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Phenylpropenamides have been reported to be a class of non-nucleoside inhibitors of the hepatitis B virus
(HBV). This class of compounds was explored with the objective of developing potent anti-HBV agents,
with a novel mechanism of action, that could be combined with nucleos(t)ide analogs currently used
to treat HBV infection. To accomplish this objective a series of substituted arylpropenamide derivatives
were prepared and the E and Z geometrical isomers were separated. The structural identity of each of the
E and Z isomers was determined by single crystal X-ray crystallography. Contrary to previous reports, the
activity of this class of molecules resides in the Z isomer. Further structure-activity relationship studies
around the active Z isomer identified compounds that displayed potent antiviral activity against HBV
with ECgq value of approximately 0.5 uM in vitro.Attempts to develop ring constrained analogs did not
lead to active HBV inhibitors.

© 2011 Elsevier Ltd. All rights reserved.

Hepatitis B virus (HBV) infection is a major health problem that
leads to chronic liver disease, estimated to affect more than 5% of
the world’s population.! HBV can cause both acute and chronic
infections. Chronic HBV infection can progress to liver cirrhosis
and hepatocellular carcinoma with high mortality. There are
approximately 350—-400 million chronically infected individuals,
resulting in 0.5—1.2 million deaths annually.?3

The current agents approved for the treatment of HBV infection
include interferon-a, pegylated interferon o-2a, nucleoside ana-
logues lamivudine, telbivudine,* entecavir,®> adefovir and tenofo-
vir® ( Fig. 1). Unfortunately, the use of interferon-o is limited
because of its low success rate, high cost and serious side effects.”®
The nucleoside analogues all inhibit HBV replication by inhibiting
the viral polymerase. As is the case for HIV infection, developing
combination therapies containing agents with complimentary
mechanisms of action for treating HBV infection is highly desirable.
However, there are no direct acting antiviral agents that inhibit
HBV via a non-polymerase mechanism of action currently in clini-
cal development.

Phenylpropenamides were reported as a non-nucleoside class of
inhibitors of HBV replication in cell culture.’ It was also reported
that phenylpropenamides were specific inhibitors of HBV replica-
tion and most likely inhibited replication by interfering with the
packaging of pregenomic RNA into immature core particles.'®
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We were interested in further investigating arylpropenamides
as inhibitors of HBV with the hope of developing combination
therapies with current nucleos(t)ide therapies. Earlier reports
describing the identification and activity of phenylpropenamides
as HBV inhibitors reported the propenamide double bond having
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Figure 1. Agents for the treatment of hepatitis B infection.
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Figure 2. Reported active propenamide having the E configuration (reported

ECso = 0.6-5.7 pM).210
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Figure 3. Active compound 10Z having Z configuration.

the E configuration (trans) (Fig. 2). However, there was no discus-
sion regarding the assignment of the double bond geometry or
activity of the molecule having the Z-configuration (cis).

Here we report the definitive structural assignment of phenyl-
propenamide derivatives and the structure-activity relationship
of the active Z isomers.

In our effort to explore more completely propenamides as
inhibitors of HBV, we chose to study the SAR around propenamide
templates 10Z (Z isomer) and 10E (E isomer). As previously re-
ported, the phenylpropenamides were prepared as shown in
Scheme 1. Reaction of substituted benzoyl chloride 1 with glycine
2 gave the N-benzoylglycine (hippuric acid 3). Condensation of 3
with a benzaldehyde 4 in acetic anhydride (100 °C) provided the
oxazolones 5. Amination of the oxazolones 5 by reaction of either
piperidine or other desired amines afforded N-(3-amino-3-oxo-
1-phenylprop-1-en-2-yl)benzamide derivatives 7.

Halogenation of 7 with bromine in the presence of CaCOs; or sul-
furyl dichloride afforded the propenamides as a mixture of Z and E
isomers. E and Z isomers were subsequently separated by either
HPLC or SFC chromatography. Based on isolated yields, the ratio
of Z/E isomers was approximately 2.5~10:1.

The final products were characterized by 'H NMR, NOE studies
and MS.'? Since the double bond geometries could not be unequiv-
ocally assigned using NMR spectral data, the stereochemistry of
the double bond moiety, was determined by obtaining single crys-
tal X-ray structures. Thus, the major isomer was determined to
have the Z configuration, (Z)-N-(1-chloro-3-oxo-1-phenyl-3-
(piperidin-1-yl)prop-1-en-2-yl)benzamide (10Z) and the minor
isomer the E-configuration, 10E (Fig. 4).

