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Experimental Section 

General  

Starting materials and reagents were obtained from commercial sources and were used without 

further purification. Solvents were dried by distillation from the appropriate drying reagents 

immediately prior to use. All solvents used for routine isolation of products and chromatography 

were reagent grade. Moisture- and air-sensitive reactions were carried out under an atmosphere 

of argon. Reaction flasks were flame dried under a stream of argon gas, and glass syringes were 

oven dried at 120 °C prior to use.  

 Unless otherwise stated, concentration under reduced pressure refers to a rotary 

evaporator at water aspirator pressure. Residual solvent was removed by vacuum pump at a 

pressure less than 0.25 mm of mercury. 

 Analytical thin-layer chromatography (TLC) was conducted using precoated TLC plates 

(0.2 mm layer thickness of silica gel 60 F-254). Compounds were visualized by ultraviolet light 

and/or by heating the plate after dipping in a 3-5% solution of phosphomolybdic acid in ethanol, 

10% ammonium molybdate in water, a 1% solution of vanillin in 0.1 M sulfuric acid in methanol 

or 2.5% p-anisaldehyde in 88% ethanol, 5% water, 3.5% concentrated sulfuric acid and 1% 

acetic acid. Flash chromatography was performed with the indicated eluents on 230 - 400 mesh 

silica gel. 

 Optical rotations were measured with a polarimeter at ambient temperature using a 

0.9998 dm cell with 1 mL capacity. Infrared (IR) spectra were recorded on a FT-IR spectrometer. 

Proton and carbon nuclear magnetic resonance (NMR) spectra were obtained using either a 400, 

500 or 700 MHz spectrometer. All chemical shifts were reported in parts per million (ppm) 

downfield from tetramethylsilane using the δ scale. 
1
H NMR spectral data are reported in the 
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order: chemical shift, multiplicity (s = singlet, d = doublet, m = multiplet, and b = broad), 

coupling constant (J, in Hertz), and number of protons.  

 Low (MS) and high (HRMS) resolution mass spectra are reported with ion mass/charge 

(m/z) ratios as values in atomic mass units. α-Methylstyrenes were prepared following literature 

method.
1
  

             

 3-(tert-Butyl)-2-hydroxy-5-methoxybenzaldehyde (10) 

 

To a solution of 2-(tert-butyl)-4-methoxyphenol (9, 721 mg, 4 mmol) in CH3CN (20 mL) at 

room temperature were added Et3N (2.8 mL, 20 mmol) and MgCl2 (456 mg, 4.8 mmol) and the 

mixture was stirred for 15 min. Paraformaldehyde (600 mg, 20 mmol) was added and the 

solution was refluxed for 10 h. The solution was cooled to room temperature, poured into 1M 

aqueous HCl (100 mL) and stirred for 30 min at room temperature. The reaction mixture was 

extracted with ether (4 x 100 mL) and the organic layer was washed with brine (20 mL), dried 

(Na2SO4) and concentrated under reduced pressure. The crude residue was purified by flash 

chromatography on silica gel (5% ether/hexanes) to obtain 10 (609 mg, 73%) as a yellow oil: IR 

(neat) 3534, 3301, 3062, 2925, 2854, 1622, 1598, 1508, 1472, 1422, 1378, 1206, 1149, 1967, 

1030, 854, 836, 814, 749, 693 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.42 (s, 9H), 3.04 (s, 3H), 

7.40 (s, 1H), 7.62 (s, 1H), 9.91 (s, 1H), 11.68 (s, 1H); 
13

C NMR (175 MHz, CDCl3) δ 29.7, 32.9, 

54.7, 113.4, 119.3, 129.8, 140.3, 150.5, 152.1, 207.4. 
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 (+)-2,2’-[(1R,2R,4R,5R)-Bicyclo[2.2.2]octane-2,5-diylbis(nitrilomethylidine)]bis-2-tert-

butyl-4-methoxylphenol [(+)-11] 

 

To a solution of (-)-1 (86 mg, 0.61 mmol) in EtOH (15 mL) was added anhydrous MgSO4 (367 

mg, 3.05 mmol) followed by a solution of 10 (256 mg 1.23 mmol) in EtOH (5 mL). The 

suspension was refluxed for 4 h at which time a yellow precipitate had formed. The mixture was 

cooled to room temperature and the precipitate was filtered off. The crude solid was purified by 

flash chromatography on silica gel (5% EtOAc/hexanes) to give (+)-11 (293 mg, 92%) as an 

amorphous yellow solid: mp 162 - 163 °C; [α]
25

D  + 96.6 (c 0.5 , CH2Cl2); IR (neat) 3358 (b), 

1744, 1467, 1375, 1286, 1169, 1137, 1030, 891 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.38 (s, 

9H), 1.73 (s, 3H), 1.91 - 2.01 (m, 1H), 2.12 - 2.24 (m, 1H) , 3.53 - 3.57 (m, 1H), 3.92 (s, 3H), 

7.12 (d, J = 2.4 Hz, 1H), 7.38 (d, J = 2.4 Hz, 1H), 8.43 (s, 1H), 13.86 (s, 1H); 
13

C NMR (175 

MHz, CDCl3) δ 23.9, 31.3, 31.6, 33.9, 34.2, 57.7, 67.5, 118.4, 128.6, 128.8, 137.1, 139.7, 159.0, 

165.6; HRMS (EI) calcd for C32H44N2O4 m/z 520.7131, found 520.7128. 

