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Abstract: The thiol protease papain catalyses the transfer of the Cbz-Gly moiety 

from the donor substrate Cbz-Gly-OMe to the amino group of various a-hydroxy- 

and a-keto-amines, providing a new route to peptide isosteres. 

Isosteres of natural peptides, especially of dipeptides, are valuable building blocks for the synthesis of 

mechanism-based protease inhibitors1 and proteolytically stable peptides. As more and more peptide 

isosteres are being discovered as potent protease inhibitors, considerable effort has been directed towards 

the development of efficient and practical procedures for the synthesis of this class of compounds on large 

scales for therapeutic evaluation.3 

This initial study investigates the ability of proteases to catalyze the formation of peptide bonds4 

involving the amino group of hydroxy-amines and keto-amines. The thiol protease papain was chosen as 

catalyst due to its efficient catalysis of the acyl transfer to amine nucleophiles.5 Synthetic reactions6 were 

carried out in a kinetically controlled approach. The acyl donor Cbz-Gly-OMe which meets the primary 

binding requirement of papain7 was chosen as a donor substrate in this study. The reactions were 

performed in 50% methanol in order to provide high concentrations of both the acyl donor and the acyl 

acceptor in the reaction mixture. 

The a-hydroxy- and a-keto-amines prepared8 as well as the yield and enantioselectivity in papain- 

catalyzed reactions are given in Table 1. The conversion of hydroxy-amine 1 demonstrates the general 

applicability of papain to the synthesis of peptide isosteres. Interestingly, the methyl ester moiety of both the 

amine substrate and the reaction product are not attacked by papain; in contrast, the acyl donor ester is a 

substrate for the enzyme. This observation suggests that the a-hydroxycarboxyl moiety is bound to the 

active site with low affinity and/or in a nonproductive manner. The synthesis yield is increased by 

introduction of a benzyl group at the P-carbon of the amine nucleophile (diasteriomers of 2 in Table l), 

probably due to improved binding to the hydrophobic PI’-subsite of papain. As demonstrated in Table 1, 

the acyl enzyme does not significantly discriminate between any diastereomer of 2. This finding is in 
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Table 1. Synthesis of peptide isosteres and enantioselectivity in papain-catalyzed reactions using Cbz-Gly-OMe 
as acylating agent.. 

amine nucleophile reaction product enantioselectivity (R/S)9 yield (%) 
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contrast to the expressed enantioselectivity of acyl papains towards D/L-amino acid amides.5 The 

observation indicat+ that the nucleophiles are bound to the acyl enzyme in a distorted manner compared to 

analogous natural amino acid derivatives. Low enantioselectivity is also observed when the racemic 

compound 3 is used as acyl acceptor. The keto-amines 4 and 5 show a similar substrate behaviour as the 

hydroxy-amines discussed above. 

Conclusions 

It w& demonstrated that the amino group of hydroxy-amines as well as of keto-amines can be acylated 

in a papain-catalyti reaction to prepare peptide isosters. No reaction takes place at the hydroxy function of 

the hydroxy-amines, and remarkably, papain does not discriminate between the four diastereomeres of Pha 

bestatin type isostere 2. Thus, a variety of stereochemically different peptide isosteres is accessible using 

this method with enantiomerically pure a-hydmxy-&amino esters, a-hydroxy-amines or a-keto-amines as 

nucleophiles. Work is in progress to examine the scope of protease-catalyzed acylation of unnatural amino 

acids and peptides. 
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7.31-7.38 (m, 5H); talc. 68.46% C, 6.57% H, 7.60% N, found 68.47% C, 6.56% H. 7.59% N, 
HRMS (M+Cs+): talc. 501.0790, found 501.0790. 
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5.53 (m, lH), 6.75 (d, lH, J = 7.OHz), 7.08-7.40 (m, 10H); HRMS (M+Cs+): talc. 559.0845, found 
559.0855. 
Schechter, I. and Berger. A. Biochem. Biophys. Res. Commun. 1968,32, 888. 
Compound 1 was obtained by esteritkation of commercially available isoserine (Aldrich).The synthesis 
of the diastereomeres of 2 has been described (Ocain, T.D., Rich, D.H. J. Med. Chem. 1988,31. 
2193; Yuan, W., Zhong, Z., Wong, C.-H., Haeggstrom, J.Z., Wetterholm, A., Samuelsson, B. 
BioMed. Chem. Left. 1991, 1, 551). The preparation of 3 (3R), 3 (3S), 4 and 5 will be published 
elsewhere. 
The assignment of the stereochemistry of the diasteteomeres of 8 is tentative. It is based on their 
relative mobilities in TLC compared to those of 7 (ZRJS) and 7 (2S$S). respectively. 

(Received in USA 21 October 1992; accepted 9 December 1992) 


