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The monoethyl ester of meconic acid is an active site inhibitor
of HCV NS5B RNA-dependent RNA polymerase
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Abstract—Screening of the in-house sample collection for compounds with HCV NS5B RNA dependent RNA polymerase inhi-
bition led to the identification of a new lead. Afterwards, we discovered that the screening lead, rather than containing the expected
structure 1, was comprised of roughly a 1:1 mixture of meconic acid 2 and its monoethyl ester 3, with all inhibitory potency residing
with 3. We propose that this compound shares critical common features for activity with a,c-diketoacids inhibitors previously
discovered by our group. SAR around this molecule will be presented to provide an improved basis for structure-based ligand
design.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The lack of a highly effective and safe treatment option
for the hepatitis C virus (HCV) highlights the necessity
of developing more efficient means of combating and,
ultimately, curing this viral disease. A primary focus is
currently on finding inhibitors of the NS5B polymerase,
an enzyme absolutely required for replication of the
virus and exhibiting important differences with cellular
polymerases.1;2

Recent discoveries from our laboratories of the biolog-
ical activity of a,c-diketoacids3 as low nanomolar
inhibitors of NS5b HCV polymerase further stimulated
our interest in this area. A new screening of our in-house
sample collection identified another low micromolar
lead as a specific and reversible inhibitor of NS5B HCV
polymerase, competitive with the diketoacid. The com-
pound was inactive at 200 lM against HIV-RT and
poliovirus RNA-dependent RNA polymerase. Surpris-
ingly, a second batch of the screening hit was inactive in
the HCV polymerase assay and provided spectral data
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inconsistent with that obtained from the original sam-
ple. 1H, 13C NMR and mass analyses showed that, while
the second batch had the expected structure 1, the ori-
ginal screening compound was in fact a roughly 1:1
mixture of meconic acid (poppy acid or 3-hydroxy-4-
oxo-4H-pyran-2,6-dicarboxylic acid)4 2 and its mono-
ethyl ester 3. Compound 3 was therefore prepared and
shown to provide an NMR spectrum, which when
combined with the spectrum of commercial meconic
acid, accounted for the observed NMR spectrum of the
first batch of screening compound. The meconic ester
derivative was therefore identified as the active compo-
nent of this mixture, having an IC50 ¼ 2.25 lM against
HCV NS5B polymerase (Fig. 1).

Our preliminary structure–activity studies are summa-
rized in Table 1 and demonstrate the absolute require-
ment of the 2-carboxylic acid functionality.
Decarboxylation or esterification abolish the activity
Figure 1. Screening lead for HCV NS5b Polymerase inhibition (see

text).
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Table 1. Inhibitory potency of meconic acids derivatives

Compd R1 R2 IC50 (lM)a

1 CO2Et H >100

2 CO2H CO2H >100

3 CO2Et CO2H 2.25

4 CO2Et CO2Et >100

5 CO2H CO2Me >100

6 H CO2H 51

7 CONHEt CO2H 24

8 CONEt2 CO2H >100

9 CH2OEt CO2H 16.2

10 CH2OBn CO2H >100

11 CO2tBu CO2H 36

a See Ref. 5 for polymerase assay protocol. Data are the mean of two

to four independent experiments.

Figure 3. Displacement of 3H-DKA from NS5b HCV polymerase.
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(compounds 1 and 4). Altering the position of the
carboxylate with respect to the ester gave inactive 5. Our
previous experience with a,c-diketoacids suggests a
common paradigm for HCV NS5B inhibition based on
the shared presence of a carbonyl, an enolic OH and a
carboxylate functionality. This similarity allows a very
plausible overlay of the two structures with the three
oxygen atoms in a similar spatial arrangement (Fig. 2).

Studies by ourselves,6 and other groups,7 showed that in
the NS5B polymerase active site there are two strictly
conserved aspartic and a glutamic acid residues that
chelate Mg2þ ions required for nucleotide incorporation.
Recently, we reported that diketoacids are active site
inhibitors and they are capable of interacting directly
with the metal ions.8 Therefore, some of the binding
energy of the meconic acid derivative too could be de-
rived from metal ion interaction in the active site. This
hypothesis is supported by a mutually exclusive binding
of the compounds to the enzyme, demonstrated by
competition experiments using tritiated diketoacid
(DKA) as probe (Fig. 3). We measured the ability of our
lead to compete for 50% of the bound [3H]-DKA
(DC50). For 3 we obtained a DC50 ¼ 1.2 and 0.3 lM for
the DKA.

