
1

Supporting Information

Catalyst-free, an efficient green MCR protocol for the access to functionalized 
γ-carbolines in water

Anuradha Dagar, Soumen Biswas and Sampak Samanta*,a

aIndian Institute of Technology Indore, Department of Chemistry, Indore, 452017, Madhya Pradesh, India

       Copies of 1H and 13C NMR Spectra: (Page 2-51)

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015



2

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.00 5.001.06 1.01

TMS

7.
04

76
7.

06
77

7.
08

96
7.

10
84

7.
18

87
7.

20
82

7.
31

35
7.

32
73

7.
45

65
7.

47
85

8.
13

08
8.

15
03

9.
40

10
9.

48
00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

11
1.

54
80

11
5.

27
39

11
9.

80
92

12
0.

90
30

12
1.

53
73

12
7.

51
63

12
7.

99
03

12
8.

14
34

12
8.

54
44

12
9.

50
69

13
0.

43
29

13
2.

59
85

13
7.

89
21

14
0.

07
23

14
0.

32
02

14
3.

63
78

14
4.

84
82

15
5.

31
88

19
8.

22
93

N
H

N

O
3aa

N
H

N

O
3aa



3

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.10 2.972.081.031.00

Chloroform-d

2.
19

82

6.
94

70
6.

96
65

7.
14

27
7.

16
22

7.
26

00
7.

42
68

7.
44

69
7.

50
02

7.
51

47
7.

53
47

7.
55

29
8.

18
33

8.
20

27

9.
45

47
9.

53
69

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

21
.11

07

11
1.4

66
9

11
5.0

54
3

11
9.5

38
6

12
0.7

78
2

12
1.4

12
5

12
7.3

40
5

12
7.9

45
7

12
8.8

13
4

12
9.4

84
2

13
0.2

79
0

13
2.4

66
4

13
7.4

97
6

13
7.8

47
6

13
8.4

30
9

14
0.0

05
8

14
3.5

42
2

14
4.8

03
7

15
5.2

81
5

19
8.2

35
8

N
H

N

MeO
3ab

N
H

N

MeO
3ab



4

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.94 3.012.11 2.031.01 0.99

TMS

3.
60

91

6.
59

28
6.

61
04

7.
06

26
7.

18
62

7.
20

50
7.

27
97

7.
40

32
7.

45
15

7.
46

85
8.

08
88

8.
10

57

9.
35

77
9.

59
60

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

55
.2

06
5

76
.7

09
2

77
.0

30
0

77
.3

43
5

11
1.

48
96

11
3.

60
42

11
4.

82
18

11
9.

38
63

12
0.

73
52

12
1.

29
67

12
1.

39
15

12
7.

28
30

12
7.

99
03

12
9.

47
05

13
1.

73
81

13
2.

57
66

13
2.

94
12

13
7.

79
73

14
0.

04
31

14
3.

47
74

14
4.

87
74

15
4.

79
38

15
9.

91
25

19
8.

24
39

N
H

N

O OMe
3ac

N
H

N

O OMe
3ac



5

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.01 3.022.01 1.091.071.00

TMS

3.
52

25

3.
78

91

6.
35

14
6.

37
33

6.
61

73
6.

63
93

7.
15

05
7.

16
80

7.
18

62
7.

26
15

7.
30

10
7.

37
00

7.
37

44
7.

51
80

7.
55

56
7.

57
45

8.
18

98
8.

20
86

9.
47

12
9.

65
19

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

54
.8

92
2

55
.9

56
7

11
1.

19
71

11
1.

45
23

11
6.

10
43

11
6.

76
05

12
0.

11
46

12
0.

79
27

12
1.

09
90

12
1.

31
04

12
7.

38
43

12
7.

49
36

12
9.

22
17

13
0.

01
65

13
2.

20
39

13
7.

55
59

14
0.

15
17

14
3.

80
47

14
4.

42
45

15
0.

