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Material and Methods 

Conformational search 

All compounds were constructed with building fragments from the standard 

libraries of MAESTRO
1
 v 9.3. The minimum energy conformation was obtained  by 

a conformational search using the Low Mode Sampling algorithm implemented
2,3

 in 

MACROMODEL
4
 v 9.9  with the Amber*

5,6
 molecular force field and the 

Polak–Ribiere conjugate gradient (PRCG)
7
 minimization method, with an energy 

convergence criterion of 0.05 kJ mol−1. The generalized Born equation/surface area 

(GB/SA)
8
 continuum model was used for solvation, with a dielectric constant (ε) of 1. 

The maximum number of Monte Carlo steps was set to 15000. Generated 

conformations were saved if within an energy window of 50 kJ mol
−1

 over the global 

minimum. Similar structures were excluded based on heavy atom superimposition. All 

other settings were used as default. 

3D-QSAR and statistical analysis with PENTACLE 

GRIND
7
 descriptors were calculated, analyzed and interpreted using the program 

PENTACLE
7-9

 v 1.0.6. The procedure to obtain these descriptors consists in 

determining a set of molecular interaction fields (MIFs),
10

 which are arrays of 

non-bonded interaction energy values between a molecule of known structure and a 

probe group, calculated sampling positions of the probe throughout and around the 

molecule. In this study MIFs of novobiocin-analogues were computed with different 

chemical probes: the O probe (carbonyl oxygen) to represent hydrogen bond acceptor 
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groups,  the N1 probe (amide nitrogen) to represent hydrogen bond donor groups, 

the shape probe TIP
13

 to take into account for shape fit between the ligand and the 

protein and the DRY probe representing hydrophobic interactions. A filtering 

procedure implemented in PENTACLE (AMANDA
8
 algorithm) was applied in order 

to extract from the computed MIFs highly informative points around each molecule 

which summarize the most relevant information on binding. The chosen MIFs should 

represent important types of non-bonded interactions expected to guide the binding of 

novobiocin-analogues to the active site of Hsp90. All settings were used as default. 

The encoding procedure to obtain GRIND descriptors from MIFs is an auto- and 

cross-correlation transform consisting in computing the product of the interaction 

energy for each pair of points, in such a way that they are no longer dependent on 

their positions in the 3D space. These products of interaction energies, which encode 

the geometrical relationship between pairs of non-bonded interactions,  are handled 

according to the distance between the points and only the highest product is stored for 

a given small range distance (maximum auto- and cross- correlation method
14

). In 

such a way it is always possible to know which are the chemical groups that produce 

intense interactions at a certain distance around each molecule.  

The statistical analysis, implemented in PENTACLE, consists in calculating the 

Partial Least-Squares regression (PLS) to derive the 3D-QSAR model. No scaling was 

applied to the variables. The optimal dimensionality of the model was selected by 

cross-validation using either LOO or 3RG, recalculating the weights in both cases. 

The fractional factorial design (FFD),
15

 a variable selection methodology 
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implemented in PENTACLE, allowed the removal of descriptors not correlated with 

activity.  

 

Table S1. Relevant variables with high impact on the GRIND PLS model 

Probe pairs Variable 

number 

Impact Interpretation 

O-O OO-120 Direct Interaction of the NH group of the piperidine ring and the 

hydroxyl group in 4’-position with the probe O 

O-O OO-102 Direct Interaction of the NH group of the piperidine ring and the 

amide/carbamide nitrogen with the probe O 

O-N1 ON-529 Direct Interaction of the NH group of the piperidine ring with the 

probe O and the oxygen atom in position 3 in the first 

aromatic ring of the amide side chain with the probe N1 

DRY-DRY DD-43 Direct Interaction of the first aromatic ring of the 

amide/carbamide side chain and the carbon chain of the 

piperidine ring with the probe DRY 

O-O OO-80 Inverse Interaction of the hydroxyl groups in the sugar moiety with 

the probe O 

N1-N1 NN-141 Inverse Interaction of the oxygen atoms in the sugar moiety with 

the probe N 
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Scheme S1. Retrosynthesis of novobiocin analogues.  
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Scheme S2. Synthesis of intermediate 31a and 31b. 

