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Abstract
The NS3/4A serine protease of HCV has emerged as a drugable target for 
management of HCV infection because it is essential for viral replication. Herein, 
we report the synthesis and SAR of a new series of acyclic tripeptide-containing P4  
benzoxaborole inhibitors that exhibit good biochemical potency and cellular 
activity. Compound 25 in this disclosure showed single digital nanomolar activity 
in both NS3/4A protease enzyme and cellular replicon assay, especially active 
against replicon genotype 1a (EC50=8 nM).

Introduction
HCV virus chronically infects more than 200 million people worldwide is the 
leading causes for the liver and hepatocellular carcinoma, liver failure and liver 
transplantation. Since NS3/4A serine protease has been identified to be essential in 
HCV replication, it has been actively targeted by the pharmaceutical companies. 
The broad research activity led to the discoveries of several investigational drugs, 
such as non-covalent inhibitors (e.g. BILN-2061, ITMN-191, TMC-435 and MK-
7009) and covalent serine-traps (e.g. VX-950, SCH-503034 and PHX-1766). Both 
non-covalent and covalent inhibitors have reached advanced clinical studies. Novel 
NS3/4A inhibitors that contain a P1 boronic acid/ esters have been reported by 
BMS1, Schering Plough2 and Phenomix3. PHX-1766 from Phenomix advanced to 
clinical development.3

In our search for proprietary HCV protease inhibitors, we contemplated 
benzoxaborole as our P4 groups. Modeling studies suggest that benzoxaborole 
group with suitable orientation and linkage can be advantageous in interacting with 
active site Ser122, Arg155 and Asp168 of HCV NS3/4A serine protease (see 
MED125). Benzoxaboroles are a class of organoboron compounds have excellent 
physicochemical properties.  They are metabolically stable, and exhibit good water 
solubility.  HCV inhibitors with benzoxaborole groups are expected to have good 
solubility and metabolic stability, which constitutes a favorable differentiation 
factor from the other known HCV inhibitors that are being developed.

SAR of Linker Variations
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Compd R-
NS3/4A 

Enzyme 1a 
IC50 (uM)*

HCV replicon EC50 (uM)
1a 1b

4 0.0022 >0.50 0.123

5 0.0023 >0.50 0.050

6 0.0064 >0.50 0.327

7 0.0209 >0.50 0.17

8 0.0741 >0.50 >0.5

9 0.0021 >0.50 0.021

10 0.0043 0.169 0.060

11 0.0013 >0.50 0.050

12 0.0042 >0.50 0.206

13 0.0037 >0.50 0.485
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SAR of Benzoxaborole Core Substitutions and Linking Site

Compd R-
NS3/4A 

Enzyme 1a 
IC50 (uM)*

HCV replicon EC50 (uM)
1a 1b

5 0.0023 >0.50 0.050

14 0.0046 >0.50 0.117

15 0.0050 >0.50 0.174

16 0.0016 0.555 0.037

17 0.0018 0.624 0.014

18 0.0011 0.610 0.021

19 0.0014 0.484 0.025

20 0.0059 >0.50 0.214

21 0.0023 >0.50 0.037

SAR of P2* Variations

compd R- P2* ClogP
NS3/4A 

Enzyme 1a 
IC50 (uM)*

HCV replicon 
EC50 (uM)

1a 1b

5 1.61 0.0023 >0.50 0.050

22 3.43 0.0031 0.180 0.025

23 3.88 0.0017 0.050 0.002

18 1.67 0.0011 0.610 0.021

24 3.49 0.0016 0.0716 0.0039

25 5.27 0.0031 0.0081 0.0086

4 1.93 0.0022 >0.50 0.123

26 3.75 0.0015 0.242 0.018

27 4.20 0.0012 0.071 0.013
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Scheme 1. Synthesis of acyclic peptides with P4 benzoxaborole

Chemistry

Conclusions

Inhibitors target preferentially genotype 1b
Ureas provide better replicon potency
Polar amine, such as in compd 8, diminishes 

cellular potency

C-6-Linked benzoxaboroles are more potent than 
other positional linked ones (5 vs 14, 15)

Halo substitutions enhance cellular potency
C-3 methyl substitutions are indifferent or 

unfavorable

Both quinoline P2* enhance both replicon 1a 
and 1b activity, 2’-heteroarylquinolines are better 
than isoquinoline.

Cellular potency appears to positively correlate 
with ClogP, the higher the ClogP, the better potency
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Conditions and reagents: i) (1R, 2S)-1-amino-N-(cyclopropylsulfonyl)-2-vinylcyclopropane 
carboxamide, HATU, DIEA, DMF, rt. ii) CDI, DCM, 5h, then 4-fluoroisoindoline, overnight. or 
chloro-quonoline/isoquinoline, t-BuOK, DMSO, rt, 2h.  iii) TFA/DCM. iv) Boc-amino acid,  
HATU, DIEA, DMF. v) TFA/DCM, rt or HCl/dioxane, rt. vi) CDI or phosgene or 4-nitrophenyl 
carbonochloridate, benzoxaboroles in DCM.

Preparation of acyclic peptides with novel P4 containing benzoxaborole  was 
carried out as shown in scheme 1. The reaction of  1 with (1R, 2S)-1-amino-N-
(cyclopropylsulfonyl)-2-vinylcyclopropanecarboxamide  in the presence of  
HATU and DIEA in DMF or DCM , followed by installation  of P2* and  
deprotection provided intermediates 2. Treatment of 2 with Boc protected amino 
acid  in the presence of coupling reagent provided key intermediates 2a, followed 
by removal of Boc to give 3. The desired products 4~21 were obtained by  
reaction of 3 with  benzoxaboroles in the presence of coupling reagents.

Acyclic peptido HCV inhibitors with P4 benzoxaboroles were designed and 
prepared.  These inhibitors exhibit potent enzymatic potency.

Clear SAR is evident in modifying the benzoxaborole core structure and the 
linking groups in between benzoxaborole and tripeptide fragement.

Quinolines or isoquinolines P2* provide more potent cell-active inhibitors than 
isoindoline P2*.

Compound 25 showed single digital nanomolar activity in both genotype 
1a and 1b replicon assay. Further evaluation of the series is clearly warranted.

Figure 1. Inhibitor 5 docked into the active site of HCV NS3/4A protease. 
Potential hydrogen bonds are shown by dotted lines
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*FRET assay (QXL520) with HCV NS3/4A 1a protease domain in the buffer containing 20% sucrose


