Supplementary Method: Synthesis of derivatives MUC-853, MUC-858, Compound 1-5. 

Preparation of MUC-853


Cleistantin A (50.7 mg, 0.094 mmol, 1.0 equiv) was dissolved in dry dichloromethane (2.0 mL). 3-Fluorobenzoic acid (19.73 mg, 0.141 mmol, 1.5 equiv), DMAP (2.3 mg, 0.019 mmol, 0.2 equiv) and DCC (29.01 mg, 0.141 mmol, 1.5 equiv) were added to the solution and the reaction mixture was stirred at room temperature for 3 h. The progress of the reaction was monitored by TLC. After completion, the reaction mixture was filtered. The filtrate was treated with saturated aqueous NaHCO3 solution and stirred at room temperature for 10 min. The CH2Cl2 layer was collected, washed with water and saturated aqueous NaCl solution, dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude residue was purified by preparative TLC using CH₂Cl₂/EtOAc (95:5, v/v) as the developing solvent to afford MUC-853 as a white amorphous solid (60.4 mg, 97%).
MUC-853; 1H NMR (300 MHz, CDCl3): 7.81 (d, J = 7.6  Hz, 1H), 7.68 (d, J = 8.9 Hz, 1H), 7.46 (s, 1H), 7.37 (q, J = 2.3, 1H), 7.22 (m, 1H), 6.93 (s, 1H), 6.85 (d, J = 7.7 Hz, 1H), 6.71 (s, 1H), 6.66 (m, 1H), 5.99 (s, 1H), 5.94 (s, 1H), 5.49 (m, 1H), 5.36 (brd, 1H), 5.33 (brd, 1H), 5.17 (d, J = 6.3  Hz, 1H), 4.15 (dd, J = 11.6, 3.1 Hz, 1H), 3.80 (s, 3H), 3.68 (s, 3H), 3.53 (s, 3H), 3.50 (m, 2H), 3.46 (s, 3H), 3.38 (m, 1H). 13C NMR (75 MHz, CDCl3): 169.5, 164.4, 163.8, 161.3, 151.7, 150.3, 147.5, 143.9, 135.7, 131.6, 130.6, 130.5, 130.4, 128.3, 126.6, 126.3, 125.6, 123.5, 120.9, 120.7, 119.2, 116.8, 116.5, 110.7, 108.2, 106.0, 101.2, 100.7, 81.4, 72.4, 67.1, 62.8, 60.3, 58.6, 56.0.








Preparation of MUC-858


Cleistanthin A (53.5 mg, 0.099 mmol, 1.0 equiv) was dissolved in dry pyridine (0.5 mL, 6.20 mmol, 64.6 equiv) under anhydrous conditions and the reaction mixture was cooled to 0 °C. 3-Bromobenzoyl chloride (0.1 mL, 0.759 mmol, 7.67 equity) was added dropwise at 0 °C. After completion of the addition, the reaction flask was allowed to warm to room temperature and stirred overnight. The progress of the reaction was monitored by TLC. Upon completion, the reaction mixture was cooled to 0 °C and carefully quenched by the dropwise addition of saturated aqueous NaHCO3 solution. The mixture was extracted with EtOAc and the combined organic layers were washed successively with saturated aqueous NH4Cl and saturated aqueous NaCl solutions. The organic layer was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude residue was purified by silica gel column chromatography using 15% EtOAc:hexane as the eluent to afford MUC-858 as a white amorphous solid (67.0 mg, 93.7%).
MUC-858; 1H NMR (500 MHz, CDCl3): 8.19 (s, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 3.0 Hz, 1H), 7.35 (t, J = 7.9 Hz, 1H), 7.00 (s, 1H), 6.92 (d, J = 7.9 Hz, 1H), 6.78 (s, 1H), 6.76 (m, 1H), 6.06 (brd, 1H), 6.01 (d, J = 1.4 Hz, 1H), 5.58 (t, J = 6.9 Hz, 1H), 5.45 (dd, J = 14.6, 2.8 Hz, 1H), 5.39 (dd, J = 14.6, 3.1 Hz, 1H), 5.24 (d, J = 6.3 Hz, 1H), 4.21 (d, J = 7.9 Hz, 1H), 3.87 (s, 3H), 3.75 (s, 3H), 3.60 (s, 3H), 3.56 (m, 2H), 3.53 (s, 3H), 3.42 (m, 1H). 13C NMR (125 MHz, CDCl3): 169.4, 164.1, 151.7, 150.2, 147.4, 147.4, 143.8, 136.5, 135.6, 132.6, 131.3, 130.5, 130.5, 130.2, 128.3, 126.5, 126.2, 123.5, 122.6, 119.2, 110.6, 108.1, 106.0, 101.1, 101.1, 100.6, 81.4, 78.0, 72.5, 67.0, 62.8, 60.1, 58.5, 55.9, 55.7.








Preparation of compound 1.