18
48

15
3.

62
64

19
7.

17
12

N
H

N

O

OMe

OMe3ad

N
H

N

O

OMe

OMe3ad



6

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.18 2.902.001.04 1.041.01 0.96

TMS

3.
85

50

5.
04

11

6.
61

86
6.

63
93

6.
96

35
7.

13
35

7.
19

31
7.

19
75

7.
26

08
7.

31
10

7.
32

67
7.

50
86

7.
51

49
7.

52
68

7.
54

81
8.

18
10

8.
20

04

9.
41

85
9.

50
07

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

55
.9

72
1

70
.7

59
3

11
1.

53
34

11
3.

58
23

11
9.

54
67

12
0.

77
90

12
1.

47
90

12
3.

81
23

12
7.

11
53

12
7.

38
51

12
7.

77
88

12
7.

99
76

12
8.

47
15

12
9.

25
17

13
2.

55
48

13
6.

77
66

14
0.

08
69

14
3.

33
89

14
4.

86
28

14
8.

57
42

14
9.

28
15

15
4.

80
11

19
8.

14
91

N
H

N

O OBn

OMe

3ae

N
H

N

O OBn

OMe

3ae



7

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.891.00 0.99

TMS

7.
19

25
7.

21
07

7.
26

34
7.

28
78

7.
30

66
7.

35
99

7.
41

51
7.

43
33

7.
53

68
7.

59
01

8.
20

86
8.

22
80

9.
45

30
9.

48
81

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

11
1.

59
90

11
5.

25
93

12
0.

02
80

12
0.

94
67

12
1.

13
63

12
1.

65
40

12
3.

11
23

12
7.

69
13

12
8.

22
36

12
9.

50
69

13
1.

24
96

13
1.

83
29

13
2.

94
85

13
7.

70
26

14
0.

12
33

14
3.

64
51

14
4.

71
70

15
3.

83
87

19
7.

90
12

N
H

N

O Br
3af

N
H

N

O Br
3af



8

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.11 4.041.071.02

TMS

7.
12

91
7.

14
29

7.
17

93
7.

34
30

7.
37

12
7.

39
13

7.
47

91
7.

49
42

7.
52

68
8.

20
29

8.
21

49

9.
45

87
9.

55
90

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

11
1.

56
90

11
5.

25
85

11
9.

99
07

12
0.

91
67

12
1.

62
40

12
7.

66
13

12
8.

17
18

12
8.

27
38

12
9.

46
96

13
1.

54
77

13
2.

90
39

13
4.

69
77

13
7.

65
80

13
8.

72
25

14
0.

10
06

14
3.

54
95

14
4.

70
16

15
3.

72
12

19
7.

86
39

N
H

N

O Cl
3ag

N
H

N

O Cl
3ag



9

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.03 2.001.14 1.05

7.
00

31
7.

08
77

7.
09

53
7.

10
40

7.
17

55
7.

19
25

7.
26

96
7.

37
69

7.
39

44
7.

41
20

7.
56

13
8.

24
18

9.
49

00
9.

75
16

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

77
.0

30
0

11
1.

64
28

11
6.

65
20

12
0.

96
86

12
1.

00
50

12
1.

61
75

12
6.

39
35

12
7.

73
51

12
9.

06
94

12
9.

55
07

12
9.

63
82

13
2.

83
19

13
3.

18
18

13
8.

42
44

13
9.

27
02

14
0.

19
63

14
3.

71
08

14
4.

43
99

15
2.

95
64

19
8.

01
06

N
H

N Cl

O
3ah

N
H

N Cl

O
3ah



10

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.72 1.991.961.030.95

TMS

6.
76

22
6.

78
35

6.
80

42
7.

08
08

7.
09

96
7.

11
85

7.
19

06
7.

23
83

7.
25

65
7.

32
11

7.
45

72
7.

49
10

8.
13

14
8.

15
09

9.
37

71
9.

45
99

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

11
1.

