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 Die 2D 1H,1H-COSY, 1H,1H-NOESY, 1H,13C-HSQC und 1H,13C-HMBC-Spektren wurden vollständig 

ausgewertet; die Signalzuordnungen im Spektrum vermerkt und wichtige zur Strukturbestimmung 

herangezogene Kreuzpeaks markiert. 



- 2
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

12

4.
33

[Pd(MeCN)4](BF4)2 
in CD3NO2, 400 MHz



- 3
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6221

7.
26

[Pd(allyl)(MeCN)2](BF4) 
in CDCl3, 400 MHz



- 4
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

0.06.50.00.02.30.12.00.21.2

7.
26

[Pd(allyl)(MeCN)2](OTf)

in CDCl3, 400 MHz



- 5
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

12
0.

22

11
5.

89

63
.1

3

2.
96

[Pd(allyl)(MeCN)2](OTf)

in CDCl3, 101 MHz



- 6
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

62132

7.
26

Alkin 122
 in CDCl3, 400 MHz

SiPh



- 7
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

13
7.

46

13
3.

69

12
9.

58
12

8.
00

82
.2

3

77
.1

6

67
.5

9

6.
36

-3
.4

3

Alkin 122
 in CDCl3, 101 MHz

SiPh



- 8
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

0.942.0010.446.38

7.
26

SiPh3

Alkin 120
 in CDCl3,400 MHz



- 9
 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

612232

7.
26

Propargylalkohol 124
 in CDCl3, 400 MHz

SiPh
OH



- 1
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

13
7.

54

13
3.

69

12
9.

58
12

7.
99

84
.1

9

77
.9

1
77

.1
6

51
.8

1

6.
71

-3
.2

9

Propargylalkohol 124
 in CDCl3, 101 MHz

SiPh
OH



- 1
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

61221132

7.
26

Allylalkohol 75h
 in CDCl3, 500 MHz

OH
PhSi



- 1
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-3
.2

6

21
.9

8

64
.2

2

77
.1

6

12
7.

91
12

8.
33

12
9.

22
12

9.
97

13
3.

72

13
8.

53

Allylalkohol 75h
 in CDCl3, 101 MHz

OH
PhSi



- 1
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

691222

Allylalkohol 75f
 in CDCl3, 400 MHz

OH

OTBS



- 1
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-5
.1

0

18
.4

6

26
.0

4

59
.0

1
59

.7
5

77
.1

6

13
0.

19
13

1.
48

Allylalkohol 75f
 in CDCl3, 101 MHz

OH

OTBS



- 1
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3222111

7.
26

 Säure S1a
 in CDCl3, 400 MHz

O

CO2H



- 1
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
5.

71

13
6.

91

12
4.

98

77
.1

6

72
.4

0

66
.2

0

34
.4

2

22
.2

0

13
.7

8

 Säure S1a
 in CDCl3, 101 MHz

O

CO2H



- 1
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6112211

7.
26

 Säure S1f
 in CDCl3, 400 MHz

O

CO2H

OTBS



- 1
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6221132

7.
26

Säure S1h
 in CDCl3, 400 MHz

O

CO2H

PhSi



- 1
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

13
8.

17
13

3.
76

13
3.

68

12
9.

32
12

7.
97

12
3.

78

77
.1

6

72
.5

3

65
.7

9

22
.3

4

-3
.2

4

Säure S1h
 in CDCl3, 101 MHz

O

CO2H

PhSi



- 2
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

1.982.032.051.000.90

7.
26

Säure S1i

in CDCl3 400 MHz

O

CO2H



- 2
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.023.094.090.991.66

7.
26

Säure S1j 

in CDCl3 500 MHz

O

CO2H



- 2
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
5.

47

13
9.

34

11
9.

67

77
.1

6

67
.8

4
66

.4
2

25
.9

3

18
.1

5

Säure S1j

in CDCl3 126 MHz

O

CO2H



- 2
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.941.942.002.001.06

7.
26

Säure S1l 

in CDCl3 400 MHz

O

CO2H



- 2
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.050.982.052.031.000.89

7.
26

Säure S2a 
in CDCl3, 400 MHz

O

CO2H



- 2
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

21
.2

2

65
.0

4

77
.1

6
78

.3
9

11
7.

94

13
8.

61

17
5.

60

Säure S2a 
in CDCl3, 101 MHz

O

CO2H



- 2
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.873.001.911.942.950.941.001.08

7.
26

Säure S2b 
in CDCl3, 200 MHz

O

CO2H



- 2
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.152.072.031.000.86

7.
26

Säure S2c 
in CDCl3, 400 MHz

O

CO2H



- 2
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

25
.6

5

61
.0

2

77
.1

6
77

.4
1

11
5.

83

14
1.

87

17
4.

79

Säure S2c 
in CDCl3, 101 MHz

O

CO2H



- 2
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.193.202.400.752.060.990.971.00

Allylalkohol S3 
in CDCl3, 400 MHz

OH



- 3
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
4.

40

13
1.

09

77
.1

6

69
.1

5

34
.3

2

23
.5

8
22

.4
4

13
.8

1

Allylalkohol S3 
in CDCl3, 101 MHz

OH



- 3
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

36224111

7.
26

 Ester 76a
 in CDCl3, 400 MHz

O

CO2i-Pr



- 3
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
0.

23

13
6.

17

12
5.

58

77
.1

6

72
.2

7
68

.5
3

67
.1

6

34
.4

8

22
.2

9
21

.9
6

13
.8

4

 Ester 76a
 in CDCl3, 101 MHz

O

CO2i-Pr



- 3
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

610622111

7.
26

 Ester 76f
 in CDCl3, 400 MHz

O

CO2i-Pr

OTBS



- 3
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-5
.0

4

18
.4

6

21
.9

7

26
.0

6

59
.6

0

67
.0

6
67

.6
2

68
.6

4

77
.1

6

12
6.

08

13
3.

78

17
0.