 

 
Figure S1. Plot of the predicted versus experimental IC50 of the newly synthesized 

compounds. Prediction of compound 21d has not been shown. Activities are 

expressed as µM units. The dashed line represents the trend of the theoretical optimal 

predictions. The correlation coefficient is r
2
=0.68. 

 

Synthesis and characterization 

 

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

-(3-methylbut-2-enyl)benzamide (16): General procedure for phenol alkylatioon. 
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Sodium hydride (4.2 mg, 60% in mineral oil, 0.10 mmol) was added to a solution of 2 

(50 mg, 0.10 mmol) in DMF (2 mL) at 0 
o
C, followed by iodomethane (14 mg, 0.10 

mmol). The resulting solution was stirred at 0 
o
C for 4 hours, quenched with saturated 

aqueous ammonium chloride solution and extracted with ethyl acetate (3 x 10 mL). 

The combined organic layers were dried (MgSO4), filtered, and concentrated. The 

residue was purified by column chromatography (SiO2; 10:1, CH2Cl2:MeOH) to 

afford methylether 16 as light brown amorphorous solid (13 mg, 27%): 
1
H NMR (500 

MHz, DMSO-d6) δ 9.39 (s, 1H), 8.47 (s, 1H), 7.85 (d, J = 8.5 Hz, 1H), 7.73 (s, 1H), 

7.12 (d, J = 8.6 Hz, 1H), 7.00 (d, J = 8.6 Hz, 1H), 5.29~5.17 (m, 1H), 4.34~5.30 (m, 

1H), 4.61 (m, 1H), 3.89 (s, 3H), 3.30 (d, J = 7.1 Hz, 2H), 2.66 (m, 2H), 2.42 (s, 3H), 

2.29 (s, 3H), 2.25 (s, 3H),  1.99~1.96 (m, 2H), 1.77~1.74 (m, 2H), 1.66 (s, 3H), 1.65 

(s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 165.1, 159.9, 158.2, 156.6, 149.5, 132.1, 

129.2, 128.6, 128.5, 127.1, 126.0, 125.2, 121.9, 121.2, 113.4, 112.6, 110.6, 110.2, 71.6, 

55.7, 51.6, 45.2, 29.8, 28.0, 25.4, 17.6, 8.1. HRMS (ESI
+
) m/z [M+H

+
] calcd for 

C29H35N2O5 491.2546, found 491.2541. 

 

 

4-butoxy-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-3-(

3-methylbut-2-enyl)benzamide (17). 

 

1
H NMR (500 MHz, CDCl3) δ 8.79 (s, 1H), 8.67 (s, 1H), 7.74 (d, J = 8.5 Hz, 1H), 
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7.71 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.87 (d, J = 8.7 Hz, 

1H), 4.34~5.30 (m, 1H),  4.54 (m, 1H), 4.05 (t, J = 6.3 Hz, 2H), 3.38 (d, J = 6.3 

Hz,2H), 2.80~2.77 (m, 2H), 2.62 (m, 2H), 2.45 (s, 3H), 2.35 (s, 3H), 2.18~2.14 (m, 

2H), 2.03~1.98 (m, 2H), 1.85~1.80 (m, 2H), 1.77 (s, 3H), 1.74 (s, 3H), 1.56~1.52 (m, 

2H), 1.00 (t, J = 7.4 Hz, 3H). 
13

C NMR (125 MHz, CDCl3) δ 166.1, 160.5, 159.7, 

156.7, 147.6, 133.5, 131.0, 128.7, 126.7, 125.8, 125.5, 124.1, 122.1, 121.9, 115.3, 

113.8, 110.7, 110.6, 71.6, 68.1, 52.0, 45.9, 31.5, 30.1, 28.8, 26.0, 19.5, 18.1, 14.1, 8.6. 

HRMS (ESI
+
) m/z [M+H

+
] calcd for C32H41N2O5 Exact Mass: 533.3015, found 

533.3021. 

 

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

but-2-enyl)-4-(prop-2-ynyloxy)benzamide (18). 