54
71

11
4.

99
60

11
5.

21
48

12
0.

87
30

12
1.

18
65

12
1.

57
29

12
7.

55
93

12
8.

09
88

12
9.

44
77

13
2.

08
73

13
2.

17
48

13
2.

77
27

13
6.

57
16

13
7.

78
19

14
0.

08
61

14
3.

57
87

14
4.

78
91

15
4.

04
20

16
1.

66
89

19
8.

02
43

N
H

N

O F
3ai

N
H

N

O F
3ai



11

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

77
.0

30
0

11
1.

65
00

11
5.

68
22

12
0.

36
34

12
1.

02
69

12
1.

74
15

12
4.

87
68

12
4.

94
97

12
7.

85
17

12
8.

20
90

12
9.

44
86

13
0.

33
09

13
0.

65
17

13
2.

95
58

13
7.

73
17

14
0.

18
90

14
3.

72
53

14
4.

64
41

15
3.

58
34

19
7.

81
37

N
H

N

CF3O
3aj

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.07 2.171.181.01

Chloroform-d

7.
15

53
7.

17
09

7.
26

00
7.

39
55

7.
41

05
7.

50
34

7.
52

28
7.

54
35

7.
64

14
7.

65
89

8.
23

47

9.
47

54
9.

56
76

N
H

N

CF3O
3aj



12

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.08 2.092.071.00

Chloroform-d

7.
17

78
7.

19
48

7.
26

00
7.

32
90

7.
42

25
7.

53
10

7.
55

86
7.

71
66

7.
73

48
8.

01
08

8.
02

90
8.

23
16

8.
24

98

9.
48

98
9.

56
76

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

77
.0

30
0

77
.2

34
2

77
.3

43
5

11
1.

71
57

11
5.

87
91

12
0.

70
61

12
1.

12
90

12
1.

88
73

12
3.

19
98

12
8.

11
43

12
8.

39
13

12
9.

52
88

13
1.

12
56

13
3.

32
04

13
7.

62
24

14
0.

28
38

14
3.

74
72

14
4.

49
82

14
6.

62
74

14
7.

34
19

15
2.

34
39

19
7.

37
62

N
H

N

NO2O

3ak

N
H

N

NO2O

3ak



13

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

7.011.941.051.00 1.00

7.
16

99
7.

18
62

7.
20

69
7.

22
51

7.
26

59
7.

30
79

7.
39

95

7.
55

88
7.

78
46

7.
80

09
8.

19
35

8.
21

17

9.
36

08

9.
64

24

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

Chloroform-d

11
1.

64
27

11
6.

01
04

12
1.

02
69

12
1.

75
61

12
4.

63
62

12
7.

84
45

12
8.

14
34

12
9.

03
30

12
9.

22
25

13
1.

70
90

13
2.

85
37

13
3.

37
87

13
5.

45
68

13
8.

38
07

14
0.

13
79

14
3.

76
18

14
8.

78
56

15
1.

46
89

19
7.

50
74

N
H

N NO2

O
3al

N
H

N NO2

O
3al



14

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.92 2.061.031.00

Chloroform-d

7.
18

16
7.

19
98

7.
35

22
7.

44
06

7.
46

13
7.

51
03

7.
52

97
7.

55
67

7.
65

01
7.

66
96

8.
22

34
8.

24
29

9.
47

54
9.

53
75

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

11
1.

67
11

11
1.

83
88

11
5.

73
24

12
0.

91
67

12
1.

04
07

12
1.

80
63

12
7.

99
67

12
8.

30
30

12
9.

46
96

13
0.

86
23

13
1.

73
73

13
3.

21
75

13
7.

62
15

14
0.

27
56

14
3.

70
26

14
4.

52
66

14
4.

72
35

15
2.

77
33

19
7.

41
18

N
H

N

CNO
3am

N
H

N

CNO
3am



15

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.202.09 1.061.061.04 0.98

Chloroform-d

6.
28

59
6.