05

 Ester 76f
 in CDCl3, 101 MHz

O

CO2i-Pr

OTBS



- 3
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

662211132

7.
26

 Ester 76h
 in CDCl3, 400 MHz

O

CO2i-Pr

PhSi



- 3
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

17
0.

29

13
8.

42

13
3.

69
13

2.
60

12
9.

23
12

7.
94

12
4.

65

77
.1

6

72
.2

7

68
.4

8
66

.6
5

22
.2

1
21

.9
7

-3
.2

4

 Ester 76h
 in CDCl3, 101 MHz

O

CO2i-Pr

PhSi



- 3
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.282.012.020.970.960.951.00

7.
26

(C
H

2C
l) 2

Ester 76i

in CDCl3 400 MHz

O

CO2i-Pr



- 3
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

21
.9

4

67
.5

0
68

.6
0

72
.4

9

77
.1

6

11
8.

31

13
3.

95

17
0.

06

Ester 76i 

in CDCl3 101 MHz

(C
H

2C
l) 2

O

CO2i-Pr



- 3
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.373.113.251.972.021.061.00

7.
26

Ester 76j

in CDCl3 400 MHz

O

CO2i-Pr



- 4
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

18
.1

3

21
.9

6

25
.9

6

67
.2

8
67

.6
5

68
.5

0

77
.1

6

12
0.

25

13
8.

61

17
0.

36

Ester 76j 

in CDCl3 101 MHz

O

CO2i-Pr



- 4
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.013.124.012.060.99

7.
26

Ester 76l

in CDCl3 500 MHz

O

CO2i-Pr



- 4
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

19
.5

5
21

.9
5

67
.4

1
68

.5
4

75
.4

6
77

.1
6

11
3.

38

14
1.

51

17
0.

10

Ester 76l

in CDCl3 126 MHz

O

CO2i-Pr



- 4
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.533.311.072.211.012.151.00

7.
26

Ester 170 
in CDCl3, 500 MHz

O

CO2i-Pr



- 4
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

21
.2

6
21

.9
3

65
.8

2
68

.4
2

77
.1

6
77

.9
5

11
7.

14

13
9.

33

17
0.

43

Ester 170
in CDCl3, 126 MHz

O

CO2i-Pr



- 4
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.126.133.052.162.030.932.170.991.001.00

7.
26

Ester 171
in CDCl3, 400 MHz

O

CO2i-Pr



- 4
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
.7

4

21
.6

7
21

.9
1

22
.3

4

34
.3

0

65
.4

3
68

.3
0

77
.1

6
77

.5
6

13
1.

12

13
4.

32

17
0.

59

Ester 171 
in CDCl3, 400 MHz

O

CO2i-Pr



- 4
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.286.232.000.990.941.081.00

7.
26

Ester 172 
in CDCl3, 400 MHz

O

CO2i-Pr



- 4
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

21
.9

3

25
.7

4

61
.9

2

68
.3

1

76
.7

9
77

.1
6

11
5.

08

14
2.

85

17
0.

89

Ester 172
in CDCl3, 101 MHz

O

CO2i-Pr



- 4
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

336221001111111

7.
26

 β-Hydroxyester 77a
dr = 3/1

 in CDCl3, 400 MHz

O

CO2i-Pr
OH



- 5
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
0.

79
17

0.
50

13
6.

43
13

6.
18

12
5.

61
12

5.
44

82
.2

5
81

.2
4

77
.1

6
71

.9
1

71
.8

7
68

.8
4

68
.8

1
68

.4
8

34
.4

8

22
.2

8
22

.0
1

21
.9

1
18

.8
5

18
.4

0

13
.8

3

 β-Hydroxyester 77a
dr = 3/1

 in CDCl3, 101 MHz

O

CO2i-Pr
OH



- 5
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

61037100102210111

7.
26

 β-Hydroxyester 77f
dr = 73/27 

in CDCl3, 400 MHz

O

CO2i-Pr
OH

OTBS



- 5
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

17
0.

58
17

0.
27

13
3.

82
13

3.
69

12
6.

16
12

5.
96

82
.8

1
81

.8
7

77
.1

6
68

.9
9

68
.9

3
68

.5
5

68
.4

6
66

.6
2

66
.5

3

59
.6

2

26
.0

5
22

.0
1

21
.9

2
18

.9
0

18
.4

6
18

.2
8

-5
.0

4

 β-Hydroxyester 77f
dr = 73/27 

in CDCl3, 101 MHz

O

CO2i-Pr
OH

OTBS



- 5
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

36101412125

7.
26

 β-Hydroxyester 77h
dr = 77/23 

in CDCl3, 300 MHz

O

CO2i-Pr
OH

BnO



- 5
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
0.

52
17

0.
25

13
8.

20

13
0.

77
13

0.
47

12
8.

44
12

8.
26

12
7.

78
12

7.
69

82
.6

4
81

.8
5

77
.1

6
72

.3
7

70
.9

0
69

.9
6

68
.8

6
68

.8
0

68
.3

9

21
.8

9
21

.8
5

21
.7

9
18

.8
3

18
.2

8

 β-Hydroxyester 77h
dr = 77/23

 in CDCl3, 76 MHz

O

CO2i-Pr
OH

BnO



- 5
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.116.440.991.011.260.921.071.050.991.051.02

7.
26

β-Hydroxyester 77i

in CDCl3 400 MHz

O

CO2i-Pr
OH



- 5
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

18
.3

4
18

.8
9

21
.9

5
21

.9
8

68
.4

9
68

.5
6

68
.8

9
68

.9
3

72
.0

4
77

.1
6

81
.7

1
82

.6
1

11
8.

32
11

8.
59

13
3.

81
13

3.
96

17
0.

30
17

0.
61

β-Hydroxyester 77i

in CDCl3 101 MHz

O

CO2i-Pr
OH



- 5
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.016.182.923.011.001.041.991.061.081.00

7.
26

β-Hydroxyester 77j

in CDCl3 400 MHz

O

CO2i-Pr
OH



- 5
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
0.

