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Results and Discussions 

Table 1 details the structure activity relationships (SAR) obtained for compounds 2 and 3, 

focusing on their biochemical potencies against HCV genotype 1b, activities against the HCV 

genotype 1b replicon in tissue culture, cytotoxicity, and stability towards human liver 

microsomes (HLM). 

Table 1.  SAR of benzothiazine-containing analogs 2 and 3. 

Cpd Route R1 R2 R3
IC50 (1b) 

[µM]a
EC50 (1b) 

[µM]b

CC50

(GAPDH) 

[µM]c

HLM t1/2 

[min]d

2a A 
S

NHSO2Me <0.01 0.0011 >1 32 

2b A 
S

NHSO2Me <0.01 0.0027 >1 30 

2c A 
S

NHSO2Me 0.039 0.015 >1 43 

2d A 
S

NHSO2Me 0.015 0.0035 >1 >60 

2e A 
S

NHSO2Me 0.018 0.036 >1 >60 

2f A NHSO2Me 0.25 0.19 >33 36 

2g A S
H3C NHSO2Me 1.6 NDe ND >60 

2h A 
S

NMeSO2Me 1.6 ND ND ND 

2i A S
H3C NMeSO2Me 9 ND ND >60 

3a B - NHSO2Me <0.01 0.0015 >1 30 

3b B - NHSO2Me 0.027 0.013 >1 >60 

3c B - NMeSO2Me 0.44 0.94 >33 >60 

a Inhibition of soluble recombinant HCV NS5B was assayed using radiolabeled nucleotide 
incorporation.  IC50 values were calculated from the dose-dependence of inhibition of product 
formation during steady state by fitting to a standard 4-parameter logistic equation.  
b Permissive Huh7 lineage cells bearing the dicistronic 1b replicon were incubated in presence of 
increasing concentrations of test compound for 72 h.    
c HCV and cellular GAPDH RNA levels were determined by bDNA assay.   
d Stability was assessed with 1 µM test compound with exception to compound 2d which was 
assessed at 5µM in the presence of 0.5 mg/mL microsomes with a regeneration system at 37 °C 
over 60 min. 
e ND = not determined.
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Co-crystal structure 

Figure 2.  Co-crystal structure of compound 2a (yellow) bound to the NS5B protein.  A portion of the NS5B surface near the inhibitor 

R3 substituent is shown.  The structure of compound 1a as observed when bound to NS5B7a is superimposed in blue. 

• The benzothiazine-containing compound occupied the NS5B palm binding site in a manner 

that was similar to that observed for (1a).7a   

• The benzothiazine ring system of 2a adopted a more planar conformation than that noted for 

the benzothiadiazine moiety present in 1a.   

• This alteration resulted in a significantly different binding orientation for the R3 –NHSO2CH3

groups contained in the two molecules.  

• The sulfonamide NH vector of 1a pointed out of the binding cavity toward solvent while the 

corresponding NH vector of 2a was oriented toward the protein.   

• This subtle but important difference is likely responsible for the significantly different 

reductions in NS5B inhibition activity observed when a methyl group is appended to the R3

sulfonamide moiety in the benzothiadiazine and benzothiazine inhibitor series.  As can be 

clearly seen in Figure 2, the binding geometry of the former compound appears to 

accommodate the additional methyl group more easily than the orientation of the latter 

inhibitors. 
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Chemistry

The benzothiazine-containing compounds described in this work (2 and 3) were synthesized using two 

general methods (Route A and Route B) as shown in Scheme 1.  Intermediates 6 and 9 were 

synthesized following Scheme 2.8
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Scheme 1.  Reagents and conditions:  (a) NaH, THF, reflux, 0.5 h (12-56%); (b) EDC, DMAP, DMF, rt, 12 h; (c) NaOEt, EtOH, 60-
80 oC, 8-12 h (39-82% over two steps). 
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Scheme 2.  Reagents and conditions:  (a) NaH, THF, CH3I, 0 oC to rt, 4 h (86%); (b) reference 8; (c) LiOH(aq), MeOH, THF 
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Introduction
Hepatitis C virus (HCV) is a major cause of acute hepatitis and chronic liver disease, 
including cirrhosis and liver cancer. Globally, an estimated 170 million individuals, 3% of 
the world’s population, are chronically infected with HCV and 3 to 4 million people are 
newly infected each year.1 Currently, there is no vaccine available to prevent hepatitis 
C, nor a HCV-specific antiviral agent approved for treatment of chronic hepatitis C. The 
current standard of care is a combination of pegylated interferon (IFN) with ribavirin. Low 
response rates in patients infected with genotype 1 HCV, along with adverse side-effects 
result in a continuing medical need for improved therapy.2   

