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We describe the structure-based design of a novel lead chemotype that binds to thumb pocket 2 of HCV
NS5B polymerase and inhibits cell-based gt1 subgenomic reporter replicons at sub-micromolar concen-
trations (EC50 <200 nM). This new class of potent thumb pocket 2 inhibitors features a 1H-quinazolin-4-
one scaffold derived from hybridization of a previously reported, low affinity thiazolone chemotype with
our recently described anthranilic acid series. Guided by X-ray structural information, a key NS5B–ligand
interaction involving the carboxylate group of anthranilic acid based inhibitors was replaced by a neutral
two-point hydrogen bonding interaction between the quinazolinone scaffold and the protein backbone.
The in vitro ADME and in vivo rat PK profile of representative analogs are also presented and provide
areas for future optimization of this new class of HCV polymerase inhibitors.
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Inhibitors of the virally-encoded NS5B RNA-dependent RNA
polymerase of the hepatitis C virus have acquired a prominent po-
sition in the development of more effective and better-tolerated
interferon-free therapies for the treatment of chronic HCV infec-
tion. The addition of 1st generation NS3/4A protease inhibitors to
the pegylated-interferon-a/ribavirin (PEG-IFN/RBV) standard of
care (SoC) has increased sustained virological response (SVR) to
68–75% and shortened duration of treatment in genotype (gt) 1 pa-
tients.1 However, interferon-free regimens consisting of multiple
combinations of Direct Acting Antivirals (DAAs) with complemen-
tary mechanisms of action and RBV, have shown similar SVR rates
with increased tolerability compared to the newly introduced SoC
(IFN + RBV + PI).2 More recently, triple DAA combinations have
shown potential to increase SVR rates to >90% in the gt1 popula-
tion.3 A key element of these new promising interferon-free thera-
pies is the use of nucleoside (tide) or allosteric non-nucleoside
NS5B inhibitors in combination with NS3/4A or NS5A inhibitors.

Over the last years, we have been investigating the use of
thumb pocket 1 NS5B allosteric inhibitors in combination with
the protease inhibitor faldaprevir.4 BI 207127 (Fig. 1) is a potent
inhibitor of gt1–6 replicons (EC50 = 11�98 nM).5 The IFN-free com-
bination of faldaprevir + BI 207127 + RBV demonstrated high effi-
cacy and good tolerability in treatment-naïve patients with 16–
28 weeks of treatment achieving overall SVR rates up to 69% (up
to 85% in gt1b) and is currently being evaluated in phase 3 clinical
trials for the treatment of gt1b HCV chronic infection.6

To augment our efforts in the development of IFN-free regimens
based on the combination of faldaprevir with non-nucleoside NS5B
thumb pocket 1 inhibitors we recently reported the discovery of
anthranilic acid derivatives (e.g., compounds 1 and 2, Figs 1 and
2) that bind to ‘thumb pocket 2’, a spatially distinct allosteric site
on the polymerase situated at the base of the thumb domain, some
30 Å away from the enzyme active site.7,8 Similarly to previously
reported clinical candidates that bind to this allosteric pocket
(e.g., filibuvir and lomibuvir; Fig. 1)9 anthranilic acid-based inhib-
itors are structurally distinct from indole-based thumb pocket 1
compounds (e.g., BI 207127) and were shown to exhibit additive
potency and distinct resistance profiles with the later. Anthranilic
acid amides such as 1 possessed comparatively promising antiviral
potencies in both gt1a and gt1b replicons (RT-PCR EC50 �150 nM)
and optimization of these acid derivatives was actively pursued
toward the identification of more potent analogs with suitable
qualifications for preclinical development. In a parallel effort we
also pursued structure-based design aiming to increase chemical

http://dx.doi.org/10.1016/j.bmcl.2013.05.037
mailto:resgeneral.lav@boehringer-ingelheim.com
http://dx.doi.org/10.1016/j.bmcl.2013.05.037
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


Y477

S476

I482

L497
L419

O

F F
F N

O

O

O

2

Figure 2. X-ray structure of a complex depicting key interactions between
anthranilic acid derivative 2 and NS5B polymerase (PDB 4JJS).
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Figure 3. X-ray structure of thumb pocket 2 thiazolone 3 (PDB 2HWI) in complex
with NS5B polymerase.

