


Chemical synthesis
Procedure for the synthesis of compound BMD-2601505
To a solution of butyl-4-aminobenzoate (1g, 5.18mmol) and pyridine (0.6g, 7.8mmol) in dichloromethane, 4-nitrophenylchloroformate (1.14 g, 5.70mmol) was added slowly and mixture was stirred for 12 hrs at room temperature. The reaction was quenched by addition of water and extracted with dichloromethane. The organic layer was washed and recrystallized, resulting butyl 4-((4-nitrophenoxy)carbonylamino)benzoate (1.7 g) with yield of 92% (step 1). 2-chloro-4-fluorobenzylamine was slowly added to as solution of triethylamine (1.3 g, 12.5 mmol) mixed with butyl 4-((4-nitrophenoxy)carbonylamino)benzoate (4.5 g, 12.5 mmol) in tetrahydrofuran was stirred for 12 hrs at room temperature. The reaction was quenched by addition of water and extracted with dichloromethane. The organic layer was washed and recrystallized, resulting butyl 4-(3-(2-chloro-4-fluorophenylmethyl)ureido)benzoate (3.5 g) (BMD-2601505) with yield of 75% (step 2). Compounds BMD-3100026 to BMD-3100038 was synthesized using the same procedure.

Butyl 4-(3-(2-chloro-4-fluorophenylmethyl)ureido)benzoate (BMD-2601505)
1H-NMR(400MHz, CDCl3) δ 0.97(t, 3H, J=7.6Hz), 1.43-1.49(m, 2H), 1.70-1.77(m, 2H), 4.28(t, 2H, J=6.8Hz), 4.47(d, 2H, J=2.8Hz), 5.47-5.50(m, 1H), 6.90-6.96(m, 2H), 7.08-7.11(m, 1H) 7.36-7.42(m, 3H), 7.91-7.94(m, 2H).

1-(4-cyanophenyl)-3-[(2,4-difluorophenyl)methyl]urea (BMD-3100126)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H), 6.56-6.89(m, 2H), 7.09-7.29(m, 1H), 7.62-7.99(m, 4H), 8.27(s, 1H).

1-(4-bromophenyl)-3-[(2,4-difluorophenyl)methyl]urea (BMD-3100127)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H), 6.56(s, 2H), 6.89-7.19(m, 3H), 7.58-7.70(m, 2H), 8.27(s, 1H).

1-(4-chlorophenyl)-3-[(2,4-difluorophenyl)methyl]urea (BMD-3100128)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H) 6.92-7.15(m, 3H), 7.47-7.75(m, 5H), 8.27(s, 1H).

3-[(2-chloro-4-fluorophenyl)methyl]-1-(4-chlorophenyl)urea (BMD-3100129)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H) 6.92-7.15(m, 3H), 7.47-7.75(m, 5H), 8.27(s, 1H).

1-{4-[(t-butyldimethylsilyl)oxy]phenyl}-3-[(2-chloro-4-fluorophenyl)methyl]urea (BMD-3100130)
1H-NMR(400MHz, CDCl3) δ 0.21(s, 6H), 0.98(s, 9H), 4.43(s, 2H), 6.92-7.15(m, 5H), 7.45-7.72(m, 3H).

3-[(chloro-4-fluorophenyl)methyl]-1-(4-hydroxyphenyl)urea (BMD-3100131)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H), 6.92-7.15(m, 5H), 7.45-7.72(m, 3H), 8.27(s, 1H), 8.27(s, 1H), 9.43(s, 1H).

3-[(chloro-4-fluorophenyl)methyl]-1-(4-cyanophenyl)urea (BMD-3100133)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H), 6.92-7.15(m, 3H), 7.62-7.72(m, 3H), 7.72-7.99(m, 3H), 8.27(s,1H).

1-(4-bromophenyl)-3-[(2-chloro-4-fluorophenyl)methyl]urea (BMD-3100134)
1H-NMR(400MHz, CDCl3) δ 4.43(s, 2H), 6.92-7.15(m, 3H), 7.58-7.72(m, 5H), 8.27(s, 1H).