89
17

0.
64

13
8.

90
13

8.
66

12
0.

25
12

0.
09

82
.4

8
81

.3
3

77
.1

6

68
.8

2
68

.7
9

68
.4

8
67

.2
8

67
.1

9

25
.9

8

22
.0

2
18

.7
7

18
.4

3
18

.1
8

β-Hydroxyester 77j

in CDCl3 101 MHz

O

CO2i-Pr
OH



- 5
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.986.003.180.991.971.892.081.04

7.
26

β-Hydroxyester 77l

in CDCl3 400 MHz

O

CO2i-Pr
OH



- 6
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
0.

27

14
1.

43

11
4.

08
11

3.
66

82
.3

9
81

.6
0

77
.1

6
74

.9
4

74
.8

7
68

.9
1

68
.8

7
68

.6
5

68
.5

9

22
.0

1
21

.9
7

19
.7

4
18

.9
8

18
.4

3

β−Hydroxyester 77l

in CDCl3 101 MHz

O

CO2i-Pr
OH



- 6
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.279.921.021.271.933.201.00

7.
26

β-Hydroxyester 174
(dr = 16/12/32/37)

in CDCl3, 500 MHz

O

CO2i-Pr
OH



- 6
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

18
.4

8
18

.5
7

19
.0

6
20

.5
8

20
.6

9
21

.5
9

21
.8

8
21

.9
6

68
.5

4
68

.6
4

68
.6

8
77

.1
6

78
.7

4
79

.3
4

80
.0

6
80

.9
0

82
.4

1

11
6.

25
11

6.
61

11
7.

66
11

7.
79

13
8.

97
13

9.
15

13
9.

70
13

9.
86

17
0.

76
17

0.
96

17
1.

14

β-Hydroxyester 174 
(dr = 16/12/32/37)

in CDCl3, 126 MHz

O

CO2i-Pr
OH



- 6
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.163.019.302.312.030.950.251.930.800.960.950.98

7.
26

β-Hydroxyester 175
(dr = 24/76)

in CDCl3, 400 MHz

O

CO2i-Pr
OH



- 6
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
1.

20
17

0.
98

13
5.

06
13

4.
96

13
1.

01
13

0.
83

79
.6

5
78

.7
8

77
.1

6
76

.7
4

68
.6

0
68

.5
0

34
.3

1

22
.3

8
22

.0
2

21
.9

2
19

.0
9

18
.5

6

13
.7

7

β-Hydroxyester 175
 (dr = 24/76)

in CDCl3,101 MHz

O

CO2i-Pr
OH



- 6
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.243.199.642.202.071.000.942.141.021.001.02

7.
26

β-Hydroxyester 175
 (dr = 23/3/7/67)

in CDCl3,400 MHz

O

CO2i-Pr
OH



- 6
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.353.506.374.792.020.981.331.690.971.081.010.99

7.
26

β-Hydroxyester 77m
 (dr = 67/33)

in CDCl3,400 MHz

O

CO2i-Pr
OH



- 6
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
0.

83
17

0.
39

13
6.

11
13

5.
94

12
5.

38
12

5.
31

80
.3

4
79

.9
0

76
.9

3
73

.6
7

73
.6

3
71

.6
1

68
.5

5

34
.2

5

26
.0

7
25

.3
8

22
.0

4
21

.8
0

21
.7

5
21

.6
9

13
.6

0

10
.0

6
9.

85

β-Hydroxyester 77m
 (dr = 67/33)

in CDCl3,101 MHz

O

CO2i-Pr
OH



- 6
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.652.862.850.970.990.850.911.021.00

7.
26

α-Hydroxy Ester  173 
in CDCl3, 500 MHz

CO2i-Pr

OH



- 6
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

18
.1

6
21

.8
6

21
.9

2

26
.0

1

33
.2

7

69
.4

8
70

.6
1

77
.1

6

11
7.

97

13
5.

64

17
4.

47

α-Hydroxy Ester  173 
in CDCl3, 126 MHz

CO2i-Pr

OH



- 7
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

362322100111

7.
26

Allylvinylether 63a
Z/E = 60/40

 in CDCl3, 500 MHz

O

CO2i-Pr



- 7
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Chemical Shift (ppm)

11
.5

2
12

.7
5

13
.7

8

22
.0

2
22

.2
6

34
.4

8

68
.3

3
68

.5
4

70
.3

4
72

.9
3

77
.1

6

11
2.

98

12
3.

94
12

5.
16

12
5.

74

13
5.

36
13

6.
10

14
5.

80
14

5.
98

16
3.

68
16

3.
79

Allylvinylether 63a
Z/E = 60/40

 in CDCl3, 126 MHz

O

CO2i-Pr



- 7
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

61073221021

7.
26

Allylvinylether 63f
Z/E = 60/40

 in CDCl3, 400 MHz

O

CO2i-Pr

OTBS



- 7
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

16
3.

62
16

3.
46

14
5.

97
14

5.
58

13
3.

55
13

2.
76

12
6.

00
12

5.
83

12
4.

31

11
2.

50

77
.1

6

68
.6

3
68

.4
7

67
.6

6
65

.4
1

59
.9

0
59

.5
5

26
.0

5
26

.0
0

22
.0

6
22

.0
2

18
.4

6

12
.8

0
11

.5
4

-5
.0

4

Allylvinylether 63f
Z/E = 60/40

 in CDCl3, 101 MHz

O

CO2i-Pr

OTBS



- 7
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

664121011132

7.
26

allyl vinyl ether 63h
Z/E = 65/35

 in CDCl3, 400 MHz

O

CO2i-Pr

PhSi



- 7
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-3
.3

0

11
.5

3
12

.7
8

22
.0

1
22

.2
0

68
.2

8
68

.4
7

70
.2

6
73

.0
3

77
.1

6

11
2.

81

12
3.

95
12

4.
13

12
4.

80
12

7.
89

12
9.

18
13

1.
76

13
2.

