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Characterization Data of the Catalysis Products 3aa-3am and 3ba-3bi

Complex (3aa)[1, 2, 4]: 1H NMR (400 MHz, CDCl3): δ 7.18 (t, J = 7.5 Hz, 2H, ArH), 7.09 (t, 

J = 7.8 Hz, 3H, ArH), 7.01 (d, J = 8.5 Hz, 2H, ArH), 6.73(d, J =8.5 Hz, 2H, ArH), 3.83(s, 

2H, CH2), 3.67(s, 3H, OMe). 13C NMR (100 MHz, CDCl3): δ 158.0, 141.6, 133.3, 129.9, 

128.9, 128.5, 126.0, 113.9, 55.3, 41.1.

Complex (3ab)[2, 4]: 1H NMR (400 MHz, CDCl3): δ 7.30-7.26 (m, 2H, ArH), 7.22-7.18 (m, 

4H, ArH), 6.79-6.73 (m, 3H, ArH), 3.96 (s , 2H, CH2), 3.76 (s, 3H, OMe). 13C NMR (100 

MHz, CDCl3): δ 159.7, 142.7, 140.9, 129.4, 128.9, 128.5, 126.1, 121.4, 114.8, 111.3, 55.2, 

42.0.

Complex (3ac)[2, 4]: 1H NMR (400 MHz, CDCl3): δ 7.26-7.13 (m, 6H, ArH), 7.04 (d, J = 

6.4 Hz, 1H, ArH), 6.85 (t, J = 7.3 Hz, 2H, ArH), 3.95 (s, 2H, CH2), 3.79 (s, 3H, OMe). 13C 

NMR (100 MHz, CDCl3): δ 157.4, 141.0, 130.3, 129.7, 129.0, 128.3, 127.4, 125.8, 120.5, 

110.4, 55.4, 35.9.

Complex (3ad): 1H NMR (400 MHz, CDCl3): δ 7.28-7.25 (m, 2H, ArH), 7.20-7.16 (m, 3H, 

ArH), 6.34 (d, J = 2.2 Hz, 2H, ArH), 6.30 (t, J =2.2 Hz, 1H, ArH), 3.90 (s, 2H, CH2), 3.72 

(s, 6H, OMe). 13C NMR (100 MHz, CDCl3): δ 160.9, 143.5, 140.8, 128.9, 128.5, 126.2, 

107.2, 98.0, 55.3, 42.2. GC-MS (EI) calcd for C15H16O2: 228.1, found: 228.2.

Complex (3ae)[2-4]: 1H NMR (400 MHz, CDCl3): δ 7.28-7.24 (m, 2H, ArH), 7.20-7.16 (m, 

3H, ArH), 7.10-7.05 (m, 4H, ArH), 3.93 (s, 2H, CH2), 2.30 (s, 3H, CH3). 13C NMR (100 

MHz, CDCl3): δ 141.5, 138.1, 135.6, 129.2, 128.9, 128.8, 128.5, 126.0, 41.6, 21.1.

Complex (3af)[3]: 1H NMR (400 MHz, CDCl3): δ 7.30-7.26 (m, 2H, ArH), 7.22-7.15 (m, 

4H, ArH), 7.01-6.98 (m, 3H, ArH), 3.94 (s, 2H, CH2), 2.30 (s, 3H, CH3). 13C NMR (100 

MHz, CDCl3): δ 141.3, 141.1, 138.1, 129.7, 128.9, 128.5, 128.4, 126.8, 126.0, 125.9, 41.9, 

21.4.

Complex (3ag)[1, 3, 4]: 1H NMR (400 MHz, CDCl3): δ 7.28-7.23 (m, 3H, ArH), 7.20-7.09 (m, 

6H, ArH), 3.98 (s, 2H, CH2), 2.24 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3): δ 140.4, 

138.9, 136.7, 130.3, 130.0, 128.8, 128.4, 126.5, 126.0, 125.9, 39.5, 19.7.

Complex (3ah)[4]: 1H NMR (400 MHz, CDCl3): δ 7.28-7.25 (m 1H, ArH), 7.19-7.16 (m, 

4H, ArH), 6.81 (d, J = 9.1 Hz, 3H, ArH), 3.89 (s, 2H, CH2), 2.26 (s, 6H, CH3). 13C NMR 
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(100 MHz, CDCl3): δ 141.4, 141.0, 138.0, 129.0, 128.5, 127.8, 126.8, 126.0, 41.9, 21.3.