Figure 4. Overlap of NS5B complexes with compounds 2 and 3 showing conser-
vation of key inhibitor–protein interactions.
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Figure 1. Structure of NS5B thumb pocket 1 and 2 clinical candidates and thumb
pocket 2 lead.
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diversity by replacing the carboxylic acid function of 1 by non-ion-
izable surrogates in order to identify inhibitors with distinct
ADME-PK profiles and potential for addressing possible liabilities
often associated with carboxylic acid containing molecules such
as reduced cell permeability and the formation of reactive metab-
olites (e.g., acylglucuronides). The discovery of a novel NS5B thumb
pocket 2 chemotype based on a neutral 1H-quinazolin-4-one scaf-
fold is described herein.

The X-ray crystal structure of anthranilic acid derivative 2 (D21
NS5B IC50 = 0.20 lM/gt1b luciferase replicon EC50 = 0.64 lM), a
close analog of 1, in complex with NS5B polymerase is shown in
Figure 2.7b,10

A key inhibitor–protein interaction that is characteristic of
anthranilic acid inhibitors such as 2 is the two-pronged hydrogen
bond highlighted in Figure 2 between the carboxyl group of the
inhibitor and the backbone NHs of Y477 and S476. Other notable
contacts include the lipophilic 4-methylcyclohexyl and trifluoro-
methyl groups of the inhibitor that bind to hydrophobic pockets
on the enzyme. The N-isopropyl group points toward solvent and
serves to orient the cyclohexyl amide moiety towards a well-de-
fined binding pocket. The remainder of the molecule (i.e., the ben-
zene ring scaffold) lies flat between the two walls of an extended
protein channel, resting on the side chain of L419 and enclosed
on each side by L497 and I482 that in part constitute the opposing
walls of the pocket.

Our design of non-acidic inhibitors had to consider the critical
interactions mediated by the carboxylic acid group of 1 or 2 and
the proximal protein backbone residues. Not surprisingly, isosteric
replacements for the COOH group were not well tolerated, presum-
ably because they require significant protein conformational adap-
tation to accommodate larger groups (unpublished results).
Several years ago, Valeant Pharmaceuticals reported a series of
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Scheme 1. Structure-based drug design (SBDD) of the thiazolone-anthranilic acid
1H-quinazolin-4-one hybrid. Groups that serve equivalent functions are color
coded.
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low affinity thumb pocket 2 NS5B inhibitors featuring a thiazolone
scaffold (e.g., compound 3, Fig. 3, IC50 = 3 lM).11

Based on the published crystal structure of 3 (PDB: 2HWI), this
class of compound appeared to be involved in similar interactions
as anthranilic acid based inhibitors within the thumb pocket 2 allo-
steric site of the protein (i.e., hydrogen bonds between the C@O
and N@C groups of the thiazolone ring to protein backbone Y477
and S476 NHs and hydrophobic interactions of the 4-fluorophenyl
and ethyl groups of the inhibitor with lipophilic enzyme pockets).
An overlay of the complexes of compounds 2 and 3 is shown in Fig-
ure 4 and reveals extensive overlap between the two structures.

The carboxyl group of 2 is perfectly superimposed on a portion
of the thiazolone ring system making similar H-bond interactions
with the protein backbone. The shift observed between the ben-
zene ring scaffold of 1 and the thiazolone ring of 3 suggested that
bicyclic systems may be accommodated within the binding pocket,
while maintaining the other key elements necessary for intrinsic
potency (e.g., a good overlap is seen for the sterically demanding
trans-4-methylcyclohexyl moiety of 2 and the benzyl group of 3).
Based on these observations, a 1H-quinazolin-4-one derivative 4
was designed from hybridization of the two structures as described
in Scheme 1.