As for the diketoacids and consistent with the direct
interaction with the active-site metal ions, the inhibitory
Figure 2. Overlay of a diketoacid (green) and meconic acid monoethyl

ester 2 (blue).
potency is dependent on the type of metal used in the
assay (Mg2þ or Mn2þ, see Table 2).

Although Mg2þ is the actual cofactor in vivo, the highest
inhibitory potency measured in the presence of Mn2þ

allowed us to readily calculate an IC50 for compounds,
like meconic acid 2, whose inhibitory potency was vir-
tually undetectable under standard assays conditions.

Further SAR studies were undertaken to evaluate the
effects of the 6-ethylcarboxylate portion. Meconic acid
(Table 1, compound 2) itself, having the 6-carboxylic
acid, is inactive in the standard assay conditions (Mg2þ).
Moreover (Table 1, compounds 6–10), decarboxylation,
replacement with an ethyl- or diethyl-amide, with an
ethylether or a benzylether was accompanied by sub-
stantial or complete loss of inhibitory potency, despite
the apparent conservation of the metal binding pattern.
The more bulky tertbutylester 11 proved 10-fold less
active than the ethyl ester 3.

It seems reasonable that all these modifications had a
secondary effect in the ionization and tautomerization
behaviour of these analogues, which are likely to show
Table 2. Inhibition of NS5b HCV pol by meconic acid derivatives

Compound Metal ion IC50 (lM)a

2 Mg2þ >100

2 Mn2þ 18

3 Mg2þ 2.25

3 Mn2þ 0.165

4 Mg2þ >100

4 Mn2þ 4.0

9 Mg2þ 16.2

9 Mn2þ 0.8

13 Mg2þ 23

13 Mn2þ 1.9

a See Ref. 6 for polymerase assay protocol. Data are the mean of two

to four independent experiments.



Scheme 1. Synthesis of meconic derivatives. Reagents and conditions:

(a) CH3COCl (10 equiv), MeOH or EtOH, 0 �C to room temp, 24 h or

4 days; (b) i-PrN@C(O-t-Bu)NH-i-Pr (2 equiv), CH2Cl2, room temp,

24 h; (c) EtNH2 or Et2NH, HOBT (1 equiv), EDCI (1 equiv), iPr2EtN

(2 equiv), DMF, 0 �C to room temp, 12 h; (d) 1N NaOH (10 equiv),

MeOH, 45min.
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different pKa values for the enolic OH and the carboxylic
acid. This hypothesis is consistent with results from
Choux and Benoit,9 who investigated the transmission
of the substituent effect on a series of substituted 3-hy-
droxy-4-pyrones by measuring the pKa values and
establishing correlation with other properties.

Structural suggestion derived from our previous SAR
studies on diketoacids inhibitors3 (see also Fig. 2), which
had revealed the presence of an aromatic moiety to be
essential to improve binding affinity, prompted us to
place a phenyl ring in the 5-position (12) or fused in a
chromene system (13). However, instead of an increase
in activity, the chromene compound 13 (IC50 ¼ 23 lM)
lost 10-fold in potency and the 5-phenyl derivative 12
showed a somewhat larger decrease in activity.

Unfortunately, none of the compounds active in the
HCV NS5B polymerase assays displayed either signifi-
cant inhibition of HCV RNA replication in a cell-based
assay (EC50 > 50 lM) or toxicity at the same concen-
tration.

An issue when working with meconic acid is its stabil-
ity.10 Verkade11 has described the partial decarboxyl-
ation of meconic acid with hydrochloric acid and has
proven that the carboxyl lost during the reaction is from
the position adjacent to the hydroxyl group. The solu-
tion to this will be the subject of further publications.
Scheme 2. Synthesis of compounds 6 and 12. Reagents and conditions

