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ABSTRACT: We have previously reported the discovery of Ote N
our P2—P4 macrocyclic HCV NS3/4a protease inhibitor MK- 22 N/Q/

5172, which in combination with the NSSa inhibitor MK-8742
recently received a breakthrough therapy designation from the
US FDA for treatment of chronic HCV infection. Our goal for
the next generation NS3/4a inhibitor was to achieve pan-
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genotypic activity while retaining the pharmacokinetic profile O AN ps I P

of MK-5172. One of the areas for follow-up investigation

i 1 i i i - MK-5172 typic quinoline-based lead 37
m.volved r‘epla}cement of tho.a quinoxaline moiety in MK 5172 B e
with a quinoline and studying the effect of substitution at 4- replicon gt-3a ECso = 0.26 1M

position of the quinoline. The rationale for this effort was

based on molecular modeling, which indicated that such modifications would improve interactions with the S2 subsite, in
particular with D79. We wish to report herein the discovery of highly potent inhibitors with pan-genotypic activity and an
improved profile over MK-5172, especially against gt-3a and A156 mutants.
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A- n estimated 180 million people worldwide are chronically additional classes of HCV direct acting antivirals offer

infected with the hepatitis C virus (HCV) and about 20% promising all-oral interferon sparing treatment regimens.”
of this population is at a risk of developing liver cirrhosis, which We have previously reported the discovery of our P2—P4
can lead to end stage liver disease and hepatocellular macrocyclic HCV NS3/4a protease inhibitor MK-5172 (Figure
carcinoma.' ™ The majority of infections in the developed 1), which is currently undergoing clinical trials.*” Preclinically,
world are caused by HCV genotypes 1, 2, and 3. While standard MK-5172 demonstrated broad genotype and mutant enzyme
of care treatment with pegylated IFN-a (P) and ribavirin (R) potency and cellular activity. One of the areas for follow-up

investigation involved replacement of the quinoxaline moiety in
MK-5172 with a quinoline and studying the effect of
substitution at 4-position of the quinoline. The rationale for

results in a cure rate of ~70—90% in patients infected with
genotypes 2 and 3, the cure rate is only ~45% for genotype 1
infected patients.* The addition of direct acting HCV serine
protease NS3/4a inhibitors such as boceprevir or telaprevir to this effort was based on molecular modeling, which indicated
that such modifications would improve interactions with the S2
subsite, in particular with D79 (Figure 2). Although in the NS3
protease structure of the catalytic domain D79 points toward

the solvent, in the full-length enzyme (pdb lcul) it is at the

PR treatment regimens has significantly improved the sustained
virological response (SVR) rate to up to 75% for naive HCV
genotype 1 patients (representing more than 70% of all cases of
chronic HCV infection in the United States).>® Furthermore,
side effects associated with PR and first generation NS3/4a
inhibitors, the rapid emergence of drug resistance, and
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suboptimal SVR have led to the development of more potent Received: November 15, 2013
NS3/4a protease inhibitors with a higher barrier to resistance. Accepted: January 9, 2014
These drug candidates in combination with compounds from Published: January 9, 2014
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quinoline-based P2-P4 macrocycle (1)

Figure 1. Structures of MK-5172 and quinoline-based P2—P4
macrocyclic core.

Figure 2. Model of quinoline-based P2—P4 macrocycle bound to the
HCV NS3 gt-1b protease active site. The protein is shown as the
surface (white carbon) and the inhibitor as a stick (cyan carbon).

interface of NS3 protease and helicase domains.'”"" We

hypothesized that having a basic group in this region would
offer charge complementarity to D79 and improve inhibitor
binding energetics. In addition, from sequence alignment D79
is conserved across most of the known genotypes, and
therefore, we rationalized that targeting this interaction would
be beneficial to maintain/improve the overall gt profile. On the
basis of some of our previous SAR we also knew that
replacement of the t-butyl group in the P3 region of MK-5172
was tolerated, and the cyclopropyl group in the sulfonamide
region could be replaced with a methylcyclopropyl group
without losing activity; these modifications had resulted in
better rodent pharmacokinetics. This letter will describe our
SAR findings in the series represented by macrocycle I (Figure
1), where the R group contains a basic side-chain capable of
interacting with D79 (Figure 2).

On the basis of our modeling rationale, we explored a series
of amine analogues linked to the quinoline via different spacers.
These analogues were prepared from a common 4-hydrox-
yquinoline-based macrocyclic core, which was synthesized as
shown in Scheme 1. Treatment of (R),(R)-alkynol 1 with N,N’-
discuccinimidyl carbonate (DSC) and coupling the resulting
DSC-adduct with P3 cyclohexyl-glycine 2 provided the alkyne-
carboxylic acid 3.'> Mitsunobu reaction between the
commercially available hydroxyproline derivative 4 and
bromogquinolinone $'> furnished the proline-containing bro-
moquinoline fragment 6, which underwent Sonagashira
coupling with alkyne 3 to provide intermediate 7. Hydrolysis
of the NBoc group followed by an intramolecular amide
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Scheme 1. Synthesis of an Advanced P2—P4 Macrocyclic
Intermediate®

