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A. General Information 

Unless otherwise specified, all reactions were conducted under an inert 

atmosphere and anhydrous conditions. All the solvents were purified according to the 

standard procedures. All chemicals which are commercially available were employed 

without further purification. Thin‐layer chromatography (TLC) was performed on silica 

gel plates (60F‐254) using UV‐light (254 and 365 nm). Flash chromatography was 

conducted on silica gel (200–300 mesh). 1H and 13C NMR spectra were recorded at 

ambient temperature in CDCl3 on a Bruker AMX500 (500 MHz) or AMX400 (400 

MHz) spectrometer. Chemical shifts were reported in parts per million (ppm). The data 

are reported as follows: for 1H NMR, chemical shift in ppm from tetramethylsilane with 

the solvent as internal standard (CDCl3 δ 7.26 ppm), multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet or overlap of non‐equivalent resonances), 

integration; for 13C NMR, chemical shift in ppm from tetramethylsilane with the solvent 

as internal indicator (CDCl3 δ 77.1 ppm), multiplicity with respect to protons. All high‐

resolution mass spectra were performed by the MS service at the chemistry department, 

National University of Singapore, and were obtained on a Finnigan/MAT 95XL‐T 

spectrometer to be given in m/z. Optical rotations were measured using an Anton Paar 

MCP‐100 digital polarimeter using a 1 cm glass cell. Enantiomeric excesses were 

determined by HPLC analysis on a chiral stationary phase using CHIRALPAK® 

columns (IA and ID) eluting with hexane/isopropanol mixtures as indicated. Allenic 

ketones and catalysts were synthesized by following our previously reported 

procedures1,3. N‐Protected oxindoles 2 were synthesized according to the literature‐

reported procedures2.  
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B. Representative procedure for enantioselective [4 + 1] Annulation  

 

To a 4 mL reaction vial, sodium carbonate (0.1 mmol) and chiral phosphine 

catalyst (0.02 mmol) and Boc-protected oxindole (0.1 mmol) were added to 2.0 mL of 

t-Butyl methyl ether, then 2-benzoylbuta-2,3-dien-1-yl acetate (0.12 mmol) was 

injected slowly into the stirring solution using a micro-syringe. The reaction vial was 

left to stir at -35 oC until the allene has been fully consumed. The solution was then 

purified using a column chromatography (Hexane:Ethyl acetate = 20:1) to yield a 

yellow solid as the cyclized product. 

C. Procedure of total synthesis of (+)-Debromoflustramie B  

 

To a 50 mL round-bottle flask, sodium carbonate (424 mg, 4 mmol) and chiral 

phosphine catalyst (532 mg, 0.8 mmol) and Boc-protected oxindole (932 mg, 4 mmol) 

were added to 20.0 mL of t-Butyl methyl ether, then 2-benzoylbuta-2,3-dien-1-yl 

acetate (768 mg, 4.8 mmol) was injected slowly into the stirring solution using a micro-

syringe under -35oC. The reaction vial was left to stir at -35 oC until the allene has been 

fully consumed. The solution was then purified using a column chromatography 
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(Hexane:Ethyl acetate = 20:1) to yield a yellow solid as the cyclized product 1.1 g, 71% 

yield, 92% ee. 

To a solution of 3a (389 mg, 1 mmol) in CH2Cl2 (10 mL), ozone was bubbled into 

the solution under -78 oC (dry ice - acetone bath). Ozone was stopped after the solution 

turned to light blue, and oxygen was bubbled into the reaction until the blue color 

disappeared. The reaction was allowed to warm to room temperature, and triphenyl 

phosphine (262 mg, 1 mmol) was added into the reaction. The reaction mixture was 

stirred for one hour, then removed the solvent, and the residue was purified by silica 

gel column (Hexane:Ethyl acetate = 4:1), yielding product 4 in 379 mg (90%). 

To a solution of 4 in methanol (10 mL), lead tetraacetate (443 mg, 1 mmol) was 

added under 0 oC. The reaction was complete in one hour then filtered with celite pad 

and washed the pad with ethyl acetate. The organic solvent was removed in vacuum, 

and the residue was purified with silica gel column (Hexane:Ethyl acetate = 2:1). 5 was 

obtained in 272 mg, 87% yield. 

To a solution of 5 in dichloromethane (3 mL), trifluoro acid (0.3 mL) was added 

under 0 oC. The reaction mixture was stirred for 1 hour, then the reaction mixture was 

evaporated to dryness, the residue used directly without further purification.  

To a witting precursor (743 mg, 1.7 mmol) in THF solution, n-butyl lithium (0.85 

mL, 1.7 mmol) was added in dropwise with ice bath. An Aldehyde 5 solution in THF 

was added after 40 mins. Stirring for 3 hours, the reaction was quenched by water and 

extracted by ethyl acetate, brine and dried over sodium sulphate. After remove the 

solvent, the residue was purified by silica gel column (Hexane:Ethyl acetate = 4:1). 6 

was obtained in 150 mg, 70% yield. 
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To a seal tube, intermediate 6 (150 mg, 0.55 mmol) was dissolved in methanol 

solution containing methyl amine (33 % w/w). Heating the solution to 100 oC for 24h, 

the solvent was removed in vacuum, and the residue purified with silica gel column 

(CH2Cl2: MeOH = 95:5). 7 was obtained in 142 mg, 95% yield. 

