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Table S1: Limitation of substrates of the coupling reactiona 

 
a Compounds that have been tried but had no formation of expected product in the standard 
condition. 
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Table S2: The X-ray data of compounds 3 

O

O

H

3  
CCDC Deposition Number: 2238307. 
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Table S3: X-ray structure of compound 8ab 

        
CCDC Deposition Number: 2236373. 
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Figure S1: Cell cycle distribution figures of Decitabine 

 

Cytometric flow analysis of cell cycle distribution of MV4-11 cells in the presence of Decitabine 
at the indicated concentrations for 48 h. The experiments were repeated twice. 

Figure S2: Cell cycle distribution figures of 10 

 
Cytometric flow analysis of cell cycle distribution of MV4-11 cells in the presence of 10 at the 
indicated concentrations for 48 h. The experiments were repeated twice. 
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Figure S3: Cell apoptosis figures of Decitabine 

 

Cytometric flow analysis of cell apoptosis distribution of MV4-11 cells in the presence of 
Decitabine at the indicated concentrations for 48 h. The experiments were repeated twice. 

Figure S4: Cell apoptosis figures of 10 

 

Cytometric flow analysis of cell apoptosis distribution of MV4-11 cells in the presence of 10 at 
the indicated concentrations for 48 h. The experiments were repeated twice. 



S8 
 

1. General chemistry methods 

All reactions were conducted in a round-bottomed flask equipped with a Teflon-coated 

magnet stirring bar. Experiments involving moisture and/or air sensitive components were 

performed under an N2 atmosphere. Commercial reagents and anhydrous solvents were used 

without further purification. The crude reaction products were purified by flash column 

chromatography using silica gel. Proton nuclear magnetic resonance (1H NMR) was 

performed in Bruker Advance 400 NMR spectrometers. Carbon nuclear magnetic resonance 

(13C NMR) spectroscopy was performed in Bruker Advance 500 NMR spectrometers. High 

resolution ESI mass spectrum analysis was performed on Agilent Q-TOF mass spectrometer 

(G6520). The analytical UPLC model was Waters Acquity H class (UV detection at 230 nm 

and 254 nm) and the reverse phase column used was the Acquity UPLC® BEH (C18-1.7 µm, 

2.1 × 50 mm). Further purification of final compounds for biological testing was performed 

on a preparative HPLC (Waters 2545) with a C18 reverse phase column. The mobile phase 

used here was a gradient flow of solvent A (water) and solvent B (CH3CN) at a flow rate of 10 

mL/min. All final compounds were purified to ≥ 95% purity as determined by analytical 

UPLC analysis. Isomer ratio was determined by integration of corresponding vinyl proton or 

O-CH peaks in 1H NMR spectrum. 

 

2. Procedures for synthesis of Sclareolide derivatives 

 
A 250 ml round-bottom flask equipped with a magnetic stirring bar was charged with 1 (5.0 g, 
19.97 mmol, 1.0 equiv), N-Bromosuccinimide (8.89 g, 49.92 mmol, 2.5 equiv), dibenzoyl 
peroxide (483.7 mg, 1.20 mmol, 0.1 equiv) and CCl4 (60 mL). The mixture was stirred at 85°C for 
16 h. The resulting mixture was filtered, and the filtrate was concentrated. The crude was purified 
by flash column chromatography to afford the title compound 2 as a white solid (3.48 g, 53%). 
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(3aR,5aS,9aS,9bS)-9b-bromo-3a,6,6,9a-tetramethyldecahydronaphtho[2,1-b]furan-2(1H)-on
e (2): white solid (3.48 g, 53%). 1H NMR (500 MHz, CDCl3) δ 3.54 – 3.46 (d, J = 18.0Hz, 1H), 
3.14 (d, J = 18.0 Hz, 1H), 2.25 – 2.18 (m, 1H), 1.91 (dtd, J = 12.9, 3.3, 1.6 Hz, 1H), 1.75 (s, 3H), 
1.71 – 1.61 (m, 2H), 1.57 – 1.43 (m, 3H), 1.43 – 1.32 (m, 2H), 1.29 (s, 3H), 1.19 – 1.10 (m, 2H), 
0.96 (s, 3H), 0.89 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 175.60, 94.65, 88.77, 49.55, 45.47, 
43.87, 41.30, 38.50, 36.48, 33.82, 33.52, 26.18, 21.72, 18.88, 18.83, 17.98. HRMS (EI): m/z 
calculated for C16H25

79BrO2 [M+]: 328.1032, Found: 328.1033. Specific Rotation: [α]20 = -46.95° 
(c = 1.0 g/100 mL, in CHCl3). 
 

 
Dissolve 2 (3.48 g, 10.58 mmol, 1.0 equiv) in H2O and THF (20/20 mL) then LiOH·H2O (3.55 g, 
84.62 mmol, 8.0 equiv) was added. The mixture was stirred at ambient temperature for 12 h. 
When the reaction was completed, adjust the pH of the solution to 6 with 1N HCl. The aqueous 
layer was extracted with EA (3 × 50 mL), and the combined organic layers were washed with 
brine (50 mL), dried over anhydrous Na2SO4, and concentrated in vacuo. The residual crude 
product was purified by flash column chromatography to afford the title compound 3 as a white 
solid (2.24 g, 85%). 
(3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-4,5,5a,6,7,8,9,9a-octahydronaphtho[2,1-b]furan-2(3aH)-
one (3): white solid (2.24 g, 85%). 1H NMR (500 MHz, CDCl3) δ 5.51 (s, 1H), 2.29 (dd, J = 8.9, 
2.9 Hz, 1H), 1.83 – 1.68 (m, 3H), 1.63-1.57 (m, 1H), 1.56-1.53 (m, 4H), 1.51-1.50 (m, 1H), 1.49 – 
1.44 (m, 2H), 1.22 – 1.15 (m, 4H), 0.96 – 0.93 (m, 1H), 0.90 (d, J = 7.8 Hz, 6H). 13C NMR (126 
MHz, CDCl3) δ 197.98, 173.72, 107.09, 84.78, 57.61, 41.49, 40.71, 39.66, 37.09, 34.73, 33.24, 
25.22, 22.36, 19.36, 18.07, 17.91. HRMS (EI): m/z calculated for C16H24O2 [M+]: 248.1771, 
Found: 248.1758. Specific Rotation: [α]20 = -157.13° (C=1.0 g/100 mL, in CHCl3). 
 

 
A 100 ml dry round-bottom flask equipped with a magnetic stirring bar was charged with 3 (1.2 g, 
4.83 mmol, 1.0 equiv) and anhydrous CH2Cl2 (40 mL), DIBAL-H (1.0 M in Hexane, 8.7 mL, 8.7 
mmol, 1.8 equiv) was added at -78°C. The resulting solution was allowed to stir from -78°C to 
0°C for 12h. Quench the reaction mixture with water (30 mL) then add 2N NaOH (10 mL). The 
aqueous layer was extracted with CH2Cl2 (3 ×40 mL), and the combined organic layers were 
washed with brine (50 mL) , dried over anhydrous Na2SO4, filtered and concentrated in vacuo to 
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afford the crude product 4 as a white solid (1.18 g, 98%). The crude product 4 was used for next 
step without further purification.  
(3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan-2-
ol (4): white solid (1.18 g, 98%). 1H NMR (500 MHz, CDCl3) δ 5.91 (d, J = 1.5 Hz, 1H), 5.19 (d, 
J = 1.5 Hz, 1H), 2.10 – 1.95 (m, 1H), 1.72 – 1.55 (m, 4H), 1.49 – 1.44 (m, 4H), 1.40 – 1.34 (m, 
2H), 1.15 – 1.03 (m, 6H), 0.82 (d, J = 2.0 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 161.79, 113.90, 
102.55, 86.94, 55.52, 42.41, 42.05, 37.86, 37.65, 33.71, 33.47, 28.70, 21.58, 19.98, 18.99, 18.55. 

 
1. Procedure for coupling reactions of sclareolide-indole and sclareolide-aro

matic compounds 
 

 
3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan
-2-yl)-1H-indole (6):  
General method A for the syntheses of 6, 8a-8y, 8ab-8af, and 9-14:  