 

1
H NMR (500 MHz, CDCl3) δ 8.69 (s, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.66 (s, 1H), 

7.30 (d, J = 8.7 Hz, 1H), 7.27 (s, 1H), 6.99 (d, J = 8.7 Hz, 1H), 6.83 (d, J = 8.4 Hz, 

1H), 5.26~5.23 (m, 1H), 4.55 (m, 1H), 3.32 (d, J = 7.3 Hz, 1H), 2.80 ~2.75 (m, 4H), 

2.54 (s, 1H), 2.46 (s, 3H), 2.28 (s, 3H), 2.12 (m, 2H), 1.99~1.97 (m, 2H), 1.70 (s, 3H), 

1.67 (s, 3H). 
13

C NMR (125 MHz, CDCl3) δ 166.2, 159.6, 158.8, 156.4, 149.5, 133.8, 

131.5, 128.8, 126.44, 126.39, 125.9, 124.6, 121.7, 121.3, 115.1, 113.7, 111.5, 110.4, 

78.1, 76.1, 70.1, 56.1, 51.3, 45.1, 19.1, 28.4, 25.8, 17.9, 8.4. HRMS (ESI
+
) m/z 

[M+H
+
] calcd for C31H35N2O5 515.2546, found 515.2539. 

 

4-hydroxy-3-isopentyl-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chro

men-3-yl)benzamide (19). 



 8

 

Palladium on carbon (10%, 5 mg) was added to a solution of 2 (48 mg, 0.10 mmol) in 

anhydrous THF (3 mL) and the solution was placed under an atmosphere of hydrogen. 

After 12 h, the solution was filtered through SiO2 (10:1, CH2Cl2:Methanol) and the 

eluent was concentrated to afford 19 as a colorless amorphous solid (42 mg, 88%): 
1
H 

NMR (400 MHz, CDCl3/MeOD) δ 8.44 (s, 1H), 7.41 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 

7.10 (d, J = 8.0 Hz, 1H), 6.67 (d, J = 8.1 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 4.46 (m, 

1H), 2.55 ~2.45 (m, 2H), 2.40~2.38 (m, 2H), 2.36~2.31 (m, 2H), 2.14 (s, 3H), 2.07 (s, 

3H), 1.84~1.78 (m, 2H), 1.72~1.70 (m, 2H), 1.40~1.37 (m, 1H), 1.29~1.23 (m, 2H), 

0.71 (s, 3H), 0.69 (s, 3H). 
13

C NMR (100 MHz, CDCl3/MeOD) δ 165.5, 159.5, 156.7, 

152.2, 149.6, 136.1, 131.7, 129.6, 125.89, 125.85, 124.67, 123.1, 121.7, 115.3, 113.6, 

110.5, 71.1, 51.7, 45.6, 39.3, 29.7, 28.3, 28.1, 22.6, 21.1, 8.6. HRMS (ESI
+
) m/z 

[M+Na
+
] calcd for C28H34N2NaO5 501.5697, found 501.5694. 

 

 

2,2-dimethyl-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)

chroman-6-carboxamide (20). 

 

1 mL of 6 M hydrochloride in dioxane was added to a solution of 2 (25 mg, 0.05 

mmol) in dioxane (2 mL) and the resulting solution was stirred at room temperature 

for 48 hours. The solvent was evaporated and residues was purified (SiO2; 10:1, 

CH2Cl2:Methanol) to afford 20 as a colorless amorphous solid (17 mg, 68%): 
1
H 
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NMR (500 MHz, CDCl3) δ 8.53 (s, 1H), 7.59 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.25 (d, 

J = 8.7 Hz, 1H), 6.79 (d, J = 8.7 Hz, 1H), 6.76 (d, J = 8.4 Hz, 1H), 4.49 (m, 1H), 

2.78~2.74 (m, 4H), 2.64 (m, 2H), 2.38 (s, 3H), 2.23 (s, 3H), 2.05~2.01 (m, 2H), 

1.98~1.91 (, 4H), 1.55 (s, 6H). 
13

C NMR (125 MHz, CDCl3) δ 166.5, 159.7, 159.5, 

156.5, 149.4, 129.4, 129.0, 126.7, 125.8, 124.7, 124.4, 121.6, 115.0, 114.9, 113.6, 

110.4, 77.2, 70.9, 51.4, 45.4, 45.1, 32.3, 29.2, 26.2, 8.2. HRMS (ESI
+
) m/z [M+H

+
] 

calcd for C28H33N2O5 477.2389, found 477.2394. 

