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General Methods 

Deionised water was used in all reactions. All aldehydes were purified before using. All 

commercially available alkyl iodides were used directly without purification.  

Following commercial grade reagents were also used without further purification: indium 

(powder, -100 mesh, 99.99%), copper (I) iodide (98%), silver iodide (99.9%), and iodine (99%). 

The stirrer was stirred at the largest speed of 1250 rpm. The stirring bar was egg-shaped in 

1.6 cm x 0.6 cm (L x Diam.). 

Analytical thin layer chromatography (TLC) was performed using precoated silica gel plate 

(0.2 mm thickness). Subsequent to elution, plates were visualized using UV radiation (254 nm). 

Further visualization was possible by staining with acidic solution of ceric molybdate. 

Flash chromatography was performed using silica gel with freshly distilled solvents. Columns 

were typically packed as slurry and equilibrated with the appropriate solvent system prior to use.   

Infrared spectra were examined under neat conditions. 

High Resolution Mass (HRMS) spectra were obtained using an EI mass spectrometer.  

Proton nuclear magnetic resonance spectra (1H NMR) were recorded at 300 MHZ or 400 MHZ 

spectrophotometer using CDCl3 as solvent. Chemical shifts for 1H NMR spectra are reported as δ in 

units of parts per million (ppm) downfield from SiMe4 (δ 0.0) and relative to the signal of 

chloroform-d (δ 7.2600, singlet). Multiplicities were given as: s (singlet); d (doublet); t (triplet); q 

(quartet); or m (multiplets). The number of protons (n) for a given resonance is indicated by nH. 

Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic resonance spectra (13C 

NMR) are reported as δ in units of parts per million (ppm) downfield from SiMe4 (δ 0.0) and 

relative to the signal of chloroform-d (δ 77.03, triplet). The proportion of diastereomers was 

determined from the integration of 1H NMR spectra.  

 

Experimental Procedure 

 

General procedure for the Barbier-Grignard-type alkylation reaction of benzaldehyde in 

water: To a 10 mL round-bottomed flask (RBF) was added 10 mL water, benzaldehyde 

(0.053g, 0.5 mmol), and I2 (0.0253g, 0.1 mmol), stirred for several minutes, then indium 
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(0.344g, 3 mmol), and copper iodide (0.286g, 1.5 mmol) or silver iodide (0.587g, 2.5 mmol) 

were added to the RBF sequentially. After stirring for 10 minutes, cyclohexyl iodide (0.53g, 

2.5 mmol) was introduced into the reaction system, and it was stirred vigorously at room 

temperature for 2 days. After reaction, 2 mL aq. HCl (1 M) was added, then it was extracted 

with ether (20 mL x 3), washed with brine, dried over sodium sulfate, filtered and evaporated 

solvent to give the oil residue. It was subjected to silica gel column chromatography using 

ethyl acetate and hexane as eluent to afford the desired product as colorless oil. 

 

Spectroscopic Data of Products 

 

OH

Br  

(p-Bromophenyl)-cyclohexyl-methanol (Table 2, entry 1): Colorless oil; Rf  = 0.22 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3400 cm−1; 1H NMR (400 MHz, CDCl3): δ 

0.85-1.26 (m, 5H), 1.35-1.39 (m, 1H), 1.51-2.00 (m, 6H), 4.33 (d, J = 6.92 Hz, 1H), 7.16 (d, J 

= 8.32 Hz, 2H), 7.44 (d, J = 8.40 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ 142.5 (C), 

131.2 (CHx2), 128.3 (CHx2), 121.1 (C), 78.6 (CH), 44.9 (CH), 29.2 (CH2), 28.6 (CH2), 26.3 

(CH2), 26.0 (CH2), 25.9 (CH2) ppm; HRMS (EI, m/z): [M]+, Calcd. for C13H17BrO: 268.0463, 

found: 268.0452. 

