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1-I: 1H NMR (CDCl3, 600 MHz) 
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1-I: 13C NMR (CDCl3, 150 MHz) 

 

-
1

0
0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0

0
1
1

0
1
2

0
1

3
0

1
4
0

1
5

0
1

6
0

1
7

0
1
8

0
1
9

0
2
0

0
C

h
e
m

ic
a
l s

h
ift

77.02 CDCl3

80.24

119.12

120.25

121.63

122.36

125.93

126.92

132.58

136.46

141.08

151.61

157.70

167.60



 S4 

1-I2: 1H NMR (CDCl3, 500 MHz) 
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1-I2: 1H NMR (CDCl3, 125 MHz) 
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2-Br: 1H NMR (CD3OD, 500 MHz) 
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2-Br: 13C NMR (CD3OD, 125 MHz) 
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6-I: 31P NMR (CDCl3, 240 MHz) 
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6-I: 1H NMR (CDCl3, 600 MHz) 
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6-I: 13C NMR (CDCl3, 150 MHz) 
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7-I: 31P NMR (CDCl3, 240 MHz) 
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7-I: 1H NMR (CDCl3, 600 MHz) 
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7-I: 13C NMR (CDCl3, 150 MHz) 
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9a: 1H NMR (CDCl3, 600 MHz) 
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9a: 13C NMR (CDCl3, 150 MHz) 
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9b: 1H NMR (CDCl3, 600 MHz) 
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9b: 13C NMR (CDCl3, 75 MHz) 
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9c: 1H NMR (CDCl3, 500 MHz) 
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9c: 13C NMR (CDCl3, 125 MHz) 
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10a: 31P NMR (CDCl3, 160MHz) 
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 S21 

10a: 1H NMR (CDCl3, 600 MHz) 
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10a: 13C NMR (CDCl3, 150 MHz) 
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10b: 31P NMR (CDCl3, 160MHz) 
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 S24 

10b: 1H NMR (CDCl3, 600 MHz) 
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10b: 13C NMR (CDCl3, 150 MHz) 

 

-
1

0
0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3

0
1
4

0
1
5

0
1

6
0

1
7

0
1

8
0

1
9

0
2
0

0
2
1

0
f1

 (p
p
m

)

16.11
16.15

55.71

65.04
65.08

108.75

115.04
117.86
119.90
119.91
121.03
123.91
124.66
124.72
125.08
130.07
131.49
137.29

148.15
148.49
148.54
150.07

156.22
156.59
160.82



 S26 

10c: 31P NMR (CDCl3, 160MHz) 
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10c: 1H NMR (CDCl3, 600 MHz) 
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10c: 13C NMR (CDCl3, 150 MHz) 
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12a: 1H NMR (CDCl3, 600 MHz) 
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12a: 13C NMR (CDCl3, 150 MHz) 
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 S31 

12b: 1H NMR (CDCl3, 600 MHz) 
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12b: 13C NMR (CDCl3, 150 MHz) 
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12c: 1H NMR (CDCl3, 600 MHz) 
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12c: 13C NMR (CDCl3, 150 MHz) 
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14: 1H NMR (CDCl3, 600 MHz) 
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14: 13C NMR (CDCl3, 150 MHz) 
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15: 1H NMR (THF-d8, 500 MHz) 
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15: 13C NMR (THF-d8, 125 MHz) 
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16: 1H NMR (THF-d8, 600 MHz) 
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16: 13C NMR (THF-d8, 150 MHz) 
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 S41 

17: 31P NMR (CDCl3, 240 MHz) 
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17: 1H NMR (CDCl3, 600 MHz) 
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17: 13C NMR (CDCl3, 150 MHz) 
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18: 31P NMR (CDCl3, 200 MHz)
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18: 1H NMR (CDCl3, 600 MHz) 
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18: 13C NMR (CDCl3, 150 MHz) 
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19: 31P NMR (CD3OD, 200 MHz) 
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19: 1H NMR (CD3OD, 500 MHz) 
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19: 13C NMR (CD3OD, 125 MHz) 
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19-I2: 31P NMR (CD3OD, 200 MHz) 
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19-I2: 1H NMR (CD3OD, 600 MHz) 
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19-I2: 13C NMR (CD3OD, 150 MHz) 
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