 

2-allyl-4-((8-methyl-7-((1-methylpiperidin-4-yl)oxy)-2-oxo-2H-chromen-3-yl)carb

amoyl)phenyl acetate (21a): General procedure for amide coupling. 

 

Freshly prepared acid chloride from carboxylic acid 13a (44 mg, 0.2 mmol) was 

added to a solution of amine 12 (29 mg, 0.1 mmol) in dichloromethane, followed by 

pyridine (100 µL). The resulting solution was stirred at room temperature for 4 hours, 

quenched with water and extracted with ethyl acetate; combined organic fractions 

were dried (MgSO4), filtered, and concentrated. The residue was purified by column 

chromatography (SiO2, 10:1 CH2Cl2:MeOH) to afford 21a as colorless amorphous 

solid (32 mg, 65%). 
1
H NMR (400 MHz, CDCl3) δ 8.78 (s, 1H), 8.65 (s, 1H, NH), 

7.75 (s, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 6.97 (d, J = 8.1 Hz, 

1H), 6.85 (d, J = 8.0 Hz, 1H), 5.95~6.04 (m, 1H), 5.09 (d, J = 12.0 Hz, 2H), 4.61 (m, 

1H), 3.48 (d, J = 7.6 Hz, 2H), 2.91~2.80 (m, 4H), 2.56 (s, 3H), 2.32 (s, 3H), 

2.29~2.11 (m, 2H), 2.12~2.02 (m, 2H). 
13

C NMR (125 MHz, CDCl3) δ 169.0, 165.5, 
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159.6, 157.2, 152.3, 149.7, 135.1, 133.2, 131.9, 129.9, 126.6, 125.9, 124.9, 123.3, 

121.6, 117.3, 115.5, 113.5, 110.7, 72.1, 52.3, 46.3, 34.9, 30.6, 21.2, 8.6. HRMS (ESI
+
) 

m/z [M+H
+
] calcd for C28H31N2O6 491.5555, found 491.5557. 

 

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

enyl acetate (21b). 

 

1
H NMR (500 MHz, DMSO-d6) δ 9.73 (s, 1H), 8.52 (s, 1H), 8.02 (d, J = 8.7 Hz, 2H), 

7.61 (d, J = 8.7 Hz, 1H), 7.31 (d, J = 8.7 Hz, 2H), 7.17 (d, J = 7.8 Hz, 1H), 4.92 (m, 

1H), 3.46 ~3.12 (m, 4H), 2.76 (s, 3H), 2.31 (s, 3H), 2.25~2.18 (m, 2H), 2.05 (m, 2H). 

13
C NMR (125 MHz, DMSO-d6) δ 169.0, 165.1, 158.1, 153.3, 149.8, 131.1, 129.3, 

126.3, 122.1, 121.3, 113.6, 113.0, 110.5, 66.9, 48.7, 42.3, 28.4, 20.9, 8.2. HRMS 

(ESI
+
) m/z [M+H

+
] calcd for C25H27N2O6 451.1869, found 451.1875. 

 

N-(8-methyl-7-((1-methylpiperidin-4-yl)oxy)-2-oxo-2H-chromen-3-yl)-3-(3-methy

lbut-2-en-1-yl)benzamide (21c) 

 

1
H NMR (400 MHz, CDCl3) δ 8.77 (s, 1H), 8.71 (s, 1H, NH), 7.70~7.68 (m, 2H), 

7.40~7.38 (m, 2H), 7.31 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.1 Hz, 1H), 5.32 (m, 1H), 

4.61 (m, 1H), 3.41 (d, J = 7.6 Hz, 2H), 2.77 (m, 2H), 2.62 (m, 2H), 2.44 (s, 3H), 2.32 

(s, 3H), 2.15 (m, 2H), 1.98 (m, 2H). 1.76 (s, 3H), 1.73 (s, 3H). HRMS (ESI
+
) m/z 

[M+H
+
] calcd for C28H33N2O4 461.5726, found 461.5729. 
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N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)benzamide 

(21d). 

