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AbstractÐPeptides based upon the non-prime side residues of the NS4A-4B cleavage site of hepatitis C virus (HCV) NS3-4A pro-
teinase containing an a-ketoamide moiety in place of the scissile amide bond are potent inhibitors of this enzyme. # 2001 Elsevier
Science Ltd. All rights reserved.

Hepatitis C virus (HCV) is the cause of the majority of
cases of transfusion-associated hepatitis and a sig-
ni®cant proportion of community-acquired hepatitis
worldwide. Infection by HCV can lead to a range of
clinical conditions including an asymptomatic carrier
state, severe chronic active hepatitis, cirrhosis and, in
some cases, hepatocellular carcinoma.1 Current thera-
pies for HCV infection include treatment with inter-
feron-a in combination with ribavirin, but this therapy
is of only limited e�cacy. Hence, a new treatment for
the disease would be of great interest.2

The HCV NS3 protein encodes a serine proteinase
which is responsible for the cleavage at the NS3-4A,
NS4A-4B, NS4B-5A, and NS5A-5B junctions in the
viral polyprotein. The 54 amino acid NS4A protein is a
co-factor which binds to the NS3 protein and enhances
its proteolytic activity.3 This NS3-4A proteinase is one
of the most intensively studied targets for HCV antiviral
therapy.2

We recently described the design and synthesis of mole-
cules such as 1 and 2, derived from the non-prime side
residues of the NS4A-4B cleavage site of the proteinase.

These compounds incorporate an electrophile at the C-
terminus of the P1-residue and are potent inhibitors of
this enzyme.4ÿ6 The use of aldehydes and boronic acids
to terminate the inhibitors at that point prevented
exploration of the structure±activity relationships of the
prime-side. Potent a-keto acids have been reported7 but
again these terminate the inhibitor. The introduction of
an a-keto amide functionality, to give inhibitors such as
3, should a�ord an electrophilic carbonyl, whilst retaining
the opportunity of prime-side exploration.8,9 We there-
fore undertook the synthesis of this class of inhibitors to
determine their e�cacy against HCV NS3-4A protei-
nase.10 The synthesis of one such inhibitor11 is outlined
in Scheme 1.12
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Gratifyingly, as can be seen in Table 1, the activities13 of
the optimal a-ketoamides are all in the nanomolar range
and are approximately 10-fold more potent than their
corresponding aldehyde or boronic acid analogues. The
primary amide in 4 can be substituted with benzyl or (2-
naphthyl)-methyl moieties, which in turn can be sub-
stituted around the aromatic ring. The stereospeci®c
nature of the interaction is clearly indicated by the e�ect
of substitution at the 1-position where a 250-fold dis-
crimination is observed for introduction of a chiral
methyl group (compare compounds 6 and 7). Replace-
ment of the CH2CF3 sidechain at P1 by butyl had little
e�ect on potency, but improved the plasma stability of
the compound.

These inhibitors also display selectivity for HCV NS3-
4A proteinase over other important human serine pro-
teinases. The data for inhibitor 14 is shown in Table 2.

In summary, the introduction of the a-ketoamide elec-
trophile has led to the identi®cation of highly potent
inhibitors of the NS3-4A proteinase. Further work on
this exciting class of inhibitors will be reported else-
where.17
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Scheme 1. (i) N,O-Dimethylhydroxylaminehydrochloride, diisopropylethylamine, hydroxybenzotriazole (HOBT), 1-(3-diethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI), tetrahydrofuran, room temperature (rt), 16 h, 91%; (ii) LiAlH4, tetrahydrofuran, 0

�C, 30 min, 87%; (iii)
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Table 1.

Compound P1 NHR IC50 (nM)

4 CH2CF3 NH2 7

5 CH2CF3 4

6 CH2CF3 4

7 CH2CF3 1100

8 CH2CF3 7

9 CH2CF3 7

10 CH2CF3 4

11 CH2CF3 6

12 CH2CF3 4

13 CH2CF3 8

14 Bu NH2 11

Table 2. Activity of 14 against important human serine proteinases

Enzyme IC50 (nM)

1. HCV NS3-4A Proteinase 11
2. Elastase14 12,000
3. Chymotrypsin15 300
4. Trypsin16 >200,000
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