Quinazolinone derivatives 4 and 11–30 were prepared by the
general route depicted in Scheme 2 starting from 2-nitro-5-
hydroxybenzoic acid 5. This acid was converted to its primary
amide 6 and the nitro group reduced to provide aniline 7. The tri-
fluoromethylpyridine ether was assembled by SNAr displacement
on 2-fluoropyridine 8 to give ether derivative 9. The N-alkyl substi-
tuent was introduced through reductive amination of anilines 9
using a variety of aldehydes and ring-closure to quinazolinone final
products (4, 11–30) was performed with trimethylorthoformate
under acidic conditions.12

An initial set of quinazolinone analogs 4 and 11–16 (Table 1)
maintaining the trifluoromethylpyridine ether substituent of 1 at
C-6 of the bicycle was prepared and tested in previously described
gt1b D21 NS5B polymerase and cell-based replicon assays.5a,13–15

As mentioned previously, the trans-4-methylcyclohexyl moiety of
1 was also maintained in the initial design since replacement by
a benzylic moiety (as present in the less potent compound, 3)
was not tolerated in the anthranilic series. Direct replacement of
the carboxylic acid function of 1 with the neutral quinazolinone
acylimide moiety resulted in an inhibitor (4) that was�85-fold less
potent than 1 (IC50 = 6.9 lM) and did not inhibit in the cell-based
replicon (EC50 > 10 lM). However, quinazolinone 4 had compara-
ble potency to thiazolone 3 (within twofold) providing encourage-
ment for further optimization. Previous studies in the anthranilic
acid (unpublished results) and the thiophene carboxylic acid class
of thumb pocket 2 inhibitors,8a exposed very strict structural
requirements for binding of substituents in the well-defined
right-hand-side hydrophobic pocket. Aliphatic groups such as
those present in 4 and 12–14 or unsubstituted analog 11 proved
unsuitable for improving potency. However, replacement of the
cyclohexyl moiety by an N-benzyl substituent (15) was tolerated
and addition of a para-methyl group on the aromatic ring (16) pro-
vided submicromolar biochemical potency, suggesting that the
neutral quinazolinone core had indeed potential as an anthranilic
acid replacement. We are unable to ascertain whether the ob-
served potency differences are due in part to changes in strength
of the H-bonds between a strongly solvated carboxylic acid func-
tion with the backbone protein NHs compared to the quinazoli-
none isosteres. However, requirements for binding in the right-
hand side lipophilic pocket (e.g., exit trajectory of the substituent
from the rigid core) were likely altered with the new scaffold, per-
haps due to a modified angle of approach, and a specific SAR
needed to be reconstructed at the N1-position of the quinazolinone
template. To this end, a library of approximately 40 additional 1-
benzylquinazolin-4-one derivatives bearing a variety of groups (al-
kyl, halo, alkoxy) and substitution patterns on the phenyl ring were
evaluated. Some SAR trends became apparent upon examination of
the selected results presented in Table 1. First, substitution in the
para-position of the phenyl ring is limited by size and appears to
be optimal with lipophilic small groups such as Me, Et or halogens
(16, 18–20) with IC50 = 0.45–1.2 lM. Polar substituents (e.g., meth-
oxy, 17) resulted in a significant loss in potency. Second, substitu-
tion meta- to the attachment point was detrimental to potency in
all cases (e.g., 22 and 23). Finally, ortho-substitution appeared to
be beneficial and combinations of para- and ortho-substituents
led to the most interesting compounds (e.g., 25–27, 29 and 30) pro-
viding sub-micromolar inhibition of the polymerase (IC50 = 0.1–
0.5 lM) and the cell-based replicon (EC50 = 0.4–0.6 lM). Inhibitor
30 exhibited twofold improved intrinsic potency in the enzymatic
assay and was only threefold less potent in cell culture compared
to reference anthranilic acid derivative 1. This result demonstrated
that through optimization of interactions in the right-hand-side
hydrophobic pocket, quinazolinone analogs are capable of provid-
ing potency levels comparable to anthranilic acid derivatives, de-
spite the absence of the ionized carboxylic acid moiety.