 

 (+)-(1R,2R,4R,5R)-N,N’-Bis-(3-tert-butyl-5-methoxylsalicylidene)-2,5-

diaminobicyclo[2.2.2]octane Cobalt(II) [(+)-12] 
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To a solution of (+)-11 (290 mg, 0.56 mmol) in EtOH (15 mL) was added a solution of 

Co(OAc)2 (99 mg, 0.56 mmol) in EtOH (2 mL) and the mixture was heated at reflux for 6 h, at 

which time an orange precipitate had formed. The mixture was cooled to room temperature and 

concentrated under reduced pressure. The crude residue was dissolved in CH2Cl2 and filtered. 

Concentration of the filtrate under vacuum provided (+)-12 (324 mg, 94%) as an orange solid: 

mp > 260 °C; [α]
25

D  + 86.0 (c 0.26 CHCl3); IR (neat) 2949, 2859, 1606, 1594, 1548, 1528, 1458, 

1411, 1361, 1314, 1252, 1178, 1108, 1084, 1011, 960, 867, 839 cm
-1

; HRMS (EI) calcd for 

C32H42CoN2O4 m/z 577.4733, found 577.4716. 

 

Representative Procedure for the Asymmetric Cyclopropanation of 1,1-Disubstituted 

ethylenes Catalyzed by Co-salen Complex (+)-12:  

To a solution of (+)-12 (15 μmol) in CH2Cl2 (1.5 mL) was added KSAc (2 mg, 15 μmol) and the 

mixture was stirred at room temperature for 1 h. Ethyl diazoacetate (32 μL, 0.3 mmol) and 1,1-

disubstituted ethylenes (0.45 mmol) were added to the reaction mixture and stirring was 

continued for the length of time specified in Tables 1-3.. The reaction mixture was passed 

through a short column of Celite which was eluted with CH2Cl2. The effluent was evaporated 

and the crude residue was purified by flash chromatography (SiO2, hexanes) to give the product.  

The enantiomeric excess of the pure product was determined by HPLC on a Daicel Chiralcel 

OD, AD, OJ, OD-H or AS-H column. 
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A procedure at 5 mmol scale was carried out with α-methylstyrene (967 μL, 7.5 mmol) and ethyl 

diazoacetate (533 μL, 5 mmol) using (+)-12 (150 mg, 0.25 mmol, 5 mol%) and KSAc (33.3 mg, 

0.25 mmol, 5 mol%) in anhydrous CH2Cl2 (25 mL). The cyclopropane (E)-7 was obtained in 

92% yield and 93% ee. 

(1R,2R)-Ethyl 2-Methyl-2-phenylcyclopropanecarboxylate [(E)-7] 

 

Pale yellow oil; E:Z ratio 31:1; 93% ee [Chiralcel OD-H, hexane:i-propanol 95:5, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 14.4 min, tR [(1S,2S), minor] 16.9 min]; [α]D
22

 - 291.1 (c 0.5, 

CH2Cl2), [lit
2
for (1S,2S) isomer [α]D

20
 + 286.0 (c 0.3, CHCl3); IR (neat) 2977, 2935, 1724, 1615, 

1252, 1178, 1086, 1034, 848, 816, 790 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.26 (t, J = 7.4 Hz, 

3H), 1.38 - 1.41 (m, 2H), 1.52 (s, 3H), 1.97 (dd, J = 8.2, 6.0 Hz, 1H), 4.10 - 4.19 (m, 2H), 7.16 - 

7.24 (m, 2H), 7.27 - 7.41 (m, 3H); 
13

C NMR (175 MHz, CDCl3) δ 15.3, 19.8, 21.3, 27.8, 30.6, 

60.6, 127.3, 128.6, 128.9, 146.2, 173.1. 

 

(1R,2R)-Ethyl 2-ethyl-2-phenylcyclopropanecarboxylate (14) 

 

Yellow oil; E:Z ratio 26:1; 92% ee [Chiralcel OD-H, hexane:i-propanol 93:7, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 12.9 min, tR [(1S,2S), minor] 15.7 min]; [α]D
16

 - 168.6 (c 0.25, CHCl3); 

IR (neat) 2985, 1732, 1370, 1332, 1268, 1188, 1152, 1035, 936 cm
-1

; 
1
H NMR (700 MHz, 

CDCl3) δ 0.86 - 0.92 (m, 3H), 1.27 (t, J = 7.4 Hz, 3H), 1.53 - 1.56 (m, 2H), 1.84 - 1.93 (m, 1H), 

1.97 - 2.03 (m, 1H), 2.74 - 2.82 (m, 1H), 3.87 - 3.95 (m, 2H), 7.42 - 7.48 (m, 2H), 7.53 - 7.61 (m, 
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1H), 7.96 - 8.01(m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 8.7, 14.2, 27.3, 31.9, 35.2, 63.9, 128.5, 

129.2, 134.0, 136.6, 173.9; HRMS (EI) calcd for C14H19O2  (M+H) m/z 219.0786, found 

219.0778. 