To a solution of 7 (0.52 mmol) in THF 5 mL, sodium hydride (51.2 mg, 1.28 mmol 

60% in mineral oil) was added under 0 oC. After stirred 30 mins, 1-bromo-3-methylbut-

2-ene (0.52 mmol) was added to the reaction mixture, then warm to room temperature. 

The reaction completed in one hour and was quenched with water. Removing the 

solvent in vacuum, the residue was purified with silica gel column (Hexane:Ethyl 

acetate = 2 :1). 8 was obtained in 156 mg, 88% yield. 

An oven-dried round-bottomed flask containing a stirring bar was charged with 8 

(156 mg, 0.458 mmol), and placed under a protective argon atmosphere. Anhydrous 

THF (10 mL) was added and the mixture was cooled to -15 oC followed by the addition 

of AlH3
.EtMe2N (0.5 M in THF, 5 mL, 2.2 mmol) via syringe. The mixture was stirred 

for 5 min then treated with THF:H2O = 1:1 (50 mL) at the same temperature and stirred 

for 15 min, filtered through celite and concentrated in vaccuo to give a residue that was 

dissolved in EtOAc washed with sat. aq. Na2CO3, dried over MgSO4 and concentrated 

in vaccuo to yield an oily residue. Anhydrous THF (10 mL) was added and the mixture 

was let stir at room temperature for 5 min followed by the addition of AlH3
.EtMe2N 

(0.5 M in THF, 2.5 mL, 1.1 mmol) via syringe. The mixture was stirred for 5 min then 

treated with THF : H2O = 1:1 (25 mL) and stirred for 15 min, filtered through celite and 

concentrated in vaccuo to give a residue that was dissolved in EtOAc washed with sat. 
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aq. Na2CO3 dried over MgSO4 and concentrated in vaccuo to yield an oily residue 

which was purified via column chromatography CH2Cl2:MeOH = 95:5, (+)-

Debromoflustramine B was obtained in 120 mg 85%.4 

 

 

D. Analytical Data and HPLC Chromatograms of the Products 

tert-Butyl (R)-3-benzoyl-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-carboxylate 

3a 

 

According to general [4 + 1] annulation procedure, 3a was obtained in 95% yield (37.0 

mg) as a white solid and 92% ee. [α]
25 

D  = 1.7 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 32.6 min, tR (minor) = 11.8 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.86 (m, 3H), 7.59 (m, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.33 (m, 2H), 

7.19 (m, 1H), 6.59 (m, 1H), 3.48 (dd, J = 16.7, 2.2 Hz, 1H), 3.39 (m, 1H), 3.15 (dd, J 

= 16.7, 1.2 Hz, 1H), 2.95 (m, 1H), 1.69 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 192.6, 

179.2, 149.2, 142.1, 142.0, 138.4, 138.3, 134.4, 132.2, 128.9, 128.4, 128.3, 125.0, 121.8, 

115.0, 84.5, 52.1, 47.0, 45.4, 28.1. HRMS (ESI) m/z calcd for C24H22NO4 [M + Na]+ = 

412.1519, found: 412.1524. 
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tert-Butyl (R)-3-benzoyl-5'-fluoro-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3b 

  

According to general [4 + 1] annulation procedure, 3b was obtained in 94% yield (38.3 

mg) as a white solid and 93% ee. [α]
25 

D  = -3.7 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 
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20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 26.3 min, tR (minor) = 16.5 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.89 – 7.81 (m, 3H), 7.63 – 7.58 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 

7.03 (d, J = 8.3 Hz, 2H), 6.59 (d, J = 2.1 Hz, 1H), 3.44 (ddd, J = 21.1, 17.8, 2.2 Hz, 

2H), 3.14 (dd, J = 16.8, 1.1 Hz, 1H), 2.99 – 2.90 (m, 1H), 1.68 (s, 9H). 13C NMR (126 

MHz, CDCl3) δ 192.4, 178.7, 178.7, 161.4, 161.2, 160.0, 159.3, 154.7, 149.1, 141.9, 

141.8, 138.1, 136.0, 135.9, 134.3, 132.3, 128.9, 128.4, 116.5, 116.4, 115.0, 114.8, 109.4, 

109.2, 84.7, 52.3, 46.9, 45.3, 28.1. HRMS (ESI) m/z calcd for C24H22FNO4 [M + Na]+ 

= 430.1425, found: 430.1431. 
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tert-Butyl (R)-3-benzoyl-5'-chloro-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3c 

  

According to general [4 + 1] annulation procedure, 3c was obtained in 90% yield (38.2 

mg) as a white solid and 91% ee. [α]
25 

D  = 11.8 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 16.8 min, tR (minor) = 13.9 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.95 (d, J = 1.8 Hz, 1H), 7.84 (m, 2H), 7.59 (m, 3.7 Hz, 1H), 7.50 

(t, J = 7.6 Hz, 2H), 7.23 (d, J = 8.0 Hz, 1H), 7.17 (m, 1H), 6.58 (m, 1H), 3.46 (m, 1H), 

3.37 (m, 1H), 3.12 (dd, J = 16.7, 1.0 Hz, 1H), 2.92 (d, J = 18.9 Hz, 1H), 1.69 (s, 9H). 

