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General. The purity of all compounds was determined to be >95% as determined by 'H and
C NMRR spectra, unless otherwise noted. The most active 15 compounds were further verified

for >95% purity based on HPLC analyses.

OMe
i [ :
MeO N N OMe
HO [OJN ) ©

N-(7-hydroxy-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-dimethoxy-[1,1"-
biphenyl]-3-carboxamide (6b): A solution of 10b (174 mg, 0.35 mmol) in methanol (3.5 mL) at
rt was treated with triethylamine (0.35 mL). After 12 h, the solvent was removed and the residue
purified via column chromatography (SiO,, 10:1, CH,Cl,:acetone) to afford 1b as a yellow
amorphous solid (158 g, 99%): 'H NMR (CDCls, 500 MHz) & 8.79 (s, 1H), 8.71 (s, 1H), 7.92
(dd, J = 8.5, 2.5 Hz, 1H), 7.89 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.14-7.06 (m, 3H),
6.94-6.92 (m, 1H), 6.81 (s, 1H), 6.11 (s, 1H), 3.96 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H), 2.37 (s,
3H); *C NMR (CDCls, 125 MHz) § 165.7, 159.9, 159.7, 159.5, 146.2, 144.5, 144.2, 138.8,
131.1, 130.1, 129.3, 128.3, 126.3, 124.7, 122.2, 122.0, 115.4, 113.3, 112.3, 111.9, 111.1, 104.5,
56.5, 56.0, 55.5, 8.3; IR (film) vinax 3408, 2980, 2843, 2359, 2341, 1636, 1533, 1356, 1244, 1015,

918; HRMS (ESI") m/z: [M + H'] calcd for C,6H24NO7, 462.1553; found, 462.1529.

OMe
H Cl
N

N-(7-hydroxy-8-methoxy-2-oxo-2H-chromen-3-yl)-3’,6-dimethoxy-[1,1'-biphenyl]-3-

carboxamide (6¢): A solution of 12¢ (63 mg, 0.13 mmol) in methanol (1.3 mL) at rt was treated
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with triethylamine (0.13 mL). After 12 h, the solvent was removed and the residue purified via
column chromatography (SiO,, 10:1, CH,Cl,:acetone) to afford 6¢ as a yellow amorphous solid
(57 mg, 99%): 'H NMR (CDCls;, 500 MHz) § 8.82 (s, 1H), 8.66 (s, 1H), 7.92 (dd, J = 8.5, 2.5
Hz, 1H), 7.88 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.19 (d, J = 8.5 Hz, 1H), 7.13-7.07
(m, 3H), 6.97-6.92 (m, 2H), 6.03 (bs, 1H), 4.13 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H); °C NMR
(CDCls, 125 MHz) ¢ 165.7, 160.0, 159.5, 158.7, 150.4, 143.1, 138.7, 133.7, 131.2, 130.1, 129.4,
128.3, 126.1, 124.8, 123.3, 122.1, 121.7, 115.4, 114.1, 113.3, 113.1, 111.2, 62.1, 56.1, 55.5; IR
(film) vimax 3348, 3038, 2970, 2847, 2093, 1643, 1014, 795; HRMS (ESI") m/z: [M + H'] calcd

for C,sH2,NO7, 448.1396; found, 448.1381.

MeO - NHCbz
AcO o O
3-(((benzyloxy)carbonyl)amino)-6-methoxy-8-methyl-2-oxo-2H-chromen-7-yl acetate

(8b): A solution of 7b' (195 mg, 0.55 mmol) in anhydrous pyridine (3.0 mL) was treated with
acetic anhydride (1.0 mL). After 12 h, the solvent was removed and the residue purified via
column chromatography (SiO,, 100:1, CH,Cl,:acetone) to afford 8b as a colorless amorphous
solid (216 mg, 99%): 'H NMR ((CD3),CO, 400 MHz) § 8.31 (s, 1H), 8.22 (bs, 1H), 7.48 (d, J =
8.0 Hz, 2H), 7.42-7.33 (m, 3H), 7.25 (s, 1H), 5.26 (s, 2H), 3.89 (s, 3H), 2.33 (s, 3H), 2.22 (s,
3H); *C NMR (CDCl3, 125 MHz) § 168.6, 158.5, 153.2, 148.8, 142.6, 139.7, 135.6, 128.8 (2C),
128.7, 128.4 (2C), 124.0, 121.3, 120.6, 117.6, 106.2, 67.7, 56.3, 20.5, 9.3; IR (film) vmax 3306,
2924, 2853, 1759, 1703, 1531, 1393, 1205, 1088, 1026, 914, 764, 698; HRMS (ESI") m/z: [M +

H'] caled for C21HoNO7, 398.1240; found, 398.1258.
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XN NHCbz
AcO o "0

OMe

3-(((benzyloxy)carbonyl)amino)-8-methoxy-2-oxo-2H-chromen-7-yl  acetate (8c): A
solution of 7c' (60 mg, 0.18 mmol) in anhydrous pyridine (2.25 mL) was treated with acetic
anhydride (0.75 mL). After 12 h, the solvent was removed and the residue purified via column
chromatography (SiO,, 40:1, CH,Cl,:acetone) to afford 8c as a colorless amorphous solid (67
mg, 99%): 'H NMR (CDCls, 500 MHz) & 8.29 (s, 1H), 7.59 (s, 1H), 7.42-7.34 (m, 5H), 7.18 (d,
J = 8.5 Hz, 1H), 7.00 (d, J = 8.5 Hz, 1H), 5.23 (s, 2H), 4.01 (s, 3H), 2.36 (s, 3H); °C NMR
(CDCl3, 125 MHz) § 168.9, 157.6, 153.2, 144.0, 143.5, 139.5, 135.5, 128.8 (2C), 128.7, 128.4
(2C), 123.8, 121.8, 121.2, 119.8, 119.2, 67.8, 61.8, 20.8; IR (film) vnax 3409, 3352, 3312, 3088,
3038, 2945, 2837, 2359, 2332, 1765, 1710, 1533, 1383, 1366, 1238, 1202, 1045, 698; HRMS

(ESI") m/z: [M + Na'] calcd for C,0H;7NNaO7, 406.0903; found, 406.0928.

OMe
¢ [
MeO N N O OMe
AcO (@) OO

3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-2H-
chromen-7-yl acetate (12b): Palladium on carbon (10%, 43 mg) was added to 8b (216 mg, 0.54
mmol) in anhydrous THF (3.6 mL) and the solution was placed under an atmosphere of H,. After
12 h, the solution was filtered through SiO, (40:1, CH,Cl,:acetone) and the eluent was
concentrated to afford a yellow solid, which was used without further purification (142 mg,
99%).

A solution of 3',6-dimethoxy-[1,1'-biphenyl]-3-carbonyl chloride® (130 mg, 0.47 mmol), in

anhydrous THF (2.7 mL), was added to a solution of the amine (123 mg, 0.47 mmol) and
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anhydrous triethylamine (0.13 mL, 0.94 mmol) in anhydrous THF (2.7 mL). After 12 h, the
solvent was removed and the residue purified via column chromatography (SiO,, 40:1,
CH,Cly:acetone) to afford 12b as a colorless amorphous solid (129 mg, 55%): "H NMR (CD,Cl,,
400 MHz) § 8.84 (s, 1H), 8.80 (s, 1H), 7.97 (dd, J = 8.5, 2.5 Hz, 1H), 7.92 (d, J = 2.5 Hz, 1H),
7.39 (t, J = 8.0 Hz, 1H), 7.16-7.11 (m, 3H), 7.01 (s, 1H), 6.97-6.95 (m, 1H), 3.94 (s, 3H), 3.90
(s, 3H), 3.88 (s, 3H), 2.38 (s, 3H), 2.32 (s, 3H); °C NMR (CDCls, 125 MHz) § 168.6, 165.8,
160.0, 159.5, 159.2, 148.9, 142.8, 140.0, 138.7, 131.2, 130.2, 129.3, 128.4, 126.0, 124.2, 123.3,
122.2, 120.6, 117.8, 115.4, 113.3, 111.2, 106.6, 56.4, 56.1, 55.5, 20.6, 9.3; IR (film) vimax 3404,
2926, 2853, 1765, 1713, 1670, 1603, 1522, 1385, 1242, 1204, 1180, 1094, 1022, 571; HRMS

(EST") m/z: [M + H'] calcd for Co3HNOsg, 504.1658; found, 504.1625.

OMe
i [ :
N N OMe
AcO o "0 ©

OMe
3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0x0-2H-chromen-7-yl
acetate (12c): Palladium on carbon (10%, 5 mg) was added to 8c (25 mg, 0.065 mmol) in
anhydrous THF (0.44 mL) and the solution was placed under an atmosphere of H,. After 12 h,
the solution was filtered through SiO, (40:1, CH,Cl,:acetone) and the eluent was concentrated to

afford a yellow solid, which was used without further purification (16 mg, 99%).

A solution of 3',6-dimethoxy-[1,1'-biphenyl]-3-carbonyl chloride® (18 mg, 0.064 mmol), in
anhydrous THF (0.37 mL), was added to a solution of the amine (16 mg, 0.064 mmol) and
anhydrous triethylamine (18 pL, 0.13 mmol), dissolved in anhydrous THF (0.37 mL). After 12 h,
the solvent was removed and the residue purified via column chromatography (SiO,, 40:1,

CH;Cl;:acetone) to afford 12c as a colorless amorphous solid (16 mg, 50%): 'H NMR (CDCl,
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500 MHz) & 8.83 (s, 1H), 8.75 (s, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.89 (d, J = 2.5 Hz, 1H),
7.36 (t, J = 8.0 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 7.13-7.02 (m, 4H), 6.94-6.92 (m, 1H), 4.04 (s,
3H), 3.90 (s, 3H), 3.86 (s, 3H), 2.37 (s, 3H); °C NMR (CDCls, 125 MHz) § 169.0, 165.8, 160.1,
159.5, 158.3, 144.3, 143.7, 139.6, 138.6, 131.3, 130.2, 129.4, 128.4, 125.9, 124.0, 123.2, 122.3,
122.1, 120.0, 119.4, 115.4, 113.3, 111.2, 61.8, 56.0, 55.5, 20.9; IR (film) vinax 3398, 3097, 2993,
2926, 2853, 2357, 2339, 1765, 1666, 1599, 1520, 1456, 1362, 1244, 1202, 1078, 1022, 905, 802,

734; HRMS (ESI") m/z: [M + 2H"] caled for C,7HpsNOg, 491.1580; found, 491.1537.

Representative procedure for Mitsunobu coupling with sugars:

o
AT o,
WOQ\/OIO © O
O\[fo 13a
o)
3',6-dimethoxy-N-(8-methyl-2-oxo-7-((3aR,7aR)-2-oxotetrahydro-3aH-[1,3]dioxolo[4,5-
c]pyran-4-yloxy)-2H-chromen-3-yl)biphenyl-3-carboxamide (13a):
Diisopropylazodicarboxylate (90 pL, 0.46 mmol) was added slowly to a solution of phenol 6
(100 mg, 0.23 mmol), sugar F (48 mg, 0.28 mmol) and triphenylphosphine (122 mg, 0.46 mmol)
in THF (3 mL) at rt. The resulting reaction mixture was stirred at rt for 2 h, quenched with water
and extracted with EtOAc (2 x 10 mL). The combined organic extracts were washed with
saturated sodium chloride solution, dried over anhydrous Na,SOy, filtered, and concentrated. The
crude product was purified via column chromatography (SiO,, 100:1, CHCl;:MeOH) to afford

compound 13a (117 mg, 88%) as a mixture of diastereomers.

Representative procedure for cyclic carbonate hydrolysis:
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N-(7-((2R,3R,4R)-3,4-dihydroxytetrahydro-2H-pyran-2-yloxy)-8-methyl-2-oxo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (14a): A solution of 13a (117 mg, 0.20
mmol) in THF:H,O:MeOH (3:1:1, 2 mL) was treated with LiOH (26 mg, 0.61 mmol). The
resulting reaction mixture was stirred at rt for 2 h, cooled to 0°C, then acidified to pH ~4 with 5%
aqueous HCIl. The organic layer was separated and the aqueous layer was extracted with
dichloromethane (3 x 20 mL). The combined organic layers were washed with saturated sodium
chloride solution, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
crude residue was purified via column chromatography (SiO,, 100:5, CH,Cl,:MeOH) to yield
diastereomers 14a and 15a. Compound 14a (59 mg, 53%) was obtained as a colorless amorphous
solid. "H NMR (500 MHz, CDCls) & 8.81 (s, 1H), 8.72 (bs, 1H), 7.92 (dd, J = 2.3, 8.6 Hz, 1H),
7.89 (d, J =2.4 Hz, 1H), 7.37 (t, J = 7.2 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.15 (d, J = 8.6 Hz,
1H), 7. 13 (d, J = 7.6 Hz, 1H), 7.09 (t, J = 2.4 Hz, 1H), 7.07 (d, J = 8.9 Hz, 1H), 6.94 (dd, J =
1.9, 7.6 Hz, 1H), 5.48 (d, J = 3.1 Hz, 1H), 4.14 (m, 1H), 4.03 (dt, J = 3.3, 11.7 Hz, 1H), 3.90 (s,
3H), 3.86 (s, 3H), 3.62 (dt, J = 3.7, 12.0 Hz, 1H), 2.77 (d, J = 9.3 Hz, 1H), 2.68 (d, J = 9.4 Hz,
1H), 2.40 (s, 3H), 2.02 (m, 2H); *C NMR (125 MHz, CDCl3) & 165.5, 160.0, 159.4, 156.1,
149.0, 138.5, 131.1, 130.0, 129.2, 128.2, 126.0, 125.9, 123.8, 122.4, 122.0, 115.2, 113.2, 112.3,
111.0, 994, 77.2, 68.4, 67.8, 55.9, 55.6, 55.3, 31.0, 8.7; IR (film) vmax 3303, 3288, 2921, 2851,
1705, 1672, 1604, 1526, 1504, 1485, 1367, 1240, 1132, 1074, 1051, 1024, 999 cm™'; HRMS

(FAB) m/z: [M + Na'] calcd for C30H,0NNaQy, 570.1740; found, 570.1744.
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OHOH
N-(7-((2S,3R,4R)-3,4-dihydroxytetrahydro-2H-pyran-2-yloxy)-8-methyl-2-oxo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (15a): Compound 15a (40 mg, 35%)
was obtained as a colorless amorphous solid. '"H NMR (500 MHz, CDCls) & 8.77 (s, 1H), 8.70 (s,
1H), 7.91 (dd, J = 2.4, 8.5 Hz, 1H), 7.89 (d, J = 2.3 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 7.31 (d, J =
8.6 Hz, 1H), 7.12 (dt, J = 1.5, 7.6 Hz, 1H), 7.09 (m, 2H), 7.06 (d, J = 8.6 Hz, 1H), 6.93 (ddd, J =
0.6, 2.5, 8.3 Hz, 1H), 5.52 (d, J = 4.0 Hz, 1H), 4.26 (m, 1H), 3.95 (t, J = 3.7 Hz, 1H), 3.89 (s,
3H), 3.85 (s, 3H), 3.84 (m, 1H), 3.79 (m, 1H), 2.79 (bs, 1H), 2.53 (bs, 1H), 2.33 (s, 3H), 1.97 (m,
2H); *C NMR (125 MHz, CDCls) & 165.7, 159.9, 159.5, 159.4, 155.8, 149.1, 138.7, 131.1,
130.1, 129.3, 128.3, 126.0, 125.9, 124.2, 122.2, 122.1, 115.4, 115.0, 114.7, 113.2, 112.4, 111.8,
111.1, 98.8, 77.4, 70.0, 66.3, 60.0, 56.0, 55.4, 29.8, 8.5; IR (film) vmax 3400, 3387, 2954, 2924,
2851, 1713, 1668, 1605, 1526, 1504, 1481, 1367, 1265, 1242, 1205, 1078, 1051, 1033, 1002, 999

cm'l; HRMS (FAB) m/z: [M + Na+] calcd for C3gH,9NNaOQOy, calcd 570.1740; found, 570.1733.

OHoH
N-(7-((2R,3R,4R)-3,4-dihydroxytetrahydro-2H-pyran-2-yloxy)-8-methoxy-2-oxo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (14b): Compound 14b (36 mg, 38%)
was obtained as a colorless amorphous solid. 'H NMR (500 MHz, CDCl;) & 8.81 (s, 1H), 8.72 (s,
1H), 7.91 (dd, J = 2.4, 8.6 Hz, 1H), 7.88 (d, J = 2.4 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 7.23 (d, J =

8.8 Hz, 1H), 7.27 (d, J = 8.9 Hz, 1H), 7.12 (dt, J = 1.2, 7.9 Hz, 1H), 7.09 (m, 1H), 7.07 (d, J =
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8.6 Hz, 1H), 6.93 (dd, J = 1.0, 2.9, 7.9 Hz, 1H), 5.40 (d, J = 4.8 Hz, 1H), 4.29 (m, 1H), 4.02 (s,
3H), 3.93 (m, 1H), 3.90 (s, 3H), 3.88 (m, 1H), 3.86 (s, 3H), 2.82 (bs, 1H), 2.38 (bs, 1H), 1.95 (m,
1H), 1.88 (m, 1H); °C NMR (125 MHz, CDCl;) § 165.7, 160.0, 159.4, 158.8, 150.9, 144.0,
138.6, 137.6, 131.1, 130.1, 129.3, 128.3, 125.9, 123.7, 122.8, 122.7, 122.1, 116.4, 115.4, 114.1,
113.3, 111.2, 100.5, 66.4, 62.1, 60.5, 56.0, 55.5, 29.8; IR (film) viax 3411, 3301, 2989, 2985,
1716, 1668, 1605, 1524, 1502, 1483, 1462, 1436, 1365, 1274, 1247, 1182, 1118, 1070, 997 cm™";

HRMS (FAB) m/z: [M + Na+] calcd for C30H29NNaOy, calcd 586.1689; found, 586.1683.

oA
0] (0] OO

OHoH
N-(7-((2S,3R,4R)-3,4-dihydroxytetrahydro-2H-pyran-2-yloxy)-8-methoxy-2-oxo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (15b): Compound 15b (21 mg, 22%)
was obtained as a colorless amorphous solid. 'H NMR (500 MHz, CDCls) & 8.78 (s, 1H), 8.70 (s,
1H), 7.87 (m, 2H), 7.35 (t, J = 7.7 Hz, 1H), 7.21 (d, J = 7.7 Hz, 1H), 7.00-7.15 (m, 4H), 6.92 (d,
J=17.9 Hz, 1H), 5.56 (s, 1H), 4.17 (m, 1H), 4.04 (s, 3H), 4.01 (m, 2H), 3.88 (s, 3H), 3.85 (s, 3H),
3.57 (d, J = 10.5 Hz, 1H), 3.42 (m, 1H), 1.99 (m, 2H); *C NMR (125 MHz, CDCls) & 165.7,
160.0, 159.4, 158.5, 150.3, 143.8, 138.6, 137.3, 131.1, 130.1, 129.3, 128.3, 125.8, 123.6, 122.8,
122.1, 116.2, 115.3, 114.0, 113.2, 111.1, 99.6, 68.4, 67.7, 62.2, 56.0, 55.5, 55.4, 31.3; IR (film)
vimax 3400, 3386, 2935, 2896, 2839, 1707, 1670, 1605, 1521, 1500, 1367, 1274, 1245, 1120,
1081, 1054, 952 cm'l; HRMS (FAB) m/z: [M + Na'] calcd for C30H20NNaO, calcd 586.1689;

found, 586.16809.
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OHon
N-(7-((2R,3R,4R)-3,4-dihydroxytetrahydro-2H-pyran-2-yloxy)-6-methoxy-8-methyl-2-
oxo-2H-chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (14c): Compound 14c (37
mg, 44%) was obtained as a colorless amorphous solid. '"H NMR (500 MHz, CDCl;) & 8.81 (s,
1H), 8.80 (s, 1H), 7.93 (dd, J = 2.4, 8.6 Hz, 1H), 7.90 (d, J = 2.4 Hz, 1H), 7.38 (t, J = 8.0 Hz,
1H), 7.13 (dt, I = 1.5, 7.6 Hz, 1H), 7.10 (t, J = 2.5 Hz, 1H), 7.08 (d, J = 8.8 Hz, 1H), 6.94 (ddd, J
=0.9, 2.7, 8.0 Hz, 1H), 6.89 (s, 1H), 5.03 (d, J = 6.9 Hz, 1H), 4.28 (m, 1H), 3.94 (s, 3H), 3.91 (s,
3H), 3.87 (s, 3H), 3.75-3.90 (m, 3H), 3.60 (bs, 1H), 2.64 (bs, 1H), 2.47 (s, 3H), 1.90 (m, 2H);
B3C NMR (125 MHz, CDCl3) 8 165.6, 159.9, 159.3, 159.2, 149.1, 146.0, 143.3, 138.5, 131.1,
130.0, 129.2, 128.2, 125.9, 123.6, 123.3, 122.1, 122.0, 116.3, 115.3, 113.1, 111.0, 106.3, 104.1,
71.8, 66.7, 61.1, 56.2, 55.9, 55.4, 30.1, 9.9; IR (film) vmax 3401, 3363, 3001, 2952, 1701, 1670,
1605, 1589, 1501, 1423, 1367, 1230, 1191, 1110, 1053, 997 cm™; HRMS (FAB) m/z: [M + Na']

calcd for C31H3NNaOy, calcd 600.1841; found, 600.1846.

OHoH
N-(7-((2S,3R,4R)-3,4-dihydroxytetrahydro-2H-pyran-2-yloxy)-6-methoxy-8-methyl-2-
oxo-2H-chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (15c¢): Compound 15c (24
mg, 29%) was obtained as a colorless amorphous solid. 'H NMR (500 MHz, CDCl3) & 8.75 (s,
1H), 8.73 (s, 1H), 7.86-7.90 (m, 2H), 7.35 (t, J = 7.8 Hz, 1H), 7.11 (dt, J = 1.5, 8.0 Hz, 1H), 7.08

(t, J=2.4 Hz, 1H), 7.03 (d, J = 9.6 Hz, 1H), 6.92 (ddd, J = 1.2, 8.7 Hz, 1H), 6.81 (s, 1H), 5.20
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(d, J=3.3 Hz, 1H), 4.35 (td, = 3.1, 11.5 Hz, 1H), 4.09 (s, 1H), 3.93 (d, J = 6.5 Hz, 1H), 3.90 (s,
3H), 3.87 (s, 3H), 3.85 (s, 3H), 3.55 (dt, J = 4.4, 11.5 Hz, 1H), 3.19 (d, J = 5.2 Hz, 1H), 2.44 (s,
3H), 1.94 (m, 2H); "C NMR (125 MHz, CDCls) & 165.6, 159.9, 159.4, 159.1, 149.2, 146.1,
143.3, 138.6, 132.2, 132.1, 130.1, 129.2, 128.6, 128.3, 125.9, 123.6, 123.1, 116.2, 115.4, 113.1,
111.0, 106.3, 103.6, 69.2, 67.3, 56.8, 56.2, 55.9, 55.4, 30.6, 9.9; IR (film) vinax 3400, 3377, 2952,
2867, 1711, 1670, 1605, 1587, 1500, 1427, 1369, 1227, 1138, 1120, 1054, 997 cm™'; HRMS

(FAB) m/z: [M + Na+] calcd for C31H35;NNaOy, calcd 600.1844; found, 600.1846.
O\
B Ho\
momo ©
OBz
16a

(R)-2-(3-(3",6-dimethoxybiphenyl-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-7-
yloxy)tetrahydro-2H-pyran-3-yl benzoate (16a): Compound 16a was obtained as a colorless
amorphous solid and carried on without further purification.

Sodium metal (20 mg, 0.86 mmol) was added to a solution of 16a (110 mg, 0.17 mmol) in
MeOH (5 mL) at 0 ‘C. The resulting reaction mixture was stirred for 5 min at 0 'C, then quenched
with water and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed
with saturated sodium chloride solution, dried over anhydrous Na,SO4 and concentrated. The
residue was purified via column chromatography (SiO2, 100:1, CH,Cl,:MeOH) to afford 17a

and 18a (62 mg, 64%) as a mixture diastereomers.

N-(7-((2R,3R)-3-hydroxytetrahydro-2H-pyran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-

yl)-3",6-dimethoxybiphenyl-3-carboxamide (17a): Compound 17a (35 mg, 36%) was obtained
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as an amorphous solid. '"H NMR (500 MHz, CDCl3) & 8.81 (s, 1H), 8.72 (bs, 1H), 7.92 (dd, J =
2.4,8.6 Hz. 1H), 7.89 (d, J =2.4 Hz, 1H), 7.37 (t, J = 8.1 Hz, 1H), 7.36 (d, J = 8.8 Hz, 1H), 7.17
(d, J=8.8 Hz, 1H), 7.13 (dt, J = 1.2, 7.8 Hz, 1H), 7.09 (m, 1H), 7.07 (d, J = 8.4 Hz, 1H), 6.94
(ddd, J=0.9, 2.6, 8.3 Hz, 1H), 5.55 (d, J = 3.2 Hz, 1H), 3.90 (s, 3H), 3.86 (s, 3H), 3.70 (m, 1H),
3.61 (m, 1H), 2.41 (s, 3H), 2.06 (m, 1H), 1.91 (m, 2H), 1.80 (m, 2H); °C NMR (125 MHz,
CDCls) 8 165.7, 159.9, 159.5, 159.4, 156.0, 149.2, 138.7, 131.2, 130.1, 129.3, 128.3, 126.2,
126.0, 124.2, 122.3, 122.1, 115.4, 115.1, 114.7, 113.3, 112.2, 111.1, 97.6, 68.4, 60.5, 56.0, 55.5,
27.9, 24.2, 8.6; IR (film) wmax 3402, 2935, 2879, 2851, 1705, 1670, 1605, 1527, 1500, 1367,
1242, 1207, 1180, 1126, 1068, 987, 970 cm™'; HRMS (FAB) m/z: [M + Na'] caled for

C30H20NNaOsg, calcd 554.1791; found, 554.1788.

N-(7-((2S,3R)-3-hydroxytetrahydro-2H-pyran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-
yl)-3*,6-dimethoxybiphenyl-3-carboxamide (18a): Compound 18a (27 mg, 28%) was obtained
as a colorless amorphous solid. 'H NMR (500 MHz, CDCls) & 8.81 (s, 1H), 8.71 (bs, 1H), 7.92
(dd, J=2.4, 8.6 Hz, 1H), 7.89 (d, J = 2.3 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.34 (d, J = 8.0 Hz,
1H), 7.08-7.14 (m, 3H) .7.07 (d, J = 8.8 Hz, 1H), 6.93 (ddd, J = 0.7, 2.6, 8.3 Hz, 1H), 5.16 (d, J
= 4.6 Hz, 1H), 3.92 (m, 1H), 3.90 (s, 3H), 3.86 (s, 3H), 3.62 (m, 1H), 2.38 (s, 3H), 2.23 (m, 2H),
1.90 (m, 1H), 1.74 (m, 1H), 1.63 (m, 1H); *C NMR (125 MHz, CDCls) & 165.7, 159.9, 159.5,
1594, 156.1, 149.2, 138.7, 131.2, 130.1, 129.3, 128.3, 126.2, 124.2, 122.3, 122.1, 115.4, 115.2,

114.7, 113.3, 112.1, 111.1, 100.4, 67.8, 63.4, 56.0, 55.5, 27.5, 22.1, 21.9, 8.6; IR (film) Viax
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3404, 2923, 2845, 1711, 1670, 1606, 1526, 1502, 1369, 1242, 1205, 1178, 1115, 1057, 995, 974

cm'l; HRMS (FAB) m/z: [M + Na+] calcd for C3oH29NNaOsg, caled 554.1791; found, 554.1803.

OTIPS 19a
(R)-3',6-dimethoxy-N-(8-methyl-2-oxo-7-(4-(triisopropylsilyloxy)tetrahydro-2H-pyran-2-
yloxy)-2H-chromen-3-yl)biphenyl-3-carboxamide (19a): Compound 19a (158 mg, 78%) was

obtained as a colorless amorphous solid and used without further purification.
Tetrabutylammonium fluoride (0.5 mL, 0.50 mmol) was added dropwise to a solution of 19a
(158 mg, 0.23 mmol) in THF (4 mL) at rt. The resulting reaction mixture was stirred at rt for 1 h,
then quenched with water and extracted with EtOAc (3 x 10 mL). The combined organic layers
were washed with saturated sodium chloride solution, dried over anhydrous Na,SOs and
concentrated. The residue was purified via column chromatography (SiO,, 100:1,

CH,CI,:MeOH) to afford 20a and 21a (120 mg, 72%) as a mixture of diastereomers.

2N
H
N

b o
(0]
WO 0o~ "0
20a

N-(7-((2R,4R)-4-hydroxytetrahydro-2H-pyran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-
yl)-3',6-dimethoxybiphenyl-3-carboxamide (20a): Compound 20a (68 mg, 41%) was obtained
as a colorless amorphous solid. '"H NMR (500 MHz, CDCl;) & 8.81 (s, 1H), 8.71 (s, 1H), 7.92
(dd, J=12.4, 8.6 Hz, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.34 (d, J = 8.7 Hz,
1H), 7.13 (d, J = 8.7 Hz, 1H), 7.12 (m, 1H), 7.09 (m, 1H), 7.07 (d, J = 8.6 Hz, 1H), 6.93 (ddd, J
=0.8, 2.6, 8.27 Hz, 1H), 5.77 (t, J = 2.8 Hz, 1H), 4.37 (m, 1H), 3.90 (s, 3H), 3.86 (s, 3H), 3.81

(d, J =2.5 Hz, 1H), 3.80 (t, J = 2.1 Hz, 1H), 2.35 (s, 3H), 2.33 (m, 1H), 2.01 (m, 1H), 1.80 (m,
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1H), 1.70 (m, 1H), 1.64 (bs, 1H): *C NMR (125 MHz, CDCl;) & 165.7, 159.9, 159.6, 159.5,
156.1, 149.2, 138.7, 131.2, 130.1, 129.3, 128.3, 126.2, 125.8, 124.4, 122.1, 122.0, 115.4, 114.8,
114.3,113.3, 111.7, 111.1, 96.8, 63.9, 59.8, 56.0, 55.5, 39.5, 34.9, 8.5; IR (film) vinax 3477, 2967,
2923, 1713, 1668, 1606, 1525, 1502, 1369, 1242, 1205, 1178, 1114, 1057, 974 cm™; HRMS
(FAB) m/z: [M + Na+] calcd for C30H29NNaOg, calcd 554.1791; found, 554.1794.

o\
e
Ty
(@] (@) Oo
507
OH

21a

N-(7-((2S,4R)-4-hydroxytetrahydro-2H-pyran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-
yl)-3",6-dimethoxybiphenyl-3-carboxamide (21a): Compound 21a (52 mg, 31%) was obtained
as a colorless amorphous solid. 'H NMR (500 MHz, CDCl5) & 8.81 (s, 1H), 8.71 (s, 1H), 7.92
(dd, J=2.4, 8.6 Hz, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 7.35 (d, J = 8.6 Hz,
1H), 7.14 (d, J= 8.7 Hz, 1H), 7.12 (m, 1H), 7.09 (m, 1H), 7.07 (d, J = 8.5 Hz, 1H), 6.93 (ddd, J
= 0.8, 2.5, 8.5 Hz, 1H), 5.55 (t, J = 3.4 Hz, 1H,), 4.15 (m, 2H), 3.90 (s, 3H), 3.86 (s, 3H), 3.64
(dt, J=4.4,12.1 Hz, 1H), 2.86 (d, J = 6.4 Hz, 1H), 2.37 (s, 3H), 2.23 (dt, J = 3.6, 14.1 Hz, 1H),
2.10 (m, 1H), 1.99 (m, 1H), 1.77 (m, 1H); *C NMR (125 MHz, CDCls) & 165.7, 159.9, 159.5,
1594, 156.2, 149.1, 138.7, 131.2, 130.1, 129.3, 128.3, 126.1, 125.9, 124.1, 122.3, 122.1, 115.4,
114.9, 114.7, 113.3, 112.0, 111.1, 97.6, 64.1, 57.3, 56.0, 55.5, 37.2, 32.7, 8.7; IR (film) wiax
3443, 2964, 2923, 1712, 1667, 1606, 1525, 1502, 1370, 1247, 1205, 1178, 1114, 1057, 974 cm™;

HRMS (FAB) m/z: [M + Na '] calcd for C30H20NNaOy, caled 554.1791; found, 554.1800.
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N-(7-((2R,4R)-4-hydroxytetrahydro-2H-pyran-2-yloxy)-8-methoxy-2-0xo-2H-chromen-3-
yl)-3',6-dimethoxybiphenyl-3-carboxamide (20b): Compound 20b (36 mg, 66%) was obtained
as a colorless amorphous solid. '"H NMR (500 MHz, CDCI3) & 8.68 (s, 1H), 8.59 (s, 1H), 7.78
(dd,J =24, 8.6 Hz, 1H), 7.75 (d, J = 2.4 Hz, 1H), 7.23 (t, J = 7.9 Hz, 1H), 7.10 (d, J = 8.8 Hz,
1H), 6.97 (m, 3H), 6.80 (dd, J = 2.2, 7.9 Hz, 1H), 5.58 (t, J = 3.0 Hz, 1H), 4.04 (bs, 1H), 3.98
(dt,J=3.0, 11.9 Hz, 2H), 3.91 (s, 3H), 3.77 (s, 3H), 3.73 (s, 3H), 3.47 (dd, J = 3.1, 11.9 Hz, 1H),
2.04 (m, 1H), 1.86 (s, 1H), 1.67 (m, 2H). 'H NMR (125 MHz, CDCI3) & 165.7, 160.0, 159.5,
158.8, 150.1, 144.1, 138.7, 137.3, 131.2, 130.1, 129.3, 128.3, 126.0, 123.8, 122.8, 122.7, 122.1,
116.0, 115.4, 114.0, 138.8, 113.3, 111.2, 97.5, 63.5, 62.0, 56.6, 56.0, 55.5, 36.2, 32.4; IR (film)
vinax 3403, 2937, 2848, 1708, 1670, 1606, 1527, 1502, 1367, 1242, 1205, 1113, 1109, 1057, 996,
974 cm'l; HRMS (FAB) m/z: [M + Na+] calcd for C;0Hp9oNNaQOg, calcd 570.1740; found,

570.1733.

N-(7-((2R,4R)-4-hydroxytetrahydro-2H-pyran-2-yloxy)-6-methoxy-8-methyl-2-oxo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (20c): Compound 20c (36 mg, 38%)
was obtained as a colorless amorphous solid.'H NMR (500 MHz, CDCl;) & 8.79 (s, 1H), 8.76 (s,
1H), 7.92 (dd, J = 2.5, 8.6 Hz, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.37 (t, J = 8.2 Hz, 1H), 7.12 (dt, J
=1.5,7.61 Hz, 1H), 7.09 (t, J = 2.5 Hz, 1H), 7.07 (d, J = 8.5 Hz, 1H), 6.93 (ddd, J = 1.5, 2.5, 8.5
Hz, 1H), 6.86 (s, 1H), 5.33 (t, J = 3.5 Hz, 1H), 4.40 (m, 1H), 4.11 (m, 1H), 3.90 (s, 3H), 3.90 (s,
3H), 3.86 (s, 3H), 3.56 (dt, J = 4.8, 11.9 Hz, 1H), 2.99 (bs, 1H), 2.45 (s, 3H), 2.12-2.25 (m, 2H),
1.93 (m, 1H), 1.75 (m, 1H); °C NMR (125 MHz, CDCls) § 165.7, 160.0, 159.5, 159.4, 150.1,

146.2, 143.4, 138.7, 131.2, 130.2, 129.4, 128.4, 126.1, 123.7, 123.5, 122.2, 121.0, 116.1, 115.4,



Zhao, H. et al. Supporting Information S28

113.3, 111.2, 106.6, 101.9, 64.4, 58.3, 56.3, 56.1, 55.6, 37.5, 33.0, 10.1; IR (film) vmax 3398,
2999, 2935, 2833, 1701, 1670, 1602, 1527, 1500, 1483, 1400, 1358, 1275, 1242, 1207, 1180,
1078, 1053, 1022, 916 cm’l; HRMS (FAB) m/z: [M + Na+] caled for C;;H31NNaOy, calcd

584.1897; found, 584.1899.

o\
i) :
MeO ~ N o
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N-(7-((2S,4R)-4-hydroxytetrahydro-2H-pyran-2-yloxy)-6-methoxy-8-methyl-2-0xo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (21c): Compound 21c (29 mg, 29%)
was obtained as a colorless amorphous solid. '"H NMR (500 MHz, CDCls) & 8.79 (s, 1H), 8.75 (s,
1H), 7.92 (dd, J = 2.4, 8.5 Hz, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H), 7.12 (dt, J
= 1.5, 7.8 Hz, 1H), 7.09 (t, J = 2.7 Hz, 1H), 7.07 (d, J = 8.6 Hz, 1H), 6.93 (ddd, J = 1.2, 2.6, 8.6
Hz, 1H), 6.85 (s, 1H), 5.64 (t, J = 2.9 Hz, 1H), 4.35 (m, 1H), 4.13 (dt, J=2.7, 11.1 Hz, 1H), 3.90
(s, 3H), 3.89 (s, 3H), 3.86 (s, 3H), 3.82 (dt, J = 3.6, 11.1 Hz, 1H), 2.46 (m, 1H), 2.42 (s, 3H),
2.02 (m, 1H), 1.77 (td, J = 3.5, 10.3 Hz, 1H), 1.67 (m, 1H), 1.59 (d, J = 4.5 Hz, 1H); °C NMR
(125 MHz, CDCl;) 6 165.7, 160.0, 159.5, 159.5, 150.1, 146.5, 143.5, 138.7, 131.2, 130.1, 129.3,
128.3, 126.1, 123.8, 123.2, 122.1, 120.5, 115.7, 115.4, 113.3, 111.1, 106.7, 101.4, 63.9, 60.7,
56.2, 56.0, 55.5, 39.7, 34.9, 9.8; IR (film) vinax 3401, 2992, 2847, 1709, 1670, 1605, 1527, 1501,
1367, 1242, 1205, 1182, 1113, 1057, 997, 974 c¢m™'; HRMS (FAB) m/z: [M + Na'] calcd for

C31H3:NNaO,, calcd 584.1897; found, 584.1903.



Zhao, H. et al. Supporting Information S29

N-(7-((2R,3R,4R,6S)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yloxy)-8-
methyl-2-oxo-2H-chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (23a): Compound
22 (237 mg, 82%) was obtained as a colorless amorphous solid and used without further
purification.

Pyridinium p-toluenesulfonate (16 mg, 0.16 mmol) was added to a solution of 22 (230 mg,
0.33 mmol) in methanol (4 mL) at rt. The reaction mixture was stirred at rt for 48 h, quenched
with saturated sodium bicarbonate, then solvent was removed. The residue was diluted with
water and extracted with ethyl acetate (3 x 5 mL), and then the combined organic layers were
washed with saturated sodium chloride solution, dried over anhydrous Na,SO4 and concentrated.
The crude residue) was carried on to deprotection without further purification.

Palladium on carbon (10%, 30 mg) was added to the crude intermediate in ethanol (5 mL) and
the solution was placed under an atmosphere of H,. After 48 h, the solution was purified via
column chromatography (SiO,, 100:8, CH,Cl,:MeOH) to yield triol 23a as a colorless amorphous
solid (112 mg, 60%). '"H NMR (500 MHz, CDCls) & 8.72 (s, 1H), 8.67 (s, 1H), 7.91 (d, J = 2.4
Hz, 1H), 7.89 (m, 1H), 7.35 (t, J=7.6 Hz, 1H), 7.24 (d, J= 8.2 Hz, 1H), 7.07-7.14 (m, 3H), 7.04
(d, J=8.8 Hz, 1H), 6.92 (ddd, J = 0.9, 2.7, 8.2 Hz, 1H), 5.57 (d, J = 3.6 Hz, 1H), 4.16 (m, 2H),
3.88 (s, 3H), 3.85 (s, 3H), 3.84 (m, 1H), 3.75 (m, 1H), 3.67 (d, J = 10.9 Hz, 1H), 3.55 (m, 1H),
3.26 (d, J = 8.7 Hz, 1H), 2.99 (d, J = 7.5 Hz, 1H), 2.32 (s, 3H), 1.90 (m, 2H); *C NMR (125
MHz, CDCls) 6 165.7, 160.0, 159.4, 159.3, 156.2, 149.0, 138.7, 131.1, 130.1, 129.3, 128.4,
126.0, 124.0, 122.4, 122.1, 115.5, 115.4, 115.1, 113.2, 112.4, 111.1, 99.3, 73.0, 68.0, 67.6, 65.0,
64.9, 56.0, 55.4, 33.7, 8.7; IR (film) vmax 3398, 3352, 2923, 2871, 2852, 1708, 1629, 1605, 1577,
1527, 1500, 1483, 1431, 1369, 1245, 1207, 1124, 1076, 985 cm™'; HRMS (FAB) m/z: [M + Na']

calcd for C31H3NNaOy, calcd 600.1846; found, 600.1840.
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N-(7-((2R,3R,4R,6S)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yloxy)-8-
methoxy-2-0x0-2H-chromen-3-yl)-3,6-dimethoxybiphenyl-3-carboxamide (23b): Compound
23b (26 mg, 57%) was obtained as a colorless amorphous solid. '"H NMR (500 MHz, CDCls) &
8.72 (s, 1H), 8.65 (s, 1H), 7.83 (dd, J = 2.4, 8.6 Hz, 1H), 7.81 (d, J = 2.4 Hz, 1H), 7.30 (t, J = 8.2
Hz, 1H), 7.16 (d, J = 8.9 Hz, 1H), 6.94-7.07 (d, J = 2.4, 8.9 Hz, 1H), 7.05 (dt, J = 1.7, 8.2 Hz,
1H), 7.02 (t, J = 2.6 Hz, 1H), 7.00 (d, J = 8.6 Hz, 1H), 6.86 (ddd, J = 0.9, 2.6, 8.3 Hz, 1H), 5.60
(d, J=3.4 Hz, 1H), 4.16 (m, 1H), 4.09 (m, 1H), 3.98 (s, 3H), 3.82 (s, 3H), 3.79 (s, 3H), 3.72 (m,
1H), 3.60 (bs, 1H), 3.56 (t, J =4.1 Hz, 1H), 3.50 (m, 1H), 3.27 (d, J = 9.5 Hz, 2H), 1.88 (m, 2H);
BC NMR (125 MHz, CDCls) 6 165.6, 159.9, 159.3, 158.4, 150.0, 143.7, 138.5, 137.5, 131.0,
130.0, 129.2, 128.3, 125.7, 123.5, 122.9, 122.8, 122.0, 116.4, 115.3, 114.0, 113.1, 111.0, 99.7,
68.0, 67.6, 65.1, 64.8, 61.8, 55.9, 55.4, 32.8; IR (film) vimax 3402, 3390, 2937, 2837, 1714, 1670,
1605, 1527, 1502, 1483, 1461, 1367, 1274, 1246, 1207, 1180, 1081, 1051, 976 cm™'; HRMS

(FAB) m/z: [M + Na'] caled for C3;H3;NNaO;, calcd 616.1794; found, 616.1786.
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OHon 23c
N-(7-((2R,3R,4R,6S)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yloxy)-6-
methoxy-8-methyl-2-oxo0-2H-chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (23c):
Compound 23c¢ (33 mg, 63%) was obtained as a colorless amorphous solid. "H NMR (500 MHz,
CDCl3) & 8.70 (s, 1H), 8.69 (s, 1H), 7.84 (d, J = 2.4, 8.4 Hz, 2H), 7.82 (d, J = 2.4 Hz, 1H), 7.30

(t, J = 7.8 Hz, 1H), 7.05 (dt, J = 1.8, 8.2 Hz, 1H), 7.02 (t, J = 2.2 Hz, 1H), 6.96 (d, J = 7.8 Hz,
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1H), 6.87 (dd, J =2.7, 8.7 Hz, 1H), 6.79 (s, 1H), 5.25 (d, J = 4.1 Hz, 1H), 4.58 (m, 1H), 4.15 (m,
1H), 4.01 (d, J = 6.4 Hz, 1H), 3.87 (s, 3H), 3.82 (s, 3H), 3.79 (s, 3H), 3.70 (m, 2H), 3.56 (m,
1H), 3.08 (d, J = 6.3 Hz, 1H), 2.41 (s, 3H), 1.94 (m, 1H), 1.77 (m, 1H). °C NMR (125 MHz,
CDCls) § 165.6, 159.9, 159.3, 159.0, 148.9, 146.2, 143.3, 138.5, 131.0, 130.0, 129.2, 128.3,
125.7,123.7, 123.0, 122.0, 121.1, 116.3, 115.3, 113.1, 111.0, 106.3, 104.0, 68.7, 67.0, 65.6, 64.5,
56.1, 55.9, 55.4, 32.3, 10.0; IR (film) vmnax 3400, 3390, 2938, 2844, 1713, 1670, 1606, 1529,
1500, 1483, 1460, 1369, 1273, 1247, 1205, 1180, 1081, 1051, 976 cm™'; HRMS (FAB) m/z: [M +

Na+] calcd for Cs5,H33NNaOq1, caled 630.1951; found, 630.1953.