46
13

3.
68

13
8.

53

14
5.

59
14

5.
80

16
3.

66
16

3.
78

Allylvinylether 63h
Z/E = 65/35 

in CDCl3, 101 MHz

O

CO2i-Pr

PhSi



- 7
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.002.951.931.050.970.950.390.940.57

7.
26

Allylvinylether 63i 
(Z/E = 60/40) 

in CDCl3 400 MHz

O

CO2i-Pr



- 7
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

16
3.

63
16

3.
52

14
6.

00
14

5.
64

13
4.

02
13

3.
40

12
4.

07

11
8.

17
11

7.
61

11
2.

82

77
.1

6

73
.0

7
70

.1
8

68
.5

9
68

.4
3

22
.0

0

12
.7

4
11

.4
8

Allylvinylether 63i 
(Z/E = 60/40) 

in CDCl3 101 MHz

O

CO2i-Pr



- 7
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.022.966.151.990.981.350.59

7.
26

Allylvinylether 63j 
(Z/E = 60/40) 

in CDCl3 400 MHz

O

CO2i-Pr



- 7
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

16
3.

84
16

3.
73

14
6.

05
14

5.
92

13
8.

74
13

7.
61

12
4.

12

12
0.

24
11

9.
95

11
2.

50

77
.1

6

68
.5

5
68

.3
7

66
.3

1

25
.9

6
25

.9
1

22
.0

2
18

.2
8

18
.0

9

12
.8

2
11

.4
7

Allylvinylether 63j 
(Z/E = 60/40) 

in CDCl3 101 MHz

O

CO2i-Pr



- 8
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

5.975.951.950.980.970.960.400.53

7.
26

Allylvinylether 63l 
(Z/E = 60/40) 

in CDCl3 500 MHz

O

CO2i-Pr



- 8
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

16
3.

63
16

3.
55

14
6.

41
14

5.
86

14
1.

74
14

1.
00

12
3.

36

11
3.

49
11

2.
85

11
2.

71

77
.1

6
75

.9
4

73
.1

8
68

.4
7

68
.4

1

22
.0

1
19

.8
1

19
.5

1

12
.6

9
11

.3
2

Allylvinylether 63l 
(Z/E = 60/40) 

in CDCl3 126 MHz

O

CO2i-Pr



- 8
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.133.066.192.182.001.670.352.000.990.210.980.990.80

7.
26

Allylvinylether 63m
 (Z/E = 83/17)

in CDCl3,400 MHz

O

CO2i-Pr



- 8
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
.4

3
13

.8
1

14
.9

0
19

.3
4

20
.4

7
22

.0
2

22
.2

6

34
.4

9

68
.3

8
68

.6
0

70
.1

5
73

.0
8

77
.1

6

12
5.

04
12

5.
69

13
0.

74

13
5.

42
13

6.
14

14
4.

58

16
3.

87

Allylvinylether 63m
 (Z/E = 83/17)

in CDCl3,101 MHz

O

CO2i-Pr



- 8
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

9.123.083.002.034.061.02

7.
26

Mesylat 176
 (dr = 72/15/13)

in CDCl3,400 MHz

O

CO2i-Pr

Me

OMs



- 8
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
.1

6
17

.6
5

17
.7

4
17

.9
6

20
.7

7
21

.5
4

21
.7

7
21

.8
6

21
.9

6

38
.6

4
38

.7
5

38
.8

2

69
.3

8

77
.1

6
77

.8
3

79
.0

5
79

.2
8

11
7.

01
11

7.
14

11
8.

11
11

8.
46

13
8.

69
13

9.
37

16
8.

83
16

9.
01

Mesylat 176
 (dr = 72/15/13)

in CDCl3,101 MHz

O

CO2i-Pr

Me

OMs



- 8
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.019.202.672.332.033.051.031.020.980.950.981.00

7.
26

Mesylat 177
 (dr = 73/27)

in CDCl3,500 MHz

O

CO2i-Pr

Me

OMs



- 8
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
.7

5
17

.8
4

18
.0

0
21

.8
4

21
.9

1
21

.9
9

22
.3

5

34
.3

0

38
.8

0

69
.2

6
69

.3
8

77
.0

3
77

.1
6

77
.4

5
77

.8
3

78
.7

7
79

.4
8

13
0.

46
13

0.
60

13
5.

35
13

5.
61

16
9.

02

Mesylat 177
 (dr = 73/27)

in CDCl3,126 MHz

O

CO2i-Pr

Me

OMs



- 8
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.6210.201.971.492.142.130.431.930.60

7.
26

Säure 105
 (dr = 60/40)

in CDCl3,400 MHz

O

CO2H

OTBS



- 8
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

7.1011.204.483.093.491.031.001.801.960.990.102.420.875.30

7.
26

Auxiliar-substituierter 
Allylvinylether  106a

(Z/E = 90/10)

 in CDCl3,400 MHz

O

OTBS

O

O
Ph



- 9
0 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.4619.181.101.301.075.051.331.062.042.001.030.081.980.90

7.
26

Auxiliar-substituierter 
Allylvinylether  106b

 (Z/E = 91/9)

in CDCl3,400 MHz

O

OTBS

O

O



- 9
1 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-5
.0

4

11
.5

9
13

.7
5

18
.4

4
19

.0
2

19
.8

6

26
.0

5
27

.4
7

28
.1

8

36
.9

5

45
.0

1
47

.9
4

49
.0

2

59
.5

8

67
.7

4

77
.1

6

80
.6

7

12
4.

33
12

6.
00

13
3.

48

14
5.

96

16
4.

22

Auxiliar-substituierter 
Allylvinylether  106b

 (Z/E = 91/9)

in CDCl3,101 MHz

O

OTBS

O

O



- 9
2 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.4515.941.753.533.881.572.962.160.442.292.271.931.071.032.015.56

7.
26

Auxiliar-substituierter 
Allylvinylether  106c

 (Z/E = 85/15)

in CDCl3,400 MHz

O

OTBS

O

O

Ph



- 9
3 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

16
2.