13C NMR (126 MHz, CDCl3) δ 192.4, 178.6, 148.9, 142.0, 141.7, 139.4, 138.2, 134.1, 

132.7, 132.3, 128.9, 128.4, 125.0, 122.6, 115.8, 85.0, 51.9, 47.0, 45.3, 28.0. HRMS 

(ESI) m/z calcd for C24H22ClNO4 [M + Na]+ = 446.1130, found:446.1143. 
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tert-Butyl (R)-3-benzoyl-5'-bromo-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3d 

 

According to general [4 + 1] annulation procedure, 3d was obtained in 85% yield (39.8 

mg) as a white solid and 90% ee. [α]
25 

D  = 1.7 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 17.0 min, tR (minor) = 15.5 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.85 (d, J = 8.1 Hz, 2H), 7.78 (d, J = 8.7 Hz, 1H), 7.60 (m, 1H), 

7.51 (t, J = 7.6 Hz, 2H), 7.46 (dd, J = 8.7, 2.0 Hz, 1H), 7.41 (d, J = 1.9 Hz, 1H), 6.59 

(s, 1H), 3.47 (dd, J = 16.8, 2.1 Hz, 1H), 3.39 (dd, J = 18.9, 2.1 Hz, 1H), 3.14 (dd, J = 

16.8, 1.0 Hz, 1H), 2.94 (d, J = 18.9 Hz, 1H), 1.67 (s, 9H). 13C NMR (126 MHz, CDCl3) 

δ 192.4, 178.3, 148.9, 141.9, 141.8, 138.1, 137.5, 136.4, 132.4, 131.4, 128.9, 128.4, 

125.0, 117.9, 116.8, 84.9, 52.0, 47.0, 45.4, 28.0. HRMS (ESI) m/z calcd for 

C24H22BrNO4 [M + Na]+ = 490.0624, found:490.0625. 



S11 

 

 

 

 

tert-Butyl (R)-3-benzoyl-5'-methyl-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3e 

 

According to general [4 + 1] annulation procedure, 3e was obtained in 80% yield (32.3 

mg) as a white solid and 92% ee. [α]
25 

D  = -5.1 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 
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20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 30.8 min, tR (minor) = 12.9 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.86 (m, 2H), 7.73 (d, J = 8.3 Hz, 1H), 7.59 (d, J = 7.4 Hz, 1H), 

7.51 (m, 2H), 7.13 (d, J = 8.3 Hz, 1H), 7.10 (s, 1H), 6.60 (m, 1H), 3.45 (m, 1H), 3.38 

(m, 1H), 3.15 (m, 1H), 2.94 (ddd, J = 18.9, 2.5, 1.4 Hz, 1H), 2.36 (s, 3H), 1.68 (s, 9H). 

13C NMR (126 MHz, CDCl3) δ 192.7, 179.5, 149.2, 145.5, 142.2, 142.1, 138.3, 136.0, 

134.8, 134.4, 132.2, 129.0, 128.9, 128.3, 122.4, 114.8, 84.3, 52.1, 47.1, 45.4, 28.1, 21.0. 

HRMS (ESI) m/z calcd for C25H25NO4 [M + Na]+ = 426.1676, found:426.1680. 

  

tert-Butyl (R)-3-benzoyl-5'-methoxy-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3f 
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According to general [4 + 1] annulation procedure, 3f was obtained in 95% yield (40 

mg) as a white solid and 91% ee. [α]
25 

D  = 7.9 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 43.0 min, tR (minor) = 24.9 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.85 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 8.2 Hz, 1H), 7.58 (m, 1H), 

7.50 (t, J = 7.6 Hz, 2H), 6.86 (s, 1H), 6.84 (d, J = 2.3 Hz, 1H), 6.59 (s, 1H), 3.82 (s, 

3H), 3.47 (d, J = 16.8 Hz, 1H), 3.38 (d, J = 18.9 Hz, 1H), 3.15 (d, J = 16.8 Hz, 1H), 

2.94 (d, J = 18.9 Hz, 1H), 1.68 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 192.6, 179.3, 

157.3, 149.2, 142.1, 142.0, 138.3, 135.7, 132.3, 131.8, 128.9, 128.4, 116.0, 112.8, 108.3, 

84.3, 55.7, 52.4, 47.1, 45.4, 28.1. HRMS (ESI) m/z calcd for C25H25NO5 [M + Na]+ = 

442.1625, found:442.1638. 
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tert-Butyl (R)-3-benzoyl-6'-chloro-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3g 

 

According to general [4 + 1] annulation procedure, 3g was obtained in 95% yield (40.3 

mg) as a white solid and 94% ee. [α]
25 

D  = 1.6 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 20.4 min, tR (minor) = 16.5 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.84 (m, 3H), 7.59 (d, J = 7.6 Hz, 1H), 7.51 (t, J = 7.7 Hz, 2H), 