91
56

7.
13

20
7.

26
00

7.
28

82
7.

30
58

7.
32

40
7.

36
91

7.
43

75
7.

49
33

7.
70

85
7.

72
73

8.
17

01
8.

18
89

9.
30

48
9.

38
38

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

11
1.

52
61

11
1.

66
46

11
2.

10
21

11
3.

57
50

11
9.

69
26

12
0.

79
36

12
1.

29
67

12
1.

57
38

12
7.

49
45

12
8.

38
40

12
8.

71
21

13
2.

86
83

13
8.

11
82

14
0.

08
69

14
3.

70
35

14
3.

87
85

14
3.

99
51

15
2.

88
35

19
6.

77
83

N
H

N

O

O
3an

N
H

N

O

O
3an



16

12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.07 2.091.13 1.061.00

DMSO-d6

6.
88

00
6.

94
90

7.
30

53
7.

42
69

7.
44

58
7.

46
52

7.
48

59
7.

49
72

7.
50

66
7.

51
85

7.
74

24
7.

76
13

8.
26

99
8.

28
94

9.
45

04

11
.8

04
4

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

DMSO-d6

11
1.

96
29

11
4.

96
70

11
8.

69
29

12
0.

32
62

12
0.

81
48

12
6.

97
61

12
7.

16
57

12
7.

93
13

12
8.

68
23

12
9.

09
79

12
9.

32
39

13
4.

27
49

13
6.

30
92

14
0.

79
35

14
2.

14
97

14
3.

14
13

14
4.

02
36

19
5.

99
01

N
H

N

S

O

3ao

N
H

N

S

O

3ao



17

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.99 3.062.052.02 2.001.911.051.000.91

Chloroform-d

0.
73

30
0.

75
06

0.
76

88
1.

11
88

1.
13

70
1.

15
51

1.
17

27
1.

19
09

1.
60

05
1.

61
87

1.
63

69
1.

65
63

1.
67

76

2.
71

88
2.

73
89

2.
75

71

7.
26

00
7.

33
78

7.
43

31
7.

45
57

7.
47

83
7.

50
02

7.
51

90
7.

63
95

7.
81

70
7.

83
58

8.
13

25
8.

15
13

8.
89

83

9.
31

11

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

Chloroform-d

13
.7

17
9

22
.5

11
5

32
.6

75
8

36
.9

63
2

11
1.

32
92

11
6.

33
85

11
8.

97
07

12
0.

61
86

12
1.

31
86

12
7.

11
53

12
8.

91
63

12
9.

40
48

13
3.

68
49

13
8.

62
86

13
9.

64
94

14
3.

53
58

14
3.

79
10

15
6.

91
57

19
7.

71
16

N
H

N

O
3ap

N
H

N

O
3ap



18

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.18 3.092.142.131.841.00 0.980.96

Chloroform-d

0.
73

80
0.

75
56

0.
77

32

1.
67

51
1.

69
33

1.
71

21

2.
70

06
2.

71
95

2.
73

77

7.
26

00

7.
33

34
7.

42
56

7.
45

01
7.

47
20

7.
49

40
7.

51
28

7.
63

32
7.

81
57

7.
83

39
8.

12
75

8.
14

69
8.

92
47

9.
30

16

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

13
.9

14
8

23
.8

38
5

39
.2

01
7

11
1.

32
92

11
6.

44
06

11
8.

97
80

12
0.

61
86

12
1.

31
13

12
7.

11
53

12
8.

93
82

12
9.

42
67

13
3.

69
95

13
8.

57
03

13
9.

64
21

14
3.

56
49

15
6.

72
61

19
7.

67
52

N
H

N

O
3aq

N
H

N

O
3aq



19

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.992.12 1.991.061.04

Chloroform-d

4.
01

60
4.

11
19

4.
61

12

7.
22

80
7.

24
75

7.
26

00
7.