76

15
1.

73

14
5.

20

13
3.

22
13

2.
32

12
8.

13
12

8.
02

12
6.

26
12

5.
76

12
5.

52
12

4.
85

12
4.

76

77
.1

6
75

.3
4

75
.0

4

67
.6

8
65

.0
6

59
.9

1
59

.5
8

50
.8

3
50

.5
7

41
.9

6
41

.8
0

39
.7

5
34

.7
3

34
.6

4
31

.5
2

31
.4

3
28

.3
4

28
.0

7
27

.2
1

26
.7

9
26

.0
7

25
.5

4
25

.3
5

21
.9

3
18

.4
5

12
.7

6
11

.4
3

-5
.0

2

Auxiliar-substituierter 
Allylvinylether  106c

 (Z/E = 85/15)

in CDCl3,101 MHz

O

OTBS

O

O

Ph



- 9
4 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.0410.205.883.100.973.041.051.931.051.001.98

7.
26

Auxiliar-substituierter 
Allylvinylether  (Z,E)-106d

 in CDCl3,400 MHz

O

OTBS

O

N O

O

i-Pr



- 9
5 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

16
4.

40

15
2.

42

14
8.

43

13
3.

16

12
5.

34

10
0.

75

77
.1

6

64
.8

5
63

.5
6

59
.7

9
58

.4
2

28
.3

8
26

.0
6

18
.4

6
18

.0
4

14
.7

4
11

.8
4

-5
.0

7

Auxiliar-substituierter 
Allylvinylether  (Z,E)-106d

 in CDCl3,101 MHz

O

OTBS

O

N O

O

i-Pr



- 9
6 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6.1710.126.293.040.941.082.122.181.021.032.030.97

7.
25

Auxiliar-substituierter 
Allylvinylether  (Z,Z)-106d

 in CDCl3,400 MHz

O

OTBS

O

N O

O

i-Pr



- 9
7 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

16
6.

20

15
3.

53

14
7.

52

13
3.

56

12
5.

71

12
1.

58

77
.1

6

67
.2

6

63
.6

1
59

.6
4

58
.6

6

28
.5

1
26

.0
5

18
.4

5
18

.0
6

15
.2

1

11
.4

9

-5
.0

7

Auxiliar-substituierter 
Allylvinylether  (Z,Z)-106d

 in CDCl3,101 MHz

O

OTBS

O

N O

O

i-Pr



- 9
8 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

326211121111

7.
26

1,5-Hexadien (±)-62a
syn/anti = 88/12 

 in CDCl3, 500 MHz

OH
CO2i-Pr



- 9
9 

-

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
F2 Chemical Shift (ppm)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62a
syn/anti = 88/12 

in CDCl3, 500 MHz
(COSY)

4/5

1 2
3

4
56 7 8 9

OHCO2i-Pr

4 7+8

9i-PrOHi-Pr

5
2

1 6

7+8

9

7+8
i-Pr

7+8

4

OH

i-Pr

5

2

1

6



- 1
00

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
.9

8
14

.0
8

20
.4

4
20

.5
8

21
.8

5
21

.9
1

29
.4

4
31

.0
5

51
.0

6
51

.1
1

70
.2

5

77
.1

6
79

.7
6

11
5.

15
11

6.
11

11
7.

94
11

7.
97

13
6.

83
13

7.
43

13
8.

08
13

8.
66

17
4.

68

1,5-Hexadien (±)-62a
syn/anti = 88/12

 in CDCl3, 126 MHz

OH
CO2i-Pr



- 1
01

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1 2
3

4
56 7 8 9

OH
CO2i-Pr

4 7+
8

9i-PrOHi-Pr

52
1 6

7+
8

1,5-Hexadien (±)-62a
syn/anti = 88/12

 in CDCl3, 500/126 MHz
(HSQC)

9

i-Pr
8

7

4

i-Pr

3

1
6

5
2



- 1
02

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

319111211111

7.
26

1,5-Hexadien (±)-anti-62a
 in CDCl3, 400 MHz

OH
CO2i-Pr



- 1
03

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

14
.0

9

20
.5

8
21

.8
6

21
.9

1

29
.4

0

51
.0

2

70
.2

6

77
.1

6
79

.9
1

11
6.

13
11

7.
98

13
7.

37
13

8.
01

17
4.

48

1,5-Hexadien (±)-anti-62a
 in CDCl3, 101 MHz

OH
CO2i-Pr



- 1
04

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

326211121111

7.
26

1,5-Hexadien (±)-syn-62a
 in CDCl3, 400 MHz

OH
CO2i-Pr



- 1
05

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
.9

8

20
.4

2
21

.8
1

31
.0

1

51
.0

5

70
.2

6

77
.1

6
79

.7
4

11
5.

15
11

8.
00

13
6.

78
13

8.
63

17
4.

67

1,5-Hexadien (±)-syn-62a
 in CDCl3, 101 MHz

OH
CO2i-Pr



- 1
06

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

596121121111

7.
26

1,5-Hexadien (±)-62f
syn/anti = 4/96  

in CDCl3, 500 MHz

OH
CO2i-Pr

OTBS



- 1
07

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
F2 Chemical Shift (ppm)

-0.5

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62f
syn/anti = 4/96 

in CDCl3, 500 MHz
(COSY)

4/5

i-Pr
6

1 2 3

4
56 4'

OH
CO2i-Pr

OTBS

4/4'

TBS-CH3
TBS-t-Bui-Pr

44'

OH
152

5/6

TBS-CH3

TBS-t-Bu

i-Pr

4

4'
OH

i-Pr
6

1

5
2



- 1
08

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-5
.3

4
-5

.2
9

18
.3

8

21
.8

7

26
.0

1

52
.5

3

63
.2

8

69
.8

8

77
.1

6
79

.6
7

11
5.

90
11

9.
00

13
5.

17
13

8.
19

17
3.