7.31 (dd, J = 8.7, 2.1 Hz, 1H), 7.27 (d, J = 2.1 Hz, 1H), 6.59 (s, 1H), 3.47 (dd, J = 16.8, 

2.1 Hz, 1H), 3.39 (dd, J = 18.9, 2.2 Hz, 1H), 3.14 (d, J = 16.8 Hz, 1H), 2.94 (d, J = 18.8 

Hz, 1H), 1.68 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 192.4, 178.4, 149.0, 141.9, 141.8, 

138.1, 137.0, 136.1, 132.4, 130.4, 128.9, 128.5, 128.4, 122.1, 116.4, 84.9, 52.1, 46.9, 

45.3, 28.0. HRMS (ESI) m/z calcd for C24H22ClNO4 [M + Na]+ = 446.1130, 

found:446.1142. 
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tert-Butyl (R)-3-benzoyl-6'-bromo-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3h 

 

According to general [4 + 1] annulation procedure, 3h was obtained in 85% yield (39.8 

mg) as a white solid and 95% ee. [α]
25 

D  = 1.6 (c 1.0, CHCl3). The ee was determined by 



S16 

 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 23.1 min, tR (minor) = 17.8 min]. 1H NMR 

(500 MHz, CDCl3) δ 8.12 (d, J = 1.7 Hz, 1H), 7.84 (m, 2H), 7.59 (d, J = 7.5 Hz, 1H), 

7.51 (t, J = 7.7 Hz, 2H), 7.34 (dd, J = 8.0, 1.8 Hz, 1H), 7.17 (d, J = 8.0 Hz, 1H), 6.58 

(m, 1H), 3.46 (m, 1H), 3.38 (dd, J = 18.9, 2.3 Hz, 1H), 3.12 (d, J = 16.8 Hz, 1H), 2.92 

(d, J = 18.8 Hz, 1H), 1.69 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 192.5, 178.5, 148.9, 

142.0, 141.7, 139.5, 138.1, 133.3, 132.4, 128.9, 128.4, 128.0, 123.0, 121.9, 118.6, 85.1, 

51.9, 46.9, 45.3, 28.0. HRMS (ESI) m/z calcd for C24H22BrNO4 [M + Na]+ = 490.0624, 

found:490.0619. 
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tert-Butyl (R)-3-benzoyl-7'-chloro-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3i 

 

According to general [4 + 1] annulation procedure, 3i was obtained in 80% yield (34 

mg) as a white solid and 81% ee. [α]
25 

D  = -4.9 (c 1.0, CHCl3). The ee was determined by 

chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 20.3 min, tR (minor) = 14.0 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.85 (d, J = 7.4 Hz, 2H), 7.59 (d, J = 7.4 Hz, 1H), 7.50 (t, J = 7.7 

Hz, 2H), 7.32 (d, J = 8.1 Hz, 1H), 7.22 (d, J = 7.4 Hz, 1H), 7.12 (t, J = 7.9 Hz, 1H), 

6.59 (s, 1H), 3.47 (dd, J = 16.8, 2.1 Hz, 1H), 3.39 (dd, J = 18.9, 2.2 Hz, 1H), 3.16 (d, J 

= 18.1 Hz, 1H), 2.96 (d, J = 18.9 Hz, 1H), 1.68 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 

192.5, 178.9, 148.1, 142.0, 142.0, 141.8, 138.1, 137.6, 137.5, 135.8, 132.4, 130.3, 130.1, 

128.9, 128.4, 127.7, 125.6, 120.3, 118.3, 85.7, 52.6, 46.6, 44.9, 27.7. HRMS (ESI) m/z 

calcd for C24H22ClNO4 [M + Na]+ = 446.1130, found:446.1143. 
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tert-Butyl (R)-3-benzoyl-7'-fluoro-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3j 

 

According to general [4 + 1] annulation procedure, 3j was obtained in 83% yield (33.8 

mg) as a white solid and 76% ee. [α]
25 

D  = 13.6 (c 1.0, CHCl3). The ee was determined 
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by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 31.1 min, tR (minor) = 19.3 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.85 (m, 2H), 7.59 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.16 (m, 1H), 

7.11 (m, 2H), 6.59 (s, 1H), 3.49 (dd, J = 16.8, 2.1 Hz, 1H), 3.41 (dd, J = 18.9, 2.1 Hz, 

1H), 3.17 (dd, J = 16.9, 1.0 Hz, 1H), 2.96 (d, J = 18.9 Hz, 1H), 1.66 (s, 9H). 13C NMR 

(126 MHz, CDCl3) δ 192.5, 178.4, 147.5, 142.0, 141.7, 138.2, 137.6, 132.4, 128.9, 

128.4, 126.1, 126.2, 117.6, 116.8, 116.6, 85.2, 52.6, 46.9, 45.3, 27.7. HRMS (ESI) m/z 

calcd for C24H22FNO4 [M + Na]+ = 430.1425, found:430.1421. 
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tert-Butyl (R)-3-(2-methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3k 

 

