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Pyrrolo[1,2-b]pyridazin-2-ones as potent inhibitors of HCV NS5B polymerase

Frank Ruebsam, Stephen E. Webber, Martin T. Tran, Chinh V. Tran, Douglas E. Murphy, Jingjing Zhao,

4
A N A DY S

PHARMACEUTICALS, INC.

Peter S. Dragovich, Sun Hee Kim, Lian-sheng LI, Yuefen Zhou, Qiang Zhao, Charles R. Kissinger, Richard E. Showalter, Matthew Lardy,
Amit Shah, Mei Tsan, Rupal Patel, Laurie LeBrun, Ruhi Kamran, Maria V. Sergeeva, and Leo Kirkovsky

Anadys Pharmaceuticals, Inc., 3115 Merryfield Row, San Diego, California 92121, USA

Introduction

Hepatitis C virus (HCV)is a major cause of acute hepatitis and chronicliverdisease, 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.! 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.?2 Low response rates,
In particular for patients infected with genotype 1 HCV, along with significant side-effects
of current HCV therapy result in a continuing medical need for improved treatments.?

Several series of NS5B inhibitors have been reported to bind at the palm binding site.* More
specifically, compound 1 (Figure 1), containing the benzo[1,2,4]thiadiazine-1,1-dioxide
motif, has been reported to exhibit potent inhibitory activity against NSSB with an IC_, (1b)
of 0.032-0.20 uyM.*<> As previously reported, we discovered that compounds containing 5-
hydroxy-3(2H)-pyridazinones, as exemplified by compound 2, can also function as potent
NS5B inhibitors.° Here we describe a related series of pyrrolo[1,2-b]pyridazin-2-one
derivatives (3), which are derived from (2) by fusing C6 and N1 of the pyridazinone ring.

ICsq 1b < 0.01 uM
ECso 1b = 0.0047 uM

IC5y 1b = 0.032-0.20 pM 4¢:°

Figure 1. HCV NS5B polymerase inhibitors.
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Figure 2. Co-crystal structure of compound 3¢ bound to the NS5B protein (2.1 A).
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Scheme 1. Reagents and conditions: (a) DCC, DCM or EDC, DMAP, DMF, rt, 12 h; (b) NaOEt, EtOH, 60-80

°C, 8-12 h (39-82% over two steps); (c) NHRSO,R’, Cul, sarcosine, K,PO,, DMF, 100 °C, 4-16 h, (15-65%); (d) i
— pyridine, 120 °C, 3 h; ii— DBU (2 eq.), 120 °C, 16 h (7-10% over two steps); ori — neat, 180 °C, 20 min; ii — aq-
KOH, 110 °C, 20 h (47-52% over two steps).
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Scheme 2. Reagents and conditions: (a) i — NaH, DMF, rt, 1 h, ii — NH_CI, Et O; or NH,CI, MTBE, Aliquat® 336,
rt, 1.5 h (62-75%); (b) R°*CHO, NaCNBH,, MeOH, 16 h (37-71%); (c) EtOOCCH,COCI, 1,4-dioxane, 100 °C, 1 h,
(quant.); (d) NaOEt, EtOH, 40-60 °C (25-82%); (e) Pd(PPh,),, NH,OBn-HCI, DCM, 40 °C, 16 h (82%); (f) COCIL,,
toluene, K,CO,, H,0, 0 °C to rt, 16 h (57%); (g) CH,(CO,Et),, NaH, DMA, 120 °C, 16 h (55%).

Results and Discussion

Table 1. SAR of pyrrolo[1,2-b]pyridazin-2-one analogs 3.

Cpd Route R R’ R’ G “f) =Cs (1bb) (GiI(:E;H) nLM to
[uM] [uM] LM [min]
3a B,D H CH,CH,CH(CH3), H 0.98 5.3 >100 14
3b B,D H CH,CH,CH(CHs), OMe 2.2 17 >100 ND°
3c B,D H CH,CH,CH(CHj5), NHSO,Me <0.01 0.0085 >1 42
3d B,C F CH,CH,CH(CHj5), NHSO,Me 0.027 0.019 >1 >60 (78%)°
3e B,C CN CH,CH,CH(CHj), NHSO,Me 0.32 ND° ND° ND°
3f A H CH,CH,CH(CHjs), NMeSO,Me 0.11 0.19 >33 >60 (55%)°
3g B,D H CH,CH,CH(CHjs), NHSO,cPr 0.16 0.096 >33 59
3h A H CH,CH,C(CH3), NHSO,Me <0.01 0.005 >1 10
3i A H CH,CH,C(CH3), NMeSO,Me 0.06 0.12 >33 49
3] A H 4-F-Bn H 0.85 ND° ND° 45
3k A H 4-F-Bn NHSO,Me <0.01 0.012 >1 >60 (86%)°
3l A H 3-Cl,4-F-Bn NHSO,Me 0.025 0.022 >1 >60 (102%)°
3m A H 4-F-Bn NMeSO,Me 0.13 0.33 >10 >60 (90%)°
@]
3n' A H 4-F-Bn 5@ 0.13 0.38 >33 >60 (100%)°