33
78

7.
37

35
7.

39
42

7.
47

20
7.

48
58

7.
64

51
7.

66
39

8.
15

63
8.

17
58

9.
16

43
9.

36
00

N
H

N

FeO
3ar



20

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.06 3.023.001.00 0.96

Chloroform-d

2.
24

21

6.
93

76
6.

95
70

7.
15

65
7.

16
53

7.
18

41
7.

45
70

7.
47

70
7.

51
03

7.
55

73
7.

57
49

8.
19

52
8.

21
46

9.
39

32
9.

46
28

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

TMS

20
.4

23
5

11
0.

42
98

11
5.

03
07

11
9.

66
81

11
9.

84
31

12
0.

55
04

12
2.

00
87

12
6.

79
19

12
7.

93
67

12
8.

52
00

12
9.

73
77

13
3.

56
57

13
9.

02
70

14
2.

30
09

14
3.

05
19

14
3.

38
01

14
5.

39
25

14
6.

07
79

15
0.

52
57

19
5.

49
97

N
H

N

O

Me 3ba

N
H

N

O

Me 3ba



21

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.01 3.01 3.002.030.990.970.71

Acetone-d6

2.
26

08

3.
71

09

6.
79

88
6.

81
70

7.
09

74
7.

11
62

7.
38

65
7.

40
47

7.
42

29
7.

54
46

7.
57

97
7.

59
98

7.
68

26
7.

70
27

8.
40

20
8.

42
15

9.
59

94

11
.2

19
5

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Acetone-d6

21
.5

16
8

55
.5

75
5

11
3.

17
84

11
4.

52
00

11
7.

46
58

12
0.

31
68

12
2.

00
84

12
2.

59
90

12
8.

80
41

12
9.

00
09

12
9.

98
53

13
0.

59
78

13
2.

36
96

13
5.

44
66

14
1.

19
96

14
2.

16
21

14
5.

28
29

15
0.

59
11

16
1.

47
73

19
5.

43
38

20
6.

13
05

N
H

N

OMeO

Me
3bc

N
H

N

OMeO

Me
3bc



22

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

7.03 3.072.00 1.990.99

TMS

Chloroform-d

2.
22

65

6.
93

51
7.

20
04

7.
26

00
7.

32
15

7.
38

86
7.

45
07

7.
53

10
8.

13
62

8.
14

57

9.
39

32

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

2
0

.6
3

4
9

1
1

0
.5

9
0

1
1

1
4

.6
4

4
1

1
1

8
.9

6
0

7
1

1
9

.9
3

7
8

1
2

0
.6

5
2

3
1

2
2

.1
9

0
8

1
2

6
.7

1
8

8
1

2
8

.0
0

2
1

1
2

8
.7

1
6

7
1

3
0

.2
8

4
4

1
3

0
.6

7
8

1
1

3
3

.7
2

6
0

1
3

7
.7

2
1

7
1

3
9

.1
3

6
3

1
4

2
.0

6
0

1
1

4
3

.2
4

1
4

1
4

3
.5

6
2

2
1

5
1

.8
5

9
9

1
9

6
.0

3
9

0

N
H

N

BrO

Me
3bf

N
H

N

BrO

Me
3bf



23

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.29 3.002.12 2.112.04 1.13

Chloroform-d

2.
25

34

6.
97

40
6.

98
90

7.
26

00
7.

40
68

7.
45

38
7.

46
76

7.
53

91
7.

73
86

7.
75

74
8.

02
96

8.
04

72
8.

21
72

8.
23

22

9.
47

16

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

21
.6

72
9

11
1.

67
92

11
6.

28
01

12
0.

61
86

12
0.

91
75

12
1.

09
25

12
1.

79
98

12
3.

25
81

12
8.

04
13

12
9.

18
61

12
9.

76
94

13
0.

98
71

13
4.

81
51

14
0.

27
65

14
3.

55
04

14
4.

