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I. TEM Images 

 

 

  
 

 

II. RTP analysis 
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III. MS analysis on Fresh Catalyst under reductive conditions 
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IV. OTP analysis 

 

 

 

 

V. MS analysis on Recycled Catalyst under oxidative conditions 
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1a 
1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 
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1b 
19F NMR (282 MHz, CDCl3) 
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1c 
1H NMR (300 MHz, CDCl3) 
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1c 
13C NMR (75 MHz, CDCl3) 
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1d 
1H NMR (300 MHz, CDCl3) 
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1d 
13C NMR (75 MHz, CDCl3) 
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1H NMR (300 MHz, DMSO-d6) 
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2b 
13C-NMR (75 MHz, DMSO-d6) 
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2c 
1H NMR (300 MHz, DMSO-d6) 
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13C-NMR (75 MHz, DMSO-d6) 
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2d 
1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 
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1H NMR (300 MHz, DMSO-d6) 
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1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 



S38 

 

O O

O

3c 
1H NMR (300 MHz, CDCl3) 



S39 

 

3c 
13C NMR (75 MHz, CDCl3) 



S40 

 

O O

Cl

3d 
1H NMR (300 MHz, CDCl3) 



S41 

 

O O

Cl

3d 
13C NMR (75 MHz, CDCl3) 



S42 

 

3e 

O O

1H NMR (300 MHz, CDCl3) 



S43 

 

3e 
13C NMR (75 MHz, CDCl3) 



S44 

 

O O

F

3f 
1H NMR (300 MHz, CDCl3) 



S45 

 

O O

F

3f 
13C NMR (75 MHz, CDCl3) 



S46 

 

19F NMR (282 MHz, CDCl3) 

O O

F

3f 



S47 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3g 
1H NMR (300 MHz, CDCl3) 



S48 

 
-100102030405060708090100110120130140150160170180190200

f1 (ppm)

2
9
.9

8

3
1
.2

7

3
4
.7

1

3
5
.2

4

7
6
.5

8

7
7
.0

0

7
7
.4

2

1
1
4
.3

6

1
1
8
.6

4

1
2
1
.5

2

1
2
7
.1

1

1
2
8
.4

3

1
2
8
.6

7

1
2
9
.3

9

1
3
6
.0

7

1
3
7
.4

8

1
4
6
.0

4

1
5
0
.8

6

1
5
6
.7

6

1
6
0
.6

0

3g 
13C NMR (75 MHz, CDCl3) 



S49 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3
.2

2

1
.0

0

1
.5

1

1
.0

5

2
.1

9

3
.0

4

3
.9

8

6
.4

0

7
.1

5

7
.1

6

7
.1

9

7
.2

0

7
.2

7

7
.4

1

7
.4

1

7
.4

1

7
.4

2

7
.4

2

7
.4

2

7
.4

3

7
.4

3

7
.4

4

7
.5

2

7
.5

3

7
.5

3

7
.5

4

7
.5

4

7
.5

5

3h 
1H NMR (300 MHz, CDCl3) 



S50 

 
-100102030405060708090100110120130140150160170180190200

f1 (ppm)
5
6
.5

8

7
6
.5

8

7
7
.0

0

7
7
.4

2

1
1
6
.3

7

1
1
6
.4

9

1
1
6
.8

3

1
2
0
.5

7

1
2
0
.7

3

1
2
8
.3

0

1
2
8
.9

8

1
2
9
.8

7

1
3
4
.7

6

1
4
3
.1

2

1
4
8
.2

8

1
5
4
.7

8

1
5
9
.3

9

3h 
13C NMR (75 MHz, CDCl3) 



S51 

  

O O

F

O

3i 
1H NMR (300 MHz, CDCl3) 



S52 

 

O O

F

O

3i 
13C NMR (75 MHz, CDCl3) 



S53 

 

3i 
19F NMR (282 MHz, CDCl3) 



S54 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3j 
1H NMR (300 MHz, CDCl3) 



S55 

2
9
.9

9

2
9
.9

9

3
1
.2

9

3
1
.2

9

3
4
.7

5

3
4
.7

5

3
5
.2

8

3
5
.2

8

7
6
.5

8

7
7
.0

0

7
7
.4

2

1
1
4
.5

7

1
1
4
.5

7

1
1
5
.7

7

1
1
5
.7

7

1
1
6
.0

6

1
1
6
.0

6

1
1
8
.5

7

1
1
8
.5

7

1
2
1
.2

5

1
2
1
.2

5
1
2
7
.3

0

1
3
0
.3

0

1
3
0
.3

0

1
3
0
.4

1

1
3
7
.6

6

1
3
7
.6

6

1
4
6
.2

0

1
4
6
.2

0

1
5
0
.8

7

1
5
0
.8

7

1
5
5
.7

0

1
5
5
.7

0

1
6
0
.4

2

1
6
0
.4

2

1
6
1
.6

9

1
6
5
.0

0

3j 
13C NMR (75 MHz, CDCl3) 



S56 

3
.1

6

1
.0

0

1
.0

4

0
.9

7

1
.9

7

2
.0

9

3
.9

8

6
.3

8

7
.1

0

7
.1

1

7
.2

0

7
.2

0

7
.2

1

7
.2

2

7
.2

4

7
.2

6

7
.2

7

7
.4

0

7
.4

1

7
.4

2

7
.4

3

7
.4

3

7
.4

4

7
.4

5

3k 
1H NMR (300 MHz, CDCl3) 



S57 

 
-100102030405060708090100110120130140150160170180190200

f1 (ppm)

3k 
13C NMR (75 MHz, CDCl3) 



S58 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3l 
1H NMR (300 MHz, CDCl3) 



S59 

 
-100102030405060708090100110120130140150160170180190200

f1 (ppm)

3l 
13C NMR (75 MHz, CDCl3) 



S60 

3
.0

9

3
.1

6

1
.0

0

1
.9

6

4
.1

6

2
.4

6

3
.9

8

6
.3

8

7
.1

8

7
.1

9

7
.2

0

7
.2

0

7
.2

6

7
.3

0

7
.3

3

7
.3

3

7
.3

6

3m 
1H NMR (300 MHz, CDCl3) 
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