Our research has been focused on identifying novel inhibitors of the HCV NS5B protein, 
a virally encoded RNA-dependent RNA polymerase (RdRp), the activity of which is critical 
for the replication of the virus.4 Most of the non-nucleoside inhibitors of NS5B bind to 
one of three allosteric binding pockets, distinct from the active site.5 Among these, we 
focused our attention on the palm binding site, which is highly conserved across various 
HCV genotype 1 sequences. Several series of NS5B inhibitors, including compounds 1, 
have been reported to bind at the palm binding site.6,7  Here we describe a novel series of 
benzothiazine-pyridazinones (2 and 3) as NS5B inhibitors (Figure 1). 
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•   The benzothiazine-containing compound occupied the NS5B palm binding site in a manner that 
was similar to that observed for 1a.7a    

•   The benzothiazine ring system of 2a adopted a more planar conformation than that noted for the 
benzothiadiazine moiety present in 1a.    

•  The more planar conformation resulted in a significantly different binding orientation for the R3 –
NHSO2CH3 groups contained in the two molecules.   

•  The sulfonamide NH vector of 1a pointed out of the binding cavity toward solvent while the 
corresponding NH vector of 2a was oriented toward the protein.  This subtle but important difference 
is likely responsible for the significantly different reductions in NS5B inhibition activity observed when 
a methyl group is appended to the R3 sulfonamide moiety in the benzothiadiazine and benzothiazine 
inhibitor series.   

•   As can be seen in Figure 2, the binding geometry of compound 1a appears to accommodate the 
additional methyl group more easily than the orientation of compound 2a. 

The novel class of molecules, 4-(1,1-dioxo-1,4-dihydro-1λ6-benzo[1,4]thiazin-3-yl)-5-
hydroxy-2H-pyridazin-3-ones, showed excellent in vitro characteristics.  The majority 
of compounds in this series were generally not cytotoxic, had moderate to high stability 
towards human liver microsomes (HLM) and were potent inhibitors of both the NS5B 
polymerase enzyme and the HCV replicon.  Compound 2a displayed the best overall in 
vitro characteristics; exhibiting an IC50 less than 10 nM against the 1b NS5B enzyme and an 
EC50 of 1.1 nM when tested against the 1b HCV replicon in cell culture.  This compound was 
moderately stable in the presence of HLM with a half-life of 32 minutes. These encouraging 
in vitro data support further preclinical evaluation of this series in order to confirm its utility 
for the treatment of chronic HCV infection. 

1. (a) Kim, W. R. Hepatology 2002, 36, 30; (b) Alter, M. J.; Kruszon-Moran, D.; Nainan, O. V.; McQuillan, G. M.; 
Gao, F.; Moyer, L. A.; Kaslow, R. A.; Margolis, H. S. N. Engl. J. Med. 1999, 341, 556; (c) Alberti, A.; Benvegnu, L. 
J. Hepatol. 2003, 38 (Suppl. 1), S104. 

2. (a) Sidwell, R. W., Huffman, J. H., Khare, G. P., Allen, L. B., Witkowski, J. T., Robins, R. K. Science 1972, 177, 
705; (b) Smith, R.A.; Kirkpatrick, W. in Ribavirin, a Broad Spectrum Antiviral Agent 1980, Vol. xiii, 237 (Academic 
Press, New York); (c) De Clercq, E. Adv. Virus Res. 1993, 42, 1. 