The anti-HBV activity for both E and Z isomers was evaluated in
the Hep AD38 cellular assay.!® Contrary to previous reports,” it was
determined that the anti-HBV activity of this class of molecules re-
sides predominantly in the Z isomer. The E isomers were shown to
be weakly active or not active against HBV (data not shown). For
example, the Z isomer 10Z (Fig. 3) exhibited anti-HBV activity with
an ECyg of 5.51 nM, whereas the E isomer, compound 10E (Fig. 2),
which was reported to have an ECsq of 1.2 uM and ECgg of 13 pM,°
in fact was shown to be inactive up to 100 pM, the highest concen-
tration we tested.

SAR investigation of A-ring modification of the Z propenamides
is summarized in Table 1. Compounds 11, 12, 13, and 10Z showed
good activity with ECgg’s of 1.71, 1.80, 1.81, and 5.51 puM, respec-
tively. The ortho-substitution on the A-ring provided improved
anti-HBV activity, such as seen for compounds 11, 12, and 13.
Benzo[1,3]dioxo-4-yl derivative 14 was less potent than com-
pounds containing an o-substituted or unsubstituted phenyl group.
Para-substitution on the A-ring, such as p-OMe, p-Me, and p-Cl,
decreased the antiviral activity.

Further SAR assessment focused on the substitutions on the
B-ring (Table 2). Among the B-ring modifications, the p-NO, analog
18, p-chloro analog 19, and p-fluoro analog 21 displayed activity.
Propenamides with a p-methyl (20), p-bromo (22), or a 2-bromo-
4-nitro (25) substituent on the B-ring also showed good activity.
However, some para-substitutions on the B-ring, such as p-OMe
23 and 4-MeS0O, 24 resulted in significant loss in antiviral activity.
Similarly, several 2,4-disubstituted B-ring compounds, such as 26,
27, and 28, did not show anti-HBV activity up to 10 pM.

In Table 3 we summarize the SAR for the amide moiety. The
non-substituted piperidine analog 10Z exhibited good activity
with an ECgg value of 5.51 pM. 3-Methyl-piperidin-1-yl derivative
29 was found to have similar activity with an ECyg of 6.43 uM.
Other substituted piperidine amides, such as 30 having the
3,3-di-fluoro-piperidine, provided reduced activity or no activity
(up to 10 uM). 4-Methyl-piperazine 31 and morpholine 32 were
also less potent (ECop > 10 uM). Piperidine amide derivative 33,
with an 0-OMe on the A-ring and a p-NO; on the B-ring, exhibited
the most potent activity, with an ECgy value of 0.56 pM. The
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Scheme 1. Synthesis of arylpropenamides.
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Figure 4. ORTEP drawing of compound 10Z (Z isomer) and 10E (E isomer).!!

Table 1 Table 2
Modification on the A-ring Modification on the B-ring
A o
AT o
HN__O e N f
HN\fO
B
Compd A (A-ring) ECqo (M) CCoo (UM) Compd B (B-ring) ECgp (M) CCop (UM)
10z Ph 5.51 >10 10Z Ph 5.51 >10
1 2-MeO-Ph 1.71 >10 18 4-NO,-Ph 167 >10
12 2-Me-Ph 1.80 >10 19 4-Cl-Ph 1.25 >10
13 2-F-Ph 1.81 >10 20 4-Me-Ph 2.90 >10
O 21 4-F-Ph 2.17 >10
14 < ]@ 99 >10 22 4-Br-Ph 6.04 >10
0y 23 4-MeO-Ph >10 >10
15 4-Cl-Ph >10 >10 24 4-MeS0O,-Ph >10 >10
16 4-Me-Ph >10 >10 25 2-Br-4-NO,-Ph 4.06 >10
17 2-MeO-Ph >10 >10 26 2-Me0-4-4NO,-Ph >10 >10
27 2-CF3-4-NO,-Ph >10 >10
Anti-HBV activity was evaluated in the Hep AD38 cellular assay.!* 28 2,4-Di-NO,-Ph >10 >10

ECqo = concentration of the compound (in uM) which inhibits the synthesis of viral
DNA by 90%. CCyo = concentration of drug (in uM) which reduces cell viability by
90%.

corresponding pyrrolidine derivative 34 was less potent. These re-
sults revealed that unsubstituted piperidine and pyrrolidine
amides are preferred.

