
 

 

SUPPORTING INFORMATION 

 

Stereoselective Access to Furan-fused [5.5.0] Bicyclic 

Heterocycles enabled by Gold-Catalyzed Asymmetric [8+4] 

Cycloaddition  

 

Xunhua Wang[1], Jianhua Wang*[2], and Xiaoxun Li *[1,3] 

1. Department of Medicinal Chemistry, Key Laboratory of Chemical Biology (Ministry of 

Education), NMPA Key Laboratory for Technology Research and Evaluation of Drug Products, 

School of Pharmaceutical Sciences, Cheeloo College of Medicine, Shandong University, Jinan, 

Shandong, 250012, China  

2. Translational Pharmaceutical Laboratory, Jining First People's Hospital, Shandong First Medical 

University, Jining, 272000, China 

3. Suzhou Research Institute of Shandong University, NO.388 Ruoshui Road, SIP, Suzhou, Jiangsu 

215123, China 

*Correspondence to: J. Wang: jianhua.wang_8710@163.com; X. Li: xli@sdu.edu.cn.  

  

Supplementary Information (SI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2024

mailto:jianhua.wang_8710@163.com
mailto:xli@sdu.edu.cn


 

 

Table of Contents 

1.General information .................................................................................................... 1 

2. Reaction optimizations............................................................................................... 2 

3. Representative procedure and data for the synthesis of 3 or 4 .................................. 6 

4. Large-scale reaction and synthetic transformations ................................................. 40 

5. X-ray crystallography data ....................................................................................... 45 

6. References ................................................................................................................ 54 

7. NMR spectra ............................................................................................................ 55 

8. Copies of HPLC spectra......................................................................................... 123 

 

  



S1 

 

1.General information 

Unless otherwise noted, all the reactions for the preparation of the substrates were 

performed in oven-dried glassware under nitrogen atmosphere with freshly distilled 

solvents. The catalytic reactions were performed under nitrogen atmosphere. The 

solvents were purified by distillation from calcium hydride unless otherwise noted. All 

other commercial reagents were used without further purification unless otherwise 

indicated. 1H NMR and 13C NMR spectra were recorded on Bruker 400 MHz 

spectrometer (ADVNCE III) using chloroform-d (CDCl3) and dimethyl sulphoxide-d6 

(DMSO- d6) as the internal standard. Chemical shifts were reported in parts per million 

(ppm), and the residual solvent peak was used as an internal reference: proton 

(chloroform δ 7.26), carbon (chloroform δ 77.10) or tetramethylsilane (TMS δ 0.00) 

was used as a reference. Data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), coupling 

constants (Hz) and integration. The enantiomeric excesses (e.e.) was determined by 

HPLC analysis on LC-20AD/T LPGE KIT using Daicel CHIRALPAK® column. X-

ray diffraction analyses were carried out on a microcrystalline powder using a Rigaku 

Oxford Diffraction XtaLAB Synergy-S diffractometer using Cu radiation ( = 1.54184 

Å). If not specially mentioned, flash column chromatography was performed using 200-

300 silica gel purchased from Yantai Chemicals (China). High-resolution mass spectra 

(HRMS) were recorded on a Bruker Apex IV FTMS mass spectrometer using ESI 

(electrospray ionization) as ionization method. Optical rotations were recorded on an 

AUTOPOL II digital polarimeter at 589 nm and are recorded as [α]D
T (concentration in 

grams/100 mL solvent). The racemic 1-(1-alkynyl) cyclopropyl ketones [1-3], substituted 

tropones[4] were prepared according to the reported procedures. The chiral gold catalyst 

was prepared according to the reported procedures. 
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2. Reaction optimizations 

General procedure for the reaction optimization 

 

To a dried tube was added Ln(AuCl)2 (3.0 mol%) and catalyst (12.0 mol%) in the glove 

box, and the solvent (0.5 mL) was added. The mixture was stirred at room temperature 

for 10 min. Then the precipitate was removed and the remaining solution was 

transferred into a solution of cyclopropyl ketone 1a (0.1 mmol, 1.0 equiv.) and tropone 

2a (x mmol) with 4 Å molecular sieves 150 mg in solvent (0.5 mL). The reaction was 

then stirred at the corresponding temperature. After the reaction was complete as 

monitored by TLC and HPLC analysis, it was filtered through a short pad of silica gel 

to remove catalyst rapidly. Then the solvent was removed under reduced pressure, and 

the residue was purified by a silica gel column using ethyl acetate/ petroleum ether 

(1/60-1/10) as the eluent to give the aim product 3a and asy-1a. 
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Table 1. Investigation of chiral ligands 

 
Entry ligand yield (3a) ee (3a) yield (1a) ee (1a)  s time 

1 L1 6% 73% 71% 10% 7 24 h 

2 L2 10% 74% 72% 21% 8 24 h 

3 L3 15% 85% 65% 30% 17 12 h 

4 L4 35% 73% 55% 56% 11 12 h 

5 L5 trace -- 81% 2% -- 12 h 

6 L6 36% 76% 46% 59% 13 12 h 

7 L7 28% 83% 61% 38% 16 12 h 

8 L8 31% 85% 38% 51% 20 12 h 

9 L9 37% 71% 40% 53% 10 12 h 
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a Unless otherwise indicated, all reactions were performed with rac-1a (0.1 mmol) and 

2a (0.08 mmol) in the presence of Ln(AuCl)2 (3.0 mol%), AgPF6 (12.0 mol%) in DCM 

(1.0 mL) at 0 oC under nitrogen atmosphere. b Isolated yield of product 3a. c Determined 

by HPLC analysis. d Selectivity (s) values were calculated through the equation s = ln[(1 

− C)(1 − ee1a)]/ln[(1 − C)(1 + ee1a)], where C is the conversion; C = ee1a/(ee1a + ee3a).  

After optimization, L8 was selected for the following reaction optimization. 

Table 2. Investigation of catalyst 

 

Entry catalyst yield (3a)b ee (3a)c yield (1a)b ee (1a)c time s 

1 AgPF6 39% 85% 38% 51% 24 h 20 

2 AgOTf 36% 81% 41% 62% 20 h 18 

3 AgNTf2 41% 71% 40% 95% 12 h 21 

4 AgClO4 26% 78% 49% 65% 20 h 16 

5 NaBArF 40% 81% 38% 96% 12 h 37 

a Unless otherwise indicated, all reactions were performed with rac-1a (0.1 mmol) and 

2a (0.08 mmol) in the presence of L8(AuCl)2 (3.0 mol%), catalyst (12.0 mol%) in DCM 

(1.0 mL) 0 oC under nitrogen atmosphere. b Isolated yield of product 3a. c Determined 

by HPLC analysis. d Selectivity (s) values were calculated through the equation s = ln[(1 

− C)(1 − ee1a)]/ln[(1 − C)(1 + ee1a)], where C is the conversion; C = ee1a/(ee1a + ee3a).  

NaBArF = Sodium tetrakis (3,5-bis(trifluoro methyl)phenyl)borate 

After optimization, NaBArF was selected for the following reaction optimization. 
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Table 3. Investigation of solvents and temperature 

 
Entry temp. solvent yield (3a)b ee (3a)c yield (1a)b ee (1a)c time s 

1 0 oC DCM 40% 81% 38% 96% 12 h 37 

2 0 oC DCE 31% 77% 35% 90% 12 h 23 

3 0 oC CHCl3 29% 80% 52% 75% 12 h 20 

4 0 oC PhF 21% 80% 53% 65% 12 h 18 

5 0 oC PhCl 38% 76% 36% 87% 12 h 20 

6 0 oC PhCF3 48% 65% 31% 99% 12 h 23 

7 -10 oC DCM 41% 83% 43% 94% 24 h 38 

8 -20 oC DCM 40% 89% 42% 89% 24 h 51 

9 -30 oC DCM 19% 91% 65% 38% 48 h 31 

a Unless otherwise indicated, all reactions were performed with rac-1a (0.1 mmol) and 

2a (0.08 mmol) in the presence of L8(AuCl)2 (3.0 mol%), NaBArF (12.0 mol%) in 

solvent (1.0 mL) under nitrogen atmosphere. b Isolated yield of product 3a. c 

Determined by HPLC analysis. d Selectivity (s) values were calculated through the 

equation s = ln[(1 − C)(1 − ee1a)]/ln[(1 − C)(1 + ee1a)], where C is the conversion; C = 

ee1a/(ee1a + ee3a).  

After optimization, -20 oC was selected as the optimal reaction temperature. 
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3. Representative procedure and data for the synthesis of 

compound 3 or compound 4  

 

To a dried flask was added L8AuCl (3.0 mol%) and NaBArF (12 mol%) in the glove 

box, and the solvent (1.0 mL) was added. Then the mixture was stirred at room 

temperature for 10 min. Then the solution was transferred into a solution of cyclopropyl 

ketone 1 (0.2 mmol, 1.0 equiv.) and tropone 2 (0.16 mmol, 0.8 equiv.) with 4 Å 

molecular sieves 300 mg in solvent (1.0 mL) at -20 oC. The reaction was then stirred at 

-20 oC for 12-72 h. After the reaction was monitored by TLC and HPLC analysis. The 

reaction was filtered by silica gel to remove catalyst rapidly. Then the solvent was 

removed under reduced pressure, and the residue was purified by a silica gel column 

using ethyl acetate/ petroleum ether (1/60-1/10) as the eluent to give the aim product, 

either compound 3 or compound 4. 

 

(5R,11R)-3-methyl-1,5-diphenyl-4,5-dihydro-11aH-cyclohepta[b]furo[3,4-

d]oxepine (3a) 

White solid, 29 mg, m.p. = 80-82 ℃; 67 mg, 40% yield; 89% ee; [α]D
20.0=-1.4 (0.1, 

CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 

1.0 mL•min-1, λ = 254 nm, t (major) =5.6 min, t (minor) =7.2 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.24 (s, 3H), 3.01 (dd, J = 15.2, 4.3 Hz, 1H), 3.15 (dd, J = 15.2, 9.5 Hz, 1H), 

3.28 (d, J = 6.0 Hz, 1H), 5.11 (dd, J = 9.5, 4.3 Hz, 1H), 5.30 (dd, J = 9.1, 6.0 Hz, 1H), 

5.74 (d, J = 6.3 Hz, 1H), 6.31 (dd, J = 9.2, 5.5 Hz, 1H), 6.44 (dd, J = 10.9, 6.4 Hz, 1H), 

6.61 (dd, J = 10.9, 5.5 Hz, 1H), 7.23 (d, J = 7.4 Hz, 1H), 7.29-7.37 (m, 7H), 7.41-7.47 

(m, 2H); 13C NMR (100 MHz, CDCl3) δ 11.5, 30.2, 40.1, 82.6, 113.2, 117.8, 120.9, 
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124.1, 125.9, 126.3, 126.8, 127.0, 127.8, 128.1, 128.3, 128.4, 128.7, 131.5, 140.6, 144.7, 

146.4, 147.5; HRMS (ESI) m/z calcd for C26H22O2 [M+H]+: 367.1693, found: 367.1691. 

 

1-((1S,2R)-2-phenyl-1-(phenylethynyl)cyclopropyl)ethan-1-one (1a) 

Yellow oil, 22 mg, 42% yield; 89% ee; [α]D
20.0=72.1 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.2 min, t (minor) =5.7 min]; 1H NMR (400 MHz, CDCl3) δ 1.77 (dd, J = 8.0, 

4.2 Hz, 1H), 2.12 (dd, J = 9.1, 4.3 Hz, 1H), 2.51 (s, 3H), 2.96 (t, J = 8.5 Hz, 1H), 7.04 

(dd, J = 7.6, 2.0 Hz, 2H), 7.14 (d, J = 6.8 Hz, 3H), 7.18-7.23 (m, 3H), 7.24-7.30 (m, 

2H); 13C NMR (100 MHz, CDCl3) δ 26.5, 29.7, 33.4, 39.2, 84.5, 87.4, 123.0, 127.3, 

128.0, 128.1, 128.2, 128.8, 131.4, 136.0, 204.9. 

 

(5R,11R)-3-methyl-5-phenyl-1-(p-tolyl)-4,5-dihydro-11aH-cyclohepta[b]furo 

[3,4-d]oxepine  (3b) 

White solid, m.p. = 98-100 ℃; 32 mg, 42% yield; 92% ee; [α]D
20.0=-5.3 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.1 min, t (minor) =5.7 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.16 (s, 3H), 2.27 (s, 3H), 2.94 (dd, J = 15.2, 4.3 Hz, 1H), 3.07 (dd, J = 15.2, 

9.4 Hz, 1H), 3.17 (d, J = 6.0 Hz, 1H), 5.05 (dd, J = 9.4, 4.2 Hz, 1H), 5.23 (dd, J = 9.1, 

6.1 Hz, 1H), 5.67 (d, J = 6.3 Hz, 1H), 6.23 (dd, J = 9.2, 5.5 Hz, 1H), 6.37 (dd, J = 10.9, 

6.4 Hz, 1H), 6.53 (dd, J = 10.9, 5.5 Hz, 1H), 7.07 (d, J = 7.9 Hz, 2H), 7.23-7.28 (m, 

7H); 13C NMR (100 MHz, CDCl3) δ 11.5, 21.3, 30.4, 40.2, 82.7, 113.0, 117.7, 120.2, 

124.2, 125.8, 126.2, 126.8, 127.8, 128.1, 128.3, 128.6, 128.7, 129.1, 136.8, 140.7, 144.8, 

146.1, 147.7; HRMS (ESI) m/z calcd for C27H24O2 [M+H]+: 381.1849, found: 381.1845. 
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1-((1S,2R)-2-phenyl-1-(p-tolylethynyl)cyclopropyl)ethan-1-one (1b) 

Yellow oil, 22 mg, 40% yield; 94% ee; [α]D
20.0=58.9 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 99/1, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =4.9 min, t (minor) =5.4 min];1H NMR (400 MHz, CDCl3) δ 1.75 (dd, J = 8.0, 

4.2 Hz, 1H), 2.11 (dd, J = 9.1, 4.2 Hz, 1H), 2.32 (s, 3H), 2.50 (s, 3H), 2.95 (t, J = 8.5 

Hz, 1H), 6.93-6.95 (m, 4H), 7.17-7.22 (m, 3H), 7.22-7.29 (m, 2H);13C NMR (100 MHz, 

CDCl3) δ 21.5, 26.5, 29.7, 33.4, 39.2, 84.6, 86.6, 120.0, 127.3, 128.0, 128.8, 129.0, 

131.3, 136.0, 138.2, 205.1. 