3. Hoofnagle, J. H.; Seeff, L. B. N. Eng. J. Med. 2007, 355, 2444. 

4. Kolykhalov, A. A.; Agapov, E. V.; Blight, K. J.; Mihalik, K; Feinstone, S. M.; Rice, C. M. Science, 1997, 277, 
570. 

5. Koch, U.; Narjes, F. Curr. Top. Med. Chem. 2007, 7, 1302. 

6. (a) Slater, M. J. et al. J. Med. Chem. 2007, 50, 897; (b) Dhanak, D. et al. J. Biol. Chem. 2002, 277, 38322; 
(c) Evans, K. A.; Chai, D.; Graybill, T. L.; Burton, G.; Sarisky, R. T.; Lin-Goerke, J.; Johnston, V. K.; Rivero, R. A. 
Bioorg. Med. Chem. Lett. 2006, 16, 2205; (d) Blake, J. F.; Fell, J. B.; Fischer, J. P.; Hendricks, R.T.; Spencer, S. 
R.; Stengel, P. J. WO2006117306, 2006; (e) Pratt, J. K.; Donner, P.; McDaniel, K. F.; Maring, C. J.; Kati, W. M.; 
Mo, H.; Middleton, T.; Liu, Y.; Ng, T.; Xie, Q.; Zhang, R.; Montgomery, D.; Molla, A.; Kempf, D. J.; Kohlbrenner, W. 
Bioorg. Med. Chem. Lett. 2005, 15, 1577; (f) Hutchinson, D. K. et al. U.S. Patent US2005107364, 2005. 

7.  (a) Zhou, Y. et al.; manuscript in preparation; (b) Zhou, Y.; Li, L.-S.; Dragovich, P. S.; Murphy, D. E.; Tran, C. V.; 
Ruebsam, F.;  Webber, S. E.; Shah, A.; Tsan, M.; Averill, A.; Showalter, R.; Patel, R.; Han, Q.; Zhao, Q.;  Hermann, 
T.; Kissinger, C.; LeBrun. L.; Sergeeva, M. V. Bioorg. Med. Chem. Lett., accepted; (c) Zhou, Y.; Webber, S. E.; 
Murphy, D. E.; Li, L.-S.; Dragovich, P. S.; Tran, C. V.; Sun, Z.;  Ruebsam, F.; Shah, A.; Tsan, M.; Showalter, R.; 
Patel, R.; Li, B.; Zhao, Q.; Han, Q.; Hermann, T.; Kissinger, C.; LeBrun, L.; Sergeeva, M. V.; Kirkovsky, L. Bioorg. 
Med. Chem. Lett., accepted. 

8. Blake, F. J. et al. U.S. Patent US20060040972, 2006. 

Abstract #2317

Figure 1.   HCV NS5B polymerase inhibitors. 

a Inhibition of soluble recombinant HCV NS5B was assayed using radiolabeled nucleotide incorporation.  IC50 values 
were calculated from the dose-dependence of inhibition of product formation during steady state by fitting to a standard 
4-parameter logistic equation.  
b   Permissive Huh7 lineage cells bearing the dicistronic 1b replicon were incubated in presence of increasing concentrations 
of test compound for 72 h.    
c  HCV and cellular GAPDH RNA levels were determined by bDNA assay.   
d Stability was assessed with 1 μM test compound with exception to compound 2d which was assessed at 5μM in the 
presence of 0.5 mg/mL microsomes with a regeneration system at 37 °C over 60 min.   
e ND = not determined. 
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Introduction

Hepatitis C virus (HCV) is a major cause of acute hepatitis and chronic liver disease, including 

cirrhosis and liver cancer. Globally, an estimated 170 million individuals, 3% of the world's 

population, are chronically infected with HCV and 3 to 4 million people are newly infected each 

year.1 Currently, there is no vaccine available to prevent hepatitis C, nor a HCV-specific antiviral 

agent approved for treatment of chronic hepatitis C. The current standard of care is a combination of 

pegylated interferon (IFN) with ribavirin. Low response rates in patients infected with genotype 1 

HCV, along with adverse side-effects result in a continuing medical need for improved therapy.2  