Table 1
Quinazolinone N1 SAR

O

N
N

N

R

OCF3

Entry R Gt1b IC50
a (lM) Gt1b EC50

b (lM) Solubility (lg/mL) pH 2.0/6.8c LogDd

4 6.9 >10

11 H 4.4 >10 11/4.7 2.5
12 Me 24 >10

13 4.3 13

14 2.4 8.4 86/3.3 3.3

15 1.6 1.0

16 0.45 2.5 4.7/0.5 3.7

17
MeO

48 >10

18 1.1 3.1

19
Cl

1.1 3.1

20
F

1.2 2.0 4.5/0.6

21
F3C

>7.5 >10

22
F

F
4.0 2.9

23

F

F

>7.5 >10

24
F Cl

0.80 1.1

25
Cl F

0.40 0.45

26
Br F

0.31 0.49 3.6 / 0.7

27
F

0.26 0.60 14 / 3.8 3.8

28

F

F

0.20 1.2

29
F F

0.51 0.51 19 / 4.3

30

F F

F

0.10 0.41 108 / 26 3.3

a Gt1b D21NS5B (nP2).
b HCV replicon luciferase reporter assay (nP2).
c Solubilities were measured on amorphous solids by the 24 h shaking flask method and are reported for pH 2.0 and pH 6.8.
d Measured at pH 7.4.
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Figure 5. Crystal structure of inhibitor 29 complexed with NS5B polymerase
showing conservation of all key inhibitor–protein interactions relative to anthra-
nilic acid analogs (PDB 4JJU).

 

Figure 6. Superposition of anthranilic acid and quinazolinone inhibitors 2 and 29,
showing overlap of key structural features and stacking over L419.
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Based on the literature and our own in-house experience, the
binding of non-nucleoside NS5B inhibitors to three of the four allo-
steric sites (i.e., thumb pocket 1 and 2 and palm site 1) exploits
similar ligand pharmacophoric elements including hydrogen bonds
to the protein backbone (often implicating a carboxylic acid group
or amide) as well as two hydrophobic binders.9a In order to verify
that 1H-quinazolin-4-one inhibitors still bound in the intended
thumb pocket 2 site, compound 16 was profiled in a panel of single
amino acid site-specific mutants of HCV NS5B. As expected for a
thumb pocket 2 inhibitor, no potency shifts were observed for
the thumb pocket 1 (P495S) or palm site 1 (M414T) mutants.9a

Interestingly, compound 16 experienced a greater shift against
the L419 M (>20-fold) thumb pocket 2 mutants than the usual
M423T variant (threefold) that has been reported for other chem-
otypes that bind to this allosteric site.9a Similar profiles were seen
for more optimal analogs (vide infra).
Corroboration that this novel class of NS5B inhibitors binds to
the thumb pocket 2 allosteric site and rationalization of the SAR
assembled so far was provided by a crystal structure of compound
29 in complex with NS5B (Fig. 5). The expected conservation of all
key ligand–protein interactions between the two chemotypes is
apparent from the superposition of 29 with compound 2, shown
in Figure 6. The phenyl ring of the quinazolinone core also main-
tains the stacking with the side chain of L419.

Quinazolinones exhibited moderate to satisfactory metabolic
stability in the presence of human liver microsomes (HLM), with
half-lives extending into the 2 h range for the best compounds
(data not shown). Despite the loss of the ionizable carboxylic acid
moiety, overall lipophilicity remained in a moderate range with
measured LogD7.4 = 3.3–3.8 for N-substituted benzyl analogs and
moderate solubility was observed at pH 2.0 and 6.8 for some ana-
logs. Interestingly, trifluorobenzyl derivative 30 exhibited the best
solubility in this set despite the presence of six fluorine atoms in
the molecule. SAR at the N1-position of the quinazolinone scaffold
is consistent with that substituent fitting in a rather small but
well-defined hydrophobic pocket, as was the case for anthranilic
acid derivatives (Fig. 2).7b

Having validated our hybrid design, we next turned to improv-
ing potency by optimizing key interactions of the inhibitors within
the protein binding channel. In particular, we investigated the
introduction of functionality on the phenyl ring of the scaffold to
modulate electronically the strength of hydrogen bonds to back-
bone Y477 and S476 NHs and influence stacking of the scaffold it-
self with L419 as shown in Figure 5. To this end, we investigated
substitutions at the C-7 position of the 1H-quinazolin-4-one ring
system using inhibitor 29 as a reference point. The synthesis of
these analogs is depicted in Scheme 3 and begins with commer-
cially available difluorobenzoic acid derivative 31.

