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Abstract

Activation of Schiff bases byN-glycosylation induces asymmetric Mannich reactions withO-silyl ketene acetals
to give�-amino acid esters in good yields. © 2000 Elsevier Science Ltd. All rights reserved.

�-Amino acids are important constituents of natural products with pronounced pharmacological
activities.1 The enantiomerically pure�-amino acids have received increasing interest recently,2 e.g. as
building blocks for�-peptides.3 A number of diastereoselective2,4 and enantioselective5 Mannich reac-
tions to give�-amino acid derivatives have been reported. The diastereoselective Mannich reaction ofO-
pivaloylatedN-galactosyl imines1 with O-silyl ketene acetals2a6 or bis-silyl ketene acetals7 2b proved
an efficient stereoselective access to chiral�-amino acid derivatives3 (Scheme 1). TheN-glycosidic
bond of compounds3 was readily cleaved under mildly acidic conditions to give enantiomerically pure
�-amino acids or their esters, respectively.

Scheme 1.

In order to extend the scope of asymmetric reactions usingN-glycosyl imines toN-alkyl or N-aryl
amino acid derivatives interesting for combinatorial applications,O-pivaloylated galactosyl bromide8 4
was reacted with theN-butylimine5 of acetophenone in the presence of silver triflate and the iminium
intermediate trapped with trimethylsilylcyanide (Scheme 2).

The amino nitrile6 was isolated in a yield of 30% and a diastereomeric ratio of 2:1. Obviously,
the intermediate iminium ion easily forms the enamine which is responsible for the low yield and the
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Scheme 2.

insufficient stereoselectivity. Nevertheless, the formation of6 showed thatN-glycosylation at the same
time activates imines and induces stereodifferentiation.

As a consequence this principle was transferred to the Mannich reaction ofN-alkyl and N-aryl
aldimines7 with O-trimethylsilyl ketene acetals8 (Scheme 3).9

Scheme 3.

The reactions were carried out in a one-pot procedure. In dry dichloromethane at –40°C, the imine
7 (1 equiv.), 2,6-lutidine (2 equiv.), the ketene acetal (3 equiv.) and silver triflate (1.2 equiv.) were
dissolved. The mixture was allowed to warm up to room temperature over 15 h. The Mannich reactions
proceeded between�10°C and +10°C to give the�-amino acid esters9 in high yield and with moderate
diastereoselectivity (Table 1). In all cases except for9f, the diastereomers9 could be separated by
preparative HPLC (reversed-phase C18, MeOH:water,�9:1), and the pure major diastereomer was
isolated in good yield.

Table 1
Galactosylation-induced asymmetric Mannich reaction of aldimines7 with O-silyl ketene acetals8

(Scheme 3)

The relative configuration within the major diastereomers9 was confirmed by X-ray structure analysis
of the major diastereomer of9d [mp 74°C; [�]=�5.42 (c 1, CHCl3)].10

This stereochemical outcome suggested thatN-glycosylation not only activates the imines but is also
accompanied by a prevailingE- to Z-isomerization at the C_N double bond of7 prior to the reaction
of the imium intermediate with the nucleophiles8. Large N-substituents9h obviously oppose this
isomerization to form theE-iminium compounds (corresponding to theZ-imine) which results in low
diastereoselectivity of the Mannich reaction.
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In agreement with this rationalization, the 3,4-dihydroquinoline11 10 reacted with silyl ketene acetal
11 after activation byN-galactosylation to give the�-amino acid ester12 with high diastereoselectivity
according to analytical HPLC of the crude product (Scheme 4).

Scheme 4.

The pure (R)-diastereomer of12was isolated by preparative HPLC [acetonitrile:water, 93:7, Kromasil
C18; mp 68–70°C;���22

D =+1.24 (c 1, CHCl3)] in good yield.
It should be mentioned that tetra-O-pivaloyl-�-D-glucopyranosyl bromide8 13 also induced the Man-

nich reaction of imines, e.g.7a, with silyl ketene acetals11 (Scheme 5). The corresponding�-amino acid
derivative14was obtained with slightly lower yield and diastereoselectivity compared to9a (Scheme 6).

Scheme 5.

Scheme 6.