30
14

14
4.

62
95

14
7.

32
73

15
1.

76
79

19
6.

74
91

N
H

N

NO2O

Me
3bk

N
H

N

NO2O

Me
3bk



24

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.92 2.902.022.00 1.09

TMS

2.
28

50

6.
97

36
6.

99
30

7.
26

08
7.

40
07

7.
43

27
7.

45
47

7.
47

66
7.

52
74

7.
55

31
7.

67
29

7.
69

24
8.

20
80

8.
22

74

9.
45

74

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

21
.6

65
6

11
1.

65
00

11
6.

09
06

11
8.

72
28

12
0.

52
38

12
0.

98
32

12
1.

05
61

12
1.

76
34

12
7.

96
11

12
9.

11
32

12
9.

76
21

13
0.

79
75

13
1.

81
83

13
4.

90
99

14
0.

25
46

14
3.

59
41

14
4.

47
64

14
4.

85
55

15
2.

37
31

19
6.

84
39

N
H

N

O

Me

CN

3bm

N
H

N

O

Me

CN

3bm



25

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.37 3.143.08 2.28 2.152.06 2.041.081.001.00

TMS

0.
00

00
0.

67
36

0.
69

12
0.

70
81

1.
07

01
1.

08
76

1.
10

52
1.

12
34

1.
55

43
1.

57
18

1.
58

94

2.
37

09
2.

67
70

2.
69

58
2.

71
34

7.
19

87
7.

22
13

7.
25

83
7.

27
65

7.
32

86
7.

34
74

7.
37

50
7.

39
32

7.
65

22
7.

67
04

8.
05

18
8.

07
06

8.
81

45

9.
22

47

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

13
.7

54
4

21
.8

26
1

22
.5

18
7

32
.6

90
4

36
.7

95
5

11
1.

31
46

11
6.

65
20

11
8.

89
78

12
0.

61
13

12
1.

28
21

12
3.

12
69

12
7.

08
61

12
9.

64
55

13
5.

82
14

13
9.

64
94

14
3.

25
14

14
3.

63
78

14
4.

92
85

15
6.

52
19

19
7.

04
81

N
H

N

O

Me
3bp

N
H

N

O

Me
3bp



26

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.90 3.232.092.071.061.00

TMS

3.
60

97

6.
59

35
6.

61
17

7.
06

39
7.

07
83

7.
18

75
7.

20
63

7.
40

45
7.

46
97

8.
09

00
8.

10
76

9.
35

96
9.

59
79

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

55
.3

30
5

77
.0

30
0

11
1.

48
23

11
3.

37
08

11
5.

90
10

11
9.

67
80

12
0.

79
36

12
1.

34
04

12
7.

37
05

12
8.

15
07

12
8.

44
97

13
0.

16
32

13
0.

36
00

13
2.

07
35

14
0.

12
33

14
0.

30
56

14
3.

22
95

14
4.

49
82

15
4.

18
14

16
3.

28
84

19
6.

18
77

N
H

N

O

MeO 3ca

N
H

N

O

MeO 3ca



27

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.90 3.00 3.002.012.001.00 1.00

Chloroform-d

2.
23

21

3.
74

37

6.
63

72
6.

65
91

6.
99

15
7.

01
10

7.
26

00
7.

35
35

7.
37

04
7.

37
35

7.
47

77
7.

49
71

7.
57

74
7.

59
93

8.
16

89
8.

18
83

9.
37

31
9.

42
46

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

21
.2

06
3

55
.4

18
0

11
1.

43
86

11
3.

42
92

11
5.

61
66

11
9.

47
38

12
0.

80
09

12
1.

36
23

12
7.

31
95

12
8.

93
82

13
0.

10
48

13
0.

41
84

13
2.

10
27

13
7.

51
30

13
8.

38
07

14
0.

02
86

14
1.

18
79

14
3.

22
95

14
4.

58
58

15
4.

35
64

16
3.