Regioselective displacement of the more activated 3-fluoro
group with benzyl alcohol provided ether 32 that was sequentially



Table 2
C-7 quinazolinone SAR

O

N
N

N

OCF3

R

F F

Entry R Gt1b IC50
a (lM) Gt1b EC50

b (lM) Solubility (lg/mL) pH 2.0/6.8c LogDd

29 H 0.51 0.51 19/4.3
37 F 0.24 0.65 22/18 3.9
38 OMe 2.4 0.85
39 Me2N 25 >10

a Gt1b D21NS5B (nP2).
b HCV replicon luciferase reporter assay (nP2).
c Solubilities were measured on amorphous solids by the 24 h shaking flask method and are reported for pH 2.0 and pH 6.8.
d Measured at pH 7.4.
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esterified and hydrogenolyzed to phenol 34. SNAr reaction with 3-
trifluoromethyl-2-fluoropyridine as previously described gave
ether 35 that was converted to amide 36 prior to quinazolinone
ring-formation under the usual conditions to yield 37. Analogs 38
and 39 were obtained from 37 by displacement of the fluorine
atom with MeOH or dimethylamine under basic conditions. As de-
picted in Table 2, the effect on potency of an electron withdrawing
fluorine in the para-position of the quinazolinone carbonyl group
was negligible (analog 37). On the other hand, bulkier substitution
at this position (e.g., MeO or Me2N; compounds 38 and 39) had a
strong negative impact on intrinsic potency (5- to 50-fold)
although 38 retained good replicon cell-based activity. The loss
in enzymatic potency may be the result of steric clashes with res-
idue L497 which is situated in close proximity to the scaffold (see
Fig 5), and/or unfavorable conformational effects between C-6 and
C-7 substituents altering the ability of the ether linkage to properly
position the trifluoromethylpyridyl group.

The next phase of this prospecting study focused on SAR of the
O-pyridyl heterocyclic ring system at C-6 using the 2,4-difluorob-
enzyl of 29 or 2,4,6-trifluorobenzyl group of 30 as reference points
(Table 3). The synthesis of these analogs is shown in Scheme 4 and
begins with the reductive amination of 2,4-difluoro or 2,4,6-triflu-
orobenzaldehyde with phenol 7 followed by quinazolinone ring-
formation with trimethylorthoformate to provide intermediate
40. Phenol 40 was converted to a variety of ether derivatives
(42–50) under SNAr conditions using activated halo-heterocycles.
Methoxy analog 41 was prepared by direct alkylation of phenol
40 with iodomethane.

The O-heterocycle C-6 group is an important contributor to
potency in this class of inhibitors as deduced from the 10-fold loss
in potency for methoxy analog 41 relative to reference compound
29 (Table 3). While it is apparent from X-ray crystal structures that
the trifluoromethyl group provides potency through binding in a
lipophilic pocket, the role of the nitrogen atom was probed with
isomeric pyridine analogs 42 and 43. Interestingly, positioning of
the nitrogen atom ortho- to the CF3 group (42) resulted in a four
to fivefold improvement in intrinsic potency, while meta-isomer
43 was more or less equipotent. Both analogs exhibited improved
aqueous solubility compared to 29. The improved intrinsic potency
of 42 translated into improved cell culture activity, providing one
of the best analogs thus far in this class (EC50 = 140 nM). The
trifluoromethyl group was more effective for interacting with the
enzyme sub-pocket than other groups (e.g., Br, compound 44). An-
other increase in potency was realized with a methoxy group ortho
to the CF3 substituent of 29 that resulted in a 2-fold improvement
in both enzymatic and replicon potencies (analog 45). The
beneficial findings encountered in the 2,4-difluorobenzyl series
were transposable into the 2,4,6-trifluorobenzyl analogs (com-
pounds 30, 46–50) resulting in additional compounds displaying
excellent potency (e.g., analog 47: gt1b EC50 = 100 nM). Interest-
ingly, removal of the nitrogen atom from this ring was also well
tolerated with 2-trifluomethylphenoxy analog 48 providing
excellent inhibition of the polymerase (IC50 = 75 nM) but
somewhat offset by its reduced cellular potency (EC50 = 380 nM),
high lipophilicity (LogD7.4 = 4.2) and low solubility. The trifluoro-
methyl group however remains an essential component to main-
tain the potency of this chemotype in an acceptable range (cf.,
compound 49).

