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Synthesis of 1-mesityl imidazole1  

To a mixture of mesitylamine (4.46 g, 33.0 mmol), 38 % aq. glyoxal (10.1 g, 66.0 mmol) and 35 

% aq. formaldehyde (5.66 g, 66.0 mmol) in MeOH (ca. 60 mL) CH3CO2NH4 (5.08 g, 66.0 

mmol) was added.  The reaction mixture was refluxed for 12 hours during which the initially 

formed yellow solid becomes black colored solution.  The reaction mixture was then cooled to 

room temperature and the volatiles were evaporated under reduced pressure.  The residue thus 

obtained was dissolved in ethyl acetate and washed with 10 % aq. NaOH solution followed by 

brine solution.  The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated.  The crude mass so obtained was finally purified by silica gel column 

chromatography using ethyl acetate/petroleum ether (1:4 v/v) mixed medium to give the product 

as a light brown solid (3.46 g, 56 %).  1H NMR (CDCl3, 400 MHz, 25 °C): δ ppm, 7.43 (s, 1H, 

NCHN), 7.23 (s, 1H, NCHCHN), 6.97 (s, 2H, 2,4,6-(CH3)3C6H2), 6.89 (s, 1H, NCHCHN), 2.34 

(s, 3H, 2,4,6-(CH3)3C6H2), 1.98 (s, 6H, 2,4,6-(CH3)3C6H2).  
13C{1H} NMR (CDCl3, 125 MHz, 25 

°C): δ ppm, 139.0 (NCHN), 137.6 (ipso-2,4,6-(CH3)3C6H2), 135.5 (2,4,6-(CH3)3C6H2), 133.5 

(2,4,6-(CH3)3C6H2), 129.6 (NCHCHN), 129.1 (2,4,6-(CH3)3C6H2), 120.2 (NCHCHN), 21.1 

(2,4,6-(CH3)3C6H2), 17.4 (2,4,6-(CH3)3C6H2).   

 

Synthesis of 2-chloro-N-(2,6-Me2-phenyl)acetamide2  

To a solution of 2,6-dimethylaniline (2.00 g, 16.5 mmol) in CHCl3 (ca. 25 mL), 2-chloroacetyl 

chloride (3.73 g, 33.0 mmol) was added drop wise at 0 °C and the reaction mixture was stirred at 

room temperature for 8 hours.  After the completion of reaction, the reaction mixture was 

washed with saturated NaHCO3 solution (ca. 3 × 50 mL).  The organic layer was dried over 

anhydrous Na2SO4, filtered, and concentrated.  The residue so obtained was vacuum dried to 

give the product as a white solid (2.75 g, 84 %).  1H NMR (CDCl3, 500 MHz, 25 °C): δ ppm, 
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7.86 (br, 1H, NH), 7.16-7.13 (m, 1H, 2,6-(CH3)2C6H3), 7.11-7.09 (m, 2H, 2,6-(CH3)2C6H3), 4.25 

(s, 2H, CH2), 2.24 (s, 6H, 2,6-(CH3)2C6H3).  
13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ ppm, 

164.5 (CO), 135.5 (o-2,6-(CH3)2C6H3), 132.8 (ipso-2,6-(CH3)2C6H3), 128.5 (m-2,6-(CH3)2C6H3), 

128.1 (p-2,6-(CH3)2C6H3), 42.9 (CH2), 18.5 (2,6-(CH3)2C6H3).   

 

Synthesis of 1-(2,6-Me2-phenyl)imidazole3   

To a mixture of 2,6-dimethylaniline (4.00 g, 33.0 mmol), 38 % aq. glyoxal (10.1 g, 66.0 mmol) 

and 35 % aq. formaldehyde (5.66 g, 66.0 mmol) in MeOH (ca. 60 mL) CH3CO2NH4 (5.08 g, 

66.0 mmol) was added.  The reaction mixture was refluxed for 12 hours during which the 

initially formed yellow solid becomes black colored solution.  The reaction mixture was then 

cooled to room temperature and the volatiles were evaporated under reduced pressure.  The 

residue thus obtained was dissolved in ethyl acetate and washed with 10 % aq. NaOH solution 

followed by brine solution.  The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated.  The crude mass so obtained was finally purified by silica gel column 

chromatography using ethyl acetate/petroleum ether (1:4 v/v) mixed medium to give the product 

as a light brown solid (1.96 g, 34 %).  1H NMR (CDCl3, 500 MHz, 25 °C): δ ppm, 7.46 (s, 1H, 

NCHN), 7.27-7.24 (m, 1H, 2,6-(CH3)2C6H3), 7.25 (t, 1H, 3JHH = 1 Hz, NCHCHN), 7.17-7.15 (m, 

2H, 2,6-(CH3)2C6H3), 6.92 (t, 1H, 3JHH = 1 Hz, NCHCHN), 2.04 (s, 6H, 2,6-(CH3)2C6H3).  

13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ ppm, 137.4 (NCHN), 136.1 (ipso-2,6-(CH3)2C6H3), 

135.9 (2,6-(CH3)2C6H3), 129.8 (2,6-(CH3)2C6H3), 129.1 (NCHCHN), 128.5 (2,6-(CH3)2C6H3), 

120.0 (NCHCHN), 17.6 (2,6-(CH3)2C6H3).   
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1,3-Diphenylpropan-1-ol (3)4  

 

Colorless liquid [0.153 g, 72 % isolated yield (1c); 0.144 g, 68 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.37−7.36 (m, 4H, C6H5CH(OH)CH2CH2C6H5), 7.32−7.28 (m, 3H, 

C6H5CH(OH)CH2CH2C6H5), 7.22−7.19 (m, 3H, C6H5CH(OH)CH2CH2C6H5), 4.71−4.68 (m, 1H, 

C6H5CH(OH)CH2CH2C6H5), 2.81−2.65 (m, 2H, C6H5CH(OH)CH2CH2C6H5), 2.20−2.00 (m, 2H, 

C6H5CH(OH)CH2CH2C6H5), 1.88 (b, 1H, C6H5CH(OH)CH2CH2C6H5).  
13C{1H} NMR (CDCl3, 

100 MHz, 25 °C): δ 144.7 (ipso-C6H5CH(OH)CH2CH2C6H5), 141.9 (C6H5CH(OH)CH2CH2-

ipso-C6H5), 128.7 (o-C6H5CH(OH)CH2CH2C6H5), 128.6 (C6H5CH(OH)CH2CH2-o-C6H5), 128.5 

(m-C6H5CH(OH)CH2CH2C6H5), 127.8 (p-C6H5CH(OH)CH2CH2C6H5), 126.1 

(C6H5CH(OH)CH2CH2-m-C6H5), 126.0 (C6H5CH(OH)CH2CH2-p-C6H5), 74.0 

(C6H5CH(OH)CH2CH2C6H5), 40.6 (C6H5CH(OH)CH2CH2C6H5), 32.2 

(C6H5CH(OH)CH2CH2C6H5).  GCMS (ESI): [M]+ m/z = 212.  Anal. Calcd. for C15H16O: C, 

84.87; H, 7.60; Found: C, 84.17; H, 7.43.   

 

1,3-Diphenylpropan-1-one (3’)4  
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Colorless liquid [0.023 g, 11 % isolated yield (1c); 0.027 g, 13 % isolated yield (2c)]  1H NMR 

(CDCl3, 500 MHz, 25 °C): δ 8.01 (dd, 2H, 3JH-H = 8 Hz, 4JH-H = 1 Hz, C6H5COCH2CH2C6H5), 

7.60 (dt, 1H, 3JH-H = 8 Hz, 4JH-H = 1 Hz, C6H5COCH2CH2C6H5), 7.50 (t, 2H, 3JH-H = 8 Hz, 

C6H5COCH2CH2C6H5), 7.37-7.34 (m, 2H, C6H5COCH2CH2C6H5), 7.32-7.31 (m, 2H, 

C6H5COCH2CH2C6H5), 7.26 (t, 1H, 3JH-H = 7 Hz, C6H5COCH2CH2C6H5), 3.35 (t, 2H, 3JH-H = 8 

Hz, C6H5COCH2CH2C6H5), 3.13 (t, 2H, 3JH-H = 8 Hz, C6H5COCH2CH2C6H5).  
13C{1H} NMR 

(CDCl3, 125 MHz, 25 °C): δ 199.3 (C6H5COCH2CH2C6H5), 141.4 (ipso-C6H5COCH2CH2C6H5), 

137.0 (C6H5COCH2CH2-ipso-C6H5), 133.2 (p-C6H5COCH2CH2C6H5), 128.7 (o-

C6H5COCH2CH2C6H5), 128.6 (m-C6H5COCH2CH2C6H5), 128.5 (C6H5COCH2CH2-m-C6H5), 

128.1 (C6H5COCH2CH2-o-C6H5), 126.2 (C6H5COCH2CH2-p-C6H5), 40.5 

(C6H5COCH2CH2C6H5), 30.2 (C6H5COCH2CH2C6H5).  GCMS (ESI): [M]+ m/z = 210.   