                                                                                                       1
To a solution of diphyllin (0.075 g, 0.2 mmoL, 1 eq), DMSO (3 mL), 3-(trifluoromethyl) benzyl bromide (150 µL, 0.99 mmoL, 5 eq), and K2CO3 (0.136 g, 0.99 mmol, 5 eq) was stirred at 80 oC for 18 h. After the reaction was completed, the reaction mixture was cooled to room temperature. The mixture was added with water (10 mL), was extracted with EtOAc (3 times), The organic phase was collected, washed with brine, dried over with anhydrous MgSO4, and concentrated on a rotary evaporator. Purification was done using automatic column chromatography (Biotage® Selekt) eluted with 30-50% ethyl acetate/hexanes to yield 9-(benzo[d][1,3]dioxol-5-yl)-6,7-dimethoxy-4-((3-(trifluoromethyl)benzyl)oxy)naphtho[2,3-c]furan-1(3H)-one 1.
1: 0.082 g, pale-yellow solid, 77% yield. 1H NMR (500 MHz, CDCl3) δ 7.84 (s, 1H), 7.67 (dd, J = 15.6, 7.6 Hz, 2H), 7.60 – 7.54 (m, 1H), 7.47 (s, 1H), 7.09 (s, 1H), 6.96 (d, J = 7.8 Hz, 1H), 6.86 – 6.78 (m, 2H), 6.10 (s, 1H), 6.05 (s, 1H), 5.38 (s, 2H), 5.30 (s, 2H), 3.96 (s, 3H), 3.81 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 169.61, 151.99, 150.52, 147.68, 146.71, 137.91, 135.61, 131.65, 131.40, 130.97, 129.56, 128.40, 126.89, 126.71, 125.60, 125.57, 124.58, 124.55, 123.75, 119.36, 110.86, 108.37, 106.51, 101.40, 100.50, 74.05, 66.57, 56.04, 56.00.















Preparation of compound 2.


                                                                                                       2
[bookmark: _Hlk136236006]To a solution of diphyllin (0.075 g, 0.2 mmoL, 1 eq) in CH2Cl2 (5 mL), 3-(trifluoromethyl) benzoyl chloride (44 µL, 0.3 mmoL, 1.5 eq), 4-dimethyl-aminopyridine (DMAP) (6.0 mg, 0.04 mmoL, 0.2 eq) as catalyst and N, N’-diisopropylethylamine (DIPEA) (69 µL, 0.4 mmoL, 2 eq) were added. The mixture was left to stir at room temperature for 18 h. After the reaction was completed, the reaction mixture was added with 10 mL water. The mixture was extracted with CH2Cl2 (3 x 10 mL) and washed with brine. The organic layer was collected and dried over MgSO4, and the solvent was evaporated under a reduced pressure. Purification was performed using automated column chromatography (Biotage® Selekt), eluent 30-50% ethyl acetate/hexanes to afford the desired product 9-(benzo[d][1,3]dioxol-5-yl)-6,7-dimethoxy-1-oxo-1,3-dihydronaphtho[2,3-c]furan-4-yl-3-(trifluo-romethyl) benzoate 2.
2: white solid, 0.017 g, 25% yield. 1H NMR (500 MHz, CDCl3) δ 8.62 (s, 1H), 8.54 (d, J = 7.7 Hz, 1H), 8.02 (d, J = 7.7 Hz, 1H), 7.79 (t, J = 7.7 Hz, 1H), 7.21 (s, 1H), 7.17 (s, 1H), 6.99 (dd, J = 7.8, 1.1 Hz, 1H), 6.91 – 6.86 (m, 2H), 6.12 (s, 1H), 6.07 (s, 1H), 5.31 (s, 2H), 3.96 (s, 3H), 3.83 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 169.15, 162.42, 152.51, 150.55, 147.78, 147.64, 138.16, 137.90, 133.60, 132.06, 131.80, 131.00, 130.84, 130.36, 129.91, 129.19, 127.79, 127.28, 126.17, 123.65, 119.22, 110.66, 108.32, 106.59, 101.34, 99.03, 66.37, 56.00, 55.94.













Preparation of compound 3.                                                                                                                           