31
76

19
6.

29
71

N
H

N

MeO

MeO
3cb

N
H

N

MeO

MeO
3cb



28

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.144.00 2.142.00 1.02

Chloroform-d

3.
72

3.
74

6.
64

6.
66

6.
72

6.
74

7.
26

7.
35

7.
47

7.
49

7.
53

7.
55

7.
57

7.
60

8.
16

8.
18

9.
38

9.
41

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

Chloroform-d

55
.2

4

77
.0

3

11
1.

42
11

3.
41

11
3.

68
11

5.
27

11
9.

26
12

0.
73

12
1.

31
12

7.
22

13
0.

28
13

1.
50

13
2.

07
13

3.
03

13
9.

99
14

3.
20

14
4.

62
15

3.
91

15
9.

86
16

3.
27

19
6.

35

N
H

N

OMeO

MeO
3cc

N
H

N

OMeO

MeO
3cc



29

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.113.162.131.01 1.00

TMS

3.
51

19
3.

76
15

3.
78

79

6.
42

04
6.

44
29

6.
65

18
6.

66
31

6.
67

31
7.

26
40

7.
27

15
7.

27
90

7.
35

49
7.

49
04

7.
50

55
7.

58
89

7.
61

02
8.

17
22

8.
19

17

9.
45

24
9.

52
89

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

54
.9

58
6

55
.3

88
8

56
.0

15
9

77
.0

30
0

11
1.

44
59

11
2.

93
33

11
5.

66
04

11
5.

97
39

11
6.

57
91

11
6.

98
01

12
0.

04
98

12
0.

80
09

12
1.

18
00

12
1.

26
02

12
7.

35
59

13
0.

22
15

13
1.

76
73

14
0.

18
17

14
3.

49
93

14
4.

27
95

15
0.

35
33

15
0.

84
18

15
3.

72
20

16
2.

96
03

19
5.

28
35

N
H

N

O

MeO

OMe

OMe3cd

N
H

N

O

MeO

OMe

OMe3cd



30

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.11 3.252.15 2.000.990.87

3.
78

13

6.
67

35
6.

69
54

7.
17

40
7.

19
47

7.
26

12
7.

37
91

7.
50

64
7.

53
21

7.
55

35
7.

56
60

7.
58

73
8.

19
14

8.
21

14

9.
27

27
9.

43
70

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

55
.4

76
3

11
1.

53
34

11
3.

62
60

11
9.

92
59

12
0.

89
57

12
1.

56
65

12
7.

64
03

12
8.

39
13

13
0.

13
40

13
1.

38
08

13
2.

11
00

13
4.

67
66

13
8.

73
07

14
0.

14
52

14
3.

20
04

14
4.

44
72

15
2.

70
85

16
3.

63
84

19
5.

87
42

N
H

N

O Cl

MeO 3cg

N
H

N

O Cl

MeO 3cg



31

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.01 3.002.07 2.021.96

Chloroform-d

3.
74

44

6.
65

03
6.

67
17

7.
26

00
7.

39
49

7.
41

30
7.

51
28

7.
52

85
7.

55
04

7.
57

17
7.

76
05

7.
78

12
8.

03
90

8.
05

97
8.

20
21

8.
22

09

9.
45

53

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d
55

.4
39

0

11
1.

61
28

11
3.

74
92

11
6.

54
18

12
0.

53
75

12
0.

90
94

12
1.

03
34

12
1.

71
15

12
3.

25
73

12
7.

96
76

13
0.

00
19

13
0.

84
77

13
2.

09
46

14
0.

25
38

14
3.

38
91

14
4.

11
10

14
6.

64
11

14
7.

36
30

15
1.

25
66

16
3.

84
18

19
5.

27
54

N
H

N

O

MeO

NO2

3ck

N
H

N

O

MeO

NO2

3ck



32

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.522.70 2.381.14 1.011.00

TMS

Chloroform-d

3.
72

51

6.
25

10
6.