O\
i
ISASH
i
HO OH

N-(7-((2S)-3,4-dihydroxytetrahydrofuran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-
3",6-dimethoxybiphenyl-3-carboxamide (25a): Compound 24a (98 mg, 80%) was obtained as
a colorless amorphous solid and used without further purification.

A solution of 24a (90 mg, 0.16 mmol) in THF:H,O:MeOH (3:1:1, 3 mL) was treated with
LiOH (20 mg, 0.48 mmol), then stirred at rt for 2 h. The resulting reaction mixture was stirred at
rt for 2 h, cooled to 0°C, then acidified to pH ~4 with 5% aqueous HCI. The organic layer was
separated and the aqueous layer was extracted with dichloromethane (3 x 20 mL). The combined
organic layers were dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
crude residue was purified via column chromatography (SiO,, 100:5, CH,Cl,:MeOH) to yield
diol 25a as a colorless amorphous solid (72 mg, 84%). '"H NMR (500 MHz, CDCls) & 8.76 (s,
1H), 8.70 (s, 1H), 7.90 (dd, J = 2.4, 8.5 Hz, 1H), 7.88 (d, J = 2.3 Hz, 1H), 7.36 (t, J = 7.9 Hz,

1H), 7.30 (d, J = 8.6 Hz, 1H), 7.12 (dt, J = 1.2, 7.8 Hz, 1H), 7.09 (t, J = 2.4 Hz, 1H) 7.08 (d, J =
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8.8 Hz, 1H), 7.06 (d, J = 8.8 Hz, 1H), 6.93 (dd, J = 2.4, 8.3 Hz, 1H), 5.68 (s, 1H), 4.59 (m, 1H),
4.46 (d, J = 4.7 Hz, 1H), 4.23 (dd, J = 5.0, 10.0 Hz, 1H), 4.00 (dd, J = 3.2, 10.0 Hz, 1H) 3.89 (s,
3H), 3.86 (s, 3H), 3.33 (bs, 1H), 2.88 (bs, 1H), 2.28 (s, 3H); °C NMR (125 MHz, CDCl;) &
165.7, 159.8, 159.4, 159.3, 156.0, 149.0, 138.6, 131.0, 129.9, 129.2, 128.2, 125.9, 125.7, 124.3,
122.0, 121.9, 115.3, 115.0, 114.3, 113.1, 111.9, 111.0, 106.5, 76.5, 73.2, 70.7, 55.9, 55.3, 8.4; IR
(film) vinax 3409, 3401, 2938, 2838, 1712, 1670, 1605, 1526, 1483, 1367, 1274, 1246, 1205,
1181, 1054, 1020, 972 cm’l; HRMS (FAB) m/z: [M + Na+] caled for C,9H7NNaOy, calcd

556.1584; found, 556.1692.

HO OH
N-(7-((2S)-3,4-dihydroxytetrahydrofuran-2-yloxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-
3',6-dimethoxybiphenyl-3-carboxamide (25b): Compound 25b (39 mg, 68%) was obtained as
a colorless amorphous solid."H NMR (500 MHz, CDCls) 6 8.81 (s, 1H), 8.73 (s, 1H), 7.92 (d, J =
8.8 Hz, 1H), 7.90 (s, 1H), 7.38 (t, J = 8.4 Hz, 1H), 7.28 (d, J = 9.2 Hz, 1H), 7.24 (s, 1H), 7.15 (t,
J=10.4 Hz, 1H), 7.11 (s, 1H), 7.08 (d, J = 8.2 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H), 5.67 (d, J = 4.1
Hz, 1H), 4.30 (m, 3H), 4.13 (d, J = 10.1 Hz, 1H), 4.07 (s, 3H), 3.91 (s, 3H), 3.88 (s, 3H), 3.52
(bs, 1H), 3.14 (bs, 1H); 3C NMR (125 MHz, CDCl;) & 165.6, 159.9, 159.4, 158.5, 150.0, 143.7,
138.6, 138.0, 131.1, 130.0, 129.2, 128.2, 125.8, 123.5, 122.9, 122.7, 122.0, 116.5, 115.4, 115.3,
113.2, 111.1, 101.6, 74.7, 73.2, 69.4, 62.1, 55.9, 55.3; IR (film) vimax 3479, 3406, 2938, 2837,
1713, 1670, 1605, 1525, 1481, 1367, 1274, 1244, 1207, 1180, 1053, 1020, 972 cm™; HRMS

(FAB) m/z: [M + Na'] caled for C,90H27NNaO, caled 572.1533; found, 572.1523.
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HO OH
N-(7-((2S)-3,4-dihydroxytetrahydrofuran-2-yloxy)-6-methoxy-8-methyl-2-oxo-2H-
chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide (25c): Compound 25c¢ (44 mg, 81%)
was obtained as a colorless amorphous solid."H NMR (500 MHz, CDCls) & 8.99 (s, 1H), 8.71 (s,
1H), 8.00 (dt, J = 2.3, 8.6 Hz, 1H), 7.94 (t, J = 2.3 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.27 (d, J =
8.8 Hz, 1H), 7.20 (s, 1H) , 7.14 (s, 1H), 7.14 (dt, J = 2.4, 10.4 Hz, 1H), 6.95 (dd, J = 2.4, 8.3 Hz,
1H), 5.66 (s, 1H), 4.65 (m, 1H), 4.33 (d, J = 4.5 Hz, 1H), 4.24 (m, 2H), 3.94 (s, 3H), 3.92 (s,
3H), 3.84 (s, 3H), 3.78 (dd, J = 5.2, 8.9 Hz, 1H), 2.29 (s, 3H); °C NMR (125 MHz, CDCl3) &
165.9, 160.4, 159.3, 150.8, 145.8, 144.0, 139.9, 131.4, 130.8, 129.9, 129.3, 127.0, 124.4, 124.2,
124.1, 122.7, 121.3, 116.6, 116.2, 113.5, 112.3, 110.2, 107.9, 76.6, 73.7, 71.1, 56.5, 56.3, 55.5,
9.5; IR (film) wvmax 3400, 3375, 2937, 2840, 1707, 1670, 1602, 1577, 1526, 1500, 1483, 1458,
1382, 1242, 1207, 1180, 1095, 1081, 1022, 960 cm™; HRMS (FAB) m/z: [M + Na'] calcd for

C30H20NNaO;, caled 586.1689; found, 586.1697.

N-(7-((2R)-3-hydroxytetrahydrofuran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (27a): Compound 26a (144 mg, 88%) was obtained as a
colorless amorphous solid and used without further purification.

TBAF (1.0 M in THF, 0.4 mL, 0.4 mmol) was added dropwise to a solution of 27a (130 mg,

0.2 mmol) in THF (3 mL) at rt. The resulting mixture was stirred at rt for 1 h, quenched with
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water and extracted with ethyl acetate (3 x 10 mL). The combined organic extracts were washed
with saturated sodium chloride solution, dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The crude residue was purified via column chromatography (SiO,, 100:1,
CH,CI,:MeOH) to yield 27a and 28a (97 mg, 74%) as a mixture of diastereomers in a 7:6 ratio,
respectively. Compound 27a (52 mg, 40%) was obtained as a colorless amorphous solid. 'H
NMR (500 MHz, CDCI3) 6 8.80 (s, 1H), 8.72 (s, 1H), 7.93 (dd, J=2.4, 8.5 Hz, 1H), 7.91 (d, J =
2.3 Hz, 1H), 7.39 (t, J="7.9 Hz, 1H), 7.33 (d, J = 8.6 Hz, 1H), 7.13 (dt, J = 3.4, 4.0 Hz, 3H), 7.09
(d, J = 8.6 Hz, 1H), 6.95 (dd, J = 2.2, 7.9 Hz, 1H), 5.69 (s, 1H), 4.61 (t, J = 4.7 Hz, 1H), 4.25
(dd, J=8.0, 16.0 Hz, 1H), 4.14 (td, J = 4.1, 8.9 Hz, 1H), 3.92 (s, 3H), 3.88 (s, 3H), 2.46 (dt, J =
6.8, 13.6 Hz, 1H), 2.29 (s, 3H), 2.24 (d, J = 5.3 Hz, 1H), 2.05 (m, 1H); °C NMR (125 MHz,
CDCI3) & 165.7, 159.9, 159.6, 159.5, 156.1, 149.2, 138.7, 131.2, 129.3, 128.3, 126.2, 125.8,
125.2,124.4,122.1, 122.1, 115.4, 115.2, 114.3, 113.3, 112.1, 111.2, 106.6, 76.1, 67.8, 56.0, 55.5,
32.5, 8.5; IR (film) wmax 3404, 2951, 2939, 2902, 1712, 1670, 1649, 1629, 1605, 1527, 1502,
1481, 1369, 1265, 1207, 1105, 1065, 1033, 993, 962 cm™; HRMS (FAB) m/z: [M + Na'] calcd

for C,9H,7NNaOsg, calcd 540.1634; found, 540.1622.
o\
H
TroOo
o
OH 28a

N-(7-((2S)-3-hydroxytetrahydrofuran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (28a): Compound 28a (45 mg, 34%) was obtained as a
colorless amorphous solid."H NMR (500 MHz, CDCls) & 8.77 (s, 1H), 8.70 (bs, 1H), 7.91 (dd, J
=24, 8.5 Hz, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 7.30 (d, J = 8.7 Hz, 1H),
7.08-7.14 (m, 3H), 7.06 (d, J = 8.7 Hz, 1H), 6.93 (ddd, J = 0.9, 2.6, 8.4 Hz, 1H), 5.66 (s, 1H),

458 (t, J = 5.1 Hz, 1H), 4.24 (q, J = 8.2 Hz, 1H), 4.11 (dt, J = 4.3, 9.1 Hz, 1H), 3.89 (s, 3H),
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3.86 (s, 3H), 2.43 (m, 1H), 2.28 (d, J = 4.1 Hz, 1H), 2.26 (s, 3H), 2.02 (m, 1H); *C NMR (125
MHz, CDCl3) § 165.7, 159.9, 159.6, 159.4, 156.0, 149.2, 138.7, 131.1, 130.0, 129.3, 128.3,
126.1, 125.8, 124.4, 122.1, 122.0, 115.4, 115.1, 114.3, 113.3, 112.1, 111.1, 106.5, 76.1, 67.8,
56.0, 55.5, 32.4, 8.5; IR (film) vimax 3400, 2948, 2942, 2889, 1711, 1668, 1649, 1605, 1527, 1505,
1484, 1370, 1267, 1204, 1106, 1067, 1034, 993, 963 cm™'; HRMS (FAB) m/z: [M + Na'] calced

for C,9H,7NNaOsg, caled 540.1634; found, 540.1627.

N-(7-((2R)-4-hydroxytetrahydrofuran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (30a): Compound 29a (160 mg, 82%) was obtained as a
colorless amorphous solid and used without further purification.

TBAF (1.0M in THF, 0.5 mL, 0.5 mmol) was added dropwise to solution of 29a (157 mg, 0.25
mmol) in THF (4 mL) at rt. The reaction mixture was stirred at rt for 1 h, quenched with water
and extracted with ethyl acetate (3 x 10 mL). The combined organic extracts were washed with
saturated sodium chloride solution, dried over anhydrous Na,SOs, filtered and concentrated. The
crude residue was purified via column chromatography (SiO,, 100:1, CH,Cl,:MeOH) to yield
30a and 31a (96 mg, 75%) as a mixture of diastereomers in a 4:3 ratio, respectively. Compound
30a (55 mg, 43%) was obtained as a colorless amorphous solid. 'H NMR (500 MHz, CDCl;) &
8.80 (s, 1H), 8.71 (bs, 1H), 7.91 (dd, J = 2.4, 8.6 Hz, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.36 (t,J =
7.9 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 7.19 (d, J = 8.8 Hz, 1H), 7.12 (dt, J = 1.78, 8.0 Hz, 1H),
7.09 (t, J=2.6 Hz, 1H), 7.1 (d, J = 8.8 Hz, 1H), 6.93 (ddd, J = 0.8, 2.6, 8.3 Hz, 1H), 6.03 (dd, J

=2.7,5.6 Hz, 1H), 4.73 (m, 1H), 4.11 (dd, J = 4.3, 9.9 Hz, 1H), 3.95 (dt, J = 1.4, 9.9 Hz, 1H),
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3.90 (s, 3H), 3.86 (s, 3H), 2.54 (ddd, J = 3.0, 6.3, 14.6 Hz, 1H), 2.41 (m, 1H), 2.30 (s, 3H), 2.29
(bs, 1H); *C NMR (125 MHz, CDCls) 8 165.7, 159.9, 159.4, 156.7, 149.2, 138.7, 131.1, 130.1,
129.3, 128.3, 126.2, 125.8, 125.2, 124.4, 122.1, 122.1, 115.4, 115.2, 114.4, 113.3, 112.4, 111.1,
102.9, 75.1, 71.6, 56.0, 55.5, 43.1, 8.5; IR (film) vimax 3404, 2923, 2845, 1711, 1670, 1606, 1526,
1502, 1369, 1242, 1205, 1178, 1115, 1057, 995, 974 cm™'; HRMS (FAB) m/z: [M + Na'] caled

for C,9H,7NNaOsg, calcd 540.1634; found, 540.1629.
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31a
N-(7-((2S)-4-hydroxytetrahydrofuran-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (31a): Compound 3la (41 mg, 32%) was obtained as a
colorless amorphous solid. '"H NMR (500 MHz, CDCl;) & 8.80 (s, 1H), 8.72 (bs, 1H), 7.91 (dd, J
=2.5, 8.6 Hz, 1H), 7.89 (d, J = 2.3 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H),
7.16 (d, J = 8.6 Hz, 1H), 7.12 (dt, J = 1.5, 7.7 Hz, 1H), 7.09 (t, = 2.6 Hz, 1H), 7.07 (d, J = 8.6
Hz, 1H), 6.93 (ddd, J = 0.8, 2.6, 8.4 Hz, 1H), 5.59 (d, J = 4.3 Hz, 1H), 4.47 (m, 1H), 4.18 (dt, J =
4.1, 8.9 Hz, 1H), 3.98 (q, J = 8.3 Hz, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 2.45 (d, J = 9.8 Hz, 1H),
2.39 (m, 1H), 2.36 (s, 3H), 2.09 (m, 1H); >C NMR (125 MHz, CDCl3) & 165.7, 159.9, 159.4,
153.9, 149.1, 138.7, 131.1, 130.1, 129.3, 128.3, 126.1, 125.9, 125.1, 124.1, 122.4, 122.1, 115.6,
1154, 1149, 113.2, 113.2, 111.1, 100.6, 73.0, 66.6, 56.0, 55.4, 31.7, 8.7; IR (film) vinax 3400,
2925, 2845, 1707, 1670, 1605, 1527, 1500, 1367, 1242, 1205, 1180, 1113, 1077, 1034, 987, 974

cm'l; HRMS (FAB) m/z: [M + Na+] calcd for C,9H,7NNaOg, caled 540.1634; found, 540.1632.

O\
H
N
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HO 2

OH a
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N-(7-((2R,3R,4R)-3,4-dihydroxyoxepan-2-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3’,6-
dimethoxybiphenyl-3-carboxamide (33a): Compound 32a (180 mg, 78%) was obtained as a
colorless amorphous solid and used without further purification.

A solution of 32a (172 mg, 0.29 mmol) in THF:H,O:MeOH (3:1:1, 5 mL) was treated with
LiOH (37 mg, 0.88 mmol) at rt. The reaction mixture stirred at rt for 2 h, cooled to 0°C, then
acidified to pH ~4 with 5% aqueous HCI. The organic layer was separated and the aqueous layer
was extracted with dichloromethane (3 x 20 mL). The combined organic layers were washed
with saturated sodium chloride solution, dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The crude residue was purified via column chromatography (SiO,, 100:5,
CH,Cl:MeOH) to yield diol 33a (118 mg, 68%) as a colorless amorphous solid. 'H NMR (500
MHz, CDCls) & 8.74 (s, 1H), 8.65 (s, 1H), 7.85 (dd, J = 2.5, 8.6 Hz, 1H), 7.82 (d, J = 2.6 Hz,
1H), 7.30 (t, J = 8.2 Hz, 1H), 7.29 (d, J=9.0 Hz, 1H), 7.05 (dt, J = 1.2, 9.1 Hz, 1H), 7.03 (t, J =
2.4 Hz, 1H), 7.02 (d, J = 8.1 Hz, 1H), 6.99 (d, J = 8.8 Hz, 1H), 6.86 (ddd, J = 0.9, 2.7, 8.3 Hz,
1H), 5.39 (d, J = 2.7 Hz, 1H), 4.22 (m, 1H), 3.95 (dd, J = 3.1, 8.8 Hz, 2H), 3.83 (s, 3H), 3.79 (s,
3H), 3.58 (dd, J = 3.1, 10.5 Hz, 1H), 2.88 (d, J = 5.3 Hz, 1H), 2.32 (s, 3H), 2.20 (d, J = 6.5 Hz,
1H), 2.10 (m, 1H), 1.87 (m, 1H), 1.76 (m, 1H), 1.65 (m, 1H); *C NMR (125 MHz, CDCl;) &
165.6, 159.8, 159.3, 155.8, 149.0, 138.6, 131.1, 130.0, 129.2, 128.2, 126.0, 125.8, 123.9, 122.4,
122.0, 116.2, 115.6, 115.3, 114.9, 113.1, 112.7, 111.0, 98.8, 75.8, 71.5, 65.3, 55.9, 55.3, 29.9,
25.7, 8.7; IR (film) vmax 3402, 3350, 2931, 2877, 2834, 1697, 1670, 1606, 1531, 1504, 1369,
1238, 1207, 1182, 1097, 1076, 995, 970 c¢m'; HRMS (FAB) m/z: [M + Na'] calcd for

C31H31NOyNa, calcd 584.1897; found, 584.1884.

Representative procedure for Mitsunobu coupling with sugar mimics:
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OMe
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N-(7-(5,5-dimethylcyclohex-2-enyloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (40a). Diisopropylazodicarboxylate (231 mg, 1.14 mmol)
was added to a solution of allylic alcohol 37 (72 mg, 0.57 mmol), phenol 6a (247 mg, 0.57
mmol) and triphenylphosphine (299 mg, 1.14 mmol) in anhydrous THF (10 mL). After 2 h, the
solvent was removed and the residue purified via column chromatography (SiO,, 100:1,
CH,Cly:acetone) to afford compound 40a as a colorless amorphous solid (143 mg, 47 %). 'H
NMR (400 MHz, CDCls) ¢ 8.81 (s, 1H), 8.72 (s, 1H), 7.95-7.92 (m, 2H), 7.40-7.28 (m, 2H),
7.16-7.07 (m, 3H), 6.96-6.93 (m, 2H), 5.92-5.85 (m, 2H), 4.95 (m, 1H), 3.91 (s, 3H), 3.88 (s,
3H), 2.32 (s, 3H), 2.07-1.67 (m, 4H), 1.09 (s, 3H), 1.03 (s, 3H). °C NMR (100 MHz, CDCl5) &
165.6, 159.9, 159.7, 159.5, 157.9, 149.6, 138.8, 131.1, 130.5, 130.1, 129.3, 128.3, 126.3, 125.7,
125.0, 124.6, 122.2, 121.6, 115.4, 115.2, 113.32, 113.28, 111.1, 110.4, 73.0, 56.0, 55.5, 41.6,
39.2,30.7, 30.5, 27.2, 8.5. IR (film) vmax 3405, 3031, 2950, 2927, 2868, 1710, 1672, 1605, 1524,
1500, 1367, 1267, 1242, 1205, 1180, 1101, 1022 cm™. HRMS (ESI") m/z: [M + H'] calcd for

C33H34NOg, 540.2386; found 540.2382.

OMe
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N-(7-(5,5-dimethylcyclohex-2-enyloxy)-8-methoxy-2-oxochromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (40b). Compound 40b was obtianed as a white
amorphorous solid (32 mg, 71%). "H NMR (400 MHz, CDCl;) & 8.73 (s, 1H), 8.64 (s, 1H), 7.85—

7.81 (m, 2H), 7.29 (t, J = 8.1 Hz, 1H), 7.14 (d, J = 8.7 Hz, 1H), 7.06-6.99 (m, 3H), 6.91 (d, J =
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8.7 Hz, 1H), 6.87-6.85 (m, 1H), 5.83-5.75 (m, 2H), 4.89 (m, 1H), 3.91 (s, 3H), 3.83 (s, 3H),
3.79 (s, 3H), 1.96-1.61 (m, 4H), 0.9 (s, 3H), 0.93 (s, 3H). *C NMR (100 MHz, CDCls) § 165.5,
159.8, 159.3, 159.0, 152.6, 144.3, 138.6, 137.4, 131.0, 130.4, 130.0, 129.2, 128.2, 126.0, 124.8,
124.0, 122.4, 122.1, 122.0, 115.2, 114.5, 113.2, 1112.8, 111.0, 74.0, 61.5, 55.9, 55.3, 41.4, 39.0,
30.9, 30.6, 26.7. IR (film) vimax 3402, 3085, 3025, 2920, 2847, 1714, 1670, 1603, 1522, 1500,
1367, 1278, 1246, 1148, 1099, 1082, 1022 cm’. HRMS (ESI) m/z: [M + Na'] calcd for

Cs33H33NO7Na, 578.2155; found 578.2150.

OMe
éﬂ\eo N HOMe
omo © O
N-(7-(5,5-dimethylcyclohex-2-enyloxy)-6-methoxy-8-methyl-2-oxochromen-3-yl)-3,6-
dimethoxybiphenyl-3-carboxamide (40c). Compound 40c was obtianed as a white
amorphorous solid (73 mg, 88%). "H NMR (400 MHz, CDCl;) & 8.78 (s, 1H), 8.75 (s, 1H), 7.95—
7.90 (m, 2H), 7.36 (t, J = 8.2 Hz, 1H), 7.14-7.05 (m, 3H), 6.93 (d, J = 8.1 Hz 1H), 6.84 (s, 1H),
5.82-5.78 (m, 2H), 4.76 (m, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H), 2.38 (s, 3H), 2.09-1.67
(m, 4H), 1.04 (s, 3H), 0.91 (s, 3H). °C NMR (100 MHz, CDCl3) & 165.5, 159.8, 159.4, 159.3,
150.4, 147.8, 143.5, 138.6, 131.0, 130.0, 129.2, 129.0, 128.2, 126.6, 126.1, 123.8, 122.8, 122.0,
120.8, 115.3, 115.1, 113.1, 111.0, 106.5, 78.1, 56.0, 55.9, 55.3, 42.4, 39.1, 31.3, 30.9, 26.2, 9.9.
IR (film) vmax 3406, 3084, 3028, 2999, 2943, 2899, 2864, 1697, 1672, 1605, 1580, 1535, 1501,
1371, 1279, 1234, 1207, 1180, 1099, 1016 cm”. HRMS (EST") m/z: [M + Na'] calcd for

Cs34H3sNO7Na, 592.2311; found 592.2324.

OMe
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3',6-dimethoxy-N-(8-methyl-7-(5-methylcyclohex-2-enyloxy)-2-oxo-2H-chromen-3-
yl)biphenyl-3-carboxamide (41a). Compound 41a was obtianed as a white amorphorous solid
(180 mg, 55%). 'H NMR (400 MHz, CDCl;) & 8.81 (s, 1H), 8.72 (s, 1H), 7.94-7.92 (m, 2H),
7.40-7.33 (m, 2H), 7.16-7.07 (m, 3H), 6.97-6.95 (m, 2H), 6.08-5.92 (m, 2H), 4.86 (m, 1H),
3.91 (s, 3H), 3.88 (s, 3H), 2.35 (s, 3H), 2.33-2.28 (m, 1H), 2.09-1.60 (m, 4H), 1.07 (m, 3H). *C
NMR (100 MHz, CDCl3) 6 165.6, 159.9, 159.7, 159.5, 157.8, 149.6, 138.8, 133.7, 131.1, 130.1,
129.3, 128.3, 126.3, 125.7, 124.6, 124.4, 122.1, 121.6, 115.4 (2C), 113.4, 113.3, 111.1, 110.8,
71.4, 56.0, 55.5, 36.6, 33.9, 24.1, 21.7, 8.6. IR (film) vinax 3402, 3032, 2980, 2906, 2826, 1713,

1676, 1607, 1554, 1375, 1251, 1093 cm™'. HRMS (ESI") m/z: [M + H'] calcd for C3,H3,NOg,

OMe
1 :
N N OMe
O (6} Oo
OMe

3',6-dimethoxy-N-(8-methoxy-7-(5-methylcyclohex-2-enyloxy)-2-oxochromen-3-

516.2230; found 526.2229.

yl)biphenyl-3-carboxamide (41b). Compound 41b was obtianed as a white amorphorous solid
(38 mg, 81%). 'H NMR (500 MHz, CDCl3) § 8.73 (s, 1H), 8.64 (s, 1H), 7.85-7.81 (m, 2H), 7.29
(t, J=8.3 Hz, 1H), 7.13 (d, J = 8.2 Hz, 1H), 7.06-7.02 (m, 3H), 6.91 (d, J = 8.2 Hz, 1H), 6.87—
6.85 (m, 1H), 6.01-5.99 (m 1H), 5.87-5.83 (m, 1H), 4.80 (m, 1H), 3.91 (s, 3H), 3.83 (s, 3H),
3.79 (s, 3H), 2.19-2.15 (m, 1H), 2.10-1.98 (m, 2H), 1.64-1.57 (m, 1H), 1.44-1.38 (m, 1H). 0.95
(d, 3H). ’C NMR (125 MHz, CDCl3) 8 165.5, 159.8, 159.3, 159.0, 152.6, 144.2, 138.6, 137.6,
133.8, 131.0, 130.0, 129.2, 128.2, 126.0, 124.1, 124.0, 122.4, 122.05, 122.00, 115.2, 114.5,
113.2, 113.1, 111.0, 72.2, 61.5, 55.9, 55.3, 36.3, 33.8, 23.9, 12.5. IR (film) vmax 3398, 3085,

3028, 2947, 2908, 2833, 1713, 1672, 1605, 1574, 1522, 1502, 1462, 1367, 1275, 11246, 1207,
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1180, 1024 cm”. HRMS (ESI") m/z: [M + Na'] caled for C3,H3NO;Na, 564.1999; found

OMe
i :
MeO N N OMe
O (0] Oo

3',6-dimethoxy-N-(6-methoxy-8-methyl-7-(5-methylcyclohex-2-enyloxy)-2-oxochromen-3-

564.1983.

ylbiphenyl-3-carboxamide (41c). Compound 41c was obtianed as a white amorphorous solid
(64 mg, 96%). "H NMR (400 MHz, CDCls) & 8.73 (s, 1H), 8.68 (s, 1H), 7.86-7.83 (m, 2H), 7.30
(t, J = 8.3 Hz, 1H), 7.07-6.99 (m, 3H), 6.87-6.85 (m, 1H), 6.78 (s, 1H), 5.95-5.91 (m, 1H),
5.80-5.74 (m, 1H), 4.67 (bs, 1H), 3.83 (s, 6H), 3.79 (s, 3H), 2.30 (s, 3H), 2.22-2.15 (m, 2H),
1.97-1.65 (m, 1H), 1.65-1.54 (m, 1H), 1.36-1.25 (m, 1H), 0.95 (d, 3H). *C NMR (100 MHz,
CDCls) 6 165.6, 159.8, 159.5, 159.3, 150.5, 147.6, 143.5, 138.6, 133.0, 131.0, 130.0, 129.2,
128.2, 126.1, 125.5, 123.9, 122.8, 122.0, 120.9, 115.2, 115.0, 113.1, 111.0, 106.5, 75.5, 56.0,
55.9, 55.3, 37.1, 34.0, 23.9, 21.7, 9.7. IR (film) vmax 3408, 3084, 3028, 2943, 2899, 2867, 1697,
1672, 1605, 1580, 1531, 1501, 1371, 1234, 1207, 1178, 1099, 1016 cm™. HRMS (ESI") m/z: [M

+ H+] calcd for C33H34NO7, 556.2335; found 556.2325.

OMe
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N-(7-(cyclohex-2-enyloxy)-8-methyl-2-0x0-2H-chromen-3-yl)-3',6-dimethoxybiphenyl-3-
carboxamide (42a). Compound 42a was obtained as a colorless amorphous solid (103 mg,
56%). '"H NMR (400 MHz, CDCl3) § 8.81 (s, 1H), 8.72 (s, 1H), 7.95-7.92 (m, 2H), 7.40-7.28
(m, 2H), 7.16-7.07 (m, 3H), 6.97-6.93 (m, 2H), 6.03-5.90 (m, 2H), 4.88 (m, 1H), 3.91 (s, 3H),
3.88 (s, 3H), 2.33 (s, 3H), 2.30-2.24 (m, 2H), 2.06-1.90 (m, 3H), 1.81-1.72 (m, 1H). °C NMR

(100 MHz, CDCl3) 6 165.6, 159.9, 159.7, 159.5, 157.8, 149.6, 138.8, 132.8, 131.1, 130.1, 129.3,
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128.3, 126.3, 126.0, 125.7, 124.6, 122.2, 121.6, 115.4, 115.3, 113.4, 113.3, 111.1, 110.8, 72.1,
56.0, 55.5, 28.7, 25.3, 19.1, 8.6. IR (film) vinax 3404, 3041, 2934, 2835, 1709, 1670, 1605, 1526,
1502, 1369, 1267, 1244, 1205, 1180, 1101, 1022 cm™. HRMS (ESI") m/z: [M + H'] calcd for

C31H30NOs, 512.2073; found 512.2077.

OMe
.
ALLT O
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N-(7-(cyclohex-2-enyloxy)-8-methoxy-2-oxochromen-3-yl)-3*,6-dimethoxybiphenyl-3-
carboxamide (42b). Compound 42b was obtianed as a white amorphorous solid (44 mg, 88%).
'H NMR (400 MHz, CDCls) & 8.82 (s, 1H), 8.74 (s, 1H), 7.94-7.92 (m, 2H), 7.39 (t, J = 8.2 Hz,
1H), 7.22 (d, J = 8.3 Hz, 1H), 7.15-7.08 (m, 3H), 7.00-6.95 (m, 2H), 6.03-5.90 (m, 2H), 4.91
(m, 1H), 4.01 (s, 3H), 3.92 (s, 3H), 3.88 (s, 3H), 2.19-2.16 (m, 1H), 2.09-1.91 (m, 3H), 1.71-
1.66 (m, 2H). >C NMR (100 MHz, CDCl3) & 165.6, 159.8, 159.3, 159.0, 152.5, 144.2, 138.6,
137.5, 132.9, 131.1, 130.0, 129.2, 128.2, 126.0, 125.6, 124.0, 122.4, 122.1, 122.0, 115.3, 114.6,
113.2 (2C), 111.0, 72.9, 61.5, 55.9, 55.3, 28.5, 25.1, 18.9. IR (film) vmax 3398, 3083, 3025, 2949,
2918, 2906, 2870, 1713, 1672, 1603, 1574, 1522, 1502, 1462, 1366, 1277, 1248, 1207, 1145,

1022 cm™. HRMS (ESI") m/z: [M + Na'] caled for C3;H,0NO;Na 550.1842; found 550.1844.
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N-(7-(cyclohex-2-enyloxy)-6-methoxy-8-methyl-2-oxochromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (42c). Compound 42c was obtianed as a white
amorphorous solid (59 mg, 80%). "H NMR (400 MHz, CDCl;) & 8.80 (s, 1H), 8.77 (s, 1H), 7.94—

7.92 (m, 2H), 7.38 (t, J=7.9, 1H), 7.15-7.06 (m, 3H), 6.95 (d, J=8.1, 1H), 6.85 (s, 1H), 5.97-5.88
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(m, 2H), 4.77 (bs, 1H), 3.91 (s, 6H), 3.87 (s, 3H), 2.40 (s, 3H), 2.19-2.15 (m, 1H), 2.04-1.81 (m,
4H), 1.66— 1.63(m, 1H). *C NMR (100 MHz, CDCl;) & 165.5, 159.8, 159.4, 159.3, 150.5, 147.5,
143.5, 138.6, 131.9, 131.0, 130.0, 129.2, 128.2, 127.1, 126.1, 123.9, 122.8, 122.0, 120.9, 115.3,
115.0, 113.1, 111.0, 106.5, 76.1, 56.0, 55.9, 55.3,29.2, 25.2, 19.0, 9.8. IR (film) vinax 3403, 3086,
3021, 2935, 2867, 1709, 1670, 1603, 1580, 1524, 1501, 1383, 1242, 1207, 1180, 1094, 1051,

1022 cm™. HRMS (EST") m/z: [M + Na'] calcd for C3,H3;NO;Na, 564.1999; found 564.1990.

Representative procedure for olefin dihydroxylation:

N-(7-((1R,2R,3R)-2,3-dihydroxy-5-methylcyclohexyloxy)-8-methyl-2-oxo-2H-chromen-3-
yl)-3',6-dimethoxybiphenyl-3-carboxamide (43a). A solution of 40a (40 mg, 0.074 mmol) in
acetone (3 mL) was treated with N-Methylmorpholine-N-oxide (17.6 mg, 0.15 mmol), followed
by an aqueous solution of OsOy4 (4%, 47 pL). After 12 h, the solvent was removed and the
residue was purified via column chromatography (SiO,, 20:1, CH,Cl,:acetone) to afford
compound 43a as a white amorphorous solid (34 mg, 80%). '"H NMR (400 MHz, CDCls) & 8.79
(s, 1H), 8.72 (s, 1H), 7.95-7.92 (m, 2H), 7.41-7.33 (m, 2H), 7.16-7.08 (m, 3H), 6.97-6.94 (m,
2H), 4.80—4.70 (m, 1H), 4.26 (m, 1H), 3.92 (s, 3H), 3.88 (s, 3H), 3.78-3.75 (m, 1H), 2.90 (bs,
1H), 2.50 (bs, 1H), 2.48 (s, 3H), 1.90-1.84 (m, 2H), 1.51-1.39 (m, 2H), 1.23 (s, 3H), 1.02 (s,
3H). °C NMR (100 MHz, CDCl;) § 165.7, 160.0, 159.6, 159.5, 157.4, 149.5, 138.8, 131.2,
130.2, 129.4, 128.4, 126.2, 125.9, 124.5, 122.2, 121.8, 115.4, 115.2, 113.7, 113.3, 111.2, 110.5,

76.6, 74.2, 69.6, 56.1, 55.5, 41.8, 41.2, 32.2, 31.1, 29.3, 8.6. IR (film) vmax 3485, 3402, 2928,
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2891, 1710, 1664, 1605, 1531, 1495, 1404, 1371, 1353, 1258, 1095, 1045 cm™'. HRMS (ESI")

m/z: [M + Na+] calcd for C33H35NOgNa, 596.2260; found 596.2263.

OMe
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N-(7-(2,3-dihydroxy-5,5-dimethylcyclohexyloxy)-8-methoxy-2-oxochromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (43b). Compound 43b was obtianed as a white
amorphorous solid (28 mg, 82%). 'H NMR (500 MHz, CDCl;) & 8.74 (s, 1H), 8.65 (s, 1H), 7.85
(dd, J=8.6,2.4, 1H), 7.82 (d, J =2.4 Hz, 1H), 7.30 (t, J = 7.9 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H),
7.06-7.04 (m, 1H), 7.02-7.01 (m, 2H), 6.90 (d, J = 8.8 Hz, 1H), 6.88-6.85 (m, 1H), 4.51-4.47
(m, 1H), 4.18-4.17 (m, 1H), 3.96 (s, 3H), 3.83 (s, 3H), 3.79 (s, 3H), 3.77-3.74 (m, 1H), 3.24 (bs,
1H), 2.37 (bs, 1H), 1.89—1.85 (m, 1H), 1.76-1.72 (m, 1H), 1.45-1.37 (m, 2H), 1.14 (s, 3H), 0.94
(s, 3H). °C NMR (125 MHz, CDCl3) § 165.6, 159.9, 159.3, 158.7, 152.7, 144.1, 138.6, 137.8,
131.1, 130.0, 129.2, 128.2, 125.9, 123.7, 122.8, 122.5, 122.0, 115.5, 115.3, 114.4, 113.1, 111.0,
79.5, 74.8, 69.8, 61.9, 55.9, 55.3, 42.3, 41.6, 32.7, 32.3, 28.6. IR (film) wmax 3480, 3407, 2930,
2870, 1713, 1670, 1605, 1524, 1502, 1461, 1367, 1277, 1244, 1207, 1180, 1049, 1035 cm'.

HRMS (ESI+) m/z: [M + Na+] calcd for C33H35NO9Na, 612.2210; found 612.2203.

OMe
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N-(7-(2,3-dihydroxy-5,5-dimethylcyclohexyloxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-
3-y)-3',6-dimethoxybiphenyl-3-carboxamide (43c). Compound 43c was obtianed as a white
amorphorous solid (52 mg, 83%). 'H NMR (500 MHz, CDCl;) & 8.81 (s, 1H), 8.77 (s, 1H), 7.94—

7.90 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.14-7.04 (m, 3H), 6.96-6.93 (m 1H), 6.89 (s, 1H), 4.40—
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4.39 (m, 1H), 4.20 (m, 1H), 4.09 (s, 1H), 3.95 (s, 3H), 3.91 (s, 3H), 3.87 (s, 3H), 3.80-3.77 (m,
1H), 2.67 (s, 1H), 2.41 (s, 3H), 1.82-1.73 (m, 2H), 1.53-1.40 (m, 2H), 1.07 (S, 3H), 0.97 (s, 3H).
13C NMR (125 MHz, CDCL) § 165.6, 159.9, 159.32, 159.26, 149.4, 146.9, 143.6, 138.6, 131.1,
130.0, 129.2, 128.2, 125.9, 123.5, 123.2, 122.0, 121.0, 115.5, 115.3, 113.1, 111.0, 106.5, 81.8,
75.8, 70.0, 56.1, 55.9, 55.3, 43.7, 41.3, 33.5, 32.3, 28.0, 10.0. IR (film) vmax 3497, 3404, 2955,
2930, 2860, 1716, 1670, 1602, 1580, 1524, 1501, 1464, 1382, 1277, 1245, 1207, 1137, 1074 cm’

' HRMS (EST") m/z: [M + Na'] calcd for C3sH3;NOoNa, 626.2366; found 626.2369.

OMe
1 Q) -
N N OMe
(0]
HO (@) o~ "0
OH

N-(7-((1R,2R,3R)-2,3-dihydroxy-5-methylcyclohexyloxy)-8-methyl-2-oxo-2H-chromen-3-
yl)-3",6-dimethoxybiphenyl-3-carboxamide (44a). Compound 44a was obtianed as a white
amorphorous solid (21 mg, 79%). "H NMR (400 MHz, CDCl;) & 8.78 (s, 1H), 8.70 (s, 1H), 7.93—
7.89 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.32 (d, J = 8.0, 1H), 7.14-7.06 (m, 3H), 6.95-6.93 (m,
2H), 4.77-4.76 (m, 1H), 4.10-4.05 (m, 2H), 3.90 (s, 3H), 3.86 (s, 3H), 2.69 (bs, 1H), 2.29 (s,
3H), 2.11 (bs, 1H), 1.93-1.86 (m, 1H), 1.85-1.71 (m, 2H), 1.56-1.51 (m, 1H), 1.45-1.38 (m,
1H), 0.96 (d, 3H). °C NMR (100 MHz, CDCl;) & 165.7, 160.0, 159.7, 159.5, 156.8, 149.6,
138.8, 131.2, 130.2, 129.4, 128.4, 126.2, 125.9, 124.5, 122.2, 121.8, 115.5, 115.0, 113.6, 113.3,
111.2, 109.9, 76.2, 69.5, 69.0, 56.1, 55.5, 36.7, 32.4, 25.5, 21.9, 8.6. IR (film) vmax 3471, 3407,
2950, 2927, 2869, 1713, 1681, 1605, 1526, 1495, 1404, 1371, 1353, 1259, 1076 cm™'. HRMS

(ESI+) m/z: [M + Na+] calcd for C3,H33NOgNa, 582.2104; found 582.2097.

OMe
i :
x N OMe
HO 0 0o ©
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N-(7-(2,3-dihydroxy-5-methylcyclohexyloxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-3,6-
dimethoxybiphenyl-3-carboxamide (44b). Compound 44b was obtianed as a white
amorphorous solid (28 mg, 68%). "H NMR (500 MHz, CDCl;) & 8.72 (s, 1H), 8.64 (s, 1H), 7.85—
7.81 (m, 2H), 7.29 (t, J = 7.9 Hz, 1H), 7.30 (d, J = 8.8 Hz, 1H), 7.06-6.99 (m, 3H), 6.90-6.87
(m, 2H), 4.66-4.64 (m, 1H), 4.09-4.04 (m, 1H), 4.00-3.98 (m, 1H), 3.90 (s, 3H), 3.83 (s, 3H),
3.79 (s, 3H), 2.47 (bs, 1H), 1.89 (m, 1H), 1.77-1.67 (m, 2H), 1.51-1.54 (m, 1H), 1.39-1.31 (m,
1H), 0.92-0.90 (d, 3H). *C NMR (125 MHz, CDCl;) § 165.6, 159.8, 159.3, 158.9, 151.86,
144.3, 138.6, 137.4, 131.1, 130.0, 129.2, 128.2, 125.9, 123.8, 122.6, 122.3, 122.0, 115.3, 114.9,
113.1, 112.8, 111.0, 77.6, 69.5, 68.7, 61.6, 55.9, 55.3, 36.4, 32.5, 25.3, 21.7. IR (film) viax 3462,
3404, 2930, 2868, 1713, 1670, 1605, 1576, 1524, 1502, 1462, 1367, 1277, 1246, 1207, 1180,

1049, 1024 cm’'. HRMS (ESI+) m/z: [M + Na+] caled for C;3,H33NOgNa, 598.2053; found

OMe
Y :
MeO. N N OMe
HO O (@) Oo
OH

N-(7-(2,3-dihydroxy-5-methylcyclohexyloxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-

598.2053.

yl)-3',6-dimethoxybiphenyl-3-carboxamide (44c). Compound 44c was obtianed as a white
amorphorous solid (42 mg, 93%). "H NMR (500 MHz, CDCl;) & 8.80 (s, 1H), 8.76 (s, 1H), 7.94—
7.90 (m, 2H), 7.38 (t, J=7.9 Hz, 1H), 7.14-7.09 (m, 3H), 6.95-6.93 (m, 1H), 6.86 (s, 1H), 4.48—
4.45 (m, 1H), 4.24-4.22 (m, 1H), 4.06-4.05 (m, 1H), 3.91 (s, 3H), 3.90 (s, 3H), 3.87 (s, 3H),
2.56 (bs, 1H), 2.07-2.05 (m, 1H), 1.99 (bs, 1H), 1.83-1.75 (m, 2H), 1.52-1.44 (m, 2H). 1.02—
1.01 (d, 3H). °C NMR (125 MHz, CDCl3) & 165.8, 160.0, 159.6, 159.5, 150.1, 147.7, 143.6,
138.8, 131.3, 130.2, 129.4, 128.4, 1126.2, 123.9, 123.2, 122.2, 120.3, 115.5, 115.4, 113.3, 111.2,

106.7, 82.1, 71.0, 69.2, 56.2, 56.1, 55.5, 36.6, 34.2, 26.0, 22.0, 9.9. IR (film) vimax 3512, 3404,
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2957, 2930, 2860, 1716, 1670, 1602, 1580, 1523, 1464, 1383, 1277, 1246, 1207, 1074 cm™.

