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a b s t r a c t

HCV NS3/4A serine protease is essential for the replication of the HCV virus and has been a clinically vali-
dated target. A series of HCV NS3/4A protease inhibitors containing a novel acylsulfamoyl benzoxaborole
moiety at the P10 region was synthesized and evaluated. The resulting P1–P3 and P2–P4 macrocyclic
inhibitors exhibited sub-nanomolar potency in the enzymatic assay and low nanomolar activity in the
cell-based replicon assay. The in vivo PK evaluations of selected compounds are also described.

� 2010 Elsevier Ltd. All rights reserved.

Hepatitis C virus (HCV) is a major cause of chronic liver disease
that can lead to cirrhosis, carcinoma and liver failure. It is esti-
mated that over 200 million people are chronically infected with
this virus and it is the leading cause of liver transplants.1 The cur-
rent standard treatment for HCV infection is based on a combina-
tion therapy of injectable pegylated interferon-a (PEG IFN-a) and
antiviral drug ribavirin. This treatment, indirectly targeting the
virus, is associated with significant side effects often leading to
treatment discontinuation in certain patient populations.2 In addi-
tion, approximately 50% of genotype-1 (the predominant genotype
in the US) patients do not respond to this treatment regimen. Giv-
ing the high prevalence of the disease infection worldwide, there is
an enormous unmet medical need for new therapies against HCV
infection.3

HCV NS3/4A protease inhibitors have emerged as a promising
potential treatment for HCV infection.4 Two major classes of NS3
protease inhibitors have been developed. The first class is com-
prised of serine-trap inhibitors. The most advanced drugs are

VX-950 (telaprevir)5 and SCH-503034 (boceprevir),6 currently in
Phase III clinical trials. The second class is represented by revers-
ible noncovalent inhibitors such as BILN-2061 (ciluprevir, Fig. 1),
the first compound in its class to achieve clinical proof of concept.7

Although its development was halted due to cardiac issues in
animals, BILN-2061 prompted extensive investigation on further
optimization of the peptide framework and P1 carboxylic acid re-
gion. To replace the P1 carboxylic acid, many different groups
(e.g., tetrazole, acylcyanamide, acysulfonamide, phosphonate)
have been studied.8 Among them, cyclopropyl acylsulfonamide ap-
pears to be the preferred replacement for the P1 carboxylic acid.9

Further application of this strategy led to the discovery of a
number of clinical candidates including ITMN-191 (danoprevir),10

TMC-435350 (medivir)11 and MK-7009 (vaniprevir),12 currently
in advanced clinical trials. However, rapid emergence of drug-
resistance has recently been observed for HCV NS3 protease inhib-
itors.13 Therefore, there remains a need for the discovery of new
HCV NS3 protease inhibitors with novel binding properties.

As part of our continued efforts to discover novel HCV NS3
protease inhibitors,14 we envisioned that acylsulfamoyl benzoxab-
orole could be used to replace the cyclopropyl acylsulfonamide
moiety (Fig. 2). Benzoxaboroles15,16 are organoboron compounds
that have emerged as a new class of potential therapeutic agents.
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Compounds containing a benzoxaborole moiety have been shown
to interact with a variety of biological targets and also exhibit good
drug properties.15 Studies of a hypothetical benzoxaborole inhibi-
tor derived from danoprevir (ITMN-191) docked into HCV NS3 pro-
tease suggest the benzoxaborole moiety can potentially form polar
interactions with Thr 42, and positively charged Lys 136 (Fig. 3).17

Our strategy was to scan for new potential benzoxaborole interac-
tions with the protease by exploring the impact of two distinct
macrocyclic series and different regioisomers of acylsulfamoyl
benzoxaboroles on the inhibitory potency.

Boronate 4 or 5, an important intermediate towards the 6-acy-
lsulfamoyl benzoxaboroles, was prepared according to Scheme 1.
Reaction of bromide 1 with pinacol diborane in the presence of pal-
ladium catalyst afforded boronate 2. Bromination of 2 with NBS
and AIBN gave benzyl bromide 3. Subsequently, treatment of 3
with sodium acetate in glacial acetic acid gave the corresponding
benzyl acetate 4. Reaction of 4 with sodium hydroxide followed
by acid treatment resulted in 6-sulfamoyl benzoxaborole 5. We
found that either boronate 4 or 5 could be coupled to HCV NS3
inhibitor scaffolds to form the targeted acylsulfamoyl benzoxabo-
role inhibitors.18

Similarly, towards the 5-acylsulfamoyl benzoxaboroles, the bor-
onate intermediate 10 was prepared according to Scheme 2, while

the boronate 15, an intermediate towards 4-acylsulfamoyl benzox-
aboroles, was prepared according to Scheme 3. The sulfonamides 7
and 12 used in the synthesis were made from the starting sulfonyl
chlorides 6 and 11, respectively.

With these key intermediates in hand, we set out to investigate
the P1–P3/P2–P4 macrocyclic series and also explore the impact of
regioisomers of acylsulfamoyl benzoxaboroles. The P1–P3 macro-
cyclic inhibitors 17–18 were synthesized according to Scheme 4.
Initially one of our targeted compounds was the hypothetical P1–P3
macrocyclic inhibitor in which 6-acylsulfamoyl benzoxaborole is

Figure 3. Modeling of a hypothetical benzoxaborole inhibitor derived from
danoprevir with HCV NS3 protease. Potential polar interactions for P10-benzoxab-
orole include main chain and side chain of Thr 42, and positively charged Lys 136.
The Boc group in danoprevir was replaced with a chemically more-stable
cyclopentyl carbamate in compound 17.
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Figure 1. Selected reversible noncovalent inhibitors of HCV NS3 protease in advanced clinical trials.
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Figure 2. Hypothetical P1–P3 macrocyclic inhibitor in which an acylsulfamoyl
benzoxaborole is used to replace the cyclopropyl acylsulfonamide in danoprevir.

7494 X. Li et al. / Bioorg. Med. Chem. Lett. 20 (2010) 7493–7497



Download English Version:

https://daneshyari.com/en/article/1373426

Download Persian Version:

https://daneshyari.com/article/1373426

Daneshyari.com

https://daneshyari.com/en/article/1373426
https://daneshyari.com/article/1373426
https://daneshyari.com