To a 100 mL dry round-bottom flask equipped with a magnetic stirring bar, 4 (0.20 mmol, 1.0 
equiv), indole (0.16 mmol, 0.8 equiv) and anhydrous CH2Cl2 (10 mL) were added. The solution 
was cooled to -78°C then TiCl4 (1.0 M in CH2Cl2, 0.16 mmol, 0.8 equiv) was added dropwise via 
a syringe, The reaction mixture was allowed to stirred at -78°C for 2.5 h before quenching with 
NaHCO3 saturated aqueous solution (15 mL). The aqueous layer was extracted with CH2Cl2 (3 × 
30 mL), and the combined organic layers were washed with brine (50 mL), dried over anhydrous 
sodium sulfate, and concentrated in vacuo. The residual crude product was purified by flash 
column chromatography to afford the desired product 6 (white solid, 20.4 mg, 58% yield, Isomer 
ratio: 69:31). 1H NMR (500 MHz, CDCl3) δ 8.07 (s, 1H), 7.74 (ddd, J = 8.0, 5.6, 1.0 Hz, 1H), 7.35 
(dt, J = 8.2, 1.0 Hz, 1H), 7.21 – 7.16 (m, 2H), 7.14 – 7.07 (m, 1H), 6.05 (d, J = 1.3 Hz, 0.69H), 
6.02 (d, J = 1.3Hz, 0.31H), 5.50( d, J = 1.2Hz, 0.31H), 5.40 (d, J = 1.2 Hz, 0.69H), 2.07 (ddt, J = 
12.7, 6.6, 2.8 Hz, 1H), 1.81 – 1.64 (m, 4H), 1.55 – 1.38 (m, 7H), 1.34 – 1.14 (m, 5H), 1.08 (ddd, J 
= 50.3, 12.2, 2.3 Hz, 1H), 0.94 – 0.88 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 157.03, 156.15, 
136.97, 136.78, 126.21, 126.09, 123.30, 122.81, 121.93, 119.74, 119.61, 119.45, 119.42, 118.09, 
117.42, 117.05, 115.77, 111.47, 111.39, 87.67, 87.20, 78.79, 78.30, 56.06, 55.22, 53.55, 42.79, 
42.33, 42.28, 42.20, 38.21, 38.18, 38.14, 37.87, 33.83, 33.77, 33.63, 33.54, 28.68, 26.63, 21.63, 
21.58, 20.52, 20.33, 20.15, 19.80, 18.74, 18.68. HRMS (ESI): m/z calculated for C24H32NO 
[M+H]+: 350.2484, Found [M+H]+: 350.2484. 
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Methyl 3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a decahydronaphtho 
[2,1-b]furan-2-yl)-1H-indole-4-carboxylate (8a). Method A: 4 (50 mg, 0.20 mmol), methyl 
indole-4-carboxylate (28.0 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8a as yellow oil (33.8 mg, 52% yield, Isomer ratio: 51:49). 
1H NMR (500 MHz, CDCl3) δ 7.91 (ddd, J = 7.3, 6.2, 0.9 Hz, 1H), 7.77 (dd, J = 12.2, 8.2 Hz, 1H), 
7.36 (d, J = 3.4 Hz, 0.49H ), 7.32 (d, J = 3.4 Hz, 0.51H), 7.18 (d, J = 3.3Hz, 0.49H), 7.14 (d, J = 
3.3 Hz, 0.51H), 6.79 (d, J = 1.8 Hz, 1H), 5.44 (d, J = 1.8 Hz, 1H), 5.34 (d, J = 1.1 Hz, 1H), 3.97 (s, 
3H), 2.07 (ddt, J = 40.6, 12.2, 3.1 Hz, 1H), 1.89 – 1.70 (m, 4H), 1.55 – 1.33 (m, 6H), 1.31 – 1.19 
(m, 5H), 1.12 (dd, J = 12.2, 2.4 Hz, 0.49H), 1.00 (dd, J = 12.2, 2.5 Hz, 0.51H), 0.96 – 0.89 (m, 
6H). 13C NMR (126 MHz, CDCl3) δ 168.17, 163.61, 163.05, 137.32, 137.13, 129.06, 126.87, 
123.69, 123.63, 121.75, 121.66, 121.20, 121.12, 114.96, 114.69, 112.72, 111.03, 104.08, 103.44, 
89.09, 88.32, 88.19, 87.49, 55.99, 55.81, 51.82, 42.86, 42.35, 42.12, 38.58, 38.38, 38.11, 34.00, 
33.93, 33.56, 27.86, 27.59, 21.64, 20.39, 20.18, 19.69, 19.42, 18.63. HRMS (ESI): m/z calculated 
for C26H33NNaO3 [M+Na]+: 430.2358, Found [M+Na]+: 430.2356. 
 

HN

O

H

O

O

8b  
methyl 3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho 
[2,1-b]furan-2-yl)-1H-indole-5-carboxylate (8b): Method A: 4 (50 mg, 0.20 mmol), methyl 
indole-5-carboxylate (28.0 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8b as yellow oil (60.3 mg, 92% yield, Isomer ratio: 76:24). 
1H NMR (500 MHz, Methanol-d4) δ 8.53 (d, J = 1.6 Hz, 1H), 7.80 (dt, J = 8.6, 2.1 Hz, 1H), 7.39 
(dd, J = 8.7, 1.8 Hz, 1H), 7.34 (d, J = 2.0 Hz, 0.76H), 7.25 (d, J = 2.0 Hz, 0.24H ), 6.00-5.98 (m, 7 
Hz, 1H), 5.52 (d, J = 3.7 Hz, 0.24H), 5.39 (d, J = 3.6 Hz, 0.76H), 3.89 (d, J = 2.4 Hz, 3H), 2.02 
(ddd, J = 11.9, 4.5, 2.8 Hz, 1H), 1.89 – 1.76 (m, 4H), 1.63 – 1.53 (m, 4H), 1.51 – 1.34 (m, 4H), 
1.29-1.22 (m, 4H), 1.04 – 0.90 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 168.33, 157.64, 156.47, 
139.66, 139.49, 125.70, 124.64, 124.13, 123.59, 123.40, 122.98, 122.88, 121.57, 118.51, 117.07, 
115.53, 111.15, 111.07, 87.98, 87.50, 78.58, 78.04, 56.14, 55.02, 52.01, 51.92, 42.89, 42.32, 42.17, 
38.33, 38.27, 38.18, 37.96, 33.87, 33.82, 33.56, 33.53, 28.44, 26.68, 21.69, 21.59, 20.57, 20.34, 
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20.15, 19.55, 18.73. HRMS (ESI): m/z calculated for C26H34NO3 [M+H]+: 408.2539, Found 
[M+H]+: 408.2533. 
 

 
Methyl 3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a decahydronaphtho 
[2,1-b]furan-2-yl)-1H-indole-6-carboxylate (8c): Method A: 4 (50 mg, 0.20 mmol ), methyl 
indole-6-carboxylate (28.0 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8c as yellow oil (47.4 mg, 73% yield, Isomer ratio: 69:31). 
1H NMR (500 MHz, Methanol-d4) δ 8.10 (dd, J = 4.7, 1.6 Hz, 1H), 7.74 (dd, J = 8.4, 2.2 Hz, 1H), 
7.69 (td, J = 8.2, 1.5 Hz, 1H), 7.44 (s, 0.69H), 7.35 (s, 0.31H ), 6.04 (d, J = 1.2 Hz, 0.69H), 6.00 
(d,J = 1.3 Hz, 0.31H), 5.40 (d, J = 1.3 Hz, 1H), 3.91 (d, J = 1.1 Hz, 3H), 2.04-2.01(m, 1H), 1.87 – 
1.72 (m, 4H), 1.63 (td, J = 12.3, 10.7, 2.7 Hz, 1H), 1.58 – 1.55 (m, 1H), 1.53-1.44 (m, 4H), 1.35 – 
1.21 (m, 5H), 1.19 (d, J = 2.4 Hz, 0.69H), 1.06 – 1.01 (m, 0.36H), 0.99 – 0.91 (m, 6H). 13C NMR 
(126 MHz, CDCl3) δ 168.33, 157.58, 156.76, 136.30, 136.10, 129.82, 126.45, 125.86, 123.75, 
120.70, 120.67, 119.42, 119.25, 118.13, 117.06, 115.40, 113.80, 87.84, 87.40, 78.37, 77.92, 56.06, 
55.36, 52.08, 42.73, 42.41, 42.29, 42.21, 38.28, 38.18, 37.95, 33.86, 33.82, 33.64, 33.56, 28.74, 
26.59, 21.65, 21.59, 20.52, 20.35, 20.13, 19.82, 18.75, 18.69. HRMS (ESI): m/z calculated for 
C26H34NO3 [M+H]+ : 408.2539, Found [M+H]+ : 408.2529. 
 

 
Methyl 3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a decahydronaphtho 
[2,1-b]furan-2-yl)-1H-indole-7-carboxylate (8d): Method A: 4 (50 mg, 0.20 mmol ), methyl 
indole-7-carboxylate (28.0 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8d as yellow oil (38.9 mg, 60% yield, Isomer ratio: 82:18). 
1H NMR (500 MHz, CDCl3) δ 9.74 (s, 1H), 7.97 (dt, J = 8.0, 0.8 Hz, 1H), 7.88 (dd, J = 7.6, 1.1 Hz, 
1H), 7.29 (d, J = 2.4 Hz, 0.82H), 7.22 (d, J = 1.3Hz, 0.18H), 7.14 (td, J = 7.7, 1.6 Hz, 1H), 6.04 
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(dd, J = 14.5, 1.6 Hz, 1H), 5.49 (d, J = 1.3Hz, 0.18H), 5.38 (d, J = 1.1 Hz, 0.82H), 3.97 (d, J = 1.4 
Hz, 3H), 2.13 – 2.02 (m, 1H), 1.75 (qt, J = 14.2, 2.5 Hz, 4H), 1.55 – 1.43 (m, 6H), 1.34 – 1.00 (m, 
6H), 0.95 – 0.88 (m, 6H).13C NMR (126 MHz, CDCl3) δ 168.04, 157.56, 136.88, 127.47, 125.63, 
125.48, 124.50, 123.98, 123.36, 118.94, 117.92, 117.19, 115.46, 112.61, 87.72, 87.28, 78.28, 
77.91, 56.04, 55.42, 52.00, 42.76, 42.50, 42.22, 38.28, 38.20, 37.93, 33.86, 33.82, 33.65, 33.57, 
28.81, 26.52, 21.66, 21.60, 20.51, 20.37, 20.14, 19.89, 18.70. HRMS (ESI): m/z calculated for 
C26H34NO3 [M+H]+: 408.2539, Found [M+H]+ : 408.2528.    
 