 

(5R,11R)-3-methyl-5-phenyl-1-(m-tolyl)-4,5-dihydro-11aH-cyclohepta[b]furo 

[3,4-d]oxepine (3c) 

White solid, m.p. = 80-82 ℃; 31 mg, 40% yield; 88% ee; [α]D
20.0=-2.6 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.9 min, t (minor) =5.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.14 (s, 3H), 2.25 (s, 3H), 2.94 (dd, J = 15.1, 6.0 Hz, 1H), 3.06 (dd, J = 15.1, 

9.4 Hz, 1H), 3.15 (d, J = 6.0 Hz, 1H), 5.04 (dd, J = 9.1, 3.7 Hz, 1H), 5.16-5.22 (m, 1H), 

5.68 (d, J = 6.3 Hz, 1H), 6.23 (dd, J = 8.4, 6.0 Hz, 1H), 6.38 (dd, J = 10.8, 6.4 Hz, 1H), 

6.53 (dd, J = 10.8, 5.4 Hz, 1H), 6.96 (d, J = 5.1 Hz, 1H), 7.09-7.16 (m, 2H), 7.18-7.24 

(m, 6H); 13C NMR (100 MHz, CDCl3) δ 11.5, 21.6, 30.6, 40.2, 82.7, 112.8, 117.8, 120.7, 

123.4, 124.1, 125.7, 126.7, 126.9, 127.6, 127.8, 128.1, 128.3, 128.4, 128.7, 131.3, 137.9, 

140.8, 144.8, 146.3, 147.7; HRMS (ESI) m/z calcd for C27H24O2 [M+H]+:381.1849, 

found: 381.1846. 
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1-((1S,2R)-2-phenyl-1-(m-tolylethynyl)cyclopropyl)ethan-1-one (1c) 

Yellow oil, 24 mg, 43% yield; 97% ee; [α]D
20.0=99.7 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.1 min, t (minor) =5.5 min];1H NMR (400 MHz, CDCl3) δ 1.83 (dd, J = 8.0, 

4.2 Hz, 1H), 2.19 (dd, J = 8.0, 4.2 Hz, 1H), 2.26 (s, 3H), 2.58 (s, 3H), 3.03 (t, J = 8.5 

Hz, 1H), 6.89-6.97 (m, 2H), 7.05 (d, J = 7.7 Hz, 1H), 7.10 (t, J = 7.5 Hz, 1H), 7.26-

7.36 (m, 3H), 7.31-7.37 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 21.2, 26.5, 29.7, 33.4, 

39.2, 84.6, 87.0, 122.8, 127.3, 128.0, 128.1, 128.4, 128.8, 128.9, 132.0, 136.0, 137.9, 

205.0. 

 

(5R,11R)-3-methyl-5-phenyl-1-(o-tolyl)-4,5-dihydro-11aH-cyclohepta[b]furo 

[3,4-d] oxepine (3d) 

White solid, m.p. = 84-86 ℃; 28 mg, 37% yield; 90% ee; [α]D
20.0=-0.8 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/THF = 99/1, v = 1.0 mL•min-1, λ 

= 254 nm, t (major) =6.0 min, t (minor) =5.8 min];1H NMR (400 MHz, CDCl3) δ 1.93 

(s, 3H), 2.23 (s, 3H), 2.86 (dd, J = 14.9, 6.6 Hz, 1H), 2.95 (d, J = 6.0 Hz, 1H), 3.09 (dd, 

J = 14.9, 5.2 Hz, 1H), 5.06-5.18 (m, 2H), 5.76 (d, J = 6.2 Hz, 1H), 6.00 (dd, J = 9.3, 

5.4 Hz, 1H), 6.33 (dd, J = 10.9, 6.1 Hz, 1H), 6.45 (dd, J = 10.9, 5.4 Hz, 1H), 7.10 (d, J 

= 7.6 Hz, 1H), 7.14-7.18 (m, 3H), 7.18-7.25 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 

11.2, 20.5, 29.8, 40.4, 83.2, 113.4, 115.8, 120.9, 123.7, 125.2, 125.4, 126.6, 127.9, 

128.0, 128.1, 128.3, 128.4, 130.3, 130.6, 131.3, 137.9, 140.8, 145.5, 146.5, 147.5; 

HRMS (ESI) m/z calcd for C27H24O2 [M+H]+: 381.1849, found: 381.1849. 
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1-((1S,2R)-2-phenyl-1-(o-tolylethynyl)cyclopropyl)ethan-1-one (1d) 

Yellow oil, 21.3 mg, 39% yield; 95% ee; [α]D
20.0=73.8 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 99/1, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =6.4 min, t (minor) =7.7 min];1H NMR (400 MHz, CDCl3) δ 1.86 (dd, J = 8.0, 

4.2 Hz, 1H), 2.09 (s, 3H), 2.19 (dd, J = 9.1, 4.2 Hz, 1H), 2.61 (s, 3H), 3.07 (t, J = 8.5 

Hz, 1H), 7.03 (t, J = 7.5 Hz, 1H), 7.04-7.16 (m, 3H), 7.24-7.35 (m, 5H); 13C NMR (100 

MHz, CDCl3) δ 20.5, 26.5, 29.8, 33.5, 39.1, 83.4, 91.1, 122.8, 125.5, 127.3, 128.0, 

128.1, 128.9, 129.3, 131.9, 136.0, 140.0, 205.0.  

 

(5R,11aR)-1-(4-ethylphenyl)-3-methyl-5-phenyl-4,5-dihydro-11aH-cyclohepta[b] 

furo[3,4-d]oxepine (3e) 

White solid, m.p. = 100-102 ℃; 28 mg, 36% yield; 91% ee; [α]D
20.0=-0.9 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.4 min, t (minor) =5.7 min];1H NMR (400 MHz, 

CDCl3) δ 1.25 (t, J = 7.5 Hz, 3H), 2.25 (s, 3H), 2.65 (q, J = 7.5 Hz, 2H), 3.02 (dd, J = 

15.1, 4.2 Hz, 1H), 3.16 (dd, J = 15.1, 9.6 Hz, 1H), 3.28 (d, J = 6.1 Hz, 1H), 5.13 (dd, J 

= 9.5, 4.2 Hz, 1H), 5.33 (dd, J = 9.1, 6.0 Hz, 1H), 5.75 (d, J = 6.4 Hz, 1H), 6.33 (dd, J 

= 9.1, 5.6 Hz, 1H), 6.46 (dd, J = 10.9, 6.3 Hz, 1H), 6.62 (dd, J = 10.8, 5.4 Hz, 1H), 7.19 

(d, J = 7.8 Hz, 2H) 7.29-7.45 (m, 7H); 13C NMR (100 MHz, CDCl3) δ 11.5, 15.5, 28.7, 

30.3, 40.1, 82.6, 113.0, 117.7, 120.2, 124.2, 125.8, 126.2, 126.8, 127.7, 127.9, 128.1, 

128.3, 128.7, 128.9, 140.7, 143.1, 144.8, 146.0, 147.7; HRMS (ESI) m/z calcd for 

C28H26O2 [M+H]+: 395.2006, found: 395.2003. 
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1-((1S,2R)-1-((4-ethylphenyl)ethynyl)-2-phenylcyclopropyl)ethan-1-one (1e) 

Yellow oil, 24 mg, 42% yield; 93% ee; [α]D
20.0=63.9 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =4.7 min, t (minor) =5.3 min]; 1H NMR (400 MHz, CDCl3) δ 1.20 (t, J = 7.6 

Hz, 3H), 1.85 (dd, J = 7.9, 4.2 Hz, 1H), 2.20 (dd, J = 9.1, 4.2 Hz, 1H), 2.60 (s, 3H), 

2.61 (q, J = 7.6 Hz, 2H), 3.04 (t, J = 8.5 Hz, 1H), 7.06-7.08 (m, 4H), 7.26-7.38 (m, 5H); 

13C NMR (100 MHz, CDCl3) δ 15.4, 26.5, 28.8, 29.7, 33.4, 39.2, 84.6, 86.6, 120.2, 

127.2, 127.8, 128.0, 128.7, 131.4, 136.0, 144.5, 205.1.  

 

(5R,11R)-3-methyl-5-phenyl-1-(4-propylphenyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d] oxepine (3f) 

White solid, m.p. = 84-86 ℃;  33 mg, 40% yield; 85% ee; [α]D
20.0=-0.5 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.3 min, t (minor) =5.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 0.92 (t, J = 7.3 Hz, 3H), 1.60-1.67 (m, 2H), 2.23 (s, 3H), 2.56 (t, J = 7.6 Hz, 

2H), 2.99 (dd, J = 15.2, 4.2 Hz, 1H), 3.14 (dd, J = 15.2, 9.5 Hz, 1H), 3.26 (d, J = 6.1 

Hz, 1H), 5.11 (dd, J = 9.5, 4.2 Hz, 1H), 5.30 (dd, J = 9.2, 6.0 Hz, 1H), 5.73 (d, J = 6.3 

Hz, 1H), 6.30 (dd, J = 9.2, 5.5 Hz, 1H), 6.44 (dd, J = 10.9, 6.4 Hz, 1H), 6.60 (dd, J = 

10.9, 5.5 Hz, 1H), 7.14 (d, J = 8.2 Hz, 2H), 7.30-7.38 (m, 7H); 13C NMR (100 MHz, 

CDCl3) δ 11.5, 13.9, 24.5, 30.3, 37.9, 40.1, 82.6, 113.0, 117.7, 120.2, 124.2, 125.8, 
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126.1, 126.8, 127.7, 128.1, 128.3, 128.5, 128.7, 128.9, 140.7, 141.6, 144.8, 146.0, 147.7; 

HRMS (ESI) m/z calcd for C29H28O2 [M+H]+: 409.2162, found: 409.2162. 

 

1-((1S,2S)-2-phenyl-1-((4-propylphenyl)ethynyl)cyclopropyl)ethan-1-one (1f) 

Yellow oil, 23 mg, 38% yield; 88% ee; [α]D
20.0=87.1 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =4.6 min, t (minor) =5.2 min]; 1H NMR (400 MHz, CDCl3) δ 0.82 (t, J = 7.3 

Hz, 3H), 1.50 (p, J = 7.5 Hz, 2H), 1.75 (dd, J = 8.0, 4.2 Hz, 1H), 2.11 (dd, J = 9.2, 4.2 

Hz, 1H), 2.44 (d, J = 7.8 Hz, 2H), 2.50 (s, 3H), 2.95 (t, J = 8.5 Hz, 1H), 6.90-6.99 (m, 

4H), 7.14-7.28 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 13.8, 24.4, 26.5, 29.7, 33.4, 

38.0, 39.2, 84.6, 86.6, 120.2, 127.3, 128.0, 128.4, 128.8, 131.3, 136.0, 143.0, 205.1.  

 

(5R,11R)-5-(3-bromophenyl)-3-methyl-1-(naphthalen-1-yl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3g) 

White solid, m.p. = 110-112 ℃; 40 mg, 40% yield; 82% ee; [α]D
20.0=-4.4 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.0 min, t (minor) =5.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.07 (s, 3H), 2.92 (dd, J = 15.0, 6.1 Hz, 1H), 3.09 (d, J = 6.0 Hz, 1H), 3.28 

(dd, J = 15.1, 5.1 Hz, 1H), 5.10 (dd, J = 9.2, 6.1 Hz, 1H), 5.25 (t, J = 5.6 Hz, 1H), 5.87 

(d, J = 6.1 Hz, 1H), 5.97 (dd, J = 9.2, 5.5 Hz, 1H), 6.41 (dd, J = 11.0, 6.1 Hz, 1H), 6.50 

(dd, J = 10.9, 5.4 Hz, 1H), 7.19-7.27 (m, 2H), 7.42-7.46 (m, 3H), 7.46-7.48 (m, 1H), 
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7.48-7.52 (m, 2H), 7.90-7.84 (m, 2H), 7.98-8.09 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 11.4, 29.9, 40.5, 82.3, 113.4, 115.7, 121.9, 122.3, 123.6, 125.0, 125.1, 125.2, 126.1, 

126.4, 126.5, 127.7, 128.2, 128.6, 128.7, 129.0, 129.1, 129.7, 129.9, 131.0, 132.4, 133.8, 

143.1, 144.9, 146.9, 147.4; HRMS (ESI) m/z calcd for C30H23BrO2 [M+H]+: 495.0954, 

found: 495.0955. 

 

1-((1S,2R)-2-(3-bromophenyl)-1-(naphthalen-1-ylethynyl)cyclopropyl)ethan-1-

one (1g) 

Yellow oil, 29 mg, 37% yield; 93% ee; [α]D
20.0=42.4 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.6 min, t (minor) =11.2 min]; 1H NMR (400 MHz, CDCl3) δ 1.85 (dd, J = 

8.0, 4.4 Hz, 1H), 2.16 (dd, J = 9.1, 4.4 Hz, 1H), 2.61 (s, 3H), 3.04 (d, J = 8.4 Hz, 1H), 

7.14 (t, J = 7.8 Hz, 1H), 7.20 (t, J = 8.1 Hz, 1H), 7.28 (t, J = 7.7 Hz, 1H), 7.32-7.41 (m, 

4H), 7.43-7.53 (m, 2H), 7.70 (t, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 26.4, 

29.8, 33.5, 38.1, 83.0, 91.5, 120.4, 122.4, 125.2, 125.8, 126.4, 126.9, 127.9, 128.2, 

128.7, 129.9, 130.5, 130.6, 132.0, 133.1, 133.2, 138.6, 204.5. 

 

(5R,11R)-3-methyl-5-phenyl-1-(thiophen-3-yl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3h) 

White solid, m.p. = 104-106 ℃; 31 mg, 42% yield; 80% ee; [α]D
20.0=-1.9 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.8 min, t (minor) =7.6 min];1H NMR (400 MHz, 

CDCl3) δ 2.17 (s, 3H), 2.91 (dd, J = 15.4, 3.2 Hz, 1H), 2.98 (d, J = 6.4 Hz, 1H), 3.09 
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(dd, J = 15.5, 9.8 Hz, 1H), 5.07 (dd, J = 9.8, 3.1 Hz, 1H), 5.19 (dd, J = 8.9, 6.5 Hz, 1H), 

5.75 (d, J = 6.3 Hz, 1H), 6.27 (dd, J = 9.0, 5.5 Hz, 1H), 6.45 (dd, J = 10.9, 6.3 Hz, 1H), 

6.57 (dd, J = 10.9, 5.5 Hz, 1H), 7.05-7.09 (m, 1H), 7.14-7.18 (m, 1H), 7.17-7.22 (m, 

1H), 7.23-7.26 (m, 1H), 7.26-7.32 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 11.6, 32.3, 

40.6, 83.4, 111.6, 117.8, 119.8, 120.0, 124.1, 125.4, 125.5, 125.9, 126.5, 127.2, 128.1, 

128.4, 129.0, 132.2, 141.1, 144.8, 145.0, 145.6; HRMS (ESI) m/z calcd for C24H20O2S 

[M+H]+: 373.1257, found: 373.1260. 

 

1-((1S,2R)-2-phenyl-1-(thiophen-3-ylethynyl)cyclopropyl)ethan-1-one (1h) 

Yellow oil, 22 mg, 41% yield; 86% ee; [α]D
20.0=25.8 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 99/1, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.7 min, t (minor) =8.6 min]; 1H NMR (400 MHz, CDCl3) δ 1.83 (dd, J = 8.0, 

4.2 Hz, 1H), 2.19 (dd, J = 9.1, 4.2 Hz, 1H), 2.56 (s, 3H), 3.02 (t, J = 8.5 Hz, 1H), 6.81 

(dd, J = 4.9, 1.2 Hz, 1H), 7.13 (dd, J = 3.0, 1.2 Hz, 1H), 7.17 (dd, J = 4.9, 3.0 Hz, 1H), 

7.24-7.31 (m, 3H), 7.31-7.39 (m, 2H);13C NMR (100 MHz, CDCl3) δ 26.5, 29.7, 33.4, 

39.2, 79.5, 86.9, 122.0, 125.2, 127.3, 128.0, 128.3, 128.8, 129.7, 136.0, 204.9.  

