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Abstract

HCV virus chronically infects more than 200 million people 
worldwide and current treatment option has been very limited. There 
is urgent demand for research and development aiming for discovery 
of new efficacious therapeutics.  The HCV NS3/4A serine protease is 
considered to be essential for the replication of the virus and has been 
a clinically validated target. We have designed new series of acyclic, 
P1-P3 and P2-P4 macrocyclic compounds that contain benzoxaborole 
(CBO) at the P1’ position. The resulting inhibitors show good 
enzymatic and replicon activities.

Introduction 

The first clinical proof of concept was achieved with BILN-2061, a 
macrocyclic P1-P3 inhibitor. The most advanced inhibitors in clinical 
trials include acyclic covalent inhibitors like Telaprevir (VX-950, 
Vertex, Phase III) and Boceprevir (SCH-503034, Schering/Merck, 
Phase III), P1-P3 macrocyclic non-covalent inhibitors such as 
RG7128/ITMN-191 (InterMune, Phase II) and TMC435 
(Medivir/Tibotec,  Phase II), and P2-P4 macrocyclic inhibitors like 
MK-7009 (Merck, Phase II). 

Benzoxaborole (CBO) has been reported as a new class of potential 
therapeutic agents.1 It has been shown that CBO-containing 
compounds interact with a variety of biological targets and have good 
drug properties. As part of our efforts to discover new HCV protease 
inhibitors,2 we investigated a novel class of inhibitors of NS3 serine 
protease with CBO moiety incorporated at the P1’ position. The 
modeling studies of P1’-CBO with NS3 protease suggest that 
benzoxaborole moiety can be advantageous in several polar 
interactions. Our chemistry strategy was to start with acyclic series 
and then progress P1-P3 and P2-P4 macrocyclic series and also 
explore different P1’-CBO regioisomers.  

Representative Synthesis of Inhibitor 10 with P1’-CBO 
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P1-P3 and P2-P4 Macrocyclic P1’-CBO Inhibitors 

10.580.40.8116

16.496.60.4314

8.764.60.3215

*FRET assay (QXL520) with HCV NS3/4A 1a protease domain in the buffer containing 20% sucrose
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1,150>10,00012.711

2098,8112.8510

1b1a
HCV replicon EC50 (nM)NS3/4A Enzyme 1a 

IC50 (nM)*Compounds

Conclusion
1. Chemistry developed for the synthesis of acyclic, P1-P3 and P2-P4 

macrocyclic inhibitors (10-16) of HCV NS3 serine protease with 
different P1’-CBO regioisomers

2. Both P1-P3 and P2-P4 macrocyclic inhibitors significantly improve 
enzymatic and especially replicon potencies, when compared to the 
linear analogs

3. P1-P3 macrocyclic inhibitors are as active as P2-P4 macrocyclic 
inhibitors, suggesting that two cyclization strategies can be equally 
effective in enhancing inhibitory potencies     

4. P1’-CBO regioisomers show similar enzymatic and replicon
potencies, indicating multiple interactions between P1’-CBO and 
HCV NS3 serine protease 
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Progressive Chemistry Strategy to P1’-CBO Based Inhibitors

Modeling of P1’-CBO with HCV NS3 Protease

Potential polar interactions for P1’-CBO: 1) Mainchain & sidechain
of Thr 42; 2) Positively charged Lys 136 & Arg 109
*Docked compound is a P1-P3 macrocyclic 12 analog with Boc at the P4 position. During its 

synthesis, Boc group was replaced with a chemically stable cyclopentyl carbamate to give 12.     
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