 
4-nitro-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-
b]furan-2-yl)-1H-indole (8e): Method A: 4 (50 mg, 0.20 mmol ), 4-nitroindole (25.9 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford major isomer 8e 
(13.0 mg, 21% yield)and minor isomer 8e’ (6.0 mg, 10% yield) both as yellow oil (Isomer ratio: 
68:32). 8e: 1H NMR (500 MHz, CDCl3) δ 8.16 (d, J = 7.8Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.43 (d, 
J = 3.3 Hz, 1H), 7.30 (t, J = 8.1 Hz, 1H), 7.24 (d, J = 3.3 Hz, 1H), 6.79 (d, J = 1.7 Hz, 1H), 5.45 (d, 
J = 1.8 Hz, 1H), 2.12 (dt, J = 12.0, 3.1 Hz, 1H), 1.91 – 1.73 (m, 4H), 1.57 – 1.40 (m, 3H), 1.34 (s, 
3H), 1.27 – 1.18 (m, 5H), 1.00 (dd, J = 12.3, 2.5 Hz, 1H), 0.91 (d, J = 3.2 Hz, 6H). 13C NMR (126 
MHz, CDCl3) δ 164.39, 140.46, 138.59, 129.17, 123.64, 120.92, 118.04, 117.02, 110.50, 102.74, 
88.66, 87.71, 55.78, 42.77, 42.07, 38.65, 38.09, 33.94, 33.56, 27.82, 21.63, 20.14, 19.66, 18.61. 
HRMS (ESI): m/z calculated for Found C24H30N2NaO3 [M+Na]+: 417.2154, Found [M+Na]+ : 
417.2150. Specific Rotation: [α]20 = +40.52° (c = 1.0 g/100 mL, in CHCl3). 8e’: 1H NMR (500 
MHz, CDCl3) δ 8.14 (dd, J = 8.0, 0.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.47 (d, J = 3.4 Hz, 1H), 
7.31 – 7.27 (m, 2H), 6.97 (d, J = 1.1 Hz, 1H), 5.35 (d, J = 1.1 Hz, 1H), 2.05 (dt, J = 11.9, 3.0 Hz, 
1H), 1.85 – 1.71 (m, 4H), 1.58 – 1.55 (m, 1H), 1.54 (s, 3H), 1.52 – 1.44 (m, 2H), 1.38 – 1.16 (m, 
5H), 1.13 – 1.01 (m, 1H), 0.93 (d, J = 18.9 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 163.78, 
140.50, 138.40, 129.16, 123.58, 120.90, 118.02, 116.66, 112.12, 103.40, 89.60, 88.49, 56.06, 
42.35, 42.04, 38.65, 38.38, 34.03, 33.55, 27.58, 21.65, 20.36, 19.37, 18.59. HRMS (ESI): m/z 
calculated for Found C24H30N2NaO3 [M+Na]+ : 417.2154, Found [M+Na]+: 417.2153. Specific 
Rotation: [α]20 = -53.38° (c = 1.0 g/100 mL, in CHCl3). 
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5-nitro-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-
b]furan-2-yl)-1H-indole (8f): Method A: 4 (50 mg, 0.20 mmol ), 5-nitroindole (25.9 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired product 
8f as yellow oil (42.0 mg, 67% yield, Isomer ratio: 85:15). 1H NMR (500 MHz, Methanol-d4) δ 
8.80 (d, J = 2.3 Hz, 0.85H), 8.74 (d, J = 2.3Hz, 0.15H), 8.05 (dd, J = 9.0, 2.2 Hz, 1H), 7.50 – 7.36 
(m, 2H), 5.99 (d, J = 1.3 Hz, 1H), 5.54 (d, J = 1.4Hz, 0.15H), 5.39 (d, J = 1.2 Hz, 0.85H), 2.07 – 
2.00 (m, 1H), 1.90 – 1.76 (m, 4H), 1.64 (dt, J = 11.8, 5.7 Hz, 1H), 1.58 (dt, J = 14.8, 3.2 Hz, 1H), 
1.54-1.43 (m, 6H), 1.42 – 1.22 (m, 4H), 1.06 – 0.92 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 
158.31, 141.50, 140.12, 126.42, 125.70, 125.58, 119.50, 117.79, 117.72, 116.60, 111.37, 87.96, 
77.81, 54.79, 42.12, 41.94, 38.41, 38.11, 33.88, 33.55, 33.44, 28.49, 27.00, 21.70, 21.59, 20.31, 
20.03, 19.65, 18.71. HRMS (ESI): m/z calculated for Found C24H31N2O3 [M+H]+ : 395.2335, 
Found [M+H]+ : 395.2332. 
 

 
6-nitro-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-
b]furan-2-yl)-1H-indole (8g): Method A: 4 (50 mg, 0.20 mmol ), 6-nitroindole (25.9 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired product 
8g as yellow oil (34.9 mg, 55% yield, Isomer ratio: 69:31). 1H NMR (500 MHz, CDCl3) δ 8.76 (d, 
J = 13.1 Hz, 1H), 8.28 (dd, J = 3.5, 2.0 Hz, 1H), 8.00 (ddd, J = 8.8, 4.5, 2.0 Hz, 1H), 7.78 (d, J = 
8.8 Hz, 1H), 7.44 (d, J = 2.4 Hz, 0.69H), 7.37 (d, J = 2.3Hz, 0.31H), 6.04 (d, J = 1.2 Hz, 0.69H), 
6.00 (d, J = 1.2Hz, 0.31H), 5.46 (d, J = 1.3Hz, 0.31H), 5.35 (d, J = 1.2 Hz, 0.69H), 2.08 (ddt, J = 
15.9, 12.0, 3.1 Hz, 1H), 1.82 – 1.70 (m, 4H), 1.58 – 1.44 (m, 6H), 1.36 – 1.14 (m, 5H), 1.10 – 1.00 
(m, 1H), 0.95 – 0.88 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 158.14, 157.33, 143.35, 135.39, 
135.23, 130.95, 128.84, 128.27, 119.65, 119.53, 118.71, 116.65, 115.17, 114.97, 108.37, 88.17, 
87.68, 78.03, 77.61, 56.06, 55.49, 42.67, 42.46, 42.26, 42.19, 38.36, 38.32, 38.19, 38.02, 33.88, 
33.84, 33.64, 33.55, 28.75, 26.52, 21.65, 21.59, 20.49, 20.32, 20.11, 19.83, 18.73, 18.67. HRMS 
(ESI): m/z calculated for Found C24H31N2O3 [M+H]+: 395.2335, Found [M+H]+ : 395.2328. 
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7-nitro-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-
b]furan-2-yl)-1H-indole (8h): Method A: 4 (50 mg, 0.20 mmol ), 7-nitroindole (25.9 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired product 
8h as yellow oil (61.5 mg, 87% yield, Isomer ratio: 68:32). 1H NMR (500 MHz, CDCl3) δ 9.81 (s, 
1H), 8.16 (d, J = 8.1 Hz, 1H), 8.11 (dd, J = 11.0, 7.7 Hz, 1H), 7.37 (d, J = Hz, 0.32H), 7.29 (d, J = 
2.4 Hz, 0.68H), 7.20 (td, J = 7.9, 1.3 Hz, 1H), 6.06 (d, J = 1.9Hz, 0.31H), 6.01 (d, J = 1.9Hz, 
0.68H), 5.48 (d, J = 1.9 Hz, 0.68H), 5.31 (d, J = 1.8Hz, 0.31H), 2.08 (ddt, J = 15.1, 12.0, 3.2 Hz, 
1H), 1.81 – 1.69 (m, 4H), 1.57 – 1.42 (m, 6H), 1.29 – 1.15 (m, 5H), 1.05 (ddd, J = 26.4, 12.3, 2.4 
Hz, 1H), 0.94 – 0.88 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 158.13, 157.54, 133.00, 130.30, 
130.12, 128.07, 127.98, 125.12, 124.44, 120.75, 119.53, 119.43, 119.11, 116.63, 114.88, 88.02, 
87.56, 77.82, 77.49, 55.97, 55.50, 42.66, 42.49, 42.24, 42.17, 38.28, 38.18, 37.96, 33.85, 33.81, 
33.62, 33.54, 28.79, 26.44, 21.63, 21.57, 20.44, 20.31, 20.08, 19.86, 18.71, 18.65. HRMS (ESI): 
m/z calculated for Found C24H31N2O3 [M+H]+: 395.2335, Found [M+H]+ : 395.2329. 
 

 
4-bromo-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8i): Method A: 4 (50 mg, 0.20 mmol ), 4-bromo-1H-indole (31.4 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8i as yellow oil (29.6 mg, 43% yield, Isomer ratio: 62:38). 1H NMR (500 MHz, 
Methanol-d4) δ 7.34 (ddd, J = 8.1, 3.7, 0.9 Hz, 1H), 7.26 (d, J = 0.9 Hz, 0.62H), 7.23 (d, J = 0.9Hz, 
0.38H), 7.19 (ddd, J = 7.6, 2.6, 0.9 Hz, 1H), 6.96 (t, J = 7.8 Hz, 1H), 6.71 (t, J = 1.1 Hz, 0.62H), 
6.63 (d, J = 1.2Hz, 0.38H), 5.55 (d, J = 1.3Hz, 0.38H), 5.49 (d, J = 1.2 Hz, 0.62H), 2.07 (ddt, J = 
24.2, 11.8, 2.9 Hz, 1H), 1.81 – 1.70 (m, 3H), 1.69 – 1.54 (m, 2H), 1.53 – 1.45 (m, 5H), 1.45 – 1.39 
(m, 1H), 1.29 – 1.16 (m, 4H), 1.03 (dt, J = 12.2, 2.6 Hz, 1H), 0.92 – 0.88 (m, 6H). 13C NMR (126 
MHz, CDCl3) δ 155.13, 155.02, 137.74, 124.74, 123.94, 123.83, 123.16, 122.73, 122.66, 120.39, 
120.24, 119.12, 117.88, 113.77, 113.66, 110.61, 87.95, 87.48, 79.01, 78.42, 55.92, 55.26, 43.20, 
42.75, 42.24, 42.10, 38.05, 37.99, 37.69, 33.81, 33.72, 33.52, 33.49, 29.82, 29.25, 26.92, 21.60, 
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21.56, 20.53, 20.36, 20.03, 19.76, 18.72, 18.63. HRMS (ESI): m/z calculated for C24H31
79BrNO 

[M+H]+ : 428.1589, C24H31
81BrNO [M+H]+: 430.1569, Found [M+H]+: 428.1585, 430.1576. 

 

 
5-bromo-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8j): Method A: 4 (50 mg, 0.20 mmol ), 5-bromine indole (31.4 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8j as yellow oil (50.0 mg, 73% yield, Isomer ratio: 76:24). 1H NMR (500 MHz, 
Methanol-d4) δ 7.92 (d, J = 1.9 Hz, 0.76H), 7.84 (d, J = 1.9Hz, 0.24H), 7.31 – 7.15 (m, 3H), 5.97 – 
5.91 (m, 1H), 5.50 (d, J = 2.2Hz, 0.24H), 5.36 (d, J = 2.1Hz, 0.76H), 2.02 (dt, J = 12.1, 3.0 Hz, 
1H), 1.86 – 1.76 (m, 4H), 1.65 – 1.55 (m, 3H), 1.52-1.43 (m, 3H), 1.37 – 1.30 (m, 2H), 1.25-1.21 
(m, 3H), 1.13 – 0.89 (m, 7H). 13C NMR (126 MHz, CDCl3) δ 157.34, 156.67, 135.64, 135.40, 
127.88, 124.84, 124.76, 124.54, 123.86, 122.88, 122.35, 118.03, 117.09, 116.77, 115.36, 112.86, 
112.78, 112.73, 87.87, 87.57, 78.41, 78.09, 56.08, 55.04, 42.79, 42.29, 42.22, 42.11, 38.37, 38.30, 
38.18, 38.03, 33.86, 33.56, 28.62, 27.03, 21.62, 21.59, 20.52, 20.35, 20.05, 19.77, 18.75, 18.70. 
HRMS (ESI): m/z calculated for C24H31

79BrNO [M+H]+: 428.1589, C24H31
81BrNO [M+H]+: 

430.1569, Found [M+H]+: 428.1578, 430.1577. 
 