? Inhibition of soluble recombinant HCV NS5B was assayed using radiolabeled nucleotide incorporation. IC_, values
were calculated from the dose-dependence of inhibition of product formation during steady state by fitting to a standard
4-parameter logistic equation.

> Permissive Huh7 lineage cells bearing the dicistronic 1b replicon were incubated in presence ofincreasing concentrations
of test article for 72 h. HCV and cellular GAPDH RNA levels were determined by bDNA assay.

¢ Stability was assessed with 1 uM test compound in the presence of 0.5 mg/mL microsomes with a regeneration system
at 37 °C over 60 min.

9 ND = not determined. © For values >60 min, % remaining at 60 min is given in parentheses. ' Racemic.

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

 The R’ substituent was critical for activity and very sensitive to structural changes.

* Introduction of a sulfonamide R°® substituent led to compound 3¢, which displayed excellent
activity in both biochemical and replicon assays.

 N-Methylation of the R® sulfonamide moiety present in 3¢ led to a >11-fold loss in potency in
the biochemical assay (3f), while replacing the R® sulfonamide with a methoxy group (3b) greatly
diminished the biological activity. Somewhat surprisingly, introduction of a R® cyclopropylsulfonamide
moiety into the pyrrolopyridazinone inhibitor design (compound 3g) led to a considerable loss in
activity in the enzymatic assay.

* As evident in the co-crystal structure of 3¢ bound to NS5B (Figure 2), the R*® sulfonamide forms
several H-bonds with the NS5B protein. These favorable interactions may explain the good activity
of 3¢ compared to 3a-b, 3f, 3i-j, and 3m-n, which presumably lack some of these H-bonds with the
NS5B protein.

« Changes in the R? moiety were generally well tolerated, with the tert-butyl ethyl analog 3h
showing comparable activities to 3c. Also, the 4-fluorobenzyl analog 3k retained good enzymatic
and antiviral potencies.

« We went on to explore changes in the R' substituents by installing a nitrile group at the 6-
position of the pyrrolopyridazinone ring. This modification resulted in a substantial loss in activity
(3e compared to 3c¢), suggesting that the nitrile group may be either sterically too encumbered or
too polar in nature to fit well in the shallow hydrophobic R' binding pocket.

« Installation of the smaller and more lipophilic fluoro moiety (3d) was better tolerated but still led
to a ~3-fold loss in potency in the biochemical assay (3d vs. 3c).

« Generally, the activities in the replicon assay displayed by the compounds under study were 2-
to 8-fold weaker than the corresponding biochemical potencies.

We tested the stability of the above compounds toward human liver microsomes, indicated
as their HLM t, , in Table 1.

« The majority of compounds exhibited moderate (>30 min) to long half-lives (>60 min). Compound
3a lacking the R?® substituent was among the least stable compounds tested.

* While the most potent compound 3¢ had a reasonable half-life (42 min), introduction of a fluorine
atom led to an improvement in stability (t,,, >60 min, 78% remaining at 60 min). This result suggested
that the fluorine may reduce potential metabolism occurring on the pyrrole ring.

 When comparing 3h with 3¢, a significant loss in stability was observed, presumably because the
tert-butyl ethyl moiety at R? represents a better substrate for interactions with CYPs as compared with
the isoamyl group. Interestingly, the stability could be restored by N-methylation of the R* sulfonamide
but unfortunately at the cost of potency as shown in compound 3i.

« Compound 3k proved to be the optimal compound exhibiting a favorable combination of long HLM
half-life and potent activities in biochemical and replicon assays.

« Collectively, our results suggest that modifications in the R? and R°® regions can be utilized to
successfully overcome potential metabolic liabilities in this series of NS5B inhibitors.

Conclusions

Optimization of the 1-, 6- and 7’-substituents in a series of pyrrolo[1,2-b]pyridazin-2-ones
(shown in Fig. 1) provided NS5B genotype 1b inhibitors that displayed an excellent in
vitro profile with low nanomolar potencies in both biochemical and replicon assays. These
inhibitors generally displayed reasonable stability toward human liver microsomes. These
data support further preclinical evaluation of compounds in this series in order to assess
their utility for the treatment of chronic HCV infection.
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