 

1
H NMR (400 MHz, DMSO-d6) δ 9.58 (s, 1H), 8.45 (s, 1H), 7.94 (d, J = 6.9 Hz, 2H), 

7.61 (m, 1H), 7.54 (m, 3H), 7.09 (d, J = 8.2 Hz, 2H), 4.54 (m, 1H), 2.67 (m, 2H), 2.46 

(m, 2H), 2.29 (s, 3H), 2.21 (s, 3H), 1.96 (m, 2H), 1.76 (m, 2H). 
13

C NMR (125 MHz, 

DMSO-d6) δ 166.1, 158.4, 156.6, 150.0, 133.7, 132.4, 129.7, 128.9, 127.8, 126.5, 

121.4, 113.9, 113.1, 110.8, 70.0, 50.8, 43.5, 28.3, 8.3. HRMS (ESI
+
) m/z [M+H

+
] 

calcd for C23H25N2O4 393.1814, found 393.1819. 

 

 

2-chloro-4-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylcarba

moyl)phenyl acetate (21e). 

 

1
H NMR (500 MHz, CDCl3) δ 8.69 (s, 1H), 7.99 (s, 1H), 7.80 (d, J = 8.7 Hz, 2H), 

7.32 (d, J = 8.7 Hz, 1H), 7.26 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 7.8 Hz, 1H), 4.56 (m, 

1H), 2.78 (m, 2H), 2.67 (m, 2H), 2.43 (s, 3H), 2.35 (s, 3H), 2.28 (s, 3H), 2.13~2.08 

(m, 2H), 1.95~1.93 (m, 2H). 
13

C NMR (125 MHz, CDCl3) δ 168.4, 164.3, 159.4, 

156.9, 150.1, 149.6, 132.8, 129.7, 129.6, 127.9, 126.7, 126.0, 125.9, 124.2, 121.1, 

115.1, 113.3, 110.4, 70.6, 51.5, 45.3, 29.4, 20.5, 8.2. HRMS (ESI
+
) m/z [M+H

+
] calcd 

for C25H26ClN2O6 485.1479, found 485.1486. 

 

3-allyl-4-hydroxy-N-(8-methyl-7-((1-methylpiperidin-4-yl)oxy)-2-oxo-2H-chrome

n-3-yl)benzamide (22a): General procedure for ester hydrolysis. 
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Triethylamine (0.1 mL) was added to a solution of 21a (18 mg, 0.037 mmol) in 

methanol (1 mL). The solution was stirred at room temperature overnight and 

concentrated. The residue was purified by column chromatography on silica by using 

methylene chloride and methanol (10:1) to give 22a as a white, amorphous solid (13 

mg, 79 %). 
1
H NMR (500 MHz, CDCl3/MeOD) δ 8.68 (s, 1H), 7.64 (s, 1H), 7.60 (d, J 

= 8.7 Hz, 1H), 7.30 (d, J = 8.7 Hz, 1H), 6.86 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 7.8 Hz, 

1H), 6.03~5.95 (m, 1H), 5.07~5.05 (m, 2H), 4.50 (m, 1H), 3.39 (d, J = 7.6 Hz, 2H), 

2.69 (m, 2H), 2.52 (m, 2H), 2.35 (s, 3H), 2.29 (s, 3H), 2.03~2.01 (m, 2H), 1.93~1.92 

(m, 2H).
 13

C NMR (125 MHz, CDCl3) δ 166.4, 159.7, 159.2, 156.6, 149.3, 136.0, 

129.4, 127.3, 126.9, 125.7, 124.7, 124.4, 121.5, 115.9, 115.0, 114.9, 113.4, 110.5, 71.7, 

51.7, 45.6, 34.0, 29.8, 29.6, 8.2. HRMS (ESI
+
) m/z [M+H

+
] calcd for C26H29N2O5 

449.2076, found 449.2074. 

 

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

nzamide (22b).  

 

1
H NMR (500 MHz, DMSO-d6) δ 9.28 (s, 1H), 8,.48 (s, 1H), 7.83 (d, J = 8.7 Hz, 2H), 

7.54 (d, J = 8.7 Hz, 1H), 7.1 1 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 7.8 Hz, 1H), 4.59 (m, 

1H), 2.62 (m, 2H), 2.37 (m, 2H), 2.25 (s, 3H), 2.23 (s, 3H), 1.97~1.94 (m, 2H), 

1.75~1.73 (m, 2H). 
13

C NMR (125 MHz, DMSO-d6) δ 165.2, 161.1, 158.3, 156.6, 

149.5, 129.6, 127.9, 126.0, 124.1, 121.3, 115.2, 113.4, 112.7, 110.7, 71.9, 51.7, 45.5, 
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30.0, 8.1. HRMS (ESI
+
) m/z [M+H

+
] calcd for C23H25N2O5 409.1763, found 

409.1776. 