1-(4-acetylphenyl)-3-[(2-chloro-4-fluorophenyl)methyl]urea (BMD-3100135)
1H-NMR(400MHz, CDCl3) δ 2.50(s, 3H), 4.43(s, 2H), 6.92-7.15(m, 3H), 7.72-7.92(m, 5H).

Butyl 4-({[(2-chloro-4-fluorophenyl)methyl]carbamoyl}amino)-2-methoxybenzoate (BMD-3100136)
1H-NMR(400MHz, CDCl3) δ 0.97(t, 3H, J=7.6 Hz), 1.43-1.49(m, 2H), 1.70-1.77(m, 2H), 3.83(s, 3H), 4.28(t, 2 H, J=6.8 Hz), 4.47(d, 2H, J=2.8 Hz), 6.92-7.15(m, 3H), 7.33-7.47(m, 2H), 7.72-7.92(m, 3H), 8.27(s, 1H).

Butyl 4-({[(3-chloro-5-fluorophenyl)methyl]carbamoyl}amino)-2-methoxybenzoate (BMD-3100137)
1H-NMR(400MHz, CDCl3) δ 0.97(t, 3H, J=7.6 Hz), 1.43-1.49(m, 2H), 1.70-1.77(m, 2H), 3.83(s, 3H), 4.28(t, 2H, J=6.8 Hz), 7.10-7.47(m, 3H), 7.73-7.92(m, 3H), 8.67(s, 1H), 8.90(s, 1H).

2-[4-({[(2-chloro-4-fluorophenyl)methyl]carbamoyl}amino)phenyl]-N-cyclopropyl-2-oxoacetyamide (BMD-3100138)
1H-NMR(400MHz, CDCl3) δ 0.33-0.57(m, 4H), 2.65-2.85(m, 1H), 3.83(s, 3H), 4.43(s, 2H), 6.92(s, 1H), 7.00-7.15(m, 2H), 7.41-7.76(m, 3H).






Materials and Methods
Hemagglutination inhibition assay
Hemagglutination inhibition assay was employed to test the effect of BMD-2601505 in virus adsorption to target cells. BMD-2601505 (25µl) with two-fold serial dilution with PBS were mixed with equal volume (25µl) of A/Korea/1/09 influenza virus (8 hemagglutination units). The 96-well plates containing mixture of virus and BMD-2601505 were incubated at 37℃ for 1 hour. After incubation, equal volumes of 1% chicken erythrocytes were added and incubated at 4℃ for 1 hour. For the control, we used epigallocatechin-3-gallate (EGCG) which was reported to have HI activity.[1]

Neuraminidase inhibition assay
 Neuraminidase inhibition assay was employed to test the effect of BMD-2601505 in neuraminidase activity in virus. Ten fold-dilutions ranging from 1000 to 0.001µM in reaction buffer (sodium acetate buffer 150mM, pH 7, and 1mM calcium chloride) of BMD-2601505 (25µl) were mixed with equal volume of influenza A/Korea/1/09 virus solution. The mixture was incubated at room temperature for 1 hour to allow interaction of compound and virus. The enzyme reaction was initiated by adding equal volume (50µl) of the substrate solution (4-MU-NANA; 2’-(4-methylumbelliferyl)-A-D-N-acetylneuraminic acid, Sigma) with final concentration of 80 μM and incubated at 37C for 30 min, protected from light. Optical density is then measured by fluorescence spectrometer (excitation 365nm, emission 460nm). Standard curves were made by plotting the percentage of fluorescence inhibition relative to the activity of controls against the logs of inhibitor concentrations.
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Sup Figure 1. Inhibitory effects of BMD-2601505 on virus adsorption to chicken red blood cells. 

Sup Figure 2. Inhibitory effects of BMD-2601505 on viral neuraminidase activity. 
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