 

3-(4-Methoxyphenyl)-1-phenylpropan-1-ol (4)4  

 

Colorless liquid [0.215 g, 89 % isolated yield (1c); 0.208 g, 86 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.36−7.35 (m, 4H, C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 

7.31−7.28 (m, 1H, C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 7.12 (d, 2H, 3JH-H = 9 Hz, 

C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 6.84 (d, 2H, 3JH-H = 8 Hz, C6H5CH(OH)CH2CH2-4-

OCH3-C6H4), 4.69−4.66 (m, 1H, C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 3.79 (s, 3H, 

C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 2.74−2.58 (m, 2H, C6H5CH(OH)CH2CH2-4-OCH3-

C6H4), 2.16−1.97 (m, 2H, C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 1.96 (b, 1H, 
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C6H5CH(OH)CH2CH2-4-OCH3-C6H4).  13C{1H} NMR (CDCl3, 100 MHz, 25 °C): δ 157.9 

(C6H5CH(OH)CH2CH2-4-OCH3-p-C6H4), 144.8 (ipso-C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 

134.0 (C6H5CH(OH)CH2CH2-4-OCH3-ipso-C6H4), 129.5 (C6H5CH(OH)CH2CH2-4-OCH3-o-

C6H4), 128.7 (m-C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 127.8 (p-C6H5CH(OH)CH2CH2-4-

OCH3-C6H4), 126.1 (o-C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 114.0 (C6H5CH(OH)CH2CH2-4-

OCH3-o-C6H4), 74.0 (C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 55.4 (C6H5CH(OH)CH2CH2-4-

OCH3-C6H4), 40.8 (C6H5CH(OH)CH2CH2-4-OCH3-C6H4), 31.3 (C6H5CH(OH)CH2CH2-4-

OCH3-C6H4).  GCMS (ESI): [M]+ m/z = 242.  Anal. Calcd. for C16H18O2: C, 79.31; H, 7.49; 

Found: C, 78.97; H, 7.02.   

 

1-Phenyl-3-(thiophen-2-yl)-propan-1-ol (5)4  

 

Colorless liquid [0.161 g, 74 % isolated yield (1c); 0.137 g, 63 % isolated yield (2c)]  1H NMR 

(CDCl3, 500 MHz, 25 °C): δ 7.40−7.39 (m, 4H, C6H5CH(OH)CH2CH2C4H3S), 7.34−7.31 (m, 

1H, C6H5CH(OH)CH2CH2C4H3S), 7.15 (dd, 1H, 3JH-H = 5 Hz, 4JH-H = 1 Hz, 

C6H5CH(OH)CH2CH2C4H3S), 6.95 (dd, 1H, 3JH-H = 5 Hz, 4JH-H = 2 Hz, 

C6H5CH(OH)CH2CH2C4H3S), 6.84-6.83 (m, 1H, C6H5CH(OH)CH2CH2C4H3S), 4.78−4.76 (m, 

1H, C6H5CH(OH)CH2CH2C4H3S), 2.98−2.93 (m, 2H, C6H5CH(OH)CH2CH2C4H3S), 2.26−2.18 

(m, 1H, C6H5CH(OH)CH2CH2C4H3S), 2.15−2.08 (m, 1H, C6H5CH(OH)CH2CH2C4H3S), 1.66 (b, 

1H, C6H5CH(OH)CH2CH2C4H3S).  13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ 144.8 (ipso-

C6H5CH(OH)CH2CH2C4H3S), 144.5 (C6H5CH(OH)CH2CH2-ipso-C4H3S), 128.8 (m-



S7 

C6H5CH(OH)CH2CH2C4H3S), 127.9 (C6H5CH(OH)CH2CH2C4H3S), 126.9 

(C6H5CH(OH)CH2CH2C4H3S), 126.1 (o-C6H5CH(OH)CH2CH2C4H3S), 124.5 (p-

C6H5CH(OH)CH2CH2C4H3S), 123.3 (C6H5CH(OH)CH2CH2C4H3S), 73.7 

(C6H5CH(OH)CH2CH2C4H3S), 40.9 (C6H5CH(OH)CH2CH2C4H3S), 26.4 

(C6H5CH(OH)CH2CH2C4H3S).  GCMS (ESI): [M]+ m/z = 218.  Anal. Calcd. for C13H14OS: C, 

71.52; H, 6.46; Found: C, 69.81; H, 8.02.   

 

3-(Furan-2-yl)-1-phenylpropan-1-ol (6)4  

 

Colorless liquid [0.138 g, 68 % isolated yield (1c); 0.141 g, 70 % isolated yield (2c)]  1H NMR 

(CDCl3, 500 MHz, 25 °C): δ 7.30−7.29 (m, 4H, C6H5CH(OH)CH2CH2C4H3O), 7.24−7.23 (m, 

1H, C6H5CH(OH)CH2CH2C4H3O), 7.23−7.21 (m, 1H, C6H5CH(OH)CH2CH2C4H3O), 6.21 (dd, 

1H, 3JH-H = 4 Hz, 4JH-H = 2 Hz, C6H5CH(OH)CH2CH2C4H3O), 5.94−5.93 (m, 1H, 

C6H5CH(OH)CH2CH2C4H3O), 4.66−4.64 (m, 1H, C6H5CH(OH)CH2CH2C4H3O), 2.70−2.63 (m, 

2H, C6H5CH(OH)CH2CH2C4H3O), 2.10−1.96 (m, 2H, C6H5CH(OH)CH2CH2C4H3O), 1.82 (b, 

1H, C6H5CH(OH)CH2CH2C4H3O).  13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ 155.7 

(C6H5CH(OH)CH2CH2-ipso-C4H3O), 144.5 (ipso-C6H5CH(OH)CH2CH2C4H3O), 141.1 

(C6H5CH(OH)CH2CH2C4H3O), 128.7 (m-C6H5CH(OH)CH2CH2C4H3O), 127.9 (p-

C6H5CH(OH)CH2CH2C4H3O), 126.1 (o-C6H5CH(OH)CH2CH2C4H3O), 110.3 

(C6H5CH(OH)CH2CH2C4H3O), 105.2 (C6H5CH(OH)CH2CH2C4H3O), 73.9 

(C6H5CH(OH)CH2CH2C4H3O), 37.3 (C6H5CH(OH)CH2CH2C4H3O), 24.6 
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(C6H5CH(OH)CH2CH2C4H3O).  GCMS (ESI): [M]+ m/z = 202.  Anal. Calcd. for C13H14O2: C, 

77.20; H, 6.98; Found: C, 77.71; H, 7.35.   

 

1-Phenylhexan-1-ol (7)4  

 

Colorless liquid [0.126 g, 71 % isolated yield (1c); 0.123 g, 69 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.27−7.26 (m, 4H, C6H5CH(OH)CH2CH2CH2CH2CH3), 7.21−7.18 

(m, 1H, C6H5CH(OH)CH2CH2CH2CH2CH3), 4.59−4.55 (m, 1H, 

C6H5CH(OH)CH2CH2CH2CH2CH3), 1.85 (b, 1H, C6H5CH(OH)CH2CH2CH2CH2CH3), 

1.76−1.57 (m, 2H, C6H5CH(OH)CH2CH2CH2CH2CH3), 1.35−1.18 (m, 6H, 

C6H5CH(OH)CH2CH2CH2CH2CH3) 0.81-0.78 (m, 3H, C6H5CH(OH)CH2CH2CH2CH2CH3).  