HRMS (ESI") m/z: [M + Na'] calcd for C33H3sNOgNa, 612.2210; found 612.2192.

OMe
1 Q) :
e N OMe
HO O O OO

OH
N-(7-((1R,2R,3R)-2,3-dihydroxycyclohexyloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3’,6-
dimethoxybiphenyl-3-carboxamide (45a). Compound 45a as a colorless amorphous solid (41
mg, 85%). "H NMR (400 MHz, CDCls) & 8.78 (s, 1H), 8.72 (s, 1H), 7.95-7.91 (m, 2H), 7.41—
7.32 (m, 2H), 7.16-7.08 (m, 3H), 6.98-6.94 (m, 2H), 4.65-4.55 (m, 1H), 4.23-4.22 (m, 1H),
3.92 (s, 3H), 3.86 (s, 3H), 3.85 (m, 1H), 2.34 (s, 3H), 2.11-2.08 (m, 1H), 1.95-1.90 (m, 1H),
1.63-1.50 (m, 3H), 1.45-1.42 (m, 1H). °C NMR (100 MHz, CDCl3) § 165.7, 160.0, 159.7,
159.6, 157.4, 149.5, 138.8, 131.3, 130.2, 129.4, 128.4, 126.3, 125.8, 124.4, 122.2, 122.0, 115.5
(20), 114.0, 113.4, 111.24, 111.15, 78.5, 74.5, 69.7, 56.1, 55.5, 29.9, 28.6, 18.4, 8.6. IR (film)
Vinax 3484, 3405, 2949, 2843, 1707, 1639, 1601, 1547, 1531, 1454, 1377, 1274, 1265, 1051, 1014

cm™. HRMS (ESI") m/z: [M + H'] caled for C3;H3,NOs, 546.2128; found 546.2127.

OMe
1 Q) :
x N OMe
HO O O OO

OH OMe
N-(7-(2,3-dihydroxycyclohexyloxy)-8-methoxy-2-0xo0-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (45b). Compound 45b was obtianed as a white
amorphorous solid (41 mg, 87%). 'H NMR (500 MHz, CDCl;) & 8.72 (s, 1H), 8.64 (s, 1H), 7.85—
7.81 (m, 2H), 7.29 (t, J = 8.0 Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.06-6.99 (m, 3H), 6.94 (d, ] =
8.0 Hz, 1H), 6.87-6.86 (m, 1H), 4.32 (m, 1H), 4.14 (m, 1H), 3.96 (s, 3H), 3.83 (s, 3H), 3.79 (s,

3H), 3.73-3.71 (m, 1H), 3.35 (bs, 1H), 2.41 (bs, 1H), 2.10 (m, 1H), 1.85 (m, 1H), 1.67 (m, 1H),
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1.56 (m, 1H), 1.50-1.40 (m, 2H). *C NMR (125 MHz, CDCl;) § 165.6, 159.9, 159.3, 158.7,
152.7, 144.0, 138.5, 137.8, 131.1, 130.0, 129.2, 128.2, 125.9, 123.7, 122.7, 122.5, 122.0, 115.6,
115.3, 114.9, 113.1, 111.0, 81.5, 74.8, 69.6, 61.9, 55.9, 55.8, 55.3, 29.6, 18.3. IR (film) Vinax
3458, 3407, 2930, 2858, 1709, 1668, 1603, 1524, 1501, 1367, 1267, 1244, 1101, 1076, 1018 cm’

' HRMS (EST") m/z: [M + Na'] calcd for C3;H3NOoNa, 584.1897; found 584.1904.

OMe
i !
MeO N N OMe
HO (0] (@) Oo

N-(7-(2,3-dihydroxycyclohexyloxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (45c). Compound 45c was obtianed as a white
amorphorous solid (39 mg, 78%). "H NMR (500 MHz, CDCl;) & 8.70 (s, 1H), 8.67 (s, 1H), 7.84—
7.81 (m, 2H), 7.29 (t, J =7.9 Hz, 1H), 7.06-7.01 (m, 2H), 6.99 (d, J = 8.5 Hz, 1H), 6.84—6.84 (m,
1H), 6.77 (s, 1H), 4.14-4.12 (m, 1H), 4.12-4.10 (m, 1H) 3.96 (bs, 1H), 3.85 (s, 3H), 3.82 (s, 3H),
3.78 (s, 3H), 3.73-3.71 (dd, J = 8.9, 2.9 Hz, 1H), 2.63 (bs, 1H), 2.30 (s, 3H), 1.88-1.83 (m, 2H),
1.55-1.39 (m, 4H). °C NMR (125 MHz, CDCl3) § 165.6, 159.8, 159.3, 159.2, 149.4, 146.7,
143.4, 138.6, 131.0, 130.0, 129.2, 128.2, 125.9, 123.4, 123.2, 122.0, 121.1, 115.5, 115.3, 113.1,
111.0, 106.3, 83.7, 75.6, 69.4, 56.0, 55.9, 55.3, 30.5, 29.4, 18.4, 9.9. IR (film) vinax 3463, 3408,
2937, 2860, 1717, 1672, 1601, 1524, 1502, 1383, 1339, 1236, 1205, 1182, 1051 cm™. HRMS

(ESI+) m/z: [M + Na+] calcd for C3,H33NOgNa, 598.2053; found 598.2054.

OMe
PuTse
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"0 00 ©

Tert-butyl 5-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-

7-yloxy)-5,6-dihydropyridine-1(2H)-carboxylate (47a). Compound 47a was obtained as a light
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yellow amorphous solid (1.57 g, 79%). '"H NMR (400 MHz, CDCls) & 8.82 (s, 1H), 8.72 (s, 1H),
7.94-7.90 (m, 2H), 7.40-7.36 (m, 2H), 7.14-6.93 (m, 3H), 6.96-6.94 (m, 2H), 6.02-5.80 (m,
2H), 4.87 (m, 1H), 4.20-3.99 (m, 2H), 3.91 (s, 3H), 3.87 (s, 3H), 3.77-3.42 (m, 2H), 2.32 (s,
3H), 1.49 (s, 3H), 1.41 (s, 6H). °C NMR (100 MHz, CDCl;) § 165.5, 159.8, 159.5, 159.3, 156.9,
154.6, 149.4, 138.6, 131.0, 130.0, 129.2, 128.8, 128.2, 126.1, 125.6, 125.3, 124.4, 124.2, 122.0,
121.8,115.2, 113.8, 113.1, 111.0, 110.1, 80.2, 70.0, 69.5, 55.9, 55.3, 44.9, 43.7, 43.0, 28.4, 22.0,
21.8, 8.4. IR (film) wmax 3400, 3067, 2976, 2935, 2837, 1705, 1670, 1605, 1526, 1500, 1367,

1244, 1205, 1180, 1103, 1024 cm’'. HRMS (ESI") m/z: [M + H'] caled for C3sH37N,Og,

Boc O OMe

| H
LNJ\ N N OMe
"o 0o © ‘

OMe

613.2550; found, 613.2533.

Tert-Butyl 5-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-8-methoxy-2-oxo-2H-
chromen-7-yloxy)-5,6-dihydropyridine-1(2H)-carboxylate  (47b). Compound 47b was
obtained as a light yellow amorphorous solid (236 mg, 74%). '"H NMR (400 MHz, CDCl;) & 8.81
(s, 1H), 8.70 (s, 1H), 7.93-7.89 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.23 (d, J = 8.4 Hz, 1H), 7.14—
7.07 (m, 3H), 6.95-6.93 (m, 1H), 6.03-5.98 (m, 2H), 4.89 (m, 1H), 4.11-4.01 (m, 1H), 3.99 (s,
3H), 3.98-3.95 (m, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.84-3.72 (m, 2H), 1.48-1.46 (m, 9H). "*C
NMR (100 MHz, CDCls) 6 165.6, 159.8, 159.3, 158.8, 154.6, 151.8, 144.2, 138.6, 137.7, 131.1,
130.0, 129.2, 129.0, 128.2, 126.0, 125.0, 124.3, 123.8, 122.4, 122.0, 115.2, 113.7, 113.4, 113.1,
111.0, 80.3, 70.9, 70.0, 61.5, 55.9, 55.3, 43.6, 28.4. IR (KBr) Vnax 3425, 3070, 2959, 2930, 2872,
2860, 1728, 1693, 1680, 1600, 1462, 1381, 1273, 1122, 1072 cm™. HRMS (EST") m/z: [M +

Na+] calcd for C35sH3¢N,O9Na, 651.2318; found, 651.2321.
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Tert-butyl  5-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-
2H-chromen-7-yloxy)-5,6-dihydropyridine-1(2H)-carboxylate (47c). Compound 47c was
obtained as a light yellow amorphorous solid (154 mg, 69%). '"H NMR (400 MHz, CDCl5) & 8.80
(s, 1H), 8.76 (s, 1H), 7.94-7.90 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.10—
7.07 (m, 2H), 6.94 (dd, J = 8.2, 2.4 Hz, 1H), 6.86 (s, 1H), 5.95-5.83 (m 2H), 4.85 (m, 1H), 4.06—
3.96 (m, 1H), 3.92 (s, 3H), 3.92 (s, 3H), 3.87 (s, 3H), 2.36 (s, 3H), 1.47 (s, 9H). *C NMR (100
MHz, CDCls) 6 165.6, 159.8, 159.3 (2C), 154.9, 150.1, 146.7, 143.4, 138.6, 131.0, 130.0, 129.2,
128.2, 127.4, 126.0, 125.1, 123.6, 123.0, 122.0, 120.8, 115.3, 113.1, 111.0, 106.4. 80.1, 73.4,
56.0, 55.9, 55.3, 28.4, 21.7, 9.4. IR (KBr) Vimax 3398, 3090, 3074, 2964, 2931, 2849, 2837, 1701,
1676, 1664, 1603, 1521, 1483, 1413, 1242, 1170 cm™. HRMS (ESI") m/z: [M + Na'] calcd for

C36H38N209Na, 6652475, fOLll’ld, 665.2468.

Representative procedure for Boc deprotection:

OMe
H H
N NOME‘
UALLE T

3',6-dimethoxy-N-(8-methyl-2-oxo0-7-(1,2,3,6-tetrahydropyridin-3-yloxy)-2H-chromen-3-
ylbiphenyl-3-carboxamide (48a): A solution of compound 48a (470 mg, 0.78 mmol) in
methylene chloride (20 mL) was treated with TFA (2 mL). The solution was stirred at rt
overnight and concentrated to dryness, then the residue was purified via column chromatography
(S10,, 10:1, CH,Cl,:MeOH) to afford compound 48a as a white amorphorous solid (349 mg,

88%). 'H NMR (400 MHz, CDCl3) & 8.77 (s, 1H), 8.72 (s, 1H), 7.92-7.90 (m, 2H), 7.38-7.29
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(m, 2H), 7.14-7.04 (m, 3H), 6.94-6.88 (m, 2H), 6.10-5.99 (m, 2H), 4.70 (m, 1H), 3.88 (s, 3H),
3.86 (s, 3H), 3.46-3.31 (m, 2H), 2.32 (m, 2H), 2.32 (s, 3H). *C NMR (100 MHz, CDCL3) &
165.4, 159.7, 159.4, 159.3, 157.2, 149.4, 138.6, 133.3, 130.9, 130.0, 129.2, 128.2, 126.1, 125.6,
124.4, 124.2, 122.0, 121.7, 115.3, 115.1, 113.6, 113.1, 111.0, 110.5, 69.4, 55.9, 55.3, 47.7, 44.8,
8.5. IR (film) viax 3400, 3083, 3008, 2968, 2837, 1703, 1668, 1601, 1523, 1504, 1367, 1201,

1132, 1105 cm’'. HRMS (ESI+) m/z: [M + H+] calcd for Cs50H9N,Og, 513.2026; found,

OMe
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3',6-dimethoxy-N-(8-methoxy-2-oxo-7-(1,2,3,6-tetrahydropyridin-3-yloxy)-2H-chromen-

513.2024.

3-yl)biphenyl-3-carboxamide (48b). Compound 48b was obtained as a white amorphorous
solid (61 mg, 81%). "H NMR (500 MHz, CDCl3) & 8.81 (s, 1H), 8.73 (s, 1H), 7.94-7.91 (m, 2H),
7.38 (t, J =7.9 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 7.14-7.07 (m, 3H), 6.98 (d, J = 8.7 Hz, 1H),
6.94 (dd, J = 8.3, 2.1 Hz, 1H), 6.14-6.04 (m, 2H), 5.06 (m, 1H), 4.01 (s, 3H), 3.88 (s, 3H), 3.84
(s, 3H), 3.84-3.72 (m, 2H), 3.60 (m, 1H), 3,48 (m, 1H). *C NMR (125 MHz, CDCl;) & 165.5,
159.9, 159.3, 158.4, 150.6, 144.0, 138.6, 138.3, 131.0, 130.0, 129.2, 128.2, 126.0, 125.8, 124.9,
123.3, 122.9, 122.7, 122.0, 116.5, 115.5, 115.3, 113.1, 111.0, 68.3, 61.9, 55.9, 55.2, 44.7, 41.7.
IR (KBr) Vimax 3404, 2956, 2849, 1677, 1608, 1527, 1458, 1439, 1369, 1205, 1140 cm™. HRMS

(ESI+) m/z: [M + H+] calcd for C3gH,9N,04, 529.1975; found, 529.1979.
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3',6-dimethoxy-N-(6-methoxy-8-methyl-2-oxo-7-(1,2,3,6-tetrahydropyridin-3-yloxy)-2H-
chromen-3-yl)biphenyl-3-carboxamide (48c). Compound 48c was obtained as a light brown
amorphorous solid (371 mg, 79%). '"H NMR (400 MHz, DMSO-d¢) 9.64 (s, 1H), 9.06 (s, 1H),
8.00-7.92 (m, 2H), 7.39-7.33 (m, 2H), 7.24 (d, J = 8.0 Hz, 1H), 7.12-7.10 (m, 2H), 6.96 (d, J
=8.0 Hz, 1H), 6.17-6.05 (m, 2H), 4.72 (m, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.80 (s, 3H), 3.73-
3.69 (m, 2H), 3.45-3.42 (m, 2H), 2.32 (s, 3H). *C NMR (100 MHz, DMSO-ds) & 165.6, 159.6,
159.4, 158.5, 149.7, 146.5, 143.8, 139.1, 130.5, 129.9, 129.6 (2C), 127.8, 126.1, 126.0, 125.5,
123.5,122.2, 119.8, 115.8, 115.7, 113.0, 112.0, 108.0, 71.2, 56.6, 56.3, 55.6, 45.0, 41.7, 9.8. IR
(KBr) vmax 3418, 3004, 2984, 2841, 1685, 1664, 1604, 1529, 1433, 1381, 1242, 1138 cm'™.

HRMS (ESI") m/z: [M + H'] caled for C3;H31N,07, 543.2131; found, 543.2130.

(@] OMe

Y H
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N-(7-(1-acetyl-1,2,3,6-tetrahydropyridin-3-yloxy)-8-methyl-2-0xo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (50a). A solution of compound 48a (45 mg, 0.088 mmol)
in pyridine (3 mL) was treated with acetic anhydride (1 mL) and stirred at rt for 2 h. After 2 h,
the solvent was removed and the residue purified via column chromatography (SiO,, 4:1,
CH,Cly:acetone) to afford compound 50a as a white amorphorous solid (43 mg, 88%). '"H NMR
(400 MHz, CDCl3) 6 8.81 (s, 1H), 8.72 (s, 1H), 7.94-7.91 (m, 2H), 7.39-7.29 (m, 2H), 7.15-7.08
(m, 3H), 7.00-6.92 (m, 2H), 6.12-5.96 (m, 2H), 4.91-4.89 (m, 1H), 4.51-4.34 (m, 1H), 4.09—
4.03 (m, 1H), 3.93-3.90 (m, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.76-3.51 (m, 1H), 2.30 (3H), 2.17
(3H). >C NMR (100 MHz, CDCl3) § 170.0, 165.69, 165.65, 160.00, 159.95, 159.6, 159.5, 157.0,

156.6, 149.6, 149.5, 138.79, 138.77, 131.22, 131.19, 130.9, 130.1, 129.3, 128.3, 127.5, 126.8,
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126.3, 126.2, 125.89, 125.85, 124.4, 124.1, 123.6, 122.2, 122.1, 115.6, 115.5, 115.46, 115.41,
114.21,114.17, 113.33, 113.30, 111.2, 111.0, 110.2, 70.1, 69.6, 56.1, 55.5,47.9, 45.7, 42.5, 41.9,
21.9, 21.4, 8.54, 8.51. IR (film) vmax 3409, 3049, 2933, 2839, 1712, 1686, 1628, 1605, 1526,
1433, 1373, 1246, 1136, 1097, 1022 cm'. HRMS (ESI') m/z: [M + Na'] caled for

C3,H30N207Na, 577.1950; found, 577.1947.

Representative procedure for synthesis of compounds 51a—c.

OMe
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3',6-dimethoxy-N-(8-methyl-7-(1-methyl-1,2,3,6-tetrahydropyridin-3-yloxy)-2-oxo-2H-
chromen-3-yl)biphenyl-3-carboxamide (51a). A solution of compound 49a (249 mg, 0.49
mmol) in THF (3 mL) was treated with potassium carbonate (132 mg, 0.97 mmol) at 0°C,
followed by methyl iodide (30 pL, 0.49 mmol). The reaction was quenched with saturated
ammonium chloride solution, and extracted with methylene chloride (2 x 30 mL). The combined
organic layers were dried over magnesium sulfate, concentrated to dryness and purified via
column chromatography (SiO,, 10:1, CH,Cl,:MeOH) to afford compound 51a as a light brown
amorphorous solid (84 mg, 33%). '"H NMR (400 MHz, CDCl;) § 8.82 (s, 1H), 8.73 (s, 1H), 7.95—
7.92 (m, 2H), 7.41-7.35 (m, 2H), 7.16-7.08 (m, 3H), 6.95 (m, 2H), 6.04-5.94 (m, 2H), 4.99 (m,
1H), 3.92 (s, 3H), 3.88 (s, 3H), 3.09-2.98 (m, 3H), 2.67-2.63 (m, 1H), 2.44 (s, 3H), 2.36 (s, 3H).
C NMR (100 MHz, CDCls) § 165.6, 159.9, 159.7, 159.5, 157.6, 149.6, 138.8, 131.2, 130.2,
130.1, 129.3, 128.3, 126.2, 125.8, 124.5, 124.4, 122.2, 121.9, 115.6, 115.4, 113.8, 113.3, 111.2,

110.9, 72.3, 56.8, 56.0, 55.5, 54.4, 45.8, 8.6. IR (film) vimax 3404, 3090, 3049, 2935, 2839, 1697,
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1662, 1634, 1606, 1524, 1500, 1369, 1236, 1097, 1018 cm™'. HRMS (ESI") m/z: [M + H'] calcd

for C31H31N206, 5272182, fOlll’ld, 527.2178.

OMe
! .
DALLE T
OMe
3',6-dimethoxy-N-(8-methoxy-7-(1-methyl-1,2,3,6-tetrahydropyridin-3-yloxy)-2-oxo-2H-
chromen-3-yl)biphenyl-3-carboxamide (51b). Compound 51b was obtained a light brown
amorphous solid (68 mg, 30%). 'H NMR (500 MHz, MeOD) & 8.58 (s, 1H), 7.90 (d, J = 8.2 Hz,
1H),7.83 (s, 1H), 7.32-7.28 (m, 2H), 7.16-7.14 (m, 2H), 7.07-7.05 (m, 2H), 6.90 (m, 1H), 6.26—
6.13 (m, 2H), 5.14 (m, 1H), 3.97 (s, 3H), 3.95-3.93 (m, 1H), 3.87 (s, 3H), 3.82 (s, 3H), 3.80—
3.73 (m, 2H), 3.61-3.58 (m, 1H), 3.02 (s, 3H). °*C NMR (100 MHz, CDCl3) & 165.5, 159.8,
159.3, 158.8, 152.2, 144.2, 138.6, 137.8, 131.0, 130.1, 130.0, 129.2, 128.2, 125.9, 124.2, 123.8,
122.4,122.3,122.0, 115.3, 115.1, 113.8, 113.1, 111.0, 72.9, 61.5, 56.4, 55.9, 55.3, 54.1, 45.5. IR
(KBr) Vmax 3404, 2954, 2845, 1689, 1643, 1607, 1573, 1529, 1502, 1277, 1205, 1140, 1099, 1022

cm”. HRMS (ESI") m/z: [M + H'] caled for C3;H3;N,0-, 543.2131; found 543.2126.

OMe
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3',6-dimethoxy-N-(6-methoxy-8-methyl-7-(1-methyl-1,2,3,6-tetrahydropyridin-3-yloxy)-2-
oxo-2H-chromen-3-yl)biphenyl-3-carboxamide (51c). Compound 51c was obtained a light
brown amorphous solid (59 mg, 21%). 'H NMR (400 MHz, CDCls) & 8.82 (s, 1H), 8.78 (s, 1H),
7.96-7.92 (m, 2H), 7.39 (t, J =8.0 Hz, 1H), 7.16-7.08 (m, 3H), 6.95 (dd, J = 8.0, 2.3 Hz, 2H),
6.87 (s, 1H), 6.00-5.97 (m, 2H), 4.78 (m, 1H), 3.92 (s, 3H), 3.92 (s, 3H), 3.88 (s, 3H), 3.09 (d, J

= 7.0 Hz, 1H), 2.92 (d, J = 7.0 Hz, 1H), 2.77-2.70 (m, 2H), 2.44 (s, 3H), 2.41 (s, 3H). °C NMR
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(100 MHz, CDCl;) 6 165.6, 159.8, 159.4, 159.3, 150.3, 147.5, 143.5, 138.6, 131.1, 130.0, 129.7,
129.2, 128.2, 126.0, 125.3, 123.8, 123.0, 122.0, 121.0, 115.3 (2C), 113.1, 111.0, 106.4, 76.0,
57.1, 56.0, 55.9, 55.3, 54.4, 45.8, 9.6. IR (KBr) Vmax 3403, 3112, 3072, 2954, 2929, 2854, 1716,
1649, 1605, 1502, 1458, 1366, 1248, 1207, 1180, 1086 cm™. HRMS (ESI") m/z: [M + H'] calcd

for C3,H33N,07, 557.2288; found, 527.2300.

OMe
e
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HOJ;J\O O O ©

OH
N-(7-(4,5-dihydroxypiperidin-3-yloxy)-8-methyl-2-oxochromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (52a). Compound 52a was obtained as a colorless
amorphorous solid (32 mg, 53%). 'H NMR (400 MHz, DMSO-d¢) & 9.66 (s, 1H), 8.48 (s, 1H),
8.01 (dd, J=8.6,2.3 Hz, 1H), 7.93 (d,J=2.3, 1H), 7.56 (d, J=8.7 Hz, 1H), 7.37 (t, J=7.8 Hz
, 1H), 7.26 (d, J = 8.8 Hz, 1H), 7.18 (d, J = 8.8, 1H), 7.13-7.10 (m, 2H), 6.97—6.95 (m, 1H), 4.96
(d,J=5.2, 1H), 4.61 (d, J =4.2, 1H), 4.45-4.41 (m, 1H), 3.87 (s, 3H), 3.81 (s, 3H), 3.73 (bs,
1H), 3.68 (bs, 1H), 3.08-3.04 (m, 1H), 2.76-2.72 (m, 1H), 2.60-2.57 (m, 1H), 2.48-2.44 (m,
1H), 2.24 (s, 3H). C NMR (100 MHz, DMSO-dg) & 165.6, 159.6, 159.4, 158.8, 158.6, 150.1,
139.2, 130.4, 129.92, 129.85, 129.7, 129.6, 126.5, 126.3, 122.2, 121.5, 115.7, 113.9, 113.1,
113.0, 112.0, 111.3, 77.9, 72.1, 69.2, 56.4, 55.6, 49.5, 47.1, 8.6. IR (film) vmax 3317 (broad),
2950, 2918, 2849, 1705, 1674, 1607, 1541, 1533, 1375, 1253, 1204, 1136, 1103 cm™. HRMS

(ESI") m/z: [M + H'] calcd for C30H3N2Os, 547.2080; found, 547.2083.

OMe
H Cﬂ
N



Zhao, H. et al. Supporting Information S56

N-(7-(4,5-dihydroxypiperidin-3-yloxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-3,6-
dimethoxybiphenyl-3-carboxamide (52b). Compound 52b was obtained as a colorless
amorphorous solid (48 mg, 92%). '"H NMR (500 MHz, DMSO-ds) & 9.68 (s, 1H), 8.48 (s, 1H),
7.99 (dd, J = 8.6, 2.4 Hz, 1H), 7.92 (d, J = 2.4 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.23 (t, ] = 9.0
Hz, 1H), 7.12-7.09 (m 2H), 6.96-6.94 (m, 1H), 5.02 (s, 1H), 4.76 (s, 1H), 4.48-4.44 (m, 1H),
3.89 (s, 3H), 3.86 (s, 3H), 3.77 (s, 3H), 3.72 (m, 1H), 3.70-3.69 (m, 1H), 3.17-3.09 (m, 2H),
2.81-2.77 (m, 1H), 2.66-2.63 (m, 1H). *C NMR (125 MHz, DMSO-dg) & 165.2, 159.2, 159.0,
157.9, 153.2, 144.5, 138.7, 136.0, 130.0, 129.4, 129.20, 129.16 (2C), 125.8, 122.8, 121.7, 121.6,
115.3, 113.7, 112.6, 112.5, 111.6, 77.5, 71.6, 68.7, 60.9, 55.9, 55.1, 48.9, 46.5. IR (KBr) Vmax
3417 (broad), 2947, 2846, 1682, 1645, 1602, 1519, 1434, 1389, 1206, 1141 cm™. HRMS (ESI")

m/z: [M + H+] calcd for C3gH31N»09, 563.2030; found, 563.2029.
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OH
N-(7-(4,5-dihydroxypiperidin-3-yloxy)-6,8-dimethoxy-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (52c). Compound 52c was obtained as a colorless
amorphorous solid (42 mg, 59%). '"H NMR (500 MHz, DMSO-dg) & 9.65 (s, 1H), 8.53 (s, 1H),
7.99 (dd, J = 8.6, 2.4 Hz, 1H), 7.92 (d, J = 2.4 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 7.28 (s, 1H),
7.26 (d, J =7.8 Hz, 1H), 7.12-7.09 (m 2H), 6.96-6.94 (m, 1H), 4.16 (m, 1H), 3.87 (s, 6H), 3.80
(m,1H), 3.76 (s, 3H), 3.75 (m, 1H), 3.04-3.01 (m, 1H), 2.78-2.74 (m, 1H), 2.70-2.65 (m, 2H),
2.32 (s, 3H). PC NMR (125 MHz, DMSO-ds) & 165.1, 159.1, 158.9, 158.1, 149.3, 147.4, 143.6,
138.6, 130.0, 129.4, 129.1 (2C), 128.1, 125.7, 122.5, 121.7, 119.0, 115.2, 114.4, 112.5, 111.5,

107.3, 80.7, 71.5, 67.5, 56.1, 55.9, 55.1, 47.8, 45.9, 9.3. IR (KBr) Vimax 3402 (broad), 2974, 2939,
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2835, 1666, 1631, 1604, 1523, 1502, 1462, 1429, 1366, 1267, 1244, 1091, 1022 cm™. HRMS

(ESI") m/z: [M + H'] calcd for C3;H33N205, 577.2186; found, 577.2180.

O OMe

e H
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N-(7-(1-acetylpiperidin-3-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (53a). Palladium on carbon (10%, 5 mg) was added to 50
(36 mg, 0.07 mmol) in anhydrous THF (3 mL) and the solution was placed under an atmosphere
of H,. After 12 h, the solution was filtered through SiO, (40:1, CH,Cl,:acetone) and the eluent
was concentrated to afford 53a as a colorless amorphous solid (32 mg, 89%). 'H NMR (400
MHz, CDCl;) 6 8.80 (s, 1H), 8.72 (s, 1H), 7.94-7.90 (m, 2H), 7.40-7.34 (m, 2H), 7.15-7.07 (m,
3H), 6.99-6.86 (m, 2H), 4.60-4.30 (m, 1H), 4.25-3.95 (m, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.76-
3.39 (m, 3H), 2.32-2.04 (3H), 1.98-1.82 (m, 3H), 1.70-1.50 (m, 1H); >C NMR (100 MHz,
CDCls) 6 169.5, 169.4, 165.5 (2C), 159.8, 159.7, 159.5, 159.4, 159.3, 156.7, 156.1, 149.5, 149.4,
138.6 (2C), 131.0, 130.0, 129.2, 128.2, 126.1, 126.0, 125.7, 124.3, 124.0, 122.0, 121.7, 115.4,
115.3, 115.2, 113.8, 113.7, 113.2, 113.1, 111.0, 110.5, 109.8, 72.0, 71.4, 55.9, 55.3, 50.3, 46.6,
45.5, 42.0, 30.0, 28.8, 23.3, 21.5, 21.4, 21.2, 8.3. IR (film) vmax 3406, 2934, 2835, 1701, 1666,
1628, 1539, 1369, 1234, 1093, 1022 cm™. HRMS (ESI") m/z: [M + H'] caled for C3,H3,N,07,

557.2288; found 557.2291.
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N-(7-(1-acetyl-4,5-dihydroxypiperidin-3-yloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-

dimethoxybiphenyl-3-carboxamide (54a). Compound 54a was obtained as a white
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amorphorous solid (22 mg, 81%). 'H NMR (400 MHz, CDCl3) & 8.71-8.67 (m, 2H), 7.92—7.87
(M, 2H), 7.37-7.36 (t, J=8.0, 1H), 7.31-7.25 (m, 1H), 7.25-7.04 (m, 3H), 6.95-6.92 (m, 1H),
4.66-3.97 (m, 4H), 3.90-3.85 (m, 6H), 3.79-2.82 (m, 3H), 2.26-2.01 (m, 6H). °C NMR (100
MHz, CDCls) & 171.6, 170.4, 165.7, 160.0, 159.5, 159.3, 157.1, 156.1, 149.4, 149.3, 138.8,
131.2, 130.2, 129.4, 128.4, 126.2, 126.0, 124.4, 123.9, 122.2, 121.9, 115.5, 115.1, 114.9, 114.3,
114.1, 113.3, 111.2, 110.6, 109.6, 74.6, 73.3, 69.5, 68.4, 65.9, 56.1, 55.5, 49.8, 45.9, 43.2, 43.1,
21.6, 21.5, 8.5, 8.4. IR (film) vmax 3400, 3365 (broad), 2931, 2839, 1712, 1628, 1607, 1526,
1502, 1369, 1267, 1244, 1105, 1034 cm'. HRMS (ESI') m/z: [M + Na'] caled for

C3,H3,N209Na, 611.2005; found, 611.2011.
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N-(7-(4,5-dihydroxy-1-methylpiperidin-3-yloxy)-8-methyl-2-oxo0-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (55a). Compound 55a was obtained as light brown
amorphorous solid (27 mg, 60%). "H NMR (400 MHz, CDCl;) & 8.79 (s, 1H), 8.72 (s, 1H), 7.95—
7.92 (m, 2H), 7.41-7.33 (m, 2H), 7.16-7.05 (m, 4H), 6.97-6.95 (m, 1H), 4.61 (m, 1H), 4.10 (m,
1H), 3.92 (s, 3H), 3.88 (s, 3H), 3.78-3.76 (m, 1H), 3.11-2.99 (m, 2H), 2.40 (s, 3H), 2.35 (s, 3H),
2.12-2.08 (m, 2H). ’C NMR (100 MHz, CDCl;) & 165.5, 159.8, 159.4, 159.3, 157.4, 149.3,
138.6, 131.0, 130.0, 129.2, 128.2, 126.0, 125.7, 124.2, 122.0, 121.9, 115.5, 115.3, 114.0, 113.2,
111.2, 111.0, 73.5, 68.6, 59.1, 57.0, 55.9, 55.3, 45.5, 8.4. IR (film) vmax 3402, 2927, 2852, 1707,
1653, 1605, 1526, 1502, 1369, 1267, 1242, 1207, 1107 cm™. HRMS (ESI") m/z: [M + H'] calcd

for C31H33N,0s, 561.2237; found, 561.2239.
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N-(7-(4,5-dihydroxy-1-methylpiperidin-3-yloxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (55b). Compound 55b was obtained as a light brown
amorphorous solid (9.8 mg, 39%). '"H NMR (500 MHz, CDCls) & 8.82 (s, 1H), 8.74 (s, 1H),
7.95-7.91 (m, 2H), 7.39 (t, J = 8.7 Hz, 1H), 7.24 (d, J = 8.7 Hz, 1H), 7.15-7.08 (m, 3H), 6.96
(dd, J = 8.7, 2.2 Hz, 1H), 4.48 (m, 1H), 4.10 (m, 1H), 4.06 (s, 3H), 3.92 (s, 3H), 3.89 (s, 3H),
3.79-3.78 (m, 1H), 3.16-3.14 (m, 1H), 3.02-2.99 (m, 1H), 2.37 (s, 3H), 2.33 (t, J = 12.2 Hz,
1H), 2.18 (t, ] = 12.2 Hz, 1H). *C NMR (125 MHz, CDCl5) & 165.5, 159.9, 159.4, 158.7, 152.6,
145.2, 144.1, 138.6, 138.0, 131.1, 130.0, 129.2, 128.2, 125.9, 123.6, 122.7, 122.0, 115.9, 115.3,
115.0, 113.2, 111.1, 79.3, 76.1, 68.6, 62.0, 59.0, 57.4, 55.9, 55.3, 45.5. IR (KBr) Vmax 3410
(broad), 2927, 2870, 2835, 1710, 1664, 1603, 1524, 1502, 1460, 1366, 1275, 1244, 1086 cm'.

HRMS (EST") m/z: [M + H'] calcd for C31H33N,09, 577.2186; found, 577.2180.
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N-(7-(4,5-dihydroxy-1-methylpiperidin-3-yloxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-
3-yl)-3",6-dimethoxybiphenyl-3-carboxamide (55c). Compound 55C was obtained as light
brown amorphorous solid (38 mg, 61%). '"H NMR (400 MHz, CDCl;) & 8.81 (s, 1H), 8.78 (s,
1H), 7.95-7.92 (m, 2H), 7.39 (t, J = 8.0 Hz, 1H), 7.16-7.08 (m, 3H), 6.96 (dd, J = 8.0, 2.1 Hz,
1H), 6.89 (s, 1H), 4.40 (m, 1H), 4.08 (m, 1H), 3.95 (s, 3H), 3.92 (s, 3H), 3.88 (s, 3H), 3.79 (m,
1H), 2.97 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H), 2.25-2.16 (m, 2H). *C NMR (100 MHz, CDCl5) &

165.6, 159.9, 159.34, 159.25, 149.3, 146.7, 143.4, 138.6, 131.1, 130.0, 129.2, 128.2, 126.0,
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123.5, 123.3, 122.0, 120.8, 115.7, 115.3, 113.1, 111.0, 106.4, 80.7, 77.2, 68.4, 58.7, 58.0, 56.1,
55.9, 55.3, 45.7, 9.6. IR (KBr) Vmax 3405 (broad), 2959, 2930, 2854, 1682, 1647, 1605, 1439,

1385, 1207, 1138, 1022 cm™. HRMS (ESI") m/z: [M + H'] caled for Cs3,H3sN,Oo, 591.2342;

found, 591.2326.

Tert-butyl 3-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-
7-yloxy)piperidine-1-carboxylate (56a). Compound 56a was obtained as a light brown
amorphorous solid (643 mg, 67%). '"H NMR (400 MHz, CDCl;) & 8.82 (s, 1H), 8.69 (s, 1H),
7.95-7.91 (m, 2H) 741-7.35 (m, 2H), 7.16-7.08 (m, 3H), 6.97-6.94 (m, 2H), 4.42 (m, 1H), 3.892
(s, 3H), 3.88 (s, 3H), 3.74-3.40 (m, 4H), 2.33 (s, 3H), 2.07-1.92 (m, 3H), 1.62-1.58 (m, 1H),
1.48 (bs, 3H), 1.28 (bs, 6H). >C NMR (100 MHz, CDCl3) 5 165.5, 159.8, 159.5, 159.3, 156.8,
154.7, 149.4, 138.6, 131.0, 130.0, 129.2, 128.2, 126.1, 125.6, 124.3, 122.0, 121.7, 115.2, 115.0,
113.6, 113.2, 111.0, 109.9, 79.8, 77.3, 71.5, 55.9, 55.3, 47.3, 29.9, 28.3, 21.7, 8.3. IR (film) Viax
3403, 2980, 2937, 1707, 1653, 1676, 1605, 1524, 1502, 1464, 1367, 1242, 1178, 1109, 1041 cm

' HRMS (ESI") m/z: [M + Na'] caled for C3sH3sN,OgNa, 637.2526; found, 637.2524.
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Tert-butyl 3-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-8-methoxy-2-oxo-2H-

chromen-7-yloxy)piperidine-1-carboxylate (56b). Compound 56b was obtained as a light
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brown amorphorous solid (174 mg, 82%). '"H NMR (400 MHz, CDCls) & 8.79 (s, 1H), 8.72 (s,
1H), 7.92-7.89 (m, 2H), 7.36 (t, J = 8.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.13-6.99 (m, 3H),
6.97-6.91 (m, 2H), 4.38 (m, 1H), 3.98 (s, 3H), 3.89 (s, 3H), 3.85 (s, 3H), 3.85-3.39 (m, 4H),
2.05 (m, 1H), 1.88 (m, 2H), 1.56 (m, 1H), 1.41 (bs, 9H). >C NMR (100 MHz, CDCls) & 165.5,
159.8, 159.3, 158.9, 154.7, 151.7, 144.2, 138.6, 137.4, 131.0, 130.0, 129.2, 128.2, 125.9, 123.8,
122.3, 122.0, 115.2, 114.9, 113.1, 113.0, 112.8, 111.0, 79.8, 72.9, 61.5, 55.9, 55.3, 47.7, 43.8,
30.9,29.9, 28.4. IR (KBr) vmax 3407, 2943, 2837, 1676, 1630, 1605, 1521, 1431, 1205, 1136 cm’

! HRMS (ESI") m/z: [M + H'] caled for C35sH30N,09, 631.2656; found 631.2661.
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Tert-butyl  3-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-
2H-chromen-7-yloxy)piperidine-1-carboxylate (56c¢). Compound 56¢ was obtained as a light
brown amorphorous solid (135 mg, 95%). 'H NMR (400 MHz, CDCls) & 8.78 (s, 1H), 8.76 (s,
1H), 7.93-7.91 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.14-7.06 (m, 3H), 6.94 (m, 1H), 6.85 (s, 1H),
432 (m, 1H), 3.94 (s, 6H), 3.86 (s, 3H), 3.82-3.59 (m, 2H), 3.21 (m, 2H), 2.38 (s, 3H), 2.06—
1.77 (m, 3H), 1.51-1.48 (m, 1H), 1.42 (s, 9H). *C NMR (100 MHz, CDCl3) & 165.5, 159.8,
159.3, 154.8, 150.1, 146.5, 143.5, 138.6, 131.0, 130.0, 129.2, 128.2, 126.1, 123.7, 123.0, 122.9,
122.0, 120.6, 115.3, 115.2, 113.1, 111.0, 106.5, 79.6, 76.4, 56.0, 55.9, 55.3, 30.9, 30.6, 29.3,
28.4, 21.7, 9.4. IR (KBr) Vmax 3402, 3333, 2976, 2931, 2868, 1713, 1680, 1632, 1604, 1529,
1425, 13666, 1232, 1201, 1167, 1095 cm”. HRMS (ESI") m/z: [M + Na'] caled for

C36H40N209Na, 667.2632; found, 667.2629.
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3',6-dimethoxy-N-(8-methyl-2-oxo-7-(piperidin-3-yloxy)-2H-chromen-3-yl)biphenyl-3-
carboxamide (57a). Compound 57a was obtained as white amorphorous solid (23 mg, 79%). 'H
NMR (400 MHz, CDCl3) & 8.68 (s, 1H), 8.64 (s, 1H), 7.86-7.84 (m, 2H), 7.33-7.30 (m, 2H),
7.09-6.88 (m, SH), 4.50 (bs, 1H), 4.06-3.90 (m, 2H), 3.83 (s, 3H), 3.81 (s, 3H), 3.63-3.50 (m,
4H), 2.20 (s, 3H), 1.41 (bs, 3H), 1.22 (bs, 6H). °C NMR (100 MHz, CDCls) & 165.5, 159.9,
159.4, 159.3, 155.6, 149.3, 138.7, 131.0, 130.1, 129.3, 128.3, 126.0, 125.8, 123.8, 122.3, 122.2,
115.6, 1154, 114.4, 113.2, 111.1, 110.3, 69.3, 56.0, 55.4, 46.8, 43.8, 28.0, 19.5, 8.7. IR (film)
Vinax 3404, 2939, 2837,1709, 1670, 1607, 1526, 1502, 1369, 1269, 1242, 1103, 1031 cm™. HRMS

(ESI") m/z: [M + H'] calcd for C30H3N2Og, 515.2182; found, 515.2186.

OMe
H
N

3',6-dimethoxy-N-(8-methoxy-2-oxo-7-(piperidin-3-yloxy)-2H-chromen-3-yl)biphenyl-3-
carboxamide (57b). Compound 57b was obtained as white amorphorous solid (93 mg, 84%). 'H
NMR (400 MHz, MeOD)  8.37 (s, 1H), 7.69-7.66 (m, 2H), 7.21 (t, J = 8.0 Hz, 1H), 7.05 (d, J =
8.0 Hz, 1H), 6.96-6.82 (m, 4H), 6.82 (dd, J = 8.2 Hz, 2.3, 1H), 4.66 (m, 1H), 3.85 (s, 3H), 3.76
(s, 3H), 3.74 (s, 3H), 3.42-3.37 (m, 2H), 3.23-3.19 (m, 2H), 2.15-2.10 (m, 2H), 2.02-1.98 (m,
2H). BC NMR (100 MHz, MeOD) 6 164.5, 158.4, 158.0, 156.8, 149.3, 142.8, 137.3, 136.3,
129.0, 128.5, 127.3, 126.8, 124.1, 123.2, 121.4, 121.0, 120.3, 114.5, 113.8, 113.0, 111.0, 109.6,

69.9, 59.6, 53.6, 53.1, 45.1, 42.3, 24.8, 16.6. IR (KBr) Vmax 3400, 2980, 2948, 2843, 1693, 1634,
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1607, 1571, 1531, 1504, 1371, 1207, 1140, 1101 cm™". HRMS (EST") m/z: [M + H'] calcd for

C30H31N207, 5312131, found, 531.2129.

