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1H NMR Spectrum of Compound 1-2 
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13C NMR Spectrum of Compound 1-2 
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1H NMR Spectrum of Compound 1-3 
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1H NMR Spectrum of Compound 1-4 
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31P NMR Spectrum of Catalyst 1a 
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13C NMR Spectrum of Catalyst 1a 
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1H NMR Spectrum of Compound 4b 

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

X : parts per Million : 13C

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0

 2
03

.8
22

 2
03

.0
21

 1
58

.1
99

 1
58

.0
75

 1
39

.3
21

 1
36

.6
41

 1
36

.3
65

 1
34

.7
15

 1
33

.7
71

 1
28

.8
71

 1
28

.3
75

 1
14

.0
54

 1
13

.6
06

  7
7.

46
0

  7
7.

14
6

  7
6.

83
1

  6
1.

01
3

  5
9.

77
4

  5
5.

36
9

  5
5.

32
1

  4
8.

75
2

  4
8.

64
7

  4
7.

68
4

  4
7.

15
9

  4
5.

54
8

  4
5.

20
5

  4
5.

12
8

  4
4.

78
5

 
13C NMR Spectrum of Compound 4b 



S9 

HPLC of Compound 4b 

         

   

 

 

 

 

 

 

 



S10 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

X : parts per Million : 1H

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

   
9.

92
0

   
9.

91
6

   
9.

59
6

   
9.

59
3

   
9.

59
0

   
7.

18
4

   
7.

16
4

   
7.

14
1

   
7.

12
0

   
7.

08
6

   
7.

06
6

   
7.

06
2

   
7.

04
0

   
6.

34
6

   
6.

33
9

   
6.

33
2

   
6.

32
5

   
6.

09
5

   
6.

08
8

   
6.

08
1

   
6.

07
6

   
3.

69
9

   
3.

68
8

   
3.

67
8

   
3.

21
5

   
3.

21
2

   
3.

09
7

   
2.

57
7

   
2.

31
3

   
1.

82
0

   
1.

79
8

   
1.

62
5

   
1.

60
4

   
1.

57
2

   
1.

56
8

   
1.

56
4

   
1.

55
0

   
1.

54
5

   
1.

54
2

5.
07

3.
67

1.
49

1.
11

1.
09

1.
00

0.
88

0.
67

0.
64

0.
62

0.
34

0.
32

0.
32

 
1H NMR Spectrum of Compound 4c 
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HPLC of Compound 4c 
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1H NMR Spectrum of Compound 4d 
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