 

OH

Br  

(p-Bromophenyl)-cyclopentyl-methanol (Table 2, entry 2): Colorless oil; Rf  = 0.24 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3401 cm−1; 1H NMR (400 MHz, CDCl3): δ 

1.08-1.17 (m, 1H), 1.33-1.41 (m, 1H), 1.42-1.69 (m, 5H), 1.82-1.89 (m, 1H), 1.96 (s, br, 1H), 

2.10-2.21 (m, 1H), 4.37 (d, J = 8.28 Hz, 1H), 7.21 (d, J = 8.32 Hz, 2H), 7.45 (d, J = 8.37 Hz, 

2H) ppm; 13C NMR (100 MHz, CDCl3): δ 143.4 (C), 131.4 (CHx2), 128.2 (CHx2), 121.2 (C), 

78.4 (CH), 47.7 (CH), 29.3 (CH2), 29.3 (CH2), 25.5 (CH2), 25.4 (CH2) ppm; HRMS (EI, m/z): 
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[M]+, Calcd. for C12H15BrO: 254.0306, found: 254.0301. 

 

OH

Br  

1-(p-Bromophenyl)--2-methyl-1-propanol (Table 2, entry 3): Colorless oil; Rf  = 0.26 

(Ethyl acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3406 cm−1; 1H NMR (400 MHz, CDCl3): δ 

0.79 (d, J = 6.80 Hz, 3H), 0.96 (d, J = 6.69 Hz, 3H), 1.86-1.94 (m, 1H), 2.02 (s, br, 1H), 4.32 

(d, J = 6.64 Hz, 1H), 7.17 (d, J = 8.32 Hz, 2H), 7.45 (d, J = 8.40 Hz, 2H) ppm; 13C NMR (100 

MHz, CDCl3): δ 142.5 (C), 131.2 (CHx2), 128.3 (CHx2), 121.1 (C), 79.2 (CH), 35.2 (CH), 

18.8 (CH3), 18.0 (CH3) ppm; HRMS (EI, m/z): [M]+, Calcd. for C10H13BrO: 228.0150, found: 

228.0138. 

 

OH

Br  

1-(p-Bromophenyl)-2-methyl-butan-1-ol (Table 2, entry 4): Colorless oil; Rf  = 0.17 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3393 cm−1; 1H NMR (300 MHz, CDCl3): (two 

isomers) δ 0.74 (d, J = 6.81 Hz, 3H), 0.87-0.94 (m, 9H), 0.98-1.46 (m, 3H), 1.60-1.75 (m, 3H), 

1.78 (s, br, 1H), 1.82 (s, br, 1H), 4.43 (d, J = 6.57 Hz, 1H), 4.53 (d, J = 5.04 Hz, 1H), 

7.18-7.20 (m, 4H), 7.44-7.48 (m, 4H) ppm; 13C NMR (75.4 MHz, CDCl3): (two isomers) δ 

142.9 (C), 142.5 (C), 131.2 (CHx2), 131.2 (CHx2), 128.4 (CHx2), 128.1 (CHx2), 121.1 (C), 

120.9 (C), 78.1 (CH), 77.3 (CH), 42.0 (CH), 41.7 (CH), 25.8 (CH2), 24.7 (CH2), 15.0 (CH3), 

13.8 (CH3), 11.7 (CH3), 11.3 (CH3) ppm; HRMS (EI, m/z): [M]+, Calcd. for C11H15BrO: 

242.0306, found: 242.0300. 

 

OH

Br  

1-(p-Bromophenyl)-1-heptanol (Table 2, entry 5): Colorless oil; Rf  = 0.17 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3400 cm−1; 1H NMR (400 MHz, CDCl3): δ 0.87 (t, 
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J = 6.72 Hz, 3H), 1.26-1.39 (m, 8H), 1.64-1.80 (m, 2H), 1.89 (s, 1H), 4.61-4.64 (m, 1H), 7.21 

(d, J = 8.33 Hz, 2H), 7.46 (d, J = 8.40 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ 143.9 

(C), 131.5 (CHx2), 127.7 (CHx2), 121.2 (C), 74.0 (CH), 39.2 (CH2), 31.7 (CH2), 29.2 (CH2), 

25.6 (CH2), 22.6 (CH2), 14.1 (CH3) ppm; HRMS (EI, m/z): [M]+, Calcd. for C13H19BrO: 

270.0619, found: 270.0616. 