13C{1H} NMR (CDCl3, 100 MHz, 25 °C): δ 145.1 (ipso-C6H5CH(OH)CH2CH2CH2CH2CH3), 

128.6 (m-C6H5CH(OH)CH2CH2CH2CH2CH3), 127.6 (p-C6H5CH(OH)CH2CH2CH2CH2CH3), 

126.1 (o-C6H5CH(OH)CH2CH2CH2CH2CH3), 74.9 (C6H5CH(OH)CH2CH2CH2CH2CH3), 39.2 

(C6H5CH(OH)CH2CH2CH2CH2CH3), 31.9 (C6H5CH(OH)CH2CH2CH2CH2CH3), 25.7 

(C6H5CH(OH)CH2CH2CH2CH2CH3), 22.7 (C6H5CH(OH)CH2CH2CH2CH2CH3), 14.2 

(C6H5CH(OH)CH2CH2CH2CH2CH3).  GCMS (ESI): [M]+ m/z = 178.  Anal. Calcd. for C12H18O: 

C, 80.85; H, 10.18; Found: C, 80.05; H, 10.07.   

 

3-Phenyl-1-(o-tolyl)propan-1-ol (8)4  
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Colorless liquid [0.164 g, 73 % isolated yield (1c); 0.176 g, 78 % isolated yield (2c)]  1H NMR 

(CDCl3, 500 MHz, 25 °C): δ 7.53 (dd, 1H, 3JHH = 8 Hz, 4JHH = 1 Hz, 2-CH3-

C6H4CH(OH)CH2CH2C6H5), 7.33−7.30 (m, 2H, 2-CH3-C6H4CH(OH)CH2CH2C6H5), 7.28−7.14 

(m, 6H, 2-CH3-C6H4CH(OH)CH2CH2C6H5), 4.97−4.95 (m, 1H, 2-CH3-

C6H4CH(OH)CH2CH2C6H5), 2.91−2.85 (m, 1H, 2-CH3-C6H4CH(OH)CH2CH2C6H5), 2.80−2.74 

(m, 1H, 2-CH3-C6H4CH(OH)CH2CH2C6H5), 2.27 (s, 3H, 2-CH3-C6H4CH(OH)CH2CH2C6H5), 

2.14−1.99 (m, 2H, 2-CH3-C6H4CH(OH)CH2CH2C6H5), 1.68 (b, 1H, 2-CH3-

C6H4CH(OH)CH2CH2C6H5).  13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ 142.9 (2-CH3-

C6H4CH(OH)CH2CH2-ipso-C6H5), 142.0 (2-CH3-ipso-C6H4CH(OH)CH2CH2C6H5), 134.6 (2-

CH3-C6H4CH(OH)CH2CH2C6H5), 130.6 (2-CH3-C6H4CH(OH)CH2CH2-p-C6H5), 128.6 (2-CH3-

C6H4CH(OH)CH2CH2-m-C6H5), 128.5 (2-CH3-C6H4CH(OH)CH2CH2-o-C6H5), 127.4 (2-CH3-

C6H4CH(OH)CH2CH2C6H5), 126.5 (2-CH3-C6H4CH(OH)CH2CH2C6H5), 126.1 (2-CH3-

C6H4CH(OH)CH2CH2C6H5), 125.3 (2-CH3-C6H4CH(OH)CH2CH2C6H5), 70.1 (2-CH3-

C6H4CH(OH)CH2CH2C6H5), 39.6 (2-CH3-C6H4CH(OH)CH2CH2C6H5), 32.5 (2-CH3-

C6H4CH(OH)CH2CH2C6H5), 19.1 (2-CH3-C6H4CH(OH)CH2CH2C6H5).  GCMS (ESI): [M]+ m/z 

= 226.  Anal. Calcd. for C16H18O: C, 84.91; H, 8.02; Found: C, 84.72; H, 8.21.   

 

3-Phenyl-1-(p-tolyl)propan-1-ol (9)4  
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Colorless liquid [0.168 g, 74 % isolated yield (1c); 0.163 g, 72 % isolated yield (2c)]  1H NMR 

(CDCl3, 500 MHz, 25 °C): δ 7.32-7.27 (m, 4H, 4-CH3-C6H4CH(OH)CH2CH2C6H5), 7.23-7.19 

(m, 5H, 4-CH3-C6H4CH(OH)CH2CH2C6H5), 4.70−4.67 (m, 1H, 4-CH3-

C6H4CH(OH)CH2CH2C6H5), 2.80−2.66 (m, 2H, 4-CH3-C6H4CH(OH)CH2CH2C6H5), 2.38 (s, 

3H, 4-CH3-C6H4CH(OH)CH2CH2C6H5), 2.20−2.13 (m, 1H, 4-CH3-C6H4CH(OH)CH2CH2C6H5), 

2.09−2.01 (m, 1H, 4-CH3-C6H4CH(OH)CH2CH2C6H5), 1.63 (b, 1H, 4-CH3-

C6H4CH(OH)CH2CH2C6H5).  13C{1H} NMR (CDCl3, 100 MHz, 25 °C): δ 142.0 (4-CH3-

C6H4CH(OH)CH2CH2-ipso-C6H5), 141.8 (4-CH3-ipso-C6H4CH(OH)CH2CH2C6H5), 137.5 (4-

CH3-C6H4CH(OH)CH2CH2C6H5), 129.4 (4-CH3-C6H4CH(OH)CH2CH2C6H5), 128.6 (4-CH3-

C6H4CH(OH)CH2CH2-m-C6H5), 128.5 (4-CH3-C6H4CH(OH)CH2CH2-o-C6H5), 126.1 (4-CH3-

C6H4CH(OH)CH2CH2C6H5), 126.0 (4-CH3-C6H4CH(OH)CH2CH2-p-C6H5), 73.9 (4-CH3-

C6H4CH(OH)CH2CH2C6H5), 40.6 (4-CH3-C6H4CH(OH)CH2CH2C6H5), 32.3 (4-CH3-

C6H4CH(OH)CH2CH2C6H5), 21.3 (4-CH3-C6H4CH(OH)CH2CH2C6H5).  GCMS (ESI): [M]+ m/z 

= 226.  Anal. Calcd. for C16H18O: C, 84.91; H, 8.02; Found: C, 84.83; H, 7.83.   

 

1-(4-iso-Propylphenyl)-3-phenylpropan-1-ol (10)4  
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Colorless liquid [0.188 g, 74 % isolated yield (1c); 0.178 g, 70 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.30-7.26 (m, 4H, 4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 

7.23-7.19 (m, 5H, 4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 4.68−4.65 (m, 1H, 4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5), 2.92 (sept, 1H, 3JHH = 7 Hz, 4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5), 2.81−2.64 (m, 2H, 4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 

2.18−1.99 (m, 2H, 4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 1.74 (b, 1H, 4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5), 1.26 (d, 6H, 3JHH = 7 Hz, 4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5).  
13C{1H} NMR (CDCl3, 100 MHz, 25 °C): δ 148.6 (4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5), 142.1 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2-ipso-C6H5), 142.0 (4-

(CH(CH3)2)-ipso-C6H4CH(OH)CH2CH2C6H5), 128.6 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2-m-

C6H5), 128.5 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2-o-C6H5), 126.7 (4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5), 126.1 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 126.0 (4-

(CH(CH3)2)-C6H4CH(OH)CH2CH2-p-C6H5), 73.9 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 

40.5 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 34.0 (4-(CH(CH3)2)-

C6H4CH(OH)CH2CH2C6H5), 32.3 (4-(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5), 24.2 (4-

(CH(CH3)2)-C6H4CH(OH)CH2CH2C6H5).  GCMS (ESI): [M]+ m/z = 254.  Anal. Calcd. for 

C18H22O: C, 84.99; H, 8.72; Found: C, 85.07; H, 8.15.   