Analog 45, a representative member of this new class of NS5B
inhibitors, was found to be HCV-specific and did not inhibit RNA-
dependent RNA polymerase from poliovirus (IC50 >100 lM) or a
mammalian RNA polymerase II isolated from calf thymus (IC50

>210 lM).13 Furthermore, in light of the high prevalence of gt1a
HCV in North America, it was also important to assess the ability
of this class to inhibit this particular virus sub-type. Compounds
45 and 50 were tested in replicon assays in which HCV RNA was
quantified by RT-PCR (gt1b/1a).14a In these assays, comparable
gt1b/1a EC50 values of 0.76–0.83 lM and 0.81 (gt1a) were obtained
for the two compounds. Similar to anthranilic acids 1 and 2, the
quinazolinone thumb pocket 2 inhibitors inhibit both gt1 replicon
sub-types 1a and 1b with comparable efficiency. Consistent with
other thumb pocket 2 ligands however, compounds from this class
(e.g., 45) demonstrated significantly lower potency when tested
against NS5B genotypes 2b and 3a polymerases (>30- to 60-fold).
Analog 45 exhibited comparable potency against gt4a enzyme.9c,16

Having identified inhibitors displaying good potency in the cell-
based replicon assay (EC50 <200 nM) we wished to assess prospects
for acceptable ADME-PK profiles in this class. A set of representa-
tive quinazolinone analogs were evaluated for in vitro metabolic
stability, Caco-2 permeability, CYP450 inhibition and oral absorp-
tion in rats. The data is presented in Table 4 and is compared to
representatives from the anthranilic acid series (compounds 1
and 2). Analogs from both series had comparable metabolic stabil-
ity in human liver microsomes (HLM; mostly in the t1/2 = 1–2 h
range except for 47 which was significantly more stable). In con-
trast, compounds from both series were noticeably less stable in
rat microsome incubations (RLM; t1/2 < 1 h). Caco-2 permeability
was excellent in the apical ? basolateral direction and no signifi-
cant efflux was noted for analog 45 (results not shown). Though
some quinazolinone analogs showed varying levels of CYP2C19



Table 3
Quinazolinone left-hand side Sar

O
R

N

N

O

F

FX

Entry R X Gt1b IC50
a (lM) Gt1b EC50

b (lM) Solubility (lg/mL) pH 2.0/6.8c LogDd

41 MeO H 64 >10 >900/130 1.8

29

N

CF3

H 0.51 0.51 19/4.3

42
N CF3

H 0.12 0.14 410/105

43 N
CF3

H 0.49 1.1 700/31 3.0

44

N

Br
H 0.86 2.7

45

N

CF3
OMe

H 0.23 0.25 0.4/0.6 3.5

30

N

CF3

F 0.10 0.28 108/26 3.3

46
N

CF3

F 0.11 0.23 27/4.6 3.0

47
N CF3

F 0.06 0.10 34/2.7 2.9

48
CF3

F 0.075 0.38 0.4/<0.1 4.2

49 F 0.30 0.40 34/4.6 3.2

50

N

CF3
OMe

F 0.10 0.17 6.1/5.4 3.3

a Gt1b D21NS5B (nP2).
b HCV replicon luciferase reporter assay (nP2).
c Solubilities were measured on amorphous solids by the 24 h shaking flask method and are reported for pH 2.0 and pH 6.8.
d Measured at pH 7.4.
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inhibition (e.g., IC50 = 0.3 and 1.2 lM for 45 and 47) compound 50
exhibited relatively moderate inhibition across CYP450 isozymes
(IC50 = 11, 20, >30 and 18 lM for 2C9, 2C19, 2D6 and 3A4, respec-
tively). Unfortunately, the quinazolinones in Table 4 exhibited re-
duced exposure compared to anthranilic acid derivatives, when
administered orally to rats, either as mixtures of four compounds
(screening mode) or as individual compounds.17 The poor exposure
(and bioavailability) in rats is likely due to a combination of low
metabolic stability of compounds in this species (as reflected by
the lower RLM stabilities compared to anthranilic acids), resulting
in high in vivo clearances, and the lower solubility of the com-
pounds. The cross-species metabolic trends were similar in liver
microsome and hepatocyte preparations where compound 50
had in vitro clearance values of =6.6, 38, 4.7 and 13 ml/min/kg in
human, rat, dog and monkey microsomes and 2.2, 33, 4.2 and
4.1 ml/min/kg in hepatocytes, respectively. The low stability of
quinazolinones in rat liver microsomes or hepatocytes appears to