HN

O

H

Br

8k  
6-bromo-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8k): Method A: 4 (50 mg, 0.20 mmol ), 6-bromine indole (31.4 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8j as yellow oil (41.9 mg, 61% yield, Isomer ratio: 71:29). 1H NMR (500 MHz, CDCl3) δ 
8.11 (s, 1H), 7.60 (dd, J = 8.5, 3.7 Hz, 1H), 7.49 (d, J = 1.7 Hz, 1H), 7.22 – 7.18 (m, 1H),7.15 (d, 
J = 2.4 Hz, 0.71H),7.08 (d, J = 2.4Hz, 0.29H) 6.00 (d, J = 1.2 Hz, 0.71H), 5.96 (d, J = 1.2Hz, 
0.29H), 5.46 (d, J = 1.3Hz, 0.29H), 5.35 (d, J = 1.2 Hz, 0.71H), 2.11 – 2.03 (m, 1H), 1.78 – 1.66 
(m, 4H), 1.53 – 1.43 (m, 6H), 1.31 – 1.14 (m, 5H), 1.05 (ddd, J = 38.5, 12.2, 2.2 Hz, 1H), 0.93 – 
0.88 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 157.54, 156.74, 137.74, 137.55, 125.11, 123.61, 
123.05, 122.93, 121.07, 120.95, 117.83, 117.10, 115.73, 115.42, 114.30, 114.23, 87.79, 87.32, 
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78.40, 77.96, 56.06, 55.38, 42.74, 42.40, 42.29, 42.22, 38.27, 38.19, 37.94, 33.87, 33.82, 33.65, 
33.56, 28.72, 26.56, 21.65, 21.60, 20.52, 20.34, 20.14, 19.84, 18.75, 18.69. HRMS (ESI): m/z 
calculated for C24H31

79BrNO [M+H]+ : 428.1589, C24H31
81BrNO [M+H]+: 430.1569, Found 

[M+H]+: 428.1580, 430.1578. 
 

 
7-bromo-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8l): Method A: 4 (50 mg, 0.20 mmol ), 7-bromine indole (31.4 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8j as yellow oil (46.5 mg, 68% yield, Isomer ratio: 70:30). 1H NMR (500 MHz, CDCl3) δ 
8.23 (s, 1H), 7.68 (t, J = 8.1 Hz, 1H), 7.34 (dd, J = 7.6, 0.9 Hz, 1H), 7.22 (dd, J = 30.3, 2.5 Hz, 
1H), 6.99 (td, J = 7.8, 1.4 Hz, 1H), 6.02 (d, J = 1.2Hz, 0.7H), 5.98 (d, J = 1.3Hz, 0.3H), 5.48 (d, J 
= 1.7Hz, 0.3H), 5.37 (d, J = 1.6Hz, 0.7H), 2.11 – 2.04 (m, 1H), 1.79 – 1.64 (m, 4H), 1.53 – 1.42 
(m, 6H), 1.32 – 1.14 (m, 5H), 1.05 (ddd, J = 37.3, 12.2, 2.2 Hz, 1H), 0.93 – 0.88 (m, 5H). 13C 
NMR (126 MHz, CDCl3) δ 157.51, 135.60, 127.38, 124.51, 123.34, 122.76, 120.84, 119.31, 
119.12, 119.00, 117.00, 115.34, 104.89, 87.78, 87.34, 78.58, 78.16, 56.03, 55.36, 42.74, 42.47, 
42.29, 42.21, 38.24, 38.18, 37.93, 33.86, 33.81, 33.64, 33.57, 28.78, 26.56, 21.65, 21.60, 20.51, 
20.36, 20.13, 19.84, 18.75, 18.69. HRMS (ESI): m/z calculated for C24H31

79BrNO [M+H]+ : 
428.1589, C24H31

81BrNO [M+H]+: 430.1569, Found [M+H]+: 428.1586, 430.1576. 
 

 
3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan
-2-yl)-1H-indole-6-carbonitrile (8m): Method A: 4 (50 mg, 0.20 mmol ), 6-cyanoindole (22.7 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8m as yellow oil (50.4 mg, 84% yield, Isomer ratio: 67:33). 1H NMR (500 MHz, 
Methanol-d4) δ 7.85 – 7.79 (m, 1H), 7.77 (dd, J = 5.4, 1.3 Hz, 1H), 7.49 (s, 0.67H), 7.40 (s, 
0.33H), 7.29 (dt, J = 8.3, 1.3 Hz, 1H), 6.03 (d, J = 1.2 Hz, 0.67H), 5.98 (d, J = 1.3Hz, 0.33H), 5.52 
(d, J = 1.3Hz, 0.33H), 5.38 (d, J = 1.3 Hz, 0.67H), 2.03 (ddt, J = 12.4, 9.5, 3.0 Hz, 1H), 1.84 – 
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1.69 (m, 4H), 1.65 – 1.55 (m, 2H), 1.53 – 1.41 (m, 4H), 1.30 – 0.99 (m, 6H), 0.97 – 0.91 (m, 
6H).13C NMR (126 MHz, CDCl3) δ 157.98, 157.17, 135.71, 135.55, 129.35, 126.90, 126.35, 
122.55, 120.76, 120.55, 120.44, 119.55, 118.43, 116.71, 116.32, 115.04, 104.47, 88.08, 87.59, 
78.06, 77.65, 56.05, 55.47, 42.67, 42.45, 42.25, 42.18, 38.32, 38.18, 37.98, 33.87, 33.82, 33.64, 
33.54, 28.75, 26.50, 21.64, 20.48, 20.31, 20.11, 19.84, 18.66. HRMS (ESI): m/z calculated for 
C25H31N2O [M+H]+ : 375.2436, Found [M+H]+: 375.2431. 
 

 
6-fluoro-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1
-b]furan-2-yl)-1H-indole (8n): Method A: 4 (50 mg, 0.20 mmol ), 6-fluoroindole (21.6 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired product 
8n as yellow oil (45.4 mg, 77% yield, Isomer ratio: 70:30). 1H NMR (500 MHz, Methanol-d4) δ 
7.62 (ddd, J = 8.6, 5.4, 3.0 Hz, 1H), 7.21 (s, 0.7H), 7.12 (s, 0.3H), 7.04 (ddd, J = 10.1, 6.6, 2.3 Hz, 
1H), 6.79 (ddt, J = 9.8, 8.8, 2.4 Hz, 1H), 5.99 (d, J = 1.2 Hz, 1H), 5.95 (d, J = 1.3Hz, 0.3H), 5.50 
(d, J = 1.4Hz, 0.3H), 5.38 (d, J = 1.2 Hz, 1H), 2.03 (ddt, J = 11.7, 5.6, 2.9 Hz, 1H), 1.86 – 1.71 (m, 
4H), 1.65 – 1.59 (m, 1H), 1.57 – 1.54 (m, 1H), 1.52-1.44 (m, 4H), 1.35 – 1.18 (m, 5H), 1.18 – 1.02 
(m, 1H), 0.97 – 0.90 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 157.51, 156.63, 136.97, 136.87, 
123.37, 122.80, 120.55, 120.47, 117.58, 117.19, 115.53, 108.45, 108.26, 97.75, 97.55, 87.78, 
87.27, 78.52, 78.07, 56.09, 55.39, 42.76, 42.42, 42.30, 42.22, 38.27, 38.18, 37.93, 33.87, 33.82, 
33.66, 33.57, 28.73, 26.55, 21.66, 21.60, 20.53, 20.35, 20.16, 19.85, 18.76, 18.70. HRMS (ESI): 
m/z calculated for C24H31FNO [M+H]+ : 368.2390, Found [M+H]+: 368.2387. 
 

 
6-chloro-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1
-b]furan-2-yl)-1H-indole (8p): Method A: 4 (50 mg, 0.20 mmol ), 6-chloroindole (24.2 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired product 
8p as yellow oil (46.9 mg, 76% yield, Isomer ratio: 70:30). 1H NMR (500 MHz, Methanol-d4) δ 
7.62 (dd, J = 8.5, 4.0 Hz, 1H), 7.35 (dd, J = 6.2, 1.9 Hz, 1H), 7.24 (s, 0.7H), 7.15 (s, 0.3H), 6.99 
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(ddd, J = 8.5, 4.4, 1.9 Hz, 1H), 5.99 (d, J = 1.2 Hz, 0.7H), 5.95 (d, J = 1.2Hz, 0.3H), 5.50 (d, J = 
1.4Hz, 0.3H), 5.38 (d, J = 1.2Hz, 0.7H), 2.03 (ddt, J = 12.1, 5.9, 2.9 Hz, 1H), 1.87 – 1.70 (m, 4H), 
1.65 – 1.58 (m, 1H), 1.57 – 1.54 (m, 1H), 1.52-1.43 (m, 4H), 1.34 – 1.18 (m, 5H), 1.17 – 1.02 (m, 
1H), 0.97 – 0.90 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 157.50, 156.65, 137.32, 137.14, 128.00, 
124.76, 123.84, 123.32, 120.60, 120.50, 120.29, 118.53, 117.45, 117.12, 115.45, 111.37, 111.28, 
87.84, 87.35, 78.46, 78.01, 56.07, 55.36, 42.74, 42.37, 42.29, 42.21, 38.27, 38.17, 37.94, 33.86, 
33.81, 33.65, 33.56, 28.69, 26.58, 21.65, 21.60, 20.52, 20.33, 20.14, 19.83, 18.75, 18.69. HRMS 
(ESI): m/z calculated for C24H31

35ClNO [M+H]+: 384.2094, C24H31
37ClNO [M+H]+: 386.2065, 

Found [M+H]+: 384.2090, 386.2075. 
 