 

1-(4-(tert-Butyl)phenyl)-3-phenylpropan-1-ol (11)4  
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Colorless liquid [0.192 g, 72 % isolated yield (1c); 0.202 g, 75 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.40 (d, 2H, 3JHH = 8 Hz, 4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 

7.34-7.26 (m, 4H, 4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 7.23-7.18 (m, 3H, 4-(C(CH3)3)-

C6H4CH(OH)CH2CH2C6H5), 4.69−4.66 (m, 1H, 4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 

2.81−2.66 (m, 2H, 4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 2.21−2.00 (m, 2H, 4-(C(CH3)3)-

C6H4CH(OH)CH2CH2C6H5), 1.88 (b, 1H, 4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 1.35 (s, 9H, 

4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5).  
13C{1H} NMR (CDCl3, 100 MHz, 25 °C): δ 150.7 (4-

(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 142.0 (4-(C(CH3)3)-C6H4CH(OH)CH2CH2-ipso-C6H5), 

141.7 (4-(C(CH3)3)-ipso-C6H4CH(OH)CH2CH2C6H5), 128.6 (4-(C(CH3)3)-

C6H4CH(OH)CH2CH2-m-C6H5), 128.5 (4-(C(CH3)3)-C6H4CH(OH)CH2CH2-o-C6H5), 126.0 (4-

(C(CH3)3)-C6H4CH(OH)CH2CH2-p-C6H5), 125.8 (4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 

125.6 (4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 73.8 (4-(C(CH3)3)-

C6H4CH(OH)CH2CH2C6H5), 40.4 (4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 34.7 (4-(C(CH3)3)-

C6H4CH(OH)CH2CH2C6H5), 32.3 (4-(C(CH3)3)-C6H4CH(OH)CH2CH2C6H5), 31.5 (4-(C(CH3)3)-

C6H4CH(OH)CH2CH2C6H5).  GCMS (ESI): [M]+ m/z = 268.  Anal. Calcd. for C19H24O: C, 

85.03; H, 9.01; Found: C, 84.33; H, 8.30.   

 

1-(Benzofuran-2-yl)-3-phenylpropan-1-ol (12)4  
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Colorless liquid [0.171 g, 68 % isolated yield (1c); 0.161 g, 64 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.55 (dd, 1H, 3JHH = 8 Hz, 4JHH = 1 Hz, 

C8H5OCH(OH)CH2CH2C6H5), 7.47 (d, 1H, 3JHH = 8 Hz, C8H5OCH(OH)CH2CH2C6H5), 7.32-

7.19 (m, 7H, C8H5OCH(OH)CH2CH2C6H5), 6.64 (s, 1H, C8H5OCH(OH)CH2CH2C6H5), 4.83 (t, 

1H, 3JHH = 7 Hz, C8H5OCH(OH)CH2CH2C6H5), 2.83−2.77 (m, 2H, 

C8H5OCH(OH)CH2CH2C6H5), 2.31−2.25 (m, 2H, C8H5OCH(OH)CH2CH2C6H5), 1.65 (d, 1H, 

3JHH = 7 Hz, C8H5OCH(OH)CH2CH2C6H5).  
13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ 159.3 

(ipso-C8H5OCH(OH)CH2CH2C6H5), 155.0 (C8H5OCH(OH)CH2CH2C6H5), 141.5 

(C8H5OCH(OH)CH2CH2-ipso-C6H5), 128.7 (C8H5OCH(OH)CH2CH2-m-C6H5), 128.6 

(C8H5OCH(OH)CH2CH2-o-C6H5), 128.3 (C8H5OCH(OH)CH2CH2C6H5), 126.2 

(C8H5OCH(OH)CH2CH2-p-C6H5), 124.4 (C8H5OCH(OH)CH2CH2C6H5), 123.0 

(C8H5OCH(OH)CH2CH2C6H5), 121.2 (C8H5OCH(OH)CH2CH2C6H5), 111.4 

(C8H5OCH(OH)CH2CH2C6H5), 102.9 (C8H5OCH(OH)CH2CH2C6H5), 67.7 

(C8H5OCH(OH)CH2CH2C6H5), 37.2 (C8H5OCH(OH)CH2CH2C6H5), 31.8 

(C8H5OCH(OH)CH2CH2C6H5).  GCMS (ESI): [M]+ m/z = 252.  Anal. Calcd. for C17H16O2: C, 

80.93; H, 6.39; Found: C, 81.13; H, 5.87.  

 

Synthesis of 2-Phenylchroman5  

 

Colorless dense liquid [0.0346 g, 17 % isolated yield (1c); 0.0197 g, 10 % isolated yield (2c)].  

1H NMR (CDCl3, 500 MHz, 25 °C): δ 7.47−7.45 (m, 2H, C6H4CH2CH2CH(O)C6H5), 7.42 (t, 2H, 
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3JH-H = 8 Hz, C6H4CH2CH2CH(O)C6H5), 7.35 (t, 1H, 3JH-H = 8 Hz, C6H4CH2CH2CH(O)C6H5), 

7.17−7.11 (m, 2H, C6H4CH2CH2CH(O)C6H5), 6.95-6.89 (m, 2H, C6H4CH2CH2CH(O)C6H5),  

5.10 (dd, 1H, 3JH-H = 8 Hz, 1JH-H = 2 Hz, C6H4CH2CH2CH(O)C6H5), 3.07−3.00 (m, 1H, 

C6H4CH2CH2CH(O)C6H5), 2.86−2.81 (m, 1H, C6H4CH2CH2CH(O)C6H5), 2.27-2.22 (m, 1H, 

C6H4CH2CH2CH(O)C6H5), 2.17-2.08 (m, 1H, C6H4CH2CH2CH(O)C6H5).  13C{1H} NMR 

(CDCl3, 125 MHz, 25 °C): δ ppm, 155.1, 141.8, 129.5, 128.5, 127.8, 127.3, 125.9, 121.8, 120.3, 

116.9, 77.8, 29.9, 25.0.  GCMS (ESI): [M]+ m/z = 210.  Anal. Calcd. for C15H14O•1/4CH2Cl2: C, 

79.12.11; H, 6.31; Found: C, 79.34; H, 5.58 %.   

 

2-(Naphthalen-2-yl)chroman (14)5   

 

Yellow Solid [0.0618 g, 36 % isolated yield (1c); 0.0473 g, 28 % isolated yield (2c)].  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.90−7.85 (m, 4H, C6H4CH2CH2CH(O)C6H3C4H4), δ 7.56−7.48 (m, 

3H, C6H4CH2CH2CH(O)C6H3C4H4), δ 7.18−7.12 (m, 2H, C6H4CH2CH2CH(O)C6H3C4H4), δ 

6.98−6.96 (m, 1H, C6H4CH2CH2CH(O)C6H3C4H4), 6.90 (t, 1H, 3JH-H = 8 Hz, 

C6H4CH2CH2CH(O)C6H3C4H4), 5.25 (dd, 1H, 3JH-H = 8 Hz, 1JH-H = 2 Hz, 

C6H4CH2CH2CH(O)C6H3C4H4), 3.09−3.01 (m, 1H, C6H4CH2CH2CH(O)C6H3C4H4), 2.87−2.81 

(m, 1H, C6H4CH2CH2CH(O)C6H3C4H4), 2.34-2.27 (m, 1H, C6H4CH2CH2CH(O)C6H3C4H4), 

2.14-2.14 (m, 1H, C6H4CH2CH2CH(O)C6H3C4H4).  
13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ 

ppm, 155.1, 139.1, 133.3, 133.1, 129.6, 128.3, 128.1, 127.7, 127.4, 126.2, 125.9, 124.9, 124.0, 
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121.9, 120.4, 116.9, 77.9, 29.9, 25.2.  GCMS (ESI): [M]+ m/z = 260.  Anal. Calcd. for 

C19H16O.1/4CH2Cl2: C, 82.12; H, 5.91; Found: C, 81.68; H, 5.66 %.   

 

2-(Benzo[1,3]dioxol-5-yl)chroman (15)5   

 

Colorless dense liquid [0.0301 g, 18 % isolated yield (1c); 0.0246 g, 15 % isolated yield (2c)].  

1H NMR (CDCl3, 500 MHz, 25 °C): δ 7.15−7.12 (m, 2H, C6H4CH2CH2CH(O)C6H3OCH2O), δ 

6.97 (s, 1H, C6H4CH2CH2CH(O)C6H3OCH2O), δ 6.93−6.89 (m, 3H, 

C6H4CH2CH2CH(O)C6H3OCH2O), δ 6.85−6.84 (m, 1H, C6H4CH2CH2CH(O)C6H3OCH2O), 5.99 

(s, 2H, C6H4CH2CH2CH(O)C6H3OCH2O),  4.99 (dd, 1H, 3JH-H = 8 Hz, 1JH-H = 2 Hz, 

C6H4CH2CH2CH(O)C6H3OCH2O), 3.05−2.98 (m, 1H, C6H4CH2CH2CH(O)C6H3OCH2O), 

2.86−2.81 (m, 1H, C6H4CH2CH2CH(O)C6H3OCH2O), 2.22-2.17 (m, 1H, 

C6H4CH2CH2CH(O)C6H3OCH2O), 2.14-2.05 (m, 1H, C6H4CH2CH2CH(O)C6H3OCH2O).  