H
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3',6-dimethoxy-N-(6-methoxy-8-methyl-2-oxo-7-(piperidin-3-yloxy)-2H-chromen-3-yl)-

ZT

[1,1'-biphenyl]-3-carboxamide (57c). Compound 57¢ was obtained as white amorphorous solid
(83 mg, 73%). 'H NMR (400 MHz, DMSO-dg) & 9.65 (s, 1H), 8.56 (s, 1H), 8.99 (dd, J = 8.4, 1.6
Hz, 1H), 7.92 (s, 1H), 7.39-7.33 (m, 2H), 7.25 (d, J =9.1 Hz, 1H), 7.12-7.10 (m, 2H), 6.95 (d, J
= 8.4 Hz, 1H), 4.36 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.80 (s, 3H), 3.36-3.10 (m, 4H), 2.31 (s,
3H), 2.01-1.68 (m, 4H). °C NMR (100 MHz, DMSO-d¢) & 165.6, 159.6, 159.4, 158.5, 149.8,
146.4, 143.8, 139.1, 130.5, 129.9, 129.6, 127.9, 126.1, 123.5, 122.2, 119.7, 118.8, 115.7, 115.68,
113.0, 112.0, 108.0, 75.0, 56.6, 56.4, 55.6, 46.9, 43.4, 28.2, 19.5, 9.7. IR (KBr) Vmax 3398, 2976,

2867, 1677, 1642, 1460, 1535, 1502, 1205, 1142 cm™. HRMS (ESI") m/z: [M + H'] calcd for

OMe
: 0 I o
OC\O\ O e
(@) (@) OO

Tert-butyl 4-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-

C31H33N207, 5452288, found, 545.2282.

7-yloxy)piperidine-1-carboxylate (58a). Compound 58a was obtained a light brown
amorphorous solid (220 mg, 72%). 'H NMR (400 MHz, CDCl3) & (CDCls) 8.77 (s, 1H), 8.70 (s,
1H), 7.91-7.89 (m, 2H), 7.38-7.28 (m, 2H), 7.14-7.04 (m, 3H), 6.94-6.86 (m, 2H), 4.60 (m,

1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.67-3.63 (m, 2H), 3.47-3.46 (m, 2H), 2.33 (s, 3H), 1.93-1.81
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(m, 4H), 1.49 (s, 9H). *C NMR (100 MHz, CDCls) § 165.5, 159.8, 159.5, 159.4, 156.7, 154.9,
149.5, 138.7, 131.0, 130.0, 129.2, 1282, 126.1, 125.7, 1242, 122.1, 121.8, 115.33, 115.29,
113.6, 113.2, 111.1, 110.5, 79.8, 72.8, 56.0, 55.4, 30.6, 28.5, 22.0, 21.8, 8.4. IR (film) Vimax 3400,
2980, 2864, 1717, 1699, 1683, 1635, 1558, 1521, 1386, 1244, 1105 cm™". HRMS (ESI") m/z: [M

+ Na+] calcd for C3sH3gN,OgNa, 637.2526; found, 637.2523.

OMe
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Boc\’\O\ N N OMe
0] O 0 ©
OMe

Tert-butyl 4-(3-(3',6-dimethoxybiphenyl-3-ylcarboxamido)-8-methoxy-2-oxochromen-7-
yloxy)piperidine-1-carboxylate (58b). Compound 58b was obtained as a light brown
amorphorous solid (156 mg, 85%). '"H NMR (500 MHz, CDCls) & 8.81 (s, 1H), 8.73 (s, 1H),
7.93-7.90 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 7.14-7.07 (m, 3H), 6.96—
6.93 (m, 2H), 4.61-4.58 (m, 1H), 4.01 (s, 3H), 3.91 (s, 3H), 3.87 (s, 3H), 3.77-3.72 (m, 2H),
3.42 (m, 2H), 2.00-1.96 (m, 2H), 1.85-1.82 (m, 2H), 1.49 (s, 9H). *C NMR (100 MHz, CDCl;)
0 165.5, 159.8, 159.3, 158.8, 154.8, 151.7, 144.3, 138.6, 137.8, 131.0, 130.0, 129.2, 128.2, 125.9,
123.7, 122.4, 122.3, 122.0, 115.3, 115.1, 113.6, 113.1, 111.0, 79.7, 74.5, 61.5, 55.9, 55.3, 53.5,
30.7, 28.4, 21.7. IR (KBr) vmax 3404, 2978, 2935, 1701, 1637, 1605, 1521, 1431, 1389, 1373,
1232, 1207, 1180, 1086 cm™. HRMS (ESI") m/z: [M + H'] caled for CssH3oN>0o, 631.2656;

found, 631.2652.

ZT
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Tert-butyl 4-(3-(3",6-dimethoxybiphenyl-3-ylcarboxamido)-6-methoxy-8-methyl-2-
oxochromen-7-yloxy)piperidine-1-carboxylate (58c). Compound 58c was obtained as a light
brown amorphorous solid (120 mg, 69%). '"H NMR (400 MHz, CDCls) & 8.76 (s, 1H), 8.75 (s,
1H), 7.92-7.89 (m, 2H), 7.36 (t, J = 8.0 Hz, 1H), 7.13-7.04 (m, 3H), 6.94-6.91 (m, 1H), 6.83 (s,
1H), 4.37-4.33 (m, 1H), 3.88 (s, 6H), 3.86 (s, 3H), 3.90-3.86 (m, 2H), 3.11-3.06 (m, 2H), 2.37
(s, 3H), 1.90 (m, 2H), 1.75-1.71 (m, 2H), 1.48 (s, 9H). °C NMR (100 MHz, CDCl;) & 165.5,
159.8, 159.32, 159.28, 154.8, 150.3, 146.7, 143.4, 138.6, 131.0, 130.0, 129.2, 128.2, 126.0,
123.6, 123.0, 122.0, 120.6, 115.28, 115.23, 113.1, 111.0, 106.5, 79.6 78.6, 56.0, 55.9, 55.3, 31.7
(20), 28.5, 21.7 (2C), 9.7. IR (KBr) Vmax 3404, 2939, 2860, 1697, 1674, 1636, 1605, 1522, 1500,

1382, 1242, 1207, 1176, 1026 cm™. HRMS (ESI") m/z: [M + H'] caled for CsgHiN,Oo,

OMe
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3',6-dimethoxy-N-(8-methyl-2-oxo-7-(piperidin-4-yloxy)-2H-chromen-3-yl)biphenyl-3-

645.2812; found, 645.2810.

carboxamide (59a). Compound 59a was obtained as a white amorphorous solid (41 mg, 68%).
'H NMR (400 MHz, CDCl3) § (CDCl3) 8.82 (s, 1H), 8.73 (s, 1H), 7.95-7.91 (m, 2H), 7.41-7.35
(m, 2H), 7.15-7.08 (m, 3H), 6.95 (d, J = 4.0 Hz, 1H), 6.88 (d, J =4.8 Hz, 1H), 4.66 (m, 1H), 3.92
(s, 3H), 3.88 (s, 3H), 3.27 (m, 2H), 3.04 (m, 2H), 2.38 (s, 3H), 2.19-2.16 (m, 2H), 1.99 (m, 2H).
C NMR (100 MHz, CDCl3) & (CDCl3) 165.7, 160.0, 159.6, 159.5, 156.5, 149.6, 138.8, 131.2,
130.2, 129.4, 128.4, 126.2, 125.8, 124.3, 122.2, 122.1, 115.5, 115.4, 113.9, 113.3, 111.2, 110.5,

71.5, 56.1, 55.5, 42.0 (2C), 29.8 (2C), 8.6. IR (film) wmax 3400, 2933, 2833, 1699, 1668, 1601,
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1522, 1499, 1366, 1236, 1204, 1134, 1101, 1028 cm™. HRMS (ESI") m/z: [M + H'] caled for

C30H31N206, 515.2182; found, 515.2189.

OMe
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OMe
3',6-dimethoxy-N-(8-methoxy-2-oxo-7-(piperidin-4-yloxy)chromen-3-yl)biphenyl-3-
carboxamide (59b). Compound 59b was obtained as a white amorphorous solid (145 mg, 93%).
'H NMR (500 MHz, CDCls) § 8.37 (s, 1H), 7.69-7.66 (m, 2H), 7.21 (t, J = 8.5 Hz, 1H), 7.05 (d,
J=8.0 Hz, 1H), 6.96-6.92 (m, 4H), 6.82-6.80 (m, 1H), 4.66 (m, 1H), 3.85 (s, 3H), 3.76 (s, 3H),
3.74 (s, 3H), 3.42-3.37 (m, 2H), 3.23-3.19 (m, 2H), 2.15-2.10 (m, 2H), 2.02-1.98 (m, 2H). °C
NMR (125 MHz, CDCls) 6 167.1, 161.2, 160.8, 159.7, 152.4, 145.6, 140.1, 138.8, 131.7, 131.3,
130.1, 129.5, 126.8, 126.1, 124.1, 123.5, 123.1, 116.6, 116.5, 114.8, 113.8, 112.3, 72.1, 62.1,
56.4, 55.9, 41.8, 28.5. IR (KBr) vmax 3414, 2966, 2927, 1680, 1632, 1610, 1410, 1371, 1277,
1205, 1142 cm™. HRMS (ESI") m/z: [M + H'] caled for CsH3N,O;, 531.2131; found,

531.2120.
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3',6-dimethoxy-N-(6-methoxy-8-methyl-2-oxo-7-(piperidin-4-yloxy)-2H-chromen-3-yl)-
[1,1'-biphenyl]-3-carboxamide (59¢). Compound 59¢ was obtained as a white amorphorous
solid (74 mg, 88%). 'H NMR (400 MHz, CDCl;) § (DMSO-ds) 9.66 (s, 1H), 8.54 (s, 1H), 7.99
(d, J = 8.0 Hz, 1H), 7.92 (s, 1H), 7.37 (t,  =8.0 Hz, 1H), 7.31 (s, 1H), 7.25 (d, J = 8.0 Hz, 1H),

7.12-7.10 (m, 2H), 6.96 (d, J = 8.0 Hz, 1H), 4.38 (m, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.80 (s,
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3H), 3.31 (m, 2H), 3.06 (m, 2H), 2.28 (s, 3H), 2.04 (m, 2H), 1.89 (m, 2H). '*C NMR (100 MHz,
DMSO-dg) & 165.6, 159.6, 159.4, 158.2, 150.1, 146.5, 143.9, 139.1, 130.5, 129.9, 129.6, 128.3,
126.1, 123.3, 122.2, 119.7, 119.0, 115.7, 115.4, 113.0, 112.0, 107.9, 75.6, 56.6, 56.4, 49.0, 41.3,
28.7, 9.7. IR (KBr) Vimax 3400, 2970, 2849, 1678, 1632, 1605, 1433, 1385, 1205, 1138, 1026 cm™.

HRMS (ESI") m/z: [M + H'] calcd for C3;H33N,07, 545.2288; found, 545.2288.
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3',6-dimethoxy-N-(8-methyl-7-(1-methylpiperidin-3-yloxy)-2-oxo-2H-chromen-3-
yl)biphenyl-3-carboxamide (60a). Compound 60a was obtained as a light brown amorphorous
solid (35 mg, 41%). '"H NMR (400 MHz, CDCl;) & 8.82 (s, 1H), 8.72 (s, 1H), 7.96-7.91 (m, 2H),
7.41-7.34 (m, 2H), 7.15-7.08 (m, 3H), 6.98-6.94 (m, 2H), 4.47 (m, 1H), 3.92 (s, 3H), 3.88 (s,
3H), 3.09-3.07 (m, 1H), 2.76-2.74 (m, 1H), 2.36 (s, 3H), 2.34 (s, 3H), 2.20-2.07 (m, 2H), 1.90—
1.86 (m, 1H), 1.72-1.64 (m, 2H), 1.54-1.50 (m, 1H). *C NMR (100 MHz, CDCls) 6 165.4,
159.8, 159.5, 159.3, 157.3, 149.4, 138.6, 131.0, 130.0, 129.2, 128.1, 126.1, 125.6, 124.3, 122.0,
121.6, 115.3,115.2, 113.5, 113.1, 111.0, 110.9, 74.2, 59.9, 55.9, 55.4, 55.3, 46.3, 29.8, 23.3, 8.4.
IR (film) vmax 3406. 2939, 2839, 1705, 1674, 1605, 1526, 1502, 1367, 1269, 1242, 1205, 1182,
1138, 1105, 1036 cm™. HRMS (ESI") m/z: [M + H'] caled for C31H33N,04, 529.2339; found,

529.2335.
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3',6-dimethoxy-N-(8-methoxy-7-(1-methylpiperidin-3-yloxy)-2-oxo-2H-chromen-3-
yl)biphenyl-3-carboxamide (60b). Compound 60b was obtained a light brown amorphorous
solid (16 mg, 52%). '"H NMR (400 MHz, CDCl;) & 8.81 (s, 1H), 8.72 (s, 1H), 7.94-7.90 (m, 2H),
7.39 (t, J = 8.0 Hz, 1H), 7.21 (d, J = 8.7 Hz, 1H), 7.15-7.07 (m, 3H), 6.98 (d, J = 8.7 Hz, 1H),
6.95 (dd, J = 8.0, 2.4 Hz, 1H), 4.48 (m, 1H), 4.01 (s, 3H), 3.91 (s, 3H), 3.87 (s, 3H), 3.06 (d, J =
10.0 Hz, 1H), 2.71 (d, J = 10.0 Hz, 1H), 2.34 (s, 3H), 2.10 (t, J = 9.7 Hz, 1H), 2.13-2.06 (m,
2H), 1.89-1.69 (m, 1H), 1.69-1.66 (m, 1H), 1.55-1.52 (m, 1H). *C NMR (100 MHz, CDCls) &
165.5, 159.8, 159.3, 158.9, 152.1, 144.2, 138.6, 137.6, 131.1, 130.0, 129.2, 128.2, 126.0, 123.9,
122.4, 122.2, 122.0, 115.3, 114.8, 113.3, 113.2, 111.0, 74.9, 61.5, 59.8, 55.9, 55.3 (2C), 46.3,
29.6, 23.2. IR (KBr) vmax 3407, 2939, 2870, 2850, 1711, 1673, 1605, 1529, 1367, 1244, 1278,

1090 cm™. HRMS (EST") m/z: [M + H] calcd for C31H33N,057, 545.2288; found, 545.2298.
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3',6-dimethoxy-N-(6-methoxy-8-methyl-7-(1-methylpiperidin-3-yloxy)-2-0xo-2H-
chromen-3-yl)biphenyl-3-carboxamide (60c). Compound 60c was obtained a light brown
amorphorous solid (47 mg, 60 %). '"H NMR (400 MHz, CDCls) & 8.81 (s, 1H), 8.77 (s, 1H),
7.95-7.91 (m, 2H), 7.39 (t, J = 8.0 Hz, 1H), 7.15-7.08 (m, 3H), 6.95 (dd, J = 8.0, 2.4 Hz, 1H),
6.85 (s, 1H), 4.35 (m, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 3.88 (s, 3H), 3.00 (d, J = 8.0 hz, 1H), 2.69
(d, J = 8.0 Hz, 1H), 2.41 (s, 3H), 2.34 (s, 3H), 2.24 (t, J = 8.0 Hz, 1H), 2.09-2.01 (m, 3H), 1.88—
1.85 (m, 1H), 1.63-1.49 (m, 2H). *C NMR (100 MHz, CDCls) & 165.5, 159.8, 159.4, 159.3,
150.4, 147.0, 143.4, 138.6, 131.1, 130.0, 129.2, 128.2, 126.1, 123.8, 122.9, 122.0, 120.8, 115.3,

115.2,113.1, 111.0, 106.3, 78.2, 60.5, 56.0, 55.9, 55.4, 55.3, 46.4, 30.3, 23.4, 9.6. IR (KBr) Vmax
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3408, 2978, 2934, 2874, 2858, 1713, 1633, 1603, 1520, 1467, 1373, 1288, 1226, 1203, 1105 cm’

! HRMS (ESI") m/z: [M + H'] caled for C3,H35sN,07, 559.2444; found, 559.2446.
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3',6-dimethoxy-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-
yl)biphenyl-3-carboxamide (61a). Compound 6la was obtained a light brown amorphorous
solid (56 mg, 46 %). 'H NMR (400 MHz, CDCls) & 8.76 (s, 1H), 8.67 (s, 1H), 7.92-7.86 (m,
2H), 7.36-7.33 (m, 2H), 7.11-7.08 (m, 3H), 6.93-6.89 (m, 2H), 4.54 (m, 1H), 3.89 (s, 3H), 3.84
(s, 3H), 2.80-2.76 (m, 2H), 2.57 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H), 2.19-2.12 (m, 2H), 1.97—
1.95 (m, 2H). >C NMR (100 MHz, CDCl3) & 165.1, 159.7, 159.4, 159.3, 157.0, 149.4, 138.9,
130.8, 130.8, 129.8, 128.1, 126.1, 125.5, 123.9, 121.9, 121.7, 115.3, 115.0, 113.2, 112.8, 111.0,
110.5, 73.1, 55.8, 55.3, 52.5, 46.0 (2C), 30.9 (2C), 8.1. IR (film) wvnax 3406, 2939, 2839, 1705,
1674, 1605, 1526, 1502, 1367, 1242, 1205, 1182, 1138, 1105, 1036 cm™. HRMS (ESI") m/z: [M

+ H+] calcd for C31H33N,0¢, 529.2339; found, 529.2334.
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3',6-dimethoxy-N-(8-methoxy-7-((1-methylpiperidin-4-yl)oxy)-2-oxo-2H-chromen-3-yl)-
[1,1'-biphenyl]-3-carboxamide (61b). Compound 61b was obtained a light brown amorphorous
solid (47 mg, 66 %). 'H NMR (400 MHz, CDCls) & 8.82 (s, 1H), 8.74 (s, 1H), 7.94-7.88 (m,
2H), 7.38 (t, J = 8.0 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 7.14-7.08 (m, 3H), 6.98-6.94 (m, 2H).

4.78 (m,1H), 4.03 (s, 3H), 3.92 (s, 3H), 3.87 (s, 3H), 3.56-3.53 (m, 2H), 3.35-3.30 (m, 2H), 2.92
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(s, 3H), 2.38-2.20 (m, 4H). *C NMR (100 MHz, CDCL3) & 165.9, 160.0, 159.3, 158.5, 150.4,
144.3, 138.5, 138.2, 131.1, 130.0, 129.2, 128.3, 125.6, 123.7, 123.1, 122.8, 122.0, 116.2, 115.3,
114.3, 113.1, 111.1, 68.8, 61.8, 55.9, 55.3, 49.9 (2C), 44.1, 27.2 (2C). IR (KBr) Vmax 406, 2941,
2928, 2853, 1713, 1666, 1605, 1526, 1502, 1462, 1367, 1277, 1244, 1207, 1086, 1045 cm’".

HRMS (ESI") m/z: [M + H'] calcd for C31Hi;N,05, 545.2288; found, 545.2281.
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3',6-dimethoxy-N-(6-methoxy-8-methyl-7-((1-methylpiperidin-4-yl)oxy)-2-oxo-2H-
chromen-3-yl)-[1,1'-biphenyl]-3-carboxamide (61c). Compound 61c was obtained a light
brown amorphorous solid (43 mg, 74%). '"H NMR (400 MHz, CDCl;) & 8.80 (s, 1H), 8.77 (s,
1H), 7.95-7.91 (m, 2H), 7.38 (t, J = 8.0 Hz, 1HO, 7.15-7.08 (m, 3H), 6.95 (dd, J = 8.0, 2.4 Hz,
1H), 6.86 (s, 1H), 4.30 (m, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H), 2.97 (m, 2H), 2.52-2.46
(m, 5H), 2.40 (s, 3H), 2.11 (m, 2H), 2.00 (m, 2H). *C NMR (100 MHz, CDCl;) & 165.6, 159.8,
159.33, 159.31, 150.2, 146.8, 143.5, 138.6, 131.1, 130.0, 129.2, 128.2, 126.0, 123.6, 123.1,
122.0, 120.6, 115.34, 115.28, 113.1, 111.0, 106.5, 77.3, 56.0, 55.9, 55.3, 52.4 (2C), 45.3, 30.8
(2C), 9.7. IR (KBr) Vmax 3404, 2937, 2841, 1718, 1649, 1602, 1577, 1477, 1465, 1371, 1249,

1207, 1180, 1138, 1083 cm™. HRMS (ESI") m/z: [M + H'] calcd for C3,HisN,05, 559.2444;

OMe
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found, 559.2448.
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3',6-dimethoxy-N-(8-methyl-7-(2-(methylamino)ethoxy)-2-0xo-2H-chromen-3-
yl)biphenyl-3-carboxamide (64a). Compound 64a was obtained after acidic deprotetion of 63a
as a light brown amorphous solid (174 mg, 65% over 2 steps). 'HNMR (400 MHz, CD;0D) &
8.61 (s, 1H), 7.93 (dd, J = 8.6, 2.2 Hz, 1H), 7.87 (d, J = 2.2 Hz, 1H), 7.45 (d, J = 8.6 Hz, 1H),
7.32 (t, J = 8.2 Hz, 1H), 7.19 (d, J = 8.6 Hz, 1H), 7.09-7.05 (m, 3H), 6.91 (dd, J = 8.2, 1.5 Hz,
1H), 4.38 (t, J = 8.0 Hz, 2H), 3.89 (s, 3H), 3.83 (s, 3H), 3.53 (t, J = 8.0 Hz, 2H), 2.85 (s, 3H),
2.35 (s, 3H). >C NMR (100 MHz, DMSO-d) 8 165.3, 159.3, 159.1, 158.4, 157.7, 149.7, 138.8,
130.1, 129.6, 129.5, 129.3, 126.4, 125.9, 121.9, 121.5, 118.8, 115.8, 115.4, 113.2, 113.0, 111.7,
109.2, 65.3, 56.0, 55.2, 48.0, 33.7, 8.1. IR (KBr) Vmax 3433 (broad), 2924, 2851, 1691, 1652,
1601, 1462, 1382, 1209, 1145, 1020 cm™. HRMS (ESI") m/z: [M + H] caled for CogHN,Oe,

489.2026; found, 489.2020.

OMe
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3',6-dimethoxy-N-(8-methoxy-7-(2-(methylamino)ethoxy)-2-0xo-2H-chromen-3-
yl)biphenyl-3-carboxamide (64b). Compound 64b was obtained after acidic deprotetion of 63b
as a light yellow amorphous solid (112 mg, 89% over 2 steps). 'HNMR (400 MHz, CD;0D) &
8.59 (s, 1H), 7.90 (dd, J = 8.6, 2.4 Hz, 1H), 7.85 (d, J = 2.4 Hz, 1H), 7.32-7.29 (m, 2H), 7.16 (d,
J=8.6 Hz, 1H), 7.10 (d, J = 8.8 Hz, 1H), 7.07-7.06 (m, 2H), 6.91-6.89 (m, 1H), 4.40 (t, J = 4.9
Hz, 2H), 3.98 (s, 3H), 3.87 (s, 3H), 3.82 (s, 3H), 3.52 (t, J = 4.9 Hz, 2H), 2.85 (s, 3H). "CNMR
(100 MHz, CDs;0OD) 6 168.0, 161.5, 161.0, 159.9, 153.7, 145.8, 140.3, 138.0, 132.2, 1314,
130.2, 129.8, 127.2, 127.0, 124.4, 123.9, 123.1, 117.0, 116.5, 113.9, 113.1, 112.5, 66.7, 62.4,

56.5, 55.9, 49.6, 34.2. IR (KBr) Vmax 3402 (broad), 2926, 2851, 1702, 1678, 1601, 1479, 1383,
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1248, 1209, 1146, 1099, 1020 cm™. HRMS (ESI") m/z: [M + H'] caled for CrsHzoN,Os,

505.1975; found, 505.1977.
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3',6-dimethoxy-N-(6-methoxy-8-methyl-7-(2-(methylamino)ethoxy)-2-oxo-2H-chromen-3-
yl)biphenyl-3-carboxamide (64c). Compound 64c was obtained after acidic deprotetion of 63c
as a light yellow amorphous solid (59 mg, 47% over 2 steps). 'HNMR (400 MHz, CD;0D) &
8.53 (s, 1H), 7.84-7.79 (m, 2H), 6.98 (t, J = 8.0 Hz, 1H), 6.78-6.74 (m, 3H), 6.59 (s, 1H), 6.58
(dd, J=28.0, 1.5 Hz, 1H), 3.89 (t, J = 4.5 Hz, 2H), 3.56 (s, 3H), 3.11 (t, J = 4.5 Hz, 2H), 3.05 (s,
3H), 3.01 (s, 3H), 2.53 (s, 3H), 1.98 (s, 3H). "CNMR (100 MHz, CD;0D) & 170.0, 163.8, 163.3,
162.7, 153.7, 150.4, 147.0, 142.6, 134.4, 133.7, 132.6, 132.1, 129.4, 128.6, 127.0, 125.5, 123.7,
120.0, 119.0, 116.2, 114.8, 110.6, 71.3, 59.1, 58.8, 58.3, 52.8, 36.3, 11.4. IR (KBr) Vmax 3450
(broad), 2924, 2845, 1708, 1678, 1602, 1464, 1383, 1277, 1209, 1146, 1020 cm™'. HRMS (ESI")

m/z: [M + H'] caled for CoH3N,07, 519.2131; found, 519.2128.
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N-(7-(2-(dimethylamino)ethoxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (65a). Compound 65a was obtained as colorless
amorphous solid (52 mg, 66%). '"H NMR (400 MHz, CDCls) & 8.80 (s, 1H), 8.70 (s, 1H), 7.93—
7.89 (m, 2H), 7.39-7.34 (m, 2H), 7.14-7.06 (m, 3H), 6.94 (dd, J = 8.2, 2.4 Hz, 1H), 6.88 (d, J =

8.7, 1H), 4.17 (t, J = 5.8 Hz, 2H), 3.90 (s, 3H), 3.86 (s, 3H), 2.81 (t, J = 5.8 Hz, 2H), 2.38 (s,
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6H), 2.34 (s, 3H). PCNMR (100 MHz, CDCI3) & 165.5, 159.8, 159.6, 159.3, 158.3, 149.2, 138.6,
131.0, 130.0, 129.2, 128.2, 126.1, 125.7, 124.4, 122.0, 121.6, 115.2, 114.2, 113.5, 113.2, 11.0,
108.9, 67.5, 58.3, 55.9, 55.3, 46.2, 8.4. IR (KBr) Vimax 3406, 2926, 2851, 1709, 1667, 1605, 1582,
1500, 1441, 1367, 1269, 1246, 1207, 1180, 1140, 1113 cm™. HRMS (ESI") m/z: [M + H'] caled

for C9oH31N,0¢, 503.2182; found, 503.2181.
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N-(7-(2-(dimethylamino)ethoxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (65b). Compound 65b was obtained as a light yellow
amorphous solid (47 mg, 70%). '"H NMR (400 MHz, CDCls) & 8.80 (s, 1H), 8.71(s, 1H), 7.93—
7.89 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.13-7.06 (m, 3H), 6.95-6.92
(m, 2H), 4.21 (t, J= 5.9 Hz, 2H), 4.00 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H), 2.82 (t, J = 5.9 Hz, 2H),
2.38 (s, 6H). "CNMR (100 MHz, CDCI3) § 165.5, 159.8, 159.3, 158.9, 153.3, 144.0, 138.6,
136.7, 131.1, 130.0, 129.2, 128.2, 126.0, 123.9, 122.5, 122.1, 122.0, 115.3, 114.7, 113.2, 111.2,
111.0, 68.0, 61.6, 58.1, 55.9, 55.3, 46.0. IR (KBr) Vmax 3404, 2928, 2853, 1693, 1648, 1605,
1479, 1367, 1248, 1207, 1113, 1032, 1022 cm™. HRMS (ESI") m/z: [M + H'] caled for

C29H31N207, 519.2131; found, 519.2135.

OMe
H
MeO N O OMe
| @
N o
~IN"0 o Yo

N-(7-(2-(dimethylamino)ethoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-

dimethoxybiphenyl-3-carboxamide (65¢). Compound 65¢ was obtained as a white amorphous
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solid (41 mg, 64%). "H NMR (400 MHz, CDCls) & 8.80 (s, 1H), 8.77 (s, 1H), 7.94-7.91 (m, 2H),
738 (t, J = 8.0 Hz, 1H), 7.15-7.08 (m, 3H), 6.96-6.94 (m, 1H), 6.86 (s, 1H), 4.15 (t, J = 5.7 Hz,
2H), 3.91 (s, 6H), 3.88 (s, 3H), 2.83 (t, J = 5.7 Hz, 2H), 2.47 (s, 3H), 2.45 (s, 3H), 2.41 (s, 3H).
3CNMR (100 MHz, CDCI3) § 165.5, 159.8, 159.4 (2C), 150.3, 148.1, 143.4, 138.6, 131.1,
130.0, 129.2, 128.2, 126.0, 123.7, 123.1, 122.0, 120.4, 115.5, 115.3, 113.1, 111.0, 106.5, 70.5,
59.0, 56.0, 55.9, 55.3, 45.6, 9.0. IR (KBr) Viax 3398, 2954, 2847, 1706, 1674, 1605, 1582, 1529,
1502, 1468, 1381, 1246, 1207, 1144, 1022 cm’'. HRMS (ESI") m/z: [M + H'] caled for

C30H33N207, 5332288, found, 533.2291.
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N-(7-(3-(dimethylamino)propoxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (66a). Compound 66a was obtained as a light brown
amorphous solid ( 65 mg, 70%). '"H NMR (400 MHz, CDCls) & 8.81 (s, 1H), 8.71 (s, 1H), 7.95—
7.91 (m, 2H), 7.40-7.34 (m, 2H), 7.15-7.08 (m, 3H), 6.95 (dd, J = 8.2, 2.0 Hz, 1H), 6.89 (d, J =
8.7 Hz, 1H), 4.14 (t, J = 6.2 Hz, 2H), 3.92 (s, 3H), 3.88 (s, 3H), 2.61 (t, J = 6.2 Hz, 2H), 2.37 (s,
6H), 2.34 (s, 3H), 2.11-2.06 (m, 2H). "CNMR (100 MHz, CDCI3) § 165.5, 159.8, 159.6, 159.3,
158.4, 149.2, 138.6, 131.0, 130.0, 129.2, 128.2, 126.1, 125.7, 124.5, 122.0, 121.5, 115.2, 114.1,
113.4, 113.2, 111.0, 108.9, 66.8, 56.3, 55.9, 55.3, 45.3, 27.2, 8.2. IR (KBr) Vmax 3400, 2924,
2854, 1708, 1670, 1607, 1528, 1367, 1242, 1205, 1111, 1022 cm™". HRMS (ESI") m/z: [M + H']

calcd for C30H33N,04, 517.2339; found, 517.2342.
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N-(7-(3-(dimethylamino)propoxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (66b). Compound 66b was obtained as a light yellow
amorphous solid (36 mg, 72%). '"H NMR (400 MHz, CDCls) & 8.79 (s, 1H), 8.70 (s, 1H), 7.92—
7.88 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.13-7.06 (m, 3H), 6.94-6.90
(m, 2H), 4.17 (t, J = 6.2 Hz, 2H), 4.02 (s, 3H), 3.92 (s, 3H), 3.86 (s, 3H), 2.65 (t, J = 6.2 Hz, 2H),
2.39 (s, 6H), 2.12 (m, 2H). >CNMR (100 MHz, CDCI3) & 165.5, 159.8, 159.4, 158.9, 153.4,
144.0, 138.6, 136.5, 131.1, 130.0, 129.2, 128.2, 126.0, 124.0, 122.6, 122.1, 122.0, 115.3, 114.6,
113.2, 111.0, 111.95, 67.5, 61.5, 56.1, 55.9, 55.3, 45.1, 27.0. IR (KBr) Vmax 3404, 2941, 2837,
1709, 1666, 1602, 1582, 1501, 1462, 1379, 1244, 1207, 1180, 1093 cm™. HRMS (ESI") m/z: [M

+ H+] calcd for C3oH33N,047, 533.2288; found, 533.2291.
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N-(7-(3-(dimethylamino)propoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (66¢). Compound 66¢ was obtained as a white amorphous
solid (57 mg, 76%). 'H NMR (400 MHz, CDCls) & 8.78 (s, 1H), 8.75 (s, 1H), 7.92-7.90 (m, 2H),
7.37 (t, J = 8.0 Hz, 1H), 7.14-7.06 (m, 3H), 6.95-6.92 (m, 1H), 6.84 (s, 1H), 4.06 (t, J = 6.2 Hz,
2H), 3.90 (s, 3H), 3.89 (s, 3H), 3.87 (s, 3H), 2.74 (t, J = 6.2 Hz, 2H), 2.44 (s, 6H), 2.39 (s, 3H),
2.11-2.05 (m, 2H). BCNMR (100 MHz, CDCI3) & 165.5, 159.8, 159.3, 158.30, 158.29 150.3,

148.0, 143.3, 138.6, 131.0, 130.0, 129.2, 126.0, 123.7, 123.1, 122.0, 120.3, 115.5, 115.3, 113.1,
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111.0, 106.5, 71.3, 56.3, 56.0, 55.9, 55.3, 44.9, 27.7, 9.0. IR (KBr) Vmax 3404, 2941, 2837, 1709,
1672, 1603, 1582, 1526, 1501, 1464, 1377, 1242, 1205, 1093, 1034 cm™. HRMS (ESI") m/z: [M

+H'] caled for C31H3sN,07, 547.2444; found, 547.2449.
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N-(7-(allyloxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-dimethoxybiphenyl-3-carboxamide
(67a). A solution of compound 6a (149 mg, 0.35 mmol) in THF (5 mL) was treated with
potassium carbonate (238 mg, 1.73 mmol) and allylbromide (84 mg, 0.69 mmol). The resulting
mixture was refluxed for 8 h, quenched with aqueous ammonium chloride and extracted with
ethyl acetate (3 x 50 mL). The combined organic layers were washed with water and saturated
sodium chloride solution, dried over anhydrous magnesium sulfate and concentrated to dryness.
The residue was purified via column chromatography (SiO,, 40:1, CH,Cl,:acetone) to give
compound 67a as a white amorphous solid (144 mg, 88%). '"H NMR (500 MHz, CDCls) & 8.77
(s, 1H), 8.70 (s, 1H), 7.92-7.90 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.32 (d, J= 8.0 Hz, 1H), 7.16—
7.12 (m, 2H), 7.06 (d, J = 8.0 Hz, 1H), 6.95 (dd, J = 8.0 Hz, 1.5, 1H), 6.85 (d, J = 8.0 Hz, 1H),
6.61-6.04 (m, 1H), 5.47 (dd, J=17.1, 1.5 Hz, 1H), 5.33 (dt, J = 10.2, 1.1 Hz, 1H), 4.61 (d, J = 5.0
Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 2.35 (s, 3H). °C NMR (125 MHz, CDCl3) § 165.3, 159.7,
159.5, 159.4, 158.0, 149.2, 138.6, 132.8, 131.0, 130.0, 129.2, 128.1, 126.1, 125.6, 124.2, 122.0,
121.6, 117.6, 115.3, 114.3, 113.5, 113.1, 111.0, 109.2, 69.3, 55.9, 55.3, 8.2. IR (KBr) Vmax 3400,
3085, 3025, 2939, 2835, 1711, 1672, 1605, 1524, 1502, 1462, 1367, 1281, 1246, 1207, 1180,
1103, 1022 cm”. HRMS (ESI") m/z caled for [M+Na'] CosHouNOgNa, 494.1580; found,

494.1583.
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N-(7-(allyloxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-3',6-dimethoxybiphenyI-3-
carboxamide (67b). A solution of compound 6b (61 mg, 0.14 mmol) in DMF (5 mL) was
treated with sodium hydride (60%, 8.4 mg, 0.21 mmol) and allylbromide (34 mg, 0.28 mmol).
The resulting mixture was refluxed for 8 h, quenched with aqueous ammonium chloride and
extracted with ethyl acetate (3 x 50 mL). The combined organic layers were washed with water
and saturated sodium chloride solution, dried over anhydrous magnesium sulfate and
concentrated to dryness. The residue was purified via column chromatography (SiO,, 40:1,
CH,Cly:acetone) to afford compound 67b as a white amorphous solid (57 mg, 84%). 'H NMR
(500 MHz, CDCl;) 6 8.81 (s, 1H), 8.72 (s, 1H), 7.92 (dd, J = 8.6, 2.4 Hz, 1H), 7.89 (d, J = 2.4
Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.32 (d, J = 8.6 Hz, 1H), 7.13 (td, J = 7.6, 1.0 Hz, 1H), 7.10—
7.08 (m, 1H), 7.07 (d, J = 8.6 Hz, 1H), 6.95-6.92 (m, 2H), 6.13-6.05 (m, 1H), 5.46 (dd, J = 7.2,
1.5 Hz, 1H), 5.34 (dt, J = 5.0, 1.1 Hz, 1H), 4.69 (dd, J = 5.0, 1.0 Hz, 2H), 4.02 (s, 1H), 3.91 (s,
3H), 3.87 (s, 3H). °C NMR (125 MHz, CDCl;) § 165.8, 160.0, 159.5, 159.1, 153.2, 144.2,
138.8, 136.8, 132.8, 131.3, 130.2, 129.4, 128.4, 126.2, 124.2, 122.7, 122.4, 122.2, 118.5, 115.5,
114.9, 113.4, 111.5, 111.2, 70.3, 61.8, 56.1, 55.5. IR (KBr) Vmax 3400, 3084, 3000, 2937, 2835,
1713, 1672, 1607, 1526, 1502, 1462, 1367, 1283, 1245, 1207, 1103, 1022 cm™. HRMS (ESI")

m/z caled for [M+Na'] C,5H,sNONa, 510.1529; found, 510.1521.
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N-(7-(allyloxy)-6-methoxy-8-methyl-2-0xo-2H-chromen-3-yl)-3*,6-dimethoxybiphenyl-3-
carboxamide (67c). Compound 67¢ was obtained as a white amorphous solid (34 mg, 76%). 'H
NMR (500 MHz, CDCls) & 8.77 (s, 1H), 8.74 (s, 1H), 7.90 (dd, J = 10.8, 2.3 Hz, 1H), 7.88 (d, J
=2.3Hz, 1H), 7.34 (t, J = 10.8 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.08 (s, 1H), 7.05 (d, J = 8.5,
Hz, 1H), 6.92 (d, J = 8.5, 1H), 6.83 (s, 1H), 6.12-6.04 (m, 1H), 5.35 (d, J = 7.2, 1.5 Hz, 1H),
5.23 (d,J=10.3 Hz, 1H), 4.54 (dd, J = 6.0, 1.0 Hz, 2H), 3.89 (s, 1H), 3.88 (s, 3H), 3.84 (s, 3H),
2.37 (s, 3H). *C NMR (125 MHz, CDCl3) § 165.8, 160.0, 159.6, 159.5, 150.6, 148.0, 143.5,
138.8, 134.0, 131.2, 130.2, 1294, 128.4, 126.2, 123.9, 123.2, 122.2, 120.8, 118.4, 115.7, 115.5,
113.3, 111.2, 106.7, 74.4, 56.2, 56.1, 55.5, 9.4. IR (KBr) Vmax 3402, 3084, 3002, 2939, 2835,
1713, 1670, 1605, 1526, 1502, 1462, 1367, 1283, 1246, 1207,1103, 1022 cm™'. HRMS (ESI")

m/z caled for [M+Na'] C0H,7NO7Na, 524.1685; found, 524.1684.
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N-(7-(2,3-Dihydroxypropoxy)-8-methyl-2-oxo-2H-chromen-3-yl)-3*,6-dimethoxybiphenyl-
3-carboxamide (68a). Compound 68a was obtained as a white amorphous powder (58 mg,
90%). 'H NMR (400 MHz, CDCl5) & 8.82 (s, 1H), 8.72 (s, 1H), 7.95-7.91 (m, 2H), 7.41-7.36
(m, 2H), 7.16-7.08 (m, 3H), 6.97-6.90 (m, 2H), 4.22-4.16 (m, 3H), 3.99 (s, 3H), 3.92 (s, 3H),
3.91-3.81 (2H), 2.59 (s, 1H), 2.36 (s, 3H), 2.02 (s, 1H). *C NMR (100 MHz, CDCl;) & 165.6,
159.5, 159.4, 158.9, 158.8, 150.0, 139.2, 130.4, 129.8, 129.6, 129.5, 129.3, 126.7, 126.2, 122.2,
121.5, 115.7, 113.1, 113.0 (2C), 112.0, 109.6, 70.9, 70.4, 63.1, 56.4, 55.6, 8.4. IR (KBr) Vmax
3256 (broad), 3030, 2980, 2939, 1735, 1691, 1526, 1382, 1256, 1178, 1109, 1051, 1020 cm™.