Complex (3ai)[2-4]: 1H NMR (400 MHz, CDCl3): δ 7.30-7.27 (m, 2H, ArH), 7.23-7.20 (m, 

1H, ArH), 7.17-7.11 (m, 4H, ArH), 6.99-6.93 (m, 2H, ArH), 3.94 (s, 2H, CH2).13C NMR 

(100 MHz, CDCl3): δ 162.7, 160.2, 141.0, 136.8 (d, J = 3.0 Hz), 130.3 (d, J = 7.9 Hz), 

128.7 (d, J = 29.2 Hz), 126.2, 115.3 (d, J = 21.0 Hz), 41.1.

Complex (3aj)[2-4]: 1H NMR (400 MHz, CDCl3): δ 7.73-7.67 (m, 1H, ArH), 7.52 (d, J = 8.1 

Hz, 2H, ArH), 7.31-7.27 (m, 3H, ArH), 7.24-7.20 (m, 1H, ArH), 7.17-7.16 (m, 2H, ArH), 

4.02 (s, 2H, CH2). 13C NMR (100 MHz, CDCl3): δ 145.3, 140.0, 129.2, 129.0, 128.7, 127.0  

(q, J = 263.2 Hz), 126.5, 126.0 (q, J = 3.7 Hz), 125.4 (q, J = 3.7 Hz), 41.7.

Complex (3ak)[3-4]: 1H NMR (400 MHz, CDCl3): δ 7.99-7.96 (m, 1H, ArH), 7.85-7.83 (m, 

1H, ArH), 7.74 (d, J = 8.2 Hz, 1H, ArH), 7.44-7.38 (m, 3H, ArH), 7.28-7.23 (m, 3H, ArH), 

7.19-7.15 (m, 3H, ArH), 4.43 (s, 2H, CH2). 13C NMR (100 MHz, CDCl3): δ 141.0, 138.6, 

133.6, 132.1, 129.0, 128.5, 128.1, 127.7, 127.6, 127.5, 127.1, 126.2, 126.0, 125.4, 42.1.

Complex (3al)[1-2]: 1H NMR (400 MHz, CDCl3): δ 7.80-7.34 (m, 3H, ArH), 7.62 (s, 1H, 

ArH), 7.46-7.39 (m, 2H, ArH), 7.32-7.27 (m, 3H, ArH), 7.23-7.18 (m, 3H, ArH), 4.13 (s, 

2H, CH2). 13C NMR (100 MHz, CDCl3): δ 141.0, 138.6, 133.6, 132.1, 129.1, 128.5, 128.1, 

127.7, 127.6, 127.5, 127.1, 126.1, 126.0, 125.4, 42.1.

Complex (3am): 1H NMR (400 MHz, CDCl3): δ 7.36-7.29 (m, 2H, ArH), 7.24-7.18 (m, 4H, 

ArH), 6.91-6.89 (m, 2H, ArH), 3.97 (s, 2H, CH2). 13C NMR (100 MHz, CDCl3): δ 141.5, 

140.6, 128.8, 128.5, 126.2, 125.6, 121.3, 119.8, 36.6. GC-MS (EI) calcd for C11H10S: 174.1, 

found: 174.1.

Complex (3ba)[1]: 1H NMR (400 MHz, CDCl3): δ 7.10-7.04 (m, 6H, ArH), 6.83-6.79 (m, 

2H, ArH), 3.87 (s, 2H, CH2), 3.76 (s, 3H, OMe), 2.30 (s, 3H, CH3). 13C NMR (100 MHz, 

CDCl3): δ 157.9, 138.6, 135.5, 133.6, 129.8, 129.2, 128.7, 113.9, 55.3, 40.6, 21.0.

Complex (3bb): 1H NMR (400 MHz, CDCl3): δ 7.16 (t, J =7.8 Hz, ArH), 7.10 (d, J =8.6 

Hz, 2H, ArH), 6.98 (t , J =8.8 Hz, 3H, ArH), 6.84-6.80 (m, 2H, ArH), 3.87 (s, 2H, CH2), 

3.76 (s, 3H, OMe), 2.30 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3): δ 158.0, 141.5, 138.0, 

133.4, 129.9, 129.6, 128.4, 126.8, 125.9, 113.9, 55.3, 41.0, 21.5. GC-MS (EI) calcd for 

C15H16O: 212.1, found: 212.1.

Complex (3bc)[1]: 1H NMR (400 MHz, CDCl3): δ 7.15-7.12 (m, 3H, ArH), 7.09-7.06 (m, 
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1H, ArH), 7.05-7.01 (m, 2H, ArH), 6.82-6.79 (m, 2H, ArH), 3.91 (s, 2H, CH2), 3.76 (s, 3H, 

OMe), 2.23 (s, 3H, CH3). 13C NMR (100 MHz, CDCl3): δ 156.8, 138.3, 135.5, 131.4, 129.2, 

128.7, 128.6, 125.3, 124.9, 112.7, 54.2, 37.5, 18.6.