 
6-methoxy-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[
2,1-b]furan-2-yl)-1H-indole (8q): Method A: 4 (50 mg, 0.20 mmol ), 6-methoxyindole (23.5 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8q as white solid (32.3 mg, 53% yield, Isomer ratio: 59:41). 1H NMR (500 MHz, 
Methanol-d4) δ 7.33 (dd, J = 8.6, 5.9 Hz, 1H), 6.91 (dd, J = 11.5, 2.3 Hz, 1H), 6.64 (dt, J = 8.6, 2.3 
Hz, 1H), 6.28 (d, J = 0.8 Hz, 0.59H), 6.21 (d, J = 0.8Hz, 0.41H), 5.83 (d, J = 1.3 Hz, 0.59H), 5.74 
(d, J = 1.3Hz, 0.41H), 5.42 (d, J= 1.4Hz, 0.41H), 5.29 (d, J = 1.3 Hz, 0.59H), 3.80 (d, J = 1.7 Hz, 
3H), 2.07 – 2.00 (m, 1H), 1.84 – 1.72 (m, 4H), 1.59 – 1.45 (m, 6H), 1.32 – 0.99 (m, 6H), 0.97 – 
0.90 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 158.48, 158.06, 156.37, 139.03, 138.36, 136.87, 
122.87, 121.22, 121.20, 115.94, 114.24, 109.78, 109.72, 99.62, 99.42, 94.68, 88.32, 88.03, 78.89, 
78.65, 55.92, 55.80, 55.61, 43.50, 42.52, 42.23, 42.09, 38.29, 38.12, 38.00, 33.85, 33.51, 29.19, 
26.62, 21.64, 21.58, 20.43, 20.33, 19.96, 19.86, 18.71, 18.65. HRMS (ESI): m/z calculated for 
C25H34NO2 [M+H]+ : 380.2590, Found [M+H]+: 380.2588. 
 
 

 
6-methyl-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8r): Method A: 4 (50 mg, 0.20 mmol ), 6-methyl-1H-indole (21.0 mg, 
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0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8r as white solid (39.1 mg, 67% yield, Isomer ratio: 69:31). 1H NMR (500 MHz, CDCl3) δ 
8.06 (s, 1H), 7.62 (dd, J = 8.3, 1.7 Hz, 1H), 7.09 – 7.05 (m, 1H), 7.04 (d, J = 2.4 Hz, 0.69H), 6.97 
(d, J = 2.4Hz, 0.31H), 6.94 (ddd, J = 8.2, 4.6, 1.5 Hz, 1H), 6.02 (d, J = 1.2 Hz, 0.69H), 5.99 (d, J = 
1.3Hz, 0.31H), 5.49 (d, J = 1.3Hz, 0.31H), 5.39 (d, J = 1.2 Hz, 0.69H), 2.44 (s, 3H), 2.08 (dt, J = 
11.8, 2.8 Hz, 1H), 1.79 – 1.65 (m, 4H), 1.58 – 1.43 (m, 7H), 1.26 – 1.16 (m, 4H), 1.08 (ddd, J = 
53.5, 12.3, 2.4 Hz, 1H), 0.94 – 0.89 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 156.97, 156.17, 
137.47, 137.26, 131.82, 124.00, 122.43, 121.91, 121.30, 119.48, 119.35, 118.44, 117.52, 117.39, 
115.84, 111.33, 111.27, 87.56, 87.13, 78.84, 78.35, 56.06, 55.25, 42.81, 42.39, 42.31, 42.24, 38.21, 
38.17, 37.89, 33.85, 33.79, 33.65, 33.56, 28.72, 26.65, 21.79, 21.65, 21.60, 20.54, 20.37, 20.16, 
19.83, 18.77, 18.71. HRMS (ESI): m/z calculated for C25H34NO [M+H]+: 364.2640, Found 
[M+H]+: 364.2636. 
 

 
3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan
-2-yl)-1H-indole-6-carbaldehyde (8s): Method A: 4 (50 mg, 0.20 mmol ), 
Indole-6-carboxaldehyde (23.2.0 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 
mL) were used to afford the desired product 8s as yellow oil (46.3 mg, 77% yield, Isomer ratio: 
70:30). 1H NMR (500 MHz, CDCl3) δ 10.03 (s, 1H), 8.51 (s, 1H), 7.92 – 7.82 (m, 2H), 7.64 (ddd, 
J = 8.3, 2.5, 1.4 Hz, 1H), 7.42 (d, J = 2.5 Hz, 0.7H), 7.36 (d, J = 2.5Hz, 0.3H), 6.05 (d, J = 1.3 Hz, 
0.7H), 6.02 (d, j = 1.3Hz, 0.3H), 5.48 (d, J = 1.3Hz, 0.3H), 5.37 (d, J = 1.2 Hz, 0.7H), 2.12 – 2.04 
(m, 1H), 1.80 – 1.66 (m, 4H), 1.54 – 1.44 (m, 6H), 1.33 – 1.15 (m, 5H), 1.07 (ddd, J = 40.6, 12.3, 
2.3 Hz, 1H), 0.97 – 0.87 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 192.83, 157.72, 156.91, 136.48, 
136.32, 131.27, 131.21, 131.10, 127.86, 127.34, 120.87, 120.75, 120.02, 119.89, 119.36, 118.28, 
116.91, 115.24, 114.55, 114.38, 88.02, 87.55, 78.27, 77.82, 56.05, 55.39, 42.70, 42.42, 42.26, 
42.19, 38.31, 38.28, 38.17, 37.97, 33.86, 33.81, 33.64, 33.54, 28.74, 26.59, 21.64, 21.58, 20.50, 
20.32, 20.11,19.82, 18.73, 18.66. HRMS (ESI): m/z calculated for C25H30NO2 [M-H]+: 376.2277, 
Found [M-H]-: 376.2289. 
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3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan
-2-yl)-6-(trifluoromethyl)-1H-indole (8t): Method A: 4 (50 mg, 0.20 mmol), 
6-(trifluoromethyl)indole (29.6 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8t as yellow oil (41.2 mg, 62% yield, Isomer ratio: 73:27). 
1H NMR (500 MHz, CDCl3) δ 8.66 (d, J = 18.6 Hz, 1H), 7.81 (dd, J = 8.3, 3.6 Hz, 1H), 7.57 – 
7.49 (m, 1H), 7.33 (td, J = 8.4, 1.6 Hz, 1H), 7.16 (d, J = 2.5 Hz, 0.73H), 7.03 (d, J = 2.5Hz, 
0.27H), 6.03 (d, J = 1.2 Hz, 0.73H), 5.99 (d, J = 1.3Hz, 0.27H), 5.46 (d, J = 1.2Hz, 0.27H), 5.37 (d, 
J = 1.2 Hz, 0.73H), 2.11 – 2.05 (m, 1H), 1.80 – 1.65 (m, 4H), 1.61 – 1.41 (m, 7H), 1.27 – 1.15 (m, 
4H), 1.08 (ddd, J = 43.0, 12.2, 2.3 Hz, 1H), 0.96 – 0.89 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 
157.72, 156.83, 135.83, 135.66, 128.52, 128.42, 126.39, 125.78, 125.28, 124.23, 124.06, 120.17, 
120.05, 117.71, 117.01, 116.28, 115.34, 108.96, 87.98, 87.47, 78.42, 77.96, 56.10, 55.41, 42.74, 
42.37, 42.29, 42.21, 38.33, 38.29, 38.19, 37.98, 33.88, 33.83, 33.65, 33.56, 28.67, 26.55, 21.66, 
21.60, 20.53, 20.33, 20.15, 19.81, 18.75, 18.69. HRMS (ESI): m/z calculated for C25H31F3NO 
[M+H]+ : 418.2358, Found [M+H]+: 418.2352.  
 

 
benzyl (3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho 
[2,1-b]furan-2-yl)-1H-indol-6-yl)carbamate (8u): Method A: 4 (50 mg, 0.20 mmol ), benzyl 
(1H-indol-6-yl)carbamate (29.6 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8u as yellow oil (62.4 mg, 78% yield, Isomer ratio: 69:31). 
1H NMR (500 MHz, Methanol-d4) δ 7.67 (s, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.43 (d, J = 7.1 Hz, 
2H), 7.39 – 7.34 (m, 2H), 7.33 – 7.28 (m, 1H), 7.15 (s, 0.69H), 7.06 (s, 0.31H), 6.93 (dt, J = 8.5, 
2.5 Hz, 1H), 5.97 (d, J = 1.2 Hz, 0.69H), 5.94 (d, J = 1.3Hz, 0.31H), 5.49 (d, J = 1.5Hz, 0.31H), 
5.37 (d, J = 1.4 Hz, 0.69H), 5.18 (s, 2H), 2.02 (dt, J = 11.9, 3.0 Hz, 1H), 1.86 – 1.70 (m, 4H), 1.65 
– 1.58 (m, 1H), 1.57 – 1.53 (m, 1H), 1.51-1.44 (m, 4H), 1.33 – 1.01 (m, 6H), 0.98 – 0.89 (m, 6H). 
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13C NMR (126 MHz, CDCl3) δ 157.23, 156.34, 137.22, 137.06, 136.43, 132.61, 128.71, 128.40, 
128.37, 123.39, 122.82, 119.99, 119.84, 118.16, 117.36, 117.04, 115.68, 87.65, 87.15, 78.65, 78.18, 
66.96, 56.06, 55.28, 42.76, 42.32, 42.29, 42.20, 38.22, 38.15, 37.88, 33.84, 33.78, 33.64, 33.55, 
28.65, 26.56, 21.65, 21.58, 20.52, 20.32, 20.15, 19.81, 18.75, 18.68, 2.00. HRMS (ESI): m/z 
calculated for C32H39N2O3 [M+H]+ : 499.2961, Found [M+H]+: 499.2958. 
 