In comparison to Mannich reactions of glycosyl imines6,7 1 and other chiral imines, the stereodif-
ferentiation at the C_N double bond of theN-glycosyl iminium intermediates cannot be supported by
coordination to ZnCl24,6,7 or other Lewis acids.4e,5 In addition, theexo-anomeric effect in these iminium
intermediates was weaker than in glycosyl imines6,7 1 or than the�-delocalization in intermediary
chiralN-amino acyl iminium salts.4g Therefore, the diastereoselectivity in theN-galactosylation-induced
Mannich reactions was lower than that in the aforementioned syntheses of�-amino acids. However,
the method reported here has the following advantageous features: (a) theO-pivaloyl-protected glycosyl
bromides are readily accessible in two steps; (b) the major diastereomers are obtained by chromatography
in pure form; and (c) the removal of the stereodifferentiating galactosyl (or other glycosyl) moiety does
not need a long-winded multi-step process. TheN-galactoside bond was mildly cleaved by treatment with
dilute hydrogen chloride in methanol as has already been demonstrated for�-amino acid derivatives6,7

and forN-glycosylated alkaloids.12

From the pure diastereomers of9a the pure enantiomers of15were obtained essentially quantitatively
by treatment with 1N HCl in methanol: (R)-15: yield 98%,���22

D =+8.75 (c 1, 1N aq. HCl); (S)-15: yield
93%,���22

D =�8.45 (c 1, 1N aq. HCl).



378 P. Allef, H. Kunz / Tetrahedron:Asymmetry11 (2000) 375–378

Acknowledgements

This work was supported by the Deutsche Forschungsgemeinschaft and by the Fonds der Chemischen
Industrie. We thank Dr. Dieter Schollmeyer, Universität Mainz, for performing X-ray crystal structure
analyses.

References

1. For reviews, see: (a) Cole, D. C.Tetrahedron1994, 50, 9517; (b) Cardillo, G.; Tomasi, C.Chem. Soc. Rev. 1996, 117.
2. For reviews, see: (a) Juaristi, E. (Ed.),Enantioselective Synthesis of�-Amino Acids;Wiley-VCH: New York, 1997; (b)

Arend, M.; Westermann, B.; Risch, N. Angew. Chem., Int. Ed. Engl.1998, 37, 1044.
3. (a) Seebach, D.; Overland, M.; Kühnle, F. N. M.; Martioni, D.; Oberer, L.; Hommel, U.; Widmer, H.Helv. Chim. Acta1996,

79, 913; (b) Krauthäuser, S.; Christianson, L. A.; Powell, D. R.; Gellman, S. H.J. Am. Chem. Soc. 1997, 119, 11719.
4. (a) Frauenrath, H.; Arenz, T.; Raabe, G.; Zorn, M.Angew. Chem., Int. Ed. Engl. 1993, 32, 83; (b) Ishihava, K.; Miyala, M.;

Hattori, K.; Tada, T.; Yamamoto, H.J. Am. Chem. Soc.1994, 116, 10520; (c) Arend, M.; Risch, N. Angew. Chem., Int. Ed.
Engl. 1995, 35, 2861; (d) Enders, D.; Ward, D.; Arden, J.; Raabe, G.Angew. Chem., Int. Ed. Engl. 1996, 35, 981; (e) Cozzi,
P. G.; Di Simone, B.; Umani-Ronchi, A.Tetrahedron Lett. 1996, 37, 1691; (f) Lazaro, R.; Viallefont, P.Tetrahedron Lett.
1997, 38, 1563; (g) Müller, G.; Goesmann, H.; Waldmann, H. Angew. Chem., Int. Ed. Engl. 1999, 38, 184.

5. (a) Ishitani, K.; Ueno, M.; Kobayashi, S.J. Am. Chem. Soc.1997, 119, 7153; (b) Hagiwara, E.; Fujii, A.; Sodeoka, M.J.
Am. Chem. Soc. 1998, 120, 2474.

6. Kunz, H.; Schanzenbach, D.Angew. Chem., Int. Ed. Engl. 1989, 28, 1068.
7. Kunz, H.; Burgard, A.; Schanzenbach, D.Angew. Chem., Int. Ed. Engl. 1997, 36, 386.
8. (a) Harreus, A.; Kunz, H.Liebigs Ann. Chem. 1982, 41; (b) Pfrengle, W.Diplomarbeit, Universität Mainz, 1985; p. 40; (c)

Osswald, M.Dissertation, Universität Mainz, 1991, p. 60.
9. Ainsworth, C.; Chen, F.; Kuo, Y.J. Organomet. Chem.1972, 46, 73.
10. Crystallographic data have been disposed as a supplementary publication no. CCDC 136523 at Cambridge Crystallographic

Data Centre: CCDC, 12 Union Road, Cambridge CB2 1EZ (fax: +44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
11. Potter, M.-D.; Taylor, E. P.J. Chem. Soc. 1953, 1320.
12. Weymann, M.; Pfrengle, W.; Schollmeyer, D.; Kunz, H.Synthesis1997, 1151.