HRMS (ESI+) m/z: [M + Na'] calcd for C,5H,7NOgNa, 528.1634; found, 528.1630.
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N-(7-(2,3-dihydroxypropoxy)-8-methoxy-2-ox0-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (68b). Compound 68b was obtained as a white amorphous
powder (26 mg, 74%). '"H NMR (500 MHz, DMSO-d¢) & 9.68 (s, 1H), 8.48 (s, 1H), 7.99 (dd, J =
8.6,2.3 Hz, 1H), 7.92 (d, J =2.3 Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.26
(d,J=28.6, 1H), 7.12 (t, ] = 8.8 Hz, 1H), 7.10 (d, J = 2.6 Hz, 1H), 6.96 (dd, J= 8.3, 2.1 Hz, 1H),
5.05 (bs, 1H), 4.73 (t,J=5.7 Hz, 1H), 4.15 (dd, J = 10.0, 4.1 Hz, 1H), 4.04 (dd, J = 10.0, 2.2 Hz,
1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.79 (s, 3H), 3.50 (t, J = 5.6 Hz, 2H). °C NMR (125 MHz,
DMSO-dg) 6 165.1, 159.1, 158.9, 157.9, 153.6, 144.2, 138.7, 135.3, 130.0, 129.3, 129.2, 129.1
(20), 125.7, 122.9, 121.7, 121.5, 115.2, 113.6, 112.5, 111.5, 110.8. 70.7, 69.8, 62.6, 60.8, 55.9,
55.1. IR (KBr) Vmax 3294 (broad), 2982, 2937, 1711, 1678, 1538, 1502, 1468, 1375, 1232, 1109,
1047, 1020 cm’'. HRMS (ESI+) m/z: [M + Na+] caled for C,gH;7NOgNa, 544.1583; found,

544.1581.
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N-(7-(2,3-dihydroxypropoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-3',6-
dimethoxybiphenyl-3-carboxamide (68c). Compound 68c was obtained as a white amorphous
powder (18 mg, 67%). 'H NMR (500 MHz, DMSO-de) & 9.65 (s, 1H), 8.54 (s, 1H), 8.00 (dd, J =
8.7,2.4 Hz, 1H), 7.91 (d, J =2.4 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.29 (s, 1H), 7.26 (d, J = 8.8

Hz, 1H), 7.12-7.09 (m, 2H), 6.96 (dd, J = 8.6, 2.6 Hz, 1H), 4.89 (s, OH, 1H), 4.62 (t, J = 5.7 Hz,
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1H), 4.05 (dd, J = 10.0, 4.2, 1H), 3.98-3.92 (m, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.80 (s, 3H),
3.79-3.74 (m, 1H), 3.44 (t, J = 5.6 Hz, 2H). 2.31 (s, 3H). °C NMR (125 MHz, DMSO-d¢) &
165.2, 159.1, 159.0, 158.2, 149.6, 148.1, 143.5, 138.7, 130.0, 129.4, 129.1 (2C), 128.1, 125.7,
122.6, 121.7, 119.0, 115.2, 114.6, 112.6, 111.6, 107.6, 75.0, 70.7, 62.9, 56.1, 55.9, 55.1, 8.8. IR
(KBr) Vmax 3284 (broad), 2980, 2842, 1709, 1694, 1524, 1483, 1375, 1251, 1178, 1146, 1109,

1051, 1020 cm’'. HRMS (ESI+) m/z: [M + Na+] caled for CyoHy9oNO9gNa, 558.1740; found,

OMe
1 [ :
o N N OMe
HZN)kO (@] OO

3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-7-yl

558.1733.

carbamate (69a): A solution of sulfurisocyanatidic chloride (6.0 puL, 0.070 mmol), dissolved in
anhydrous CH,Cl, (0.20 mL), was slowly added to 6a’ (30 mg, 0.070 mmol) in anhydrous
CH,Cl, (1.20 mL) at rt. After 2 h, the solvent was removed and the residue was stirred with cold
H,O overnight. The solid was collected by filtration, washing with H,O, and thoroughly dried to
afford 69a as a yellow amorphous solid (19 mg, 56%): 'H NMR (DMSO-dg, 500 MHz) § 9.77 (s,
1H), 8.59 (s, 1H), 8.01 (dd, J = 9.0, 2.5 Hz, 1H), 7.93 (d, J = 2.5 Hz, 1H), 7.62 (d, J = 8.5 Hz,
1H), 7.43 (bs, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.27 (d, J = 9.0 Hz, 1H), 7.14-7.09 (m, 4H), 6.97—
6.94 (m, 1H), 3.87 (s, 3H), 3.80 (s, 3H), 2.21 (s, 3H); °C NMR (DMSO-ds, 125 MHz) § 168.5,
165.3, 159.2, 159.0, 154.2, 149.1, 138.7, 136.7, 130.1, 129.4, 129.3, 129.2, 127.9, 125.7, 125.6,
123.2,121.8,119.8, 118.4, 116.6, 115.3, 112.6, 111.6, 56.0, 55.2, 8.7; IR (film) vimax 3053, 2986,
2305, 1713, 1603, 1522, 1421, 1367, 1265, 897, 748; HRMS (ESI") m/z: [M + 2H'] calcd for

C26H24N207, 476.1 584; found, 476.1514.
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OMe
y 1 [ :
eO X N OMe
(@) (@) OO

HZN/gO

3-(3',6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo0-2H-
chromen-7-yl carbamate (69b): A solution of sulfurisocyanatidic chloride (3.8 pL, 0.043
mmol), dissolved in anhydrous CH,Cl, (0.12 mL), was slowly added to 6b (20 mg, 0.043 mmol)
in anhydrous CH,Cl, (0.75 mL) at rt. After 2 h, the solvent was removed and the residue was
stirred with cold H,O overnight. The solid was collected by filtration, washing with H,O, and
thoroughly dried to afford 69b as a yellow amorphous solid (11 mg, 50%): '"H NMR (CDCls, 500
MHz) 6 8.81 (s, 1H), 8.78 (s, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.90 (d, J = 2.5 Hz, 1H), 7.37
(t, J = 8.0 Hz, 1H), 7.14-7.07 (m, 4H), 6.95-6.93 (m, 1H), 6.91 (s, 1H), 3.90 (s, 6H), 3.86 (s,
3H), 2.36 (s, 3H); °C NMR (CDCls;, 125 MHz) § 165.8, 160.0, 159.5, 159.2, 153.8, 149.6,
142.8, 139.7, 138.7, 131.2, 130.2, 129.3, 128.4, 126,1, 124.1, 123.3, 122.1, 121.3, 117.8, 115.4,
113.3, 111.1, 106.6, 56.5, 56.0, 55.5, 9.2; IR (film) vmax 3053, 2986, 2684, 2305, 1421, 1265,

895, 750, 706; HRMS (ESI") m/z: [M + 2H'] calcd for C,7H¢N,Os, 506.1689; found, 506.1637.

OMe
H Cl
N

3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0xo-2H-chromen-7-yl
carbamate (69c): A solution of sulfurisocyanatidic chloride (11 puL, 0.13 mmol), dissolved in
anhydrous CH,Cl, (0.4 mL), was slowly added to 6¢ (30 mg, 0.066 mmol) in anhydrous CH,Cl,

(1.6 mL) at rt. After 2 h, the solvent was removed and the residue was stirred with cold H,O
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overnight. The solid was collected by filtration, washing with H,O, and thoroughly dried to
afford 69¢ as a colorless amorphous solid (22 mg, 68%): '"H NMR (DMSO-dg, 500 MHz) § 9.78
(s, IH), 8.58 (s, 1H), 8.01 (dd, J=8.5, 2.5 Hz, 1H), 7.93 (d, J=2.5 Hz, 1H), 7.49 (d, J = 8.5 Hz,
1H), 7.46 (bs, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.27 (d, J = 8.5 Hz, 1H), 7.16-7.10 (m, 4H), 6.97—
6.94 (m, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.80 (s, 3H); °C NMR (CDCls, 125 MHz) § 165.8,
160.1, 159.5, 158.4, 154.1, 144.3, 143.7, 140.0, 138.7, 131.3, 130.1, 129.3, 128.4, 125.9, 123.9,
123.2, 122.2, 122.1, 120.3, 119.3, 115.4, 113.3, 111.2, 62.0, 56.1, 55.5; IR (film) vimax 3406,
3271, 3053, 2986, 2359, 2339, 1715, 1672, 1603, 1531, 1502, 1366, 1265, 1082, 897, 737, 704;

HRMS (EST") m/z: [M + H'] caled for Co6H23N,Og, 491.1454; found, 491.1432,

OMe
MeO XN O OMe
(@] |li:
O (@] @]

PN

O

ZT

MeHN
3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-2H-

chromen-7-yl methylcarbamate (70b): A solution of 6b (20 mg, 0.043 mmol) in anhydrous
pyridine (2.1 mL) was treated with methylcarbamic chloride (4.4 mg). After 12 h, the solvent
was removed and the residue purified via column chromatography (SiO,, 40:1, CH,Cl,:acetone)
to afford 70b as a yellow amorphous solid (21 mg, 95%): "H NMR (CDCl;, 500 MHz) § 8.79 (s,
1H), 8.71 (s, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.89 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz,
1H), 7.13-7.06 (m, 3H), 6.95-6.92 (m, 1H), 6.81 (s, 1H), 6.11 (s, 1H), 3.96 (s, 3H), 3.90 (s, 3H),
3.86 (s, 3H), 3.37 (s, 3H), 2.37 (s, 3H); °C NMR (CDCl;, 125 MHz) § 165.7, 159.9, 159.7,
159.4, 146.1, 144.5, 144.2, 138.7 (2C), 131.1, 130.1, 129.3, 128.3, 126.3, 124.7, 122.1, 122.0,

115.4, 113.3, 112.2, 111.9, 111.1, 105.0, 56.4, 56.0, 55.5, 29.6, 8.3; IR (film) vmax 3053, 2986,
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2685, 2359, 2341, 2307, 1684, 1421, 1265, 1022, 897, 746, 704; HRMS (ESI") m/z: [M + H']

calcd for C28H27N208, 5191767, fOlll’ld, 519.1839.

OMe
1 [ :
o XN N OMe
MeHN)kO 0] OO

OMe
3-(3',6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0xo-2H-chromen-7-yl
methylcarbamate (70c): A solution of 6¢ (33 mg, 0.074 mmol) in anhydrous pyridine (3.5 mL)
was treated with methylcarbamic chloride (7.4 mg). After 12 h, the solvent was removed and the
residue purified via column chromatography (SiO,, 40:1, CH,Cl,:acetone) to afford 70c as a
yellow amorphous solid (34 mg, 90%): '"H NMR (CDCls;, 500 MHz) § 8.81 (s, 1H), 8.65 (bs,
1H), 7.97 (bs, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.88 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz,
1H), 7.18 (d, J = 8.5 Hz, 1H), 7.13-7.07 (m, 3H), 6.96 (d, J = 8.5 Hz, 1H), 6.95-6.93 (m, 1H),
4.12 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H); °C NMR (CDCl;, 125 MHz) § 165.7, 160.0, 159.5,
158.7, 150.4, 143.1, 141.6, 138.7, 133.7, 131.2, 130.1, 129.3, 128.3, 126.1, 124.8, 123.3, 122.1,
121.7, 115.4, 114.1, 113.3, 113.1, 111.2, 62.1, 56.0, 55.5, 29.9; IR (film) wmax 3030, 2851, 2284,
1693, 1668, 1599, 1520, 1495, 1487, 1371, 1342, 1231, 1161, 1078, 964, 901, 856, 795; HRMS

(EST") m/z: [M + Na'] calcd for C,7H24N>NaOsg, 527.1430; found, 527.1403.

OMe
o N O OMe
T

3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-7-yl

ZT

Me,N~ O 0" o

dimethylcarbamate (71a): A solution of 6a (30 mg, 0.070 mmol) in pyridine (3.0 mL) at rt was



Zhao, H. et al. Supporting Information S84

treated with dimethylcarbamyl chloride (1.0 mL). After 12 h, the solvent was removed and the
residue purified via column chromatography (SiO,, 40:1, CH,Cl,:acetone) to afford 71a as a
colorless amorphous solid (31 mg, 89%): '"H NMR (CDCls;, 500 MHz) § 8.84 (s, 1H), 8.75 (s,
1H), 7.93 (dd, J = 8.5, 2.5 Hz, 1H), 7.90 (d, J = 2.0 Hz, 1H), 7.40-7.35 (m, 2H), 7.14-7.07 (m,
4H), 6.95-6.92 (m, 1H), 3.91 (s, 3H), 3.86 (s, 3H), 3.17 (s, 3H), 3.05 (s, 3H), 2.34 (s, 3H); °C
NMR (CDCls, 125 MHz) ¢ 165.8, 160.0, 159.5, 159.3, 154.2, 151.0, 148.9, 138.7, 131.2, 130.1,
129.3, 128.4, 126.1, 125.5, 123.6, 123.5, 122.2, 119.9, 119.3, 117.4, 115.4, 113.3, 111.2, 56.1.
55.5, 37.0, 36.7, 9.1; IR (film) vmax 3053, 2986, 2305, 1724, 1421, 1265, 1163, 895, 746, 706;

HRMS (EST") m/z: [M + 2H"] caled for CogHpsN,07, 504.1897; found, 504.1822.

OMe
[
_0 N N

PN

Me,N™ O
3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-2H-

chromen-7-yl dimethylcarbamate (71b): A solution of 6b (25 mg, 0.054 mmol) in pyridine
(2.25 mL) at rt was treated with dimethylcarbamyl chloride (0.75 mL). After 12 h, the solvent
was removed and the residue purified via column chromatography (SiO,, 40:1, CH,Cl,:acetone)
to afford 71b as a yellow amorphous solid (25 mg, 85%): 'H NMR (CDCls, 500 MHz) & 8.81 (s,
1H), 8.77 (s, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.90 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz,
1H), 7.14-7.07 (m, 3H), 6.95-6.92 (m, 1H), 6.89 (s, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H),
3.18 (s, 3H), 3.04 (s, 3H), 2.34 (s, 3H); °C NMR (CDCls, 125 MHz) § 165.7, 160.0, 159.5,

159.3, 154.0, 149.7, 143.0, 140.8, 138.7, 131.2, 130.2, 129.3, 128.4, 126.1, 123.9, 123.6, 122.2,

121.1, 117.3, 115.4, 113.3, 111.1, 106.5, 56.5, 56.0, 55.5, 37.1, 36.8, 9.3; IR (film) vimax 3053,
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2986, 2305, 1724, 1713, 1672, 1603, 1522, 1501, 1421, 1383, 1267, 1163, 897, 739, 704; HRMS

(ESI") m/z: [M + H'] calcd for Ca9H9N,Os, 533.1924; found, 533.1841.

OMe
1 [
o N N OMe
(@) O
MeZNLO o 0

OMe
3-(3',6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0xo-2H-chromen-7-yl
dimethylcarbamate (71c): A solution of 6¢ (25 mg, 0.056 mmol) in pyridine (2.25 mL) at rt
was treated with dimethylcarbamyl chloride (0.75 mL). After 12 h, the solvent was removed and
the residue purified via column chromatography (Si0,, 40:1, CH,Cl,:acetone) to afford 71c as a
colorless amorphous solid (19 mg, 65%): 'H NMR (CDCls, 500 MHz) & 8.84 (s, 1H), 8.74 (s,
1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.90 (d, J = 2.5 Hz, 1H), 7.38-7.35 (m, 2H), 7.13-7.07 (m,
4H), 6.95-6.93 (m, 1H), 4.05 (s, 3H), 3.91 (s, 3H), 3.86 (s, 3H), 3.16 (s, 3H), 3.05 (s, 3H); °C
NMR (CDCls, 125 MHz) § 165.8, 160.0, 158.6, 156.5, 153.0, 149.9, 145.5, 144.0, 142.6, 140.0,
135.6, 130.1, 129.3, 128.4 (2C), 126.0, 123.5, 122.1, 120.5, 118.9, 115.4, 113.3, 111.2, 61.9,
56.0, 55.5, 36.8 (2C); IR (film) wmax 3053, 2986, 2930, 2685, 2305, 1603, 1421, 1265, 1157,
1024, 895, 737, 704; HRMS (ESI") m/z: [M + H'] caled for C,sH,7N,Og, 519.1767; found,

519.1750.

ZT

OMe
O OMe
X
MeO. P”O 0 O
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MeO

3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methyl-2-oxo-2H-chromen-7-yl
dimethyl phosphate (72a): Dimethyl phosphorochloridate (6.3 pL, 0.058 mmol) was slowly

added to 6a (25 mg, 0.058 mmol) and 4-dimethylaminopyridine (7.1 mg, 0.058 mmol) in
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anhydrous CH,Cl, (1.2 mL) at rt. After 12 h, the solvent was removed and the residue purified
via column chromatography (SiO,, 40:1 — 10:1 CH,Cl,:acetone) to afford 72a as a colorless
amorphous solid (17 mg, 54%): '"H NMR (CDCls;, 500 MHz) § 8.83 (s, 1H), 8.74 (s, 1H), 7.93
(dd, J= 8.5, 2.5 Hz, 1H), 7.89 (d, J = 2.0 Hz, 1H), 7.39-7.36 (m, 2H), 7.32 (d, J = 9.0 Hz, 1H),
7.13-7.07 (m, 3H), 6.95-6.93 (m, 1H), 3.92 (s, 3H), 3.91 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H), 2.44
(s, 3H); °C NMR (CDCls, 125 MHz) § 165.7, 160.0, 159.5, 159.1, 149.9, 149.8, 149.0, 138.7,
131.2, 130.1, 129.3, 128.4, 125.9, 125.8, 123.5, 123.3, 122.1, 118.1, 117.2, 115.4, 113.3, 111.2,
56.0, 55.5, 55.3 (2C), 9.0; IR (film) vmax 3404, 3053, 2986, 2930, 2854, 2305, 1715, 1674, 1605,
1522, 1501, 1421, 1366, 1265, 1055, 897, 725, 704; HRMS (ESI") m/z: [M + 2H'] calcd for

Cy7H2sNOoP, 541.1502; found, 541.1454.

OMe
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MeO XN N OMe
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3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-2H-
chromen-7-yl dimethyl phosphate (72b): Dimethyl phosphorochloridate (7.0 uL, 0.065 mmol)
was slowly added to 6b (30 mg, 0.065 mmol) and 4-dimethylaminopyridine (8 mg, 0.065 mmol)
in anhydrous CH»Cl; (1.3 mL) at rt. After 12 h, the solvent was removed and the residue purified
via column chromatography (SiO,, 40:1 — 10:1 CH,Cl,:acetone) to afford 72b as a colorless
amorphous solid (14 mg, 41%): "H NMR (CDCl;, 500 MHz) § 8.79 (s, 1H), 8.77 (s, 1H), 7.92
(dd, J =8.5, 2.5 Hz, 1H), 7.89 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.13-7.06 (m, 3H),
6.94-6.92 (m, 1H), 6.90 (s, 1H), 3.95 (s, 3H), 3.93 (s, 3H), 3.93 (s, 3H), 3.90 (s, 3H), 3.86 (s,

3H), 2.46 (s, 3H); °C NMR (CDCls, 125 MHz) § 165.8, 160.0, 159.5, 159.2, 148.9 (2C), 138.7,
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131.2, 130.2, 129.3, 128.4, 126.0, 124.0, 123.2, 122.1, 120.4, 117.1 (2C), 115.4, 113.3, 111.1,
106.9, 56.5, 56.0, 55.5, 55.3, 55.2, 9.7; IR (film) vimax 3053, 2986, 2685, 2305, 1713, 1522, 1501,
1421, 1385, 1265, 897, 746, 704; HRMS (ESI") m/z: [M + Na'] caled for CagH,sNNaOjoP,

592.1349; found, 592.1341.

3-(3',6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0xo-2H-chromen-7-yl
dimethyl phosphate (72c): Dimethyl phosphorochloridate (4.0 puL, 0.038 mmol) was slowly
added to 6¢ (17 mg, 0.038 mmol) and 4-dimethylaminopyridine (5 mg, 0.038 mmol) in
anhydrous CH,Cl, (0.8 mL) at rt. After 12 h, the solvent was removed and the residue purified
via column chromatography (SiO,, 40:1) to afford 72c as a yellow amorphous solid (6.0 mg,
30%): '"H NMR (CDCls, 500 MHz) § 8.82 (s, 1H) 8.74 (s, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H),
7.88 (d, J = 2.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.29 (dd, J = 8.5, 1.0 Hz, 1H), 7.25-7.23 (m,
1H), 7.13-7.07 (m, 3H), 6.95-6.93 (m, 1H) 4.09 (s, 3H), 3.94 (s, 3H), 3.92 (s, 3H), 3.91 (s, 3H),
3.86 (s, 3H); °C NMR (CDCls, 125 MHz) § 165.7, 160.1, 159.5, 158.4, 144.4, 144.0, 138.6,
131.3, 130.1, 129.3, 128.4, 125.8, 123.8, 123.1, 122.4, 122.1, 118.6, 118.5, 118.4, 115.4, 113.3,
111.2, 62.2, 56.0, 55.5, 55.3 (2C); IR (film) vimax 3053, 2959, 2928, 2854, 2361, 2307, 1718,
1674, 1605, 1522, 1501, 1462, 1366, 1265, 1207, 1180, 1038, 1024, 916, 858, 735, 704; HRMS

(EST") m/z: [M + Na'] calcd for C,7H,NNaO P, 578.1192; found, 578.1147.
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3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo-2H-
chromen-7-yl methanesulfonate (73b): Methanesulfonyl chloride (10 uL, 0.13 mmol) was
added to 6b (15 mg, 0.033 mmol) in anhydrous pyridine (0.20 mL) at 0° C. The resulting
solution was warmed to rt and stirred overnight, then diluted with H,O. The desired product was
extracted with EtOAc (3 x 10 mL); combined organic fractions were dried (Na,SOy), filtered,
and concentrated. The residue was purified via column chromatography (SiO,, 40:1,
CH,Cly:acetone) to afford 73b as a yellow amorphous solid (13 mg, 97%): "H NMR (DMSO-ds,
500 MHz) § 9.77 (s, 1H), 8.64 (s, 1H), 8.01 (dd, J = 8.5, 2.5 Hz, 1H), 7.92 (d, J = 2.5 Hz, 1H),
7.49 (s, 1H), 7.37 (t, J= 8.0 Hz, 1H), 7.27 (d, J=9.0 Hz, 1H), 7.12-7.10 (m, 2H), 6.97-6.95 (m,
1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.80 (s, 3H), 3.54 (s, 3H), 2.36 (s, 3H); °C NMR (DMSO-ds, 125
MHz) $ 165.4, 159.3, 159.0, 157.7, 149.2, 148.9, 139.1, 138.7, 130.1, 129.3, 129.2, 128.9, 126.2,
124.6, 121.8, 121.2, 118.1, 115.3 (2C), 112.6, 111.5, 108.0, 55.1 (2C), 54.8, 29.1, 10.0; IR (film)
vinax 3053, 2986, 2928, 2685, 2305, 1717, 1601, 1421, 1383, 1265, 1153, 895, 737, 704; HRMS

(ESI") m/z: [M + H'] calcd for Co7H26NOoS, 540.1328; found, 540.1395.

OMe
[ :
N N OMe
MsO o” "0 ©

OMe
3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0x0-2H-chromen-7-yl
methanesulfonate (73c): Methanesulfonyl chloride (17 pL, 0.22 mmol) was added to 6b (25
mg, 0.056 mmol) in anhydrous pyridine (0.40 mL) at 0° C. The resulting solution was warmed to
rt and stirred overnight, then diluted with H,O. The desired product was extracted with EtOAc (3
x 10 mL); combined organic fractions were dried (Na,SQO,), filtered, and concentrated. The

residue was purified via column chromatography (SiO,, 40:1, CH,Cl,:acetone) to afford 73c as a
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yellow amorphous solid (29 mg, 99%): '"H NMR (CDCls, 500 MHz) & 8.80 (s, 1H), 8.73 (s, 1H),
7.88 (dd, J = 8.5, 2.0 Hz, 1H), 7.85 (d, J = 2.5 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.26-7.23 (m,
2H), 7.09-7.04 (m, 3H), 6.91-6.89 (m, 1H), 4.09 (s, 3H), 3.87 (s, 3H), 3.83 (s, 3H), 3.23 (s, 3H);
BC NMR (CDCls, 125 MHz) § 165.7, 160.2, 159.5, 158.0, 143.6, 142.4, 140.0, 138.6, 131.2,
130.1, 129.3, 128.4, 125.7, 124.6, 122.5 (2C), 122.1, 121.1, 120.6, 115.4, 113.2, 111.2, 62.6,
56.0, 55.4, 38.6; IR (film) wvmax 2928, 2359, 2341, 1720, 1676, 1603, 1521, 1501, 1464, 1364,
1242, 1180, 1078, 970, 860; HRMS (ESI") m/z: [M + H'] caled for Cy6H24NOoS, 526.1172;

found, 526.1179.
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3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-6-methoxy-8-methyl-2-oxo0-2H-
chromen-7-yl 4-methylbenzenesulfonate (74b): 4-methylbenzene-1-sulfonyl chloride (50 pL,
0.26 mmol) was added to 6b (30 mg, 0.065 mmol) in anhydrous pyridine (0.40 mL) at 0° C. The
resulting solution was warmed to rt and stirred overnight, then diluted with HO (10 mL). The
desired product was extracted with EtOAc (3 x 10 mL); combined organic fractions were dried
(NayS0y), filtered, and concentrated. The residue was purified via column chromatography
(Si0,, 40:1, CH,Cl,:acetone) to afford 74b as a yellow amorphous solid (39 mg, 98%): 'H NMR
(CDCls, 500 MHz) $ 8.79 (s, 1H), 8.78 (s, 1H), 7.92 (dd, J = 8.5, 2.5 Hz, 1H), 7.89 (d, J = 2.5
Hz, 1H), 7.86 (d, J = 8.5 Hz, 1H), 7.39-7.36 (m, 3H), 7.13-7.07 (m, 3H), 6.95-6.93 (m, 1H),
6.81 (s, 1H), 3.91 (s, 3H), 3.86 (s, 3H), 3.59 (s, 3H), 2.49 (s, 3H), 2.37 (s, 3H); °C NMR
(CDCl3, 125 MHz) ¢ 165.8, 160.0, 159.4, 159.0, 149.8, 145.3, 142.6, 138.7, 138.6, 134.3, 131.2,

130.2, 129.7 (2C), 129.3, 128.5 (2C), 128.4, 125.8, 124.6, 123.0, 122.7, 122.1, 118.6, 1154,
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113.2, 111.1, 106.6, 56.0, 55.9, 55.4, 21.9, 10.4; IR (film) vmax 3053, 2986, 2685, 2305, 1713,
1601, 1421, 1383, 1265, 1163, 895, 739, 706; HRMS (ESI") m/z: [M + H'] caled for

Cs33H30NOoS, 616.1641; found, 616.1676.

OMe
1 [ :
N N OMe
TsO 0] OO

OMe

3-(3",6-dimethoxy-[1,1'-biphenyl]-3-ylcarboxamido)-8-methoxy-2-0xo-2H-chromen-7-yl 4-
methylbenzenesulfonate (74c): 4-methylbenzene-1-sulfonyl chloride (43 pL, 0.22 mmol) was
added to 6¢ (25 mg, 0.056 mmol) in anhydrous pyridine (0.40 mL) at 0° C. The resulting
solution was warmed to rt and stirred overnight, then diluted with H,O (10 mL). The desired
product was extracted with EtOAc (3 x 10 mL); combined organic fractions were dried
(NaySQy), filtered, and concentrated. The residue was purified via column chromatography
(SiO,, 40:1, CH,Cly:acetone) to afford 74c as a colorless amorphous solid (33 mg, 99%): 'H
NMR (CDCls, 500 MHz) § 8.80 (s, 1H), 8.74 (s, 1H), 7.91 (dd, J = 8.5, 2.5 Hz, 1H), 7.88 (d, J =
2.5 Hz, 1H), 7.81-7.79 (m, 2H), 7.38-7.34 (m, 3H), 7.19 (d, J = 8.5 Hz, 1H), 7.12-7.07 (m, 4H),
6.95-6.92 (m, 1H), 3.91 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H), 2.47 (s, 3H); °C NMR (CDCls, 125
MHz) § 165.7, 160.2, 159.5, 158.1, 145.9, 143.5, 142.6, 140.5, 138.6, 132.9, 131.3, 130.1, 130.0
(2C), 129.3, 128.6 (2C), 128.4, 125.7, 124.4, 122.7, 122.1, 121.9, 120.5, 120.2, 115.4, 113.3,
111.2, 62.1, 56.0, 55.5, 21.9; IR (film) wmax 3053, 2927, 2359, 2341, 1720, 1676, 1603, 1522,
1501, 1462, 1364, 1265, 1178, 1078, 1007, 858, 818, 737, 706; HRMS (ESI") m/z: [M + H']

calcd for C3,HsNOoS, 602.1485; found, 602.1494.

\'\O\ XN NHCbz
0] o O
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Benzyl 8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylcarbamate (75a).
Compound 75a was obtained as a white amorphorous solid (60 mg, 58%). 'H NMR (400 MHz,
CDCly) & 8.25 (s, 1H), 7.55 (s, 1H), 7.40~7.34 (m, 5H), 7.24 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0
Hz, 1H), 5.22 (s, 2H), 4.48 (m, 1H), 2.71 (m, 2H), 2.52-2.49 (m, 2H), 2.38 (s. 3H), 2.11-2.07
(m, 2H), 1.98-1.89 (m, 2H). 3C NMR (100 MHz, CDCl;) & 158.8, 156.5, 153.2, 149.2, 135.6,
128.7, 128.5, 128.2, 125.1, 122.2, 121.4, 115.2, 113.0, 110.4, 72.4, 67.4, 52.0 (2C), 46.0, 30.3
(2C), 8.4. IR (film) vmax 3406, 3319, 2939, 2849, 2791, 1711, 1609, 1524, 1366, 1271, 1227,

1204, 1103, 1038, 1024 cm™. HRMS (ESI") m/z: [M + H'] caled for Cp4H7N,Os, 423.1920;

\’\O\ XN NHCbz
(@) o” "0
OMe

Benzyl 8-methoxy-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylcarbamate (75b).

found 423.1920.

Compound 75b was obtained as light brown oil (63 mg, 89%). "H NMR (400 MHz, CDCls) &
8.25 (s, 1H), 7.58 (s, 1H), 7.40-7.34 (m, 5H), 7.13 (d, J = 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H),
5.22 (s, 2H), 4.46 (m, 1H), 3.98 (s, 3H), 2.80-2.77 (m, 2H), 2.51-2.40 (m, 2H), 2.39 (s, 3H),
2.12-2.08 (m, 2H), 1.98-1.88 (m, 2H). *C NMR (100 MHz, CDCl3) & 158.2, 153.2, 151.5,
144.0, 137.8, 135.6, 128.7, 128.5, 128.2, 122.1, 122.0, 121.8, 114.8, 113.5, 72.3, 67.5, 61.5, 52.1
(20), 45.8, 30.4 (2C). IR (film) wvmax 3406, 3331, 2974, 2941, 2893, 1720, 1703, 1607, 1553,

1502, 1462, 1367, 1240, 1070. cm’. HRMS (ESI) m/z: [M + H'] caled for CasHyN,Os,

\@ﬂ\eo X NHCbz
(0] 0]

439.1869; found 439.1867.

©)]
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Benzyl 6-methoxy-8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-
ylcarbamate (75c). Compound 75¢ was obtained as light brown oil (134 mg, 88%). '"H NMR
(400 MHz, CDCl3) & 8.25 (s, 1H), 7.59 (s, 1H), 7.42-7.35 (m, 5H), 6.77 (s, 1H), 5.23 (s, 2H),
4.23-4.22 (m, 1H), 3.86 (s, 3H), 2.85-2.82 (m, 2H), 2.36 (s, 3H), 2.33 (s, 2H), 2.28-2.20 (m,
2H), 2.01-1.97 (m, 2H), 1.93-1.86 (m, 2H). *C NMR (100 MHz, CDCl;) & 158.9, 153.4, 150.5,
146.8, 143.4, 135.7, 128.9, 128.7, 128.4, 122.9, 121.9, 120.9, 115.2, 106.3, 78.1, 67.7, 56.2, 53.3
(2C), 46.1, 31.8 (2C), 9.9. IR (film) wax 3404, 3312, 2937, 2864, 1710, 1693, 1609, 1529, 1466,
1385, 1367, 1288, 1240, 1211, 1109, 1078, 1031 cm™. HRMS (ESI") m/z: [M + H'] calcd for

Co5H29N2Og, 435.2026; found, 453.2021.

Representative procedure for the preparation of compounds 77, 78, 81 and 82:

>N A H\N/ENQ
CL Q\/I o "

(0] o O
N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-1H-indole-2-
carboxamide (78a). Compound 75a (60 mg, 0.14 mmol) and Pd/C mixture were suspended in
THF (2 mL) and stirred under hydrogen overnight. The mixture was filtered and the filtrate was
concentrated and dried under vacuum for 2 h. The residue was dissolved in methylene chloride
(2 mL) and treated with freshly prepared indole carboxylic chloride (25.5 mg, 0.14 mmol) and
pyridine (0.1 mL). The resulting mixture was stirred at rt for 2 h, then purified via column
chromatography (SiO,, CH,Cl,:MeOH, 10:1) to yield compound 78a (31 mg, 51%). '"HMNR
(500 MHz, CDsCD-CDCls) 6 8.50 (s, 1H), 7.48 (d, J = 8.1 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H),

7.16 (d, J = 8.6 Hz, 1H), 7.09 (t, J = 8.1 Hz, 1H), 7.00 (s, 1H), ), 6.92 (t, J = 7.9 Hz, 1H), 6.72 (d,
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J =8.7 Hz, 1H), 4.54 (m, 1H), 2.53 (m, 2H), 2.35 (m, 2H), 2.18 (s, 3H), 2.13 (s, 3H), 1.85 (m,
2H), 1.75 (m, 2H). >C MNR (125 MHz, CD;CD-CDCl3) & 160.5, 159.4, 156.7, 149.4, 137.3,
129.8, 127.2, 125.6, 125.3, 124.8, 122.0, 120.9, 120.5, 114.9, 113.2, 112.0, 110.4, 104.6, 77.4,
51.5 (2C), 45.3, 29.7 (2C), 7.9. IR (film) vmax 3391, 3292, 2958, 2851, 1709, 1643, 1605, 1537,
1385, 1263, 1236, 1211, 1107, 1036, 731 cm”. HRMS (ESI') m/z: [M + H'] caled for
CasHpeN304, 432.1923; found 432.1927. This material was determined to be 100% pure
(Retention time = 8.37 min) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting
with 70% H>O (0.2% H3P04)/30% MeCN — 52% H,0 (0.2% H3PO4)/48% MeCN — 95% H,0

(0.2% H3PO4)/5% MeCN — 70% H,0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

N-(8-methoxy-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-1H-indole-2-
carboxamide (78b). Compound 78b was obtained as a light brown amorphous solid (28 mg,
38%). '"H MNR (500 MHz CDCl3/MeOD) & 8.66 (s, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.41 (d, J =
8.3 Hz, 1H), 7.24 (t, J = 8.2 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H), 7.13 (s, 1H), 7.09 (t, J = 8.0 Hz,
1H), 6.88 (d, J = 8.8 Hz, 1H), 4.45 (m, 1H), 3.93 (s, 3H), 2.71 (m, 2H), 2.45 (m, 2H), 2.32 (s,
3H), 2.15-2.11 (m, 2H), 2.00-1.91 (m, 2H). *C MNR (125 MHz CDCl;/MeOD) & 160.4, 158.7,
151.75, 144.2, 137.5, 137.2, 129.7, 127.4, 125.2, 124.3, 122.5, 122.3, 121.7, 120.8, 114.7, 113 .4,
112.1, 104.7, 77.3, 61.5, 51.7 (2C), 45.6, 29.6 (2C). IR (film) wmax 3390, 3312, 3292, 2928, 2851,
1711, 1653, 1607, 1535, 1383, 1264, 1236, 1211, 1107, 1036, 738 cm™'. HRMS (ESIT") m/z: [M +
H+] calcd for CysHogN3Os, 448.1873; found 448.1886. This material was determined to be 99%

pure (Retention time = 9.04) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting
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with 70% H>0 (0.2% H3P0O4)/30% MeCN — 52% H>0 (0.2% H3PO4)/48% MeCN — 95% H,O

(0.2% H3PO4)/5% MeCN — 70% H,0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

/

zZ
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N-(6-methoxy-8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-1H-
indole-2-carboxamide (78c). Compound 78c was obtained as a light brown amorphous solid (19
mg, 53%). "H MNR (500 MHz DMSO-ds) 11.91 (s, 1H), 9.56 (s, 1H), 8.55 (s, 1H), 7.67 (d, J =
8.1 Hz, 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.42 (s, 1H), 7.30 (s, 1H), 7.25 (t, J = 8.1 Hz, 1H), 7.08 (t,
J=17.7 Hz, 1H), 4.24-4.21 (m, 1H), 3.85 (s, 3H), 2.86 (m, 2H), 2.33 (s, 3H), 2.50 (m, 2H), 2.29
(s, 3H), 1.92-1.90 (m, 2H), 1.79-1.77 (m, 2H). CMNR (125 MHz DMSO-ds) & 160.0, 158.0,
149.7, 146.4, 143.5, 137.1, 130.3, 127.6, 126.9, 124.3, 122.3, 122.0, 120.1, 119.2, 114.6, 112.4,
107.4, 105.1, 77.1, 56.9, 52.1 (2C), 44.7, 30.7 (2C), 9.4. IR (film) vmax 3379, 3312, 2924, 2851,
1713, 1659, 1582, 1543, 1468, 1392, 1292, 1136, 1084, 1036 739 cm™'. HRMS (ESI") m/z: [M +
H+] calcd for Cp4Ho6N30s5, 462.2029; found 462.2032. This material was determined to be 99%
pure (Retention time = 8.70) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting
with 70% H>0 (0.2% H3P0O4)/30% MeCN — 52% H,0 (0.2% H3PO4)/48% MeCN — 95% H,0

(0.2% H3PO4)/5% MeCN — 70% H,0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

OAc
H
L0
0
0 o Yo =

4-(8-Methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylcarbamoyl)-2-(3-

methylbut-2-enyl)phenyl acetate (79a). Compound 79a was obtained as white amorphous solid
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( 76 mg, 73%). '"H NMR (500MHz, CDCls), § 8.79 (s, 1H), 8.71 (s, 1H), 7.81 (d, J = 2.1 Hz,
1H), 7.77 (dd, J= 8.3 Hz, 2.1, 1H), 7.34(d, J = 8.6 Hz, 1H), 7.18 (d, J=8.3 Hz, 1H), 6.89 (d, J =
8.6 Hz, 1H), 5.25 (m, 1H), 4.52 (m, 1H), 3.33 (d, J = 7.2 Hz, 2H), 2.76-2.70 (m, 2H), 2.55-2.45
(m, 2H), 2.40 (s, 3H), 2.35 (s, 6H), 2.15-2.09 (m, 2H), 1.97-1.92 (m, 2H), 1.78 (s, 3H), 1.74 (s,
3H). PC NMR §(125MHz, CDCl3) 169.1, 165.6, 159.6, 157.1, 152.3, 149.7, 134.8, 134.5, 131.8,
129.5, 126.1, 125.8, 124.8, 123.1, 121.7, 120.8, 115.4, 113.5, 110.6, 77.4, 52.3 (2C), 46.2, 30.5
(20), 29.0, 25.9, 21.1, 18.1, 8.6. IR (film) winax 3400, 3087, 2922, 2851, 1765, 1711, 1672, 1607,
1526, 1493, 1369, 1248, 1202, 1175, 1099, 1040 cm™. HRMS (ESI") m/z: [M + H'] calcd for
CsoH3sN,Og, 519.2495; found, 519.2485. This material was determined to be 95% pure
(Retention time = 14.3) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with
70% H,O (0.2% H3P04)/30% MeCN — 52% H,0 (0.2% H3P04)/48% MeCN — 95% H,O

(0.2% H3PO4)/5% MeCN — 70% H>0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

OAc

4-(8-methoxy-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylcarbamoyl)-2-(3-
methylbut-2-enyl)phenyl acetate (79b). Compound 79b was obtained as white amorphous solid
(85 mg, 61%). '"H NMR (500MHz, CDCl;) & 8.70 (s, 1H), 8.64 (s, 1H), 7.72 (d, J = 2.2 Hz, 1H),
7.68 (dd, J = 8.3, 2.3 Hz, 1H), 7.14 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.4 Hz, 1H), 6.86 (d, J = 8.6
Hz, 1H), 5.15 (m, 1H), 4.49 (m, 1H), 3.93 (s, 3H), 3.24 (d, J = 7.2 Hz, 2H), 2.90-2.85 (m, 2H),
2.68-2.65 (m, 2H), 2.46 (s, 3H), 2.26 (s, 3H), 2.19-2.16 (m, 2H), 1.98-1.94(m, 2H), 1.69 (s,
3H), 1.65 (s, 3H). *C NMR (125MHz, CDCls) §169.0, 165.6, 158.8, 152.3, 151.6, 144.4, 137.9,

134.8, 134.4, 131.5, 129.5, 126.0, 124.1, 123.1, 122.8, 122.4, 120.7, 115.2, 113.8, 72.1, 61.7,
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51.5 (20), 45.3, 29.5 (2C), 28.9, 25.8, 21.0, 18.0. IR (film) vimax 3406, 3084, 2962, 2937, 2831,
1731, 1711, 1666, 1604, 1529, 1502, 1462, 1366, 1258, 1178, 1103, 1036 cm™. HRMS (ESI")

m/z: [M + H+] calcd for C3oH35N,07, 535.2444; found, 535.2442.

OAc
0
0
0 o Yo =

4-(6-methoxy-8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-

/
ZT

ylcarbamoyl)-2-(3-methylbut-2-enyl)phenyl acetate (79c). Compound 79c was obtained as
white amorphous solid (81mg, 70%). 'H NMR (500MHz, CDCls) & 8.78 (s, 1H), 8.75 (s, 1H),
7.81 (d, J =2.2 Hz, 1H), 7.77 (dd, J = 8.3, 2.3 Hz, 1H), 7.19 (d, J = 8.5 Hz, 2H), 6.85 (s, 1H),
5.25 (m, 1H), 4.32 (m, 1H), 3.89 (s, 3H), 3.32 (d, J = 7.2 Hz, 2H), 3.07-3.04 (m, 2H), 2.82-2.65
(m, 2H), 2.54 (s, 3H), 2.39 (s, 3H), 2.35 (s, 3H), 2.19-2.16 (m, 2H), 2.11-2.02 (m, 2H), 1.77 (s,
3H), 1.74 (s, 3H). >C NMR (125MHz, CDCls) & 169.2, 165.8, 159.4, 152.4, 150.4, 147.1, 143.8,
134.9, 134.6, 131.7, 129.6, 126.2, 124.1, 123.2, 120.9, 120.8, 115.5, 106.8, 77.5, 56.3, 52.3 (2C),
45.3, 30.6 (2C), 29.1, 26.0, 21.1, 18.1, 10.0. IR (film) vmax 3404, 3086, 2935, 2852, 1721, 1711,
1672, 1605, 1529, 1383, 1250, 1177, 1085, 1034 cm™. HRMS (ESI") m/z: [M + H'] calcd for
C31H37N,07, 549.2601; found, 549.2604. This material was determined to be 98% pure
(Retention time = 13.9) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with
70% H>0 (0.2% H3P04)/30% MeCN — 52% H,0O (0.2% H3PO4)/48% MeCN — 95% H,O

(0.2% H3PO4)/5% MeCN — 70% H,0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

Representative procedure for the preparation of compounds 80 and 84:
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OH
H
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4-Hydroxy-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-3-(3-

methylbut-2-enyl)benzamide (80a). Compound 79a (52 mg, 0.1 mmol) was dissolved in 10%
triethylamine/methanol (3 mL). The solution was stirred at rt overnight and concentrated. The
residue was purified via column chromatography (SiO,, CH,Cl,:MeOH, 10:1) to afford 80a as a
white amorphous solid (37 mg, 73%). 'H NMR (500MHz, DMSO-d¢) & 9.22 (s, 1H), 8.47 (s,
1H), 7.68-7.66 (m, 2H), 7.53 (d, J = 8.7 Hz, 1H), 7.11 (d, J = 8.9 Hz, 1H), 6.90 (d, J = 8.7 Hz,
1H), 5.30 (m, 1H), 4.57 (m, 1H), 3.27 (d, J = 7.3 Hz, 2H), 2.62-2.54 (m, 2H), 2.34-2.28 (m,
2H), 2.22 (s, 3H), 2.21 (s, 3H), 1.96-1.92 (m, 2H), 1.76-1.72(m, 2H), 1.71 (s, 3H), 1.69 (s, 3H).
BC NMR (125MHz, DMSO-de) §165.3, 158.8, 158.4, 156.6, 149.5, 131.9, 129.2, 127.8, 127.7,
126.8, 126.0, 124.0, 122.3, 121.3, 114.6, 113.4, 112.7, 110.8, 72.1, 51.8 (2C), 45.7, 30.2 (20),
27.9,25.6,17.7, 8.2. IR (film) vimax 3421, 3081, 2938, 2856, 1703, 1666, 1601, 1528, 1504, 1366,
1248, 1178, 1150, 1094, 1040 cm’'. HRMS (ESI") m/z: [M + H'] caled for C,gH33N,Os,
477.2389; found, 477.2397. This material was determined to be 98% pure (Retention time =
13.5) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with 70% H,O (0.2%
H3P0O4)/30% MeCN — 52% H,0 (0.2% H3PO4)/48% MeCN — 95% H,0 (0.2% H3PO4)/5%
MeCN — 70% H,0 (0.2% H3P0O4)/30% MeCN, flow rate 1.0 mL/min.

OH
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4-hydroxy-N-(8-methoxy-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-3-(3-

methylbut-2-enyl)benzamide (80b). Compound 80b was obtained as white amorphous solid
(24 mg, 75%). '"H NMR (500MHz, CDCl3) § 9.26 (s, 1H), 8.49 (s, 1H), 7.68-7.66 (m, 2H), 7.42
(d, J = 8.4 Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 6.91 (d, J = 8.9 Hz, 1H), 5.30 (m, 1H), 4.58 (m,
1H), 3.88 (s, 3H), 3.27 (d, J = 7.2 Hz, 2H), 2.76-2.69 (m, 2H), 2.48-2.39 (m, 2H), 2.32 (s, 3H),
2.04-1.95 (m, 2H), 1.83-1.74 (m, 2H), 1.71 (s, 3H), 1.69 (s, 3H). °C NMR (125MHz, CDCl;)
0165.3, 158.8, 157.9, 151.5, 144.3, 136.3, 131.9, 129.2, 127.7, 127.4, 126.9, 123.9, 122.8, 122.3,
121.9, 114.6, 114.0, 112.7, 72.7, 60.9, 51.7 (2C), 45.1, 29.9 (2C), 27.9, 25.5, 17.7. IR (film) Vinax
3406, 3317 (broad), 3086, 3053, 2941, 2833, 1711, 1666, 1605, 1527, 1502, 1460, 1365, 1265,
1178, 1080, 1034, 739 cm™'. HRMS (EST") m/z: [M + H'] caled for C,sH33N,O4, 493.2339;
found; 493.2337.