(5R,11R)-5-(4-fluorophenyl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3i) 

White solid, m.p. = 86-88 ℃; 30 mg, 39% yield; 85% ee; [α]D
20.0=-1.9 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.3 min, t (minor) =5.3 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.23 (s, 3H), 3.00 (dd, J = 15.1, 4.6 Hz, 1H), 3.09 (dd, J = 15.2, 9.2 Hz, 1H), 

3.29 (d, J = 6.0 Hz, 1H), 5.10 (dd, J = 9.2, 4.6 Hz, 1H), 5.30 (dd, J = 9.2, 5.9 Hz, 1H), 

5.71 (d, J = 6.4 Hz, 1H), 6.30 (dd, J = 9.3, 5.5 Hz, 1H), 6.44 (dd, J = 10.9, 6.4 Hz, 1H), 

6.61 (dd, J = 10.9, 5.5 Hz, 1H), 7.01 (t, J = 8.7 Hz, 2H), 7.20-7.25 (m, 1H), 7.26-7.36 
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(m, 4H), 7.44 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.5, 29.9, 40.0, 81.7, 

113.5, 115.1 (d, J = 21.3 Hz), 117.5, 120.7, 124.1, 126.0, 126.3, 127.1, 128.0, 128.4, 

128.5, 128.6 (d, J = 8.0 Hz), 131.4, 136.4 (d, J = 3.2 Hz), 144.4, 146.5, 147.5, 162.6 (d, 

J = 246.2 Hz); HRMS (ESI) m/z calcd for C26H21FO2 [M+H]+: 384.1526, found: 

384.1521. 

 

1-((1S,2R)-2-(4-fluorophenyl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1i)  

Yellow oil, 21 mg, 37% yield; 95% ee; [α]D
20.0=57.4 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =6.7 min, t (minor) =7.7 min]; 1H NMR (400 MHz, CDCl3) δ 1.78 (dd, J = 7.9, 

4.3 Hz, 1H), 2.18 (dd, J = 9.1, 4.3 Hz, 1H), 2.58 (s, 3H), 3.01 (t, J = 8.5 Hz, 1H), 7.03 

(t, J = 8.7 Hz, 2H), 7.14 (dd, J = 7.6, 2.0 Hz, 2H), 7.21-7.27 (m, 5H); 13C NMR (100 

MHz, CDCl3) δ 26.7, 29.7, 33.2, 38.3, 84.6, 87.2, 114.9 (d, J = 21.5 Hz), 122.9, 128.2, 

128.3, 130.3 (d, J = 8.1 Hz), 131.4, 131.8 (d, J = 3.1 Hz), 162.2 (d, J = 245.7 Hz), 204.8. 

 

(5R,11aR)-5-(4-chlorophenyl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3j) 

White solid, m.p. = 110-112 ℃; 30 mg, 37% yield; 90% ee; [α]D
20.0=-3.1(0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.8 min, t (minor) =5.8 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.15 (s, 3H), 2.93 (dd, J = 15.2, 4.6 Hz, 1H), 3.01 (dd, J = 15.2, 9.0 Hz, 1H), 

3.20 (d, J = 5.9 Hz, 1H), 5.01 (dd, J = 9.2, 4.7 Hz, 1H), 5.22 (dd, J = 9.1, 6.2 Hz, 1H), 

5.65 (d, J = 6.4 Hz, 1H), 6.23 (dd, J = 9.1, 5.7 Hz, 1H), 6.37 (dd, J = 11.0, 6.4 Hz, 1H), 
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6.54 (dd, J = 11.0, 5.5 Hz, 1H), 7.12-7.22 (m, 4H), 7.22-7.30 (m, 3H), 7.36 (d, J = 7.7 

Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.6, 29.9, 40.0, 81.7, 113.4, 117.4, 120.7, 

124.0, 126.0, 126.3, 127.1, 128.1, 128.2, 128.4, 128.5, 131.4, 133.9, 139.0, 144.3, 146.5, 

147.5; HRMS (ESI) m/z calcd for C26H21ClO2 [M+H]+: 401.1303, found: 401.1300. 

 

1-((1S,2R)-2-(4-chlorophenyl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1j) 

Yellow oil, 22 mg, 39% yield; 82% ee; [α]D
20.0=61.6 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 98/2, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.9 min, t (minor) =5.4 min]; 1H NMR (400 MHz, CDCl3) δ 1.72 (dd, J = 7.9, 

4.3 Hz, 1H), 2.12 (dd, J = 9.1, 4.3 Hz, 1H), 2.52 (s, 3H), 2.93 (t, J = 8.5 Hz, 1H), 7.09 

(dd, J = 7.4, 2.2 Hz, 2H), 7.13-7.17 (m, 2H), 7.18-7.22 (m, 3H), 7.23-7.27 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 26.7, 29.7, 33.3, 38.2, 84.8, 87.0, 122.8, 128.2, 128.3, 128.4, 

130.0, 131.4, 133.1, 134.6, 204.7. 

 

(5R,11R)-5-(4-bromophenyl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3k) 

White solid, m.p. = 122-124 ℃; 34 mg, 38% yield; 90% ee; [α]D
20.0=-4.8 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.2 min, t (minor) =9.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.15 (s, 3H), 2.93 (dd, J = 15.2, 4.8 Hz, 1H), 3.01 (dd, J = 15.2, 8.9 Hz, 1H), 

3.20 (d, J = 6.0 Hz, 1H), 5.00 (dd, J = 8.9, 4.7 Hz, 1H), 5.22 (dd, J = 9.1, 6.0 Hz, 1H), 

5.66 (d, J = 6.3 Hz, 1H), 6.23 (dd, J = 9.2, 5.6 Hz, 1H), 6.37 (dd, J = 10.9, 6.3 Hz, 1H), 

6.54 (dd, J = 10.9, 5.5 Hz, 1H), 7.12-7.18 (m, 3H), 7.26 (t, J = 7.7 Hz, 2H), 7.34-7.43 
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(m, 4H); 13C NMR (100 MHz, CDCl3) δ 11.6, 29.9, 40.0, 81.7, 113.4, 117.4, 120.6, 

122.1, 124.0, 126.0, 126.3, 127.1, 128.1, 128.4, 128.5, 128.6, 131.3, 131.4, 139.5, 144.3, 

146.5, 147.5; HRMS (ESI) m/z calcd for C26H21BrO2 [M+H]+: 445.0798, found: 

445.0796. 

 

1-((1S,2R)-2-(4-bromophenyl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1k) 

Yellow oil, 25 mg, 37% yield; 85% ee; [α]D
20.0=107.8 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =6.0 min, t (minor) =5.4 min]; 1H NMR (400 MHz, CDCl3) δ 1.78 (dd, J = 7.9, 

4.3 Hz, 1H), 2.18 (dd, J = 9.1, 4.3 Hz, 1H), 2.58 (s, 3H), 2.98 (t, J = 8.5 Hz, 1H), 7.12-

7.20 (m, 4H), 7.23-7.28 (m, 3H), 7.46 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 26.6, 29.7, 33.2, 38.2, 84.9, 86.9, 121.2, 122.8, 128.3, 128.4, 130.4, 131.1, 131.4, 

135.2, 204.7; HRMS (ESI) m/z calcd. for C19H15BrO [M+H]+: 375.0946, found: 

375.0947. 

 

(5R,11R)-3-methyl-1-phenyl-5-(p-tolyl)-4,5-dihydro-11aH-cyclohepta[b]furo[3,4-

d]oxepine (3l) 

White solid, m.p. = 87-89 ℃; 27 mg, 35% yield; 86% ee; [α]D
20.0=-2.1 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.7 min, t (minor) =9.7 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.26 (s, 3H), 2.34 (s, 3H), 2.96 (dd, J = 15.2, 4.2 Hz, 1H), 3.16 (dd, J = 15.2, 

10.0 Hz, 1H), 3.29 (d, J = 6.0 Hz, 1H), 5.07 (dd, J = 10.0, 4.2 Hz, 1H), 5.30 (dd, J = 

9.2, 6.0 Hz, 1H), 5.71 (d, J = 6.4 Hz, 1H), 6.31 (dd, J = 9.2, 5.5 Hz, 1H), 6.43 (dd, J = 
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10.9, 6.4 Hz, 1H), 6.59 (dd, J = 10.9, 5.5 Hz, 1H), 7.14 (d, J = 7.9 Hz, 2H), 7.21-7.26 

(m, 3H), 7.33 (t, J = 7.6 Hz, 2H), 7.43 (dd, J = 7.5, 2H); 13C NMR (100 MHz, CDCl3) 

δ 11.6, 21.3, 30.0, 40.0, 82.4, 113.2, 118.0, 121.0, 124.1, 126.0, 126.1, 126.8, 126.9, 

127.7, 128.4, 128.7, 128.9, 131.4, 137.6, 137.9, 144.7, 146.4, 147.4; HRMS (ESI) m/z 

calcd for C27H24O2 [M+H]+: 381.1849, found: 381.1850. 

 

1-((1S,2R)-1-(phenylethynyl)-2-(p-tolyl)cyclopropyl)ethan-1-one (1l) 

Yellow oil, 20 mg, 36% yield; 94% ee; [α]D
20.0=59.7 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =4.9 min, t (minor) =5.1 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (dd, J = 8.0, 

4.2 Hz, 1H), 2.19 (dd, J = 9.1, 4.2 Hz, 1H), 2.35 (s, 3H), 2.58 (s, 3H), 2.99 (t, J = 8.5 

Hz, 1H), 7.12-7.19 (m, 5H), 7.21-7.31 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 21.2, 

26.7, 29.7, 33.4, 39.3, 84.4, 87.6, 123.2, 128.0, 128.2, 128.6, 128.7, 131.4, 132.9, 137.0, 

205.0.  

 

(5S,11aR)-5-(4-(tert-butyl)phenyl)-3-methyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3m) 

White solid, m.p. = 80-82 ℃; 31 mg, 36% yield; 86% ee; [α]D
20.0=-2.3 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.9 min, t (minor) =6.2 min]; 1H NMR (400 MHz, 

CDCl3) δ 1.35 (s, 9H), 2.28 (s, 3H), 2.36 (s, 3H), 3.00 (dd, J = 15.2, 4.0 Hz, 1H), 3.19 

(dd, J = 15.2, 9.9 Hz, 1H), 3.27 (d, J = 6.1 Hz, 1H), 5.11 (dd, J = 9.9, 3.9 Hz, 1H), 5.33 
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(dd, J = 9.1, 6.1 Hz, 1H), 5.79 (d, J = 6.3 Hz, 1H), 6.34 (dd, J = 9.2, 5.5 Hz, 1H), 6.48 

(dd, J = 10.9, 6.3 Hz, 1H), 6.63 (dd, J = 10.9, 5.4 Hz, 1H), 7.17 (d, J = 7.9 Hz, 2H), 

7.31 (d, J = 8.4 Hz, 2H), 7.30-7.40 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 

30.6, 31.4, 34.6, 40.2, 82.6, 112.8, 118.0, 120.3, 124.3, 125.2, 125.7, 126.1, 126.5, 

127.5, 128.7, 128.8, 129.1, 136.7, 137.9, 145.0, 145.9, 147.7, 151.0; HRMS (ESI) m/z 

calcd for C31H32O2 [M+H]+: 437.2475, found: 437.2480. 

 

1-((1S,2R)-2-(4-(tert-butyl)phenyl)-1-(p-tolylethynyl)cyclopropyl)ethan-1-one (1m) 

Yellow oil, 24 mg, 37% yield; 83% ee; [α]D
20.0=67.3 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =4.5 min, t (minor) =4.3 min]; 1H NMR (400 MHz, CDCl3) δ 1.26 (s, 9H), 1.76 

(dd, J = 7.9, 4.2 Hz, 1H), 2.11 (dd, J = 9.1, 4.2 Hz, 1H), 2.22 (s, 3H), 2.49 (s, 3H), 2.94 

(t, J = 8.5 Hz, 1H), 6.88 (d, J = 8.2 Hz, 2H), 6.93 (d, J = 8.1 Hz, 2H), 7.11-7.18 (m, 

2H), 7.26-7.33 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 21.5, 26.5, 29.7, 31.5, 33.4, 

34.6, 39.2, 84.3, 87.0, 120.0, 125.0, 128.5, 128.9, 131.3, 133.1, 138.1, 150.2, 205.2. 

 

(5S,11aR)-5-([1,1'-biphenyl]-4-yl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3n) 

White solid, m.p. = 74-76 ℃; 33 mg, 37% yield; 87% ee; [α]D
20.0=-5.5 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.2 min, t (minor) =7.1 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.26 (s, 3H), 3.03 (dd, J = 15.2, 4.3 Hz, 1H), 3.19 (dd, J = 15.2, 9.5 Hz, 1H), 
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3.30 (d, J = 6.0 Hz, 1H), 5.15 (dd, J = 9.6, 4.2 Hz, 1H), 5.32 (dd, J = 9.1, 6.0 Hz, 1H), 

5.78 (d, J = 6.4 Hz, 1H), 6.32 (dd, J = 9.3, 5.6 Hz, 1H), 6.45 (dd, J = 10.9, 6.4 Hz, 1H), 

6.61 (dd, J = 10.9, 5.5 Hz, 1H), 7.19-7.24 (m, 1H), 7.33 (t, J = 7.6 Hz, 3H), 7.38-7.47 

(m, 6H), 7.55-7.60 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 11.6, 30.1, 40.1, 82.3, 113.3, 

117.8, 120.9, 124.1, 125.9, 126.2, 126.9, 127.0, 127.1, 127.3, 127.4, 127.8, 128.4, 128.7, 

128.8, 131.4, 139.6, 140.8, 141.0, 144.6, 146.4, 147.4; HRMS (ESI) m/z calcd for 

C32H26O2 [M+H]+: 443.2006, found: 443.2005. 

 

1-((1S,2R)-2-([1,1'-biphenyl]-4-yl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1n) 

Yellow oil, 27 mg, 39% yield; 92% ee; [α]D
20.0=33.6 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =11.4 min, t (minor) =9.5 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (dd, J = 

7.9, 4.3 Hz, 1H), 2.16 (dd, J = 9.1, 4.3 Hz, 1H), 2.53 (s, 3H), 3.01 (t, J = 8.5 Hz, 1H), 

7.03-7.09 (m, 2H), 7.10-7.18 (m, 3H), 7.25-7.32 (m, 3H), 7.38 (t, J = 7.5 Hz, 2H), 7.48-

7.55 (m, 4H);13C NMR (100 MHz, CDCl3) δ 26.7, 29.7, 33.5, 39.0, 84.6, 87.4, 123.0, 

126.8, 127.1, 127.4, 128.1, 128.3, 128.9, 129.1, 131.4, 135.1, 140.2, 140.9, 204.9.  

