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Abstract. - Preparative scale hydrolyses (0.1-03M) were carried out on a series of
alkenyl-a-aminoacid esters catalyzed by different hydrolytic enzymes. Within the scope of investigated
substrates (1-10) and enzymes (PLE, chymopapain, papain, chymotrypsin, trypsin) o-chymotrypsin was
shown to be the most effective. It showed broad substrate specificity, high stereoselectivity (ee 86-96%) and
gave high chemical yields (up to 99%).

Introduction. - There is increasing interest in stereocontrolled synthesis of lipopeptides, due to the
range of biological activities associated with this class of compounds.!2 In the course of our own studies on
lipopeptides containing nonproteinogenic amino acids, N-protected (S)-alkenyl-glycine-derivatives proved to
be valuable starting compounds for syntheses, and we now became interested in preparative scale production
of these compounds.® There are several known methods for the stereoselective alkylation of glycine. In most
cases, bis-lactim-ethers®, imidazolidinones®, oxazolidinones® or oxazinones” are used as chiral intermediates.
However, considering the time and costs involved, none of these methods can compete with an efficient
separation of readily available enantiomers.

Here we report the results of a stereoselective enzymatic hydrolysis® of a series of structurally related

racemic N-protected o-alkenylglycine esters.

Methods and Resulis. - All substrates were synthesized according to published methods, 1-9910,
101112 (Scheme 1). The preparative scale hydrolyses (0.1-0.3M) were carried out in a mixture of phosphate
buffer (0.1M,pH 8), ethanol (0-10%) and the appropriate enzyme (75-100 units/mmol substrate) at 37 °C. In a
typical procedure, 50g (0.19 mol} of 1 were suspended in 3 L 0.1M phosphate buffer (pH 8) and treated with
250mg of a-chymotrypsin (75 units/mg, Fluka 27270) with gentle stirring at 37 °C. The pH was kept constant
within the range of 7.5-8 by continous addition of 1IN NaOH. After 24 h, when 171 ml (ca. 1 equiv.) of IN
NaOH had been consumed, the unreacted (R)-ester 12 (Scheme 2) was recovered by extracting the reaction
mixture with ethyl acetate. Subsequently, the aqueous solution was acidified (pH 2.5) with IN HC! and
continously exmracted with ethyl acetate. After the usual workup 21.37g {95.8%) of (§)-configurated acid 11
were obtained.
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Scheme 1. Substrates for enzymatic hydrolysis
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The enantiomeric purity of the deprotected (S)-acid 11 and of the dipeptide 14 was determined by
HPLC- and/or NMR-analyses.!* The dipeptide 14 as well as the diastereomeric mixture 13 could be easily
obtained by coupling racemic la or the (S)-acid 11 with (R)-alanine methyl ester by using the mixed
anhydride method.!® The absolute configuration of deprotected 11 was determined by comparison of its
optical rotation with an authentic sample of (S)-allylglycine.16

Scheme 2. Enzymatic reaction of substrate 1
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a-Chymotrypsin catalyzed hydrolysis
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By using 1 as a substrate, different enzymes were tested for their effect on chemical and stereochemical

yields. The data in Table 1 show that a-chymotrypsin and papain were the most efficient .

Table 1. Reaction of substrate 1 with different enzymes

Enzyme Yield % ee.%
PLE (E.C3.1.1.1) 64 14
Chymopapain (E.C34.226) 94 93
Papain (E.C.3.4.222) 88 96
a-Chymotrypsin (E.C.34.21.1) 95 94
Trypsin (E.C.34.21.2) 72 94
Table 2. Reaction of different substrates with «-chymotrypsin
Substrate Reaction time Yield % e %
2 24h 99 91
3 24h 79 9"
4 3d 39 91
5 4 21 93
b
6 3d 41 86
7 24h 71 90 °
8 48h 86 882
9 24h 9% 96°
10 34 0 4]

a

Enantiomeric purity determined by HPLC analysis of the deprotected acid

b

Enantiomeric purity determined by HPLC or NMR analysis of the corresponding dipeptides 14

