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Abstract: Peptidyl aldehydes were synthesized using thiazolidine peptides as precursors.
Hydrolysis of the heterocycles is easily accomplished using cupper saits to furnish the peptidyl
aldehydes with very good yield and with no epimerization. © 1997 Published by Elsevier Science Ltd.

There is growing evidence which suggests that intracellular proteases are involved in cell homeostasis.
Peptidyl aldehydes represent one of the most specific classes of serine and cysteine protease inhibitors.! These
compounds are of great value for identifying the role of proteolytic activity in normal or pathological cellular
processes (e.g.; apoptosis, tumor metastasis, bone resorption, arthritis).

One strategy for preparing peptidyl aldehydes is based on the reduction of the C-terminal carboxylic
acid or ester followed by oxydation of the corresponding amino alcohol or peptide alcohol. Kawamura? used
this procedure on preformed tripeptides, whereas Woo® elongated the peptides starting from the C-terminal
amino alcohol. An alternative method is based on the reduction of the Weinreb amide.* Accordingly, Fehrentz
synthesized peptidyl hydroxamates on solid phase, generating the aldehyde by LiAlH4 reduction.’ The
conditions for reduction and oxydation used in these two methods are incompatible with certain amino acid
functionalities. An alternative procedure is based on the transient protection of the aldehyde function as a
semicarbazone.® Using this method, several peptidyl aldehydes have been synthesized by elongation from the
a-amino semicarbazone in solution’? or on solid support.!% Two specific methods have been described for the
synthesis of peptidyl aspartal'! and arginal'2 involving respectively an aminal or an acylal obtained by internal
cyclization of the amino aldehyde with the lateral function. These building blocks can be efficiently condensed
with a peptide by fragment coupling and the masked aldehyde regenerated under mild conditions.

We report here a method for the synthesis of peptidy! aldehydes using a thiazolidine precursor which is
hydrolyzed to produce an aldehyde using a mercuric!3-13 or cupper!® salt under neutral conditions (Scheme 1).
The thiazolidine was prepared by reduction of the corresponding thiazoline according to Dondoni.!67 The
thiazoline ring was obtained following a B-hydroxy thioamide cyclization previously described.!8-1?
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The thicamide bond in compounds 2a,b was introduced by using Lawesson's reagent?® on dipeptides
1a,b whose hydroxyl function was protected (yield 75-85%) (Scheme 2).

Scheme 2:
4 N _coom
e
Fmoc-NH Ny COOMe Fmoc-NH Y
Fmoc-Phe-OH + H-Ser(TBDMS)-OMe | 1a © “orEDMS 5 2a S ~OoTBOMS
—_—
Fmoc-Tyr{t-Bu)-OH + HN-CHy-CHy-OAc +Bua t-Buo
H
N N
Fmoc-NH \l\ Fmoc-NH \I\
B O OAc 2b s oA

1) BOP, CH2Clp; 2) Lawesson's reagent, dioxane.

Starting from B-hydroxy thiodipeptides, we investigated two pathways for the synthesis of peptidyl
aldehydes. First, we elongated the pseudopeptide from 2a,b and formed the thiazolidine at the end of the
synthesis. The second pathway involved the preliminary formation of the amino thiazolidine, followed by

elongation of the pseudopeptide.

Following the first route, pseudopeptides 2a,b were elongated and their hydroxyl function deprotected
to furnish compounds 3a,b. Cyclization of these -hydroxy thiopeptides 3a,b, by the Mitsunobu reaction was
accomplished with a yield of 70% (Scheme 3). Reduction of thiazolines 4a,b was performed following a two-
step procedure!® (methylation and reduction with NaBHy) to give the N-methy] thiazolidine 5a,b with a yield

of 70-85%.
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1) EtyNH, DMF; 2) Boc-Ala-OH, BOP, CH)Cly for 2a; Z-Phe-OH, BOP, CH2Cl3 for 2b; 3) BuyNF, THF for a; K2CO3,
MeOH for b; 4) Ph3P, DEAD, THF; 5) F3CSO3Me, CH3CN; 6) NaBHy, MeOH; 7) TFA for b.
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We next investigated the second route in which the pseudopeptide was elongated from the preformed
thiazolidine 2¢ (Scheme 4). Because of the formation in large amounts of compound 3¢ during the coupling
reaction of the ester 2c, stepwise peptide synthesis was done from 4c.
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1) Lawesson's reagent, dioxane; 2) Bu4yNF, THF; 3) Ph3P, DEAD, THF; 4) F3CSO3Me, CH3CN; 5) NaBH4, MeOH; 6) NaOH,
MeOH; 7) Et2NH, BOP, DIEA, CHCl3; 8) TFA; 9) Boc-Ala-OH, BOP, DIEA, CH2Cly; 10) TFA; 11) Boc-Val-OH, BOP,
DIEA, CH3Cl3.