OH
0
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0
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4-hydroxy-N-(6-methoxy-8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-

/
ZT

yl)-3-(3-methylbut-2-enyl)benzamide (80c). Compound 80c was obtained as white amorphous
solid (21mg, 81%). 'H NMR (500MHz, DMSO-dg) & 10.2 (s, 1H), 9.23 (s, 1H), 8.54 (s, 1H),
7.68-7.66 (m, 2H), 7.28 (s, 1H), 6.92 (d, J = 9.0 Hz, 1H), 5.30 (m, 1H), 4.21 (m, 1H), 3.85 (s,
3H), 3.35-3.30 (m, 2H), 3.28 (d, J = 7.2 Hz, 2H), 2.90-2.81 (m, 2H),2.32-2.29 (m, 2H), 2.28 (s,
3H), 2.25 (s, 3H), 1.93-1.88 (m, 2H), 1.78-1.71 (m, 2H), 1.71 (s, 3H), 1.70 (s, 3H). °C NMR
(125MHz, DMSO-d¢) & 165.4, 158.9, 158.3, 149.8, 146.2, 143.3, 131.9, 129.2, 127.7, 126.9,
126.5, 123.9, 122.8, 122.3, 119.2, 114.8, 114.6, 107.4, 77.3, 56.1, 52.2 (2C), 44.8, 30.8 (20),

27.9,25.5,17.7,9.4. IR (film) vinax 3406, 3088, 3045, 2931, 2853, 1709, 1657, 1601, 1529, 1500,
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1381, 1250, 1178, 1086, 1034 cm”'. HRMS (ESI") m/z: [M + H'] caled for CyoH3sN,Og,
507.2495; found, 507.2494. This material was determined to be 99% pure (Retention time =
13.2) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with 70% H,O (0.2%
H3P0O4)/30% MeCN — 52% H,0 (0.2% H3P0O4)/48% MeCN — 95% H,0 (0.2% H3PO4)/5%

MeCN — 70% H,0 (0.2% H3P0O4)/30% MeCN, flow rate 1.0 mL/min.

XN NHCbz

Benzyl 7-(3-(dimethylamino)propoxy)-8-methyl-2-oxo-2H-chromen-3-yl carbamate (81a).
Compound 81a was obtained as colorless oil (670 mg, 72%). '"H NMR (400MHz, CDCl;) & 8.11
(s, 1H), 7.45 (s, 1H), 7.29-7.23 (m, SH), 7.11 (d, J = 8.6 Hz, 1H), 6.70 (d, J = 8.6 Hz, 1H), 5.10
(s, 2H), 3.97 (t, J = 5.8 Hz, 2H), 2.46 (t, J = 5.8 Hz, 2H), 2.22 (s, 6H), 2.17 (s, 3H), 1.93 (m, 2H).
13C NMR (100 MHz, CDCl3) § 159.0, 158.2, 153.3, 149.0, 135.8, 128.8 (2C), 128.6, 128.4 (2C),
125.3, 122.5, 121.4, 114.0, 113.3, 108.9, 67.5, 66.8, 56.4, 45.4 (2C), 27.4, 8.2. IR (film) Vpax
3404, 3323, 2978, 2943, 2816, 2768, 1713, 1610, 1524, 1381, 1366, 1273, 1227, 1204, 11009,

1022 cm™. HRMS (ESI") m/z: [M + H'] caled for Ca3Hy6N,0s, 411.1920; found, 411.1918.

XN NHCbz
\T/\/\O o X0

OMe
Benzyl 7-(3-(dimethylamino)propoxy)-8-methoxy-2-oxo-2H-chromen-3-ylcarbamate
(81b). Compound 81b was obtained as a brown white amorphous foam (39 mg, 92%). '"H NMR
(400MHz, CDCls): 8 8.25 (s, 1H), 7.55 (s, 1H), 7.41-7.30 (m, 5H), 7.14 (d, J = 8.4 Hz, 1H), 6.91
(d, J = 8.4 Hz, 1H), 5.23 (s, 2H), 4.16 (t, J = 5.8 Hz, 2H), 3.97 (s, 3H), 2.68 (t, J = 5.8 Hz, 2H),
2.41 (s, 6H), 2.13 (m, 2H). °C NMR (100 MHz, CDCls) § 158.3, 153.2, 153.0, 143.8, 136.4,

135.6, 128.7 (20), 128.5, 128.2 (2C), 122.1, 121.93, 121.86, 114.4, 110.9, 67.5, 67.4, 61.5, 56.1,
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45.0 (2C), 26.9. IR (film) vmax 3406, 3310, 2937, 2813, 2766, 1697, 1631, 1608, 1537, 1271,

1229, 1213, 1113, 1024. cm™. HRMS (ESI") m/z: [M + H'] caled for Cp3Hy7N,O, 427.1869;

found, 427.1861.

MeO - NHCbz
\N/\/\O o o
|
Benzyl 7-(3-(dimethylamino)propoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-

ylcarbamate (81c). Compound 81¢c was obtained as a white amorphous solid (77 mg, 60%). 'H
NMR (400MHz, CDCls): § 8.20 (s, 1H), 7.62 (s, 1H), 7.37-7.31 (m, SH), 6.72 (s, 1H), 5.19 (s,
2H), 4.01 (t, J = 5.7 Hz, 2H), 3.83 (s, 3H), 2.55 (t, J = 5.7 Hz, 2H), 2.32 (s, 3H), 2.29 (s, 6H),
199-1.96 (m, 2H). *C NMR (100 MHz, CDCls) & 158.7, 153.1, 150.2, 147.9, 143.0, 135.6,
128.6 (20), 128.5, 128.2 (2C), 122.8, 121.7, 120.2, 115.2, 106.1, 71.6, 67.4, 56.4, 55.9, 45.3
(20), 28.3, 8.9. IR (film) vmax 3404, 3313, 2953, 2820, 2770, 1709, 1524, 1464, 1389, 1298,
1229, 1204, 1090, 1024 cm™. HRMS (ESI") m/z: [M + H'] caled for CaqHaoN2Og, 441.2026;

found, 441.2018.

N N
o H

N-(7-(3-(dimethylamino)propoxy)-8-methyl-2-oxo-2H-chromen-3-yl)-1H-indole-2-
carboxamide (82a). Compound 82a was obtained a brown amorphous solid (21 mg, 36%). 'H
NMR (500 MHz,DMSO-dg) & 11.89 (s, 1H), 9.60 (s, 1H), 8.49 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H),
7.60 (d, J = 8.7 Hz, 1H), 7.48 (d, J = 8.4 Hz, 1H), 7.42 (s, 1H), 7.25 (t, J = 8.0 Hz, 1H), 7.11-
7.07 (m, 2H), 4.14 (t, J = 6.2 Hz, 2H), 2.62 (m, 2H), 2.32 (s, 6H), 2.24 (s, 3H), 2.00-1.90 (m,

2H). *C NMR (125 MHz,DMSO-ds) § 160.0, 158.22, 158.19, 149.5, 137.1, 130.5, 129.3, 127.0,
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126.3, 124.2, 122.0, 120.8, 120.1, 112.7, 112.49, 112.46, 109.2, 105.0, 66.5, 55.2, 44.4 (2C),
26.1, 8.0. IR (film) vmax 3375, 3319, 2926, 2854, 1711, 1649, 1580, 1535, 1412, 1390, 1327,
1265, 1111, 1063, 789 cm™. HRMS (ESI") m/z: [M + H'] caled for CosHagN3O4, 420.1923;
found, 420.1920. This material was determined to be 100% pure (Retention time = 12.1) by
HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with 70% H>O (0.2% H3PO4)/30%
MeCN — 52% H>0 (0.2% H3PO4)/48% MeCN — 95% H,0 (0.2% H3PO4)/5% MeCN — 70%

H,0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

“ﬂ
X N
H

| OMe

N-(7-(3-(dimethylamino)propoxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-1H-indole-2-
carboxamide (82b). Compound 82b was obtained a brown amorphous solid (28 mg, 70%). 'H
NMR (500 MHz, CDCl3-CDs0D) 6 8.50 (s, 1H), 7.47 (m, 1H), 7.28 (m, 1H), 7.11-7.04 (m, 2H),
7.00 (s, 1H), 6.94-6.91 (m, 1H), 6.79-6.76 (m, 1H), 3.95 (t, J = 4.7 Hz, 2H), 3.78 (s, 3H), 2.52
(m, 2H), 2.23 (s, 3H), 2.22 (s, 3H), 1.92—1.88 (m, 2H). >C NMR (125 MHz, CDCl3/CD;0D) &
164.5, 162.7, 157.3, 147.9, 141.4, 140.0, 133.8, 131.3, 128.9, 128.8, 126.8, 126.1, 125.5, 124.6,
118.4, 116.1, 114.8, 108.7, 71.1, 65.3, 59.9, 48.4 (2C), 30.4. IR (film) vimax 3379, 3321, 2943,
2853, 1712, 1662, 1583, 1542, 1421, 1391, 1291, 1207, 1138, 1030 739 cm™. HRMS (ESI") m/z:
[M + H'] calcd for Co4Ha6N30s, 436.1873; found, 436.1867. This material was determined to be
100% pure (Retention time = 8.25) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column
eluting with 70% H,O (0.2% H3P04)/30% MeCN — 52% H,O (0.2% H3P04)/48% MeCN —
95% H20 (0.2% H3PO04)/5% MeCN — 70% H,O (0.2% H3P04)/30% MeCN, flow rate 1.0

mL/min.
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MeO H\H/E@
T
\T/\/\Omo ©
N-(7-(3-(dimethylamino)propoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-1H-
indole-2-carboxamide (82c). Compound 82c was obtained a brown amorphous solid (41 mg,
83%). '"H NMR (500 MHz, CDCl5-CD;0D) & 8.37 (s, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.17 (d, J =
8.0 Hz, 1H), 6.97 (t, J = 8.0 Hz, 1H), 6.89 (s, 1H), 6.81 (t, J = 8.0 Hz, 1H), 6.60 (s, 1H). 3.74 (t,
J=5.6 Hz, 2H), 3.60 (s, 3H), 2.67 (t, J = 5.6 Hz, 2H), 2.29 (s, 6H), 1.80 (s, 3H), 1.80 (m, 2H).
BC NMR (125 MHz, CDCI3/CD;0D) & 164.5, 163.1, 154.1, 151.7, 147.2, 141.4, 133.8, 131.3,
128.8, 128.4, 126.5, 125.9, 124.4, 123.9, 119.5, 116.0, 110.5, 108.6, 74.7, 60.1, 59.6, 47.7 (2C),
30.6, 12.3. IR (film) vmax 3381, 3315, 2943, 2833, 1722, 1657, 1543, 1467, 1394, 1292, 1086,
1030 739 cm™. HRMS (ESI") m/z: [M + H'] caled for C,sH,sN30s, 450.2029; found, 450.2031.
This material was determined to be 96% pure (Retention time = 7.92) by HPLC (ZORBAX
Eclipse Plus 4.6 x 150 mm column eluting with 70% H,O (0.2% H3PO4)/30% MeCN — 52%
H>0 (0.2% H3P04)/48% MeCN — 95% H,0 (0.2% H3P04)/5% MeCN — 70% H,O (0.2%

H3PO4)/30% MeCN, flow rate 1.0 mL/min.

OAc
H
N N
\T/\/\O o X0 O =

4-(7-(3-(Dimethylamino)propoxy)-8-methyl-2-oxo-2H-chromen-3-ylcarbamoyl)-2-(3-
methylbut-2-enyl)phenyl acetate (83a). Compound 83a was obtained as a white amorphous
solid (79 mg, 77%). '"H NMR (500MHz, CDCl3) & 8.79 (s, 1H), 8.70 (s, 1H), 7.81 (s, 1H),

7.77(d, J = 8.3 Hz, 1H), 7.34 (d, J = 8.6 Hz, 1H), 7.18 (d, J = 8.3 Hz, 1H), 6.88 (d, J = 8.6 Hz,
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1H), 5.25 (m, 1H), 4.15 (t, J = 6.0 Hz, 2H), 3.32 (d, J = 7.2 Hz, 2H), 2.77 (t, J = 7.4 Hz, 2H),
2.49 (s, 6H), 2.35 (s, 3H), 2.33 (s, 3H), 2.17 (m, 2H), 1.77 (s, 3H), 1.73 (s, 3H). °C NMR
(125MHz, CDCls) 6 169.1, 165.6, 159.7, 158.4, 152.3, 149.4, 134.8, 134.5, 131.8, 129.6, 126.09,
126.05, 124.9, 123.1, 121.7, 120.9, 114.3, 113.6, 109.1, 66.7, 56.4, 45.0 (2C), 29.0, 26.8, 26.0,
21.1, 18.2, 8.4. IR (film) vmax 3400, 3086, 3054, 2922, 2851, 1765, 1711, 1672, 1607, 1526,
1493, 1369, 1248, 1202, 1175, 1099, 1040 cm™. HRMS (ESI") m/z: [M + H'] caled for
Cy9H3sN,0g, 507.2495; found, 507.2501. This material was determined to be 100% pure
(Retention time = 10.0) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with
70% H,0 (0.2% H3P04)/30% MeCN — 52% H,0 (0.2% H3P04)/48% MeCN — 95% H,O

(0.2% H3P0O4)/5% MeCN — 70% H>0 (0.2% H3P0O4)/30% MeCN, flow rate 1.0 mL/min.

OAc
H
X N
SN0 o OO =
| OMe

4-(7-(3-(dimethylamino)propoxy)-8-methoxy-2-oxo-2H-chromen-3-ylcarbamoyl)-2-(3-

methylbut-2-enyl)phenyl acetate (83b). Compound 83b was obtained as white amorphous solid

(48 mg, 54%). "H NMR (500 MHz, CDCl3) & 8.79 (s, 1H), 8.70 (s, 1H), 7.80 (d, J = 2.3 Hz,

1H), 7.76 (dd, J = 8.4 Hz, 2.3 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 6.95 (d,
J=8.8 Hz, 1H), 5.24 (m, 1H), 4.17 (t, J = 6.3 Hz, 2H), 3.99 (s, 3H), 3.32 (d, J = 7.2 Hz, 2H),
2.66 (t, J = 7.2 Hz, 2H), 2.40 (s, 6H), 2.37 (s, 3H), 2.12 (m, 2H), 1.77 (s, 3H), 1.73 (s, 3H). *C
NMR (125 MHz, CDCls) 8 169.1, 165.7, 159.1, 153.7, 152.3, 144.3, 136.6, 134.9, 134.5, 131.7,
129.6, 126.1, 124.5, 123.1, 122.9, 122.1, 120.8, 114.6, 111.1, 67.6, 61.8, 56.3, 45.3 (2C), 29.0,

27.1, 259, 21.1, 18.2. IR (film) vmax 3408, 3084, 3024, 2937, 2858, 1711, 1666, 1605, 1529,
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1502, 1462, 1367, 1259, 1178, 1105, 1082, 1034 cm™'. HRMS (ESI') m/z caled for [M+H']

Cy9H35NO7, 523.2444; found, 523.2450.

OAc
H
MeO X N
\T/\/\O o X0 O =

4-(7-(3-(dimethylamino)propoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-

ylcarbamoyl)-2-(3-methylbut-2-enyl)phenyl acetate (83c). Compound 83c was obtained as

white amorphous solid (81 mg, 70%). 'H NMR (500 MHz, CDCl5) & 8.78 (s, 1H), 8.75 ( s, 1H),

7.81 (d, J = 2.2 Hz, 1H), 7.77 (dd, J = 8.4, 2.2 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 6.84 (s, 1H),
5.24 (m, 1H), 4.06 (t, J = 6.1 Hz, 2H), 3.90 (s, 3H), 3.32 (d, J= 7.2 Hz, 2H), 2.89 (t, J = 7.5 Hz,
2H), 2.55 (s, 6H), 2.37 (s, 3H), 2.35 (s, 3H), 2.15 (m, 2H), 1.77 (s, 3H), 1.73 (s, 3H). °C NMR
(125 MHz, CDCl3) 6 169.1, 165.7, 159.5, 152.3, 150.4, 148.1, 143.6, 134.9, 134.5, 131.7, 129.6,
126.1, 124.1, 123.17, 123.14, 120.8, 120.6, 115.7, 106.7, 71.1, 56.5, 56.2, 44.7 (2C), 29.0, 27.4,
25.9,21.1, 18.2,9.2. IR (film) vimax 3404, 3082, 2935, 2854, 1765, 1711, 1672, 1605, 1527, 1492,
1382, 1249, 1177, 1088, 1034 cm™. HRMS (ESI") m/z caled for [M+H"] C30H3;NO-, 537.2601;
found, 537.2595. This material was determined to be 99% pure (Retention time = 10.8) by HPLC
(ZORBAX Eclipse Plus 4.6 x 150 mm column eluting with 70% H,O (0.2% H3P0O4)/30% MeCN
— 52% H,0 (0.2% H;3P04)/48% MeCN — 95% H,0 (0.2% H3PO04)/5% MeCN — 70% H,O

(0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

OH
H
X N
\T/\/\O o X0 O =
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N-(7-(3-(Dimethylamino)propoxy)-8-methyl-2-oxo-2H-chromen-3-yl)-4-hydroxy-3-(3-
methylbut-2-enyl)benzamide (84a). Compound 84a was obtained as a white, amorphous solid
(22 mg, 69%). '"H NMR (500MHz, DMSO-dg) & 10.19 (s, 1H), 9.24 (s, 1H), 8.47 (s, 1H), 7.68—
7.66 (m, 2H), 7.56 (d, J = 8.7 Hz, 1H), 7.07 (d, J = 8.7 Hz, 1H), 6.89 (d, J = 8.7 Hz, 1H), 5.31
(m, 1H), 4.13 (t, J = 6.2 Hz, 2H), 3.27 (d, J = 7.2 Hz, 2H), 2.47 (t, J = 6.9 Hz, 2H), 2.22 (s, 6H),
2.21 (s, 3H), 1.92 (m, 2H), 1.71 (s, 3H), 1.70 (s, 3H). °C NMR (125MHz, DMSO-ds) & 165.3,
158.7, 158.4, 158.1, 149.3, 131.8, 129.2, 128.1, 127.6, 126.8, 126.1, 124.0, 122.3, 121.2, 114.5,
112.7, 112.4, 109.1, 66.6, 55.5, 45.0 (2C), 27.9, 26.6, 25.5, 17.7, 7.9. IR (film) vnax 3408, 2961,
2928, 1709, 1666, 1607, 1529, 1504, 1367, 1256, 1178, 1109 cm™. HRMS (ESI") m/z: [M + H']
calcd for Cp7H33N,0s, 465.2389; found, 465.2388. This material was determined to be 100%
pure (Retention time = 9.83) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column eluting
with 70% H>0 (0.2% H3P0O4)/30% MeCN — 52% H,0 (0.2% H3PO4)/48% MeCN — 95% H,0

(0.2% H3P0O4)/5% MeCN — 70% H,0 (0.2% H3PO4)/30% MeCN, flow rate 1.0 mL/min.

OH
H
N N
\N/\/\O o X0 0] P
| OMe

N-(7-(3-(dimethylamino)propoxy)-8-methoxy-2-oxo-2H-chromen-3-yl)-4-hydroxy-3-(3-
methylbut-2-enyl)benzamide (84b). Compound 84b was obtained as a white amorphous solid
(16 mg, 79%). 'H NMR (500MHz, DMSO-d¢) & 10.23 (bs, 1H), 9.27 (s, 1H), 8.48 (s, 1H), 7.68—
7.66 (m, 2H), 7.44 (d, J = 8.9 Hz, 1H), 7.13 (d, J = 8.8 Hz, 1H), 6.91 (d, J = 8.8 Hz, 1H), 5.30
(m, 1H), 4.16 (t, J = 6.2 Hz, 2H), 3.87 (s, 3H), 3.27 (d, J = 7.2 Hz, 2H), 2.62 (m, 2H), 2.31 (s,
6H), 1.76 (s, 3H), 1.70 (s, 3H). °C NMR (125MHz, DMSO-ds) & 165.4, 158.8, 158.0, 153.1,

144.1, 135.3, 131.9, 129.3, 127.7, 126.9, 123.9, 122.9, 122.3 (2C), 121.8, 114.6, 113.8, 110.9,
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66.9, 60.9, 55.2, 44.5 (20), 27.9, 26.1, 25.5, 17.7. IR (film) vinax 3410, 3319, 3086, 2960, 2878,
1711, 1666, 1605, 1529, 1504, 1462, 1367, 1259, 1178, 1105, 1084 cm™. HRMS (ESI") m/z: [M
+ H+] caled for C,7H33N,Og, 481.2339; found, 481.2338. This material was determined to be
100% pure (Retention time = 9.11) by HPLC (ZORBAX Eclipse Plus 4.6 x 150 mm column
eluting with 70% H,O (0.2% H3P04)/30% MeCN — 52% H,0 (0.2% H3PO4)/48% MeCN —

95% Hy0 (0.2% H3PO4)/5% MeCN — 70% H,O (0.2% H3P04)/30% MeCN, flow rate 1.0

OH
M H
eO X N
\T/\/\O o X0 O =

N-(7-(3-(dimethylamino)propoxy)-6-methoxy-8-methyl-2-oxo-2H-chromen-3-yl)-4-

mL/min.

hydroxy-3-(3-methylbut-2-enyl)benzamide (84c). Compound 84c was obtained as a white
amorphous solid (23 mg, 58%). 'H NMR (500MHz, DMSO-ds) & 10.25 (bs, 1H), 9.22 (s, 1H),
8.54 (s, 1H), 7.67-7.66 (m, 2H), 7.27 (s, 1H), 6.92 (dd, J = 6.5, 2.4 Hz, 1H), 5.30 (m, 1H), 3.98
(t, J= 6.3 Hz, 2H), 3.85 (s, 3H), 3.27 (d, J = 7.2 Hz, 2H), 2.56 (t, J = 7.1 Hz, 2H), 2.27 (s, 3H),
2.26 (s, 6H), 1.89 (m, 2H), 1.71 (s, 3H), 1.70 (s, 3H). *C NMR (125MHz, DMSO-d¢) & 165.3,
158.9, 158.3, 149.7, 147.5, 143.2, 131.9, 129.1, 127.7, 126.9, 126.4, 123.9, 122.9, 122.3, 118.9,
114.9, 114.6, 107.5, 70.9, 56.0, 55.4, 44.6 (2C), 27.9, 27.3, 25.5, 17.7, 8.7. IR (film) vimax 3406,
3082 (broad), 2962, 2856, 1709, 1670, 1603, 1526, 1502, 1378, 1257, 1176, 1090, 1043, 758 cm
' HRMS (ESI") m/z: [M + H'] calcd for CogH3sN2Os, 495.2495; found, 495.2498. This material
was determined to be 100% pure (Retention time = 8.48) by HPLC (ZORBAX Eclipse Plus 4.6 x

150 mm column eluting with 70% H,O (0.2% H3PO4)/30% MeCN — 52% H,O (0.2%
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H3P04)/48% MeCN — 95% H,0 (0.2% H3P04)/5% MeCN — 70% H,O (0.2% H3P04)/30%

MeCN, flow rate 1.0 mL/min.

Anti-proliferation assays. Cells were maintained in a 1:1 mixture of Advanced DMEM/F12
(Gibco) supplemented with non-essential amino acids, L-glutamine (2 mM), streptomycin (500
pg/mL), penicillin (100 units/mL), and 10% FBS. Cells were grown to confluence in a
humidified atmosphere (37° C, 5% CO,), seeded (2000/well, 100 pL) in 96-well plates, and
allowed to attach overnight. Compound or GDA at varying concentrations in DMSO (1% DMSO
final concentration) was added, and cells were returned to the incubator for 72 h. At 72 h, the
number of viable cells was determined using an MTS/PMS cell proliferation kit (Promega) per
the manufacturer’s instructions. Cells incubated in 1% DMSO were used at 100% proliferation,
and values were adjusted accordingly. ICsy values were calculated from separate experiments

performed in triplicate using GraphPad Prism.

Western blot Analyses. MCF-7 cells were cultured as described above and treated with
various concentrations of drug, GDA in DMSO (1% DMSO final concentration), or vehicle
(DMSO) for 24 h. Cells were harvested in cold PBS and lysed in RIPA lysis buffer containing 1
mM PMSF, 2 mM sodium orthovanadate, and protease inhibitors on ice for 1 h. Lysates were
clarified at 14000g for 10 min at 4° C. Protein concentrations were determined using the Pierce
BCA protein assay kit per the manufacturer’s instructions. Equal amounts of protein (20 pg)
were electrophoresed under reducing conditions, transferred to a nitrocellulose membrane, and

immunoblotted with the corresponding specific antibodies. Membranes were incubated with an
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appropriate  horseradish peroxidase-labeled secondary antibody, developed with a

chemiluminescent substrate, and visualized.
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PROTON CDC_3 /opt/topspin adonn 47
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Cl3CPD CDC13 /oopl/topspin adonn 47
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FTNRES N.454131 He
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LB 0.30 Hz
GB 0
PC 1.00
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Cl3CPD CDC1l3 /opt/topspin

Co><)
BRUKER
(>
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FROBHD
PULPRCG
D
SOLVENT
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MeO

AcO

NHCbz

8b
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Cl3CPD CDC13 opt/topspin adonn 18
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PROTON CDCl3 opt/topspin adonn
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PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
N NHCbz SOLVENT cDel3
NS 16
DS 2
SWE 10330.578 Hz
>OO o o FIDRES TR 0.157632 Hz
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C13CPD CDC13 opt/topspin adonn 6
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MeO

AcO
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Cl3CPD CDC1l5 /opt/topspin adonn 31 g
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PC 1.40
T T I T d T T T 4 I k I : I '
200 180 160 140 120 100 80 60 40 20 0 ppm




S119

Zhao, H. et al. Supporting Information

PROTON CDC1l3 opt/topspin adonn 3
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FIDRES 0.157632 H=z
AQ 3.1720407 sec
RG J322:5
Dw 48.400 usec
DE 6.00 usec
TE 288.2 K
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C13CPD CDC13 opt/topspin adona 3
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Prep-TLC
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Current Data Parameters
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2

1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG

20090129

14.38

spect

5 mm BBO BB-1H
zg30

65536

<DC13

16

2
10330.578 Hz
0.157632 Hz
3.1720407 sec
512
48.400 usec
6.00 usec
296.2 K
1.00000000 sec
1

8.60 usec
-5.00 dB
500.1330885 MHz

F2 - Processing parameters

ST
SF
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T R IBARES ]
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Current Data Parameters

NAME BR-80Me-6mem-02-13C
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20090521

Time 17.04
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 65536
SOLVENT CDCl13

NS 316

DS 4

SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 32768

DW 16.650 usec
DE 6.00 usec
TE 298.2 K

D1 0.15000001 sec
dil 0.03000000 sec
DELTA 0.05000000 sec
D0 1
======== CHANNEL fl ========
NUC1 13C

Pl 8.90 usec
PL1 -1.15 dB
SFO1 125.7703643 MHz
======== CHANNEL £2 ========
CPDPRGZ2 waltzlé

NUC2 1H
PCPD2 95.00 usec
PL2 -5.00 dB
PL12 15.86 dB
PL13 30.00 dB

SFO2

500.1320005 MHz

F2 - Processing parameters

ST 32768

SF 125.7577890 MHz

WDW EM

SSB 0

LB 1.00 Hz
T I 1 I T T 1 T I T I T I T T T T T _mn 1.40

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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ls) 2
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oKy, FIDRES 0.126314 Hz
H aQ 3.9584243 sec
F—n_ RG 406.4
DW 60.400 usec
DE 6.00 usec
TE 294.5 K
Dl 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 10.50 usec
PL1 -5.00 4B

SFO1 400.1324710 MHz
F2 - Processing parameters
ST 32768
SF 400.1300000 Mz
WDW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00

T T T T ] T _ _ T T _ T T _ T _ _ T T
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C13CPD CDC13 /opt/topspin kbreddy 36
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EXPNO
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Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
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NUC2
PCPD2
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SF

W
SSB
LB

GB

PC
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,
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T
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_
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_
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80
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40
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0 ppm

BR-118-01
2

1
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14.21
spect

5 mm CPDUL 13C
zgpg30
65536
[Sholenic}

512

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

292.4
0.15000001
0.03000000

53.00075912
125.7854528

CHANNEL f2 ====
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1H

80.00

6.00

20.54

25.00
8.64411545
0.30389285
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0
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C13CPD CDC13 /opt/topspin kbreddy 46
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8.64411545
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EM
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Current Data Parameters
NAME BR~80Me-émem-Diol-Fin-002
EXPNO 1
PROCNC 1

F2 - Acquisition Parameters
Date_ 20090129
Time 18.55

INSTRUM drx400
PROBHD 5 mm QNP 1H/13
PULPROG zg30

TD 65536
SOLVENT <DC13

NS le

DS 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz2
AQ 3.9584243 zec
RG 406.4

Dw 60.400 usec
bE 6.00 usec
TE 295.6 K
D1 1. oooOoooo sec
TDO

s=z=====z= CHANNEL f] ========
WUCL iH

Pl 10.50 usec
PL1 -5.00 4B
SFO1 400,1324710 MHz

F2 - Processing parameters
51 32768

SF 400.1300000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

s é p@ \ v
T I T T T T T [ T T T T T I T I T T 1
95 90 85 80 75 7.0 65 6.0 55 50 45 4.0 35 30 25 20 15 1.0 ppm

B8 | gEdy e
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/...V
C13CPD CDC13 /opt/topspin kbreddy 25 8
R R L Nt - - -
R N e TN o™ oD T o~ o2} s T O Ll
GERE AFQRURIKAILIANETR g e e nges BRUKER
$r8F ZFEERANRR o S R = g
1 ) ) i |
7 ! /Z‘ \\\\\\\ \ /\ A /F\ NAME BR-275-f
EXPNO 2
PROCNO 1
Date_ 20090522
Time 12.24
INSTRUM spect
PROBHD S mm CPDUL 13C
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
o o DS 4
. ome SWH 29761.904 Hz
FIDRES 0.454131 Hz
OHoy AQ 1.1010548 sec
. RG 2050
-_“' z DW 16.800 usec
DE 6.50 usec
TE 298.2 K
D1 0.15000001 sec
Dil 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13¢
Pl 1C.00 usec
PL1 3.00 4B
PL1W 53.00075912 W
SFol 125.7854528 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 18
PCPD2 80.00 usec
PL2 6.00 aB
PL12 20.54 @B
PL13 25.00 @B
PL2W 8.64411545 W
PL12W 0.30389285 W
PL13W 0.10882287 w
SFO2 500.1920008 MHz
SI 32768
SF 125.7728654 MHz
WDW EM
"r SSB 0
N . LB 1.00 Hz
) GB 0
PC 1.40

T T T T M AAlaaaaaaiasaiaa: | AABARARAAS AASSAASAAS MARRAAAS) T M R A T ey

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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— = 0w o
OO W
~e oo
© M~~~

7 560
7.546
7.492
7.477
7.462
7.388
7.373
7.362
7.357
7.288
7.282
7.141
7.126
7.109
7.061
7.048
6.953
6.937
6.839
5.226
4.401
4.379
4,358
4.112
3.929
3.891
3.874
3.869
3.583
3.574
3.566
3.560
3.185
2.469
1.986
1.979

e
A
OJ
1

1. 274

///%é\\j\\ Vi

-

Current Data Parameters
NAME BR-60Me-Mits-6memsu-diel-03
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090528
Time 17.31
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2930
T 65536
SOLVENT €pel3
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 80.6
DW 48.400 usec
DE 6.00 usec
TE 298.2 K
Dl 1. oooooooo s8C
TDO

CHANNEL f1
Nuc1 1H
Pl B.60 usec
PLL -5.00 dB
SFO1 500.1330885 MHz
F2 - Processing parameters
SL 32768
SF 500.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB ol
PC 1.00
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Current Data Parameters

———69.13

NS\

NAME BR-60Me-Mits-! mEmEmc -diol-03-13C
EXPNO

PROCNO H

F2 - Acquisition Parameters
Date_ 20090528

Time 17.34
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30

TD 65936
SOLVENT cDpCL3

NS 285

DS 4

SWH 30030.029 Hz
FIDRES 0.458222 Hz
a0 1.0912410 sec
RG 32768

bW 16.650 usec
DE 6.00 usec
TE 298.2 K

Dl 0.15000001 sec
dll 0.03000000 sec
DELTA 0.05000000 sec
TDO 1
——z=c=== CHANNEL £l ========
NUCL 13C

Pl 8.90 usec
PL1 -1.15 dB
§FOL 125.7703643 MHz
—======= CHANNEL f2 ========
CPDPRG?Z waltzl6

NUC2 14
PCPD2 95.00 usec
PL2 -5.00 dB
PL12 15.86 dB
PL13 30.00 dB
SF02 500.1320005 Mz
F2 - processing parameters
5T 32768

SF 125.7577890 Mtz
WDW EM

ssB o

LB 1.00 Hz
GB 0

PC 1.40

Zhao, H. et al. Supporting Information
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PROTON CDC13 /opt/topspin kbreddy 9 g

NAME

* EXPNO
PROCNO
Date_
Time
INSTRGM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

- RG

T _
10 9 8 7 6 5 4 3 2 1 0 ppm

(o

BR-Fin-08-1
1

1

20081014
13.37

spect

5 mm CPDUL 13C

zg30
65536
CcDC13

16

2
10330.578
0.157632
3.1719923
2050
48.400
6.50
298.2
1.00000000
1

6.00
8.64411545
500.1930889
32768
500.1900012
EM

0

0.30

0

1.00

\3a
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BR-Fin-08-1 2 1 /opt/siena kbreddy

-
@ |CLl3CPD CDC13 /opt/topspin kbreddy 9
2 ]
MNO0O O NNOOMNNNDNOONNT O
5 noOTR — SOOI TONDONMOMONN Aol WOEND I 0 O o ©
NOONN ~ VONADEONAONO-DFO  In copon © © 0w o © @ o
W MO QO LA rrOVOONAINH =00 - OO0 < MO < © @0 o
o WOPBW & BrONOOWFNNBF S N N NP & g o0 ~e e d
CUBOEY T OONNNNNNNNE e N NS © o ww ™~ 4
e——— o e ee— e O ~ PR @ D NN © -
] e RS | N [ C
o~
B T T T T T T T T T T T T T —T v T T i T T
150 100 50 0 {ppm]
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PROTON CDC13 /opt/topspin kbreddy 10

8.816
8.724
7.941
7.936
7.924
7.919
7.904
7.899
7.391

<)

(o<

NAME BR-Fin-08-2
EXPNO 1
PROCNOC 1
Date_ 20081014
Time 14.25
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG 2930
TD 65536
SOLVENT cDC13
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 2050
DW 48.400
DE 6.50
TE 298.2
Dl 1.00000000
TDO 1
======== CHANNEL fl ====
NuCl 1H
Pl 15.00
PL1 6.00
PL1W 8.64411545
SFO1 500.1930889
SI 32768
SF 500.1900002
WDW EM
SSB Q
LB 0.30
GB 0
PC 1.00

Hz

&
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BR-Fin-08-2 2 1 /opt/siena kbreddy

=
® |[Cl3CPD CDC13 fopt/topspin kbreddy 10
»
DMLt & DO NrHmNOOOONO - 10
<« Ae-hOr o GONRE—ONNDIODLAONn T s 0 w oo N o
DOOLBO © NPV NIXBODDNVOOW  © wd~ o o w» N I~ w
DD~ N herBOrONN—ONOO—~ < af- -~ & <+~ © o~ =3
g BAOOE O BrOTVOVLINNBBSHNr © N S n o
CBBOL T BODNNNNNNNFrrm——— O ~fo N 8 oo ~ N ?
EEEE T rrr TR reee———— NN © ©® B N N ©
4 A Y Y i H N | " .
ol
o~
]
T T T T T T T - T v T T T T T T T T T T T
150 100 50 o [ppm]




S137

Zhao, H. et al. Supporting Information

o

PROTON CDC13 /opt/topspin kbreddy 49

BR-Fin-06
1
1
20081013
14.06
spect
5 mm CPDUL 13C
zg30
65536
CDC13
16
2
10330.578 Hz
0.157632 Hz
3.1719923 sec
2050
48.400 usec
6.50 usec
298.2 K
1.00000000 sec

======== CHANNEL f1 ========
NUC1 1H

Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 W
SFOl 500.1930889 MHz
ST 32768

SF 500.1899999 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

T T
8 7 6 5 4 3 2 1 ppm

100 € 7
0.98
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Cl3CPD CDC13 /opt/topspin kbreddy 49

19

“?;:197:

.07
51

_ o 5h
a8y

—m 5988

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFC2
ST

SF
WDW
SSB
LB

GB

PC

T T
180 160 140 120 100

80

60 40 20 0 ppm

Co><)

(<O

BR-Fin-06
2

1

20081013
14.29
spect

S5 mm CPDUL 13C
zgpg30
65536
CcDC13

1024

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

298.2
0.15000001
0.03000000

3.00
53.00075912
125.7854528

25.00
8.64411545
0.30389285
0.10882297

500.1920008
32768
125.7728527
EM

0

1.00

0

1.40

Hz

MHzZ

Hz
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BR~-80Me-6tmem-Tip-Fina-01 2

25 [rel]

spot3 and pure

Zhao, H. et al. Supporting Information

2
B2
8
8

®4.,4179

10
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BR-80me-6mem-OH-01 2 1 /opt/siena kbreddy

3 |c13cep cpe13 sopt/copspin kbreddy 7
@
X

1 QONGDN T IND O v OO0 N 00N M OB D 00 DA M ©
DUOONNO~LNOHNNN =DM OBBONDNIDONROHOND O IHO ©HTOBOO Ny o
NOBODODONONFMOONNILOONDRIMIONMNONRD & MmBH BAN SIS DT ~O © =

1T INOBOBDINON IO NOONNTONNNRN—ORONGD & lmd® aOBIr o ~S & =
DVDOOONDOMB-RROONBWINEOA -~ IsBBBHN~-c0 ™ NEN  Or-NoRe an o~ -

{ DOBOBLIOBIBANNNNNNANNNNNNNNT e 6 MO moN N Onn NO o o
AR A b b bkl ab ek ol al ok ad of b ol Dol DD SRR R SRR N T N OB IO MON N -

- ; " R |
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0O MAN OO

MM AN N AN
A O
~r~0~>0~ 0~

EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

ols]

SWH
FIDRES
AQ

RG

Dw

A A I e i T T i T T T T T T T T T I

g A mﬁ@w £

A a B U S e

95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm

mﬁ@ﬂﬁ‘& @m@%

CHANNEL f1

BR-122P-01
1

1

20090608
11.30
spect

5 mm CPDUL 13C

zg30
65536
CcDCl13

16

2
10330.578
0.157632
3.1719923
1820
48.400
6.50
298.2
1.000600000

iH

15.00

6.00
8.64411545
500.1930889
32768
500.1960019
EM

0
0.30
0
1.00

Hz
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Cl3CPD CDC13 /opt/topspin kbreddy 35

E1S
9.9y

3
fhL2
4

)

1

—— 65, T
1

|
!
i

iy

:_ |

.98

Co><)

(A<

NAME
EXPNC
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

T _ T T T T T T
180 160 140 120 100 80 60 40

BR-122P-01
2

1
20090608

12.01

spect

5 mm CPDUL 13¢
2gpg30

65536

€DCl3

1024

4

29761.904
0.454131
1.1010548

2050

16.800

6.50

298.2
0.15000001
0.03000000

3.00
53.00075912
125.7854528

CHANNEL f2 ==z======

waltzl6

1H

80.00

6.00

20.54
25.00
8.64411545
0.30389285
0.10882297
500.,1920008
32768
125.7728602
EM

0

1.00

0

1.40

MHz

MHz
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PROTON CDCl3 /opt/topspin kbreddy 50

Co><)

(<O

NAME BR-Fin-07
EXPNO 1
PROCNO 1
Date_ 20081013
Time 14.33
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG 2930
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 2050
DW 48.400
DE 6.50
TE 298.2
Dl 1.00000G00
TDO 1
======== CHANNEL fl ====
NUC1 1H
Pl 15.00
PL1 6.00
PL1W 8.64411545
SFOL1 500.1930889
ST 32768
SF 500.1900001
WDW EM
SSB [
LB 0.30
GB 0
PC 1.00

Hz
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C13CPD CDC13 /opt/topspin kbreddy 50

74

C><)

MHz

MHz

Hz

« P .
5 £ 2589 q e = BRUKER
) o e A S Ve ) ¢ o .
— [} G INAD Y x
\ \ Y ¥ (<D

| | ! NAME BR-Fin-07

EXPNO 2

PROCNO 1

Date_ 20081013

Time 14.50

INSTRUM spect

PROBHD 5 mm CEDUL 13¢

PULPROG zgpg30

D 65536

SOLVENT cpels

o NS 768

DS 4

hb\ SWH 29761.904

OH FIDRES 0.454131

— AQ 1.1010548

RG . 2050

oW 16.800

DE 6.50

TE 298.2

Dl 0.15000001

D11 0.03000000

DO 1

—zxz===== CHANNEL fl ====

NUCl 13¢

7 Pl 10.00

PLL 3.00

| PL1W 53.00075912

, SFOL 125.7854528
======== CHANNEL f2 ====

* CPDPRG2 waltzlé
NUC2 1H

i PCPD2 80.00

PL2 6.00

| PL12 20.54

' PL13 25.00

PL2W 8.64411545

PL12W 0.30389285

PL13W 0.10882297

SFO2 500.1920008

ST 32768

SF 125.7728513

WDW EM

SSB 0

. LB 1.00

| GB 0

PC 1.40

T T
180 160 140 120 100

80 60 40 20 0 ppm

Zhao, H. et al. Supporting Information
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PROTON CDCl3 /opt/topspin kbreddy 36

Co><)

O AMNTOMDYOoOENNANOOHOYMNOAOWHNUMOANW MW OWES W0 h\‘%v
AOMAAONOFNWOVULMNOIANNNONIVLNNOIFONN OIS ILIMINDNO NN LONOO
Cho NN MM AN A A A A A A OO OO XWOWIW — — O)O) OO0 PO LN
88777777777777777777777666666665554433333211mﬁmo BR-122P om
S NN e G 1
Date_ 20090608
Time 12.34
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Rz
A0 3.1719923 sec
RG 2050
DW 48.400 usec
DE 6.50 usec
TE 298.2 R
Dl 1.900000000 sec
TDO 1
zz=z=z=z=== CHANNEL fl =====z===
NUC1l 1"
pl 15.00 usec
PL1 6.00 ar
PL1W 8.64411545 W
SFO1 500.1930889 MH=z
SI 32768
SF 500.1900017 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T T T T T T T T T T T T _ T T T T T T
90 85 80 75 7.0 65 60 55 50 45 4.0 35 30 25 20

i Essy B REEEE [

BJ
0
©

1.5 1.0 ppm

wl
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[N - o

a9
.67
1
99

k]
o
W5

)

s )

13

39,62

3483
7

\

C><)

! NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

5o/ s
FIDRES

AQ
RG

Zle oW

CPDPRGZ2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SI

SF
WDW

o g SB
LB
GB
pC

T 1 T T T T T T T T I I

170 160 150 140 130 120 110 100 90 80 70 60

T T T [ I {
50 40 30 20 ppm

BR-122P-02
2

1

20090608
13.11
spect

5 mm CPDUL 13C
zgpg30
65536
cDC13

1703

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

298.2
0.15000001
0.03000000

53.00075912
125.7854528

CHANNEL £2 ====

waltzl6

1H

80.00

6.00

20.54

25.00
8.64411545
0.30389285
0.10882297
500.1920008
32768
125.7728631
EM

0

1.00

0

1.40

MHz

MHZ

Hz
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BRUKER

Current Data Parameters

NAME BR-Coup-Triol-ace-de
EXPNO 2
PROCNOQ 1
0.
~ F2 - Acquisition Parameters
3 N Date_ 20081105
= O Time 17.33
HO o INSTRUM spect
AYPNVO 0~ 0 PROBHD 5 mm BBO BE-1H
PULPROG zg30
OHOH D 65536
SOLVENT CbC13
HH_- NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 161.3
DW 48.400 usec
DE 6.00 usec
TE 298.2 K
D1 1.00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 14
Pl 8.60 usec
PL1 -5.00 dB
SFO1 500.1330885 MHz
F2 - Processing parameters
SI 32768
SF 500.1300000 MHz
WOW _EM
SSB Q
LB 0.30 Hz
0

I I N

w0 -

2.05

2,07~ ®
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Current Data Parameters

NAME BR-Coup-Triol-ace-de-13C
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20081105
Time 17.37
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpy30
D 65536
SOLVENT CDC13
NS 473
DS 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 32768
=) 16.650 usec
DE 6.00 usec
_ E TE 298.2 K
D1 0.15000001 sec
dil 0.03000000 sec
DELTA 0.05000000 sec
B0 1
======== CHANNEL fl ========
NUC1 13C
Pl 8.90 usec
PL1 -1.15 dB
SFO1 125.7703643 MHz
======== CHANNEL {2 ===s====
CPDPRG2 waltzlé
NUC2 1H
PCPD2 95.00 usec
PL2 -5.00 dB
PL12 15.86 dB
PL13 30.00 dB
SFO2 500.1320005 MHz
F2 - Processing parameters
ST 32768
SF 125.7577890 MHz
wDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

Zhao, H. et al. Supporting Information
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>l

0 QM r~
™M~ MmN
M O Oy Oy
- BRUKER

(<O

NAME BR-125-F

EXPNO 1

PROCNO i

Date_ 20090216

Time 16.35

INSTRUM spect

PROBHD 5 mm CPDUL 13C

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 16

DS 2

SWH 10330.578 Hz

FIDRES 0.157632 Hz

AQ 3.1719923 sec

RG 1620

DwW 48.400 usec

DE 6.50 usec

TE 292.1 K

D1 1.00000000 sec
u' TDO 1

======== CHANNEL fl ========

NUC1 1H

Pl 15.00 usec

PL1 6.00 dB

PL1W 8.64411545 W

SFO1 500.1930889 MHz

ST 32768

SF 500.1899997 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB o]

PC 1.00

) 1Y Y NS

10

©
-y
o
a
F-3
w
N
—h
)
k)
)
3

0.97\. © ]
0.95"

1.19\
0.97%
3.95~
1.01/

2.03
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C13CPD CDC1l3 /opt/topspin kbreddy 39

20

3
i

«

|
L

RS

RN

e 99

\
/

Co<)

(>

= NAME
EXPNO
- PROCNO

Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS
DS
SWH
FIDRES
AQ

= RG

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PLL3W
SFO2
51

SF

T T T T A LR B e A A T AMMARMANS! SAAAANMARS SAAMAAMARS LAAAM T IRAANAMAAN

170 160 150 140 130 120 110 100 90

80 70 60 50 40 30 20 ppm

BR-125-F
2

1

20090216

16.46

spect

5 mm CPDUL 13C
zgpg30

65536

CDCl3

512

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

292.5
0.15000001
0.03000060
1

53.00075912
125.7854528

20.54

25.00
8.64411545
0.30389285
0.10882297
500.15%20008
32768
125.7728676
EM

0

1.00

0

1.40

MHz

MHz

Hz
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8

ONATONIN AN O OO N0 W 1D O I LN D

NNONIMAOONHOADWOOOWIRNWOAD u:c:mn

OO NNNOSCNOBEVOVNIN—OO NN

BV CN NI I MMM Mm@ oM N NN NN oo g
EXENO 1

PROCNC 1
Date_ 20090313
Time 15.07
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10330.578 Hz

L, i FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 1620
DW ' 48.400 usec
DE 6.50 usec
TE 292.2 K
Dl 1.0000000C sec
TDO 1
======== CHANNEL fl1 ========
Nucl 1x
Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 W
SFOl1 500.1930889 MHz
ST 32768
SF 500.1900364 MHz
WDW EM
SSB o]
LB 0.30 Hz
GB [}
PC 1.00

_ | W

! T I T T T T T I T
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C13CPD CDC13

70

159.97
L33

43

159.40

159.10

149.02
16,

=
& =
= PR pap,

sy

S lah.