 

(5R,11R)-5-(3-fluorophenyl)-3-methyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3o) 

White solid, m.p. = 90-92 ℃; 32 mg, 40% yield; 87% ee; [α]D
20.0=-1.5 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.0 min, t (minor) =9.7 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.16 (s, 3H), 2.34 (s, 3H), 3.07 (dd, J = 6.3, 4.4 Hz, 2H), 3.15 (d, J = 6.2 Hz, 

1H), 5.30 (dd, J = 9.1, 6.3 Hz, 1H), 5.53 (dd, J = 7.6, 4.9 Hz, 1H), 5.82 (d, J = 6.3 Hz, 

1H), 6.30 (dd, J = 9.1, 5.5 Hz, 1H), 6.49 (dd, J = 10.9, 6.2 Hz, 1H), 6.64 (dd, J = 10.8, 
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5.5 Hz, 1H), 7.02-7.11 (m, 2H), 7.14 (d, J = 7.9 Hz, 2H), 7.24-7.30 (m, 1H), 7.31-7.39 

(m, 3H); 13C NMR (100 MHz, CDCl3) δ 11.4, 21.3, 30.1, 40.4, 75.9 (d, J = 3.3 Hz), 

112.5, 115.3 (d, J = 21.9 Hz), 117.4, 119.8, 123.9 (d, J = 3.6 Hz), 124.1, 125.4, 126.4, 

127.7 (d, J = 3.8 Hz), 127.9, 128.1 (d, J = 13.0 Hz), 128.5, 128.7, 129.0, 129.4 (d, J = 

8.3 Hz), 136.8, 144.6, 146.3, 147.8, 159.6 (d, J = 246.3 Hz); HRMS (ESI) m/z calcd 

for C27H23FO2 [M+H]+: 399.1405, found: 399.1403. 

 

1-((1S,2R)-2-(3-fluorophenyl)-1-(p-tolylethynyl)cyclopropyl)ethan-1-one (1o) 

Yellow oil, 22 mg, 38% yield; 96% ee; [α]D
20.0=21.5 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.0 min, t (minor) =6.7 min]; 1H NMR (400 MHz, CDCl3) δ 1.81 (dd, J = 7.9, 

4.3 Hz, 1H), 2.21 (dd, J = 9.0, 4.3 Hz, 1H), 2.29 (s, 3H), 2.59 (s, 3H), 3.05 (t, J = 8.5 

Hz, 1H), 6.95 (d, J = 8.1 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 7.02-7.13 (m, 2H), 7.18 (t, 

J = 7.4 Hz, 1H), 7.24-7.28 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 21.5, 25.0, 29.5, 

32.2, 32.8 (d, J = 4.3 Hz), 83.8, 86.3, 115.1 (d, J = 21.5 Hz), 119.8, 123.5 (d, J = 3.6 

Hz), 123.9 (d, J = 14.2 Hz), 128.9 (d, J = 8.2 Hz), 129.0, 129.3 (d, J = 3.6 Hz), 131.3, 

138.2, 162.7 (d, J = 247.7 Hz), 204.9. 

 

(5R,11R)-5-(3-chlorophenyl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d] oxepine (3p) 
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White solid, m.p. = 80-82 ℃; 27 mg, 34% yield; 92% ee; [α]D
20.0=-2.1 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.3 min, t (minor) =4.8 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.23 (s, 3H), 2.99-3.12 (m, 2H), 3.24 (d, J = 6.1 Hz, 1H), 5.09 (dd, J = 8.6, 

4.8 Hz, 1H), 5.29 (dd, J = 9.1, 6.1 Hz, 1H), 5.78 (d, J = 6.3 Hz, 1H), 6.31 (dd, J = 9.2, 

5.5 Hz, 1H), 6.46 (dd, J = 10.9, 6.3 Hz, 1H), 6.63 (dd, J = 10.9, 5.5 Hz, 1H), 7.20-7.29 

(m, 4H), 7.31-7.36 (m, 3H), 7.42-7.46 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 11.5, 

30.2, 40.1, 81.8, 113.2, 117.3, 120.6, 124.0, 124.8, 125.9, 126.3, 127.0, 127.1, 128.1, 

128.2, 128.4, 128.5, 129.6, 131.3, 134.2, 142.7, 144.3, 146.6, 147.6; HRMS (ESI) m/z 

calcd for C26H21ClO2 [M+H]+: 401.1303, found: 401.1296 . 

 

1-((1S,2R)-2-(3-chlorophenyl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1p) 

Yellow oil, 21 mg, 36% yield; 96% ee; [α]D
20.0=63.4 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =6.7 min, t (minor) =6.4 min]; 1H NMR (400 MHz, CDCl3) δ 1.80 (dd, J = 7.9, 

4.4 Hz, 1H), 2.18 (dd, J = 9.1, 4.4 Hz, 1H), 2.59 (s, 3H), 3.00 (t, J = 8.5 Hz, 1H), 7.14-

7.21 (m, 3H), 7.23-7.29 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 26.6, 29.7, 33.3, 38.2, 

85.0, 86.8, 122.8, 127.2, 127.5, 128.3, 128.4, 128.7, 129.3, 131.4, 133.9, 138.2, 204.6. 

 

(5R,11R)-5-(3-bromophenyl)-3-methyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d] oxepine (3q) 
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White solid, m.p. = 110-112 ℃; 35 mg, 38% yield; 87% ee; [α]D
20.0=-2.4 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.6 min, t (minor) =5.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.13 (s, 3H); 2.26 (s, 3H), 2.97 (dd, J = 6.7, 4.8 Hz, 2H), 3.13 (d, J = 6.1 Hz, 

1H), 5.00 (dd, J = 8.2, 5.0 Hz, 1H), 5.21 (dd, J = 9.1, 6.1 Hz, 1H), 5.70 (d, J = 6.3 Hz, 

1H), 6.22 (dd, J = 9.2, 5.5 Hz, 1H), 6.38 (dd, J = 10.9, 6.3 Hz, 1H), 6.55 (dd, J = 10.9, 

5.5 Hz, 1H), 7.07 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 7.8 Hz, 1H), 7.16-7.21 (m, 1H), 7.25 

(d, J = 8.0 Hz, 2H), 7.31-7.38 (m, 1H), 7.42 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 

11.5, 21.3, 30.4, 40.1, 81.8, 113.0, 117.2, 119.9, 122.4, 124.2, 125.3, 125.7, 126.3, 

128.0, 128.4, 128.6, 129.1, 129.8, 129.9, 131.1, 136.9, 143.0, 144.4, 146.2, 147.8; 

HRMS (ESI) m/z calcd for C27H23BrO2 [M+H]+: 459.0890, found: 459.0894. 

 

1-((1S,2R)-2-(3-bromophenyl)-1-(p-tolylethynyl)cyclopropyl)ethan-1-one (1q) 

Yellow oil, 26 mg, 37% yield; 97% ee; [α]D
20.0=41.1 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.4 min, t (minor) =7.2 min];1H NMR (400 MHz, CDCl3) δ 1.78 (dd, J = 7.9, 

4.4 Hz, 1H), 2.16 (dd, J = 9.1, 4.3 Hz, 1H), 2.31 (s, 3H), 2.58 (s, 3H), 2.97 (t, J = 8.5 

Hz, 1H), 7.05 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.17-7.24 (m, 2H), 7.36-

7.43 (m, 1H), 7.44 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 21.5, 26.6, 29.7, 33.3, 38.0, 

85.2, 85.9, 119.7, 122.1, 127.7, 129.1, 129.5, 130.3, 131.4, 131.6, 138.4, 138.5, 204.8. 

 



S24 

 

(5R,11R)-5-(2-chlorophenyl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3r) 

White solid, m.p. = 98-100 ℃; 29 mg, 36% yield; 86% ee; [α]D
20.0=-1.9 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 99.5/0.5, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.0 min, t (minor) =6.3 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.03 (s, 3H), 2.91 (dd, J = 15.2, 7.3 Hz, 1H), 2.99 (d, J = 6.4 Hz, 1H), 3.06 

(dd, J = 15.2, 6.4 Hz, 1H), 5.22 (t, J = 7.7 Hz, 1H), 5.53 (dd, J = 7.3, 3.6 Hz, 1H), 5.83 

(d, J = 6.2 Hz, 1H), 6.20-6.27 (m, 1H), 6.46 (dd, J = 10.7, 6.6 Hz, 1H), 6.60 (dd, J = 

10.8, 5.7 Hz, 1H), 7.11-7.16 (m, 3H), 7.24 (d, J = 7.1 Hz, 2H), 7.26-7.24 (m, 2H), 7.36-

7.39 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 11.3, 30.3, 40.7, 79.5, 111.8, 117.5, 120.3, 

123.8, 125.1, 126.6, 126.7, 127.0, 127.5, 127.7, 128.3, 128.5, 128.9, 129.3, 131.4, 131.8, 

138.6, 144.6, 146.8, 147.7; HRMS (ESI) m/z calcd for C26H21ClO2 [M+H]+: 401.1213, 

found: 401.1217. 

 

1-((1S,2R)-2-(2-chlorophenyl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1r) 

Yellow oil, 25 mg, 42% yield; 82% ee; [α]D
20.0=52.3 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.0 min, t (minor) =8.1 min]; 1H NMR (400 MHz, CDCl3) δ 1.86 (dd, J = 8.0, 

4.3 Hz, 1H), 2.26 (dd, J = 8.8, 4.3 Hz, 1H), 2.62 (s, 3H), 3.06 (t, J = 8.4 Hz, 1H), 6.94-

7.04 (m, 2H), 7.17-7.23 (m, 4H), 7.24-7.27 (m, 2H), 7.41-7.46 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 25.2, 29.4, 32.1, 37.8, 83.2, 87.0, 122.9, 126.5, 128.0, 128.2, 128.7, 

129.2, 129.4, 131.4, 134.7, 136.8, 204.9. 
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(5R,11R)-5-(2-bromophenyl)-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3s) 

White solid, m.p. = 126-128 ℃; 33 mg, 37% yield; 85% ee; [α]D
20.0=-1.6 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.1 min, t (minor) =5.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.04 (s, 3H), 2.90 (dd, J = 15.3, 7.3 Hz, 1H), 2.98 (d, J = 6.5 Hz, 1H), 3.08 

(dd, J = 15.2, 3.7 Hz, 1H), 5.23 (dd, J = 8.9, 6.5 Hz, 1H), 5.47 (dd, J = 7.3, 3.7 Hz, 1H), 

5.84 (d, J = 6.2 Hz, 1H), 6.24 (dd, J = 9.1, 5.5 Hz, 1H), 6.48 (dd, J = 10.8, 6.2 Hz, 1H), 

6.60 (dd, J = 10.8, 5.5 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 7.14-7.21 (m, 2H), 7.25 (d, J 

= 7.8 Hz, 2H), 7.32 (d, J = 7.0 Hz, 1H), 7.37 (d, J = 7.7 Hz, 2H), 7.48 (d, J = 7.9 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 11.3, 30.5, 40.7, 81.8, 111.7, 117.5, 120.3, 122.0, 

123.8, 125.1, 125.7, 126.6, 127.0, 127.3, 127.7, 128.3, 128.5, 129.2, 131.4, 132.6, 140.2, 

144.6, 146.8, 147.7; HRMS (ESI) m/z calcd for C26H21BrO2 [M+H]+: 445.0798, found: 

445.0796. 

 

1-((1S,2R)-2-(2-bromophenyl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1s) 

Yellow oil, 25 mg, 37% yield; 93% ee; [α]D
20.0=32.9 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.4 min, t (minor) =8.5 min]; 1H NMR (400 MHz, CDCl3) δ 1.79 (dd, J = 8.0, 

4.3 Hz, 1H), 2.18 (dd, J = 8.7, 4.3 Hz, 1H), 2.56 (s, 3H), 2.96 (t, J = 8.4 Hz, 1H), 6.85-

6.96 (m, 2H), 7.06-7.16 (m, 5H), 7.22 (t, J = 7.1 Hz, 1H), 7.55 (d, J = 7.7 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 25.7, 29.5, 32.3, 40.4, 83.3, 87.0, 122.9, 127.1, 127.5, 128.0, 

128.2, 128.9, 129.6, 131.4, 132.4, 136.4, 205.0. 
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(5R,11R)-5-(3-bromo-4-methylphenyl)-3-methyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3t) 

White solid, m.p. = 70-74 ℃; 36 mg, 38% yield; 94% ee; [α]D
20.0=-3.6 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.8 min, t (minor) =6.1 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.26 (s, 3H), 2.36 (s, 3H), 2.40 (s, 3H), 3.00 (dd, J = 15.2, 4.4 Hz, 1H), 3.11 

(dd, J = 15.2, 9.3 Hz, 1H), 3.25 (d, J = 6.0 Hz, 1H), 5.06 (dd, J = 9.3, 4.3 Hz, 1H), 5.31 

(dd, J = 9.1, 6.0 Hz, 1H), 5.77 (d, J = 6.3 Hz, 1H), 6.32 (dd, J = 9.2, 5.5 Hz, 1H), 6.47 

(dd, J = 10.9, 6.3 Hz, 1H), 6.63 (dd, J = 10.8, 5.5 Hz, 1H), 7.14-7.23 (m, 4H), 7.35 (d, 

J = 8.0 Hz, 2H), 7.54 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 22.7, 30.2, 

40.0, 81.5, 113.1, 117.4, 120.0, 124.2, 124.7, 125.6, 125.8, 126.2, 127.9, 128.5, 128.6, 

129.1, 130.6, 130.8, 136.8, 137.6, 140.1, 144.4, 146.1, 147.7; HRMS (ESI) m/z calcd 

for C28H25BrO2 [M+H]+: 473.1111, found: 473.1106 . 

 

1-((1S,2R)-2-(3-bromo-4-methylphenyl)-1-(p-tolylethynyl)cyclopropyl)ethan-1-

one (1t) 

Yellow oil, 27 mg, 37% yield; 91% ee; [α]D
20.0=33.3 (0.1, CH2Cl2); [Daicel Chiralpak 

IJ-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =8.6 min, t (minor) =7.6 min]; 1H NMR (400 MHz, CDCl3) δ 1.67 (dd, J = 7.9, 

4.3 Hz, 1H), 2.08 (dd, J = 9.1, 4.3 Hz, 1H), 2.23 (s, 3H), 2.30 (s, 3H), 2.50 (s, 3H), 2.85 
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(t, J = 8.5 Hz, 1H), 6.98 (d, J = 7.9 Hz, 2H), 7.01-7.07 (m, 3H), 7.09 (d, J = 7.8 Hz, 

1H), 7.39 (d, J = 1.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 21.5, 22.6, 26.7, 29.6, 

33.3, 37.9, 85.1, 86.2, 119.8, 124.4, 127.8, 129.0, 130.2, 131.4, 132.2, 135.6, 136.7, 

138.3, 204.8. 