 

3-chloro-4-hydroxy-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chrome

n-3-yl)benzamide (22e). 

 

1
H NMR (400 MHz, DMSO-d6) δ 8,.45 (s, 1H), 7.96 (s, 1H), 7.77 (d, J = 8.7 Hz, 2H), 

7.51 (d, J = 8.7 Hz, 1H), 7.09~7.06 (m, 2H), 4.56 (m, 1H), 2.59 (m, 2H), 2.32 (m, 2H), 

2.24 (s, 3H), 2.23 (s, 3H), 1.97~1.94 (m, 2H), 1.79~1.68 (m, 2H). 
13

C NMR (125 

MHz, DMSO-d6) δ 164.3, 158.2, 157.0, 156.9, 149.8, 129.7, 129.4, 128.2, 126.1, 

124.8, 121.1, 119.8, 116.4, 113.4, 112.6, 110.8, 72.3, 52.0, 25.9, 30.4, 8.2. HRMS 

(ESI
+
) m/z [M+H

+
] calcd for C23H24ClN2O5 443.1374, found 443.1371. 

 

 

4-(2-(dimethylamino)ethoxy)-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2

H-chromen-3-yl)-3-(3-methylbut-2-enyl)benzamide (23): General procedure for 

Mitsunobu esterification. 

 

Diisopropylazodicarboxylate (17 mg, 0.08 mmol) was added to a solution of 

2-(dimethylamino)ethanol (3.7 mg, 0.04 mmol), phenol 2 (20 mg, 0.04 mmol) and 

triphenylphosphine (22 mg, 0.08 mmol) in anhydrous THF (5 mL). After 2 h, the 

solvent was concentrated and the residue purified via column chromatography (SiO2, 

10:1 CH2Cl2:Methanol) to afford compound 23 as a colorless amorphous solid (18 mg, 

78%). 
1
H NMR (500 MHz, CDCl3) δ 8.79 (s, 1H), 8.68 (s, 1H), 7.75 (d, J = 8.5 Hz, 
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1H), 7.72 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H), 6.92 (d, J = 8.6 Hz, 1H), 6.89 (d, J = 8.7 

Hz, 1H), 5.34~5.30 (m, 1H), 4.47 (m, 1H), 4.17 (t, J = 4.6 Hz, 2H), 3.39 (d, J = 7.3 

Hz, 2H), 2.81 (t, J = 4.6 Hz, 2H), 2.65 (m, 2H), 2.38 (s, 6H),2.38~2.35 (m, 2H), 2.35 

(s, 3H), 2.32 (s, 3H), 2.05~2.01 (m, 2H), 1.93~1.89 (m, 2H), 1.77 (s, 3H), 1.74 (s, 3H). 

13
C NMR (125 MHz, CDCl3) δ 166.1, 160.1, 159.8, 157.1, 149.6, 133.7, 131.1, 128.8, 

126.7, 125.9, 125.7, 124.3, 121.9, 121.8, 115.5, 113.6, 110.9, 110.7, 72.7, 67.2, 58.4, 

52.6, 46.5, 46.4, 31.0, 28.6, 26.0, 18.1, 8.6. HRMS (ESI
+
) m/z [M+H

+
] calcd for 

C32H42N3O5 548.6930, found 548.6931. 

 

 

4-(3-(dimethylamino)propoxy)-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-

2H-chromen-3-yl)-3-(3-methylbut-2-enyl)benzamide (24). 