 

OH

Cl  

Cyclohexyl-(p-chlorophenyl)-methanol (Table 2, entry 6): Colorless oil; Rf  = 0.28 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3400 cm−1; 1H NMR (400 MHz, CDCl3): δ 

0.86-1.26 (m, 5H), 1.36-1.39 (m, 1H), 1.52-1.68 (m, 3H), 1.74-1.77 (m, 1H), 1.86-1.94 (m, 

2H), 4.36 (d, J = 6.92 Hz, 1H), 7.21-7.31 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3): δ 142.0 

(C), 133.0 (C), 128.3 (CHx2), 128.0 (CHx2), 78.6 (CH), 45.0 (CH), 29.2 (CH2), 28.6 (CH2), 

26.3 (CH2), 26.0 (CH2), 25.9 (CH2) ppm; HRMS (EI, m/z): [M]+, Calcd. for C13H17ClO: 

224.0968, found: 224.0968. 

 

OH
F

 

Cyclohexyl-(m-fluorophenyl)-methanol (Table 2, entry 7): Colorless oil; Rf  = 0.30 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3401 cm−1; 1H NMR (400 MHz, CDCl3): δ 

0.96-1.42 (m, 6H), 1.57-1.94 (m, 5H), 1.96 (s, br, 1H), 4.37 (d, J = 6.87 Hz, 1H), 6.92-7.06 

(m, 3H), 7.25-7.32 (m, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 162.8 (d, J = 245.7 Hz, C), 

146.3 (d, J = 6.5 Hz, C), 129.6 (d, J = 8.1 Hz, CH), 122.2 (d, J = 2.6 Hz, CH), 114.2 (d, J = 

21.4 Hz, CH), 113.5 (d, J = 21.4 Hz, CH), 78.7 (CH), 45.0 (CH), 29.3 (CH2), 28.5 (CH2), 26.4 

(CH2), 26.1 (CH2), 26.0 (CH2) ppm; HRMS (EI, m/z): [M]+, Calcd. for C13H17OF: 208.1250, 

found: 208.1263. 
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OH

 

Cyclohexyl-phenyl-methanol (Table 2, entry 8): Colorless oil; Rf  = 0.28 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3440 cm−1; 1H NMR (300 MHz, CDCl3): δ 

0.84-1.29 (m, 5H), 1.34-1.38 (m, 1H), 1.53-1.77 (m, 4H), 1.95-2.00 (m, 2H), 4.33 (d, J = 7.14 

Hz, 1H), 7.22-7.34 (m, 5H) ppm; 13C NMR (75.4 MHz, CDCl3): δ 143.6 (C), 128.1 (CHx2), 

127.3 (CH), 126.6 (CHx2), 79.3 (CH), 44.9 (CH), 29.3 (CH2), 28.8 (CH2), 26.4 (CH2), 26.1 

(CH2), 26.0 (CH2) ppm; HRMS (EI, m/z): [M]+, Calcd. for C13H18O: 190.1358, found: 

190.1346. 

 

OH

 

Cyclohexyl-(o-methylphenyl)-methanol (Table 2, entry 9): Colorless oil; Rf  = 0.26 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3416 cm−1; 1H NMR (400 MHz, CDCl3): δ 

1.01-1.22 (m, 5H), 1.35-1.38 (m, 1H), 1.58-1.65 (m, 3H), 1.75-1.79 (m, 1H), 1.87 (s, 1H), 

1.98-2.01 (m, 1H), 2.31 (s, 3H), 4.62 (d, J = 7.12 Hz, 1H), 7.10-7.23 (m, 3H), 7.37-7.39 (m, 

1H) ppm; 13C NMR (100 MHz, CDCl3): δ 141.9 (C), 135.0 (C), 130.2 (CH), 126.9 (CH), 

126.2 (CH), 126.0 (CH), 75.0 (CH), 44.5 (CH), 29.5 (CH2), 28.5 (CH2), 26.4 (CH2), 26.3 

(CH2), 26.0 (CH2), 19.4 (CH3) ppm; HRMS (EI, m/z): [M]+, Calcd. for C14H20O: 204.1514, 

found: 204.1516. 