 

(5R,11R)-5-(4-bromo-2-methylphenyl)-3-methyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3u) 

White solid, m.p. = 78-80 ℃; 33 mg, 35% yield; 83% ee; [α]D
20.0=-3.2 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.0 min, t (minor) =5.2 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.19 (s, 3H), 2.33 (s, 3H), 2.37 (s, 3H), 2.93 (dd, J = 15.2, 3.9 Hz, 1H), 3.09 

(dd, J = 15.2, 8.8 Hz, 1H), 3.15 (d, J = 6.2 Hz, 1H), 5.25-5.31 (m, 2H), 5.69 (d, J = 6.3 

Hz, 1H), 6.30 (dd, J = 9.1, 5.5 Hz, 1H), 6.45 (dd, J = 10.9, 6.3 Hz, 1H), 6.61 (dd, J = 

10.9, 5.5 Hz, 1H), 7.10-7.19 (m, 3H), 7.26 (s, 1H), 7.32 (d, J = 8.0 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 11.5, 19.2, 21.3, 29.4, 40.3, 78.6, 112.2, 117.6, 120.0, 121.7, 124.0, 

125.6, 126.2, 127.5, 127.7, 128.5, 128.6, 128.8, 129.1, 133.1, 136.8, 137.5, 137.6, 144.5, 

146.1, 147.8; HRMS (ESI) m/z calcd for C28H25BrO2 [M+H]+:473.1111, found: 

473.1009. 

 

1-((1S,2R)-2-(4-bromo-2-methylphenyl)-1-(p-tolylethynyl)cyclopropyl)ethan-1-

one (1u) 
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Yellow oil, 24 mg, 36% yield; 90% ee; [α]D
20.0=56.3 (0.1, CH2Cl2); [Daicel Chiralpak 

IJ-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 95/5, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =8.5 min, t (minor) =10.0 min]; 1H NMR (400 MHz, CDCl3) δ 1.85 (dd, J = 

8.0, 4.1 Hz, 1H), 2.16 (dd, J = 8.8, 4.1 Hz, 1H), 2.28 (s, 3H), 2.30 (s, 3H), 2.61 (s, 3H), 

2.89 (t, J = 8.4 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 6.99-7.04 (m, 3H), 7.31 (dd, J = 8.2, 

2.1 Hz, 1H), 7.37 (d, J = 2.0 Hz, 1H);13C NMR (100 MHz, CDCl3) δ 19.5, 21.5, 26.3, 

29.4, 32.0, 37.1, 83.7, 86.0, 119.7, 121.2, 128.7, 129.0, 129.6, 131.3, 132.6, 134.3, 

138.3, 141.1, 205.2. 

 

(5R,11aR)-3-methyl-5-(naphthalen-1-yl)-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (3v) 

White solid, m.p. = 90-92 ℃; 37 mg, 44% yield; 80% ee; [α]D
20.0=-4.8 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.4 min, t (minor) =5.8 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.20 (s, 3H), 3.15 (dd, J = 15.1, 3.6 Hz, 1H), 3.28 (dd, J = 15.1, 5.1 Hz, 1H), 

3.35 (dd, J = 15.1, 9.1 Hz, 1H), 5.33 (dd, J = 9.1, 6.2 Hz, 1H), 5.64 (d, J = 6.3 Hz, 1H), 

5.94 (dd, J = 9.1, 3.5 Hz, 1H), 6.33 (dd, J = 9.1, 5.5 Hz, 1H), 6.42 (dd, J = 10.9, 6.3 Hz, 

1H), 6.60 (dd, J = 10.8, 5.5 Hz, 1H), 7.20-7.25 (m, 1H), 7.34 (t, J = 7.7 Hz, 2H), 7.41-

7.49 (m, 3H), 7.50-7.58 (m, 3H), 7.81 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 7.7 Hz, 1H), 8.13 

(d, J = 8.3 Hz, 1H);13C NMR (100 MHz, CDCl3) δ 11.5, 30.0, 40.5, 78.8, 112.1, 118.3, 

121.0, 123.4, 123.5, 123.9, 125.2, 125.6, 126.2, 126.4, 127.0, 127.5, 128.4, 128.6, 128.7, 

129.0, 130.8, 131.4, 133.8, 135.8, 141.5, 144.6, 146.5, 147.7; HRMS (ESI) m/z calcd 

for C30H24O2 [M+H]+:417.1849, found: 417.1846. 
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1-((1S,2R)-2-(naphthalen-1-yl)-1-(phenylethynyl)cyclopropyl)ethan-1-one (1v) 

Yellow oil, 22 mg, 35% yield; 98% ee; [α]D
20.0=65.7 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =7.1 min, t (minor) =8.0 min]; 1H NMR (400 MHz, CDCl3) δ 2.06 (dd, J = 7.9, 

4.0 Hz, 1H), 2.30 (dd, J = 8.8, 4.0 Hz, 1H), 2.67 (s, 3H), 3.51 (t, J = 8.4 Hz, 1H), 6.62-

6.76 (m, 2H), 6.99-7.07 (m, 2H), 7.10 (dd, J = 6.9, 2.0 Hz, 1H), 7.36 (d, J = 7.1 Hz, 

1H), 7.44 (t, J = 7.6 Hz, 1H), 7.48-7.55 (m, 2H), 7.81 (d, J = 8.2 Hz, 1H), 7.86-7.92 (m, 

1H), 7.94-8.00 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 26.5, 29.8, 32.7, 36.6, 83.4, 

87.3, 122.8, 123.6, 125.1, 125.8, 125.9, 126.3, 127.8, 128.0, 128.2, 128.7, 131.3, 132.8, 

133.4, 133.6, 205.5. 

 

(5R,11aS)-1-(cyclohex-1-en-1-yl)-3-methyl-5-phenyl-4,5-dihydro-11aH-cyclohepta 

[b]furo[3,4-d]oxepine (3w) 

Yellow solid, 25 mg, 34% yield; 35% ee; [α]D
20.0=42.3 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =3.9 min, t (minor) =5.2 min]; 1H NMR (400 MHz, CDCl3) δ 1.56-1.64 (m, 

2H), 1.65-1.70 (m, 2H), 2.09-2.16 (m, 2H), 2.17 (s, 3H), 2.21-2.30 (m, 1H), 2.32-2.40 

(m, 1H), 2.90 (dd, J = 15.1, 4.2 Hz, 1H), 3.09 (dd, J = 15.2, 10.0 Hz, 1H), 3.18 (d, J = 

5.9 Hz, 1H), 5.04 (dd, J = 10.0, 4.2 Hz, 1H), 5.27 (dd, J = 9.2, 5.9 Hz, 1H), 5.69 (d, J 

= 6.4 Hz, 1H), 5.80 (dt, J = 4.0, 2.2 Hz, 1H), 6.21-6.29 (m, 1H), 6.40 (dd, J = 11.0, 6.3 

Hz, 1H), 6.54 (dd, J = 10.9, 5.5 Hz, 1H), 7.28-7.34 (m, 5H); 13C NMR (100 MHz, 

CDCl3) δ 11.4, 22.2, 22.7, 25.5, 26.4, 29.8, 39.9, 82.4, 113.2, 117.1, 119.1, 124.8, 125.4, 

125.8, 126.9, 127.7, 128.1, 128.2, 128.5, 128.6, 140.7, 144.6, 145.1, 149.7; HRMS (ESI) 

m/z calcd for C26H26O2 [M+H]+: 371.2006, found: 371.2009.  
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1-((1S,2R)-1-(cyclohex-1-en-1-ylethynyl)-2-phenylcyclopropyl)ethan-1-one (1w) 

Yellow oil, 19.5 mg, 37% yield; [α]D
20.0  = -55.2 (0.1, CH2Cl2); 53% ee; [Daicel 

Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 

254 nm, t (major) =4.4 min, t (minor) =4.8 min];1H NMR (400 MHz, CDCl3) δ 1.45-

1.57 (m, 4H), 1.71 (dd, J = 7.9, 4.2 Hz, 1H), 1.87 (tq, J = 4.9, 2.1 Hz, 2H), 2.00 (td, J 

= 5.8, 2.9 Hz, 2H), 2.11 (dd, J = 9.1, 4.2 Hz, 1H), 2.51 (s, 3H), 2.94 (dd, J = 9.1, 8.0 

Hz, 1H), 5.81 (tt, J = 4.0, 1.9 Hz, 1H), 7.20-7.27 (m, 3H), 7.28-7.34 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 21.5, 22.3, 25.6, 26.5, 28.9, 29.5, 33.4, 39.0, 84.4, 86.4, 120.5, 

127.1, 127.9, 128.7, 134.1, 136.1, 205.4. 

 

(5R,11aS)-2-methoxy-3-methyl-1,5-diphenyl-2,4,5,11a-tetrahydrocyclohepta 

[2,3]oxepino[4,5-c]pyrrole (3x) 

Yellow solid, m.p. = 92-94 ℃; 24.5 mg, 31% yield; 73% ee; [α]D
20.0=-3.6 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 99/1, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =7.6 min, t (minor) =8.9 min];1H NMR (400 MHz, 

CDCl3) δ 2.18 (s, 3H), 3.02 (dd, J = 15.2, 4.4 Hz, 1H), 3.14-3.21 (m, 2H), 3.56 (s, 3H), 

5.06 (dd, J = 9.7, 4.4 Hz, 1H), 5.30 (dd, J = 9.2, 5.9 Hz, 1H), 5.68 (d, J = 6.3 Hz, 1H), 

6.13-6.20 (m, 1H), 6.35 (dd, J = 10.9, 6.4 Hz, 1H), 6.49 (dd, J = 10.9, 5.4 Hz, 1H), 

7.22-7.28 (m, 2H), 7.30-7.35 (m, 6H), 7.39-7.42 (m, 2H); 13C NMR (100 MHz, CDCl3) 

δ 8.4, 30.4, 40.5, 65.3, 82.7, 111.1, 112.8, 115.6, 120.9, 124.5, 125.0, 125.8, 126.7, 

126.9, 127.7, 127.9, 128.1, 128.2, 128.4, 129.3, 130.7, 141.2, 145.6; HRMS (ESI) m/z 

calcd for C27H25NO2 [M+H]+: 396.1958, found: 396.1955.  
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(E)-1-((1S,2R)-2-phenyl-1-(phenylethynyl)cyclopropyl)ethan-1-one-O-methyl 

oxime (1x) 

Yellow oil, 22 mg, 38% yield; 37% ee; [α]D
20.0=-41.3 (0.1, CH2Cl2); [Daicel Chiralpak 

IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 99.5/0.5, v = 1.0 mL•min-1, λ = 254 

nm, t (major) =4.6 min, t (minor) =4.9 min]; 1H NMR (400 MHz, CDCl3) δ 1.67 (dd, J 

= 7.4, 5.1 Hz, 1H), 2.13 (s, 3H), 2.16 (dd, J = 5.5, 3.3 Hz, 1H), 2.67 (dd, J = 8.9, 7.4 

Hz, 1H), 3.87 (s, 3H), 7.03-7.11 (m, 2H), 7.14-7.22 (m, 3H), 7.22 -7.28 (m, 1H) 7.29-

7.36 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 14.0, 21.0, 26.6, 34.4, 61.7, 82.3, 88.7, 

123.4, 126.7, 127.7, 127.9, 128.1, 128.6, 131.5, 137.3, 156.0. 

 

(5R,11R)-7-chloro-3-methyl-5-phenyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine  (4a) 

White solid, m.p. = 86-88 ℃; 28 mg, 34% yield; 88% ee; [α]D
20.0=-1.1 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.8 min, t (minor) =5.3 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.02 (s, 3H), 2.28 (s, 3H), 2.96 (dd, J = 15.3, 7.0 Hz, 1H), 3.07 (dd, J = 15.2, 

4.7 Hz, 1H), 3.23 (d, J = 6.5 Hz, 1H), 5.33-5.42 (m, 2H), 6.17-6.25 (m, 1H), 6.48 (d, J 

= 11.2 Hz, 1H), 6.56 (ddd, J = 11.3, 5.2, 1.3 Hz, 1H), 7.05-7.08 (m, 2H), 7.23-7.26 (m, 

7H); 13C NMR (100 MHz, CDCl3) δ 11.4, 21.3, 30.8, 39.9, 82.2, 116.8, 117.5, 118.9, 

124.9, 126.5, 126.8, 127.2, 128.1, 128.2, 128.5, 128.8, 129.0, 129.6, 137.1, 139.9, 140.4, 

146.6, 147.9; HRMS (ESI) m/z calcd for C27H23ClO2 [M+H]+: 415.1435, found: 

415.1434 . 
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(5R,11aR)-5-(4-bromophenyl)-7-chloro-3-methyl-1-phenyl-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4b) 

White solid, m.p. = 98-100 ℃; 30 mg, 31% yield; 94% ee; [α]D
20.0=-1.4 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.6 min, t (minor) =4.9 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.09 (s, 3H), 2.97 (dd, J = 15.3, 6.7 Hz, 1H), 3.14 (dd, J = 15.3, 4.8 Hz, 1H), 

3.32 (d, J = 6.5 Hz, 1H), 5.37-5.48 (m, 2H), 6.29 (ddd, J = 9.1, 5.3, 1.3 Hz, 1H), 6.56 

(d, J = 11.2 Hz, 1H), 6.66 (dd, J = 11.2, 5.3 Hz, 1H), 7.16-7.22 (m, 2H), 7.24-7.28 (m, 

1H), 7.35 (t, J = 7.6 Hz, 2H), 7.40-7.48 (m, 4H);13C NMR (100 MHz, CDCl3) δ 11.4, 

30.7, 39.9, 81.3, 116.6, 117.9, 119.4, 122.1, 125.0, 126.9, 127.0, 127.4, 128.2, 128.3, 

129.1, 129.5, 131.2, 131.4, 139.4, 139.5, 147.1, 147.9; HRMS (ESI) m/z calcd for 

C26H20BrClO2 [M+H]+: 479.0408, found: 479.0409. 

 

(5R,11aR)-5-(4-bromo-2-methylphenyl)-7-chloro-3-methyl-1-phenyl-4,5-dihydro-

11aH-cyclohepta[b]furo[3,4-d]oxepine (4c) 

White solid, m.p. = 96-98 ℃; 35 mg, 35% yield; 90% ee; [α]D
20.0=-1.5 (0.1, CH2Cl2); 

[Daicel Chiralpak IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.1 min, t (minor) =4.9 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.01 (s, 3H), 2.27 (s, 3H), 2.33 (s, 3H), 2.89 (dd, J = 15.3, 6.8 Hz, 1H), 2.97 

(dd, J = 15.2, 4.6 Hz, 1H), 3.20 (d, J = 6.5 Hz, 1H), 5.37 (dd, J = 9.0, 6.5 Hz, 1H), 5.50 
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(dd, J = 6.8, 4.6 Hz, 1H), 6.20 (ddd, J = 9.0, 5.3, 1.3 Hz, 1H), 6.46 (d, J = 11.2 Hz, 1H), 

6.55 (dd, J = 11.2, 5.2 Hz, 1H), 7.03-7.10 (m, 3H), 7.19 (dd, J = 8.3, 2.2 Hz, 1H), 7.21-

7.27 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 11.4, 19.2, 21.4, 29.3, 39.9, 78.0, 116.8, 

117.4, 118.9, 121.8, 124.9, 126.8, 127.0, 127.4, 128.4, 128.8, 128.9, 129.1, 129.5, 133.0, 

137.2, 137.3, 137.4, 139.6, 146.6, 148.1; HRMS (ESI) m/z calcd for C28H24BrClO2 

[M+H]+: 507.0561, found: 507.0566 . 

