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AbstractÐArylalkylidene rhodanines 2(a±d) inhibit HCV NS3 protease at moderate concentrations. They are better inhibitors of
other serine proteases such as chymotrypsin and plasmin. However, the selectivity of arylmethylidene rhodanines (8a, 9a) with
bulkier and more hydrophobic functional groups increases by 13- and 25-fold towards HCV NS3 protease respectively. # 2001
Elsevier Science Ltd. All rights reserved.

Hepatitis C virus (HCV), identi®ed in 1975, is classi®ed
as a new genus of the Flaviviridae family.1 HCV infection
leads to acute and chronic hepatitis, liver cirrhosis, and
in some cases, hepatocellular carcinoma. Treatment
with interferon is only e�ective in 20% of patients. The
high rate of relapse, signi®cant side e�ects, and exorbi-
tant cost associated with the current treatments have,
therefore, prompted extensive research in ®nding other
e�ective means of therapy.

Several potential therapeutic targets have emerged fol-
lowing the sequencing of the HCV genome. The non-
structural protein 3 (NS3), a serine protease with a
chymotrypsin-like fold,2 plays an important role in cleav-
ing the nonstructural HCV proteins that are necessary
for HCV replication. Several attempts to seek HCV
NS3 protease inhibitors have been reported. However,
most of the nonpeptidic small molecule inhibitors
reported are nonspeci®c and inhibit NS3 protease in the
micromolar range.3

Rhodanine derivatives are known to possess biological
activities such as anticonvulsant, antibacterial, antiviral
and antidiabetic.4 Sudo et al. have also reported rhodanine
derivatives as HCV protease inhibitor.3a It is therefore

an interesting and convenient core for further develop-
ment of a selective NS3 protease inhibitor. Here, we
report the synthesis of an arylalkylidene rhodanine
library and the modi®cation of the rhodanine side chain
in an attempt to increase the selectivity towards the NS3
protease.

Synthesis

Rhodanine 1 was synthesized by reacting methyl thio-
glycolate with isothiocyanate at room temperature (Fig. 1).
Knoevenagel condensation with aldehyde proceeded
very smoothly to completion just by re¯uxing in ethanol
for 6 h without using acid or base as condensing agent.
The condensation of ketone with rhodanine 1 was
achieved using ammonium acetate. Arylalkylidene rho-
danine 2 was obtained as crystals precipitating out of
the reaction mixture.5 In some cases, black and sticky
syrup obtained was washed with a small amount of
CH2Cl2 and dried.

Of approximately 2000 compounds that were synthe-
sized and characterized by 1H NMR and MS, eight were
randomly selected and their purities determined by HPLC.
The results are summarized in Table 1. In general,
aldehydes gave better condensation yields and purities
as compared to ketones, and the more hindered ketones
gave poorer yields than the less hindered ketones. The
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impurities are mainly the unreacted aldehydes or
rhodanines that co-precipitated out with the desired
products. The thermodynamically stable Z-isomer was
obtained for 5-benzylidene rhodanine.4 Either exclu-
sively Z-isomer or a mixture of the two geometrical
stereoisomers with the Z-isomer being the predominant
one (>75%) was obtained for the arylmethylidene
rhodanines.

Crystal structure of NS3 protease complexed with a
truncated NS4A cofactor peptide reveals that the S1
selectivity pocket is shallow and hydrophobic, and is
primarily formed by the side chains of Phe154, Ala157

and Leu135.7 Substrate speci®city studies also demon-
strate the importance of the acidic P6 residue to sub-
strate recognition.8 Based on the ®ndings, it might be
expected that a large inhibitor would be required to
fully occupy the substrate-binding site. Charged and
hydrophobic functional groups were therefore incorpo-
rated into arylalkylidene rhodanine 2 (Fig. 2).

The tert-butyl N-(2-aminoethyl)-carbamate 3a was di-
alkylated with methyl 4-(bromomethyl)-benzoate to give
4a. The Boc protecting group was removed by TFA,
and the free amine was mono-alkylated with 4-chloro-
benzyl chloride to give 5a. The amines 4b and 4c were
synthesized by mono-alkylating 3a and 3b with 4-chloro-
benzyl chloride and methyl 4-(bromomethyl)-benzoate,
respectively. Amines 5a, 4b and 4c were separately
coupled to Fmoc-l-leucine using the standard peptide
coupling condition. The Fmoc protecting group was
then removed to yield 6(a±c). Each step generally gave
more than 60% yield. Finally, the amine 6 was activated
by triphosgene and then coupled to 7 to give 8.9 The low
isolated yields of 8a and 8b were primarily due to the
formation of urea dimer (58% in the case of 8a).

Arylalkylidene rhodanines 9(a±b) with a sulfonamide
functional group were also synthesized (Fig. 3). The less
reactive 3-aminoacetophenone was ®rst added dropwise
to an ice-cooled dilute solution of biphenyl-4,40-disulfonyl
chloride in CH2Cl2, followed by another amine. The
puri®ed ketone was condensed as described above with
rhodanine 1 to give 9.

Results and Discussion

Arylalkylidene rhodanines 2 were tested in the NS3
protease assay in groups of 10 at 71 mM each (except 8
and 9 which were tested individually).10ÿ12 Pooled sam-
ples showing an inhibition of greater than 60% were
screened individually at 71 mM again. The 50% inhibi-
tory concentration (IC50) of the active compounds was
determined. To check for their inhibitory selectivity, the
putative inhibitors were examined against two other
serine proteases such as chymotrypsin and plasmin.13

The results are summarized in Table 2.

Most of the arylalkylidene rhodanines 2 tested are not
active except 2(a±d), which are moderate and non-
selective protease inhibitors. Like most reported non-
peptidic small molecule inhibitors of NS3, all but 2c
inhibit chymotrypsin and plasmin better than NS3 pro-
tease.3 Compounds 8a and 9a inhibit both plasmin and
NS3 protease equally well, but they are not active
against chymotrypsin. Compounds 2(a±d), 8a and 9a

Figure 1.

Table 1. The yield6a and HPLC purity6b of compound 2

Compounds Yield Purity

2a 72 88

2b 92 88

2c 67 91

2d 89 84

2e 89 80

2f 61 100

2g 62 73

2h 75 82
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are also not active against elastase (data not shown).
The IC50's of 8a and 9a against chymotrypsin are 13-
and 25-fold (respectively) higher than that against NS3
protease. The fact that the IC50 of 8a and 9a against
chymotrypsin and plasmin is about 10-fold higher than
that of 2 suggests that selectivity for NS3 protease
improves with a long hydrophobic side chain. This may
also account for the activity but not the selectivity of 2b

against these serine proteases. Furthermore, the long
hydrophobic side chain is likely to be important for the
activity of 8a, 9a and 2c towards NS3 protease as com-
pared to 8(b±e), 9b and 2(a, b, d).

In this paper, we have demonstrated that a long hydro-
phobic side chain is important for the selectivity as well as
the activity of arylalkylidene rhodanine towards NS3

Figure 2.

Figure 3.
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protease. Our results provide more information required
for further development of selective anti-HCV agents.
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2c 20 23 7
2d 64 >200 13

aValues are means of two experiments.
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