 

(1R,2R)-Ethyl 2-butyl-2-phenylcyclopropanecarboxylate (15) 

 

Yellow oil; E:Z ratio 23:1; 90% ee [Chiralcel AS-H, hexane:i-propanol 98:2, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 8.5 min, tR [(1S,2S), minor] 9.8 min]; [α]D
16

 - 139.0 (c 0.4, CHCl3); IR 

(neat) 2970, 2908, 1738, 1466, 1447, 1393, 1370, 1331, 1270, 1190, 1149, 1097, 1035, 948, 901, 

889, 847 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.87 - 0.92 (m, 3H), 1.22 - 1.31 (m, 7H), 1.36 - 

1.42 (m, 2H), 1.63 - 1.71 (m, 1H), 1.90 - 1.95 (m, 1H), 2.91 - 2.97 (m, 1H), 4.22 - 4.28 (m, 2H), 

7.38 - 7.45 (m, 2H), 7.48 - 7.55 (m, 1H), 7.91 - 7.96 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 

14.5, 15.6, 22.2, 23.1, 24.4, 25.9, 27.1, 38.6, 61.8, 127.7, 128.4, 129.4, 137.7, 176.8; HRMS (EI) 

calcd for C16H23O2  (M+H) m/z 247.1698, found 247.1706. 

(1R,2R)-Ethyl 2-(2-methoxyphenyl)-2-methylcyclopropanecarboxylate (16) 

 

Colorless oil; E:Z ratio 30:1; 96% ee [Chiralcel AD, hexane:i-propanol 96.6:3.4, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 14.4 min, tR [(1S,2S), minor] 17.2 min]; [α]D
16

 - 264.2 (c 0.15, 

CHCl3); IR (neat) 2976, 2943, 1732, 1466, 1447, 1414, 1393, 1370, 1331, 1270, 1190, 1150, 

1097, 1035 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.80 - 0.93 (m, 3H), 1.83 - 1.89 (m, 1H), 1.96 - 
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2.05 (m, 1H), 2.52 (s, 3H), 2.72 - 2.74 (m, 1H), 3.79 - 3.85 (m, 2H), 4.16 (s, 3H), 7.43 - 7.49 (m, 

1H), 7.65 - 7.72 (m, 1H), 7.92 - 7.99 (m, 1H), 8.03 - 8.09 (m, 1H); 
13

C NMR (175 MHz, CDCl3) 

δ 12.2, 23.2, 23.9, 28.7, 30.5, 56.1, 62.3, 113.2, 120.8, 129.7, 130.6, 138.0, 158.7, 174.3; HRMS 

(EI) calcd for C14H19O3  (M+H) m/z 235.1334, found 235.1327. 

 

(1R,2R)-Ethyl 2-(furan-2-yl)-2-methylcyclopropanecarboxylate (17) 

 

Colorless oil; E:Z ratio 23:1; 92% ee [Chiralcel OD-H, hexane:i-propanol 98:2, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 19.3 min, tR [(1S,2S), minor] 22.5 min]; [α]D
16

 - 156.6 (c 0.12, CHCl3); 

IR (neat) 2985, 1735, 1466, 1447, 1414, 1370, 1332, 1270, 1190, 1150, 1035, 956, 866, 845 cm
-

1
; 

1
H NMR (700 MHz, CDCl3) δ 0.84 - 0.93 (m, 3H), 1.44 (s, 3H), 1.79 - 1.83 (m, 1H), 1.87 - 

1.94 (m, 1H), 2.49 - 2.58 (m, 1H), 4.03 - 4.09 (m, 2H), 6.82 - 6.88 (m, 1H), 7.49 - 7.56 (m, 1H), 

7.68 -7.73 (m, 1H); 
13

C NMR (175 MHz, CDCl3) δ 14.1, 23.4, 23.9, 28.6, 29.5, 61.8, 121.6, 

123.6, 124.2, 146.7, 173.9; HRMS (EI) calcd for C11H15O3  (M+H) m/z 195.1021, found 

195.1020. 

 

(1R,2R)-Ethyl 2-(2-ethoxy-2-oxoethyl)-2-phenylcyclopropanecarboxylate (18) 
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Yellow oil; E:Z ratio 25:1; 91% ee [Chiralcel OD-H, hexane:i-propanol 92:8, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 10.3 min, tR [(1S,2S), minor] 11.9 min]; [α]D
16

 - 136.2 (c 0.22, CHCl3); 

IR (neat) 2970, 1741, 1466, 1447, 1414, 1370, 1332, 1268, 1189, 1152, 1035, 845 cm
-1

; 
1
H NMR 

(700 MHz, CDCl3) δ 0.92 - 1.03 (m, 6H), 1.40 - 1.48 (m, 1H), 1.74 - 1.82 (m, 1H), 2.63 - 2.71 

(m, 1H), 2.96 - 3.03 (m, 2H), 3.88 - 3.96 (m, 4H), 7.42 - 7.49 (m, 1H), 7.54 - 7.59 (m, 1H), 7.98 - 

8.03 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 14.3, 14.6, 25.0, 28.2, 28.5, 58.4, 58.8, 126.3, 

127.2, 129.6, 148.1, 170.9, 174.3; HRMS (EI) calcd for C16H20O4Na  (M+Na) m/z 299.1259, 

found 299.1263. 