 

(5R,11aR)-7-(4-fluorobenzyl)-3-methyl-5-phenyl-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4d) 

White solid, m.p. = 78-80 ℃; 35 mg, 36% yield; 83% ee, [α]D
20.0=-2.3 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.1 min, t (minor) =6.0 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.16 (s, 3H), 2.25 (s, 3H), 2.83-2.98 (m, 2H), 3.11-3.21 (m, 3H), 5.06 (dd, J 

= 9.8, 3.9 Hz, 1H), 5.41 (dd, J = 8.9, 6.4 Hz, 1H), 6.18-6.31 (m, 2H), 6.46 (dd, J = 11.1, 

5.3 Hz, 1H), 6.64-6.82 (m, 4H), 7.05 (d, J = 7.9 Hz, 2H), 7.18-7.25 (m, 7H); 13C NMR 

(100 MHz, CDCl3) δ 11.6, 21.3, 31.0, 34.8, 40.2, 82.9, 114.8 (d, J = 21.0 Hz), 117.8, 

120.5, 122.4, 125.2, 126.2, 126.6, 126.7, 127.6, 128.3, 128.4, 128.7, 129.1, 130.0 (d, J 

= 7.7 Hz), 132.6, 136.7, 136.8 (d, J = 2.2 Hz), 140.6, 140.8, 146.0, 147.9, 161.2 (d, J = 

243.0 Hz); HRMS (ESI) m/z calcd for C34H29FO2 [M+H]+: 489.2224, found: 489.2229 . 

 

(5R,11aR)-7-(4-bromobenzyl)-3-methyl-5-(m-tolyl)-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4e) 
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White solid, m.p. = 86-88 ℃; 41 mg, 37% yield; 90% ee, [α]D
20.0=-3.3 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.6 min, t (minor) =4.8 min];1H NMR (400 MHz, 

CDCl3) δ 2.27 (s, 3H), 2.30 (s, 3H), 2.33 (s, 3H), 2.93 (dd, J = 15.3, 3.8 Hz, 1H), 3.05 

(d, J = 15.0 Hz, 1H), 3.17-3.27 (m, 3H), 5.08 (dd, J = 10.0, 3.7 Hz, 1H), 5.48 (dd, J = 

8.9, 6.5 Hz, 1H), 6.28-6.37 (m, 2H), 6.55 (dd, J = 11.1, 5.3 Hz, 1H), 6.76 (d, J = 8.3 

Hz, 2H), 7.08-7.13 (m, 4H), 7.15-7.19 (m, 2H), 7.23-7.26 (m, 2H), 7.29-7.33 (m, 2H); 

13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 21.5, 31.4, 35.2, 40.3, 83.0, 117.9, 119.3, 

120.4, 121.6, 123.6, 125.2, 126.1, 126.7, 127.4, 127.5, 128.3, 128.6, 129.0, 129.1, 130.4, 

131.1, 132.7, 136.7, 138.0, 140.3, 140.5, 141.0, 146.0, 147.9; HRMS (ESI) m/z calcd 

for C35H31BrO2 [M+H]+: 562.1608, found: 562.1610. 

 

1-((1S,2R)-2-(m-tolyl)-1-(p-tolylethynyl)cyclopropyl)ethan-1-one (1y) 

1H NMR (400 MHz, CDCl3) δ 1.82 (dd, J = 8.0, 4.2 Hz, 1H), 2.18 (dd, J = 9.1, 4.2 Hz, 

1H), 2.31 (s, 3H), 2.35 (s, 3H), 2.58 (s, 3H), 2.98 (t, J = 8.5 Hz, 1H), 7.03-7.11 (m, 7H), 

7.23 (t, J = 7.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 21.5, 21.6, 26.6, 29.7, 33.4, 

39.3, 84.6, 86.7, 120.0, 125.7, 127.9, 128.0, 129.0, 129.5, 131.3, 135.9, 137.5, 138.1, 

205.2. 

 

(5R,11R)-3-methyl-7-(4-methylbenzyl)-5-(m-tolyl)-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4f) 
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White solid, m.p. = 96-98 ℃; 36 mg, 36% yield; 90% ee; [α]D
20.0=-2.6 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =4.9 min, t (minor) =4.5 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.24 (s, 3H), 2.25 (s, 3H), 2.30 (s, 3H), 2.32 (s, 3H), 2.97 (dd, J = 15.3, 4.2 

Hz, 2H), 3.16-3.23 (m, 1H), 3.24 (d, J = 6.4 Hz, 1H), 3.33 (d, J = 14.7 Hz, 1H), 5.12 

(dd, J = 9.7, 4.0 Hz, 1H), 5.48 (dd, J = 8.9, 6.4 Hz, 1H), 6.30 (ddd, J = 8.8, 5.3, 1.3 Hz, 

1H), 6.38 (d, J = 11.1 Hz, 1H), 6.53 (dd, J = 11.1, 5.3 Hz, 1H), 6.85 (d, J = 7.9 Hz, 2H), 

6.96 (d, J = 7.8 Hz, 2H), 7.07-7.15 (m, 5H), 7.15-7.20 (m, 1H), 7.31 (d, J = 8.2 Hz, 2H); 

13C NMR (100 MHz, CDCl3) δ 11.6, 21.1, 21.3, 21.5, 31.3, 35.1, 40.3, 82.9, 117.9, 

120.6, 122.7, 123.7, 125.1, 126.2, 126.5, 127.3, 127.6, 128.2, 128.6, 128.7, 128.8, 128.9, 

129.1, 132.8, 135.0, 136.7, 137.9, 138.1, 140.5, 140.6, 146.0, 147.8; HRMS (ESI) m/z 

calcd for C36H34O2 [M+H]+: 499.2632, found: 499.2631. 

 

Methyl-4-(((5R,11R)-3-methyl-5-(m-tolyl)-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepin-7-yl)methyl)benzoate (4g) 

White solid, m.p. = 88-90 ℃; 37 mg, 34% yield; 92% ee; [α]D
20.0=-5.2 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =8.0 min, t (minor) =7.0 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.25 (s, 3H), 2.28 (s, 3H), 2.32 (s, 3H), 2.95 (dd, J = 15.4, 3.7 Hz, 1H), 3.16-

3.28 (m, 3H), 3.35 (d, J = 15.2 Hz, 1H), 3.86 (s, 3H), 5.09 (dd, J = 9.9, 3.6 Hz, 1H), 

5.48 (dd, J = 8.9, 6.5 Hz, 1H), 6.29-6.40 (m, 2H), 6.55 (dd, J = 11.0, 5.3 Hz, 1H), 6.95 

(d, J = 8.2 Hz, 2H), 7.06-7.12 (m, 4H), 7.13-7.17 (m, 2H), 7.30 (d, J = 8.2 Hz, 2H), 

7.80 (d, J = 8.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 21.5, 31.5, 35.9, 

40.3, 52.0, 83.1, 117.9, 120.4, 121.3, 123.6, 125.1, 126.1, 126.7, 127.4, 127.5, 127.6, 
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128.3, 128.6, 128.7, 129.0, 129.1, 129.4, 132.6, 136.7, 138.0, 140.6, 141.2, 146.0, 147.0, 

147.9, 167.3; HRMS (ESI) m/z calcd for C37H34O4 [M+H]+: 543.2530, found: 543.2530. 

 

(5R,11R)-3-methyl-5-(m-tolyl)-1-(p-tolyl)-7-(4-(trifluoromethyl)benzyl)-4,5-

dihydro-11aH-cyclohepta[b]furo[3,4-d]oxepine (4h) 

White solid, m.p. = 100-102 ℃; 41 mg, 37% yield; 90% ee; [α]D
20.0=-2.1 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.8 min, t (minor) =4.6 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.28 (s, 3H), 2.29 (s, 3H), 2.34 (s, 3H), 2.95 (dd, J = 15.3, 3.7 Hz, 1H), 3.17-

3.29 (m, 3H), 3.33 (d, J = 15.1 Hz, 1H), 5.10 (dd, J = 10.1, 3.7 Hz, 1H), 5.51 (dd, J = 

8.9, 6.4 Hz, 1H), 6.33-6.42 (m, 2H), 6.58 (dd, J = 11.1, 5.3 Hz, 1H), 6.98 (d, J = 7.9 

Hz, 2H), 7.06-7.13 (m, 3H), 7.13-7.18 (m, 3H), 7.32 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 

8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 21.5, 31.4, 35.7, 40.3, 83.1, 

117.9, 120.4, 121.2, 123.1, 123.6, 124.9 (q, J = 3.7 Hz), 125.2, 126.0, 126.7, 124.9 (q, 

J = 209.5 Hz), 127.4, 127.6, 128.3, 128.6, 128.8, 129.0, 129.1, 132.7, 136.8, 138.0, 

140.5, 141.3, 145.5, 146.0, 147.9; HRMS (ESI) m/z calcd for C36H31F3O2 [M+H]+: 

553.2349, found: 553.2347. 

 

(5R,11R)-3-methyl-7-(4-nitrobenzyl)-5-(m-tolyl)-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4i) 
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White solid, m.p. = 98-100 ℃; 34 mg, 32% yield; 95% ee; [α]D
20.0=-4.1 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =10.9 min, t (minor) =7.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.28 (s, 3H), 2.29 (s, 3H), 2.34 (s, 3H), 2.94 (dd, J = 15.4, 3.5 Hz, 1H), 3.20-

3.29 (m, 2H), 3.32 (s, 2H), 5.09 (dd, J = 10.2, 3.5 Hz, 1H), 5.51 (dd, J = 8.9, 6.5 Hz, 

1H), 6.31-6.43 (m, 2H), 6.60 (dd, J = 11.0, 5.4 Hz, 1H), 6.94-7.00 (m, 2H), 7.07-7.20 

(m, 6H), 7.30 (d, J = 8.2 Hz, 2H), 7.96 (d, J = 8.7 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 11.7, 21.3, 21.5, 31.5, 36.1, 40.3, 83.2, 117.9, 120.2, 120.4, 123.3, 123.5, 125.2, 126.0, 

126.9, 127.4, 127.8, 128.4, 128.5, 129.0, 129.1, 129.2, 132.4, 136.8, 138.1, 140.5, 141.7, 

146.0, 146.1, 148.0, 149.5; HRMS (ESI) m/z calcd for C35H31NO4 [M+H]+: 530.2326, 

found: 530.2326. 

 

(5R,11aR)-7-(3-chlorobenzyl)-3-methyl-5-(m-tolyl)-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4j) 

White solid, m.p. = 82-84 ℃; 39 mg, 38% yield; 90% ee; [α]D
20.0=-1.4 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.6 min, t (minor) =4.8 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.27 (s, 3H), 2.31 (s, 3H), 2.34 (s, 3H), 2.96 (dd, J = 15.4, 3.8 Hz, 1H), 3.07 

(d, J = 15.0 Hz, 1H), 3.20-3.23 (m, 3H), 5.10 (dd, J = 10.1, 3.7 Hz, 1H), 5.50 (dd, J = 

8.9, 6.4 Hz, 1H), 6.31-6.36 (m, 1H), 6.37 (d, J = 11.0 Hz, 1H), 6.57 (dd, J = 11.1, 5.3 

Hz, 1H), 6.80 (td, J = 4.6, 1.6 Hz, 1H), 6.85-6.89 (m, 1H), 7.04- 7.09 (m, 2H), 7.11-

7.16 (m, 5H), 7.19-7.27 (m, 2H), 7.30-7.35 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

11.6, 21.3, 21.5, 31.4, 35.4, 40.3, 83.1, 117.9, 120.5, 121.4, 123.6, 125.2, 125.8, 126.1, 

126.7, 126.8, 127.4, 127.5, 128.3, 128.6, 128.7, 129.0, 129.1, 129.3, 132.6, 133.8, 136.7, 

138.0, 140.5, 141.1, 143.4, 146.0, 147.9; HRMS (ESI) m/z calcd for C35H31ClO2 

[M+H]+: 519.1865, found: 519.1861. 
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(5R,11R)-7-(2-fluorobenzyl)-3-methyl-5-(m-tolyl)-1-(p-tolyl)-4,5-dihydro-11aH-

cyclohepta[b]furo[3,4-d]oxepine (4k) 

White solid, m.p. = 80-82 ℃; 35 mg, 35% yield; 92% ee; [α]D
20.0=-2.6 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.7 min, t (minor) =6.3 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.16 (s, 3H), 2.21 (s, 3H), 2.24 (s, 3H), 2.90 (dd, J = 15.3, 3.8 Hz, 1H), 3.05-

3.16 (m, 3H), 3.28 (d, J = 15.3 Hz, 1H), 5.06 (dd, J = 9.6, 3.7 Hz, 1H), 5.41 (dd, J = 

8.9, 6.5 Hz, 1H), 6.21-6.25 (m, 1H), 6.32 (d, J = 11.1 Hz, 1H), 6.48 (dd, J = 11.1, 5.3 

Hz, 1H), 6.70-6.77 (m, 1H), 6.78-6.85 (m, 2H), 6.95-7.01 (m, 2H), 7.02-7.10 (m, 5H), 

7.23 (d, J = 8.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 21.5, 28.2 (d, J = 

3.6 Hz), 31.5, 40.4, 82.9, 114.8 (d, J = 22.3 Hz), 117.9, 120.5, 120.8, 123.5, 123.8 (d, 

J = 3.6 Hz), 125.1, 126.2, 126.6, 127.2 (d, J = 7.9 Hz), 127.3, 127.4, 128.0 (d, J = 15.7 

Hz), 128.2, 128.7, 128.8, 129.1, 130.8 (d, J = 4.8 Hz), 132.6, 136.7, 137.9, 140.6, 141.2, 

146.0, 147.8, 160.9 (d, J = 244.6 Hz); HRMS (ESI) m/z calcd for C35H31FO2 [M+H]+: 

503.2381, found: 503.2377. 

 

(5R,11R)-7-(4-bromo-3-chlorobenzyl)-3-methyl-5-(m-tolyl)-1-(p-tolyl)-4,5-

dihydro-11aH-cyclohepta[b]furo[3,4-d]oxepine (4l) 

White solid, m.p. = 90-92 ℃; 45 mg, 38% yield; 89% ee; [α]D
20.0=-3.2 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =7.0 min, t (minor) =5.2 min]; 1H NMR (400 MHz, 
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CDCl3) δ 2.20 (s, 3H), 2.23 (s, 3H), 2.26 (s, 3H), 2.85 (dd, J = 15.4, 3.6 Hz, 1H), 2.99 

-3.21(m, 4H), 5.00 (dd, J = 10.2, 3.6 Hz, 1H), 5.42 (dd, J = 8.9, 6.5 Hz, 1H), 6.22-6.33 

(m, 2H), 6.55 (dd, J = 8.2, 2.1 Hz, 1H), 6.50 (dd, J = 11.1, 5.3 Hz, 1H), 6.84 (d, J = 2.1 

Hz, 1H), 7.00-7.12 (m, 6H), 7.19-7.27 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 11.7, 

21.3, 21.6, 31.4, 35.1, 40.3, 83.2, 117.9, 119.1, 120.3, 120.8, 123.6, 125.2, 126.0, 126.8, 

127.4, 127.7, 128.3, 128.4, 128.6, 129.0, 129.1, 130.4, 132.5, 133.1, 133.7, 136.8, 138.1, 

140.4, 141.4, 142.5, 146.0, 147.9; HRMS (ESI) m/z calcd for C35H30BrClO2 [M+H]+: 

597.1035, found: 597.1039. 