Thiazolidine pseudopeptides Sa-c¢ were easily (a few minutes) hydrolyzed by using cupper salts (CuO,

CuCly) under the reducting conditions described by Dondoni (Scheme 5).16-2! The peptidyl aldehydes 6a-c
were obtained as solid products in high yield (90-95%).
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Following our isolation procedure?!, only one isomer was obtained after having verified that the diastereomer
Boc-L-Ala-D-Phe-H synthesized by an alternative method,* presented distinct !H NMR data from the L,L-

isomer 6a.

In conclusion, we present here the synthesis of peptidyl aldehydes using thiazolidine peptides as

precursors. Thanks to the mild conditions of thiazoline reduction, the synthesis of functionalized side chain

peptidyl aldehydes is now investigated. We also envisage adapting the strategy reported in this paper to solid

phase synthesis.

Acknowledgements: We are grateful to Dr. S.L. Salhi for revising the manuscript.

References and Notes

W —-

Patel, T.; Gores, G. J.; Kaufmann, S. H. FASEB J. 1996, /0, 587-597.

Kawamura, K.; Kondo, S.-1.; Maeda, K.; Umezawa, H. Chem. Pharm. Bull. 1969, 17, 1902-1909.

Woo, J.-T.; Sigeizumi, S.; Yamaguchi, K.; Sugimoto, K.; Kobori, T.; Tsuji, T.; Kondo, K. BioMed. Chem. Lett. 1995, 5,
1501-1504.

Fehrenzt, J.-A.; Castro, B. Synthesis 1983, 676-678.

Fehrentz, J.-A.; Paris, M.; Heitz, A.; Velek, J.; Liu, C.-F.; Winternitz, F.; Martinez, J. Tetrahedron Lett. 1995, 36, 7871-
7874.

Ito, A.; Takahashi, R.; Baba, Y., Baba Chem. Pharm. Bull. 1975, 23, 3081-3087.

McConnell, R. M_; Barnes, G. E.; Hoyng, C. F.; Gunn, J. M. J. Med. Chem. 1990, 33, 86-93.

McConnell, R. M,; York, J. L.; Frizzell, D.; Ezell, C. J. Med. Chem. 1993, 36, 1084-1089.

Graybill, T. L.; Dolle, R. E.; Helaszek, C. T.; Miller, R. E.; Ator, M. A. Int. J. Peptide Protein Res. 1994, 44, 173-182.

. Murphy, A. M.; Dagnino, R.; Vallar, P. L.; Trippe, A., J. ; Sherman, S. L.; Lumpkin, R. H.; Tamura, S. Y.; Webb, T. R.

J. Am. Chem. Soc. 1992, 114, 3156-3157.

. Chapman, K. T. BioMed. Chem. Lett. 1992, 2, 613-618.
. Tamura, S. Y.; Semple, J. E.; Ardecky, R. J.; Leon, P.; Carpenter, S. H.; Ge, Y.; Shamblin, B. M.; Weinhouse, M. L;

Ripka, W. C.; Nutt, R. F. Tetrahedron Letr. 1996, 37, 4109-4112.

. Altman, L. I; Richheimer, S. L. Tetrahedron Lett. 1971, 49, 4709-4711.

. Meyers, A. L; Durandetta, J. L. J. Org. Chem 1975, 40, 2021-2025.

. Meyers, A. I; Durandetta, J. L.; Munavu, R. J. Org. Chem. 1975, 40, 2025-2029.

. Dondoni, A.; Marra, A.; Perrone, D. J. Org. Chem. 1993, 58, 275-277.

. We tried to use oxazolines as precursor of the aldehydes but this failed because of the unsuccessful reduction of the oxazoline.

Reuman, M.; Meyers, A.L Tetrahedron 1985, 41, 837-860. Gant,G.; Meyers, A.L. Tetrahedron 1994, 50, 2297-2360.

. Galeotti, N.; Montagne, C.; Poncet, J.; Jouin, P. Tetrahedron Lett. 1992, 33, 2807-2810.

. Wipf, P.; Miller, C. Tetrahedron Lett. 1992, 33, 907-910.

. Yde, B.; Yousif, N. M.; Pederson, U.; Thomsen, L.; Lawesson, S.-O. Tetrahedron Lett. 1984, 40, 2047-2052.

. Workup described by Dondoni (ref.16) was modified: CH3CN was evaporated and the aqueous phase was extracted with AcOEt.

The organic phase was dried and the solvant was removed to give the aldehydes as solid products.

(Received in France 14 February 1997; accepted 25 February 1997)