Chymotrypsin was finally chosen since, during workup of the reaction mixtures, the use of papain gave

rise to stable emulsions which could be handled only with difficulty. In order to elucidate the scope and

limitations of this enzyme-catalyzed hydrolysis, substrates 2-10 were subjected to the treatment with

a-chymotrypsin under the above mentioned conditions. The results are sammarized in Table 2.
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Discussion. - All of the investigated compounds but 10 proved to be sadsfactory substrates for the

a-chymotrypsin catalyzed hydrolysis, giving high chemical yields and high enantiomeric excess. Bulky

substituents in the domain of the aminogroup (6 - 9) or at the o-C-atom (3) did not exert any appreciable

effect, either on stereospecifity or on chemical yield. Only o-disubstituted compounds such as 10 are not

accepted as a substrate. The reaction rates slowed down only for the more hydrophobic esters (4 , 5) and the

Z-protected compound 6, whose low water solubility is probably responsible. There is no reason to argue

substrate specificity of these compounds since their enantiomeric excess is very high.

publication.
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An application of this enzymatic reaction in lipopeptide synthesis will be described in a forthcoming

3

References and Notes

Takeno,H.; Okada,S.; Hemmi, H.; Aratani,M.; Kitaura,Y.; Hashimoto, M. Chem.Pharm Bull.
1984.32,2925.

Bouchaudon,J.; Dutruc-Roussel,G.; Farge,G.; James,C. J.Chem.Soc. Perkin Trans 1 1989,695.
Berner,H.; Thirring K.; Schneider,H.; Schricker,B. in preparation.

Schollkopf,U.; Hartwig,W.; Pospischil, K.H.; Kehne H. Synthesis 1981,966.

Seebach,D.; Miiller,5.G.; Gysel,U.; Zimmermann,J. Helv.Chim Acta 1988.71,1303.

Seebach,D.; Fadel,A. Helv.Chim.Acta 1985,68,1243.

Sinclair,P.J.; Zhai,D.; Reibenspies,J.; Williams, R.M. J.Am.Chem.Soc. 1986,108,1103.

(a) Miyazawa,T.; Takitani, T.; Ueji,S.; Yamada,T.; Kuwata,S. J.Chem. Soc..Chem. Commun.
1988,1214. (b} Drueckhammer,T.G.; Barbas IlI,C.F.; Nozaki,K.; Wong,C.-H.; Wood,C.Y;

Ciufolini, M.A. J.Org.Chem. 1988,53,1607. {c) Lalonde,J.1.; Bergbreiter,T.E.; Wong,C.-H.
J.Org.Chem. 1988.53,2323. (d) Chen,S.-T.; Wang K.-T.: Wong,C.-H. J.Chem.Soc.. Chem.Commun.
1986,1514. (e} For a general review. see Williams,R.M.. "Synthesis of Optically Active Amino
Acids”, Pergamon 1989,

Horikawa, H.; Iwasaki, T.; Matsumoto,K.; Miyoshi,M. Teprahedron Letters 1976,191.

Kober,R.; Hammes,W.; Steglich,W. Angew.Chem. 1982,94,213.

Georg,G.; Guan,X.; Kant,J. Tetrahedron Letters 1988,29,403,

Wolff H. Organic Reactions; Wiley: New York, 1946; Vol 3,p.307.

The HPLC analyses of the deprotected (S)-acids were carried out according to the method of
Briickner,H.; Wittner,R. J. of Chromatogr. 1989.476,73, with an accuracy of < 1%. The HPLC
analyses of the dipeptides were carried out on polygosil using mixtures of dioxane (1-10%) in
cyclohexane, at an accuracy of € 2%.

The diastereomeric signals of dipeptide 13 compared to those in 14 were determined on a 500 MHz
Bruker AMX 500 spectrometer, at an accuracy of < 2%.

Anderson,G.W.; Zimmermann,J.E.; Callahan,FM., J.Am.Chem.Soc. 1967,89,5012.

Schallkopf,U.; Groth,U.; Westphalen, K.O.; Deng,Ch. Synthesis 1981,969.