Our research has been focused on identifying novel inhibitors of the HCV NS5B protein, a virally 

encoded RNA-dependent RNA polymerase (RdRp), the activity of which is critical for the replication 

of the virus.4 Most of the non-nucleoside inhibitors of NS5B bind to one of three allosteric binding 

pockets, distinct from the active site.5 Among these, we focused our attention on the palm binding site, 

which is highly conserved across various HCV genotype 1 sequences. Several series of NS5B 

inhibitors have been reported to bind at the palm binding site.6,7  Here we describe a novel series of 

benzothiazine-pyridazinones (2 and 3) as NS5B inhibitors (Figure 1). 
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Figure 1. HCV NS5B polymerase inhibitors.

The benzothiazine-containing compounds described in this work (2 and 3) were synthesized 
using two general methods (Route A and Route B) as shown in Scheme 1.  Intermediates 
6 and 9 were synthesized following Scheme 2.8 

Table 1 details the structure activity relationships (SAR) obtained for compounds 2 and 3, 
focusing on their biochemical potencies against HCV genotype 1b, activities against the 
HCV genotype 1b replicon in tissue culture, cytotoxicity, and stability towards human liver 
microsomes (HLM). 

Figure 2.   Co-crystal structure of compound 2a (yellow) bound to the NS5B protein.  A 
portion of the NS5B surface near the inhibitor R3 substituent is shown.  The structure of 
compound 1a as observed when bound to NS5B7a is superimposed in blue. 
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Chemistry

The benzothiazine-containing compounds described in this work (2 and 3) were synthesized using two 

general methods (Route A and Route B) as shown in Scheme 1.  Intermediates 6 and 9 were 

synthesized following Scheme 2.8
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Scheme 1.  Reagents and conditions:  (a) NaH, THF, reflux, 0.5 h (12-56%); (b) EDC, DMAP, DMF, rt, 12 h; (c) NaOEt, EtOH, 60-
80 oC, 8-12 h (39-82% over two steps). 
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Scheme 2.  Reagents and conditions:  (a) NaH, THF, CH3I, 0 oC to rt, 4 h (86%); (b) reference 8; (c) LiOH(aq), MeOH, THF 

•   Pyridazinone-benzothiazine analogs bearing an R1 thiophene, a branched or cyclic C4-C7 alkyl 
group at the R2 position, and a –NHSO2CH3 R3 moiety displayed potent NS5B inhibition properties 
along with excellent anti-HCV activity in cell culture (2a-2d).    

•     A R2 benzyl group or a R1 phenyl moiety reduced the NS5B inhibitory properties of the corresponding 
molecules (compare 2e and 2f, respectively with 2a).    

•   A R1 thiophene present in 2e with a methyl group in the 5-position resulted in further loss of NS5B 
inhibitory potency (compound 2g).    

•  N-Methylation of the R3 sulfonamide moiety in 2a drastically reduced NS5B inhibition activity 
(compound 2h) in a manner that was not suggested by our previous study of benzothiadiazine-containing 
compounds (e.g., compare 1a with 1b).  This unexpected result could be explained by analysis of the 
co-crystal structure of 2a complexed with the NS5B protein.     

•   Incorporation of optimal R2 fragments into the fused pyrrolo-pyridazinone-benzothiazine analogs 
containing R3 –NHSO2CH3 groups also afforded potent NS5B inhibitors, which displayed excellent 
antiviral properties in cell culture (3a and 3b).    

•  The ratios of EC50 and IC50 values of the benzothiazines under study were typically small  
(<5-fold).     

•   The stability of the benzothiazines toward human liver microsomes was also assessed, and all 
compounds tested displayed moderate to long half-lives (30 to >60 min, Table 1).  

Scheme 1.   Reagents and conditions:  (a) NaH, THF, reflux, 0.5 h (12-56%); (b) EDC, DMAP, DMF, 
rt, 12 h; (c) NaOEt, EtOH, 60-80 oC, 8-12 h (39-82% over two steps).  

Scheme 2.  Reagents and conditions:  (a) NaH, THF, CH3I, 0
 oC to rt, 4 h (86%); (b) reference 8;  

(c) LiOH(aq), MeOH, THF 