08

1,5-Hexadien (±)-62f
syn/anti = 4/96 

in CDCl3, 126 MHz

OH
CO2i-Pr

OTBS



- 1
09

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
F2 Chemical Shift (ppm)

-8

0

8

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62f
syn/anti = 4/96 

in CDCl3, 500/126 MHz
(HSQC)

i-Pr

6

1 2 3

4
56 4'

OH
CO2i-Pr

OTBS

1
52

OH
4'

4

i-Pr
TBS-t-Bu TBS-CH3

TBS-CH3

t-Bu-C
i-Pr

TBS-t-Bu-CH3

4

4'

i-Pr

3

1
6

5
2



- 1
10

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

10021222110115
7.

26

1,5-Hexadien (±)-62g 
syn/anti = 14/86

in CDCl3, 500 MHz

OH
CO2Me

OBn



- 1
11

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
F2 Chemical Shift (ppm)

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62g
syn/anti = 16/84 

in CDCl3, 500 MHz
(COSY)

4/4'

61
52

1 2 3

4
56 4'

OH
CO2Me

OBn

4

Ar OCH2Ph
OMe

OH

4'

4/5

5/6

Ar

2
5

1

6

OCH2Ph

4'OH

OMe



- 1
12

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
5.

42
17

4.
22

13
8.

28
13

8.
16

13
7.

94
13

7.
58

13
5.

47
13

3.
91

12
8.

48
12

8.
20

12
7.

87
12

7.
77

11
8.

92
11

8.
86

11
6.

14
11

5.
55

79
.9

7
77

.5
9

77
.1

6
73

.7
6

73
.4

4
70

.4
4

69
.9

3

53
.0

0
52

.8
7

51
.3

3
50

.5
7

1,5-Hexadien (±)-62g
syn/anti = 16/84 

in CDCl3, 126 MHz

OH
CO2Me

OBn



- 1
13

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
F2 Chemical Shift (ppm)

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

135

140

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62g
syn/anti = 16/84 

in CDCl3, 500/126 MHz
(HSQC)

61
52

1 2 3

4
56 4'

OH
CO2Me

OBn

Ar

4

OCH2Ph OMe
OH

4'

4
OMe

4'

OCH2Ph

3

1

6

Ar

5

2



- 1
14

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6100161112111132

7.
26

1,5-Hexadien (±)-62h
syn/anti = 86/14 

in CDCl3, 500 MHz

OH
CO2i-Pr

SiPh



- 1
15

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62h
syn/anti = 86/14 

 in CDCl3, 500 MHz
(COSY)

1 2
3

4
56 4'

OH
CO2i-Pr

SiPh

Ar

4 4' 4'

4/4'

4/5

SiMe2i-Pr
OH

i-Pr

52

1 6

Ar

2

5

1

6
i-Pr

OH

4

i-Pr 4'

4'

SiMe2



- 1
16

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

-2
.4

6
-2

.3
4

-1
.4

9
-1

.4
0

13
.8

2
15

.7
7

21
.7

9
21

.8
8

47
.6

0
47

.8
3

70
.2

5

77
.1

6

80
.8

9

11
5.

33
11

6.
60

11
7.

43
11

7.
78

12
7.

79
12

8.
86

12
8.

94
13

3.
70

13
3.

77
13

7.
98

13
8.

32
13

8.
82

13
9.

43

17
4.

38
17

4.
59

1,5-Hexadien (±)-62h
syn/anti = 86/14  

in CDCl3, 101 MHz

OH
CO2i-Pr

SiPh



- 1
17

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

-8

0

8

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien (±)-62h
syn/anti = 86/14  

in CDCl3, 500/126 MHz
(HSQC)

1 2
3

4
56 4'

OH
CO2i-Pr

SiPh

Ar

4 4' 4'

SiMe2i-Pr
OH

i-Pr

52

1 6

SiMe2

4'

i-Pr

4

i-Pr

3

1
6

Ar
Ar

Ar

Ar
5
2



- 1
18

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)

5.990.990.970.900.990.901.020.940.930.920.91

7.
26

(±)-Hexadien 62i

in CDCl3 500 MHz

HO
CO2i-Pr



- 1
19

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
4.

15

13
8.

56

13
2.

20

11
9.

15

11
5.

31

77
.1

0

70
.2

9

43
.6

0

21
.9

1
21

.8
1

(±)-Hexadien 62i

in CDCl3 126 MHz

HO
CO2i-Pr



- 1
20

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.163.096.270.993.061.021.020.991.00

7.
26

(±)-Hexadien 62j

in CDCl3 400 MHz

HO
CO2i-Pr



- 1
21

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

21
.8

5
21

.9
9

22
.4

9

44
.3

1

70
.5

7

77
.1

6

80
.9

4

11
3.

22

11
6.

44

13
5.

72

14
3.

81

17
4.

19

(±)-Hexadien 62j

in CDCl3 101 MHz

HO
CO2i-Pr



- 1
22

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.136.351.040.992.061.021.051.051.021.01

7.
26

(±)-Hexadien 62k 
(syn/anti = 77/23) 

in CDCl3 400 MHz

HO
CO2i-Pr



- 1
23

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
4.

49
17

4.
44

13
8.

71
13

8.
38

13
8.

20
13

7.
84

11
6.

39
11

6.
13

11
6.

04
11

5.
56

79
.5

5
79

.3
5

77
.1

6

70
.3

5
70

.2
3

45
.1

5
44

.8
4

21
.8

3
21

.7
8

14
.4

2
13

.7
4

(±)-Hexadien 62k 
(syn/anti = 77/23) 

in CDCl3 101 MHz

HO
CO2i-Pr



- 1
24

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)

7.693.671.111.121.122.301.161.071.091.00

7.
26

(±)-Hexadien 62l

in CDCl3 400 MHz

HO
CO2i-Pr



- 1
25

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

21
.8

2
24

.1
7

46
.5

7

70
.3

2

77
.1

6
77

.5
1

11
4.