Complex (3bd): 1H NMR (400 MHz, CDCl3): δ 7.31-7.28 (m, 2H, ArH), 7.12-7.09 (m, 4H, 

ArH), 6.84-6.81 (m , 2H, ArH), 3.89 (s, 2H, CH2), 3.77 (s, 3H, OMe), 1.29 (s, 9H, CH3). 

13C NMR (100 MHz, CDCl3): δ 157.9, 148.8, 138.6, 133.5, 129.9, 128.4, 125.4, 113.9, 55.3, 

40.5, 34.4, 31.4. GC-MS (EI) calcd for C18H22O: 254.2, found: 254.2.

Complex (3be): 1H NMR (400 MHz, CDCl3): δ 7.13-7.06 (m, 4H, ArH), 6.95 (t, J = 8.7 Hz, 

2H, ArH), 6.83 (d, J = 8.6 Hz, 2H, ArH), 3.88 (s, 2H, CH2), 3.77 (s, 3H, OMe). 13C NMR 

(100 MHz, CDCl3): δ 161.4 (d, J = 242.2 Hz), 158.1, 137.3 (d, J = 30.8 Hz), 133.1, 130.2 

(d, J = 78.9 Hz), 129.8, 115.2 (d, J = 210.8 Hz), 114.0, 55.3, 40.2. GC-MS (EI) calcd for 

C14H13FO: 216.1, found: 216.1.

Complex (3bf): 1H NMR (400 MHz, CDCl3): δ 8.13 (d, J = 8.8 Hz, 2H, ArH), 7.32 (d, J = 

8.8 Hz, 2H, ArH), 7.09 (d, J = 8.7 Hz, 2H, ArH), 6.86 (d, J = 8.7 Hz, 2H, ArH), 4.02 (s, 2H, 

CH2), 3.79 (s, 3H, OMe). 13C NMR (100 MHz, CDCl3): δ 158.4, 149.4, 146.5, 131.3, 130.0, 

129.5, 123.8, 114.2, 55.3, 40.9. GC-MS (EI) calcd for C14H13NO3: 243.1, found: 243.1.

Complex (3bg): 1H NMR (400 MHz, CDCl3): δ 8.00-7.98 (m, 1H, ArH), 7.85-7.83 (m, 1H, 

ArH), 7.74 (d, J = 8.2 Hz, 1H, ArH), 7.45-7.38 (m, 3H, ArH), 7.26 (d, J = 6.9 Hz, 1H, ArH), 

7.10 (d, J = 8.7 Hz, 2H, ArH), 6.82-6.78 (m, 2H, ArH), 4.38 (s, 2H, CH2), 3.75 (s, 3H, 

OMe). 13C NMR (100 MHz, CDCl3): δ 157.9, 137.1, 134.0, 132.7, 132.1, 129.7, 128.7, 

127.2, 127.1, 126.0, 125.6, 125.5, 124.3, 113.9, 55.3, 38.2. GC-MS (EI) calcd for C18H16O: 

248.1, found: 248.2.

Complex (3bh)[1]: 1H NMR (400 MHz, CDCl3): δ 7.79-7.73 (m, 3H, ArH), 7.60 (s, 1H, 

ArH), 7.45-7.38 (m, 2H, ArH), 7.30-7.28 (m, 1H, ArH), 7.13 (d, J = 8.7 Hz, 2H, ArH), 

6.85-6.81 (m, 2H, ArH), 4.07 (s, 2H, CH2), 3.76 (s, 3H, OMe). 13C NMR (100 MHz, 

CDCl3): δ 158.1, 139.1, 133.7, 133.1, 132.1, 130.0, 128.1, 127.7, 127.6, 127.5, 127.0, 126.0, 

125.3, 114.0, 55.3, 41.3. 

Complex (3bi)[1, 2, 4]: 1H NMR (400 MHz, CDCl3): δ 7.29-7.25 (m, 2H, ArH), 7.20-7.16 (m, 

3H, ArH), 7.09 (d, J = 8.6 Hz, 2H, ArH), 6.84-6.80 (m, 2H, ArH), 3.92 (s, 2H, CH2), 3.76 

(s, 3H, OMe). 13C NMR (100 MHz, CDCl3): δ 158.0, 141.6, 133.3, 129.9, 128.9, 128.5, 
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126.0, 113.9, 55.3, 41.1. 
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Copies of the 1H NMR and 13C NMR Spectra of Complexes 3aa-3am
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