 

OH

 

Cyclohexyl-(p-methylphenyl)-methanol (Table 2, entry 10): Colorless oil; Rf  = 0.27 

(Ethyl acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3393 cm−1; 1H NMR (400 MHz, CDCl3): δ 

0.85-1.28 (m, 5H), 1.35-1.38 (m, 1H), 1.55-1.66 (m, 3H), 1.74-1.81 (m, 2H), 1.98-2.01 (m, 

1H), 2.34 (s, 3H), 4.31 (d, J = 7.00 Hz, 1H), 7.13-7.19 (m, 4H) ppm; 13C NMR (100 MHz, 

CDCl3): δ 140.7 (C), 137.0 (C), 128.9 (CHx2), 126.6 (CHx2), 79.3 (CH), 44.9 (CH), 29.3 
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(CH2), 29.0 (CH2), 26.5 (CH2), 26.1 (CH2), 26.0 (CH2), 21.1 (CH3) ppm; HRMS (EI, m/z): 

[M]+, Calcd. for C14H20O: 204.1514, found: 204.1505. 

 

OH

 

1-Cyclohexyl-1-nonanol (Table 2, entry 11): Colorless oil; Rf  = 0.35 (Ethyl acetate/hexane, 

1:8); FTIR (NaCl, neat): ν 3381 cm−1; 1H NMR (400 MHz, CDCl3): δ 0.88 (t, J = 6.61 Hz, 

3H), 0.95-1.48 (m, 21H), 1.66-1.82 (m, 5H), 3.33-3.36 (m, 1H) ppm; 13C NMR (100 MHz, 

CDCl3): δ 76.2 (CH), 43.6 (CH), 34.1 (CH2), 31.9 (CH2), 29.8 (CH2), 29.6 (CH2), 29.3 (CH2), 

29.3 (CH2), 27.7 (CH2), 26.6 (CH2), 26.4 (CH2), 26.2 (CH2), 26.0 (CH2), 22.7 (CH2), 14.1 

(CH3) ppm; HRMS (EI, m/z): [M-H]+, Calcd. for C15H29O: 225.2218, found: 225.2208. 

 

OH

 

1-Cyclohexyl-3-phenyl-1-propanol (Table 2, entry 12): Colorless oil; Rf  = 0.22 (Ethyl 

acetate/hexane, 1:8); 1H NMR (300 MHz, CDCl3): δ 0.97-1.44 (m, 7H), 1.64-1.87 (m, 7H), 

2.59-2.69 (m, 1H), 2.79-2.88 (m, 1H), 3.35-3.41 (m, 1H), 7.15-7.30 (m, 5H) ppm; 13C NMR 

(100 MHz, CDCl3): δ 142.4 (C), 128.4 (CHx2), 128.4 (CHx2), 125.8 (CH), 75.6 (CH), 43.8 

(CH), 36.0 (CH2), 32.4 (CH2), 29.2 (CH2), 27.8 (CH2), 26.5 (CH2), 26.3 (CH2), 26.2 (CH2) 

ppm; HRMS (EI, m/z): [M]+, Calcd. for C15H22O: 218.1671, found: 218.1660. 

