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Abstract: A new method for the synthesis of peptidyl a-keto esters is described, which
1s particularly useful for the construction of proteinase inhibitors with a lysine side
chain.

Peptidyl a-keto esters are potent, competitive inhibitors of proteinases.!-5 The
selectivity of peptidyl proteinase inhibitors often is primarily determined by the nature
of the residue in the P, position. For example, inhibitors of trypsin® and trypsin-like
enzymes of the complement? and blood coagulation® systems require basic amino acid
residues at the P, position. Although many methods are available for the preparation of
a-keto esters, no synthesis incorporating a basic residue in the P, position has yet
appeared. In this report, we describe the synthesis of a differentially N-protected «-
hydroxy-g-aminopropanoate bearing a lysine side chain (4) and its transformation to
peptidyl o-keto 8, which is a potent trypsin inhibitor. We feel that 4 is a generally
useful building block for the construction of peptidyl a-keto ester proteinase inhibitors
vhich incorporate a lysine residue at the P, position.

Scheme I details our synthesis of Ac-Ala-D,L-Lys-CO,CH;-H,0-HOTs (8). a-Boc-g-Cbz-
Lys-OMe (1) was treated with diisobutylaluminum hydride using the general procedure of
Rich et al.,® to provide a 70% yield of aldehyde 2, mp 77-81°C (lit.1® mp 78-80°C);
[a]g™ = +29.2° (C=1.1, CH,Cl,) [1lit.1? [«]3® = +24.9° (C=1, CH,Cl,)]. Lithiated
tris(ethylthio)methane vas employed as an acyloxy anion equivalent!! to give adduct E]
from 2 in 64X yield. Hydrolytic conversion of trithioorthoformic ester 3 with HgCl,/Hgo
in CH;0H'? and water afforded 70X of 4 as an 85:15 mixture (by hplc) of diastereomers.
o-Hydroxy esters 4 vere treated with HCL/EtOAc and neutralized with Et;N to remove the
Boc protecting group, and then coupled with Boc-Ala-OH using the isobutyl chloroformate
anhydride coupling procedure to give «-hydroxy esters 5 in quantitative yield, again as
an 85:15 ratio of diastereomers. Exchange of the Boc group for acetyl was accomplished
in 93% yield to give 6 by treatment with HC1/EtOAc followed by acetylation with acetyl
chloride and triethylamine, and the diastereomers (85:15 ratio) were oxidized using the
Swern procedurel?:14 to give an 80X yield of Ac-Ala-&-Cbz-D,L-Lys-CO,CH, (7).%° Removal
of the Cbz protecting group was best accomplished by catalytic hydrogenolysis with Pd/C
in MeOH in the presence of p-toluenesulfonic acid monohydrate (HOTs-H,0) to give hydrated
a-keto ester 8.
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The key step in the synthesis of Scheme I is the addition of lithiated tris(ethyl-
thio)methane to the differentially protected diamino aldehyde 2. Thus, to a stirred
solution of tris(ethylthio)methane (7.45 mL, 40.0 mmol) in dry THF (120 mL) under an
inert atmosphere at -78°C was added n-BuLi (16.5 mL, 38.0 mmol of a 2.3 M solution in
hexane). After 20 min a cold (-78°C) solution of 2 (3.64 g, 10.0 mmol) in THF (15 mL) was
added. After 2.5 h the mixture was partitioned between CH,Cl, and aqueous NH,Cl and the
organic layer was dried (brine, MgS0,) and concentrated. Flash chromatography on silica
gel (EtOAc:hexane::2:3) gave 32! (3.59 g, 64X) as a colorless, viscous oil.

In summary, the readily accessible, differentially protected diamino aldehyde 2 was
homologated to 3 by treatment with lithiated tris(ethylthio)methane. Orthothioformate 3
is a key intermediate for the preparation of peptidyl o-keto esters containing lysine
side chains, as demonstrated by the preparation of 8. Inhibitory constants for 8 and
related compounds for trypsin and other proteinases will be reported elsewhere.
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