13C{1H} NMR (CDCl3, 125 MHz, 25 °C): δ ppm, 155.1, 147.8, 147.2, 135.6. 129.5, 127.4, 

121.7, 120.3, 119.6, 116.9, 108.2, 106.7, 101.1, 77.7, 29.9, 25.2.  GCMS (ESI): [M]+ m/z = 254.  

Anal. Calcd. for C16H14O3: C, 75.58; H, 5.55; Found: C, 74.42; H, 4.29 %. 

 

2-(4-Tolyl)chroman (16)5   
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Colorless solid [0.0175 g, 12 % isolated yield (1c); 0.0153 g, 11 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.32−7.31 (m, 2H, C6H4CH2CH2CH(O)C6H4CH3), 7.20 (d, 2H, 3JH-

H = 8 Hz, C6H4CH2CH2CH(O)C6H4CH3), 7.14−7.06 (m, 2H, C6H4CH2CH2CH(O)C6H4CH3), 

6.91-6.84 (m, 2H, C6H4CH2CH2CH(O)C6H4CH3),  5.04 (m, 1H, C6H4CH2CH2CH(O)C6H4CH3), 

3.05−2.97 (m, 1H, C6H4CH2CH2CH(O)C6H4CH3), 2.84−2.78 (m, 1H, 

C6H4CH2CH2CH(O)C6H4CH3), 2.40 (s, 3H, C6H4CH2CH2CH(O)C6H4CH3), 2.24-2.19 (m, 1H, 

C6H4CH2CH2CH(O)C6H4CH3), 2.16-2.06 (m, 1H, C6H4CH2CH2CH(O)C6H4CH3).  13C{1H} 

NMR (CDCl3, 400 MHz, 25 °C): δ ppm, 155.2, 138.8, 137.2, 129.4, 129.1, 127.3, 125.9, 121.6, 

120.2, 96.2, 77.5, 30.0, 25.2, 21.2.  GCMS (ESI): [M]+ m/z = 224.  Anal. Calcd. for C16H16O: C, 

85.68; H, 7.19; Found: C, 85.41; H, 6.35 %. 

 

2-(2-Methoxyphenyl)chroman (17)5   

 

Colorless solid [0.0214 g, 14 % isolated yield (1c); 0.0197 g, 13 % isolated yield (2c)]  1H NMR 

(CDCl3, 400 MHz, 25 °C): δ 7.53 (d, 1H, 3JH-H = 8 Hz, C6H4CH2CH2CH(O)C6H4OCH3), 7.31 (t, 

1H, 3JH-H = 8 Hz, C6H4CH2CH2CH(O)C6H4OCH3), 7.17-7.11 (m, 2H, 

C6H4CH2CH2CH(O)C6H4OCH3),  7.03 (t, 1H, 3JH-H = 8 Hz, C6H4CH2CH2CH(O)C6H4OCH3), 
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6.96-6.88 (m, 3H, C6H4CH2CH2CH(O)C6H4OCH3),  5.48 (d, 1H, 3JH-H = 10 Hz, 

C6H4CH2CH2CH(O)C6H4OCH3), 3.87 (s, 3H, C6H4CH2CH2CH(O)C6H4OCH3), 3.07−2.99 (m, 

1H, C6H4CH2CH2CH(O)C6H4OCH3), 2.82−2.76 (m, 1H, C6H4CH2CH2CH(O)C6H4OCH3), 2.30-

2.25 (m, 1H, C6H4CH2CH2CH(O)C6H4OCH3), 2.03-1.93 (m, 1H, 

C6H4CH2CH2CH(O)C6H4OCH3).  13C{1H} NMR (CDCl3, 100 MHz, 25 °C): δ ppm, 155.9, 

155.5, 130.3, 129.6, 128.5, 127.2, 126.5, 122.3, 120.8, 120.1, 116.9, 110.4, 72.4, 55.4, 28.6, 25.3.  

GCMS (ESI): [M]+ m/z = 240.  Anal. Calcd. for C16H14O2: C, 79.97; H, 6.71; Found: C, 79.21; 

H, 6.47 %.   
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Figure S1.  1H NMR spectrum of 1-Mesityl imidazole in CDCl3.   
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Figure S2.  Expanded 1H NMR spectrum of 1-Mesityl imidazole in CDCl3.   
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Figure S3.  13C{1H} NMR spectrum of 1-Mesityl imidazole in CDCl3.   
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Figure S4.  Expanded 13C{1H} NMR spectrum of 1-Mesityl imidazole in CDCl3.   
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Figure S5.  1H NMR spectrum of 2-chloro-N-(2,6-Me2-phenyl)acetamide in CDCl3.   
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Figure S6.  Expanded 1H NMR spectrum of 2-chloro-N-(2,6-Me2-phenyl)acetamide in CDCl3.   
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Figure S7.  13C{1H} NMR spectrum of 2-chloro-N-(2,6-Me2-phenyl)acetamide in CDCl3.   



S25 

 

Figure S8.  Expanded 13C{1H} NMR spectrum of 2-chloro-N-(2,6-Me2-phenyl)acetamide in CDCl3.   
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Figure S9.  1H NMR spectrum of 1a in CDCl3.   
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Figure S10.  Expanded 1H NMR spectrum of 1a in CDCl3.   



S28 

 

Figure S11.  13C{1H} NMR spectrum of 1a in CDCl3.   
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Figure S12.  Expanded 13C{1H} NMR spectrum of 1a in CDCl3.   
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Figure S13.  IR spectrum of 1a in KBr.   
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Figure S14.  High Resolution Mass Spectrometry (HRMS) data of 1a.   
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(1a)

 

Figure S15.  Elemental analysis data of 1a.   
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Figure S16.  1H NMR spectrum of 1b in CDCl3. 
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Figure S17. Expanded 1H NMR spectrum of 1b in CDCl3.   
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Figure S18.  13C{1H} NMR spectrum of 1b in CDCl3.  
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Figure S19.  IR spectrum of 1b in KBr.   
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  Figure S20.  Elemental analysis data of 1b.  
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Figure S21.  1H NMR spectrum of 1c in CDCl3. 
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Figure S22.  Expanded 1H NMR spectrum of 1c in CDCl3.   
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Figure S23.  13C{1H} NMR spectrum of 1c in CDCl3.   
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Figure S24.  Expanded 13C{1H} NMR spectrum of 1c in CDCl3.   
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Figure S25.  IR spectrum of 1c in KBr.   
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Figure S26.  High Resolution Mass Spectrometry (HRMS) data of 1c.   
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Figure S27.  Elemental analysis data of 1c.  
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Figure S28.  ORTEP of 1c with thermal ellipsoids shown at the 50 % probability level.  

Hydrogen atoms were omitted for clarity.  Selected bond lengths (Å) and angles (°): Ru(1)−C(1) 

2.087(5), Ru(1)−Cl(1) 2.4299(14), Ru(1)−N(3) 2.153(4), C(1)−N(1) 1.367(6), C(1)−N(2) 

1.366(6), C(14)−N(3) 1.330(7), C(1)−Ru(1)−Cl(1) 84.22(15), Cl(1)−Ru(1)−N(3) 87.64(12), 

N(3)−Ru(1)−C(1) 84.94(19), N(1)−C(1)−Ru(1) 134.6(4), N(2)−C(1)−Ru(1) 122.3(4), 

N(1)−C(1)−N(2) 103.0(4).   
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Figure S29.  1H NMR spectrum of 1-(2,6-Me2-phenyl)imidazole in CDCl3.   
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Figure S30.  Expanded 1H NMR spectrum of 1-(2,6-Me2-phenyl)imidazole in CDCl3.   



S48 

 

Figure S31.  13C{1H} NMR spectrum of 1-(2,6-Me2-phenyl)imidazole in CDCl3.   
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Figure S32.  Expanded 13C{1H} NMR spectrum of 1-(2,6-Me2-phenyl)imidazole in CDCl3.   
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Figure S33.  1H NMR spectrum of 2a in CDCl3.   
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Figure S34.  Expanded 1H NMR spectrum of 2a in CDCl3.    