 
6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,
4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan-2-yl)-1H-indole (8v): Method A: 4 (50 mg, 
0.20 mmol ), indole-6-boronic acid pinacol ester (38.8 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 
mmol) and CH2Cl2 (10 mL) were used to afford the desired product 8v as yellow oil (62.3 mg, 82% 
yield, Isomer ratio: 70:30). 1H NMR (500 MHz, CDCl3) δ 8.33 (d, J = 14.8 Hz, 1H), 7.83 (d, J = 
1.6 Hz, 1H), 7.77 (dd, J = 8.1, 5.5 Hz, 1H), 7.55 (dd, J = 8.0, 1.1 Hz, 1H), 7.18 (d, J = 2.6 Hz, 
0.7H), 7.12 (d, 2.5Hz, 0.3H), 6.02 (dd, J = 4.8, 1.5 Hz, 1H), 5.49 (d, J = 1.4Hz, 0.3H), 5.38 (d, J = 
1.2 Hz, 1H), 2.06 (dt, J = 13.9, 3.8 Hz, 1H), 1.83 – 1.67 (m, 4H), 1.66 – 1.55 (m, 1H), 1.53 – 1.44 
(m, 5H), 1.37 (d, J = 1.7 Hz, 12H), 1.27 – 1.01 (m, 6H), 0.96 – 0.87 (m, 6H). 13C NMR (126 MHz, 
CDCl3) δ 157.01, 156.25, 136.79, 136.53, 128.69, 125.40, 125.33, 124.68, 123.98, 119.35, 119.07, 
118.91, 118.40, 117.69, 117.46, 115.74, 87.59, 87.21, 83.64, 78.67, 78.23, 56.04, 55.22, 42.81, 
42.25, 38.23, 38.18, 37.91, 33.82, 33.77, 33.62, 33.55, 28.66, 26.71, 25.03, 25.00, 21.64, 21.58, 
20.52, 20.36, 20.13, 19.76, 18.75, 18.69. HRMS (ESI): m/z calculated for C30H43BNO3 [M+H]+ : 
476.3336, Found [M+H]+: 376.3335. 
 

 
3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan
-2-yl)-1H-indol-6-ol (8w): Method A: 4 (50 mg, 0.20 mmol ), 6-hydroxyindole  (21.3 mg, 0.16 
mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired product 
8w as yellow oil (28.2mg, 48% yield, Isomer ratio: 73:27). 1H NMR (500 MHz, Methanol-d4) δ 
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7.47 (d, J = 8.5 Hz, 1H), 7.03 (s, 0.73H), 6.95 (s, 0.27H), 6.76 (dd, J = 5.4, 2.2 Hz, 1H), 6.58 (ddd, 
J = 8.7, 6.9, 2.2 Hz, 1H), 5.93 (dd, J = 11.2, 1.6 Hz, 1H), 5.47 (d, J = 1.3Hz, 0.27H), 5.36 (d, J = 
1.3 Hz, 0.73H), 2.03 – 1.98 (m, 1H), 1.84 – 1.71 (m, 4H), 1.63 – 1.44 (m, 7H), 1.29 – 1.01 (m, 
5H), 0.97 – 0.90 (m, 6H). 13C NMR (126 MHz, Methanol-d4) δ 157.83, 157.00, 154.15, 139.74, 
139.50, 123.48, 122.89, 121.74, 121.41, 120.84, 120.51, 118.84, 117.71, 117.04, 116.65, 110.18, 
110.12, 97.78, 97.64, 88.84, 88.38, 80.08, 79.85, 75.82, 57.36, 56.58, 43.85, 43.33, 43.16, 39.37, 
39.27, 39.25, 38.96, 34.65, 34.61, 34.01, 33.92, 30.78, 29.03, 26.88, 25.02, 21.93, 21.89, 21.39, 
21.23, 20.65, 20.39, 19.65, 19.59. HRMS (ESI): m/z calculated for C24H32NO2 [M+H]+: 366.2433, 
Found [M+H]+: 366.2433. 
 

 
methyl 
6-bromo-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole-4-carboxylate (8x): Method A: 4 (50 mg, 0.20 mmol), methyl 
6-bromo-1H-indole-4-carboxylate (45.7 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 

(10 mL) were used to afford major isomer 8x (11.2 mg, 14% yield) and minor isomer 8x’ (10.1 
mg, 13% yield) both as transparent oil (Isomer ratio: 52:48). 8x: 1H NMR (500 MHz, CDCl3) δ 
7.99 (d, J = 1.7 Hz, 1H), 7.96 (d, J = 1.9 Hz, 1H), 7.32 (d, J = 3.3 Hz, 1H), 7.13 (dd, J = 3.2, 0.7 
Hz, 1H), 6.84 (d, J = 1.1 Hz, 1H), 5.34 (d, J = 1.1 Hz, 1H), 3.97 (s, 3H), 2.02 (dt, J = 12.3, 3.1 Hz, 
1H), 1.84 – 1.70 (m, 4H), 1.55 – 1.43 (m, 6H), 1.33 – 1.25 (m, 2H), 1.19 -1.16(m, 4H), 0.94 (d, J 
= 24.3 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 166.92, 163.26, 137.64, 128.40, 128.34, 126.32, 
122.82, 118.11, 114.33, 112.58, 104.05, 89.33, 89.21, 55.62, 52.12, 42.07, 41.89, 38.64, 38.41, 
34.04, 33.50, 27.65, 21.66, 20.34, 19.42, 18.61. HRMS (ESI): m/z calculated for 
C26H32

35BrNNaO3 [M+Na]+ : 508.1463, C26H32
37BrNNaO3 [M+Na]+ : 510.1443, Found [M+Na]+: 

508.1458, 510.1446. Specific Rotation: [α]20 = -47.72° (c =1.0 g/100 mL, in CHCl3). 8x’ (mg): 1H 
NMR (500 MHz, CDCl3) δ 8.01 (d, J = 1.8 Hz, 1H), 7.93 (d, J = 1.7 Hz, 1H), 7.29 (d, J = 3.3 Hz, 
1H), 7.09 (d, J = 3.3 Hz, 1H), 6.69 (d, J = 1.8 Hz, 1H), 5.42 (d, J = 1.8 Hz, 1H), 3.96 (s, 3H), 2.11 
(dt, J = 11.9, 3.1 Hz, 1H), 1.90 – 1.71 (m, 4H), 1.56-1.52 (m, 1H), 1.49-1.41 (m, 2H), 1.33 (s, 3H), 
1.26 – 1.18 (m, 5H), 0.99 (dd, J = 12.2, 2.4 Hz, 1H), 0.91 (d, J = 4.5 Hz, 6H). 13C NMR (126 MHz, 
CDCl3) δ 166.95, 164.05, 138.06, 128.13, 127.57, 126.43, 122.73, 117.84, 114.53, 110.66, 103.54, 
88.46, 87.61, 55.76, 52.11, 42.79, 42.07, 38.62, 38.08, 33.94, 33.55, 27.75, 21.64, 20.15, 19.65, 
18.62. HRMS (ESI): m/z calculated for C26H32

35BrNNaO3 [M+Na]+ : 508.1463, C26H32
37BrNNaO3 

[M+Na]+ : 510.1443, Found [M+Na]+: 508.1463, 510.1456. Specific Rotation: [α]20 = +92.97° ( c 
= 1.0 g/100 mL, in CHCl3). 
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5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,
4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan-2-yl)-1H-indole (8y): Method A: 4 (50 mg, 
0.20 mmol ), indole-5-boronic acid pinacol ester (38.8 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 
mmol) and CH2Cl2 (10 mL) were used to afford the desired product 8y as yellow oil (64.0 mg, 84% 
yield, Isomer ratio: 71:29). 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 0.29 ), 8.23 (s, 0.71H), 8.09 (d, 
J = 11.6 Hz, 1H), 7.63 (ddd, J = 12.4, 8.2, 1.1 Hz, 1H), 7.33 (dd, J = 8.3, 2.3 Hz, 1H), 7.18 (d, J = 
2.3 Hz, 0.71H), 7.12 (d, J = 2.2Hz, 0.29H), 6.07 (dd, J = 14.1, 1.6 Hz, 1H), 5.50 (d, J = 1.4Hz, 
0.29H), 5.43 (d, J = 1.3 Hz, 0.71H), 2.07 (ddd, J = 12.3, 9.4, 3.2 Hz, 1H), 1.79 – 1.70 (m, 4H), 
1.55 – 1.43 (m, 6H), 1.35 (d, J = 1.8 Hz, 12H), 1.31 – 1.24 (m, 2H), 1.22 – 1.01 (m, 4H), 0.96 – 
0.88 (m, 6H). 13C NMR (126 MHz, Methanol-d4) δ 158.28, 140.93, 140.59, 128.99, 128.76, 
128.59, 128.43, 127.11, 125.63, 124.58, 118.68, 118.42, 117.13, 116.95, 111.85, 111.75, 89.02, 
88.42, 84.54, 84.50, 80.06, 79.75, 57.39, 56.31, 43.97, 43.37, 43.31, 43.11, 39.34, 39.26, 38.97, 
34.74, 34.67, 34.30, 33.95, 28.72, 26.72, 25.44, 25.30, 25.25, 25.23, 21.99, 21.93, 21.44, 21.19, 
20.74, 20.15, 19.69. HRMS (ESI): m/z calculated for C30H43BNO3 [M+H]+: 476.3336, Found 
[M+H]+: 476.3334. 
 

 
2-methyl-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8ab): Method A: 4 (50 mg, 0.20 mmol ), 2-methyl-1H-indole (21.0 
mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8ab as white solid (50.2 mg, 86% yield, Isomer ratio: 78:22). 1H NMR (500 MHz, CDCl3) 
δ 8.00 (d, J = 17.9 Hz, 1H), 7.74 – 7.68 (m, 1H), 7.21 – 7.16 (m, 1H), 7.10 – 6.99 (m, 2H), 6.04 (d, 
J = 1.3 Hz, 0.78H), 6.00 (d, J = 1.3Hz, 0.22H), 5.46 (d, J = 1.3Hz, 0.22H), 5.37 (d, J = 1.3 Hz, 
1H), 2.34 (d, J = 41.4 Hz, 3H), 2.04 (dt, J = 11.7, 2.8 Hz, 1H), 1.87 – 1.69 (m, 4H), 1.59 – 1.43 (m, 
7H), 1.29 – 1.02 (m, 5H), 0.94 (d, J = 27.6 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 157.24, 
135.64, 133.64, 127.79, 121.01, 120.94, 119.59, 119.44, 119.29, 117.75, 116.25, 111.11, 110.38, 
86.62, 78.18, 77.03, 56.48, 55.04, 42.69, 42.39, 42.31, 41.68, 38.50, 38.29, 38.24, 37.94, 33.90, 
33.81, 33.73, 33.57, 27.77, 26.29, 21.69, 21.62, 20.71, 20.33, 19.48, 18.80, 18.73, 11.98, 11.88. 
HRMS (ESI): m/z calculated for C25H34NO [M+H]+ : 364.2640, Found [M+H]+: 364.2626. 
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2-ethyl-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-
b]furan-2-yl)-1H-indole (8ac): Method A: 4 (50 mg, 0.20 mmol ), 2-ethyl-1H-indole (23.2 mg, 
0.16 mmol), TiCl4 (0.16mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8ac as white solid (43.6 mg, 72% yield, Isomer ratio: 85:15). 1H NMR (500 MHz, CDCl3) 
δ 7.88 (d, J = 11.7 Hz, 1H), 7.72 (dd, J = 13.4, 7.9 Hz, 1H), 7.27 (s, 1H), 7.12 – 7.00 (m, 2H), 6.03 
(d, J = 1.2 Hz, 0.85H), 6.00 (d, J = 1.2Hz, 0.15H), 5.45 (d, J = 1.3Hz, 0.15H), 5.36 (d, J = 1.2 Hz, 
1H), 2.87 (qd, J = 7.5, 2.3 Hz, 2H), 2.09 – 1.99 (m, 1H), 1.88 – 1.68 (m, 4H), 1.56-1.43 (m, 6H), 
1.30 (t, J = 7.6 Hz, 3H), 1.26 – 1.16 (m, 6H), 0.93 (d, J = 28.8 Hz, 6H). 13C NMR (126 MHz, 
CDCl3) δ 157.28, 139.34, 135.64, 127.81, 121.09, 119.90, 119.71, 119.33, 117.96, 110.47, 86.58, 
57.26, 55.04, 43.50, 42.67, 42.32, 41.63, 39.23, 38.54, 38.30, 37.92, 33.81, 33.75, 33.59, 28.42, 
26.21, 21.69, 20.74, 20.34, 19.52, 18.74, 14.72. HRMS (ESI): m/z calculated for C26H36NO 
[M+H]+ : 378.2797, Found [M+H]+: 378.2793. 
 