 

(5R,11R)-3-methyl-7-(naphthalen-1-ylmethyl)-5-phenyl-1-(p-tolyl)-4,5-dihydro-

11aH-cyclohepta[b]furo[3,4-d]oxepine (4m) 

White solid, m.p. = 110-112 ℃; 32 mg, 31% yield; 89% ee, [α]D
20.0=-4.5 (0.1, CH2Cl2); 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =6.8 min, t (minor) =6.2 min]; 1H NMR (400 MHz, 

CDCl3) δ 2.24 (s, 3H), 2.30 (s, 3H), 3.01 (dd, J = 15.2, 4.3 Hz, 1H), 3.19-3.37 (m, 3H), 

3.84 (d, J = 15.7 Hz, 1H), 5.19 (dd, J = 9.7, 4.2 Hz, 1H), 5.50 (dd, J = 9.0, 6.2 Hz, 1H), 

6.25-6.34 (m, 2H), 6.46 (dd, J = 11.1, 5.3 Hz, 1H), 7.01 (d, J = 6.8 Hz, 1H), 7.11 (d, J 

= 7.9 Hz, 2H), 7.20 (dd, J = 5.2, 1.9 Hz, 3H), 7.26-7.34 (m, 5H), 7.35-7.42 (m, 2H), 

7.63 (d, J = 8.2 Hz, 1H), 7.76 (dd, J = 7.8, 1.8 Hz, 1H), 7.80-7.86 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 11.6, 21.3, 30.5, 32.7, 40.2, 82.7, 117.8, 120.7, 122.3, 124.2, 125.3, 

125.4, 125.5, 125.7, 126.3, 126.4, 126.6, 126.8, 127.5, 128.2, 128.3, 128.5, 128.7, 129.1, 

132.4, 132.5, 133.7, 136.7, 136.8, 140.2, 140.4, 146.1, 147.8; HRMS (ESI) m/z calcd 

for C38H32O2 [M+H]+: 521.2475, found: 521.2476.  
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4. Large-scale reaction and synthetic transformations  

 

To a dried flask was added L8AuCl (2.0 mol%) and NaBArF (8.0 mol%) in the glove 

box, and the DCM (25 mL) was added. Then the mixture was stirred at room 

temperature for 10 min. Then the solution was transferred into a solution of cyclopropyl 

ketone 1 (5.0 mmol, 1.0 equiv.) and tropone 2 (4.0 mmol, 0.8 equiv.) with 4 Å molecular 

sieves 8 g in DCM (25 mL) at -20 oC. The reaction was then stirred at -20 oC for 30 h. 

After the reaction was monitored by TLC and HPLC analysis. The reaction was filtered 

by silica gel to remove catalyst rapidly. Then the solvent was removed under reduced 

pressure, and the residue was purified by a silica gel column using ethyl acetate/ 

petroleum ether (1/80-1/30) as the eluent to give the target product 3b as white solid 

(0.76 g, 40% yield, 92% ee) and chiral 1b as yellow oil  (0.56 g, 41% yield, 94% ee). 

[Daicel Chiralpak IB-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.1 min, t (minor) =5.7 min]; [Daicel Chiralpak IB-

3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.0 min, t (minor) =5.7 min]. 

Synthetic transformations of products  

 

The cycloadduct 3 (0.1 mmol) was added DCM (2.0 mL) and p-toluenesulfonic acid 

(0.2 mmol, 2.0 equiv.). The mixture was stirred at room temperature for 1 h. After the 
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reaction was monitored by TLC analysis, the reaction was filtered to afford  the filtrate. 

The solvent was removed under reduced pressure. The residue was purified by a silica 

gel column with ethyl acetate/ petroleum ether (1/60-1/10)  to give the desired product 

5. 

 

(R)-1-(4-ethylphenyl)-3-methyl-5-phenyl-4,5-dihydro-8H-cyclohepta[b]furo[3,4-

d]oxepine (5a) 

Yellow oil; 26 mg, 65% yield; 88% ee, [α]D
20.0=-2.7 (0.1, CH2Cl2); [Daicel Chiralpak 

IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.5 min, t (minor) =6.0 min];1H NMR (400 MHz, CDCl3) δ 1.26 (t, J = 7.6 

Hz, 3H), 2.13 (s, 3H), 2.53 (dd, J = 13.1, 6.7 Hz, 1H), 2.66 (q, J = 7.7 Hz, 2H), 2.75 

(dd, J = 13.1, 7.2 Hz, 1H), 2.89-2.98 (m, 2H), 5.32 (dd, J = 6.5, 4.0 Hz, 1H), 5.57 (dt, 

J = 8.3, 6.8 Hz, 1H), 6.22-6.31 (m, 2H), 6.40-6.45 (m, 1H), 7.18 (d, J = 8.0 Hz, 2H), 

7.30-7.33 (m, 1H), 7.32-7.39 (m, 4H), 7.43 (d, J = 8.2 Hz, 2H);13C NMR (100 MHz, 

CDCl3) δ 11.4, 15.5, 28.8, 32.6, 34.9, 84.9, 111.7, 117.6, 119.7, 121.3, 126.2, 126.8, 

127.3, 127.4, 127.5, 128.0, 128.5, 129.4, 132.2, 141.9, 143.1, 145.5, 145.7, 145.9; 

HRMS (ESI) m/z calcd for C28H26O2 [M+H]+: 395.2006, found: 395.2001.  

 

(R)-3-methyl-5-phenyl-1-(m-tolyl)-4,5-dihydro-8H-cyclohepta[b]furo[3,4-

d]oxepine (5b) 

Yellow oil; 27 mg, 71% yield; 84% ee, [α]D
20.0=-2.2 (0.1, CH2Cl2); [Daicel Chiralpak 

IC-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.3 min, t (minor) =4.1 min];  1H NMR (400 MHz, CDCl3) δ2.13 (s, 3H), 2.35 

(s, 3H), 2.53 (dd, J = 13.1, 6.8 Hz, 1H), 2.75 (dd, J = 13.1, 7.2 Hz, 1H), 2.90-3.01 (m, 

2H), 5.33 (dd, J = 6.4, 4.0 Hz, 1H), 5.54-5.62 (m, 1H), 6.23-6.30 (m, 2H), 6.35-6.43 
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(m, 1H), 7.06 (d, J = 7.5 Hz, 1H), 7.20-7.28 (m, 1H), 7.27-7.34 (m, 3H), 7.32-7.37 (m, 

4H); 13C NMR (100 MHz, CDCl3) δ 11.4, 21.6, 32.6, 34.8, 84.9, 111.6, 117.8, 120.3, 

121.5, 124.4, 126.2, 126.9, 127.4, 127.8, 127.9, 128.0, 128.1, 128.5, 131.7, 132.3, 137.5, 

141.9, 145.7, 146.0, 146.1; HRMS (ESI) m/z calcd for C27H24O2 [M+H]+:381.1849, 

found: 381.1846. 

 

(R)-5-([1,1'-biphenyl]-4-yl)-3-methyl-1-phenyl-4,5-dihydro-8H-

cyclohepta[b]furo[3,4-d]oxepine (5c) 

Yellow oil; 29 mg, 66% yield; 82% ee, [α]D
20.0=-5.0 (0.1, CH2Cl2); [Daicel Chiralpak 

IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =6.0 min, t (minor) =7.7 min]; 1H NMR (400 MHz, CDCl3) δ 2.09 (s, 3H), 2.47 

(dd, J = 13.1, 6.8 Hz, 1H), 2.70 (dd, J = 13.1, 7.2 Hz, 1H), 2.89-2.93 (m, 2H), 5.30 (dd, 

J = 6.2, 4.2 Hz, 1H), 5.48-5.55 (m, 1H), 6.16-6.26 (m, 2H), 6.29-6.39 (m, 1H), 7.14-

7.22 (m, 2H), 7.26-7.29 (m, 2H), 7.34-7.40 (m, 4H), 7.43-7.47 (m, 2H), 7.50-7.54 (m, 

4H); 13C NMR (100 MHz, CDCl3) δ 11.5, 32.5, 34.9, 84.7, 111.6, 117.8, 120.4, 121.4, 

123.7, 126.6, 126.9, 127.0, 127.1, 127.2, 127.4, 127.5, 128.0, 128.9, 131.9, 132.1, 140.8, 

140.9, 141.0, 145.7, 145.9, 146.0; HRMS (ESI) m/z calcd for C32H26O2 [M+H]+: 

443.2006, found: 443.2007. 

 

(R)-5-(2-bromophenyl)-3-methyl-1-phenyl-4,5-dihydro-8H-

cyclohepta[b]furo[3,4-d]oxepine (5d) 

Yellow oil; 27 mg, 61% yield; 80% ee, [α]D
20.0=-2.2 (0.1, CH2Cl2); [Daicel Chiralpak 

IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 mL•min-1, λ = 254 nm, t 

(major) =5.3 min, t (minor) =5.9 min]; 1H NMR (400 MHz, CDCl3) δ 2.00 (s, 3H), 2.54 

(dd, J = 13.2, 6.9 Hz, 1H), 2.70-2.77 (m, 2H), 2.94 (dd, J = 15.2, 3.7 Hz, 1H), 5.52-
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5.59 (m, 1H), 5.60 (dd, J = 5.4, 3.6 Hz, 1H), 6.18-6.27 (m, 2H), 6.32 (d, J = 11.0 Hz, 

1H), 7.07 (td, J = 7.6, 1.4 Hz, 1H), 7.14-7.24 (m, 3H), 7.25-7.28 (m, 1H), 7.40 (dd, J = 

7.9, 1.7 Hz, 1H), 7.42-7.50 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 11.2, 31.4, 34.6, 

83.2, 111.7, 117.5, 120.4, 121.3, 121.5, 127.0, 127.2, 127.3, 127.4, 127.5, 127.6, 128.0, 

129.1, 131.8, 132.1, 132.7, 140.8, 145.6, 145.7, 146.2; HRMS (ESI) m/z calcd for 

C26H21BrO2 [M+H]+: 445.0668, found: 445.0665. 

 

To a stirred solution of 3b (0.1 mmol) in methanol (2.0 mL), Pd/C (10%, 30 mg) was 

added and the reaction mixture was stirred at room temperature for 48 h under H2 

atmosphere. Subsequently, it was filtered to remove Pd/C and the solvent was 

evaporated in vacuo. The residue was purified by silica gel column with hexanes/ethyl 

acetate (30:1, v/v) to to afford 6 as white solid (32 mg, 82% yield). 

 

(5R,6aR,11aR)-3-methyl-5-phenyl-1-(p-tolyl)-4,5,6a,8,9,10,11,11a-octahydro-7H-

cyclohepta[b]furo[3,4-d]oxepine (6) 

White solid, m.p. = 110-112 ℃; 32 mg, 82% yield; 91% ee; [α]D
20.0=-1.1 (0.1, CH2Cl2); 

[Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 97/3, v = 1.0 

mL•min-1, λ = 254 nm, t (major) =5.5 min, t (minor) =6.4 min]; 1H NMR (400 MHz, 

CDCl3) δ 1.27-1.40 (m, 1H), 1.51-1.60 (m, 2H), 1.62-1.75 (m, 2H), 1.75-1.90 (m, 3H), 

1.97-2.07 (m, 1H), 2.24 (s, 3H), 2.38 (s, 3H), 2.36-2.41 (m, 1H), 2.75 (d, J = 15.2, 1H), 
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2.84-2.94 (m, 1H), 3.03 (dd, J = 11.3, 3.2 Hz, 1H), 3.99 (dd, J = 5.2, 2.7 Hz, 1H), 4.51 

(d, J = 10.5 Hz, 1H), 7.21-7.25 (m, 2H), 7.29 (d, J = 7.2 Hz, 1H), 7.34-7.43 (m, 4H), 

7.47 (d, J = 7.1 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.6, 21.3, 23.0, 26.9, 27.5, 

30.2, 35.9, 37.0, 42.7, 83.4, 84.0, 119.3, 125.7, 126.1, 127.1, 127.6, 128.3, 129.1, 129.3, 

136.5, 144.7, 145.0, 146.2; HRMS (ESI) m/z calcd for C27H30O2 [M+H]+: 387.2322, 

found: 387.2320.  

 

TBAF (0.4 mL, 1 mol/L in THF) was slowly added dropwise to a stirred solution of 4 

Å MS (60 mg), chiral product (0.1 mmol) and the triflate (0.5 mmol) in dry THF (1.0 

mL) at 0 oC under nitrogen. Then the mixture was stirred at room temperature for 2 h, 

the solution was quenched with saturated ammonium chloride and extracted with ethyl 

acetate. The combined organic phase was dried over Na2SO4 and concentrated in 

vacuum. The residue was purified by flash chromatography on silica gel with 

PE/EA=1/30 to afford the aim product 7. (75% yield) 

(7S,13R,14aS)-8-methyl-7-phenyl-13-(p-tolyl)-8,13,14,14a-tetrahydro-7H-8,13-

epoxycyclohepta[b]naphtho[2,3-e]oxepine (7) 

 

White solid, m.p. = 144-146 ℃; 34 mg, 75% yield; 2:1 dr, 82% ee, 89% ee; [α]D
20.0=-

6.1 (0.1, CH2Cl2); [Daicel Chiralpak IA-3 (0.45 cm × 25 cm), n-hexane/2-propanol = 

97/3, v = 1.0 mL•min-1, λ = 254 nm, t (major) =8.5 min, 7.1 min,  t (minor) =6.0 min, 
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15.4 min];1H NMR (400 MHz, CDCl3) δ 1.91 (s, 3H), 1.92 (s, 3H), 2.13-2.19 (m, 1H), 

2.33 (s, 3H), 2.37-2.42 (m, 5H), 2.59-2.71 (m, 1H), 2.89-2.97 (m, 1H), 3.13-3.24 (m, 

1H), 4.53 (dd, J = 8.8, 6.7 Hz, 1H), 4.73-4.85 (m, 2H), 5.20 (dd, J = 10.8, 2.0 Hz, 1H), 

5.65 (dd, J = 8.9, 5.4 Hz, 1H), 5.78 (dd, J = 8.1, 6.1 Hz, 2H), 6.14 (dd, J = 8.9, 5.4 Hz, 

1H), 6.36-6.45 (m, 2H), 6.48 (dd, J = 10.7, 5.4 Hz, 2H), 6.96-7.11 (m, 4H), 7.14-7.23 

(m, 6H), 7.28-7.31 (m, 3H), 7.32-7.37 (m, 8H), 7.41 (d, J = 8.1 Hz, 2H), 7.59 (d, J = 

6.6 Hz, 1H), 7.65 (d, J = 8.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13.9, 14.4, 21.2, 

21.3, 36.9, 37.1, 42.7, 43.2, 83.5,  84.1, 88.5, 89.2, 92.6, 93.8, 109.4, 109.5, 117.4, 

118.0, 118.2, 119.3, 120.6, 121.8, 123.2, 124.8, 125.0, 125.1, 125.2, 125.7, 125.8, 125.9, 

127.0, 127.1, 127.3, 127.6, 127.8, 127.9, 128.0, 128.5, 128.6, 128.9, 129.0, 132.2, 132.8, 

137.2, 137.8, 141.3, 141.4, 146.0, 146.4, 147.1, 147.8, 148.5, 148.9, 151.4, 152.1, 152.2, 

153.0; HRMS (ESI) m/z calcd for C33H28O2 [M+H]+: 457.2162, found: 457.2162.  