 

Methyl 2-((1R,2R)-2-(ethoxycarbonyl)-1-methylcyclopropyl)benzoate (19) 

 

Pale yellow oil; E:Z ratio 30:1; 95% ee [Chiralcel OD-H, hexane:i-propanol 99:1, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 25.2 min, tR [(1S,2S), minor] 31.4 min]; [α]D
16

 - 92.7 (c 0.39, 

CHCl3); IR (neat) 3012, 2976, 1735, 1466, 1448, 1370, 1332, 1269, 1190, 1150, 1097, 1036, 

894, 836 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.03 - 1.11 (m, 3H), 1.62 - 1.67 (m, 1H), 1.89 - 

1.97 (m, 1H), 2.16 (s, 3H), 2.80 - 2.89 (m, 1H), 3.92 - 4.01 (m, 5H), 7.38 - 7.47 (m, 1H), 7.57 - 

7.66 (m, 2H), 7.83 - 7.91 (m, 1H); 
13

C NMR (175 MHz, CDCl3) δ 13.0, 23.3, 24.0, 26.8, 27.4, 

56.9, 61.2, 125.3, 126.7, 129.0, 133.4, 139.2, 156.8, 170.5, 173.4; HRMS (EI) calcd for 

C15H18O4 m/z 262.3002, found 262.2997. 
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(1R,2R)-Ethyl 2-(3,4-dimethoxyphenyl)-2-methylcyclopropanecarboxylate (20) 

 

Colorless oil; E:Z ratio 32:1; 94% ee [Chiralcel OD-H, hexane:i-propanol 97.5:2.5, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 14.6 min, tR [(1S,2S), minor] 17.2 min]; [α]D
16

 - 226.1 (c 0.15, 

CHCl3); IR (neat) 2985, 2942, 2908, 1735, 1466, 1447, 1414, 1393, 1370, 1332, 1268, 1189, 

1152, 1096, 1035, 955, 845, 786, 675 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.82 - 0.99 (m, 3H), 

1.45 (s, 3H), 1.81 - 1.90 (m, 1H), 1.97 - 2.09 (m, 1H), 2.88 - 2.97 (m, 1H), 3.94 - 4.18 (m, 8H), 

6.88 - 6.98 (m, 1H), 7.53 - 7.75 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 13.9, 25.6, 28.0, 29.7, 

32.1, 56.4, 63.3, 111.9, 113.9, 117.5, 143.2, 147.3, 149.9, 173.2; HRMS (EI) calcd for 

C15H20O4Na (M+Na) m/z 287.1259, found 287.1262. 

 

(1R,2R)-Ethyl 2-methyl-2-(thiophen-2-yl)cyclopropanecarboxylate (21) 

 

Colorless oil; E:Z ratio 25:1; 90% ee [Chiralcel OD-H, hexane:i-propanol 96.5:3.5, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 15.1 min, tR [(1S,2S), minor] 18.9 min]; [α]D
16

 - 201.5 (c 0.12, 

CHCl3); IR (neat) 2985, 1740, 1370, 1332, 1269, 1190, 1150, 1036, 952, 837, 780 cm
-1

; 
1
H NMR 

(700 MHz, CDCl3) δ 0.92 - 1.06 (m, 3H), 1.46 (s, 3H), 1.72 - 1.81 (m, 1H), 1.96 - 2.06 (m, 1H), 

2.70 - 2.79 (m, 1H), 3.96 - 4.09 (m, 2H), 7.13 - 7.22 (m, 1H), 7.64 - 7.69 (m, 1H), 7.70 - 7.81 (m, 
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1H); 
13

C NMR (175 MHz, CDCl3) δ 13.5, 24.0, 25.9, 27.3, 29.3, 62.4, 128.6, 133.4, 134.7, 

145.2, 191.9; HRMS (EI) calcd for C11H14O2S m/z 210.2853, found 210.2856. 

 

(1R,2R)-Ethyl 2-methyl-2-(naphthalen-1-yl)cyclopropanecarboxylate (22) 

 

Colorless oil; E:Z ratio 33:1; 96% ee [Chiralcel OD-H, hexane:i-propanol 99.5:0.5, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 40.7 min, tR [(1S,2S), minor] 45.8 min]; [α]D
16

 - 121.0 (c 0.25, 

CHCl3); IR (neat) 2979, 1751, 1463, 1441, 1370, 1332, 1264, 1185, 1099, 1034, 900, 845, 794 

cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.88 - 0.97 (m, 3H), 1.55 (s, 3H), 1.74 - 1.83 (m, 1H), 1.88 - 

1.94 (m, 1H), 2.50 - 2.57 (m, 1H), 4.16 - 4.22 (m, 2H), 6.92 (d, J = 8.2 Hz, 1H), 7.36 - 7.43 (m, 

1H), 7.53 (d, J = 8.2 Hz, 1H), 7.58 - 7.63 (m, 2H), 7.93 (d, J = 7.8 Hz, 1H), 8.17 (d, J = 7.8 Hz, 

1H); 
13

C NMR (175 MHz, CDCl3) δ 13.7, 25.2, 27.2, 28.1, 28.9, 62.7, 121.8, 125.4, 126.0, 

126.4, 127.0, 127.9, 135.4, 148.8, 171.7; HRMS (EI) calcd for C17H18O2Na  (M+Na) m/z 

277.1204, found 277.1196. 