The effect on HBV activity of chlorine vs bromine substitution
on the double bond of the phenylpropenamides is presented in
Table 4. In general, most vinyl bromide derivatives were more po-
tent than the corresponding vinyl chloride derivatives, such as 41
versus 34 (~4-fold). Compounds (34 and 41) having the Z configu-
ration and the substitutions X =Cl or Br, R! = 0-OMe, R? = p-NO,
and Y = pyrrolidinyl showed excellent anti-HBV activity with the
ECqo's of 1.69 and 0.39 pM, respectively.

The SAR of the propenamides having the Z double bond geom-
etry is consistent with previously reported SAR for compounds as-
signed as having an E configuration, indicating that the compounds
originally reported were likely to have had predominately Z
geometry.

Anti-HBV activity was evaluated in the Hep AD38 cellular assay.'?

ECqo = concentration of the compound (in uM) which inhibits the synthesis of viral
DNA by 90%. CCqo = concentration of drug (in uM) which reduces cell viability by
90%.

With the establishment of the correct double bond configura-
tion, we turned our attention to identifying analogs that replace
the vinyl halide with a more pharmacologically attractive system.

First, we explored whether the vinyl halide could be replaced
with an alkyl substituted alkene. A methyl group is considered to
be isosteric with Cl and Br.!* This substitution was also supported
by superposition of the modeled conformers of 10Z and 42, the
methyl substituted derivative, for which the lowest energy con-
former of each is depicted in Figure 5a.> Therefore we synthesized
1-methyl substituted propenamide 42 and 43 from the corre-
sponding 1-bromopropenamides via vinyllithiation and methyl io-
dide treatment.!®

Compounds 42 and 43 exhibited comparable anti-HBV activity
to their corresponding vinyl halide analogs 19 and 22 with ECgg
values of 1.92 and 3.92 uM, respectively.
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Table 3 Table 4
Amide variants Comparison of vinyl chloride vs bromide derivatives
RILZ Al
N o
a TNy Y
HN (o]
=
R2——B ‘ R2* B ‘
XN X
Compd R'(A-ring) R2?(B-ring) Y ECoo (UM)  CCoo (UM) Compd X R' (A-ring) R®(B- Y ECoo CCqo
~ ring) (uM)  (pM)
10z H H . ,N 5.51 >10 %
10Z ca H H N 551  >10
29 H H Nw 6.43 >10 ) ~7
35 Br H H N 5.90 >10
N//\\7r F )
30 H H oo >10 19 a H sa N~ 125 s10
N—
31 H H N//\\// >10 >10 36 Br H 4-Cl .’N% 0.91 >10
2,3-Dimethyli- 7
O 37 Cl . 4-NO N 4.66 >10
32 H H N~ >10 >10 denedioxy- SN
e~ 38 B Z2Dmemyic 4o, N 125 10
33 2-Me0 4-NO, N 0.56 >10 enedioxy- o
' 39 a 2-Me0 H N 472 >10
34 2-MeO 4-NO, N 1.69 >10 <
,~—0
Anti-HBV activity was evaluated in the Hep AD38 cellular assay.'? 40 Br  2-MeO H —~~/ 278 >10
ECqo = concentration of the compound (in uM) which inhibits the synthesis of viral A
DNA by 90%. CCqp = concentration of drug (in pM) which reduces cell viability by 34 Cl 2-MeO 4-NO, N ) 1.69 >10
90%.
11 Br 2-MeO 4-NO, \/N § 0.39 >10
Knowing that the preferred double bond geometry is Z and that )
. & . P & vy 42 CH; H 4-Cl N% 1.92 >10
methyl is tolerated in place of the halogen on the double bond, we
proceeded to introduce ring systems that would link the amide 43 CH; H 4-Br N% 3.92 >10

group and the far end of the double bond. We hypothesized that
these would maintain the overall conformation of the molecule
while providing additional opportunities to explore other potential
binding interactions. Therefore, we designed the novel ring con-
strained propenamide type derivatives by incorporating the dihy-
dropyrrole (A), pyrrolidine (B) and pyrrole (C) skeletons into the
structure of the propenamides (Table 5).

Two consequences of the propenamide cyclized constructs are
the conversion of the conformationally restricted secondary amide
into a flexible tertiary amide and concomitant loss of the H-bond
donor ability of the amide. Of the three classes of analogues, A
showed the greatest propensity to maintain the s-trans shape of
the secondary amide by ~1 kcal/mol. All four diastereomers of B
were least capable of aligning well with the parent propenamide;
those conformers which did were ~9 kcal/mol above the lowest
energy conformers found. The alignment of the lowest energy con-
formers of 10Z and the corresponding dihydropyrrole, 53, are de-
picted in Figure 5b.