 
2-phenyl-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,
1-b]furan-2-yl)-1H-indole (8ad): Method A: 4 (50 mg, 0.20 mmol ), 2-Phenylindole (30.9 mg, 
0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 8ad as white solid (56.0 mg, 82% yield, Isomer ratio: 82:18). 1H NMR (500 MHz, CDCl3) 
δ 8.32 – 8.18 (m, 1H), 7.90 (dd, J = 13.6, 8.0 Hz, 1H), 7.66 – 7.57 (m, 2H), 7.46 – 7.35 (m, 3H), 
7.32 (d, J = 7.8 Hz, 1H), 7.22 – 7.07 (m, 2H), 6.06 (d, J = 1.3 Hz, 0.82H), 5.95 (d, J = 1.3Hz, 
0.18H), 5.45 (d, J = 1.2Hz, 0.18H), 5.42 (s, 0.82H), 2.10 – 2.03 (m, 1H), 1.88 (td, J = 12.9, 4.3 Hz, 
1H), 1.81 (ddd, J = 14.2, 9.2, 2.7 Hz, 1H), 1.71 (dd, J = 14.5, 3.5 Hz, 2H), 1.58 – 1.44 (m, 6H), 
1.32 – 1.10 (m, 5H), 1.02 – 0.88 (m, 6H). 13C NMR (126 MHz, CDCl3 ) δ 157.26, 155.49, 137.53, 
136.38, 132.58, 129.13, 128.98, 128.77, 128.12, 128.07, 122.26, 122.17, 121.03, 120.85, 119.79, 
117.81, 116.43, 112.13, 111.06, 87.76, 86.68, 78.46, 56.50, 54.91, 42.66, 42.38, 42.30, 41.65, 
38.53, 38.21, 37.93, 33.88, 33.81, 33.75, 33.55, 27.75, 26.13, 21.69, 21.61, 20.74, 20.34, 20.31, 
19.45, 18.78, 18.71. HRMS (ESI): m/z calculated for C30H36NO [M+H]+: 426.2797, Found 
[M+H]+: 426.2794. 
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methyl 3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho 
[2,1-b]furan-2-yl)-1H-indole-2-carboxylate (8ae): Method A: 4 (50 mg, 0.20 mmol), methyl 
indole-2-carboxylate (28.0 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) 
were used to afford the desired product 8ae as yellow oil (41.2 mg, 63% yield,  Isomer ratio: 
67:33). 1H NMR (500 MHz, CDCl3) δ 9.74 (d, J = 9.1 Hz, 1H), 7.98 (t, J = 8.2 Hz, 1H), 7.88 (dd, 
J = 7.6, 1.1 Hz, 1H), 7.29 (d, J = 2.4 Hz, 0.67H), 7.23 (d, J = 2.5Hz, 0.33H), 7.18 – 7.12 (m, 1H), 
6.06 (d, J = 1.3 Hz, 0.67H), 6.03 (d, J = 1.3Hz, 0.33H), 5.49 (d, J = 1.3Hz, 0.33H), 5.38 (d, J = 1.3 
Hz, 1H), 3.97 (d, J = 1.3 Hz, 3H), 2.15 – 2.03 (m, 1H), 1.82 – 1.69 (m, 4H), 1.64 (ddd, J = 24.3, 
12.4, 3.2 Hz, 1H), 1.54 – 1.43 (m, 6H), 1.33 – 1.14 (m, 5H), 1.07 (ddd, J = 43.5, 12.2, 2.3 Hz, 1H), 
0.95 – 0.87 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 168.03, 157.55, 156.85, 136.86, 136.65, 
127.65, 127.47, 125.61, 125.47, 124.49, 123.98, 123.36, 119.08, 118.96, 118.93, 117.91, 117.18, 
115.46, 112.60, 112.55, 87.71, 87.26, 78.27, 77.91, 56.03, 55.41, 51.98, 42.75, 42.49, 42.28, 42.21, 
38.27, 38.24, 38.18, 37.92, 33.85, 33.81, 33.64, 33.56, 28.80, 26.51, 21.65, 21.59, 20.50, 20.36, 
20.13, 19.88, 18.75, 18.69. HRMS (ESI): m/z calculated for C26H34NO3 [M+H]+: 408.2539, Found 
[M+H]+: 3408.2533. 
 
 

 
2-(tert-butyl)-3-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphth
o[2,1-b]furan-2-yl)-1H-indole (8af):  Method A: 4 (50 mg, 0.20 mmol ), 2-(tert-butyl)indole 
(27.7 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the 
desired product 8af as white solid (22.6 mg, 35% yield, Isomer ratio: 87:13). 1H NMR (500 MHz, 
Methanol-d4) δ 10.12 (s, 1H), 7.77 – 7.66 (m, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.00 (ddd, J = 8.2, 7.0, 
1.2 Hz, 1H), 6.90 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H), 6.42 (d, J = 1.3 Hz, 0.87H), 6.36 (d, J = 1.3Hz, 
0.13H), 5.45 (d, J = 1.4Hz, 0.13H), 5.41 (d, J = 1.3 Hz, 0.87H), 2.00 (dt, J = 11.4, 2.5 Hz, 1H), 
1.89 – 1.74 (m, 4H), 1.70 – 1.52 (m, 6H), 1.50 (s, 9H), 1.33 – 1.02 (m, 6H), 1.01 – 0.91 (m, 6H). 
13C NMR (126 MHz, Methanol-d4) δ 157.57, 146.81, 136.71, 129.68, 121.52, 121.09, 119.57, 
119.45, 111.99, 109.32, 87.68, 79.14, 56.12, 43.42, 42.21, 39.35, 39.01, 34.63, 34.08, 31.77, 26.27, 
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21.96, 21.19, 20.86, 19.60. HRMS (ESI): m/z calculated for C28H40NO [M+H]+: 406.3110, Found 
[M+H]+: 406.3108.  
 

 

3,5-dimethoxy-2-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronapht
ho[2,1-b]furan-2-yl)phenol (9): Method A: 4 (50 mg, 0.20 mmol ), 3,5-dimethoxyphenol (24.7 
mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 9 as transparent oil (49.8 mg, 81% yield, Isomer ratio: 87:13). 1H NMR (500 MHz, CDCl3) 
δ 9.96 (s, 0.13H), 9.86 (s, 0.87H), 6.14 (d, J = 1.3 Hz, 0.87H), 6.05 (d, J = 1.3Hz, 0.13H), 6.03 – 
5.98 (m, 2H), 5.53(d, J = 1.3Hz, 0.13H), 5.30 (d, J = 1.3 Hz, 0.87H), 3.76 (d, J = 6.7 Hz, 6H), 2.21 
– 2.02 (m, 1H), 1.79 – 1.60 (m, 4H), 1.59 – 1.34 (m, 7H), 1.29 – 0.92 (m, 5H), 0.88 – 0.78 (m, 
6H). 13C NMR (126 MHz, CDCl3) δ 160.51, 157.75, 157.70, 155.82, 117.49, 116.51, 104.59, 
94.17, 90.53, 88.70, 83.18, 81.52, 56.44, 55.56, 55.51, 55.34, 54.61, 42.29, 41.92, 41.49, 38.45, 
37.87, 37.77, 37.74, 33.86, 33.68, 33.48, 33.32, 27.74, 25.63, 21.60, 21.47, 20.50, 20.12, 19.26, 
18.58. HRMS (ESI): m/z calculated for C24H35O4 [M+H]+: 387.2535, Found [M+H]+: 387.2528. 
 

 

(3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2-(2,4,6-trimethoxyphenyl)-2,3a,4,5,5a,6,7,8,9,9a-decah
ydronaphtho[2,1-b]furan (10): Method A: 4 (50 mg, 0.20 mmol), 1,3,5-trimethoxybenzene (26.9 
mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 10 as transparent oil (39.6 mg, 62% yield, Isomer ratio: 80:20). 1H NMR (500 MHz, 
Methanol-d4) δ 6.28 – 6.13 (m, 3H), 5.20 (d, J = 1.5Hz, 0.2H), 5.15 (d, J = 1.4 Hz, 0.8H), 3.79 (d, 
J = 1.6 Hz, 3H), 3.75 (d, J = 11.0 Hz, 6H), 1.95 – 1.83 (m, 2H), 1.82 – 1.68 (m, 3H), 1.57 – 1.48 
(m, 3H), 1.45 (s, 3H), 1.41 – 1.21 (m, 2H), 1.19 – 0.96 (m, 4H), 0.96 – 0.87 (m, 6H). 13C NMR 
(126 MHz, CDCl3) δ 161.07, 161.02, 160.49, 160.43, 153.97, 152.60, 117.63, 116.41, 109.96, 
109.78, 91.03, 90.95, 87.76, 87.11, 76.03, 75.31, 56.25, 55.64, 55.47, 55.39, 55.36, 55.24, 42.64, 
42.58, 42.43, 40.97, 38.37, 38.21, 38.02, 37.72, 33.91, 33.78, 33.70, 33.52, 26.92, 21.53, 20.76, 
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20.44, 20.01, 19.85, 18.82, 18.77, 0.11. HRMS (ESI): m/z calculated for C25H37O4 [M+H]+: 
401.2692, Found [M+H]+: 401.2685. 
 