Table 4
In vitro ADME and oral rat PK parameters for representative compounds.

Entries HLM/RLM t1/2

(min)a
AB Caco-2b (cm/s)
�10�6

C1/2 h
c

(lM)
Cmax

d

(lM)
AUCd

(lM.h)
t1/

2
e

(h)

Vss
e

(L/
kg)

CLe

(mL/min/
kg)

%F [liver] (liver/plasma ratio)f

(lM)

1 69/60 19 1.0/0.2
2 119/92 17 14.3 21.7 16 3.4 6.8
26 93/60 7.1 0.3/0.3 6.6 (23)
27 45/15 8.4 0.4/0.2 1.8 (9)
29 110/31 13 0.2/0.1 0.8 (11)
30 123/38 12 0.2/0.1 1.1 (15)
45 80/26 11 0.03 0.20 0.5 3.2 50 7
47 >300/22 11 0.1/0.03 <0.01
50 84/15 7.9 0.07 0.45 0.6 0.7 19 5

a Human and rat liver microsome half-life at 2 lM starting concentration.
b Apical to Basolateral permeability at 10 lM using a pH6.8–7.4 gradient.
c A mixture of four compounds was administered orally as a suspension to rats at 2 mg/kg each (0.5% Methylcellulose and 0.3% Tween-80 + 1% N-methylpyrrolidone) and

individual plasma compound concentrations were determined at 1 and 2 h timepoints.17

d Single compound PK dosed at 5 mg/kg as an oral suspension in 0.5% methylcellulose and 0.3% Tween-80 + 1% N-methylpyrrolidone (NMP).
e Bolus injection (2 mg/kg) prepared in 70% PEG-400:30% water.
f Liver compound concentration and ratio of compound concentration in liver/plasma at 2 h post a single oral dose.
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be specific to that species. Importantly, compounds exhibited good
distribution to the liver target organ as reflected by compound li-
ver/plasma concentration ratios (9- to 23-fold). Since this chemo-
type features several aromatic rings and LogD values in the 3–4
range, a few analogs were tested in a plasma protein-free func-
tional hERG inhibition assay. Compounds 16, 27 and 49 inhibited
the activity of this channel with IC50 = 17, 14 and 3.7 lM respec-
tively. Compound 50 was highly bound to human and rat plasma
proteins (99.5%), a property that could reduce free compound frac-
tion and modulate potency as well as in vivo properties such as
distribution and metabolism, and compound exposure to off-tar-
gets such as the hERG channel and CYP450 enzymes.

In summary, a structure-guided design strategy based on
hybridization of thiazolone and anthranilic acid NS5B thumb pock-
et 2 inhibitors led to the discovery of a specific and novel 1H-qui-
nazolin-4-one lead chemotype. Prospecting SAR studies
demonstrated the potential for generating potent inhibitors of
gt1a and 1b replicons (gt1b EC50 <200 nM). Examination of struc-
tural data from these early compounds (Fig. 5) reveals additional
opportunities for further potency improvements. Elaboration of
molecules toward the left-hand side of the binding pocket (shown
as the orange-delineated channel in Fig. 5) guided by molecular
dynamics simulations has led to the identification of additional
interactions with protein residues and further improvements in
potency (e.g., extensions into the hydrophobic pocket from the tri-
fluoromethylpyridine ring toward the backbone carbonyl of V494
and the end of the pocket). These results,18 as well as optimization
studies addressing other aspects requiring improvement such as
the ADME-PK and off-target profile of the lead compounds de-
scribed in this work will be reported separately.
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