 

(1R,2R)-Ethyl 2-(3-methoxy-3-oxopropyl)-2-(p-tolyl)cyclopropanecarboxylate (23) 
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Pale yellow oil; E:Z ratio 27:1; 94% ee [Chiralcel OD-H, hexane:i-propanol 94:6, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 13.2 min, tR [(1S,2S), minor] 15.1 min]; [α]D
16

 - 128.6 (c 0.4, 

CHCl3); IR (neat) 2986, 1735, 1466, 1447, 1414, 1370, 1332, 1268, 1186, 1152, 1096, 1035, 845 

cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.60 - 1.76 (m, 5H), 1.83 - 1.91 (m, 2H), 2.08 - 2.11 (m, 

1H), 2.17 - 2.23 (m, 1H), 2.42 (s, 3H), 2.82 - 2.88 (m, 1H), 3.83 (s, 3H), 3.97 - 4.04 (2H), 7.31 

(d, J = 7.9 Hz, 1H), 7.93 (d, J = 7.9 Hz, 1H); 
13

C NMR (175 MHz, CDCl3) δ 22.1, 24.2, 27.8, 

30.9, 31.6, 33.0, 58.6, 64.2, 129.2, 130.3, 135.0, 145.7, 174.6, 178.1; HRMS (EI) calcd for 

C17H22O4 m/z 290.1692, found 290.1698. 

 

Ethyl 2-((1R,2R)-2-(ethoxycarbonyl)-1-methylcyclopropyl)-5-phenylfuran-3-carboxylate 

(24) 

 

Yellow oil; E:Z ratio 26:1; 97% ee [Chiralcel OD-H, hexane:i-propanol 90:10, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 9.6 min, tR [(1S,2S), minor] 10.4 min]; [α]D
16

 - 176.2 (c 0.61, CHCl3); IR 

(neat) 2976, 2908, 1732, 1466, 1447, 1414, 1393, 1370, 1331, 1270, 1190, 1150, 1097, 1035, 

934, 867, 821, 781 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.31 - 1.47 (m, 6H), 1.80 - 1.87 (m, 1H), 

2.02 - 2.09 (m, 1H), 2.68 (s, 3H), 2.89 - 2.99 (m, 1H), 4.27 - 4.46 (m, 4H), 6.58 (s, 1H), 7.29 - 

7.36 (m, 1H), 7.39 - 7.48 (m, 2H), 7.62 - 7.73 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 13.9, 

14.2, 24.9, 26.0, 26.7, 27.0, 57.8, 61.2, 106.8, 108.1, 124.0, 127.4, 128.1, 130.3, 158.5, 165.2, 

170.3, 173.4; HRMS (EI) calcd for C20H22O5Na (M+Na) m/z 365.1385, found 375.1383. 
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(1R,2R)-Ethyl 2-propyl-2-(4-(trifluoromethyl)phenyl)cyclopropanecarboxylate (25) 

 

Pale yellow oil; E:Z ratio 21:1; 92% ee [Chiralcel OD-H, hexane:i-propanol 95:5, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 19.4 min, tR [(1S,2S), minor] 24.0 min]; [α]D
16

 - 79.3 (c 0.41, 

CHCl3); IR (neat) 2985, 1735, 1414, 1392, 1330, 1372, 1266, 1193, 1151, 1030, 920, 855 cm
-1

; 

1
H NMR (700 MHz, CDCl3) δ 0.89 - 0.97 (m, 5H), 1.24 - 1.31 (m, 3H), 1.54 - 1.64 (m, 2H), 1.88 

- 1.97 (m, 1H), 2.07 - 2.14 (m, 1H), 2.75 - 2.86 (m, 1H), 4.18 - 4.26 (m, 2H), 7.56 (d, J = 8.0 Hz, 

1H), 7.95 (d, J = 8.0 Hz, 1H); 
13

C NMR (175 MHz, CDCl3) δ 13.3, 13.9, 19.7, 21.1, 16.0, 32.4, 

43.5, 62.2, 120.8, 122.2, 127.1, 128.0, 153.9, 171.7; HRMS (EI) calcd for C16H19F3O2Na 

(M+Na) m/z 323.1223, found 323.1225. 