0 H N
Yy o
o i
e
“Reagents and conditions: (a) DSC, pyridine, DMAP, MeCN, 40 °C;
(b) 2, Et;N, MeCN; (c) DIAD, Ph;P, THF; (d) 3, PdCL,(MeCN),

Bu,P-BF,, K,CO;, Bn,NH, MeCN, 75 °C; (e) TFA, CH,CL; (f)
HATU, DIPEA, DMF; (g) 10% Pd—C, H,, MeOH, THF, 1 atm.

coupling resulted in macrocycle 8, and subsequent hydro-
genation provided the macrocyclic intermediate 9, which was
utilized for further derivatization as shown in Scheme 2.
Hydrolysis of the methyl ester in 9 followed by an amide
coupling with the acylsulfonamide-containing amine 10" gave
11, which upon alkylation with 1,3-dibromopropane resulted in
bromide 12. Displacement of the bromide in 12 with amines of
varying basicity gave the first set of analogues (e.g, 13—18) in
which the basic group was separated from the quinoline moiety
by a propyloxy linker. Enzyme inhibition data against genotypes
1b, 3a, and relevant gt-1b mutants is summarized in Table B

Data summarized in Table 1 shows that replacing the
quinoxaline group in MK-5172 with a quinoline and
incorporating alkoxy-linked amines at 4-position are tolerated.
Similar to MK-5172, most compounds displayed excellent
activity against gt-1b and mutants R1ISSK and D168Y. An
important differentiation point, however, was the improvement
in activity against the key A156 mutants (A156T and A156V)
for several compounds in this series; activity against gt-3a was
variable, although not an improvement over MK-5172. The
more promising compounds, however, were associated with
poor rat pharmacokinetic properties (e.g., 18, AUC = 0.1 uM-h,
5 mpk po)."*
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Scheme 2. Synthesis of Amine-Based P2—P4 Macrocyclic
NS3/4a Protease Inhibitors®

19 R=Me
20 R=Boc

21 R=Me
22R=Boc

“Reagents and conditions: (a) LiOH-H,0, THF-MeOH; (b) 10,
HATU, DIPEA, DMF; (c) 1,3-dibromopropane, Cs,CO;, DMF, S0
°C; (d) DIPEA/Et,N, KI, HNR,Ry; (¢) DIAD, Ph,P, 4-hydroxy-1-
methylpiperidine or N-Boc-4-hydroxypiperidine, THF, 40 °C (f) TFA,
CH,Cl,; (g) RX, DIPEA/Et;,N, KI, MeCN or DMF, 100 °C or
(methylsulfonyl)ethene, DIPEA, CH,Cl, for synthesis of 28.

On the basis of the promising activity against A1S6T and
A156V mutants observed with the 3 carbon-linked amine
analogues, we decided to extend this SAR by cyclizing the
linker and exploring some piperidine-based derivatives. These
targets were synthesized as shown in Scheme 2. Mitsunobu
reaction between quinol 9 and N-substituted 4-hydroxypiper-
idine gave the corresponding ether derivatives (19 and 20).
The acyl sulfonamide motif was then introduced as described
earlier for the synthesis of 11. Hydrolysis of the piperidine
NBoc group followed by N-derivatization gave the desired
targets (Table 2). In the piperidine-ether series (Table 2), the
nonbasic NBoc analogue 22 resulted in a significant drop in
activity; a similar trend was observed with the corresponding
sulfonamide and amide derivatives (data not shown). The free
piperidine and some of the N-alkylated analogues, however,
exhibited excellent overall activity. Unlike the earlier acyclic-
spacer series, the piperidine analogues 21 and 23—25 displayed
subnanomolar ICy activities not only against the A156 mutants
but also against the critical genotype 3a. Increasing the size of
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Table 1. SAR of Extended Amine Analogues

Enzyme Inhibition ICso, nM

# R
1b 1b 1b 1b
1b 3a
RISSK  AIS6T  AIS6V  DI6SY
MK-
o 002 070 007 5.30 12,0 0.14
T
NH
13 <5 002 120 010 040 030 0.30
T
NH
14 §> 001 20 018 053 038 0.32
FF
.
15 S} 002 445 016 195 097 0.79
F
i
16 Sg 003 755 050 375 130 2.00
FF
T
17 [N] 001 190 027 3.09 0.98 101
o
T
N
18 [j 001 115 005 0.50 026 0.38

4

=-
[

the alkyl group had a detrimental effect on activity across all
genotypes and mutants (e.g., 26, 27, and 28), and rendering the
piperidine nitrogen less basic (e.g., 29) resulted in a significant
loss of activity. We were able to regain the potency by fine-
tuning the piperidine basicity through incorporation of fewer
fluorine atoms; however, these compounds (e.g,, 30) did not
offer additional advantage over other leads. Finally, the
reduction in activity for the pyran analogue 31 confirmed the
importance of a basic nitrogen to make a favorable interaction
with D79 residue in this region.