 

1
H NMR (500 MHz, CDCl3) δ 8.79 (s, 1H), 8.68 (s, 1H), 7.74 (d, J = 8.5 z, H), 7.72 (s, 

1H), 7.32 (d, J = 8.6 Hz, 1H), 6.92 (d, J = 8.6 Hz, 1H), 6.88 (d, J = 8.7 Hz, 1H), 

5.34~5.31 (m, 1H), 4.47 (m, 1H), 4.11 (t, J = 4.6 Hz, 2H), 3.38 (d, J = 7.2 Hz, 2H), 

2.66 (m, 2H), 2.50 (t, J = 4.6 Hz, 2H), 2.48~2.42 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H), 

2.28 (s, 6H), 2.05~1.99 (m, 4H), 1.94~1.87 (m, 2H), 1.77 (s, 3H), 1.75 (s, 3H). 
13

C 

NMR (125 MHz, CDCl3) δ 166.1, 160.3, 159.8, 157.1, 149.6, 133.5, 131.0, 128.7, 

126.7, 125.6, 124.3, 124.2, 121.9, 121.8, 115.5, 113.6, 110.8, 110.7, 72.8, 66.6, 56.6, 

52.6, 46.5, 45.8, 31.0, 28.8, 27.7, 26.0, 18.1, 8.7. HRMS (ESI
+
) m/z [M+H

+
] calcd for 

C33H44N3O5 562.7196, found 562.7194. 

 

N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-yl)-3-(3-methyl
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but-2-enyl)-4-(1-methylpiperidin-4-yloxy)benzamide (25). 

 

 

1
H NMR (500 MHz, CDCl3) δ 8.78 (s, 1H), 8.66 (s, 1H), 7.74~7.72 (m, 2H), 7.31 (d, 

J = 8.6 Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.87 (d, J = 8.7 Hz, 1H), 5.35~5.31 (m, 1H), 

4.47 (m, 2H), 3.38 (d, J = 7.2 Hz, 2H), 2.70~2.65 (m, 4H), 2.38~2.36 (m, 4H), 2.34 (s, 

3H), 2.32 (s, 6H), 2.05~2.00 (m, 4H), 1.93~1.88 (m, 4H), 1.76 (s, 3H), 1.74 (s, 3H). 

13
C NMR (125 MHz, CDCl3) δ 166.1, 159.8, 159.7, 157.1, 149.6, 133.4, 131.8, 129.1, 

126.6, 125.7, 124.3, 122.0 (2C), 121.9, 115.5, 113.6, 112.0, 110.7, 72.7, 72.0, 53.5, 

52.6, 46.5, 46.3, 31.0, 30.9, 28.9, 26.0, 18.2, 8.6. HRMS (ESI
+
) m/z [M+H

+
] calcd for 

C34H44N3O5 574.7303, found 574.7306. 

 

3'-methoxy-5-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylca

rbamoyl)biphenyl-2-yl acetate (31a). 

 

1
H NMR (500 MHz, CDCl3) δ 8.67 (s, 1H), 8.63 (s, 1H), 7.87 (d, J = 2.3 Hz, 1H), 

7.80 (dd, J = 8.5 2.3 Hz, 1H), 7.26 (d, J = 8.7 Hz, 1H), 7.24 (t, J = 8.0 Hz, 1H), 7.18 

(d, J = 8.3 Hz, 1H), 6.93 (dt, J = 9.0 1.0 Hz, 1H), 6.89 (t, J = 2.4 Hz, 1H), 6.84 (d, J = 

9.0 Hz, 1H), 6.77 (d, J = 8.7 Hz, 1H), 4.49 (m, 1H), 3.74 (s, 3H), 2.77~2.73 (m, 2H), 

2.70~2.61 (m, 2H), 2.41 (s, 3H), 2.23 (s, 3H), 2.15~2.12 (m, 2H), 2.04 (s, 3H), 

1.94~1.91 (m, 2H). 
13

C NMR (125 MHz, CDCl3) δ 169.0, 165.1, 159.7, 159.4, 156.7, 

151.0, 149.6, 137.8, 135.7, 132.0, 130.1, 129.6, 127.4, 125.9, 124.8, 123.8, 121.6, 
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121.3, 115.2, 114.4, 113.9, 113.5, 110.4, 70.6, 55.4, 51.6, 45.5, 29.5, 21.0, 8.5. HRMS 

(ESI
+
) m/z [M+H

+
] calcd for C32H33N2O7 557.2288, found 557.2288. 

 

2'-methoxy-5'-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chromen-3-ylca

rbamoyl)biphenyl-3-yl acetate (31b). 