S52 

 

Figure S35.  13C{1H} NMR spectrum of 2a in CDCl3. 
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Figure S36.  Expanded 13C{1H} NMR spectrum of 2a in CDCl3.   
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Figure S37.  IR spectrum of 2a in KBr.   
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Figure S38.  High Resolution Mass Spectrometry (HRMS) data of 2a.   
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Figure S39.  Elemental analysis data of 2a.   
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Figure S40.  1H NMR spectrum of 2b in CDCl3.   
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Figure S41.  Expanded 1H NMR spectrum of 2b in CDCl3.   
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Figure S42.  13C{1H} NMR spectrum of 2b in CDCl3. 
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Figure S43.  Expanded 13C{1H} NMR spectrum of 2b in CDCl3. 
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Figure S44.  IR spectrum of 2b in KBr.   
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Figure S45.  High Resolution Mass Spectrometry (HRMS) data of 2b.  
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Figure S46.  Elemental analysis data of 2b.  
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Figure S47.  ORTEP of 2b with thermal ellipsoids shown at the 50 % probability level.  

Hydrogen atoms were omitted for clarity.  Selected bond lengths (Å) and angles (°): Ag(1)−C(1) 

2.0813(17), Ag(1)−Cl(1) 2.3684(5), C(1)−N(1) 1.352(2), C(1)−N(2) 1.357(2), 

C(1)−Ag(1)−Cl(1) 168.09(5), N(1)−C(1)−N(2) 104.05(15), N(1)−C(1)−Ag(1) 129.13(13), 

N(2)−C(1)−Ag(1) 126.74(13).   
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Figure S48.  1H NMR spectrum of 2c in CDCl3.  
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Figure S49.  Expanded 1H NMR spectrum of 2c in CDCl3.    
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Figure S50.  13C{1H} NMR spectrum of 2c in CDCl3.  
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Figure S51.  Expanded 13C{1H} NMR spectrum of 2c in CDCl3.  
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Figure S52.  IR spectrum of 2c in KBr.    
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Figure S53.  High Resolution Mass Spectrometry (HRMS) data of 2c.  
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Figure S54.  Elemental analysis data of 2c.  
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Figure S55.  ORTEP of 2c with thermal ellipsoids shown at the 50 % probability level.  

Hydrogen atoms and co-crystallized water molecules were omitted for clarity.  Selected bond 

lengths (Å) and angles (°): Ru(1)−C(1) 2.052(4), Ru(1)−N(3) 2.110(3), Ru(1)−Cl(1) 2.3936(9), 

C(1)−N(1) 1.359(5), C(1)−N(2) 1.358(5), C(1)−Ru(1)−Cl(1) 89.28(10), C(1)−Ru(1)−N(3) 

85.17(13), N(3)−Ru(1)−Cl(1) 84.85(8), N(2)−C(1)−Ru(1) 134.7(3), N(1)−C(1)−Ru(1) 121.1(3), 

N(1)−C(1)−N(2) 104.2(3).   
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Figure S56.  ESI-MS data of the benzaldehyde bound RuH specie (F) detected in the reaction mixture of 1:1:1 ratio of benzyl alcohol:1-

phenylethan-1-ol:NaOiPr 0.1 mmol, 1 mol % of (1c), 2.0 mL of toluene at 110 °C for 1 hour.    
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Figure S57.  1H NMR spectrum of the ruthenium hydride specie (F) (8.15 ppm) detected in the reaction mixture of 1:1:1 ratio of benzyl 

alcohol:1-phenylethanol:KOH 0.1 mmol, 1 mol % of (1c), 0.5 mL of C6D6 at 90 °C for 30 mins.   
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Figure S58.  1H NMR spectrum of the ruthenium hydride specie (F) (8.15 ppm) detected in the reaction mixture of 1:1 ratio of benzyl 

alcohol:KOH 0.1 mmol, 1 mol % of (1c), 0.5 mL of C6D6 at 90 °C for 30 mins. 
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Figure S59.  1H NMR spectrum of the ruthenium hydride specie (F) (7.06 ppm) detected in the reaction mixture of 1:1 ratio of benzyl 

alcohol:NaO-i-Pr 0.1 mmol, 1 mol % of (1c), 0.5 mL of C6D6 at 90 °C for 30 mins.



S77 

-8-7-6-5-4-3-2-111 10 9 8 7 6 5 4 3 2 1 0 ppm

-
6
.
9
9
9

9
.
5
7
1

0
.
1
2

1
.
3
0

1
.
4
7

0
.
9
9

1
.
1
6

1
.
3
7

3
4
.
0
7

0
.
5
9

2
.
8
1

1
7
.
4
9

1
4
.
6
0

1
9
.
7
0

2
3
.
8
1

2
.
9
7

0
.
7
0

0
.
5
7

3
.
0
7

0
.
6
0

0
.
4
7

1
.
0
0

Current Data Parameters

NAME     PG-ST-02-80-03-1H

EXPNO                 1

PROCNO                1

F2 - Acquisition Parameters

Date_          20210803

Time              22.31

INSTRUM           spect

PROBHD   5 mm PABBO BB/

PULPROG            zg30

TD                65536

SOLVENT            C6D6

NS                  100

DS                    2

SWH           50000.000 Hz

FIDRES         0.762939 Hz

AQ            0.6553600 sec

RG                30.72

DW               10.000 usec

DE                 6.50 usec

TE                297.1 K

D1           1.00000000 sec

TD0                   1

======== CHANNEL f1 ========

SFO1        500.1330885 MHz

NUC1                 1H

P1                13.35 usec

PLW1        16.00000000 W

F2 - Processing parameters

SI                65536

SF          500.1300000 MHz

WDW                  EM

SSB      0

LB                 0.30 Hz

GB       0

PC                 1.00

PG-ST-02-80-03-1H

9.49.59.69.7 ppm

9
.
5
7
1

1
.
0
0

-6.6 -6.8 -7.0 -7.2 ppm

-
6
.
9
9
9

0
.
1
2

 

Figure S60.  1H NMR spectrum of the ruthenium hydride specie (F’) (6.99 ppm) detected in the reaction mixture of 1:1 ratio of benzyl 

alcohol: KOH 0.1 mmol, 1 mol % of (2c), 0.5 mL of C6D6 at 90 °C for 30 mins.
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Figure S61.  1H NMR spectrum of the ruthenium hydride specie (F’) (6.93 ppm) detected in the reaction mixture of 1:1 ratio of benzyl 