/

MeO.

0y

.06

o <t

R
——

Wi

68.841

\

.08

67

L1

31

.05

— 10

Co<)

(<D

NAME
EXPNO
PROCNQ
Date_
Time
INSTRUM
PROBHD
PULPROG

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
51

SF
WDW
SSB
LB

GB

PC

180

T

I

T

170 160 150 140 130 120 110 100 90 80 70 60

T T

50 40

30 20

ppm

BR-124-60Me
2

1

20090313
15.24
spect

5 mm CPDUL 13C
zgpg30
65536
CcDC13

768

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

292.1
0.15000001
0.03000000
1

3.00
53.00075912
125.7854528

8.64411545
0.30389285
0.10882297
500.1920008
32768
125.7728634
EM

0

1.00

0

1.40

w
W
MHz

MHz

Hz
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PROTON CDC1l3 /opt¥topspin kbreddy 47

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

oW

10

w -

o -
~ ]
o
o
E-Y
w
N
—h
3
3

o o ofw|w o [w o

@ < ~ (e I 3 KRS B |8 < =S

o ~ Sles|e © ol |olelal (¢ (o (o <
i N -

Co><)

(<

BR-Fin-03
1

1

20081013
13.30
spect

5 mm CPDUL 13C
zg30

65536
CDC13

16

2
10330.578
0.157632
3.1719923
2050
48.400
6.50

298.2
1.00000000
1

6.00
8.64411545
500.1930889
32768
500.1900404
EM

0

0.30

0

1.00

Hz
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@

30
46

C13CPD CDC13 /opt/topspin kbreddy 47 8

B

]

ER1
0L

56

—
T 5

NAME BR-Fin-03
EXPNO 2
PROCNC 1
Date 20081013
Time 13.41
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zgpg30
D 65536
o SOLVENT cpell
NS 512
HO Ds 4
OH SWH 29761.904
b H“_- FIDRES 0.454131
AQ 1.1010548
i RG 2050
i DW 16.800
¢ DE 6.50
: TE 298.2
| b1 0.15000001
1 D11 0.03000000
¢ TDO 1
- ———===== CHANNEL fl ====
NUCL 13c¢
Pl 10.00
PLL 3.00
PL1W 53.00075912
) SFO1 125.7854528
z======= CHANNEL f2 ====
CPDPRG2 waltzlé
NUC2 1"
PCPD2 80.00
PL2 6.00
PL12 20.54
PL13 25.00
PL2W 8.64411545
PL12W 0.30389285
PL13W 0.10882297
SFO2 500.1920008
ST 32768
SF 125.7728590
WDW EM
- R SSB 0
' i o LB 1.00
GB 0
PC 1.40
T T T T T T Y l " T ! T A T T T v T T N
180 160 140 120 100 80 60 40 20 0 ppm

BRUKER

MHzZ

Hz
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Current Data Parameters
NAME BR~5Mem-80Me~280-02
EXPNO 4
PROCNO bl

8.814
8.731
7.929
7.912
7.904
7.400
7.384
7.369
7.286
7.261
7.244
7.183
7.165
7.145
7.130
7.110
7.090
7.073
6.964
6.948
5.668

o
[Xe)
’0
:J

4. 334
4.319
4.309
4.298
4,287
4.138
4,117
4,093
4,066
3.914
3.879
3.514
3.142

~
(o]
nu
nL

l 787

o
o]
ﬂa
1L

O 918
0.905
0.892
0.880
0.871
0.099

F2 - Acquisition Parameters
Date_ 20090528
Time 9.01
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 203.2
DW 48.400 usec
DE 6.00 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUCL 1H
Pl 8.60 usec
PL1 -5.00 dB
SFO1 500.1330885 MHz
F2 - Processing parameters
sI 32768
SF 500.1300000 MHz
WDW EM
SSB o]
LB 0.30 Hz
GB 0
PC 1.00

J U
T T ‘ _ ........ _ ......... _. |RRAARRRAN |RARRRRAN [rorreTTTT [rerreeTT [ Ty
11 10 5 4 3 2 1 0 ppm

[T

O[St i
b ped e ngﬂ”y
Lgtl=1l=1L l=1}{ ]
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Zhao, H. et al. Supporting Information

Current Data Parameters
NAME BR-5Mem-80Me-13C-280-02
EXPNO 4
PROCNO 1
F2 ~ Acquisition Parameters
Date_ 20090528
Time 9.07
INSTRUM spect
PROBHED 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 398
DS 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 18390.4
DW 16.650 usec
DE 6.00 usec
TE 298.2 K
D1 0.15000001 sec
d11 0.03000000 sec
DELTA 0.05000000 sec
D0 1
===w===== CHANNEL fl =====——x
NUC1 13C
P1 8.90 usec
PL1 -1.15 dB
SFOL1 125,7703643 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 95.00 usec
PL2 -5.00 dB
PL12 15.86 dB
PL13 30.00 aB
SFO2 500.1320005 MHz
W F2 - Processing parameters
SI 32768
! it | i ! i SF 125.7577890 MHz
DW EM
) . ) , 55B 0
il [ il X i LB 1.00 Hz
GB 0
PC 1.40
_ _ L T 1 _
200 180 160 140 120 100 80 60 40 20 0 ppm
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1O

PROTON CDC13 /opt/topspin kbreddy 37 8

N ANOOMEATMOANYCOONNNASINOLYA NI NNANSI O O0OAFN-0O NN
AADONITOIN AN OOIITMN NNV OITMNAOOONNLONINLTNONAOS OO C \Ilv
77888888832220000000888888866553322888888232ZE BR-117P-01
/,ZZ\E\\X\L\ Date_ 20090608
Time 13.45
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 1820
DW 48.400 usec
DE 6.50 usec
M TE 298.2 K
s D1 1.00000000 sec
TDO 1
= CHANNEL f1
NUC1 1H
Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 W
SFO1 500.1930889% MHz
SI 32768
SF 500.1899988 MHz
WDW EM
SSB 4]
LB 0.30 Hz
GB o]
PC 1.00
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C13CPD CDC13 /opt/topspin kbreddy 37

—

Co><)

: BRUKER
P .
EPatRt SR o) =2}
; (<O
NAME BR-117P-01
EXPNO 2
PROCNO 1
Date_ 20090608
Time 14.07
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zgpg30
TD 65536
SOLVENT cDels
NS 1024
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 2050
Dw 16.800 usec
DE 6.50 usec
TE 298.2 K
Dl 0.15000001 sec
Dil 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13c¢
Pl 10.00 usec
PL1 3.00 dB
PL1W 53.00075912 W
SFO1 125.7854528 MHz
z======= CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 6.00 dB
PL12 20.54 ds
PL13 25.00 4B
PL2W 8.64411545 W
PL12W 0.30389285 w
PL13W 0.10882297 W
SF02 500.1920008 MHz
SI 32768
SF 125.7728683 MHz
WDW EM
SSB Q
701 SRR B 1.00 Hz
GB 0
PC 1.40
T T T T I T T T
140 120 100 80 60 40 20 ppm
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7h

<)

(<O

NAME BR-5mem-02
EXPNQ 1
PROCNO 1
Date_ 20081008
Time 18.00
INSTRUM drx400
PROBHD S mm QNP 1H/13
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
- DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 406.4
Dw 60.400 usec
DE 6.00 usec
: - TE 294.5 K
- " bl 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUCL 1H
Pl 10.50 usec
PL1 -5.00 dB
SFOl 400.1324710 MHz
SI 32768
SF 400.1300062 MHZ
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00

E
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[rel]

BR-Smem-Tip-002-F2 2 1

/opt/topspin kbreddy

-149.1200

S OBO = MONDN O
NONOSONOO SO DOO
ONONTITITNTNO—F N
O rQONOONNT-QOT

VOPDOUTN—IDT BN+ ©
ANNNNNNNN T O
Y T T T T v

R j ;

(2.9091

67.6819

32.3586

8.3205
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kA
PROTON CDC13 /opt/topspin kbreddy 48 g

ZEMA‘.%?O&
EXPNO 1
PROCNO 1
Date_ 20081013
Time 13.45
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG 2g30

D 65536
SOLVENT CcDC13

NS 16

DS 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 1620

DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ===z====
NUCl 1H

Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 W
SFol 500.1930889 MHz
ST 32768

SF 500.1900027 MHz
WDW EM

SSB Q

LB 0.30 Hz
GB [¢]

PC 1.00
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Cl3CPD CDC13 /opt/topspin kbreddy 48

-

06

Il

Co><)

<« uz::mz

(<O

— 8.

| T T T T T

AL A

M RAAadasiiesaaaan

AL ALY AR

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

NAME BR-Fin-04
EXPNO 2
PROCNO 1
Date_ 20081013
Tine 14.02
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 768
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 2050
DW 16.800 usec
DE 6.50 usec
TE 298.2 K
DL 0.15000001 sec
D1l 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUClL 13¢
Pl 10.00 usec
PL1 3.00 4B
PL1W 53.00075912 W
SFO1 125.7854528 MHz
zz====== CHANNEL f2 ========
CPDPRG2 waltzl6é
NuC2 1H
PCPD2 80.00 usec
PL2 €.00 dB
PL12 20.54 4B
PL13 25.00 dB
PL2W 8.64411545 W
PL12W 0.30389285 W
PL13W 0.10882297 W
SFO2 500.1920008 MHz
SI 32768
SF 125.7728623 MHz
WDW EM
SSB 0

ek LB 1.00 Hz
GB Q
PC 1.40

20 10 ppm
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PROTON CDCl3 /opt/topspin kbreddy 51 8

(<O

NAME BR-Fin-09
EXPNO 1
PROCNO 1
Date_ 20081013
Time 14.54
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
: AQ : 3.1718923 sec
Him : RG 2050
i : - DW £ 48.400 usec
: : DE : 6.50 usec
TE ’ 298.2 K
D1 : 1.00000000 sec
TDO : 1
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 w
SFO1 500.1830889 MHz
SI 32768
SF 500.1900553 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB Q
PC 1.00

T A T — T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

% hRERS @ EEdy ek
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C13CPD CDC1l3 /opt/topsp

32

T e

HO

in kbreddy 51

TGN N
- 1 ‘

_

|

02.89

Llz.

L

B

Co><)

(>

NAME
EXPNOQ
PRCCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SCLVENT
NS

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB

LB
GB
PC

180 160 140

120

0 ppm

BR-Fin-09
2

1

20081013
15.11
spect

5 mm CPDUL 13C
zgpg30
65536
cDCl3

768

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

298.2
0.15000001
0.03000000

3.00
53.00075912
125.7854528

25.00
8.64411545
0.30389285
0.10882297

500.1%20008
32768
125,7728589
EM

4]
1.00
0
1.40

w
MHz

MHzZ

Hz
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e

‘N\)
pep-01

o><)
BRUKER
(>

=
o Current Data Parameters
9 o NAME BR-5mem-01
o] EXPNO 1
PROCNO 1
HO

u- F2 - Acquisition Parameters
Date_ 20081008
Time 17.51
INSTRUM drx400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 228.1
DW 60.400 usec
DE 6.00 usec
TE 294.5 K
Dl 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
Pl 10.50 usec
PL1 -5.00 dB
SFoOl 400.1324710 MHz
F2 - Processing parameters

ﬁ er;'_r

T T I T I 1 I

T _ T
95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm

CONCIN. I T - R (-

S, W WG

.
e T T T \RERRS|

ST 32768

SF 400.1300000 MH=z
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

T T
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C13CPD CDC1l3 /opt/topspin kbreddy 52

el

4

S\ W

LS

-~  HO

Aln

| _

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

CPDPRG2Z
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
sI

SF
WDW
SSB
LB

'GB
PC

T T T T T T T T T T

200 180 160 140 120 100 80 60 40 20

0 ppm

BR-Fin-10
2

1

20081013

15.32

spect

S mm CPDUL 13C
zgpg30

65536

CDC13

768

4
29761.904 Hz
0.454131 Hz
1.1010548 sec
2050
16.800 usec
6.50 usec
298.2 K
0.15000001 sec
0.03000000 sec
1

CHANNEL fl ===s=====
13C
10.00 usec
3.00 dB
$3.00075912 W
125.7854528 MHz

CHANNEL f2 ========
waltzlé
18
80.00 usec
6.00 dB
20.54 dB
25.00 dB
8.64411545 W
0.30389285 W
0.10882297 W
500.1920008 MHz
32768
125.7730125 MHz
EM
0
1.00 Hz
Q

1.40
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Y

L

aA\&

Current Data Parameters

NAME
EXPNO
PROCNO

223-01
2
1

F2 - Acquisition Parameters

Date_ 20090506

Time 12.42
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

D 65536
SOLVENT CDC13

NS 32

DS 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 456.1

DW 48.400 usec
DE 6.00 usec
TE 297.2 K

Dl 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 iH

Pl 8.60 usec
PL1 -5.00 dB
SFO1 500.1330885 MHz
F2 - Processing parameters
SI 32768

SF 500.1300000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

QJ
It N
-

o (a5

T T

T T T T T T T T T _ T T T
9.0 85 80 75 7.0 65 6.0 55 50 45 40 3.5 3.0 25 20 15 1.0 ppm

8 [FEE @A)
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Cl3CPD CDC13

SRS

|

/opt/topspin kbreddy 32

159,46
.93

T 155

_—159.98
=

14

1}

ul

P

.61

L48

——— 65

Co><)

8-

29,99
f4
5

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

CPDPRG2
Nucz2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SL

SF
WDW
SSB
LB
GB

PC

180

T
160

k
140

120

100

80

60

40

20 ppm

BR-68_1-0OH
2

1

20090507
21.19
spect

5 mm CPDUL 13C
zgpg30
65536
cpCl3

1024

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

298.2
0.15000001
0.03000000

3.00
53.00075912
125.7854528

25.00
8.64411545
0.30389285
0.10882297

500.1920008
32768
125.7728587
EM

0

1.00

0

1.40

BS

MHz

MHzZ

Hz
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| (<O
MAME IT-63-dp
EXPNO 1
PROCHD 1
Date_ 20020908
Time 20,18
INSTRUM drx400
PROBEHD 5 mm QNP 1H/13
PULPROG zg30
Otde D 65536
t O Ol SOLVENT cocl3
= Q NS 16
o DS 2
" von SWHE 8278.146 Hz
FIDRES 7.126314 Hz
Bla G 3.9584243 sec
RG 0.5
0w 60.400 usec
DE 6.00 usec
TE 204,1 K
Dl 1.00000000 sec
D0 1
——=—=c=== CHANNEL fl ========
NUC1 1H
Pl 10.50 usec
FL1 -5.00 dB
3FOl 400.1324710 MHz
SI 32768
SF 400.1300000 MHz
WoW EM
5S5B 0
LE 0.30 Hz
GE 0
C 1.00

M i} ﬁ-IL%L F-llll-&fi-.il? -Ii.rLFfllllllllt_ i?#l%&ffillllllll

Zhao, H. et al. Supporting Information

9 8 7 6 5 4 3 2 1 ppm
5|8 = |1RI&R Fm %_ w L\me \_m
] ail feifed|ed i = © B o @
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.

|

P = I e e W T = W
e 0 D e WD DT e DO e T

O e o el U0 W0
1

o

u

NAME II-63-dp-13CNMR
EXPNO 1
PROCHO 1
Date_ 20080908
Time 20.55
INSTRUM drx400
PROBED 5 mm QNP 1H/13
PULFROG zgpg30
TD 65536
SOLVENT cocls
NS 512
DS 4
SWH 23580.814 H
FIDRES 0.3655818 H
AQ 1.3664756 sec
RG 3281
oW 20.850 usec
DE £.00 usec
TE 294.2 K
Ol 2.00000000
dil 0.030000
DELTA 1.85%959558
DO
======== (CHANNEL fl ========
NUC1 13C
Fl 9,85 usec
FL1 -2.00 de
5FOl 100.5228298 MH
======== CHANNEL {2 ========
CPDERG2 waltzlg
NUCZ 1H
PCPD2 100.00 usec
FL2Z -5.00 dEB
FL12 14.58 dB
FL13 16.00 de
SFO2 400.1316005 MH=
5I 32768
SF 100.5127550 MHz
WDH EM
SSB 0
LB 1.00
GE 0]

__PC 1.40

_ _
160 140 120
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oo BN e o MDYy
@ - r- 00 W oot

2

.80
an
1.86
1.8
1.84
1.8
1.80

TSR TSN T e I e I I B I

HAME V=243
EXPHC 1
PROCHD 1
Date_ 20090508
Timz 4.23
INSTRUM spect
PRCOEHD 5 mm CPCDUL 13C
PULFRZG zg30
hui] 65536
SOLVENT CcDCl3
] 18
ns 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
.ts] 3.171%923 sec
RG 2050
oW 43,400 usec
DE .50 usec
TE 298.2 K
ol 1.00000000 sec
no 1
======== [CHAMNMEL Hl ========
Kol 18
Pl 15.00 usec
PL1 .00 dB
PL1IW %.64411545 W
5FO1 500.19308589 MHz
51 32768
SF 500,1900400 MHZ
WOW EM
55B u]
LB 0.30 Hz
B 0
PC 1.00

Al I[p — LFI .IL-_ .I||._r.|1...._._y;|:| O ..? p;__[-[ I..Fll_—}r« —

95 90 85 B8O 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm

B OWEEEE RO s R
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o s
LR
oo O o0y
w0 W
o

97
1
.89
3
1
.0a

3%

| i HAME
EXPHO
PROCHO
Date_
Time
INSTRITH
PROEHD
PULFRO
D
SOLVENT
W3

ks

CPDFRE2
KuC2
PCPD2Z
FL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST
5F
WOW
? 55B
" LB

_ _ I L n Lo L

PC

180 160

140 120 100 80 60 40 20 ppm

Co><)

(<O

V-243
2
1
20090508
5.08
spect
mm CPOUL 13C
zgpg 30
65538
cDcl3
2043
4
Z9741,904 Hz
2.434131 Kz
1.1010548 sec
2050
146.800 usec
&.30 usec
298.2 K
0.15000001 sec
0.03000000 sec

o

18
20.00 usec
6. 00 dB
20.54 dB
25,00 dE
5.64411545 W
0.30388285 W
0.10882297 W
500,1920008 MEZ
32768
125, 7728760 MHEZ
EM



S173

Zhao, H. et al. Supporting Information

o ™D mAD oo — 0 L= N w0 D T =
-~ r- O e o e e [ -] r W0 m Mo e =~ el L=
W o = [~ p= [~ p= P [ P i = Mmoo L B e B R e e
| [ | Ll Lol ]
\ ey / /a_ | NN LA _
N4 _ v NN
| | i 1k

KAME
EXPNC
PROCHD
Date_
Time
INSTRUM

Cihide N3

=T
=}
L5}

hie 0 Cihte SWH

___;...

r _, |
o) [g_ (R G SR A G E r|,.

95 90 85 80 75 70 65 60 55 50 45 4.0 35 3.0 25 20 15 1.0 ppm

g e BB B G

317

(5]

3

1.

CHANME

400,

400.

Co><)

(O

v-227

1

1
20090508
11.548
drx400

mm GNE 1H/L13

zg30

65536

CDCl3

8

2
82782.146 Hz
0.126314 Hz
9524243 sec

4

§0.400 usec
.00 usec
294,35 K
Qoo00000 sec
1

L fl ========
13
12.50 usec
-5.00 4B
1324710 MHEZ
327468
1300078 MHZ
EM
0
0.30 Hz
0
1.00
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— m
wir- =

NN

M0

Mmm oo
MM o

=T

Ot

O

5]
5w

106,

w0 r- =1 ]
=1 =] wl
. . 4w o

)

o

HAME
EXPHO
PROCHD
Date_
Timz
INSTEUM
PROEHD
PULFRCS
pui]
SOLVENT

CPDFREZ
HC2
PCPDZ
PL2
FL12
FPL13
SFO2
s3I

SF
WLW
338
LE

=B

PC

_
180

160

140

_
120
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======== CHANNEL fl ========
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FL1 -2.00 de
5Fol 100.6228298 MH=z
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======== CHRNMEL fl ========

WUZ1 13

Fl 10.50 usec
PL1 -5.00 4B
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K3 1%
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SWH B278.146 Hz
FICRES 0.126314 Hz
:te] 3.9584243 sec
Rz £
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DE &. 00 usec
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======== MMEL fl ========
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Fl 10,50 usec
PL1 -5.00 dB
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======== CHAMNEL f{l ========
HUC1 13C
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======== CHAMNEL f{Z ========
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======== _HAMNMEL fl ========
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PL1 3.00 de
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SFol 125, 7854528 MEz
======== _HAMNMEL fZ ========
CPDERG2 waltzls
HUc2 14
PCFDZE 20.00 usec
PL2 .00 de
PL12 20.54 dB
PL13 25.00 dB
PL2W 5.64411545 W
PL12W 0.303859285 W
PL13W 0.10882297 w
SFO2 500.19220008 MEZ
s3I 32748
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ey e " SSB 0
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DO 1
======== CHAMNMEL £l ========
NUC1 13C
Pl 10,00 usec
PL1 3.00 de
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m=mm=mm=== CHANMNEL 2 ========
CPDEFRG2 waltzle
HUC2 14
PCPDZ 80,00 usec
PL2 £.00 de
PL12 20.54 4B
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PL2W 5.64411545 W
PL12W 0.30388285 W
PL13W 0.10882297 W
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s3I 32748
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5B 0
LE 1.00 Hz
B 0
PC 1.40
j I T I j I j I j I j I T I j I j I T I
180 160 140 120 100 80 60 40 20 ppm
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- A =l SRR B = = = = =l

PROTON CDC13 /opt/to i g

o - - R R T I o I NI

HNAME V-2B3
EXPHO 1
PROCHO 1
Date_ 20080518
Time 13.1%9
INSTRUM spact
PROEHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT CDCls

oe NS 16
I o
N OMe 0s 2
O SWH 10330.578 Hz
HO - o~ FIDRES 0.157632 Hz
OH AD 3.1719923 sec

RG 1620
-_Fr D 48.400 usec

DE £.50 usec

TE 298.2 K

Dl 1.00000000 sec

TDO 1

======== CHANNEL fl ========

NUC1 1H

Pl 15.00 u=ec

DLl 6£.00 4B

PLIW 8.64411545 W

SFO1 500.193088% MH=z

5T 32768

SF 500.,1900002 MH=z

WDW EM

S58B a

LE 0.30 H=z

=B a

PC 1.00

,[|.|.lkt!u=_|‘e~ IR (RN R S S L__rrzgt(

0.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 ppm
ale (g um_&_m E ﬁm_\%ﬁ g zlaelo)s) @
. 8|8 5 38T I | [2

-l al| || led|ed | |o|S | |ail~|+] o3
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e -
7 MAME V-263
EXPHNO 2
PROCKC 1
Date_ 20090518
Tima 13.42
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULEFROG zgpg30
D 65536
SOLVENT CDC13
" Q Ohte M5 1024
D5 4
N Q ot swn 29761.904 Bz
[u] FIDERES 0.454131 H=
HO T o 0 20 1.1010548 sec
=] 2050
oW 16.800 usec
-_rr DE 6.50 usec
TE 288.2 K
ol 0.15000001 sec
D11 0.02000000 sec
TDO 1
NUCl
Pl
PL1
EL1W 53.00075012 W
SFO1 125.7854528 MHz
======== {HANNEL fI ========
CPDERGZ waltzl@
NUC2
PCPDZ
PL2
PL1Z
PL13
BL2W 8.64411545 W
PL12W 0.30389285 W
PL13W 0.1088282287 W
SF02
5T
SF
WL
55B
1 . L L m L " LB
GB
l ! l l j l j l l l I ! l j l
180 160 140 120 100 80 60 40 20 ppm
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TR Y- ==
88_5..—.1..:...9\

oM oo D

HAME v-253
EXPNO 1
PROCND 1
Date_ 20090508
Time 17.41
INSTRUM spect
OMe PROEHD 5 mm CPDUL 13C
H PULFROG zg30
H Ohde junl §5538
\8 SCLVENT CDol3
u] 3 146
HO [u} 00 na 5
oH Eibde SWH 10330.578 Hz
il FIDRES 0.157632 Ez
ARG 3.1718%23 sec
R 2050
oW 43,400 usec
DE .50 usec
IE 288.2 K
ol 1.00000000 sec
punle} 1
======== CHAMMEL fl ========
NUCl 18
Pl 15.00 usec
PL1 .00 de
PLIW S.64411545 W
3FCl S00,193088% MHEz
3I 327682
3F 500.1900391 MEZ
WDW EM
53B ]
LE 0.30 Hz
= a
B 1.00
L -AF_.. PE\ _. — L__laL_._.___._r e L|—|VL;L_ IL—!’V 1

95 90 85 BO 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm

W A R @ sedss
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C13CPD CDC13 /opt/topspin hzhao 55

LR ]
@ ™

- o9 et o
W W
e =

uwl

-

o
W

]

M

Co><)

(<O

ITAME
EXPNO
PROCHC
Date_
Time
INSTRUM
FRCOEHD

FULFRCG

CEDFRGZ
W2
PCFDZ
FLZ
PL12
FL13
FL2W
PL1ZW
PL13W
SFO2
SI

SF
WOW
S3EB
LB

=B

PC

180 160 140 120

100 80

60

40

20

ppm

V=233
2

1

20020508
12.09

spect

mm CEDUL 132
zgpg 30

5536

CDCl3

1280

(]

4
28761.204
0.454131
1.1010548
2030
14.800
&.50

298.2
0.1500000L
0.032000000

25.00
2.644115453
0.303289283
0.10822237

500.1920008

32768

125.7728760
EM

Q

1.00

Q

1.40

Hz
Hz
=

usec
usec
K
sec
sec

=

MEZ

MHEZ
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OH

ol

BT Y

HNAME

EXPHO
PROCNO
Date_
Time
INSTRUM
PROEHD
PULFROG

pun}

SOLVENT

ok
jak]

SWH

FIDRES

2O
R
oW
DE
TE

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10

/

1:
e
o

2.00

ppm

1

20090513
1%.00
spect

1 CEDUL 13C
zg30

65536
CDCl3

14

o
2
5

2
10330.578 Ez
0.157632 Ez
3.1719%5%23 sec
2050
42,400 ussc
&.30 usec
298.2 K
1.00000000 sec
1

CHAMMEL £l ========

18
15.00 usec
6.00 dB
2.64411543 W
500.1230889 MEZ
32768
500.1900001 MEZ
EM
0
Q.30 Ez
0
1.00
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OH
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(R
R AT

\|/
V/

@
=

w

FAME
EXPHO
PROCHD
Date_
Time
INSTEIM
FROERD
PULFRCG
o
SOLVENT
o]

CPDERE2
NUC2
FCEDE
PL2
PL12
FL13
PL2W
FL12W
PL13W
SFO2
5T

5F
WOW
ZEB
LB

B

PC

180

160

140 120 100 80 60

40

20 ppm

= [

20090513
1%.28
spect

m CEDUL 13C
zgpg30
§EE38
CDCl3
1280
4
29761.904 Hz
0.454131 H=z
1.1010548 sec
20350
16.800 usec
&.30 ussc
208.2 K
0.15000001 sec
0.02000000 sec

10,00 usec
3.00 4ds
L00075%912 W

5.78546528 MEz

MMEL f2 ========

5.64411545 w
0.30385%285 W
0.10882297 W
500.1920008 MEZ
32768
123.7728499 MEZ
EM
a
1.00 Hz
Q
1.40
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MRS R =R
[ I = e

L R R N ]

HNAME
EXPHNO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPRZG
TD

OMe SOLVENT

H M': NE
" OMe Py
o SWR
HO 0 0o FIDRES
AQ
Jig v
v

DE

| LL _f,l. . _ A A |

90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 0.5 ppm

L Py |
/ 5 / _

[=11=] (2|0 @ = [ [r=| o o|ald

8|& 3| B=[8|8 3?313 SI2|8 232

Ll [=] - | oy Q| =[]~ o || O[O

II-7l-ac-2
1

1

20080911
14.45
drx400

5 mm QNP 1H/13
zg30

65536
cocl3

16

2

8278.146
0.126314
3.9584243
32z.5
60.400
6.00

284.1
1.00000000

400.1324710
32768
400.1300000
EM

Q

0.30

o

1.00

Hz
Hz
sec

usec
usec

sac

Hz
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MO mmm O =r U
(= I I N s o -
e :_Jq " BRUKER
aodoq 2E3 3
Hawv\ 7 7 7 7 NAME II-T3-dp
EXPNC 2
PROCNGC 1
Date_ 200800911
Time 17.58
INSTREUM spect
PROBHD 5 mm BEC BE-1H
PULFPROG zgpg30
D 65536
SOLVENT cocl3
NS 2048
Otde DS 4
H O SUH 30030.029
N Ohd e FIDRES 0.458222
o Q AQ 1.0912410
HO 0 o770 RG 20642.5
OH oW 16.650 usec
45 =
TE
D1
dii
DELTA
DO
NUci
Pl
PL1
5F01
======== CHANNEL £2 ========
CPDPRG2 waltzl16
NUC2 1H
PCPD2 95.00 usec
PL2 -5.00 4B
PL12 15.86 dE
PL13 30.00 dB
SF02 500.1320005 MH=z
SI 32768
sF 125.7577630
JTH EM
5SB 0
LE 1.00
GE 0
C 1.440
I j I j I j I j I j I j I j I j I
180 160 140 120 100 80 60 40 20 ppm
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e g

00 WD N W ) W T S o
ol o o o

(<O

KAME v-251
EXPHNO 1
FPROCHO 1
Date_ 20020508
Time 17.03
THSTRUM apect
FROEHD 3 mm CPODUL 13C
FULFROG zg 30
puil §5536
SOLVENT CDcl3
K3 14
Ohe D3 2
H SWH 10330.578 Hz
M Ohde FICDRES 0.157632 Hz
patel 3.1719%23 sec
1060\89 " RG 2050
oW 42,400 ussc
o Hhte DE &.30 usec
-_E' IE 298.2 K
ol 1.00000000 sec
o0 1
======== CHAMNMEL Il ========
NUCl 1H
Pl 15.00 usec
PL1 .00 dB
PL1W 2.64411545 W
SFOL 500.1930889 MEz
51 32768
sF 500.1900391 MEz
WDW EM
SEB a]
LB 0.30 Ez
=B a
PC 1.00
- el o -P—&._r — f[b___..._LF’._..Lr....rrll.i..L A — —

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm

Yy s A

00
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C13CPD CDCl3 /opt/topspin hzhao 54

Hz
Hz
sec

usec
usec
K
saC
sec

Hz

r- [~ m = A“H[.”U“Vln““”llluv
R =] o !
; : A BRUKER
— e - — o i
) : | (<D
N HEME V-251
EXPNO z
PROCNO 1
Date_ 20090508
Time 17.37
THSTRUM spect
FROEED 5 mm CEDUL 13C
FULFROG zgpg 30
punl 65538
SOLVENT CDCl3
13 1538
Ohd e 0s 4
H SWH 29761.904
E Ohde FIDEES 0.454131
a t 1.1010543
HO a} 070 G 2050
OH Ohde oW 146,800
DE &. 50
1Ak IE 298.2
ol 0.158000001
D11 0.03000000
puily 1
======== CHANMEL £l ========
NUC1 13¢C
Fl 10,00
FL1 3,00
FL1W 53.00075912
SFOl 125.7854528
======== CHANMEL f2 ========
CPDERGZ ialtzl6
By foie) 1H
PCEDZ 20,00
FL2 &, 00
FL12 20.54
FL13 25.00
FL2W 5.64411545
PL1ZW 0.30389285
PL13W 0.1083229%7
SFC2 S00.1320002
sI 32768
sF 125.7728780
g _ P. WDW EM
L N _ i . 538 0
’ LE 1.00
cB i
PC 1.40
I T I T I j I j I T I I j I j I j I
180 160 140 120 100 80 60 40 20 ppm
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KAME
EXPHO
PROCNO
Date_
Time
INSTRUM
PROEBHD
PULFROG
D
SOLVENT
NS

s

SWH
FIDRES
AG

RE

oW

OE

TE

il | 7] N T

95 90 85 BO 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm
[

| r_ |
n; #zg ﬁb 332 7|ﬁd Jv_ﬂhdﬁJﬁu _Oﬂ
=] al |alalala oo allal=le |=
o (3] | =] ol - el =+

v-247
1
1
20090508
16.15
spact
3 mm CPDUL 13C
zg 30
§5534
cDCl3
16
2
10330.578 Hz
0.157632 Hz
3.171%%23 sec
1440
458,400 usec
.50 usec
298.2 K
1.00000000 sec

15.00 usec
.00 4B
%5.64411545 W
500.1930889 MHEZ
32768
500.1900398 MEZ
EM
0
0.30 Hz
0
1.00
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C13CPD CDC1l3 /opt/topspin hzha

o =
ks
o o
i
—

.03
.28

121.14
5

11
N
W 11

Ohle

H
=0 N Ohle

OH

.12
.61
2
.54
.33
a0

AN
S 4= 112,10
a.

WA 110,98
M- 10E.30
-
— E9.4
5
— 30
= 59
——18.41

NAME
EXPNO
PROCHO
Data_
Tims
INSTRUM
PROEHD
PULFROG

CEDFRG:2
WUC2
PCPDZ
FLZ
PL12
PL1Z
FLZW
PL12W
PL13W
SFO2
SI

SF
WDW
35B

LE

zB
BC

180 160 140 120

100 a0 60 40 20

ppm

wv-24

20030508
1le.33
spect

5 mm CPDUL 13C

298, 2
0.15000001
0.02000000

1

CHAMMEL ZI1
13C

10.00

3.00
33.00075212
125. 7854528

CHAMMEL ZZ
waltzls
18

.00
2.644115453
0.303882835
0.10822237

500.1220008

32768

125.7728760

EM

<)
BRUKER
(>

Hz
Kz
sec

usec
usec
K
sec
sec

MHZ
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el R =]
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NAME
EXPHO
PROCNC
Date_
Time
INSTRUM
PROEHD
PULFROG
D
SOLVENT

O E
H H O DS
N aWH

SUSHR AR
a FIDEES
= o oo -1s]

RG
oW

J¥a oE

TE

[ ﬁ_

_ | L ______r S S | S r;.l%i.[. A PR _

10 9 8 7 6 5 4 3 2 1 ppm

L _/ 1 |1 | ,
88 (8 mmﬁ s 3 g
-0 -— [a' v [=]L ] [19] |-

o

=1 [ R T R -] o g

- == R L N I ) ~
<t Mmoo e ol u:::m:

| (<O

II-21-pure
1

1

20080908

19.47

dex400

5 mm QWP 1H/13
zg30

655326

cools

16

£

3278.14%
0.126314
3.9384243
57

60.400
£.00

204.3
1.00000000
1

CHANNEL f1 ====

400.13247140
32768
400.1300000
EM

a

0.30

a

1.00
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i~
o R R Bl

HNAME

INSTRUM
PROEBHD
PULEFROG
TD
SOLVENT
NS

DS

SHH
FIDEES
RO

RG

o)

DE

TE

Dl

_ T
160 140

T
100

60 40 20 ppm

(>0

II-9l-pure-13cnmr
1

1
20080909
20.06
drx400
5 mm QNP 1H/13
zgpg30
65536
CDC13
256
4
23%920.814
0.365918
1.3664756
32768
20.850 usec
6.00 usec
294.4 K

1.89999988 =sec

CHANMNEL fl ========

CHANMEL i ========
waltzlé

100.00 usec
-5.00 4B
14.58 4B
16.00 dB
400.1316005 MH=z
32768
100.61276%0 MHE=z
EM
0
1.00 H=z
0
1.40
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) |_rt_ oo e

NAME
EXPMNOD
PROCHNO
Date_
Time
INSTRITM
FROEBHD
FULFROG
1o
SOLVENT
N3

Olhde
H Ds
N SWH

10 5 2 1 ppm

9 8 7 6 4 3

1| L . L
& Bemi A
- - lolo|=l—=lo olo = [ 1 s g JE=0]=]]=][=]

II

S mm El

1

3.

1.

e H Q| Qoo g

EOE u:::m:
R R L Rl R R ]

I-103-ac
2

1
20081212
20.35
spact

EJ BE-1H
zg30
65536
CDCl3

14

z
0330.578
0.157832
1720407

80.6
42.400
.00
298.2
0o0ooooa

32788

L 1300000
EM

Q

Q.30

a

1.00

Hz
Hz
sec

usec
usac

i=

usec
de
MEZ

MEZ
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| NAME III-103-2c-13KMR
EXPNO 2
PROCHD 1
Date_ 20081212
Time zl.34
INSTRUM spect
PROEBHD 5 mm BEC BE-1H
PULFROG Zgpg 30
D 55534
SCLVENT CDCl3
Ot N3 L]
b H D Bz r
M M Otde SWH 30030.02% Ez
F\/_/ o O FICRES 0.458222 Hz
u] o7 o :t 1.0812410 sec
OMe 21 32768
oW 16,650 usec
-_-_I' DE 6. 00 usec
IE 298.2 K
ol 1.00000000 sec
dll 0.03000000 sec
DELIZ 0.859228222 sec
DO 2
HUC1
Pl usec
PL1 -1.15 dB
sFOl 125.7703643 MEZ
======== CHANNEL f2 ========
CPDFRG2 waltzlé
Kuc2
FCPDZ 35 usec
PL2 -5 dB
PL12 15. dg
PL13 30.00 dB
SFO2 500.1320005 MEz
51 32768
3F 125.7577890 MEz
WOW EM
358 Q
L 1.00 Ez
==] a
BC 1.40
I j I j I T I j I T I j I j I T I j I T I
200 180 160 140 120 100 80 60 40 20 ppm
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i <)

o (3]
=] r- Ll
KAME v-13-ac
EXPHO 1
PROCNC 1
Date 200930207
Tims 19,54
INSTRUM dex 400
PROEHD 5 mm QNP 1H/13
PULFROG zg30
punl 55538
SCOLVENT DMSC
N3 1ls
y y O Ohte DS 2
SWH 8272.146 Hz
N Hed S Hnte FIDRES 0.126314 Ez
e o R 3.9584243 sec
u} oo c 4
oW 60,400 usac
-_-_F_. DE €. 00 usec
1E Z94.5 K
ol 1.00000000 sec
pynly 1
======== CHANMEL fl ========
KUC1 1H
Fl 13,50 usec
FL1 -5.00 de
SFOl 400,1324710 MEZ
5I 32768
5F 400, 1300000 MEZ
WDW EM
55B a
LE 0. 30 Hz
=B 0
PC 1.00
r __
_ _ __ '
_,____ f 7 _: _ : __ _[I‘\/_ [y _:__
I L W A Al JUUL J - WAV Ui .