According to general [4 + 1] annulation procedure, 3k was obtained in 85% yield (34.3 

mg) as a white solid and 67% ee. [α]
25 

D  = 13.6 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

20/80, 1.0 mL/min, λ = 254 nm, tR (major) = 13.7 min, tR (minor) = 9.2 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.86 (d, J = 8.2 Hz, 1H), 7.44 (d, J = 7.4 Hz, 1H), 7.35 (m, 3H), 

7.27 (t, J = 5.7 Hz, 2H), 7.19 (t, J = 7.5 Hz, 1H), 6.43 (s, 1H), 3.44 (dd, J = 16.8, 2.2 

Hz, 1H), 3.33 (dd, J = 19.1, 2.3 Hz, 1H), 3.11 (dd, J = 16.8, 1.1 Hz, 1H), 2.89 (d, J = 

19.1 Hz, 1H), 2.42 (s, 3H), 1.69 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 195.2, 179.2, 

149.1, 144.3, 143.9, 138.9, 138.4, 136.2, 134.5, 131.0, 130.1, 128.4, 128.0, 128.0, 125.1, 

124.2, 121.7, 115.1, 84.6, 52.3, 46.9, 44.4, 28.1, 19.8. HRMS (ESI) m/z calcd for 

C25H25NO4 [M + Na]+ = 426.1676, found:426.1682. 
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tert-Butyl (R)-3-(3-methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3l 
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According to general [4 + 1] annulation procedure, 3l was obtained in 95% yield (38.3 

mg) as a white solid and 92% ee. [α]
25 

D  = 13.6 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 33.0 min, tR (minor) = 9.4 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.85 (m, 2H), 7.59 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.16 (m, 1H), 

7.11 (m, 2H), 6.59 (s, 1H), 3.49 (dd, J = 16.8, 2.1 Hz, 1H), 3.41 (dd, J = 18.9, 2.1 Hz, 

1H), 3.17 (dd, J = 16.9, 1.0 Hz, 1H), 2.96 (d, J = 18.9 Hz, 1H), 1.66 (s, 9H). 13C NMR 

(126 MHz, CDCl3) δ 192.8, 179.2, 149.2, 142.2, 141.8, 138.4, 138.2, 134.5, 133.0, 

129.3, 128.4, 128.1, 126.2, 125.0, 121.8, 115.0, 84.5, 52.1, 47.0, 45.4, 28.1, 21.3. 

HRMS (ESI) m/z calcd for C25H25NO4 [M + Na]+ = 426.1676, found:426.1672. 
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tert-Butyl (R)-3-(4-methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3m 

  

According to general [4 + 1] annulation procedure, 3m was obtained in 95% yield (38.3 

mg) as a white solid and 93% ee. [α]
25 

D  = - 0.8 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 33.9 min, tR (minor) = 11.3 min]. 1HNMR 

(500 MHz, CDCl3) δ 7.87 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 8.1 Hz, 2H), 7.32 (m, 4H), 

7.20 (m, 1H), 6.57 (m, 1H), 3.46 (m, 1H), 3.38 (dt, J = 4.7, 2.3 Hz, 1H), 3.14 (m, 1H), 

2.94 (m, 1H), 2.46 (s, 3H), 1.69 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 192.3, 179.3, 

149.2, 143.0, 142.1, 141.3, 138.4, 135.6, 134.5, 129.2, 129.0, 128.4, 125.1, 121.8, 115.0, 

84.5, 52.1, 47.0, 45.5, 28.1, 21.6. HRMS (ESI) m/z calcd for C25H25NO4 [M + Na]+ = 

426.1676, found:426.1682. 
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tert-Butyl (R)-3-(cyclohexanecarbonyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-

1'-carboxylate 3n 

  

According to general [4 + 1] annulation procedure, 3n was obtained in 96% yield (38 

mg) as a white solid and 94% ee. [α]
25 

D  = - 0.8 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 
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30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 13.5 min, tR (minor) = 6.9 min]. 1H NMR 

(500 MHz, CDCl3) δ 7.84 (d, J = 8.2 Hz, 1H), 7.31 (m, 1H), 7.21 (m, 1H), 7.15 (m, 

1H), 6.77 (d, J = 2.2 Hz, 1H), 3.30 (m, 2H), 2.93 (m, 3H), 1.86 (d, J = 12.6 Hz, 4H), 

1.74 (dd, J = 22.1, 8.3 Hz, 1H), 1.67 (s, 9H), 1.46 (m, 2H), 1.33 (m, 4H). 13C NMR 

(126 MHz, CDCl3) δ 201.4, 179.3, 149.2, 142.3, 138.5, 138.3, 134.7, 128.3, 125.0, 

121.6, 115.0, 84.5, 52.1, 46.9, 46.7, 44.7, 29.5, 29.3, 28.1, 25.8, 25.7. HRMS (ESI) m/z 

calcd for C24H29NO4 [M + Na]+ = 418.1989, found:418.1993. 
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tert-Butyl (R)-3-(4-fluorobenzoyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3o 

 