 

(1R,2R)-Ethyl 6'-methoxy-3',4'-dihydro-2'H-spiro[cyclopropane-1,1'-naphthalene]-2-

carboxylate (26) 

 

Colorless oil; single diastereomer; 98% ee [Chiralcel OD-H, hexane:i-propanol 95:5, 0.5 

mL/min, 215 nm, tR [(1R,2R), major] 23.8 min, tR [(1S,2S), minor] 30.2 min]; [α]D
16

 - 128.6 (c 

0.4, CHCl3); IR (neat) 2985, 2942, 2908, 1732, 1466, 1447, 1414, 1393, 1370, 1332, 1270, 1190, 
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1150, 1035, 955, 866, 845 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.12 - 1.20 (m, 3H), 1.22 - 1.36 

(m, 6H), 1.63 - 1.71 (m, 1H), 1.85 - 1.90 (m, 1H), 2.73 - 2.79 (m, 1H), 3.77 (s, 3H), 4.17 - 4.26 

(m, 2H), 6.87 (s, 1H), 7.04 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H); 
13

C NMR (175 MHz, 

CDCl3) δ 13.3, 19.1, 23.5, 26.5, 30.1, 30.4, 34.8, 56.0, 61.2, 113.4, 113.8, 127.0, 136.9, 142.1, 

158.7, 173.2; HRMS (EI) calcd for C16H21O3 (M+H) m/z 261.1509, found 261.1508. 

 

(1R,2R)-Ethyl 2-methyl-2-(naphthalen-1-ylmethyl)cyclopropanecarboxylate (27) 

 

Yellow oil; E:Z ratio 18:1; 83% ee [Chiralcel OD-H, hexane:i-propanol 97:3, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 18.8 min, tR [(1S,2S), minor] 23.7 min]; [α]D
16

 - 46.8 (c 0.15, CHCl3); IR 

(neat) 3261, 2985, 2907, 1716, 1580, 1504, 1447, 1370, 1331, 1096, 1033, 847, 817, 763, 699 

cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.05 - 1.17 (m, 3H), 1.69 - 1.76 (m, 1H), 1.86 - 1.92 (m, 

1H), 2.12 (s, 3H), 2.40 (s, 2H), 2.74 - 2.80 (m, 1H), 4.13 - 4.21 (m, 2H), 7.41 - 7.60 (m, 4H), 

7.82 - 7.87 (m, 1H), 7.92 (d, J = 8.1 Hz, 1H), 8.03 (d, J = 8.1 Hz, 1H); 
13

C NMR (175 MHz, 

CDCl3) δ 17.0, 25.7, 26.2, 27.3, 31.9, 48.3, 62.9, 120.3, 125.0, 125.9, 126.3, 127.6, 128.4, 129.7, 

132.8, 133.3, 134.0, 171.8; HRMS (EI) calcd for C18H20O2Na (M+Na) m/z 291.1381, found 

291.1387. 

 

(1S,2R)-Ethyl 2-(phenylthio)-2-propylcyclopropanecarboxylate (28) 
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Pale yellow oil; E:Z ratio 16:1; 88% ee [Chiralcel OD-H, hexane:i-propanol 98:2, 0.5 mL/min, 

215 nm, tR [(1R,2R), major] 20.6 min, tR [(1S,2S), minor] 27.3 min]; [α]D
16

 - 69.3 (c 0.4, CHCl3); 

IR (neat) 2985, 1751, 1467, 1447, 1392, 1370, 1332, 1265, 1185, 1096, 1034, 901, 858 cm
-1

; 
1
H 

NMR (700 MHz, CDCl3) δ 0.92 - 0.96 (m, 3H), 0.97 - 1.02 (m, 3H), 1.39 - 1.58 (m, 2H), 1.62 - 

1.72 (m, 2H), 1.81 - 1.87 (m, 1H), 1.93 - 2.02 (m, 1H), 2.89 - 2.97 (m, 1H), 4.22 - 4.27 (m, 2H), 

7.37 - 7.46 (m, 2H), 7.49 - 7.56 (m, 1H), 7.91 - 7.97 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 

16.5, 20.9, 28.3, 28.9, 32.2, 41.1, 64.5, 136.7, 141.9, 144.2, 146.9, 174.7; HRMS (EI) calcd for 

C15H20O2SNa (M+Na) m/z 287.1082, found 287.1089. 

 

1-Naphthyl Thiophen-2-carboxylate (32)  

 

 To a solution of 2-thiophenecarbonyl chloride (31, 1.25 g, 8.53 mmol) in THF (30 mL) at 0
o
C 

was added a solution of 1-naphthol (30, 2.76 g, 19.15 mmol) in THF (20 mL) dropwise. After 

addition was complete, the solution was stirred at room temperature for 10 min and Et3N (2.8 

mL, 20 mmol) was added. A colorless solid was precipitated immediately and the suspension 

was stirred for 14 h. The reaction mixture was quenched with 5M aquoues HCl (20 mL) and was 

extracted with CH2Cl2 (4 x 120 mL). The organic layer was dried (Na2SO4) and evaporated in 
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vacuo, and the crude residue was purified by flash chromatography (SiO2-hexanes) to afford 32 

(2.16 g, 100%) as an amorphous colorless solid; mp 73 - 74 
o
C, [lit

3 
70 - 75

 o
C]; IR (neat) 3295, 

2980, 2934, 1738, 1698, 1650, 1580, 1560, 1463, 1428, 1408, 1367, 1244, 1195, 1151, 1084, 

1022, 990, 941, 808, 760, 736 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 7.29 (dd, J = 8.1, 1.2 Hz, 

1H), 7.43 - 7.58 (m, 1H), 7.52 - 7.58 (m, 3H), 7.75 (d, J = 7.8 Hz, 1H), 7.80 - 7.84 (m, 1H), 7.92 

(d, J = 8 Hz, 1H), 7.97 - 8.05 (m, 1H), 8.12 - 8.16 (m, 1H); 
13

C NMR (175 MHz, CDCl3) δ 

118.3, 121.6, 125.2, 126.0, 126.4, 126.7, 128.0, 128.2, 132.7, 133.5, 134.7, 134.9, 146.5, 161.0. 