10 9 8 7 6 5 4 3 2 1 ppm
| | |

ala) g g [ Sfals)e ww g mE_ T_

2|z L 2 12IERI2Z2 122 B o eiled p
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.54

40

s BRUKER
:

HAME
EXPNO
PROCNO
Date_
Time
INSTEIM
FROEHD
FULFROG
i}
SOLVENRT
N3

CPDFRG2
woc2
PCEPDEZ
FL2
PL12
FL1Z
SFO2
SI

SF
WDOW
SEB
Le

B

EC

160

120

100

40

20 ppm

V-13-ac-13CHMR
1

1

20030207

20.02

239%80.814
0.365918
1.3664756
32768
20,850

&. 00

294.6
Z.00000000
0.02000000
1.859959593

9.85
-2.00
100.6228298

14.58

16.00
400.1316005
32768
100.8127690
EM

Q

1.00

Q

1.40

Hz
Hz
sec

usec
usec
K
Sec
sec
sec

usec
ds
ds
ds
MEZ

MEZ
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R R e e i = ]
[ = A O = ]

MRy R Ry B iy R T=
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e R R N R L NS

HNAME
EXPHO
BROCKO
Date_
Tims
INSTRUM
PROEBHED
EULEPROG
D
SOLVENT

O hde
Q NS
DS
SWH

FIDRES
AQ

RG
o
DE

i —

| A S T 1! U | O S

—

9
2

(=)
9
=

1.05,

8

/)
8
(3] bl L]

6 5 4 3 2 1

8 3 gR

ppm

7
o
&
-

2.07
312
3.21

<

II-103-ac
2

1
20080910
17.08&
spact

S mm BEO BB-1H
zg30
65536
cDClz

16

2
10330.578
0.137632
3.1720407
590.5
48.400
6.00
297.2
1.00000000
1

CHANNEL £1

-5.00
500.1330885
32768
500.1300075
EM

a

0.30

Q

1.00

Hz
Hz
sac

usec
usec

sec

Hz
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HNAME II-103-ac-13C
EXPHO 2
PROCKD 1
Date_ 20080910
Time 17.37
INSTRUM spact
PROBHD 5 mm BED EE-1H
PULFROG zgpg30
D 65536
SOLVENT coCl3
[a} Ohte N5 1024
JZ\ H D OMe DS 4
s SWH 30030.028
Q u] Q FIDRES 0.458222
o oo ) 1.0912410
RG 23170.5
Sila DwW 16,650 usec
DE
TE
0l
dll
DELTA
TDO
NTC1
Pl
PL1
SFo1
CPDERGZ
jojifade
PCEDZ
PLZ
PL12
FL13
SFO2 500.1320005
5I 32768
SF 125.7377684 MHz
WDW EM
S55B a
LB 1.00 Hz
GB a
C 1.40
j l j l j l j l j l j l j l j l j l j l
180 160 140 120 100 80 60 40 20 ppm
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o0 = OWWwWepm u = : : m z
_ 1
HMAME KU-250
EXPHO 1
PROCHG 1
Date_ 20081108
Time 21.22
INSTRUM drx400
DROBHD mm QNP 1H/13
PULPROG zg30
D 65538
SOLVENT cool3
ok NS 16
| H Q DS 2
H M Ohde SWH 8278.146 H
C/ I Q FIDRES 0.126314 =
u} o7 o AD 3.9%584243 =ac
RG 4
]y 60,400 usec
.“—.. DE mnn_n_ usec
TE 295.9 K
D1l 1.00000000 =ec
s li] 1
======== CHANNEL £l ========
NTC1 1H
Pl 10,50 usec
PL1 -5.00 dB
sFol 400,1324710 MHz
SI 32768
SF 400.1300059 MHz
WD EM
358 0
LE 0.30 H
GE 0
C 1.00
__ _, i_ *_( Il
[ | ._
Jl U i I MU

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
_/ | __ .._ __.._ | | _.

m,,_‘%fmfm_mmfw

.Unu 1 132 G

= =

{ |

.00
B
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Mo
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MAME
EXPNO
PROCHO
Date_
Time
INSTRUM
PROEBHD
PULFROG
TD
SOLVENT

ok NS
H
N O OMte D5
= Q SWH
o Q
0 FIDRES

RO
RG
Sla oW

DE
TE

CPDERGZ
NuUC2
PCPDZ
PL2
PL12
PL13
SF02

180 160 140 120 100 80 60 40 20 ppm

o
o TemnA a u : : : m z
. . s - w

u .
3 4
_ (O

II-23%-ac-13CHNMR

1

1

20081027
16.13
drx400

5 mm QNP 1H/13
zgpg30
65536
cocl3

117

4
23980.814
0.365918
1.3664756
32768
20.850
6.00

204.4
2.00000000
0.03000000
1.89009008

CHANMEL £1 ====

14.58

16.00
400.1316005
32768
100.6127540
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EXPNO 1
PROCND 1
Date_ 20090215
Time 20.386
INSTRUM drxd00
FROEHD 5 mm QNF 1H/13
PULPROG zg30
o 5534
SOLVENT CDCl3
Oihte HS 15
N e N Q OMe os Z
= SWH 8278.14% Hz
o u} FIDRES 0.126314 Hz
o oo BD 3.9584243 sec
RG 4
oW £0.400 usec
_“—ﬂ_ DE .00 usec
TE 294.2 K
ol 1.00000000 sec
puil# 1
======== (_HANMNEL H| ========
KUC1 1H
Fl 10,30 usec
FL1 -5.00 dB
5FO1 400, 1324710 MHzZ
5I 32788
5F 400,1300000 MEZ
WDW EM
35B 0
LE 0.30 Hz
= a
PC 1.00
SR U | S \, » __ Lh ﬁ _, x__ x—_r_‘E_L.\r’\_rll.l N
Wi N i, W

9 8 7 6 5 4 3 2 1 ppm
L/ / _ |
B [ BBER 3 8 g [8lgs)e
- - (=Rl Mk (=] (3] - o [=2E IRl B =]



S218

Zhao, H. et al. Supporting Information

-
@
w
r-

=

O e
1 L
] =, M

= U0
L U i

3 -m_r-m-“-t- -Aﬂ”-mm -ﬂ-
o

NAME
EXPHO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULFROG
u]
SOLVENT

CEDERGE2
wWuc2
PCPDZ
FLZ
PL12
PL13
3F02

200 180 160 140 120 100 80

60

20 ppm

V-E3-ac-13CHMR
1
1
20090215
20.41
drx400
5 mm QWP 1H/13
Zgpa 30
65536
cocls
773
4
23980.814 Ez
0.365918 EHz
1.3664756 sec
32768
20,850 usec
£.00 usec
294,.3 K
2.00000000 sec
0.03000000 sec
1.82999%98 sec
2

-2.00 de
100.62Z28298 MHEZ

ANMEL £ ====
waltzls
18
100.00 usec
-5.00 de
14.52 de
16.00 dB
400,.1316005 MEZ
32768
100.6127690 MEZ
EM
0
1.00 Ez
0
1.40



S219

Zhao, H. et al. Supporting Information

e A el T
SRR R NN

r ]

__r.[.\_r.}[._!.

Date_
Time
INSTRUM
PROBHD
PULEROG
TD
SOLVENT

WDW
S5B

GB

ccsrl __r...____r[__ LE rL

~
L

10 9 8 7 6
)\ pINS )Y L
= mwmwﬁwﬁﬂj
- ] oy B e o S ] S

[=IRI=182

5 4

_ ALY
Q| (D[ =]®] (=[]~
a| ||+ Tm =1=1[=] nmgmu —|oy
o=l = -

3

|-

1 ppm

2

II-237-DM30
1

1

20021108
0.11

drx400

5 mm QNP 1H/13
zg30

65536

DM30

16

£
8278.146 H=z
0.126314 Hz
3.95384243 zec
4
60.400 usec
£.00 usec
294 .4 K
1.00000000 sec
1

CHANNEL £l ========

10.50 usec

-5.00 dE
400.1324710 MHz

32768




S220

Zhao, H. et al. Supporting Information

H
H

0H

64

;

—a.

NAME
EXFPHNO
PROCKHD
Date_
Time
INSTEUM
PROBED
PULEROG
TD
SOLVENT
KE

DS

SWH
FIDEES
AQ

RG

niy)

DE

TE

CPDERGZ
NUC2
PCPD2
PL2
PL12
PL13
SF02
5I

5F
WDW
558
LB

GBE

PC

T
200

180

160

140

120

100

80

60

40

20

Ppm

II-237-AC-13CHME
1
1
20081105
23.20
drx400
5 mm QNP 1H/13
zgpg 30
65536
DMSD
8638
4
23980.814
0.365918
1.3664756
32768
20,850 usec
6.00 usec
295.8 K

100.6228208

CHANMNEL £
waltzlé

400.1316005
32768
100.61276%0 MHz
EM
Q
1.00 H=
Q
1.40




S221

Zhao, H. et al. Supporting Information

R ] A”IJ”UVA““IIHV
gt

cdads BIRUKER
LR R R ]
!

HAME
EXPNT
FROCHD
Date_
Time
INSTRUM
FPROBHD
FULFROG
o
SOLVENT

" " O hde s

M H OMe by
C,g Q
o mHoE“m
_._o o oo 5

OH Ohd e A2
oW

Ak DE

TE

k 1 [E.r .I.LFLIL_F_.L____(;F:% N

10 9 8 7 6 5 4 3 2 1 ppm

R e

G D

KUU-267

2

1
20090711
11.53
Spect
CPDUL 13C
zg3d
65536
CME0

14

2
10330.578
0.157632
3.1719923
2050
48,400
G.50
298.2
1.00000000
1

g

Hz
Hz
sac

usec
usec
K
sec

CHEMMEL £l ========

18

15.00

&.00
2.64411545
500.1930889
32768
500.1900000
EM

Q

Q.30

Q

1.00



S222

Zhao, H. et al. Supporting Information

C13CPD DMSO /opt/topspin hzhao 43

|

Lt

o

(<O

HAME
EXPNO
PROCHNO
Date_
Time
INSTRUM
FRCEHD
FULFROG
0
SOLVENT
N3

hul]

SWH
FIDRES
AQ

E=

oW

LE

1E

ol

D11

D0

CPDERG2
wWuC2
PCPDE
FL2
FL12
FL13
FL2W
PL12W
PL13W
3FO2
SI

sF
WOW
S5E

LB
GB
PC

_
200

T
180

_
160

I
140

T
120

_
100

ppm

KU-267

3

1
20030711
12.43
spect

3 mm CEDUL 13C
zgpg3l
5536
CHMED
2042

4

28761.304
0.434131
1.1010548
2050
16,800
6.30

288.2
0.15000001
0.02000000

25.00
2.644115%45
0.30389285
0.10882297

500.1920008

32768

125.7729203
EM

a

1.400

a

1.40

Hz
Hz
sec

usec
usec
K
sec
sec

MMEL fl ========



S223

Zhao, H. et al. Supporting Information

HAME
EXPNO

PROCNO

Date_
Time

INSTRUM
PROEHD
FULFROG

penl

Ohde SOLVENT

H H HE
N _hieC0 2, N D3

RE
oW
b LE

TE

WOW
SEB
LB
B
EC

N
.___
VAo

l__'-

—e e VL F ——

10 9 8 7 6 5 4 3 2 1 ppm
A A Ty AERITE (ela i)
g & sy <4 A

Ohde
o Q SWH
HO a] o” o mwowmm

Co><)

(O

KU-279

1

1
20030711
16.41
spect

mm CPDUL 13C
zg30
65536
DS

16

2
10330.578
0.157632
3.1719923
1440
42.400
&.50
208.2
1.00000000
1

4]

HEz
Hz
sec

usec
usec
K
sec

CHAMMEL £l ss======

11

15.00

&.00
2.644115435
500.1930889
32768
500.1900000
EM

a

Q.20

0

1.00

usec
dE

W
MHZ

MEZ



S224

Zhao, H. et al. Supporting Information
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C13CFD DMSO /opt/topspin hzhao 30 g
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======== CHAMNEL fl ========
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FL1 3.00 dB
PLIW 533.00075%12 w
SFOL 123.78345228 MHZ
======== CHAMNEL fI ========
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wNc2 11
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PL2 .00 dB
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5F 125, 7725389 MHE=z
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C13CPD DMSQO /opt/topspin adonn 50

Co><")

(<O

NAME MENHZ
EXPNO 2
PROCNO 1
Date_ 20090212
Time 17.22
INSTRUM spect
’ OMe PROBHD 5 mm CEDUL 13C
: PULPROG zgpg30
o N OMe ™D 65536
\:/ o SOLVENT DMSO
H,N" O 6] wm Smm
2k 1 SWE 29761.904 H=z
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Pl 10.00 usec
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— =

- &
,d/J NMWa”/hﬂ.

OMe

o5
o]
ZT

X

ik

i j___ 7 m

NAME
EXBNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
™™D

OMe SOLVENT

NS

DS
SWH
FIDRES
AQ

RG

oW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SI
SF

H WDW
SSB

et 'R
GB
§-

T I I I B I

200 180 160 140 120

T 3 T 1 T I j T T

100 80 60 40 20 0 ppm

Co><)

BRUKER

| (<O

304

2

1

20101201
17.13
spect

5 mm CPDUL 13C
zgpg30
65536
cDC13
1024

4
29761.904
0.454131
1.1010548
2050
16.800
6.50

298.2
0.15000001
0.03000000

CHANNEL f1 ====

10.00

3.00
53.00075%12
125.7854528

8.64411545
0.30389285
0.10882297
500.1920008
32768
125.7728597
EM

0

1.00

0
1.40

Hz

MHz

MHz

Hz




S293

Zhao, H. et al. Supporting Information

Co><)

(<D

WAME 8 OMENHZ2
EXENC 1
PROCNO 1
Date_ 20080306
Time 18.14
OMe INSTRJIM spect
H Q PROEHD 5 mm CPDUL 13C
PULPROG 2g30
(0] A N OMe : TD 65536
\:/ o SOLVENT Uzmm
NS
HoN (6) o” "0 b 3
; SWH 16330.578 H=z
g s FIDRES 0.157632 Hz
i AQ 3.1719923 sec
RE 2050
Dw 48.400 usec
DE 6.50 usec
TE 292.1 K
Dl 1.00000000 sec
DO 1
=====z=== CHANNEL fl ========
Nucl 14
| Pl 15.00 ugec
| PL1 6.00 db
& PL1W 8.64411545 W
SFO1 500.1930889 MEz
ST 32768
SF 500.185%95%6 MEz
WDW EM
55B 0
LE 0.30 Hz
GB 0
BC 1.00

e | S

T T T

13 12 11

\RS BARRAS T T A LAREAD RARASEAR RS L

10

1
5 4 3 2 1 0 ppm

9 8 7 6
=
e Olr=lr|vrlr|r=|=|r— @,




S294

Zhao, H. et al. Supporting Information

Cl3CPD CDCl3 /opt/topspin adonn 30
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PROTCN CDC1l3 /oot/topspin adonn 57
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C13CPD CDCL3

/opt/topspin adonn 57 g
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Cl3CPD CDC13 /opt/topspin adonn 51
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12 11 10 9 8

-7}
m
o

|
vémj&ﬁj
IREREERE
(=] 112.4TI
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7 6 5 4
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C13CPD CDCl3 /opt/topspin adonn 29 g

{ NZME 300-70A
EXPNO 2
PROCHNO 1
Date_ 2010111¢
Time 2152
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zgpg30
OMe D 65536
H O SOLVENT coell
N OMe NS 1024
o] N Ds 1
PIq o : sWH 29761, 901 Haz
Me,N™ ~O [oXe] FIDRES 0.454131 Hz
4 € 2 AQ 1.1010%48 s=2¢
._u A 5 S RG 2050
G . i 3 i) 16.800 usec
DE 65.50 usec
TE 288.1 K
Dl 0.15000001 sec
D11 0.03000000 sec
™o 1
======== COANNEL fl ========
NUC1 13c
Fl 10.00 usec
PL1 3.00 @8
PL1W 53.00075912 w
SFO1 125.7854528 MH=zZ
======== CHANNEL £f2 ========
CPDPRG2 waltzls
NUCTZ 1=
PCPD2 B80.02 usec
PL2 5_00 8B
PLiZ2 20.54 4B
PL13 25.00 8B
PL2W 8.64411545 W
PL12W 0.3038%285 W
PLI3W 0.10882297 W
SFO2 500.1920003 Miz
| SI 327638
J— z SF 125.7722581 Mz
i !&I‘EISIIISdS EM
f=1=)=1 2
1B 1.00 Hz
GEB bl
PC 1.40
T I i I E | ! T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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PROTON CDC13 /opt/topspin adonn 22

DO WmMmmMmm
(s oo B e o O S S S e e

| . L

]

_ T T s _ T
12 11 10 9

p=J
g
3

I BN

8 6 :
=] e eI =-1 cilodlodeiled] |

Co><)

(>0

NAME 178-708
EXPNO 1
PROCHO 1
Date_ 20101118
Time 21.39
INSTRUM spect
PROBHD S mm CPDUL 13C
PULFROG zg30

TD 65536
SOLVENT CDC13

NS 16

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 HZ
ate] 3.1719523 sec
RG 575

D 48.400 usec
DE 6.50 usec
TE 298.2 K-
Dl 1.00000000 sec
TDO 1.
======== CHANNEL f1 ========
Nucl 13

Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 W~
SFO1 500.1930889 MH=z
sI 32768

SF 500.1900116 MHzZ
WDW EM

SSB 0.

LB 0.30 Hz
GE 0

PC 1.00
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C13CPD CDC13 /opt/topspin adonn 22

OMe

OMe

¥ | NAME
EXPNC
PEOCNQ
Data_
Time
INSTREUM
PROBHED
PULPROG
TD
SOLVENT
NS
DS
SvH
FIDRES
AQ
RG

; oW
DE
TR
Dl

CPDPRGZ
NUC2
PCPDZ
PL2
PL1Z
PL13
PL2W
FL12W
PL13V
SF0Z2
51

5F
WD

\ - 558

y LB
GR
PC

T ¥ I !

I I
200 180 160 140 120

- T I I

T T
100 80 60 40 20 0 ppm

178-70B
2

1
20101118
22.02
spact

5 mm CFDUL 13C
zgpg30
65536
D13
1124

4
297613204
0.454131
1.1010548
2050
16.800
6.50

298..3
U.1s000001L
0_03000000C

3.00
53.00075912
125.7854528

b -m-ﬁ-ﬂ-_-r__-rﬂ“-mm_-ﬂn

oy =
| i
Vs A“l.“”VAM“’I“V

25.00
8.64411545
0.30389285
0.10882297

500.1220008
32768
125.7728599
EM

0
1.00
0
1.40

MHz

MHz

Hz
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PROTON CDC13 /opt/topspin adonn 60
632WHN%%MSlZOBOSOOSBQ59218631106586139
™M = M WDOWNWMmM O e~ YO 00O~ < < <t < [ s Ul - IR BN B |
(e oo o B T B e B v S 0 T Sl T i S S S Sl Sl e Sl S S sl A e B Ve BV e Ve U I Ve T Ve B Vo B o B o I W PVC
NAME & 0MENMEZ P
EXPNO L
PROCNG 1
Date_ 20090408
Time 14.38
INSTRUM spect
PROBED 5 mm CPDUL 13C
PULPROG zg30
™D 65536
SOLVENT cDCl3
NS 16
OMe DS 2
H Q SUH 10330.578 Hz
N OMe FIDRES 0.157632 Hz
0O N : i a0 3.1719923 sec
\:/ e ; TG 205D
£ at i NG oW 48.400 usec
_<_mm2 o 0 0 2 . DE 6.50 usec
OMe et TE 298.2 ¥
Tle : D1 1.00000000 sec
DO 1
======== CHANNEL f1l ========
Nucil 18
Pl 15.00 usec
PL1 6.00 dB
PL1W 8.64411545 W
SFO1 500.1930889 MHz
ST 32768
SF 500.1900043 MHz
WD EM
55B 0
LB 0.30 Hz
GB 0
FC 1.00

i T T T T T T T T REERRAERS IRARRRAREE T IBARERESS T

12 11 10 9 8 7 3 2 1 ppm

6 5 4
e8 [Fheeke S
ol |+~lcldlelala ailed| o] (el ed

99
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C13CPD CDCl3 /opt/topspin adonn GO

T

b 5 ks
RSt R =R 2

OMe

OMe

MeoN~ O o~ o
OMe
e

Co><)

BRUKER

(<O

NAME
EXPNO
PROCNO
Datae_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
Ns

Ds

SWH
FIDRES
ADQ

RG

TV

PR

CPLFPRGZ
N2
ECED2
PLZ
Li2
EL13
L2w
rLia2w
PL13W
SFO2
81
SF
WD
55B
B
B
PC

———

200 180 160 140 120 100 80 60 40

20 0 ppm

BOMENMEZE
2

i
20020408
15.01
spect

5 mm CEDUL 13C
zgpg30
65336
chClz
1024

4
29701.804
0.454131
1.1010548
2050

iR RON0
6.50

298.2
£.15000001
€.03000000
1

53.00075912
125.7854528

CHANKEL f2 ====

waltzlé

1H

280.00

6.00

20.54

25.00
£.64411545
€.303280285
C.10882z97
5C0.1920008
32768
125.7728595
EM

0]

1.00

o]

1.40

MHz

MH=z

Hz
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CNWOWAOF ™M OO

Co><)

OO

3

; L , i 15 et . R A BRUKER
i 2 ™

L S r.lfﬂr‘@ﬂwwwyfhlm S SE— W I A x w

NAME KU301
EXPNO 1
FROCND 1
Date_ 20100420
Time 23.25
INSTRUM spect
OM PROBHD 5 mm CPDUL _3C
e FULPROG zg30
H TD 65536
N N OMe SOLVENT CDC13
o) NS 16
MeQO. 7~ O DS 2
\n/O o X0 0] SuH 10330.578 Hz
MeO FIDRES 0.157632 Hz
x palo] 3.1718823 sec
Tin RG 2050
D 48.400 usec
DE 6.50 usec
TE 298.2 K
ol 1.00000000 sec
TD0 g 1
s======= CHANNEL fl ========
NUC1 1H
=i B 15.00 usec
PLL G.00 dB
PL1W B.64411545 W
SF21 500.1930889 MH=z
5T 32768
SF 500.1900056 MHz
Wow EM
S5B 0
LB 0.30 Hz
GB 0
PC 1.00
_ kl\rpv_ - 1 _ .._f s

- T T
A T T T T T | e T T T T 2 T T

13 12 N 10 8 7 1 0 ppm

9 6 5 4 3 2
b2l .

5/88[2[5(=[~]|8 35 5

e e PR R P P ol o o
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C13CPD CDC13 /opt/topspin adonn 44

03

a.

OMe

ZT

MeO. 2
MeO

[2)
~ o X0 ¢}

Tia

OMe

Co><)

(O

NaME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROEHD
PULPROG
D
SOLVENT

CEDPRGZ
NUC2
PCEDZ
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

sF
WDW
SSB
LB

CB

BC

I
200 180 160 140 120

,
100

80

60

40 20 0 ppm

KU301
2

1

20100420
23.47
spect

5 mm CEPDUL 13C
zgpg30
65536
CDCl13

1024

4
29761.904
0.454131
1.1010548
2080
16.800
6..50

298.2
0.13000001
0.03000000

53.00075912
125.7854528

CHANNEL f2 ========

waltzlé

1

80.00

6.00

20.54

25.00
8.64411545
0.30289285
0.10882297
500.1920008
32768
125.7728613
EM

0

1.00

]

1.40

MHz

Hz
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PROTON CDCl3 /opt/topspin adonn 21

DA NONNONWOOOOS MO WOWOOMOI~-NO0O <o oo
VO MN OOV WWOWUIWOMMcd OO M@WO=rTmNMNO MmN Ou
- M M ON—I OO0 OO OO OOy Oy O
Colle ol ol ool oo as B o el el 8 ol el ol ol el sl o R R R e B o e s e B W Bt

g
%
\
%}
Va
\

i 1
—/\_®O|_W|O ..HH'

—2.462

C><)

(<O

A B

_ 4 ;
10 9 8 7 6 5 4

NAME E0POF
EXPNO T
FPROCNO 1
Date_ 20090501
Time 6.45
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT cDhCl3
NS 16
Ds 2
SWH 10330.578 Hz’
FIDRES 0.157632 Hz
AD 3.1719923 sec
RG 2050
oW 48 400 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
TDO T
s======= CHANNEL fl =s======
Nucil 1H
Pl 15.00 usec
BL1 6.00 dB
FL1W 8.04411545 W
SFOLl 500.1930888 MHz
ST 32768 .
SF 500.1900040 MH=z
WDW EM
S5B V]
LB 0.30 Hz
GB 4]
PC 1.00

i 1

1 PRpM
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MeO

gmo|%uo
OMe

ZT

o "0

OMe

OMe

T2k

_:v ; " I P

FULPRDG
D
SOLVENT
NS
LS

CPDPREZ
rxoc2
TCFD2
FL2
FL12
FL13
TL2W
FL12W
FL13W
SFO2
I

£F
WDW
S3B

B
GB
rC

T T

200 180

160

140

T T I I I T I
120 100 80 60 40 20 0 ppm

60POF
o

1
200980501
7.08
spect
5 mm CPDUL 13C
zgpg30
65536
c¢pell
1024
a
2976L.904 Hz
0.454131 H=z
1.1020548 sec
2050
16.800 usec
6.50 usce
298.2 X
0.15000001 sec
0.03000000 sec

8.64411545 W
0.30283285 W
0.10882297 W
500.1820008 MHz
32768
125.7728589 MH=
EM
a
1.00 Tz
0
1.40
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PROTON CDC13 /opt/topspin ado

EHH
ﬂéﬁuajniﬁéﬂfDO)JA%ODﬁaQJvfﬂAﬁan
T N O 0000w oy 0@ W
ﬂﬂ ﬂf nj ﬁﬁ nj ﬁU ﬂO OO 73 ?J 1u ﬂé 7u ﬂﬁ WL ﬁh

4.093
3.943
3.921
3.905

’é
&
\%
|

C><)

BRUKER

(O

NAME
EXFNO
PROCNC
Date_
Time
INSTRUM
PROBHL
PULPRCG

16 15 14 13 12 11

E0MEPO

1

1
20090408
1505
spect

S mm CPDUL 13C
zg30
65538
cocla

16

2

10330.578 1

0.1 57632

3 21710823
2050
48.4C0
6.50
298.2
1.00C000C0

6.00
8.64411545
500.19308¢89
32768
500.1900043
EM

0

0.30

0

1.C0

Hz
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C13CPD CDC13 /opt/topspin adonn 1 g

NIME S0HERQ
EXING 2
PROCNOC al
Dats_ 200904048
Time 15.27
INSTEUM spect
PROBED 5 mm CPDUL 13C
PULPROCG zgpg3 0
D 65536
SOLVENT cDCl3
NE 1024
DS L
SVH 297€1.904 H=
FIDREE 0.454121 H=
MeO. “ AQ 1.1¢10548 sec
/ Frnty BC 2050
MeO : oV 16.800 usec
DE 6.50 usec
TE 298.2 K
Dl 0.15€00001 sec
D1l 0.03€C00000 scc
TDO i1,
======== CHANNEL fl =s======
NuUCl 13¢
Pl 10.00 usee
PLl 3.00 4B
FL1W 53.00C75912 W
SEOL 125.7854528 MH=
IIIIIIII CHANNEL £2 ========
CPDPRG2 waltzlé
NuUC2 1H
BPCED2 80.00 usec
PL2 £€.00 dB
PL12 20.54 dB
PL13 25.00 4r
PL2W 8.64412545 W
PL12wW 0.33389285 W
PL13wW 0.10882297 W
SFO2 500.1920008 MH=z
s1 32768
SF 125.7728601 ME=
WDW =M
Ssm 4
LB 2.00 H=
GB Q
EC 1.40
I | T ) T | I r I T I T I T I ' T
200 180 160 140 120 100 80 60 40 20 0 ppm
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PROTON DMSO /opt/topspin adonn 5

WO~ MNOWMMNDS S0 MW SN N
O st ot o Oy Oy 0
Rte N le e o e Nife

-

7.49
7.38
Tt
7.35
7.28
7.26
A

MeO

MsO O

Co><)

(@S D)

NAME E0MEMS2
EXPNO 1
PROCNO 1
Date_ 20090313
Time 14.25
TNSTRUM spect
PROEHD 5 mm CPDUL 13C
PULPROG zg30

TG 65536
SOLWVENT CMSO

NS 16

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 2050

Dw 48_400 usec
DE £.50 usec
TE 292.0 K
D+ 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUCl 1H

PL 15.00 usec
PL1 6.00 4B
PL1W 8.64411545 W
SFO1 500.1930889 MHz
S 32768

SF 500.1899895 MH=z
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

1

9 8
st
- =[Ol

7 6 5 4 3 2 1
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C13CPD DMSO /opt/topspin adonn 54

MeO

MsO

73ls

OMe

o

OMe

C><)

(<D

NAME
EXPRO
FROCHNO
Date_
Time
INSTRUM
PROEHD
PULEFROG
D
SOLVENT
NS

DS

SWH
FIDEES
AL

RG

Dw

180

160

140

120

100

60MEMS2

2

1

20090313
14.42
spect

5 mm CFDUL 13C
zgpg30
63536

DMSO

768

4
29761.904
0.454131
1.1010548
2050
16.800
6.50
292,
0.15000001
0.0300C000

53.00075912
125.7854528

.00

20.54

25.00
§.64411545
¢.30385285
0.10882297
500.1%20008
32768
145.77292083
EM

0

1.00

0

1.40

MHz

Hz
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Co<)

(O

NAME 80Ms
EXPNO 1
PRGCNO i
Date_ 20090319
Time 18.09
THSTRIM spect
PROBHD 5 mm CPDUL 13C
PULPRQG zg3l

TD 65536
SOLVENT CcDC13

NS5 16

ns 2

SWH 10330.578 H=z
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 1030

ity 48.400 usec
DE 6.50 usec
TE 288.2 K
Dl 1.00000000 sec
DO g,
======== CHANNEL fl ========
NUC1 1n

Pl 15.00 usec
PL1 6.00 dB
PLIW 8.64411545 w
SFO1 500.1930889 ME=z
s1 32768

SF 500.1900185 MH=z
WDW EM

55B 0]

LB 0.30 Hz
GB 0

PC 100

PROTON CDCl3 /opt/topspin adenn 50
CLOAFOCOMDMOUNNONOATNOUNRMWOUMNDODMMSONWOLWW
029877545316399755311009998722
87888888 MO NN O OO OOV h OO O
88777?77 777777777766666.6643?“3.
-
USSR = S/
OMe
_l_
N OMe
0
MsO (e}
OMe
Tic
k | % L.
T __ _ ________ _ _________ EREEaL: R Sor sty T
10 5 4 3 ppm

_....9
99
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Cl3CPD CDC13 /opt/topspin adonn 50

H
N

MsO o o

OMe

OMe 3¢

i

EXPNCO
FROCNO
Date_
Time
TNSTRUM
PROZHD
PUL2ROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

BRG

Dw

CPDZRG2
NUC2
PCPIZ
PL2
PL12
PL13
PL2W
PL12W
PL13W
qF02
ST

SF
WDW
SSB
LB

GB
PE

I I I I 5 I

200 180 160 140 120

€0

40

0 ppm

80MS

2

i,
20080219
18.32
spect

S mm CPDUL 13C
zgpg30
65536
CEeXS
1024

4
29761.904 Hz
0.454231 Hz
1.1010548 sec
2050
16.800 usec
6.50 usec
298.2 K
0.15000001 sec
0.03000000 sec
: i

8.64411545 W
0.30389285 w
0.10882297 W
RO0.1920008 MH=
32768
125.7728621 MH=z
EM
0
1.00 Hz
]
1.40
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PROTON CDC13 /opt/topspin adonn 36
M- HOMAMOOAONNNTONG <N~ WO MO WO O N
AN HONWOFOO-ONOMNNN——AANDON P MM N OO O
CEO OO OOREMMMMMA oo QOO0 oY GO0 O N M umc:mz
e e e e e e e e e e Sl S el Sl Sl S Sl S Sl Sl S Vo Ve Ve Vo R Ve J Ve S Vo R Vo Ve S s S S SN N
e = ——
——— NAME 6 0MEOTS
EXPNO ol
PROCNO i
Date_ 20090306
Time 18.41
INSTRUM spect
PROBHD 5 mm CPDUL 13C
OMe BULPROG zg30
H Q D 65536
SOLVENT CDCcl3
MeO N OMe NS 16
DS 2
(0] SWH 10330.578 Hz
TsO o "0 : Lo FIDRES 0.157632 Hz
: 3 AQ 3.1719923 =ec
b RG 2050
D i 43.400 usec
DE 6.50 usec
TE 292.4 K
D1 1.00000000 sec
TDO 1
—======= (CEANNEL fl ======z==
iielenl : 11
Pl 15.00 usec
PL1 6.00 dB
PL1W : 8.64411545 W
SFOl 500.1930889 Mz
ST 32768
sF 500.1900044 Iz
WDW =M
SSB 0
LB 0.30 Hez
GB o
PC 1.00
5 _,_PL . LL | b % rr..hllillf
A T _ ] 1 e , R o R e e ,
13 12 11 8 7 6 5 4 3 2 1 0

10 9
I
XM oo TS| wev| = o~
e et A A S T = o =
Q=N N~ MM, MmN
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Cl3CPD CDCl3 /opt/topspin adonn 36

SO0 - = N R R

MeO

TsO

|

Co><)

CPDPRGZ2
jojefed
PCPD2
PL2
PL12
PL13
PL2ZW
PL12W
PL13W
SF02
51

SF
WDW
S5B
LB

GB

PC

T T ’ I ) I ! T

200 180 160 140 120

60 40 20 0 ppm

= % -m-ﬁ-m-"-[-_-‘".-mm_-ﬂn

6 0MEOTS
2
1
20080306
19.09
spect
S5 mm CPDUL 13C
zgpg30
65536
cDCl3
1280
4
29761.904 H=z
0.454131 Hz
1.1010348 sec
2050
16.800 usec
65.50 usec
292.1 K
0.15000001 sec
0.03000000 sec

CHANNEL fl ========
I3
10.00 usec
3.00 dB
53.00075912 w
125.7854528 MHz

CHANNEL f2 ========
waltzle
1H
80.00 usec
65.00 4B
20.54 dB
25.00 dB
8.64411545 W
0.30389285 w
0.10882297 w
500.1920008 MH=z
32768
125.7728635 MHz
EM
0
1.00 Hz
0
1.40
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TsO

(<O

NAME 80TSFW
EXPNO L
PROCNO 1
Date_ 20050427
Time 12.41
INSTRUM spect
PROBHD 5 mm CPDUL 13C
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 10332.578
FIDRES . 0.157632
AQ 3.1719%23
RG 20580
i 43.400 u
DE 6.50
TE 298.2
Dl 1.00C30000
TDO 1
======== CHANNEL £l ====
Nucl 12
Pl 15.00
PL1 6.00
PL1W 8.64411545
SFOl 500.1930889
51 32768
SF 500.1970043
WEoW EM
SSB 0
LB 0.30
GB 0
PC 1.00
B
T T
0 ppm

Hu
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Cl3CPD CDC13 /opt

TsO ;
OMe

/topspin adonn 57

OMe

ZT

OMe

I :

L

Co><)

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROEHD
PULPFROG

CPDPRGZ
NUc2
PCPD2
PLZ
PL12
PL13
PLZW
PL12W
PL13W
SFO2

ST

i)

WoW
SSB
o L] LB

NGB
PC

200 180

T _ I ! T ! T

160 140 120 100

80

I T | T

60 40 20 0 ppm

80TSrW

2

1

20090427
13.04
spect

5 mm CPDUL 13C
zgpg30
65536
CDCl3

1024

4
297861.804
0.454131
1.1010548
2050

. 16.800
6.50

298.2
0.15000001
0.03000000

8.64411545
0.30389285
0.10882297
500.1920008
32768
125.7728606
EM

0

1.00

0

1.40

(<)

Hz
Hz
sec

usec
ngec

MHz

Hz
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_________ T LI N N A L I I I
9 8 7 6 5 4 3 2 1 ppm
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e

MHCbz

758

T T .

<D

NAME V-147-13cC
EXPNO 1
PROCHD 1
Date_ 20091211
Time 22.45
INSTRUM drx400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg 30
TD 65536
SOLVENT cocl3
NS 8192
DS 4
SWH 23940.814 ®
FIDEES 0.365918 H
AD 1.3664756 =ac
RG 32768
oW 20,850 usec
DE 6.00 usec
TE
Dl
diil
DELTA 1.89999988 =zec
TDO 2
======== CHANNEL £l ========
NUC1
Pl
PL1
SFO1
CPDERGZ
NUC2
PCPD2
PLZ
PL12
PL13
SF02 400.1316005 MH=z
5I 32768
=30 100.68127498 MHz
WDW EM
55B 0
LB 1.00 H
GB a

C 1.40

140

T
120
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7.58
~7.40
~7.34
.22

/

——B8.25

— .46

f

.

1_

L Lrl

i

/ E:,_ L

Co><)

(<O

HAME
EXPNO
PROCHC
Date_
Tims
IN5STRUM
PROEHD
PULPROG
il
SOLVENT
NS

D3

SWH
FIDRES
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C13CPD CDC13 /opt/topspin hzhao 14
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C13CPD DMSO /fopt/topspin hzhao 33 g
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38 - . BRUKER
NAME VI-221
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PROCHNO 1
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Time 14.00
INSTRUM spect
FROEHD 5 mm CPDUL 13C
PULFROC zgpg 30
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JLWVENT CDC13
(1}
oac o .
i EWE 29761.904 Hz
fﬂhuuf = FIDRES 0.434131 Ha
B 1.10105£8 sec
o e RG 2050
oW 16.800 usec
._Hﬂ_- DE §.50 usec
TE 298.2 K
o1 00001 sec
Dil LQ3000000 sec
TDO 1
======== CHANHEL fl1 ========
NUC1 13cC
= 10.00 uzec
PL1 3.00 4
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CEDPREG2 waltz1lg
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PLZ §.00 4
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PL13 25.00 4B
FLIZW 2.644115458 W
PLLEW 0.30389285 W
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SFo2 500.1%20008 MH=z
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SF 7728512 MH=z
WIW EM
SEB a
LS S ———— 1.00 Hz
GBE a
BC 1.40
j I j I j I T I T I T I T I j I j I j I
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PROTON CDC1l3 Jfopt/teopspin hzhao 36
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C13CPD CDCl3 /opt/topspin hzhao 36
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C13CPD CDC1l2 /opt/topspin hzhao 43
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======== CHANHNEL f] ========
NUC1 1H
Pl 15.00 u=sec
PL1 .00 dB
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DE §.50
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======== CHANNEL £1 ====
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======== CHANNEL £2 ====
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PC 1.40
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PROTCN CDC13 /opt/tepspin hzhao 39
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C13CPD CDC13 /opt/topspin hzhao 39
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N = BO 1.1010548 sec
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FL1 3.00 dB
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FL13 Z5.00 dB
PL2W 5.64411545 W
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======== CHANMEL {2 ========
CPDERE2 waltzls
wrc2 13
PCPDZ 20.00 usec
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Analytical reverse HPLC

Instrument: Agilent 1260

Detector: Diode array detection
Wavelength: 254 nm

Column: ZORBAX Eclipse Plus (150 mm
X 4.6 mm, 5um)

Tempeture: 27 °C

Solvent system: A: H20 ( 0.2% H3;PO4) B:

acetonitrile
Flow rate: 1.0 mL/min

A B
0 min 70% 30%
18min 52% 48%
19min 95% 5%
22min 95% 5%
23min 70% 30%

S367
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] DADIA, Sig=254 4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48103_19_0000036.0)
mAU |
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e
25 5 5 10 15 15 175 2 min

Analytical reverse-phase HPLC profile of Dimethylsulfoxide (DMSO) as background
(used as solvent to dissolve the novobiocin analogues)

[ ] DAD1A, Sig=254,4 Ref=560,100 (HANK\JA 2011-03-19 10-18-48\03_19_0000020.D)
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Analytical reverse-phase HPLC profile of compound 78a prior to bioassay. Retention
time = 8.37 min. Purity = 100%. Absorbance wavelength = 254 nm.
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[ ] DAD1A, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000021.D)
mAU _|
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Analytical reverse-phase HPLC profile of compound 78b prior to bioassay. Retention
time = 9.04 min. Purity = 98.8%. Absorbance wavelength = 254 nm.

] DADIA, Sig=2544 Ref=560,100 (HANK\JJA 2011-03-19 10-18-4803_19_0000026.0)
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Analytical reverse-phase HPLC profile of compound 78¢ prior to bioassay. Retention
time = 8.70 min. Purity = 99.4%. Absorbance wavelength = 254 nm.
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[ ] DAD1A, Sig=2544 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000031.D)
mAU
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Analytical reverse-phase HPLC profile of compound 79a prior to bioassay. Retention
time = 14.3 min. Purity = 95.2%. Absorbance wavelength = 254 nm.

[ ] DADLA, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000032.D)
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Analytical reverse-phase HPLC profile of compound 79c prior to bioassay. Retention
time = 13.9 min. Purity = 98.4%. Absorbance wavelength = 254 nm.
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[ ] DADLA, Sig=254,4 Ref=560,100 (HANK\JA 2011-03-19 10-18-48103_19_0000038.0)
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Analytical reverse-phase HPLC profile of compound 80a prior to bioassay. Retention
time = 13.5 mim. Purity = 98.2%. Absorbance wavelength = 254 nm.

[ ] DADLA, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000016.D)
mAU
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Analytical reverse-phase HPLC profile of compound 80c prior to bioassay. Retention
time = 13.2 min. Purity = 99.2%. Absorbance wavelength = 254 nm.
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[ ] DAD1A, Sig=2544 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000030.D)
mAU |
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Analytical reverse-phase HPLC profile of compound 82a prior to bioassay. Retention
time = 12.1 min. Purity = 99.6%. Absorbance wavelength = 254 nm.

[ ] DADLA, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48103_19_0000029.D)
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Analytical reverse-phase HPLC profile of compound 82b prior to bioassay. Retention
time = 8.25 min. Purity = 100%. Absorbance wavelength = 254 nm.
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[] DAD1A, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000013.D)

3
>
c
921 |

140

120+

100

80—

60—

40

20 |

5.353
14.062
18.460
21.396

T T T T T T T T
25 5 75 10 125 15 175 20 mi

Analytical reverse-phase HPLC profile of compound 82c¢ prior to bioassay. Retention
time = 7.92 min. Purity = 95.9%. Absorbance wavelength = 254 nm.

[ ] DADLA, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000033.D)
mAU | I
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Analytical reverse-phase HPLC profile of compound 83a prior to bioassay. Retention
time = 10.0 mim. Purity = 100%. Absorbance wavelength =254 nm.
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[ ] DADIA, Sig=2544 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000034.0)
mAU >

80

60

302
17.312

7

40+
T i T T i T

07 WA'—AJ S
I [ I f | |
25 5 15 10 125 15 175 2 min

Analytical reverse-phase HPLC profile of compound 83c prior to bioassay. Retention
time = 10.8 mim. Purity = 98.5%. Absorbance wavelength = 254 nm.

[ ] DADLA, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000042.D)
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Analytical reverse-phase HPLC profile of compound 84a prior to bioassay. Retention
time = 9.83 min. Purity = 100%. Absorbance wavelength = 254 nm.
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[ ] DAD1A, Sig=2544 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000040.D)
mAU
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Analytical reverse-phase HPLC profile of compound 84b prior to bioassay. Retention
time = 9.11 min. Purity = 100%. Absorbance wavelength = 254 nm.

[ ] DAD1A, Sig=254,4 Ref=560,100 (HANK\JJA 2011-03-19 10-18-48\03_19_0000041.D)
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Analytical reverse-phase HPLC profile of compound 84c prior to bioassay. Retention
time = 8.48 min. Purity = 100%. Absorbance wavelength = 254 nm.
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