alcohol:NaO-i-Pr 0.1 mmol, 1 mol % of (2c), 0.5 mL of C6D6 at 90 °C for 30 mins.
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Figure S62.  1H NMR spectrum of (3) in CDCl3.   
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Figure S63.  Expanded 1H NMR spectrum of (3) in CDCl3. 
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Figure S64.  13C{1H} NMR spectrum of (3) in CDCl3.   
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Figure S65.  Expanded 13C{1H} NMR spectrum of (3) in CDCl3.   
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Figure S66.  GCMS trace in EtOAc of (3) showing the M+ peak at m/z 212.   
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Figure S67.  Elemental analysis data of (3).   
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Figure S68.  1H NMR spectrum of (3’) in CDCl3.   
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Figure S69.  Expanded 1H NMR spectrum of (3’) in CDCl3. 
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Figure S70.  13C{1H} NMR spectrum of (3’) in CDCl3.   
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Figure S71.  Expanded 13C{1H} NMR spectrum of (3’) in CDCl3.   
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Figure S72.  GCMS trace in EtOAc of (3’) showing the M+ peak at m/z 210. 
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Figure S73.  1H NMR spectrum of (4) in CDCl3.   
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Figure S74.  Expanded 1H NMR spectrum of (4) in CDCl3. 
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Figure S75.  13C{1H} NMR spectrum of (4) in CDCl3.   
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Figure S76.  Expanded 13C{1H} NMR spectrum of (4) in CDCl3.   
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Figure S77.  GCMS trace in EtOAc of (4) showing the M+ peak at m/z 242. 
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Figure S78.  Elemental analysis data of (4).    
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Figure S79.  1H NMR spectrum of (5) in CDCl3.   
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Figure S80.  Expanded 1H NMR spectrum of (5) in CDCl3. 
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Figure S81.  13C{1H} NMR spectrum of (5) in CDCl3.   
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Figure S82.  GCMS trace in EtOAc of (5) showing the M+ peak at m/z 218. 
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Figure S83.  Elemental analysis data of (5).    
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Figure S84.  1H NMR spectrum of (6) in CDCl3.   
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Figure S85.  Expanded 1H NMR spectrum of (6) in CDCl3. 
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Figure S86.  13C{1H} NMR spectrum of (6) in CDCl3.    
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Figure S87.  GCMS trace in EtOAc of (6) showing the M+ peak at m/z 202.
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Figure S88.  Elemental analysis data of (6).    
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Figure S89.  1H NMR spectrum of (7) in CDCl3.   
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Figure S90.  Expanded 1H NMR spectrum of (7) in CDCl3. 
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Figure S91.  13C{1H} NMR spectrum of (7) in CDCl3.   
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Figure S92.  GCMS trace in EtOAc of (7) showing the M+ peak at m/z 178. 
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Figure S93.  Elemental analysis data of (7).    
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Figure S94.  1H NMR spectrum of (8) in CDCl3.   
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Figure S95.  Expanded 1H NMR spectrum of (8) in CDCl3. 
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Figure S96.  13C{1H} NMR spectrum of (8) in CDCl3.   
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Figure S97.  Expanded 13C{1H} NMR spectrum of (8) in CDCl3.   
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Figure S98.  GCMS trace in EtOAc of (8) showing the M+ peak at m/z 226.  
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Figure S99.  Elemental analysis data of (8).    
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Figure S100.  1H NMR spectrum of (9) in CDCl3.   
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Figure S101.  Expanded 1H NMR spectrum of (9) in CDCl3. 
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Figure S102.  13C{1H} NMR spectrum of (9) in CDCl3.   
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Figure S103.  Expanded 13C{1H} NMR spectrum of (9) in CDCl3.   
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Figure S104.  GCMS trace in EtOAc of (9) showing the M+ peak at m/z 226. 
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Figure S105.  Elemental analysis data of (9).    
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Figure S106.  1H NMR spectrum of (10) in CDCl3.   
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Figure S107.  Expanded 1H NMR spectrum of (10) in CDCl3. 
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Figure S108.  13C{1H} NMR spectrum of (10) in CDCl3.   
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Figure S109.  Expanded 13C{1H} NMR spectrum of (10) in CDCl3.   
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Figure S110.  GCMS trace in EtOAc of (10) showing the M+ peak at m/z 254. 
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Figure S111.  Elemental analysis data of (10).    
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Figure S112.  1H NMR spectrum of (11) in CDCl3.   
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Figure S113.  Expanded 1H NMR spectrum of (11) in CDCl3. 
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Figure S114.  13C{1H} NMR spectrum of (11) in CDCl3.   
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Figure S115.  Expanded 13C{1H} NMR spectrum of (11) in CDCl3.   
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Figure S116.  GCMS trace in EtOAc of (11) showing the M+ peak at m/z 268. 
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Figure S117.  Elemental analysis data of (11).    
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Figure S118.  1H NMR spectrum of (12) in CDCl3.   
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Figure S119.  Expanded 1H NMR spectrum of (12) in CDCl3. 
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Figure S120.  13C{1H} NMR spectrum of (12) in CDCl3.   
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Figure S121.  Expanded 13C{1H} NMR spectrum of (12) in CDCl3.   
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Figure S122.  GCMS trace in EtOAc of (12) showing the M+ peak at m/z 252. 
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Figure S123.  Elemental analysis data of (12).   
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Figure S124.  An overlay of the formation of (3) and (3’) as a function of time in the reaction of 1-phenylethanol and benzyl alcohol as 

catalyzed by the Ru−NHC complex (1c).   
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Figure S125.  An overlay of the formation of (3) and (3’) as a function of time in the reaction of 1-phenylethanol and benzyl alcohol as 

catalyzed by the Ru−NHC complex (2c).   
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Figure S126.  An overlay of the formation of (3) and (3’) as a function of time in the reaction of 1-phenylethanol and benzyl alcohol as 

catalyzed by the Ru−NHC complex (2c).   
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Figure S127.  1H NMR spectrum of (13) in CDCl3. 
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Figure S128.  Expanded 1H NMR spectrum of (13) in CDCl3. 



S146 

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

2
5
.
0
9

2
9
.
9
6

7
6
.
7
6

7
7
.
0
1

7
7
.
2
6

7
7
.
7
6

1
1
6
.
9
4

1
2
0
.
3
1

1
2
1
.
8
4

1
2
5
.
9
9

1
2
7
.
3
4

1
2
7
.
8
2

1
2
8
.
5
2

1
2
9
.
5
2

1
4
1
.
7
6

1
5
5
.
1
4

Current Data Parameters

NAME     PG-ST-01-200-01-13C

EXPNO                 3

PROCNO                1

F2 - Acquisition Parameters

Date_          20210126

Time              23.20

INSTRUM           spect

PROBHD   5 mm PABBO BB/

PULPROG          zgpg30

TD                65536

SOLVENT           CDCl3

NS                 2115

DS                    4

SWH           29761.904 Hz

FIDRES         0.454131 Hz

AQ            1.1010048 sec

RG               197.27

DW               16.800 usec

DE                 6.50 usec

TE                295.3 K

D1           2.00000000 sec

D11          0.03000000 sec

TD0                   1

======== CHANNEL f1 ========

SFO1        125.7703637 MHz

NUC1                13C

P1                 8.90 usec

PLW1       103.00000000 W

======== CHANNEL f2 ========

SFO2        500.1320005 MHz

NUC2                 1H

CPDPRG[2        waltz16

PCPD2             80.00 usec

PLW2        16.00000000 W

PLW12        0.44556001 W

PLW13        0.22411001 W

F2 - Processing parameters

SI                32768

SF          125.7577890 MHz

WDW                  EM

SSB      0

LB                 2.00 Hz

GB       0

PC                 1.40

PG-ST-01-200-01-13C

 

Figure S129.  13C{1H} NMR spectrum of (13) in CDCl3. 
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Figure S130.  Expanded 13C{1H} NMR spectrum of (13) in CDCl3.  
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Figure S131.  GCMS trace in EtOAc of (13) showing the M+ peak at m/z 210. 
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Figure S132.  Elemental analysis data of (13).  
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Figure S133.  1H NMR spectrum of (14) in CDCl3. 
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Figure S134.  Expanded 1H NMR spectrum of (14) in CDCl3. 
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Figure S135.  13C{1H} NMR spectrum of (14) in CDCl3. 
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Figure S136.  Expanded 13C{1H} NMR spectrum of (14) in CDCl3.
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Figure S137.  GCMS trace in EtOAc of (14) showing the M+ peak at m/z 260. 
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Figure S138.  Elemental analysis data (14).
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Figure S139.  1H NMR spectrum of (15) in CDCl3. 
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Figure S140.  Expanded 1H NMR spectrum of (15) in CDCl3. 
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Figure S141.  13C{1H} NMR spectrum of (15) in CDCl3.
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Figure S142.  Expanded 13C{1H} NMR spectrum of (15) in CDCl3. 
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Figure S143.  GCMS trace in EtOAc of (15) showing the M+ peak at m/z 254. 
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Figure S144.  Elemental analysis data (15).
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Figure S145.  1H NMR spectrum of (16) in CDCl3. 
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Figure S146.  Expanded 1H NMR spectrum of (16) in CDCl3. 
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Figure S147.  13C{1H} NMR spectrum of (16) in CDCl3. 
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Figure S148.  Expanded 13C{1H} NMR spectrum of (16) in CDCl3. 
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Figure S149.  GCMS trace in EtOAc of (16) showing the M+ peak at m/z 224. 



S167 

 

Figure S150.  Elemental analysis data (16). 
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Figure S151.  1H NMR spectrum of (17) in CDCl3. 
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Figure S152.  Expanded 1H NMR spectrum of (17) in CDCl3. 
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Figure S153.  13C{1H} NMR spectrum of (17) in CDCl3. 
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Figure S154.  Expanded 13C{1H} NMR spectrum of (17) in CDCl3. 