According to general [4 + 1] annulation procedure, 3o was obtained in 94% yield (38.3 

mg) as a white solid and 92% ee. [α]
25 

D  = - 0.8 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 39.1 min, tR (minor) = 9.6 min]. 1H NMR 

(400 MHz, CDCl3) δ 7.87 (m, 3H), 7.30 (m, 2H), 7.17 (m, 3H), 6.54 (m, 1H), 3.42 (m, 

1H), 3.36 (dd, J = 18.8, 2.3 Hz, 1H), 3.12 (m, 1H), 2.94 (m, 1H), 1.66 (s, 9H). 13C NMR 

(101 MHz, CDCl3) δ 191.1, 179.2, 166.6, 164.0, 149.1, 141.9, 141.8, 138.5, 134.4, 

134.5, 134.2, 131.6, 131.5, 128.5, 125.1, 121.8, 115.6, 115.4, 115.1, 84.6, 52.1, 47.0, 

45.4, 28.1. HRMS (ESI) m/z calcd for C24H22FNO4 [M + Na]+ = 430.1425, 

found:430.1429. 
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tert-Butyl (R)-3-(4-chlorobenzoyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3p 

 

According to general [4 + 1] annulation procedure, 3p was obtained in 95% yield (40.3 

mg) as a white solid and 91% ee. [α]
25 

D  = - 0.8 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 39.3 min, tR (minor) = 9.9 min]. 1H NMR 

(400 MHz, CDCl3) δ 7.77 (d, J = 8.1 Hz, 1H), 7.71 (m, 2H), 7.39 (m, 2H), 7.24 (m, 

2H), 7.19 (s, 1H), 7.10 (m, 1H), 6.48 (m, 1H), 3.32 (m, 2H), 3.04 (m, 1H), 2.86 (m, 1H), 

1.59 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 191.3, 179.2, 149.1, 142.2, 141.9, 138.7, 

138.5, 136.5, 134.2, 130.4, 128.7, 128.5, 125.1, 121.8, 115.1, 84.6, 52.0, 47.0, 45.3, 

29.7, 28.1. HRMS (ESI) m/z calcd for C24H22ClNO4 [M + Na]+ = 446.1130, 

found:446.1131. 
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tert-Butyl (R)-3-(4-bromobenzoyl)-2'-oxospiro[cyclopentane-1,3'-indolin]-3-ene-1'-

carboxylate 3q 
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According to general [4 + 1] annulation procedure, 3q was obtained in 93% yield (43.6 

mg) as a white solid and 91% ee. [α]
25 

D  = - 0.8 (c 1.0, CHCl3). The ee was determined 

by chiral stationary phase HPLC analysis [Daicel Chiralpak IC, isopropanol/hexane = 

30/70, 1.0 mL/min, λ = 254 nm, tR (major) = 41.2 min, tR (minor) = 10.3 min]. 1H NMR 

(400 MHz, CDCl3) δ 7.77 (d, J = 8.1 Hz, 1H), 7.64 (m, 2H), 7.55 (m, 2H), 7.24 (m, 

2H), 7.19 (s, 1H), 7.10 (m, 1H), 6.48 (m, 1H), 3.32 (m, 2H), 3.04 (m, 1H), 2.86 (m, 1H), 

1.59 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 191.5, 179.2, 149.1, 142.3, 141.9, 138.5, 

136.9, 134.2, 131.7, 130.5, 128.5, 127.3, 125.1, 121.8, 115.1, 84.6, 52.0, 47.0, 45.3, 

28.1. HRMS (ESI) m/z calcd for C24H22BrO4 [M + Na]+ = 490.0624, found:490.0621. 
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tert-Butyl (R)-3-(2,3-dioxo-3-phenylpropyl)-2-oxo-3-(2-oxoethyl)indoline-1-

carboxylate 4 

 

According to the procedure showed above, 4 was obtained in 90% yield. 1H NMR (500 

MHz, CDCl3) δ 9.57 (s, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.76 (m, 2H), 7.58 (dd, J = 10.6, 

4.3 Hz, 1H), 7.40 (m, 2H), 7.29 (m, 2H), 7.11 (m, 1H), 3.94 (d, J = 18.1 Hz, 1H), 3.42 

(d, J = 18.0 Hz, 1H), 3.19 (dd, J = 17.6, 1.3 Hz, 1H), 3.03 (d, J = 17.7 Hz, 1H), 1.67 (s, 

9H). 13C NMR (126 MHz, CDCl3) δ 197.9, 197.2, 189.8, 177.0, 149.0, 140.3, 134.7, 

131.3, 130.3, 129.1, 128.7, 128.6, 124.6, 122.9, 115.6, 84.6, 50.5, 46.7, 44.9, 28.1. 

HRMS (ESI) m/z calcd for C24H23NO6 [M + Na]+ = 444.1418, found:444.1451. 