 

OH

 

1-Cyclopentyl-3-phenyl-1-propanol (Table 2, entry 13): Colorless oil; Rf  = 0.24 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3400 cm−1; 1H NMR (400 MHz, CDCl3): δ 

1.14-1.23 (m, 1H), 1.29-1.36 (m, 1H), 1.44 (s, 1H), 1.51-1.73 (m, 6H), 1.74-1.95 (m, 3H), 

2.63-2.71 (m, 1H), 2.82-2.89 (m, 1H), 3.41-3.44 (m, 1H), 7.16-7.30 (m, 5H) ppm; 13C NMR 

(100 MHz, CDCl3): δ 142.4 (C), 128.4 (CHx2), 128.4 (CHx2), 125.7 (CH), 75.4 (CH), 46.5 
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(CH), 37.9 (CH2), 32.2 (CH2), 29.1 (CH2), 28.6 (CH2), 25.7 (CH2), 25.6 (CH2) ppm; HRMS 

(EI, m/z): [M]+, Calcd. for C14H20O: 204.1514, found: 204.1511. 

 

OH

 

4-Methyl-1-phenyl-pentan-3-ol (Table 2, entry 14): Colorless oil; Rf  = 0.25 (Ethyl 

acetate/hexane, 1:8); FTIR (NaCl, neat): ν 3408 cm−1; 1H NMR (300 MHz, CDCl3): δ 0.92 (d, 

J = 6.72 Hz, 6H), 1.38 (s, br, 1H), 1.60-1.85 (m, 3H), 2.60-2.70 (m, 1H), 2.80-2.89 (m, 1H), 

3.37-3.41 (m, 1H), 7.16-7.31 (m, 5H) ppm; 13C NMR (75.4 MHz, CDCl3): δ 142.4 (C), 128.4 

(CHx2), 128.4 (CHx2), 125.8 (CH), 76.1 (CH), 36.0 (CH2), 33.7 (CH), 32.5 (CH2), 18.8 

(CH3), 17.2 (CH3) ppm; HRMS (EI, m/z): [M]+, Calcd. for C12H18O: 178.1358, found: 

178.1350. 

 

OH

. 

1-Cyclohexyl-pent-4-en-1-ol (Compound 1, in Scheme 1): Colorless oil; Rf  = 0.35 (Ethyl 

acetate/hexane, 1:8); 1H NMR (400 MHz, CDCl3): δ 0.95-1.36 (m, 6H), 1.44-1.82 (m, 8H), 

2.07-2.28 (m, 2H), 3.36-3.40 (m, 1H), 4.96-5.07 (m, 2H), 5.80-5.90 (m, 1H) ppm; 13C NMR 

(100 MHz, CDCl3): δ 138.8 (CH), 114.7 (CH2), 75.7 (CH), 43.7 (CH), 33.3 (CH2), 30.4 (CH2), 

29.2 (CH2), 27.8 (CH2), 26.5 (CH2), 26.3 (CH2), 26.2 (CH2) ppm; HRMS (EI, m/z): [M-H]+, 

Calcd. for C11H19O: 167.1436, found: 167.1433. 

 

O

 
2-Cyclohexyl-5-[(1-cyclohexyl)-methyl]-tetrahydrofuran (Compound 2, in Scheme 1): 

Colorless oil; Rf  = 0.72 (Ethyl acetate/hexane, 1:8); 1H NMR (400 MHz, CDCl3): (major 
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isomers) δ 0.88-1.00 (m, 4H), 1.11-1.41 (m, 10H), 1.48-1.94 (m, 14H), 3.48 (q, J = 7.28 Hz, 

1H), 3.83-3.90 (m, 1H) ppm; 13C NMR (100 MHz, CDCl3): (major isomer) δ 83.6 (CH), 76.9 

(CH), 43.9 (CH2), 43.2 (CH), 35.1 (CH), 33.7 (CH2), 33.6 (CH2), 31.6 (CH2), 29.9 (CH2), 

28.9 (CH2), 28.5 (CH2), 26.6 (CH2x2), 26.3 (CH2x2), 26.1 (CH2), 26.0 (CH2) ppm; HRMS (EI, 

m/z): [M]+, Calcd. for C17H30O: 250.2297, found: 250.2276 
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Copies of 1H NMR and 13C NMR Data of Products 
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