S172 

 

  

Figure S155.  GCMS trace in EtOAc of (17) showing the M+ peak at m/z 240. 
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Figure S156.  Elemental analysis data (17).
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Scheme S1.  One pot tandem -alkylation reaction of secondary alcohol involving five sequential reactions.   
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Scheme S2.  Proposed mechanism for the Ru−NHC (2c) catalyzed one pot tandem -alkylation reaction for representative substrates namely 1-phenylethanol and benzyl alcohol.  
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Table S1.  X−ray crystallographic data for AgNHC complex (2b), RuNHC complexes (1c), (1c’) and 2c.   

compound (1c) (1c’) (2b) (2c) 

Lattice Monoclinic Triclinic Monoclinic Triclinic 

Formula C32H38N3ORuCl C32H38N3ORuCl C17H17N3AgCl C27H31N3RuCl2•2H2O 

Formula weight 617.17 617.17 406.65 605.55 

Space group P121/n1 P1 P121/n1 P1 

a/Å 9.0361(6) 8.0275(3) 9.8162(2) 8.2367(3) 

b/Å 30.505(2) 13.1953(5) 16.0104(3) 9.1208(3) 

c/Å 10.5031(6) 15.2588(6) 10.8039(2) 17.8719(5) 

/° 90.000 103.407(3) 90.000 93.836(2) 

/° 93.623(5) 104.358(3) 90.098(2) 93.825(2) 

/° 90.000 102.686(3) 90.000 97.623(3) 

V/Å3 2889.4(3) 1455.78(10) 1697.95(6) 1323.90(8) 

Z 4 2 4 2 

Temperature (K) 150(2) 150(2) 150(2) 150(2) 

Radiation (,Å) 0.71073 0.71073 0.71073 0.71073 

ρ(calcd.), g cm-3 1.419 1.408 1.591 1.519 

(Mo Kα), mm-1 0.665 0.660 1.343 0.824 

θ max, deg. 25.00 25.00 31.101 24.999 

No. Of data 3630 4556 4147 3922 

No. Of parameters 351 351 201 327 

R1 0.0617 0.0554 0.0268 0.0450 

wR2 0.1500 0.1422 0.0634 0.1094 

GOF 1.061 1.068 1.054 1.054 
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Table S2. A comparison of the metrical data of the neutral (amido-N functionalized NHC)Ru(p-cymene)Cl type complexes known in 

the literature is shown.   

S. No. complex d(RuCcarbene)/ (Å) d(RuN)/ (Å) d(RuCl)/ (Å) d(RuCcentroid)/ (Å) reference 

1. 

 

 

2.0172(19) 

 

2.1074(16) 

 

2.4404(7) 

 

1.706 

 

 [6] 

2. 

 

 

2.033(5) 

 

2.125(5) 

 

2.4256(14) 

 

1.712 

 

[6] 

3. 

 

 

2.019(3) 

 

2.1074(16) 

 

2.4325(8) 

 

1.719 

 

[6] 

4. 

 

 

2.087(5) 

 

2.153(4) 

 

2.4299(14) 

 

1.736 

 

present work 
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Table S3. A comparison of the metrical data of the representative structurally characterized examples of neutral (unsubstituted picolyl 

functionalized NHC)AgCl and neutral (unsubstituted pyridyl functionalized NHC)AgCl type complexes known in the literature is 

shown.   

S. 

No. 

complex d(AgCcarbene)/ (Å) d(AgX) (X=Br, Cl)/ (Å) reference 

 

1. 

 

 

2.075(7) 

 

2.421(1) 

 

[7] 

 

 

2. 

 

 

 

2.07(2) 

 

 

2.373(4) and 2.952(4) 

 

 

[7] 

 

 

3. 

 

 

 

2.0762(19) 

 

 

2.0763(19) and 2.9916(6) 

 

 

 [7] 

 

 

 

4. 

 

 

 

2.097(2) 

 

 

2.4119(8) and 2.830(1) 

 

 

 [7] 

 

 

5. 

 

 

 

2.0813(17) 

 

 

2.3684(5) 

 

 

present work 
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Table S4. A comparison of the metrical data of the representative structurally characterized examples of ionic (picolyl functionalized 

NHC)Ru(p-cymene)Cl type complexes known in the literature is shown.   

S. 

No. 

complex d(RuCcarbene)/ (Å) d(RuN)/ (Å) d(RuCl)/ (Å) d(RuCcentroid)/ (Å) reference 

 

1. 

 

 

2.029(3) 

 

2.098(3) 

 

2.4615(7) 

 

2.7214(15) 

 

 [8] 

 

2. 

 

 

2.0145(19) 

 

2.1055(16) 

 

2.4397(4) 

 

1.7155(8) 

 

 [8] 

 

3. 

 

 

2.033(2) 

 

2.100(2) 

 

2.246(2) 

 

1.712 

 

 [9] 

 

4. 

 

 

2.009(2) 

 

2.092(18) 

 

2.401(6) 

 

1.710(1) 

 

 [10] 

 

5. 

 

 

2.035(7) 

 

2.095(6) 

 

2.389(2) 

 

1.710(3) 

 

[11] 

 

6. 

 

 

2.023(5) 

 

2.111(4) 

 

2.448(1) 

 

1.696(2) 

 

 [11] 

 

7. 

 

 

2.052(4) 

 

2.110(3) 

 

2.3936(9) 

 

1.704 

 

present work 
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Table S5.  Base variation study for the Ru−NHC (1c) catalyzed one pot tandem -alkylation 

reaction for two representative substrates namely 1-phenylethanol and benzyl alcohola.  

 

S.No base time (h) 

yieldb 

 

(3) 

 

(3’) 

1 NaOH 6 37 52 

2 KO-t-Bu 6 63 17 

3 Et3N 6 ND ND 

4 K2CO3 6 ND ND 

5 KOH 6 69 19 

6 KOH 3 55 18 

7 NaOiPr 6 55 40 

8 NaOiPr 3 72 11 

(a).  Reaction conditions: 1:1:1 ratio of 1°-alcohol:2°-alcohol:base 1.00 mmol, 1 mol % of (1c), 

2.0 mL of toluene at 110 °C for time (h).  (b).  Isolated yields (%).   
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Table S6.  Time variation study for the Ru−NHC (1c/2c) catalyzed one pot tandem -alkylation 

reaction for two representative substrates namely 1-phenylethanol and benzyl alcohola.   

 

S.No 
time 

(h) 

 
yieldb 

 

 

(3) 

 

(3’) 

  (1c) (2c) (1c) (2c) 

1 0.5 18 12 15 5 

2 1 37 27 34 12 

3 2 51 35 33 14 

4 3 72 68 11 13 

5 4 61 46 19 22 

6 6 55 38 40 28 

7 12 1 6 64 32 

8 24 61 51 9 9 

9 48 63 50 5 7 

10 72 55 32 3 3 

11 96 46 28 > 5 3 

12 120 22 15 > 5 2 

 (a).  Reaction conditions: 1:1:1 ratio of 1°-alcohol:2°-alcohol:NaOiPr 1.00 mmol, 1 mol % of 

(1c/2c), 2.0 mL of toluene at 110 °C for T hour.  (b)  Isolated yields (%).
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Table S7.  Selected results of blank, control and Hg drop experiments for the one pot tandem -

alkylation reaction for two representative substrates namely 1-phenylethanol and benzyl 

alcohola.   

 

S. No metal complex Hg yieldb 

1 -  ND 

2 [(p-cymene)RuCl2]2  19 

3 

 
(1c) 

 72 

4 

 
(1c) 

Hg 68 

(a).  Reaction conditions: 1:1:1 ratio of 1°-alcohol:2°-alcohol:NaOiPr 1.00 mmol, 1 mol % of 

(1c), 2.0 mL of toluene at 110 °C for 3 hours.  (b). Isolated yields (%).  
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Table S8.  Selected results of blank and control experiments for the one pot tandem -alkylation 

reaction for two representative substrates namely 1-phenylethanol and benzyl alcohola.   

 

S. No metal complex base yieldb 

1 

 
(1c) 

 ND 

2  NaOiPr ND 

(a).  Reaction conditions: 1:1:1 ratio of 1°-alcohol:2°-alcohol:NaOiPr 1.00 mmol, 1 mol % of 

(1c), 2.0 mL of toluene at 110 °C for 3 hours.  (b). Isolated yields (%).  
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Table S9.  Selected results for the Ru−NHC (1−2)c catalyzed one pot synthesis of flavan derivatives (13-17). 

S. No. 2° alcohol 1° alcohol product 

Ru−NHC (1c) 
Ru−NHC 

(2c) 

yieldb yieldb 

13 

   
(13) 

17 10 

14 

   
(14) 

36 28 

15 

   
(15) 

18 15 

16 

   
(16) 

12 11 

17 

   
(17) 

14 13 

Reaction conditions:  (a).  Reaction conditions: 1:1:1 ratio of 1°-alcohol:2°-alcohol:base 1.00 mmol, 1 mol % of (1c/2c), 2.0 mL of toluene at 

110 °C for 3 hours. (a).  Reaction conditions: 20 mol % CuI, 20 mol % 2,2′-bipyridine, base 1.00 mmol, 1.0 mL of toluene at 110 °C for 24 

hours.   (c).  Isolated yields (%).
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