 -10 45 2 (R)
17 oxazaptos '’ 120 -20 40 6 (R
18 (-) cHIrapHos'® 15 -35 90 307 (9
19 parp!® 40 -35 47 17 (®
20 preawpt? 15 =35 70 12 (R)
21 premc?? 15 -35 80 3 (8)

a) To a mixture of Lithium enolate of 1 (prepared at -78°C from LDA (0,9 mmole) and Schiff ba-
se 1 (1 mmole 4in THF) and allylic acetate (1,1 mofe) was added pneﬁonmedq, palladium cata-
Lyst with the appropriate chinal Ligand.

b) Isolated yield by fLash chromatography on silica gel (hexane/ethyl acetate : 4/1).

¢} Determinated by HPLC with (R) 3,5-dinitrophenylbenzoyl glycine?? etuent : hex./THF : 9§.5/1.5
(Ennons within ¥ 1 % forn multi data caleulation by integraton D, 2000).

d,e,4) The notations of allylated product wme[a]éE = +75.1 ; -37.8 ; -34.5 (c = 0.83 ; 0.66 ;
0.62 4in chlorofonm) nespectively.



4575

The lithium enolate of 1 was very reactive even at low temperature and gave the ally-
lic Schiff base 2. Surprisingly21 among, the different Pd-chiral phosphinesused (see entries 1-
21), we found that Pd—DIOP1 is the most efficient system,giving 39 7 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 7 (entries 4,5,8) ; a detailed study of the temperature effect is
shown in Table I (compare entries 1—5).N0RPHOS12 gave a lower selectivity than DIOP, under
our standard conditions : 30-32 % ee (entries 9-11).

The ligands BINAP13, PROPHOS14 and BPPM15 gave good chemicals yields but relatively
poor ee (8-15 %) entries 12-15. Chirality of the phosphorus 1ligand does not appear to play a
crucial role in this system : PAMP19 and DIPAMP19 showed poor selectivity (12-17 7 ee, entries
19,20). We also investigated the activity of the new chiral ligands DIOXAPHOS17 and OXAZAPHOSIE
which gave good chemical conversions but low ee (2-6 Z entries 16 and 17). The inefficency of
these ligands can be explained in terms of steric effects or the lack of functional groups ca-

pables’7

of interaction with the nucleophile. However, more subtile effects are possible, since
DIOP which is reputed to be a very poor ligand (0-10 Z)z1 in palladium-catalyzed asymmetric al
kylation, has revealed here a high capacity for inducing substantial enrichment. In this study

. R 22 .
the enantiomeric purity was determined using HPLC with a Pirkle column™";the absolute configu-

23 easily obtained after acid hydro-

guration of 2 was correlated with allylglycine methyl ester
lysis of 2.

The enantioselectivity achieved here is the highest known for catalytic asymmetric
C~C bond formation with a prochiral nucleophile24

In this study we have shown that it is possible to obtain acceptable levels of opti-
cal purity in asymmetric O-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 acids25

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

Acknowledgements : We gratefully acknowledge support of this research by the Centre National de

la Recherche Scientifique (C.N.R.S.) and Ministry of Research for a grant to D.F. (1983-1985).
We also thank Dr.P.Potin,Socié&té Nationale E1f Aquitaine (S.N.E.A.), for our ongoing collabora-
tion.

References and notes

1 - For the first part of this work : a) D. Ferroud, J.P. Genét and R. Kiolle, Tetrahedron Lett.
27, 23, (1986) and references cited ; b) J.P. Genét, S. Jugé, D. Ferroud and S. Mallart,
French Patent, 85 15066, (1985), Sociét& Nationale E1lf Aquitaine.

2 - Lead reviews and references involving asymmetric transition metal catalysis for C-C bond
formation : a) H.B. Kagan and J.C. Fiaud, Top Stereochem., 10, 175, (1978), E. Eliel and
D.N.L. Alinger Ed. J. Wiley and sons ; b) D. Valentine Jr. and J.W. Scott, Synthesis, 329,
(1978) ; <) J.W. Apsimon and R.P. Seguin, Tetrahedron, 35, 2797, (1979) ; & H.B.Kagan Com-
prehensive Organomet. Chem., G. Wilkinson Ed., 463, (1982) ; e) P. Pino and G. Consiglio,
Pure and Appl. Chem., 55, 1781, (1983).

3 - a) B. Bosnich and P. Mackenzie, Pure and Appl. Chem., 54, 189, (1982) ; b) For a pertinent
presentation and leading references P.R. Auburn, P.B. Mackenzie and B. Bosnich, J. Am. Chem.