 

4,5-dimethoxy-2-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronapht
ho[2,1-b]furan-2-yl)phenol (11): Method A: 4 (50 mg, 0.20 mmol ), 3, 4-dimethoxyphenol (24.7 
mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 11 as transparent oil (46.9 mg, 76% yield, Isomer ratio: 77:23). 1H NMR (500 MHz, 
Methanol-d4) δ 6.87 (s, 0.23H), 6.82 (s, 0.77H), 6.44 (d, J = 1.7 Hz, 1H), 6.02 (d, J = 1.3 Hz, 
0.77H), 5.94 (d, J = 1.3Hz, 0.23H), 5.41 (d, J = 1.3Hz, 0.23H), 5.25 (d, J = 1.3 Hz, 0.77H), 3.79 – 
3.72 (m, 6H), 2.15 – 2.02 (m, 1H), 1.81-1.66 (m, 4H), 1.62 – 1.55 (m, 1H), 1.55 – 1.49 (m, 4H), 
1.44 (td, J = 13.5, 4.0 Hz, 2H), 1.30 – 1.15 (m, 4H), 1.02 (ddd, J = 12.1, 5.4, 2.5 Hz, 1H), 0.90 (s, 
6H). 13C NMR (126 MHz, CDCl3) δ 157.57, 150.08, 149.71, 149.49, 142.27, 142.15, 117.16, 
114.88, 114.69, 111.01, 101.64, 101.53, 89.56, 88.86, 84.76, 83.42, 57.03, 56.85, 55.95, 55.72, 
54.82, 42.16, 42.09, 42.04, 41.87, 38.23, 38.04, 37.88, 33.83, 33.73, 33.51, 33.34, 27.85, 25.61, 
21.62, 21.54, 20.23, 20.12, 20.09, 19.70, 18.65, 18.57. HRMS (ESI): m/z calculated for C24H35O4 
[M+H]+: 387.2535, Found [M+H]+: 387.2534. 
 

2,4-dimethoxy-6-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronapht
ho[2,1-b]furan-2-yl)phenol (12): Method A: 4 (50 mg, 0.20 mmol ), 2, 4-dimethoxyphenol (24.7 
mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 12 as transparent oil (49.0 mg, 79% yield, Isomer ratio: 70:30). 1H NMR (500 MHz, 
Methanol-d4) δ 6.84 (s, 0.3H), 6.82 (d, J = 15.2 Hz, 1H), 6.60 (d, J = 1.3 Hz, 1H), 6.01 (d, J = 1.3 
Hz, 0.7H), 5.91 (d, J = 1.3Hz, 0.3H), 5.31 (d, 1.2Hz, 0.3H ), 5.16 (d, J = 1.2 Hz, 0.7H), 3.89 – 
3.76 (m, 6H), 2.11 – 1.99 (m, 1H), 1.82 – 1.67 (m, 4H), 1.59 – 1.40 (m, 7H), 1.30 – 1.13 (m, 4H), 
1.02 (ddd, J = 25.7, 11.9, 2.3 Hz, 1H), 0.90 (d, J = 3.6 Hz, 6H).13C NMR (100 MHz, CDCl3): 
HRMS (ESI): m/z calculated for C24H35O4 [M+H]+ : 387.2535, Found [M+H]+: 387.2534.  
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2,5-dimethoxy-4-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronapht
ho[2,1-b]furan-2-yl)phenol (13): Method A: 4 (50 mg, 0.20 mmol ), 2, 5-dimethoxyphenol (24.7 
mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the desired 
product 13 as transparent oil (51.2 mg, 83% yield, Isomer ratio: 66:34). 1H NMR (500 MHz, 
Methanol-d4) δ 6.92 (s, 0.34H), 6.88 (s, 0.66H), 6.49 (d, J = 2.8 Hz, 1H), 5.99 (s, -0.66H), 5.91(d, 
J = 1.3Hz, 0.34H), 5.34 (d, J = 1.3Hz, 0.34H), 5.20 (s, 0.66H), 3.82 – 3.72 (m, 6H), 2.14 – 2.02 (m, 
1H), 1.81-1.66 (m, 4H), 1.59 – 1.49 (m, 5H), 1.47 – 1.40 (m, 2H), 1.29-1.16 (m, 5H), 1.02-0.99 
(m, 1H), 0.90 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 155.83, 155.15, 150.85, 150.80, 145.24, 
145.18, 140.50, 140.26, 122.81, 122.55, 117.67, 116.31, 110.18, 110.05, 99.10, 99.03, 87.88, 
87.50, 80.08, 78.92, 56.76, 56.66, 56.09, 56.04, 56.00, 55.38, 43.25, 42.71, 42.27, 42.11, 38.10, 
38.02, 38.00, 37.74, 33.79, 33.71, 33.52, 33.50, 29.19, 26.90, 21.56, 21.53, 20.55, 20.37, 19.98, 
19.70, 18.70, 18.63. HRMS (ESI): m/z calculated for C24H35O4 [M+H]+: 387.2535, Found [M+H]+: 
387.2528. 
 

 
2-((3aR,5aS,9aS)-3a,6,6,9a-tetramethyl-2,3a,4,5,5a,6,7,8,9,9a-decahydronaphtho[2,1-b]furan
-2-yl)pyrazolo[1,5-a]pyridine (14): Method A: 4 (50 mg, 0.20 mmol), pyrazolo[1,5-a]pyridine 
(18.9 mg, 0.16 mmol), TiCl4 (0.16 mL, 0.16 mmol) and CH2Cl2 (10 mL) were used to afford the 
desired product 14 as transparent oil (46.0 mg, 82% yield, Isomer ratio: 66:34). 1H NMR (500 
MHz, CDCl3) δ 8.44 (ddt, J = 7.1, 2.0, 1.1 Hz, 1H), 7.90 (s, 0.66H), 7.85 (s, 0.34H ), 7.67 – 7.59 
(m, 1H), 7.09 (ddt, J = 9.1, 6.7, 1.3 Hz, 1H), 6.74 (td, J = 6.9, 1.4 Hz, 1H), 6.04 (d, J = 1.3 Hz, 
0.66H), 5.97 (d, J = 1.3Hz, 0.34H ), 5.41 (d, J = 1.3Hz, 0.34H), 5.30 (d, J = 1.3 Hz, 0.66H), 2.06 
(ddt, J = 15.7, 12.0, 3.2 Hz, 1H), 1.80-1.70 m, 3H), 1.69 – 1.60 (m, 1H), 1.60 – 1.53 (m, 1H), 1.52 
– 1.41 (m, 5H), 1.36 – 1.12 (m, 5H), 1.04 (ddd, J = 34.0, 12.2, 2.4 Hz, 1H), 0.95 – 0.87 (m, 6H). 
13C NMR (126 MHz, CDCl3) δ 158.17, 157.40, 141.22, 140.93, 138.24, 128.93, 128.84, 123.11, 
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117.48, 117.44, 116.63, 115.02, 113.36, 112.60, 111.88, 87.77, 87.50, 76.49, 76.15, 55.97, 55.70, 
42.75, 42.71, 42.26, 42.19, 38.34, 38.25, 38.19, 37.98, 33.85, 33.62, 33.56, 28.86, 26.52, 21.66, 
21.60, 20.45, 20.35, 20.06, 19.97, 18.74, 18.70. HRMS (ESI): m/z calculated for C23H31N2O 
[M+H]+: 351.2436, Found [M+H]+: 351.2433. 
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3. 1H NMR and 13C NMR spectrum of intermediates and 

final compounds 
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1H NMR of Compound 3  
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1H NMR of Compound 6  
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1H NMR of Compound 8a  
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1H NMR of Compound 8b  

 

 
13C NMR of Compound 8b  
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1H NMR of Compound 8c  

 

 
13C NMR of Compound 8c  
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1H NMR of Compound 8d  

 

 
13C NMR of Compound 8d  
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1H NMR of Compound 8e  
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1H NMR of Compound 8e’  
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1H NMR of Compound 8f  

 
13C NMR of Compound 8f  
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1H NMR of Compound 8g  

 

 
13C NMR of Compound 8g  
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1H NMR of Compound 8h  

 
13C NMR of Compound 8h  
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1H NMR of Compound 8i  
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1H NMR of Compound 8j  
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1H NMR of Compound 8k 

 

 
13C NMR of Compound 8k  
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1H NMR of Compound 8l 
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1H NMR of Compound 8m  
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1H NMR of Compound 8n 
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1H NMR of Compound 8p  
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1H NMR of Compound 8q  
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1H NMR of Compound 8r  

 

 
13C NMR of Compound 8r  
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1H NMR of Compound 8s  

 
13C NMR of Compound 8s  
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1H NMR of Compound 8t  
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1H NMR of Compound 8u  
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1H NMR of Compound 8v  
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1H NMR of Compound 8w 

 
13C NMR of Compound 8w  
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1H NMR of Compound 8x  
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1H NMR of Compound 8x’  
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1H NMR of Compound 8y  
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1H NMR of Compound 8ab  
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1H NMR of Compound 8ac  

 
13C NMR of Compound 8ac  
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1H NMR of Compound 8ad  
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1H NMR of Compound 8ae  
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S64 
 

 
1H NMR of Compound 8af 
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1H NMR of Compound 9  
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1H NMR of Compound 10  
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1H NMR of Compound 11  
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1H NMR of Compound 12  
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1H NMR of Compound 13  

 
13C NMR of Compound 13 
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1H NMR of Compound 14  

 

 
13C NMR of Compound 14  
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4. Original HRMS spectra of final compounds 
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5. UPLC purity reports of final compounds 
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8b @230 nm  
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8c @230 nm  
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8d @230 nm 
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8e’ @230 nm 
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8f @230 nm  
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8g @230 nm  
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8m @ 230 nm 
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8x @ 230 nm & 254 nm 
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12 @254 nm  
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