Conformationally constrained analogues of the propenamides
were prepared as shown in Scheme 2. Diethyl 2-aminomalonate
(44) was reacted with benzoic acid 45 in the presence of 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC). The resulting
diethyl 2-benzamidomalonate 46 was subjected to condensation
with the o,B-unsaturated aldehyde 47, followed by a deoxygen-
ation reaction using triethylsilane to afford 49. Saponification of
the diesters 49 with 1 equiv of sodium hydroxide followed by oxi-
dative decarboxylation gave the dihydropyrrole derivative 51.17
The desired dihydropyrroles 53-55 were obtained via a saponifica-
tion of the ester 51 with aqueous sodium hydroxide followed by
coupling of intermediate 52 with piperidine in the presence of
HATU and DIPEA. Hydrogenation using palladium hydroxide on
carbon gave pyrrolidine derivative 56 and 57. For the pyrrole-
carboxamide target, acylation followed by elimination of

Anti-HBV activity was evaluated in the Hep AD38 cellular assay.'®
ECqo = concentration of the compound (in uM) which inhibits the synthesis of viral
DNA by 90%. CCqyo = concentration of drug (in uM) which reduces cell viability by

90%.

Figure 5. (a) Superposition of the modeled lowest energy conformers for 10Z
(green carbons) and 42 (pink carbons) and (b) 10Z and 53 (purple carbons). The
higher energy s-cis conformer of 53 is displayed in wire.

5-hydroxy pyrrolidine 48 gave the dihydropyrrole diester 58.
Saponification of 58 with one equivalent of sodium hydroxide, oxi-
dative decarboxylation and further saponification afforded 59.
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Table 5
Ring constrained derivatives

= R = R’
\ / 0o \ / ©
NS < NS
N_O N\N_O

z = ~Z N 52
h 2 1Tr2 —_

SR é i é i

A B C
Compd Type R! (A-ring) R? (B-ring) ECoo (UM) CCoo (M)
53 A H H >10 >10
54 A H 4-Br >10 >10
55 A 2-MeO H >10 >10
56 B H H >10 >10
57 B H 4-Br >10 >10
60 C H H >10 >10
61 C H 4-Br >10 >10

Anti-HBV activity was evaluated in the Hep AD38 cellular assay.'?

ECqo = concentration of the compound (in uM) which inhibits the synthesis of viral
DNA by 90%. CCyo = concentration of drug (in uM) which reduces cell viability by
90%.
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Coupling of 59 with piperidine and amidation with the appropriate
benzoic acid provided the desired 60 and 61. Unfortunately and
somewhat surprisingly, these constrained analogues were found
to be devoid of anti-HBV activity (Table 5).

To evaluate the potential impact of the loss of the H-bond donor
function of the B-ring amide group, the N-methyl analog of com-
pound 36 was prepared via the reaction of compound 36 with
methyl iodide in the presence of sodium hydride in THF. Replace-
ment of the amide hydrogen of 36 with a methyl group resulted in
complete loss of activity (structure not shown). Molecular model-
ing showed that this methylation not only removed the capability
of the amide to function as an H-bond donor but also increased the
number of low energy conformers available beyond that seen with
the cyclic analogues. The desired s-trans conformer which mapped
with the active parent propenamide is energetically disfavored for
the N-methyl derivative by ~1.3 kcal/mol over the s-cis lowest en-
ergy conformer. These results suggested that the lack of activity in
the cyclic analogues was due to either the loss of a critical H-bond
interaction, increased flexibility, increased steric interactions with
the biological target or a combination of these factors.

In conclusion, a series of new 2-substituted-3-arylpropenamide
derivatives having the Z configuration were prepared and evalu-
ated as inhibitors of HBV replication. The stereochemistry of the
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Scheme 2. Synthesis of ring constrained propenamides.
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final products was elucidated by X-ray crystallography. We deter-
mined that the activity of this class of molecules resides in the Z
isomer. Structure-activity relationship studies around the active
Z isomer showed that a number of compounds displayed potent
antiviral activity against hepatitis B virus in vitro and that the
halogen on the central double bond was not critical for activity.
Attempts to translate this SAR into ring constrained analogs did
not lead to compounds with anti-HBV activity.
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