 

2-(1-(Naphthalen-1-yloxy)vinyl)thiophene (33) 

 

A solution of 32 (1.27 g, 5.0 mmol) in THF (10 mL) was syringed into a flask containing Tebbe 

reagent,
4
 prepared from titanocene dichloride (1.91 g, 7.70 mmol) and trimethylaluminum (7.70 

mL of 2M solution in toluene, 112 mmol), at room temperature. The slurry was stirred for 24 h at 

room temperature and was diluted with ether (15 mL). The reaction mixture was extracted with 

ether (2 x 10 mL), washed with 1M aqueous NaOH (2 x 10 mL), dried (Na2SO4) and evaporated. 

The crude residue was passed through a short path of neutral silica, eluting with ether (120 mL) 

containing 5% Et3N. The effluent was concentrated in vacuo and the crude residue was purified 

by flash chromatography on silica gel (95% hexanes, 5% Et3N) to give 33 (986 mg, 78%) as a 

brown oil; IR (neat) 2929, 2858, 1652, 1457, 1258, 1073, 750 cm
-1

; 
1
H NMR (700 MHz, CDCl3) 

δ 4.29 (d, J = 3.1 Hz, 1H), 4.99 (d, J =3.1 Hz, 1H), 7.05 - 7.10 (m, 1H), 7.26 - 7.29 (m, 1H), 7.30 
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- 7.34 (m, 1H), 7.42 -7.50 (m, 2H), 7.51 - 7.59 (m, 2H), 7.68 - 7.74 (m, 1H), 7.89 - 7.96 (m, 1H), 

8.18 - 8.23 (m, 1H); 
13

C NMR (175 MHz, CDCl3) δ 90.7, 114.8, 116.9, 122.3, 124.7, 124.9, 

125.8, 125.9, 126.3, 127.0, 127.6, 128.0, 135.3, 139.5, 151.7, 155.8. 

 

(1R,2S)-Ethyl 2-(Naphthalen-1-yloxy)-2-(thiophen-2-yl)cyclopropanecarboxylate [(+)-34] 

 

Yellow oil; Z:E ratio 17:1; 94% ee [Chiralcel OJ, hexane:i-propanol 94.5:5.5, 0.5 mL/min, 215 

nm, tR [(1R,2R), major] 21.8 min, tR [(1S,2S), minor] 28.4 min]; [α]D
22

 + 36.3 (c 0.5, CHCl3); IR 

(neat) 3473, 3029, 2931, 1735, 1496, 1454, 1380, 1260, 1174, 1037, 734, 697 cm
-1

; 
1
H NMR 

(700 MHz, CDCl3) δ 1.21 (t, J = 6.9 Hz, 3H), 1.88 - 1.97 (m, 1H), 2.37 (s, 3H), 1.97 (dd, J = 8.2, 

6.0 Hz, 1H), 2.38 (t, J = 6.7 Hz, 1H), 2.79 (dd, J = 9.9, 7.5 Hz, 1H), 4.01 (q, J = 6.9 Hz, 2H), 

6.81 - 6.91 (m, 1H), 7.02 - 7.05 (m, 1H), 7.05 - 7.15 (m, 1H), 7.16 -7.21 (m, 1H), 7.22 - 7.27 (m, 

1H), 7.28 - 7.30 (m, 1H), 7.32 - 7.40 (m, 2H), 7.41 - 7.47 (m, 1H), 7.67 - 7.72 (m, 1H), 8.12 - 

8.22 (m, 1H); 
13

C NMR (175 MHz, CDCl3) δ 15.5, 24.2, 32.9, 61.8, 63.4, 108.4, 121.6, 122.0, 

124.8, 125.2, 125.9, 126.2, 126.9, 127.7, 127.9, 128.1, 134.5, 135.6, 151.8, 169.3; HRMS (EI) 

calcd for C20H19O3S  (M+H) m/z 339.1055, found 339.1055. 