(see text): (a) SeO2 (3 equiv), PhBr, 160 �C, 12 h; (b) NaClO2

(1.5 equiv), H2O2 30%, NaH2PO4 (0.2 equiv), MeCN/H2O (1/1 v/v),

room temp, 1 h; (c) 18fi 6: TMSCH2N2, MeOH, room temp; 3N HCl,

reflux, 6 h; 1N NaOH, MeOH, room temp; (d) 19fi 12: TMSI

(1.3 equiv), MeOH, 1 h.
2. Synthesis

In order to identify the chemical structure of the
screening sample and further study its biological prop-
erties, we prepared compound 3 and the related 4, 5, 7, 8
and 11 as in Scheme 1. Reactivity of the two carboxylate
groups of meconic acid is dependent on both electronic
as well as steric factors. In particular, esterification with
the appropriate alcohol or O-tert-butyl-N,N0-diisopro-
pylisourea, as well as the amidification, occurs primarily
at the 6-carboxylic acid.12 Diester 4 can be achieved by
prolonged reactions times, while upon saponification, it
reverts to the free 6-carboxylic acid 5. Similarly, com-
pounds 7 and 8 were obtained by exposing meconic acid
to the appropriate amine in the presence of coupling
reagents.

Compound 6 was prepared from O-benzylmaltol 14 as
in Scheme 2. Following literature precedents and after
trying several conditions, we used SeO2 for the oxidation
of the 2-methyl to the aldehyde 16, and NaClO2 for
further oxidation to the carboxylic acid 18.13 For sta-
bility reasons, we converted the carboxylate into its
methyl ester before removal of the O-benzyl group. A
similar protocol was followed also for the synthesis of
12. The starting material 15 was prepared from maltol
by a three step literature procedure, involving its 5-
bromination,14 O-benzylation and Suzuki coupling with
phenylboronic acid.15 Then, the two-step oxidation fol-
lowed by TMSI cleavage of the benzylether afforded
12.16

Compounds 9 and 10 were prepared form Kojic acid 20,
as depicted in Scheme 3.17 Synthesis according to liter-
ature procedures allowed preparation of compounds 23
and 24. Subsequent two step oxidation of the hydroxy-
methyl group required protection of the enolic function
as a benzyl or p-methoxybenzyl ether.



Scheme 4. Synthesis of compound 13. Reagents and conditions: (a)

mCPBA (1 equiv), benzene, reflux, 3 h; (b) 1N HCl, reflux, 1 h; (c)

HCHO 35% sol (1. 5 equiv), 1N NaOH, room temp, 6 h; (d) PMBCl

(1.1 equiv), Cs2CO3 (1 equiv), DMF; (e) MnO2 (30 equiv), CH2Cl2,

room temp, 2 h; (f) Ag2O (2 equiv), NaOH 10%, MeOH, room temp,

1 h.

Scheme 3. Synthesis of compounds 8 and 9. Reagents and conditions:

(a) BnBr (1.1 equiv), Cs2CO3 (1 equiv) DMF, 60 �C, 3 h; EtI

(1.5 equiv), NaH (1.1 equiv), DMF, room temp, 1 h; 4N HCl, reflux,

0.5 h; (b) PMBCl (1.1 equiv), Cs2CO3 (1 equiv), DMF; BnBr

(1.1 equiv), NaH (1.1 equiv), DMF; CH2Cl2/TFA (9/1 v/v); (c) HCHO

35% sol (1.5 equiv), 1N NaOH, room temp, 6 h; (d) BnBr or PMBCl

(1 equiv), Cs2CO3 (1 equiv), DMF, 60 �C, 3 h; (e) MnO2 (3 equiv),

CH2Cl2, room temp, 24 h; (f) Ag2O (10 equiv), NaCN (5 equiv),

MeOH, room temp, 1 h; (g) 4N HCl, reflux, 0.5 h; (h) CH2Cl2/TFA

(9/1 v/v), room temp, 1 h.
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For the synthesis of compound 13, commercially avail-
able 4H-chromen-4-one 29 was selected as starting
material (Scheme 4). Epoxidation and subsequent acid
opening of the epoxide allowed for introduction of the
hydroxyl group of 30.18 Synthesis of 11 from 30 utilized
the same synthetic procedure previously reported.
3. Conclusion

The monoethyl ester of meconic acid was identified as
new inhibitor of NS5B HCV polymerase. Although
more potent and stable analogues will aid future studies,
interpretation of our data in light of molecular modeling
analysis and our previous experience with diketoacids
inhibitors, led to important findings concerning the
molecular determinants of HCV NS5B inhibitory
activity.

Further efforts in modifying these lead structures are in
progress and the results will be reported in due course.
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