                                                                                                       3
A mixture of diphyllin (0.05 g, 0.13 mmoL, 1 eq), cesium carbonate (0.17 g, 0.53 mmoL, 4 eq), and potassium iodide (0.005 g, 0.026 mmoL, 0.2 eq) was suspended in dimethylformamide (DMF) (3 mL) and stirred at room temperature for 10–15 min under a nitrogen atmosphere. 3-(Chloromethyl)pyridine (45 µL, 0.40 mmoL, 3 eq) was then added, and the reaction mixture was heated at 70 °C and stirred for 18 h under a nitrogen atmosphere. The progress of the reaction was monitored by TLC. After completion, the reaction mixture was cooled to room temperature and poured into water, followed by extraction with ethyl acetate (3×). The combined organic layers were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated under a reduced pressure. Purification was done using automatic column chromatography (Biotage® Selekt) with a gradient mixture of hexanes/ethyl acetate as an eluent to yield 9-(benzo[d][1,3]dioxol-5-yl)-6,7-dimethoxy-4-(pyridin-3-ylmethoxy)naphtho[2,3-c]furan-1(3H)-one 3.
3: pale yellow solid, 0.026 g, 42% yield. 1H NMR (500 MHz, CDCl3) δ 8.77 (d, J = 1.8 Hz, 1H), 8.67 (dd, J = 4.8, 1.3 Hz, 1H), 7.81 (d, J = 7.8 Hz, 1H), 7.42 (s, 1H), 7.39 (dd, J = 7.9, 4.8 Hz, 1H), 7.09 (s, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.84 – 6.79 (m, 2H), 6.10 (d, J = 1.3 Hz, 1H), 6.05 (d, J = 1.3 Hz, 1H), 5.37 (s, 2H), 5.27 (s, 2H), 3.96 (s, 3H), 3.81 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 169.60, 152.01, 150.52, 150.24, 149.44, 147.70, 146.56, 135.79, 135.74, 132.38, 131.00, 128.37, 127.15, 126.78, 124.61, 124.12, 123.90, 123.76, 119.37, 110.85, 108.37, 106.54, 101.40, 100.46, 66.56, 56.15, 56.00.











Preparation of compound 4.                                                                                                                           


                                                                                                       4
To a solution of diphyllin (0.050 g, 0.1 mmoL, 1 eq) in DMSO (3 mL), 
4-fluorobenzyl bromide (81 µL, 0.66 mmoL, 5 eq), and K2CO3 (0.095 g, 0.66 mmol, 5 eq) was added and left to stir at 80 oC for 18 h. After the reaction was completed, the reaction mixture was cooled at room temperature and was added with water (10 mL). The resulting mixture was extracted with EtOAc (3 times) and the organic phase was collected, washed with brine, dried over with MgSO4 (anhydrous), and concentrated on a rotary evaporator. Purification was done using automatic column chromatography (Biotage® Selekt) eluted with 30-50% ethyl acetate/hexanes to yield 9-(benzo[d][1,3]dioxol-5-yl)-4-((4-fluorobenzyl)oxy)-6,7-dimethoxynaphtho[2,3-c]furan-1(3H)-one 4.
	4: pale-yellow solid, 0.031g, 48% yield. 1H NMR (500 MHz, CDCl3) δ 7.46 – 7.41 (m, 3H), 7.11 (t, J = 8.6 Hz, 2H), 7.08 (s, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.84 – 6.79 (m, 2H), 6.09 (d, J = 1.4 Hz, 1H), 6.04 (d, J = 1.4 Hz, 1H), 5.29 (s, 2H), 5.20 (s, 2H), 3.97 (s, 3H), 3.80 (s, 3H).  13C NMR (126 MHz, CDCl3) δ 169.74, 164.04, 162.07, 151.85, 150.44, 147.66, 146.79, 135.42, 132.73, 130.93, 130.07, 130.01, 128.46, 127.30, 126.90, 123.76, 119.35, 116.11, 115.93, 110.87, 108.34, 106.47, 101.38, 100.69, 74.44, 66.68, 56.11, 55.98.
 














Preparation of compound 5.                                                                                                                         


                                                                                                      5
[bookmark: _Hlk225357168]To a solution of diphyllin (0.050 g, 0.1 mmoL, 1 eq) in DMSO (3 mL), benzyl bromide (80 µL, 0.66 mmoL, 5 eq), and K2CO3 (0.093 g, 0.66 mmol, 5 eq) was added and stirred at 80 oC for 18 h. After the reaction was completed, the reaction mixture was cooled at room temperature and water (10 mL) was added. The resulting mixture was extracted with EtOAc (3 times) and the organic phase was collected, washed with brine, dried over with anhydrous MgSO4, and concentrated on a rotary evaporator. Purification was done using automatic column chromatography (Biotage® Selekt) eluted with 30-50% ethyl acetate/hexanes to yield 9-(benzo[d][1,3]dioxol-5-yl)-4-(benzyloxy)-6,7-dimethoxy-naphtho[2,3-c]furan-1(3H)-one 5. 
5: pale-yellow solid, 0.052g, 84% yield. 1H NMR (500 MHz, CDCl3) δ 7.50 (s, 1H), 7.48 – 7.39 (m, 5H), 7.09 (s, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.85 – 6.80 (m, 2H), 6.10 (d, J = 1.4 Hz, 1H), 6.05 (d, J = 1.4 Hz, 1H), 5.26 (s, 2H), 5.25 (s, 2H), 3.97 (s, 3H), 3.81 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 169.80, 151.80, 150.41, 147.66, 146.97, 136.87, 135.29, 130.92, 129.05, 129.05, 128.91, 128.55, 128.44, 128.17, 128.17, 127.43, 127.00, 123.78, 119.38, 110.90, 108.33, 106.43, 101.37, 100.85, 75.25, 66.74, 56.13, 55.98.
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