Soc., 107, 2033, (1985) ; c) For an intramolecular example K. Yamamoto and J. Tsuji, Tetra-



10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

4576

hedron Lett., 23, 3089, (1982).

B.M. Trost and D.J. Murphy, Organometallics, 4, 1143, (1985).

T. Tayashi, A. Yamamoto, T. Hagihara and Y. Ito, Tetrahedron Lett., 27, 191, (1986).

J.C. Fiaud, A. Hibon de Gournay, M. Larchevéque and H.B. Kagan, J. Organomet. Chem., 154,
175, (1978).

T. Hayashi, K. Kanehisa, H. Tsuchiya and M. Kumada, J. Chem. Soc. Comm., 1162, (1982).
M.J. O'Donnell and R.L. Polt, J. Org. Chem., 47, 2663, (1982).

Preformed from Pd(dba)2 with diphosphines or monophosphines in 3 to 4 P/Pd ratio according
to : J.C. Fiaud and J.L. Malleron, Tetrahedron Lett., 21, 4437, (1980).

Chiral ligands are named according their acronyms and commercially available for (+) or
(-) DIOP (Merck, Strem, Alfa) ; (+) NORPHOS, (+) DIPMC (Merck) ; (-) BINAP, (-) BPPM (Fluka)
(+) PROPHOS, (-) CHIRAPHOS (Strem). For a recent review see : H.B. Kagan, Asymmetric Synthe-
sis, Acad. Press. (London), 5, 1, (1985).

DIOP : (45,58)~(+) and (4R,5R)-(-)-4,5-bis (diphenyl phosphino methyl)-2,2-dimethyl-1,3-
dioxolane.

NORPHOS : (25,38)-(+)-2,3-bis (diphenyl phosphino)-bicyclo 2.2.1 hept-5-ene. We thank Profes-
sor H. Brunner (University of Regensburg) for a gift of (+) and (-) NORPHOS.

BINAP : (S)-(-)-2,2'-bis (diphenyl phosphino)-1,1'-binaphtyl.

PROPHOS : (R)-(+)-1,2-bis (diphenyl phosphino) propane.

BPPM : (28,48)-(~)-N-(tert-butoxycarbonyl)-4~(diphenyl phosphino)—Z—‘}diphenyl phosphino)
methle pyrrolidine,

DIOXAPHOS : (28,45,5R)—(+)—4,S—dimethyl—Z—phenyl—a,5-[}2'R,5'S)—1',l',2'—trimethyl—2'—5'—
cyclopentylene| -1,3,2-dioxaphospholane ; S. Jugé, Y. Legras, unpublished work.

OXAZAPHOS : (2R,4S,5R)~(+)-3,4~dimethyl-2 5-diphenyl-1,3,2-oxazaphospholidine ; S. Jugé.
Europ. Patent 82 057, (1982), (C.A. 99 140162).

CHIRAPHOS : (25,3S)-(-)-bis (diphenyl phosphino) butane.

PAMP : (S)-(+)-(2-methoxyphenyl) methyl phenyl phosphine, DIPAMP : (R,R)-(-)-1 2-bis
[kZ—methoxyphenyl) methyl phenyl phosphino | ethane. We thank Dr. P. Potin (SNEA) for a
gift of PAMP and DIPAMP. -

DIPMC : (1S,2S)-(+)-1,2-bis (diphenyl phosphino methyl) cyclohexane.

In asymmetric palladium C-C allylic bond formation, DIOP has been reported totally5 or
poorly efficient.

W.H. Pirkle, J.M. Finn, J.L. Scheiner and B.C. Hamper, J. Am. Chem. Soc., 103, 3964,(1981)
We thank Prof. P. Duhamel and Dr. L. Duhamel (Université de Rouen) for helpful suggestions
U. Schollkopf, W. Hartwig, K.H. Pospischil, H. Kehne, Synthesis, 966, (1981).

For other enantioselective classical alkylation of Schiff bases see : a) P. Duhamel, J.J.
Eddine and J.Y. Valnot, Tetrahedron Lett., 25, 2355, (1984) ; b) S.I. Yamada, T. Oguri

and T. Shioiri, J. Chem. Soc., Chem. Comm., 136, (1976) ; c) J.A. Bajgrowicz, B. Cossec,
Ch. Pigieére, R. Jacquier, Ph. Viallefont, Tetrahedron Lett., 25, 1789, (1984).

For a review see : I1. Wagner and H. Musso, Angew. Chem. Int. Ed., 22, 816, (1983).

(Received in France 10 July 1986)