 

tert-Butyl (R)-3-(2-methoxy-2-oxoethyl)-2-oxo-3-(2-oxoethyl)indoline-1-carboxylate 

5 
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According to the procedure showed above, 5 was obtained in 87% yield. 1H NMR (400 

MHz, CDCl3) δ 9.44 (d, J = 1.1 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.24 (m, 1H), 7.17 

(m, 1H), 7.04 (td, J = 7.5, 1.0 Hz, 1H), 3.43 (s, 3H), 3.14 (dd, J = 17.8, 1.4 Hz, 1H), 

2.95 (m, 1H), 2.88 (m, 2H), 1.58 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 197.4, 176.9, 

169.4, 149.1, 140.2, 128.9, 128.7, 124.4, 122.8, 115.4, 84.4, 51.8, 50.2, 46.8, 41.3, 28.1. 

HRMS (ESI) m/z calcd for C18H21NO6 [M + Na]+ = 370.1216, found:370.1220. 

 

Methyl (R)-2-(3-(3-methylbut-2-en-1-yl)-2-oxoindolin-3-yl)acetate 6 

  

According to the procedure showed above, 6 was obtained in 70% yield. 1H NMR (400 

MHz, CDCl3) δ 8.76 (s, 1H), 7.10 (ddd, J = 12.3, 9.4, 4.3 Hz, 2H), 6.90 (td, J = 7.5, 0.9 

Hz, 1H), 6.82 (d, J = 7.7 Hz, 1H), 4.87 (m, 1H), 3.37 (s, 3H), 2.97 (d, J = 16.3 Hz, 1H), 

2.85 (d, J = 16.3 Hz, 1H), 2.39 (ddd, J = 33.8, 14.0, 7.6 Hz, 2H), 1.53 (s, 3H), 1.42 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 181.7, 170.5, 141.3, 136.3, 131.5, 128.0, 123.1, 

121.9, 116.9, 109.8, 51.5, 50.3, 39.7, 36.3, 29.6, 25.8, 17.9. HRMS (ESI) m/z calcd for 

C16H19NO3 [M + Na]+ = 296.1257, found:296.1260. 

(R)-N-Methyl-2-(3-(3-methylbut-2-en-1-yl)-2-oxoindolin-3-yl)acetamide 7 
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According to the procedure showed above, 7 was obtained in 95% yield. 1H NMR (400 

MHz, CDCl3) δ 8.63 (s, 1H), 7.10 (ddd, J = 8.9, 6.0, 2.2 Hz, 2H), 6.92 (td, J = 7.6, 1.0 

Hz, 1H), 6.79 (d, J = 7.7 Hz, 1H), 6.20 (d, J = 4.3 Hz, 1H), 4.82 (m, 1H), 2.79 (d, J = 

14.9 Hz, 1H), 2.66 (d, J = 14.9 Hz, 1H), 2.56 (d, J = 4.8 Hz, 3H), 2.45 (m, 2H), 1.51 (s, 

3H), 1.41 (d, J = 0.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 182.1, 169.9, 140.9, 136.0, 

132.0, 127.9, 123.4, 122.2, 117.0, 109.9, 51.0, 42.2, 36.0, 26.2, 25.8, 17.9. HRMS (ESI) 

m/z calcd for C16H20N2O2 [M + Na]+ = 295.1417, found:295.1421. 

 

(R)-2-(1,3-Bis(3-methylbut-2-en-1-yl)-2-oxoindolin-3-yl)-N-methylacetamide 8 

  

According to the procedure showed above, 8 was obtained in 88% yield. [α]
25 

D  = 32 (c 

0.25, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.21 (m, 2H), 7.01 (td, J = 7.7, 1.0 Hz, 

1H), 6.76 (d, J = 7.7 Hz, 1H), 6.46 (d, J = 3.9 Hz, 1H), 5.06 (m, 1H), 4.74 (m, 1H), 4.39 

(dd, J = 15.5, 6.4 Hz, 1H), 4.20 (dd, J = 15.5, 6.7 Hz, 1H), 2.93 (s, 1H), 2.86 (d, J = 0.4 

Hz, 1H), 2.73 (dd, J = 43.4, 14.7 Hz, 2H), 2.62 (d, J = 4.8 Hz, 3H), 2.50 (d, J = 7.6 Hz, 

2H), 1.80 (s, 3H), 1.69 (d, J = 1.1 Hz, 3H), 1.52 (d, J = 0.7 Hz, 3H), 1.43 (d, J = 0.7 Hz, 

3H). HRMS (ESI) m/z calcd for C21H28N2O2 [M + Na]+ = 363.2043, found:363.2050. 

HNMR is identical to the literature report.4 
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(3aR,8aS)-1-Methyl-3a,8-bis(3-methylbut-2-en-1-yl)-3,3a,8,8a-tetrahydropyrrolo[2,3-

b] indol-2(1H)-one 9 

  

According to the procedure showed above, the cyclization product was obtained in 94% 

yield. 1H NMR (500 MHz, CD3OD) δ 7.10 (m, 2H), 6.76 (td, J = 7.4, 0.9 Hz, 1H), 6.60 

(d, J = 7.9 Hz, 1H), 5.29 (m, 1H), 5.03 (m, 1H), 4.02 (ddd, J = 55.6, 15.7, 6.8 Hz, 2H), 

2.88 (s, 3H), 2.69 (dt, J = 40.6, 9.0 Hz, 2H), 2.47 (dd, J = 14.4, 8.4 Hz, 1H), 2.39 (dd, 