Constrained bicyclic piperidine analogues were explored next
as an extension to the above findings. Compounds shown in
Table 3 were prepared following the general synthetic route
shown in Schemes 1 and 2; the corresponding bicyclic alcohols
were either purchased through commercial sources or
synthesized according to known literature procedures.> The
bicyclic piperidine SAR (Table 3) was conducted first by
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Table 2. SAR of Piperidine-Ether Analogues

Enzyme Inhibition ICso, nM Enzyme Inhibition ICso, nM
# R # R
b 3 1b 1b 1b 1b b 3 1b 1b 1b 1b
?  RISSK  AIS6T AIS6V  DI168Y ?  RISSK  AIS6T AlS6V  DI168Y
21 002 071  0.06 0.84 091 029
N
e 27 N 015 122 0.S 1.32 1.58 0.48
OCF,
22 016 1912 131 2109 1447 1347 (5
N 28 N 002 518 021 521 3.76 2.10
Boc H
SO,Me
23 001 012  0.02 021 024 0.09
E 29 y 040 1040 34 26.1 27.2 129
kCF3
24 Hj 003 041 0.1 091 0.66 021 Hj
']'\ 30 N 001 213 0.3 2.15 1.67 1.30
H_j F
25 N 001 03 0.03 0.42 027 0.11 T
% 310 003 1098 026 4.10 340 207
o
26 NH 002 132 0.8 1.96 1.46 0.15

OMe

“Compound 31 was synthesized in a similar manner as compound 21; 4-hydroxy-1-methylpiperidine was replaced by tetrahydro-2H-pyran-4-ol.

preparing nortropane analogues in the P3 t-Bu series, and it was
quickly realized that the exo isomer was better tolerated than
the endo isomer (e.g, 33 vs 32, and 35 vs 34); 33 and 35
demonstrated excellent gt-3a and A156 mutant profiles. The
same trend was observed in the P3 cyclohexyl series where
several pan-genotypic compounds were identified (e.g, 36—
38).'¢

Table 4 shows gt-1b and gt-3a replicon potency and rat
AUC:s for selected compounds in the piperidine-ether series.
There was a general improvement in gt-1b replicon activity for
these analogues compared to MK-5172. With regards to gt-3a
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activity, compound 37 was highly potent and demonstrated a
~14-fold improvement in activity over MK-5172. This
compound also exhibited an oral rat pharmacokinetic profile
similar to MKS172. Other compounds in the P3 cyclohexyl
series, with an exception of the free amine 23, also exhibited
good oral AUC in rats (e.g, 21, 24, and 25); compound 3§ in
the P3 t-Bu series, however, was associated with inferior rat PK.

In summary, we have discovered a new series of HCV NS3/
4a protease inhibitors based on the P2—P4 macrocyclic scaffold
of our clinical compound MK-5172. Replacing the quinoxaline
moiety with quinoline and incorporating moderately basic
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Table 3. SAR of Bicyclic Piperidine Analogues

Enzyme Inhibition ICso, nM
# R P3
1b 3a 1b R1S5K 1b A156T 1b A156V 1b D168Y
[N
32 MeO % ‘Bu 0.02 4.7 0.28 1.25 0.86 1.45
[N \
33 MeO F/ ‘Bu 0.01 0.14 0.02 0.48 0.71 0.06
34 N]/m‘ ‘Bu 0.02 12 0.12 0.46 0.41 0.57
3s5 N])m/\ ‘Bu 0.01 0.08 0.01 0.21 0.33 0.04
[N \
36 MeO Dﬂ/ Cy-hex 0.02 028 0.05 035 036 0.19
37 Dﬂ/ Cy-hex 0.04 041 0.10 042 0.55 027
HN \
38 Dﬂ/ Cy-hex 0.01 0.11 0.02 0.08 013 0.05
Table 4. Cellular Potency® and Rat Pharmacokinetic Profile” for Selected Piperidine-Ether Compounds
compd MK-5172 21 23 24 25 35 37
1b ECy, nM LS 025 021 053 0.73 048 0.62
3a ECgp, nM 13.0 3.1 7.8 5.2 13.5 1.06 0.26
rat AUC, yM-h 0.7 2.7 0.01 23 2.8 0.01 12

“Cell-based replicon assays conducted in presence of 10% fetal-bovine serum (FBS); ECg, determination was conducted using a TagMan-based

assay. ’S mg/kg, po, methyl cellulose (PEG400 for MK5172).

groups to provide an interaction with D79 within the S2
subsite, as determined through molecular modeling, provided
highly potent inhibitors. The bicyclic piperidine analogue 37
was identified as the lead compound, which displayed pan-
genotypic activity and an improved profile over MK-5172,
especially against gt-3a and A156 mutants. This compound also
displayed acceptable pharmacokinetic properties in rats upon
oral dosing. Further SAR development and advancement of
lead compounds will be disclosed in the near future.
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Synthetic experimental details including "H NMR, *C NMR,
and mass spectral data for selected compounds, and description
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of primary biological assays. This material is available free of
charge via the Internet at http://pubs.acs.org.
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