84
11

5.
08

13
9.

24
14

1.
20

17
4.

37

(±)-Hexadien 62l

in CDCl3 101 MHz

HO
CO2i-Pr



- 1
26

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.102.096.412.403.111.031.001.161.902.071.01

7.
26

1,5-Hexadien (±)-62m 
(syn/anti = 85/15)
in CDCl3, 500 MHz

HO
CO2i-Pr



- 1
27

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

14
.0

0
14

.1
3

17
.6

8
20

.4
9

20
.6

3
21

.8
6

21
.9

1

29
.4

5
31

.1
1

51
.3

1

70
.0

2
70

.0
6

77
.1

6
79

.1
6

79
.3

5

11
7.

84

12
6.

20
12

7.
00

13
0.

85
13

1.
57

13
7.

07
13

7.
67

17
4.

96
17

5.
13

1,5-Hexadien (±)-62m 
(syn/anti = 85/15)
in CDCl3, 126 MHz

HO
CO2i-Pr



- 1
28

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
F2 Chemical Shift (ppm)

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien
(±)-62m (syn/anti = 85/15)

in CDCl3, 500 MHz
(COSY)

4

OH i-Pr-CH3
10

7 8

9

1 5

2 6+i-Pr-CH

9

8i-Pr-CH3

7

10

4

OH

6+i-Pr-CH

2
5

1

1/10

5/4

HO
CO2i-Pr10 1

2 3

4
5

6 7
8 9



- 1
29

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
F2 Chemical Shift (ppm)

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

144

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1,5-Hexadien
(±)-62m (syn/anti = 85/15)

in CDCl3, 500 MHz
(COSY)

4

OH i-Pr-CH3
10

7+8 7+8

9

5

2 6+i-Pr-CH
1

9
10

8i-Pr-CH3

7

4

i-Pr-CH

3

6

1

5

2

HO
CO2i-Pr10 1

2 3

4
5

6 7
8 9



- 1
30

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.083.272.151.671.121.130.881.00

7.
26

Cycloalkylsulfonat  178
dr = 42/9/49 (nicht eindeutig 

bestimmbar)
in CDCl3, 500 MHz

O

O
S

O

O O



- 1
31

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

1

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
F2 Chemical Shift (ppm)

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

Cycloalkylsulfonat  178
dr = 42/9/49 (nicht eindeutig 

bestimmbar)
in CDCl3, 500 MHz (COSY)

2

2/3

1
2

3

10

567
8

9

O

O
S

O

O O

9

6 3+5

7 10

3/10

6/7

6/5



- 1
32

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
F2 Chemical Shift (ppm)

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

144

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1

Cycloalkylsulfonat  178
dr = 42/9/49 (nicht eindeutig 

bestimmbar)
in CDCl3, 500/126 MHz 

(HSQC)

2

1
2

3

10

567
8

9

O

O
S

O

O O

9

6

3+5
7 10

2

1

6+3+5

9

10
7



- 1
33

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

18
.0

7
18

.2
5

20
.4

8
21

.4
9

61
.8

1

77
.0

9
77

.1
6

77
.2

5
77

.5
6

78
.6

2
80

.2
2

80
.2

8
81

.8
5

11
7.

53
11

9.
29

13
8.

45
13

8.
94

Cycloalkylsulfonat  178
in CDCl3, 126 MHz

O

O
S

O

O O



- 1
34

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

1.141.131.111.362.072.001.341.24

7.
26

Lacton (±)-114
(cis/trans = 4/96)

in CDCl3, 500 MHz

OH

O

O



- 1
35

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

17
7.

19

13
2.

38
13

0.
34

12
0.

78
11

8.
61

78
.5

5
77

.1
6

68
.0

1

51
.1

8

Lacton (±)-114
(cis/trans = 4/96)

in CDCl3, 101 MHz

OH

O

O



- 1
36

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

6.0 5.5 5.0 4.5 4.0 3.5 3.0
F2 Chemical Shift (ppm)

3.0

3.5

4.0

4.5

5.0

5.5

6.0

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

Lacton (±)-114 
(cis/trans = 4/96)

in CDCl3, 500 MHz
(COSY)

1 2 3

4
5

6 7

OH

O

O

7 OH

4
5

61

OH

2

4

7

7

6

1

5

2

5/4

2/1



- 1
37

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

6.0 5.5 5.0 4.5 4.0 3.5 3.0
F2 Chemical Shift (ppm)

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

135

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

Lacton (±)-114
(cis/trans = 4/96)

in CDCl3, 500/101 MHz
(HSQC)

1 2 3

4
5

6 7

OH

O

O

7 OH

4
5

61

2

4

7

3

1
6

5
2



- 1
38

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

61163142132

7.
26

Acetat (±)-127
syn/anti = 83/17

in CDCl3, 400 MHz

OAc
CO2i-Pr

SiPh



- 1
39

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

16
9.

59
16

9.
39

16
9.

16
16

9.
09

13
9.

48
13

7.
47

13
7.

27
13

3.
73

13
3.

32
13

2.
23

12
8.

98
12

7.
80

11
8.

55
11

8.
18

11
5.

97
11

5.
65

85
.0

7
84

.8
3

77
.1

6

69
.2

6
69

.1
3

48
.7

4
47

.9
4

21
.8

6
21

.8
0

21
.0

9
21

.0
5

15
.2

3
14

.6
3

-1
.4

7
-1

.5
7

-2
.4

0

Acetat (±)-127
syn/anti = 83/17

in CDCl3, 101 MHz

OAc
CO2i-Pr

SiPh



- 1
40

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1 2
3

4
56 4'

OAcCO2i-Pr

SiPh

Acetat (±)-127
syn/anti = 95/5

in CDCl3, 500 MHz
(COSY)

5
1

2

SiMe2

4

4/5

Ar

Ar

4'

i-PrAc-CH36 + i-Pr

SiMe2

4'

i-Pr

Ac-CH3

4

6 + i-Pr

5
1

2

Ar
Ar



- 1
41

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

0

8

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

1 2
3

4
56 4'

OAc
CO2i-Pr

SiPh

Acetat (±)-127
syn/anti = 95/5

in CDCl3, 500/126 MHz
(HSQC)

5
1

2

SiMe2

4
Ar

Ar

4'

i-PrAc-CH3
6 + i-Pr

SiMe2

4'

Ac-CH3
i-Pr

4

i-Pr

3

1
6

Ar
Ar

2Ar

5
Ar-C



- 1
42

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

611133111111132

7.
26

Weinrebamid (±)-128
syn/anti = 86/14

in CDCl3, 500 MHz

OH

SiPh

N

O

O



- 1
43

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

17
4.