J = 14.4, 6.6 Hz, 1H), 1.77 (m, 6H), 1.71 (s, 3H), 1.57 (s, 3H). HRMS (ESI) m/z calcd 

for C21H28N2O [M + Na]+ = 347.2094, found:347.2097. HNMR is identical to the 

literature report.4 

(+)-Debromoflustramine B 

  

According to the procedure showed above, the reduction product was obtained in 91% 

yield. [α]
25 

D  = 56 (c 0.25, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 6.97 (m, 1H), 6.90 (dd, 

J = 7.3, 1.0 Hz, 1H), 6.58 (td, J = 7.4, 1.0 Hz, 1H), 6.34 (d, J = 7.8 Hz, 1H), 5.10 (tdd, 

J = 5.7, 2.8, 1.4 Hz, 1H), 4.90 (m, 1H), 4.19 (s, 1H), 3.85 (dd, J = 16.1, 5.7 Hz, 1H), 

3.73 (dd, J = 16.1, 7.2 Hz, 1H), 2.60 (ddd, J = 10.0, 6.7, 3.4 Hz, 1H), 2.49 (td, J = 9.2, 

5.8 Hz, 1H), 2.41 (s, 3H), 2.35 (d, J = 7.1 Hz, 2H), 1.99 (m, 1H), 1.85 (m, 1H), 1.63 
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(m, 6H), 1.58 (d, J = 1.0 Hz, 3H), 1.51 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 151.8, 

135.6, 134.3, 133.7, 127.6, 122.9, 121.5, 120.7, 117.6, 107.5, 91.3, 57.1, 52.8, 46.9, 

39.0, 38.4, 37.8, 26.0, 25.8, 18.2, 18.1. HRMS (ESI) m/z calcd for C21H30N2 [M + Na]+ 

= 333.2301, found:333.2308. HNMR is identical to the literature report.4 
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E. 1H and 13C NMR spectra 

3a 

3a 

1H NMR of 3a’ (500 MHz, CDCl3)  
1H NMR of 3a (500 MHz, CDCl3)  

13C NMR of 3a’ (126 MHz, CDCl3)  13C NMR of 3a (126 MHz, CDCl3)  



S36 

 

3b 

3b 

1H NMR of 3b (500 MHz, CDCl3)  

13C NMR of 3b (126 MHz, CDCl3)  
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3c 

3c 

1H NMR of 3c (500 MHz, CDCl3)  

13C NMR of 3c (126 MHz, CDCl3)  
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3d 

3d 

1H NMR of 3d (500 MHz, CDCl3)  

13C NMR of 3d (126 MHz, CDCl3)  
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3e 

3e 

1H NMR of 3e (500 MHz, CDCl3)  

13C NMR of 3e (126 MHz, CDCl3)  
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3f 

3f 

1H NMR of 3f (500 MHz, CDCl3)  

13C NMR of 3f (126 MHz, CDCl3)  
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3g 

3g 

1H NMR of 3g (500 MHz, CDCl3)  

13C NMR of 3g (126 MHz, CDCl3)  
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3h 

3h 

1H NMR of 3h (500 MHz, CDCl3)  

13C NMR of 3h (126 MHz, CDCl3)  
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3j 

3j 

1H NMR of 3j (500 MHz, CDCl3)  

13C NMR of 3j (126 MHz, CDCl3)  
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3i 

3i 

1H NMR of 3i (500 MHz, CDCl3)  
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3k 

3k 

1H NMR of 3k (500 MHz, CDCl3)  

13C NMR of 3k (126 MHz, CDCl3)  
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3l 

3l 

1H NMR of 3l (500 MHz, CDCl3)  

13C NMR of 3l (126 MHz, CDCl3)  
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3m 

3m 

1H NMR of 3m (500 MHz, CDCl3)  

13C NMR of 3m (126 MHz, CDCl3)  
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3n 

3n 

1H NMR of 3n (500 MHz, CDCl3)  

13C NMR of 3n (126 MHz, CDCl3)  
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3o 

3o 

1H NMR of 3o (500 MHz, CDCl3)  

13C NMR of 3o (126 MHz, CDCl3)  
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3p 

1H NMR of 3p (500 MHz, CDCl3)  

13C NMR of 3p (126 MHz, CDCl3)  
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3q 

3q 

1H NMR of 3q (500 MHz, CDCl3)  

13C NMR of 3q (126 MHz, CDCl3)  
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4 

4 

1H NMR of 4 (400 MHz, CDCl3)  

13C NMR of 4 (101 MHz, CDCl3)  
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5 

5 

1H NMR of 5 (400 MHz, CDCl3)  

13C NMR of 5 (101 MHz, CDCl3)  
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6 

6 

1H NMR of 6 (400 MHz, CDCl3)  

13C NMR of 6 (101 MHz, CDCl3)  
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7 

7 

1H NMR of 7 (400 MHz, CDCl3)  

13C NMR of 7 (101 MHz, CDCl3)  
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8 

9 

1H NMR of 8 (400 MHz, CDCl3)  

1H NMR of 9 (500 MHz, CD3OD)  
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