 

(1R,2S)-2-(Naphthalen-1-yloxy)-2-(thiophen-2-yl)cyclopropanecarboxylic Acid [(+)-35] 
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To a solution of (+)-34 (113 mg, 0.33 mmol) in THF (8 mL) was added LiOH.H2O (48 mg, 2 

mmol) followed by H2O (2 mL). The mixture was stirred at room temperature for 24 h and was 

acidified with 1M HCl to pH 6. The reaction mixture was extracted with ether (2 x 50 mL), dried 

(Na2SO4) and evaporated to obtain (+)-35 (99 mg, 96%) as a white solid; mp 169 - 170 °C, [lit
3
 

for racemate 167 - 168 °C]; [α]D
20

 + 54.2 (c 0.4, MeOH), [lit
3
 for (1S,2R) isomer [α]D

25
 - 51.4 (c 

0.07, CHCl3)]; IR (neat) 3537, 2983, 2938, 1739, 1465, 1445, 1407, 1368, 1282, 1176, 1114, 

1027 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.99 (dd, J = 9.1, 6.2 Hz, 1H), 2.12 (t, J = 7.3 Hz, 1H), 

2.83 (dd, J = 9.1, 8.3 Hz, 1H), 6.94 (dd, J = 5.2, 4.7 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.20 - 7.29 

(m, 3H), 7.42 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 3.1 Hz, 1H), 7.62 (d, J = 3.1 Hz, 1H), 7.72 - 7.76 

(m, 1H), 8.18 - 8.22 (m, 1H); 
13

C NMR (175 MHz, CDCl3) δ 20.9, 33.7, 64.2, 110.2, 120.4, 

120.8, 121.3, 121.7, 122.0, 123.4, 125.6, 128.6, 129.8, 129.7, 138.7, 144.3, 158..7, 173.5. 

 

(1R,2S)-N-Methyl-2-(naphthalen-1-yloxy)-2-(thiophen-2-yl)cyclopropanecarboxamide [(-)-

36] 
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To a solution of (+)-35 (95 mg, 0.306 mmol) in THF (6 mL) was added Hunig’s base (160 µL, 

0.918 mmol) followed by 4-dimethylaminopyridine (4 mg, 0.31 mmol), methylamine 

hydrochloride (62 mg, 0.918 mmol), 1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide 

methiodide (182 mg, 0.612 mg) and the reaction mixture was stirred at room temperature for 13 

h. The solvent of the reaction mixture was removed under reduced pressure and the crude residue 

was purified by flash chromatography on silica gel (0 - 10% ethyl acetate in hexanes) to give (-)-

36 (98 mg, 99%) as a pale yellow oil; [α]D
16

 - 59.9 (c 0.22, CHCl3), [lit
3
 for (1S,2R) isomer [α]D

25
 

+ 59.4 (c 0.36, CHCl3)]; IR (neat) 3210, 1769, 1701, 1427, 1320, 1294, 1244, 1320, 1294, 1244, 

1179, 917, 852, 815 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 2.11 - 2.24 (m, 2H), 2.33 - 2.41 (m, 

1H), 2.92 (d, J = 4.2 Hz, 3H), 5.93 (br. S, 1H), 6.95 - 7.09 (m, 3H), 7.18 - 7.32 (m, 2H), 7.41 - 

7.50 (m, 2H), 7.82 (dd, J = 6.2, 3.1 Hz, 1H), 8.23 (dd, J = 6.1, 3.1 Hz, 1H); 
13

C NMR (175 MHz, 

CDCl3) δ 21.7, 15.9, 34.8, 62.6, 108.7, 121.8, 123.4, 123.9, 124.3, 124.5, 125.9, 126.7, 127.8, 

128.4, 129.1, 134.5, 144.8, 153.4, 168.0.  

 

N-Methyl-1-((1S,2S)-2-(naphthalen-1-yloxy)-2-(thiophen-2-yl)cyclopropyl)methanamine 

hydrochloride [(+)-29] 

 

To a solution of (-)-36 (96 mg, 0.296 mmol) in THF (5 mL) was added lithium aluminium 

hydride (45 mg, 1.187 mmol) and the mixture was refluxed for 4 h. The reaction mixture was 

cooled to 0 
o
C and was quenched by aqueous ammonium chloride. The reaction mixture was 
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extracted in ethyl acetate (2x25 mL), evaporated and treated with 1(M) HCl in ether (1 mL). A 

white precipitate formed which was filtered, washed with ether and dried to obtain (+)-29 (89 

mg, 87%) as a colorless solid; mp 251 - 252 
o
C [lit.

3
 252 

o
C ]; [α]D

16
 + 51.2 (c 0.22, CHCl3), [lit

3
 

[α]D
20

 + 51.4 (c 0.07, CHCl3)]; IR (neat) 3529, 3346, 3052, 2661, 1630, 1596, 1577, 1514, 1494, 

1457, 1276, 1241, 1206, 1148, 1083, 1043, 1015, 961, 878, 794, 770, 699 cm
-1

; 
1
H NMR (700 

MHz, CDCl3) δ 1.49 - 1.57 (m, 1H), 1.97 - 2.10 (m, 2H), 2.81 - 2.94 (m, 3H), 3.36 - 3.45 (m, 

2H), 6.90 - 6.94 (m, 1H), 6.95 - 7.02 (m, 1H), 7.04 - 7.24 (m, 3H), 7.42 (d, J = 8.1 Hz, 1H), 7.45 

- 7.53 (m, 2H), 7.80 (d, J = 8.1 Hz, 1H), 8.22 - 8.28 (m, 1H), 9.81 (br, s, 2H); 
13

C NMR (175 

MHz, CDCl3) δ 21.8, 26.3, 48.1, 61.4, 83.6, 108.8, 121.3, 121.9, 122.4, 122.8, 125.4, 125.5, 

126.0, 126.9, 127.3, 128.0, 134.5, 143.7, 151.9. 
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