59

13
9.

69
13

9.
25

13
8.

74
13

3.
80

12
8.

87
12

7.
74

11
7.

62
11

7.
26

11
6.

40
11

5.
99

81
.4

9
80

.5
9

77
.1

6

60
.7

2

46
.5

2

33
.8

7

15
.6

2

-1
.3

3
-2

.2
9

Weinrebamid (±)-128
syn/anti = 86/14

in CDCl3, 126 MHz

OH

SiPh

N

O

O



- 1
44

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

Weinrebamid (±)-128
syn/anti = 86/14

in CDCl3, 500 MHz
(COSY)

1 2
3

4
56 4'

OH

SiPh

N

O

O

52

SiMe2

4
4'

N-CH3

6 

N-OCH3

OH
Ar

Ar

1

SiMe2

4/5

4'

4

N-CH3

N-OCH3

OH

5

2

1

Ar
Ar

6 



- 1
45

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
F2 Chemical Shift (ppm)

0

8

16

24

32

40

48

56

64

72

80

88

96

104

112

120

128

136

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

Weinrebamid (±)-128
syn/anti = 86/14

in CDCl3, 500/126 MHz
(HSQC)

1 2
3

4
56 4'

OH

SiPh

N

O

O

52

SiMe2

4
4'

N-CH3

6 

N-OCH3

OH
Ar

Ar

1

SiMe2

4'

N-CH3

4

N-OCH3

3

1
6 

Ar
Ar

Ar
2
5 Ar-C



- 1
46

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6111112221132

7.
26

Diol (±)-129
syn/anti = 86/14

in CDCl3, 400 MHz

OH

SiPh
OH



- 1
47

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

13
9.

67
13

8.
76

13
8.

10

13
3.

78
12

9.
03

12
8.

93
12

7.
81

11
8.

44
11

7.
63

11
6.

81
11

6.
64

77
.6

4
77

.1
6

67
.5

6
66

.8
0

47
.4

9
46

.5
6

15
.8

1
14

.6
9

-1
.5

2
-2

.3
7

-2
.5

5

Diol (±)-129
syn/anti = 86/14

in CDCl3, 101 MHz

OH

SiPh
OH



- 1
48

 -

D
iss

er
ta

tio
n 

N
els

on
Sp

ek
tre

na
nh

an
g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

6111112111132

7.
26

SiPh

O

Oxiran (±)-130
syn/anti = 83/17
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syn/anti = 87/13

in CDCl3, 400 MHz
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cis/trans = 91/9

in CDCl3, 500 MHz
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cis/trans = 86/14

verunreinigt mit Hexadien (±)-127
in CDCl3, 500 MHz
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in CDCl3, 400 MHz
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Methylencyclopentan (±)-135
cis/trans = 94/6

in CDCl3, 400 MHz
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Methylencyclopentan (±)-136
cis/trans = 95/5

in CDCl3, 400 MHz
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Cycloalkene (±)-131 und (±)-137
131/137 = 1/1

in CDCl3, 400 MHz
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Acetal (±)-137
cis/trans = 95/5

in CDCl3, 400 MHz
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Alkohol (±)-152
cis/trans > 95/5

in CDCl3, 400 MHz

OH
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Protodesilylierungs 
Produkt (±)-150
cis/trans = 95/5

in CDCl3, 500 MHz

OH
OH
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Silanol (±)-151 
(cis/trans = 95/5)

in CDCl3, 500 MHz
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Pd(II)-Komplex 183 + Dien 62a
183/62a = 1/1

in CDCl3, 500 MHz

1 2

456
7

8
9

+

OH CO2i-Pr
Cl2Pd

OH

n-Pr

CO2i-Pr

Nachweis von Pd-Komplex 183 durch 1H NMR Spektroskopie
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Versuch zur Synthese der Pd-Komplexe 185 und 186 (400 MHz)
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 1H-NMR Array: (500 MHz) 
Zeitaufgelöstes NMR Experiment der 

Reaktion von (±)-syn-62a mit
[Pd(MeCN)4](BF4)2 (0.05 equiv) in 

CDCl3 (c = 0.1M), 40 °C, 19 h
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 1H-NMR Array: (500 MHz) 
Zeitaufgelöstes NMR Experiment der 

Reaktion von (±)-syn-62a mit
[Pd(MeCN)4](BF4)2 (0.05 equiv) und 

PCy3 (0.05 equiv) in CDCl3 (c = 0.1M), 
40 °C, 19 h

Shigemi Röhrchen
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 1H-NMR Array: (500 MHz) 
Zeitaufgelöstes NMR Experiment der 

Reaktion von (±)-syn-62a mit
[Pd(allyl)(MeCN)2](BF4) (0.05 equiv)  in 

CDCl3 (c = 0.1M), 40 °C, 46 h
Shigemi Röhrchen
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 1H-NMR Array: (500 MHz) 
Zeitaufgelöstes NMR Experiment der 

Reaktion von (±)-syn-62a mit
[Pd(allyl)(MeCN)2](OTf) (0.05 equiv)  

in CDCl3 (c = 0.1M), 40 °C, 88 h
Shigemi Röhrchen
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 1H-NMR Array: (500 MHz) 
Zeitaufgelöstes NMR Experiment der 
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