 

1
H NMR (500 MHz, CDCl3) δ 8.73 (s, 1H), 8.49 (s, 1H), 8.00 (d, J = 2.3 Hz, 1H), 

7.94 (s, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.51~7.45 (m, 2H), 7.33 (s, 1H), 7.28 (d, J = 

8.7 Hz, 1H), 7.17~7.15 (m, 2H), 4.76 (m, 1H), 3.87 (s, 3H), 3.16~3.03 (m, 4H), 2.64 

(s, 3H), 2.30 (s, 3H), 2.27 (s, 3H), 2.12~2.11 (m, 2H), 1.94~1.91 (m, 2H). 
13

C NMR 

(125 MHz, CDCl3) δ 169.3, 165.2, 159.0, 158.1, 156.4, 150.3, 149.8, 138.7, 130.0, 

129.5, 129.4, 129.1, 128.3, 126.8, 126.2, 125.9, 122.6, 121.4, 120.8, 113.6, 113.0, 

111.6, 110.6, 71.6, 56.0, 54.9, 50.6, 28.1, 21.1, 8.2. HRMS (ESI
+
) m/z [M+H

+
] calcd 

for C32H33N2O7 557.2288, found 557.2273. 

 

 

6-hydroxy-3'-methoxy-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chro

men-3-yl)biphenyl-3-carboxamide (32a) 

 

1
H NMR (500 MHz, DMSO-d6) δ 9.51 (s, 1H), 8.47 (s, 1H), 7.91 (d, J = 2.3 Hz, 1H), 

7.81 (dd, J = 8.5 2.3 Hz, 1H), 7.56 (d, J = 8.7 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 

7.19~7.16 (m, 2H0, 7.13 (d, J = 8.9 Hz, 1H), 7.07 (d, J = 8.5 Hz, 1H), 6.92 (dd, J = 

8.5 2.3 Hz, 1H), 4.62 (m, 1H), 3.80 (s, 3H), 2.71 (m, 2H), 2.49 (m, 2H), 2.32 (s, 3H), 

2.24 (s, 3H), 1.99 (m, 2H), 1.78 (m, 2H). 
13

C NMR (125 MHz, DMSO-d6) δ 165.3, 
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159.0, 158.3, 158.0, 156.6, 149.7, 139.1, 130.3, 129.1, 128.9, 128.7, 127.4, 126.1, 

124.5, 121.6, 121.3, 116.0, 115.1, 113.5, 112.8, 112.3, 110.7, 71.6, 55.1, 51.5, 45.1, 

29.8, 8.2. HRMS (ESI
+
) m/z [M+H

+
] calcd for C30H31N2O6 515.2182, found 

515.2188. 

 

3'-hydroxy-6-methoxy-N-(8-methyl-7-(1-methylpiperidin-4-yloxy)-2-oxo-2H-chro

men-3-yl)biphenyl-3-carboxamide (32b). 

 

1
H NMR (500 MHz, DMSO-d6) δ 9.67 (s, 1H), 9.47 (s, 1H), 7.91 (d, J = 2.3 Hz, 1H), 

8.48 (s, 1H), 7.99 (dd, J = 8.5 2.1 Hz, 1H), 7.89 (d, J = 2.3 Hz, 1H), 7.57 (d, J = 8.7 

Hz, 1H), 7.26~7.22 (m, 2H), 7.15 (d, J = 8.9 Hz, 1H), 6.96~6.94 (m, 2H), 6.77 (dd, J 

= 8.6 2.1 Hz, 1H), 4.66 (m, 1H), 3.86 (s, 3H), 2.80 (m, 2H), 2.41~2.37 (m, 2H), 2.32 

(s, 3H), 2.25 (s, 3H), 2.01 (m, 2H), 1.82 (m, 2H). 
13

C NMR (125 MHz, DMSO-d6) δ 

165.2, 159.1, 158.2, 157.0, 149.8, 138.6, 129.9, 129.7, 129.5, 129.1, 128.9, 126.2, 

125.7, 121.3, 120.1, 116.3, 114.2, 113.5, 111.5, 110.7, 71.8, 55.9, 54.9, 48.6, 29.9, 8.2. 

HRMS (ESI
+
) m/z [M+H

+
] calcd for C30H31N2O6 515.2182, found 515.2179. 
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