5. X-ray crystallography data 

 

Table 4 Crystal data and structure refinement for cu_240112c_0m.  

Identification code  cu_240112c_0m  

Empirical formula  C26H21BrO2  

Formula weight  445.34  

Temperature/K  293.0  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  5.1768(16)  
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b/Å  10.008(3)  

c/Å  40.889(11)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å3  2118.4(11)  

Z  4  

ρcalcg/cm3  1.396  

μ/mm-1  2.787  

F(000)  912.0  

Crystal size/mm3  0.04 × 0.01 × 0.005  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data collection/°  4.322 to 133.188  

Index ranges  -5 ≤ h ≤ 6, -11 ≤ k ≤ 11, -47 ≤ l ≤ 48  

Reflections collected  22883  

Independent reflections  3688 [Rint = 0.0931, Rsigma = 0.0643]  

Data/restraints/parameters  3688/12/231  

Goodness-of-fit on F2  1.084  

Final R indexes [I>=2σ (I)]  R1 = 0.0968, wR2 = 0.2688  

Final R indexes [all data]  R1 = 0.1395, wR2 = 0.3017  

Largest diff. peak/hole / e Å-3  0.92/-0.51  

Flack parameter 0.095(17) 

 

Table 5 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for cu_240112c_0m. Ueq is defined as 1/3 of of 

the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Br1 -552(4) -512(2) 2516.1(5) 94.6(9) 



S47 

 

O2 5340(20) 2858(9) 3753(2) 77(3) 

C2 6320(30) 4238(15) 4701(3) 84(5) 

C4 7020(20) 3430(9) 4003(3) 70(4) 

C5 9500(30) 2593(16) 4485(3) 86(5) 

C7 8600(30) 3457(14) 4735(3) 79(4) 

C10 7924(19) 7134(8) 3889(2) 74(4) 

C18 6680(20) 5870(7) 3875(2) 63(3) 

C13 5016(19) 5867(7) 3599(2) 71(4) 

C21 5230(20) 7128(8) 3442(2) 81(5) 

O1 7030(18) 7911(6) 3621(2) 74(3) 

C11 13080(20) 9473(10) 4177(3) 102(6) 

C25 13400(20) 9071(11) 4499(3) 103(7) 

C9 11910(20) 8039(13) 4625(2) 90(5) 

C3 10090(20) 7408(11) 4429(2) 88(5) 

C12 9766(18) 7809(9) 4106(2) 71(4) 

C19 11260(20) 8842(10) 3980(2) 87(5) 

C14 4990(30) 3521(11) 3438(2) 67(4) 

C15 3510(20) 4757(8) 3467(4) 78(4) 

C16 3715(17) 2476(9) 3209.5(19) 68(4) 

C1 4568(16) 2307(10) 2890(2) 72(4) 

C17 3290(20) 1425(11) 2682.6(16) 80(4) 

C6 1167(19) 713(9) 2795(2) 73(4) 

C8 315(16) 882(9) 3115(2) 71(4) 

C24 1589(18) 1764(10) 3322.0(17) 72(4) 

C20 5580(30) 4820(14) 4399(2) 76(4) 

C22 7090(30) 4784(7) 4108(2) 61(3) 

C23 4090(50) 7821(17) 3150(4) 106(6) 

C26 8350(30) 2401(13) 4173(3) 78(4) 
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Table 6 Anisotropic Displacement Parameters (Å2×103) for cu_240112c_0m. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

Br1 100.8(14) 90.8(13) 92.2(13) -19.7(10) -19.5(12) 2.1(9) 

O2 88(7) 68(6) 75(6) 12(5) -27(5) -7(6) 

C2 100(12) 84(10) 67(9) 20(8) 13(8) -3(10) 

C4 63(9) 77(9) 71(9) 6(7) -1(7) 11(8) 

C5 80(11) 95(11) 83(10) 9(9) -4(9) -19(10) 

C7 85(11) 86(10) 68(9) 16(8) -15(8) -4(9) 

C10 79(10) 69(9) 75(9) 4(8) -7(8) 1(8) 

C18 68(8) 57(8) 65(8) 1(6) 4(7) 5(7) 

C13 75(10) 55(8) 83(9) -3(7) -15(7) 3(7) 

C21 91(12) 71(9) 82(10) 19(8) -13(9) 19(9) 

O1 92(7) 58(5) 71(6) 2(5) 2(5) 14(5) 

C11 111(15) 75(11) 120(14) -8(11) 20(12) -50(12) 

C25 77(11) 69(10) 160(20) -37(12) 1(13) -4(9) 

C9 88(12) 102(12) 80(10) -18(10) -6(9) 11(11) 

C3 82(13) 93(11) 88(11) 0(9) -4(9) -7(10) 

C12 74(10) 63(8) 77(9) 7(7) 16(7) 9(7) 

C19 100(13) 68(9) 94(11) -3(9) 16(10) -4(9) 

C14 68(10) 67(8) 65(8) 1(6) -11(6) 1(7) 

C15 79(10) 70(9) 86(10) 10(8) -18(8) 5(8) 

C16 61(9) 79(9) 65(8) -1(7) 1(7) 2(7) 

C1 70(9) 81(9) 64(8) 4(7) -1(7) -8(8) 

C17 85(11) 78(10) 78(9) -2(8) -13(9) 8(9) 

C6 86(11) 68(9) 67(8) -6(7) -5(7) 12(8) 

C8 73(9) 64(8) 76(9) -6(7) -7(7) -2(7) 
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C24 79(10) 71(9) 65(8) 5(7) -1(7) -17(8) 

C20 72(9) 78(9) 79(9) -2(7) 13(8) 5(8) 

C22 68(8) 55(8) 61(7) 10(6) 3(6) -3(6) 

C23 159(17) 81(11) 77(10) -2(9) -12(12) 50(13) 

C26 78(10) 76(10) 80(10) -12(8) -11(8) 7(8) 

  

Table 7 Bond Lengths for cu_240112c_0m. 

Atom Atom Length/Å   Atom Atom Length/Å 

Br1 C6 1.896(6)   C21 C23 1.502(17) 

O2 C4 1.460(3)   C11 C25 1.3900 

O2 C14 1.460(3)   C11 C19 1.3900 

C2 C7 1.419(3)   C25 C9 1.3900 

C2 C20 1.420(3)   C9 C3 1.3900 

C4 C22 1.422(3)   C3 C12 1.3900 

C4 C26 1.419(3)   C12 C19 1.3900 

C5 C7 1.419(3)   C14 C15 1.461(3) 

C5 C26 1.420(3)   C14 C16 1.549(14) 

C10 C18 1.4200   C16 C1 1.3900 

C10 O1 1.4200   C16 C24 1.3900 

C10 C12 1.469(10)   C1 C17 1.3900 

C18 C13 1.4200   C17 C6 1.3900 

C18 C22 1.462(3)   C6 C8 1.3900 

C13 C21 1.4200   C8 C24 1.3900 

C13 C15 1.460(3)   C20 C22 1.421(3) 

C21 O1 1.4200         
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Table 8 Bond Angles for cu_240112c_0m. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C4 O2 C14 121.0(9)   C3 C12 C10 121.4(7) 

C7 C2 C20 122.3(13)   C3 C12 C19 120.0 

C22 C4 O2 126.8(10)   C19 C12 C10 118.6(7) 

C26 C4 O2 110.3(8)   C12 C19 C11 120.0 

C26 C4 C22 122.2(9)   O2 C14 C15 112.2(10) 

C7 C5 C26 126.1(15)   O2 C14 C16 106.2(8) 

C5 C7 C2 122.7(15)   C15 C14 C16 113.3(9) 

C18 C10 C12 136.8(7)   C13 C15 C14 113.1(10) 

O1 C10 C18 108.0   C1 C16 C14 120.9(7) 

O1 C10 C12 115.2(7)   C1 C16 C24 120.0 

C10 C18 C22 124.8(8)   C24 C16 C14 119.0(7) 

C13 C18 C10 108.0   C16 C1 C17 120.0 

C13 C18 C22 127.2(8)   C6 C17 C1 120.0 

C18 C13 C21 108.0   C17 C6 Br1 120.3(5) 

C18 C13 C15 128.3(8)   C17 C6 C8 120.0 

C21 C13 C15 123.5(8)   C8 C6 Br1 119.7(5) 

C13 C21 C23 137.6(11)   C24 C8 C6 120.0 

O1 C21 C13 108.0   C8 C24 C16 120.0 

O1 C21 C23 114.4(11)   C2 C20 C22 124.7(11) 

C10 O1 C21 108.0   C4 C22 C18 120.5(9) 

C25 C11 C19 120.0   C20 C22 C4 105.3(11) 

C11 C25 C9 120.0   C20 C22 C18 116.6(9) 

C3 C9 C25 120.0   C4 C26 C5 123.0(13) 

C12 C3 C9 120.0           

  

Table 9 Torsion Angles for cu_240112c_0m. 
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A B C D Angle/˚   A B C D Angle/˚ 

Br1 C6 C8 C24 179.1(7)   C25 C11 C19 C12 0.0 

O2 C4 C22 C18 -36(2)   C25 C9 C3 C12 0.0 

O2 C4 C22 C20 98.3(14)   C9 C3 C12 C10 177.9(9) 

O2 C4 C26 C5 -161.0(15)   C9 C3 C12 C19 0.0 

O2 C14 C15 C13 76.7(15)   C3 C12 C19 C11 0.0 

O2 C14 C16 C1 -135.9(9)   C12 C10 C18 C13 178.1(14) 

O2 C14 C16 C24 48.1(11)   C12 C10 C18 C22 -2.0(14) 

C2 C20 C22 C4 70.0(18)   C12 C10 O1 C21 -178.6(10) 

C2 C20 C22 C18 -153.5(14)   C19 C11 C25 C9 0.0 

C4 O2 C14 C15 -70.1(14)   C14 O2 C4 C22 46.6(19) 

C4 O2 C14 C16 165.6(10)   C14 O2 C4 C26 -143.1(13) 

C7 C2 C20 C22 -5(3)   C14 C16 C1 C17 -176.0(9) 

C7 C5 C26 C4 33(3)   C14 C16 C24 C8 176.0(9) 

C10 C18 C13 C21 0.0   C15 C13 C21 O1 -174.5(12) 

C10 C18 C13 C15 174.1(13)   C15 C13 C21 C23 6.0(18) 

C10 C18 C22 C4 -145.3(11)   C15 C14 C16 C1 100.5(11) 

C10 C18 C22 C20 85.2(14)   C15 C14 C16 C24 -75.6(11) 

C10 C12 C19 C11 -177.9(9)   C16 C14 C15 C13 -163.0(10) 

C18 C10 O1 C21 0.0   C16 C1 C17 C6 0.0 

C18 C10 C12 C3 -21.6(14)   C1 C16 C24 C8 0.0 

C18 C10 C12 C19 156.3(9)   C1 C17 C6 Br1 -179.1(7) 

C18 C13 C21 O1 0.0   C1 C17 C6 C8 0.0 

C18 C13 C21 C23 -179.5(18)   C17 C6 C8 C24 0.0 

C18 C13 C15 C14 -46.7(18)   C6 C8 C24 C16 0.0 

C13 C18 C22 C4 34.7(18)   C24 C16 C1 C17 0.0 

C13 C18 C22 C20 -94.9(13)   C20 C2 C7 C5 -36(2) 

C13 C21 O1 C10 0.0   C22 C4 C26 C5 10(3) 

C21 C13 C15 C14 126.6(10)   C22 C18 C13 C21 -179.9(12) 
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O1 C10 C18 C13 0.0   C22 C18 C13 C15 -5.8(17) 

O1 C10 C18 C22 179.9(12)   C23 C21 O1 C10 179.6(13) 

O1 C10 C12 C3 156.4(7)   C26 C4 C22 C18 154.6(14) 

O1 C10 C12 C19 -25.7(11)   C26 C4 C22 C20 -71.0(17) 

C11 C25 C9 C3 0.0   C26 C5 C7 C2 1(3) 

 

Table 10 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for cu_240112c_0m. 

Atom x y z U(eq) 

H2 5285.2 4373.41 4883.62 101 

H5 10994.58 2106.51 4528.77 103 

H7 9532.94 3514.94 4928.36 95 

H11 14078.75 10163.42 4092.12 122 

H25 14620.84 9493.15 4630.92 123 

H9 12126.86 7769.87 4841.47 108 

H3 9090.79 6716.85 4513.21 105 

H19 11042.63 9110.38 3763.87 105 

H14 6700.25 3740.1 3349.51 80 

H15A 2858.61 5004.12 3252.69 94 

H15B 2033.18 4600 3607.9 94 

H1 5990.59 2784.14 2814.59 86 

H17 3863.88 1312.23 2468.69 96 

H8 -1108.02 404.92 3189.96 85 

H24 1018.65 1876.83 3535.86 86 

H20 3995.64 5254.86 4390.07 92 

H22 8864.88 4914.66 4184.66 74 

H23A 4280.98 8769.56 3174.41 159 

H23B 2290.95 7601.04 3132.96 159 
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H23C 4972.03 7534.36 2955.46 159 

H26 8463.15 1562.69 4076.21 94 

Experimental  

Single crystals of C26H21BrO2 [cu_240112c_0m] were from DCM and hexane. A 

suitable crystal was selected and put on a diffractometer. The crystal was kept at 293.0 

K during data collection. Using Olex2 [1], the structure was solved with the olex2.solve 

[2] structure solution program using Charge Flipping and refined with the olex2.refine 

[3] refinement package using Gauss-Newton minimisation. 

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. 

(2009), J. Appl. Cryst. 42, 339-341. 

2. Bourhis, L.J., Dolomanov, O.V., Gildea, R.J., Howard, J.A.K., Puschmann, H. 

(2015). Acta Cryst. A71, 59-75. 

3. Bourhis, L.J., Dolomanov, O.V., Gildea, R.J., Howard, J.A.K., Puschmann, H. 

(2015). Acta Cryst. A71, 59-75. 

Crystal structure determination of [cu_240112c_0m]  

Crystal Data for C26H21BrO2 (M =445.34 g/mol): orthorhombic, space group P212121 

(no. 19), a = 5.1768(16) Å, b = 10.008(3) Å, c = 40.889(11) Å, V = 2118.4(11) Å3, Z = 

4, T = 293.0 K, μ(CuKα) = 2.787 mm-1, Dcalc = 1.396 g/cm3, 22883 reflections 

measured (4.322° ≤ 2Θ ≤ 133.188°), 3688 unique (Rint = 0.0931, Rsigma = 0.0643) which 

were used in all calculations. The final R1 was 0.0968 (I > 2σ(I)) and wR2 was 0.3017 

(all data).  
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7. NMR spectra 
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8. Copies of HPLC spectra 
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