69
95

6.
71

95
6.

85
13

7.
13

04
7.

19
00

7.
27

78
7.

29
41

7.
36

94
7.

38
94

7.
41

64
7.

65
47

7.
67

48
8.

07
75

8.
09

69

9.
15

76
9.

28
12

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d
55

.4
39

9

11
1.

46
77

11
2.

01
46

11
3.

74
27

11
4.

15
83

11
9.

53
94

12
0.

75
71

12
1.

33
31

12
1.

47
89

12
7.

41
42

13
0.

74
64

13
1.

39
54

14
0.

07
95

14
3.

30
97

14
3.

67
42

15
3.

00
01

16
3.

57
27

19
4.

94
80

N
H

N
O

O

MeO 3cn

N
H

N
O

O

MeO 3cn



33

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.902.08 2.032.001.061.05

Chloroform-d

3.
85

73
4.

07
11

4.
41

11

4.
82

57

7.
26

00
7.

32
08

7.
33

65
7.

35
41

7.
49

90

8.
11

43
8.

13
37

9.
26

65
9.

45
28

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

51
.9

10
8

69
.1

47
9

70
.0

01
0

70
.2

70
8

85
.7

36
1

10
7.

55
95

11
1.

32
19

11
7.

89
16

12
0.

44
36

12
1.

28
94

12
6.

87
47

13
9.

67
13

14
3.

09
10

14
4.

43
26

15
5.

63
24

16
9.

11
43

N
H

N

CO2Me Fe
3dr

N
H

N

CO2Me Fe
3dr



34

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

9.273.04 2.092.081.000.92 0.910.87

Chloroform-d

1.
40

73

3.
52

23
3.

53
49

3.
66

22

4.
07

24

5.
37

39

7.
26

00
7.

32
34

7.
33

90
7.

35
60

7.
48

71
7.

51
84

8.
09

92
8.

11
81

9.
24

58

10
.0

36
8

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

28
.4

16
7

37
.5

82
1

39
.8

64
4

52
.3

62
0

78
.8

37
5

10
7.

67
53

11
1.

40
13

11
9.

66
99

12
0.

58
86

12
0.

93
86

12
1.

36
88

12
7.

33
32

13
9.

55
38

14
3.

86
30

14
5.

51
09

15
5.

99
61

15
7.

50
54

16
7.

89
58

N
H

N

CO2Me
NHBoc
3dv

N
H

N

CO2Me
NHBoc
3dv



35

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

6.09 2.972.111.020.90 0.80 0.74

Chloroform-d

4.
06

42

4.
99

07
5.

00
20

5.
18

64

6.
85

17
7.

33
65

7.
34

91
7.

36
85

7.
41

56
7.

43
31

7.
51

97
7.

52
85

8.
09

80
8.

11
74

9.
20

44

10
.1

28
3

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d
45

.8
36

1

52
.5

22
4

66
.6

67
9

76
.6

79
2

77
.0

00
0

77
.3

13
5

10
6.

04
93

11
1.

51
80

12
0.

56
67

12
0.

78
55

12
1.

52
92

12
7.

67
59

12
8.

00
40

12
8.

12
80

12
8.

47
80

13
6.

84
13

13
9.

81
63

14
3.

30
89

14
5.

61
30

15
3.

08
68

15
6.

48
46

16
7.

41
46

N
H

N

CO2Me

NHCbz

3dw

N
H

N

CO2Me

NHCbz

3dw



36

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.10 2.981.00 0.90 0.88

Chloroform-d

3.
69

86

7.
26

00
7.

42
50

7.
43

94
7.

55
23

7.
56

86
7.

61
38

7.
63

45
8.

29
31

9.
33

36

9.
91

63

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

52
.0

27
4

77
.0

30
0

10
7.

77
83

11
2.

91
88

11
4.

45
00

11
8.

83
95

12
2.

89
35

12
3.

71
02

12
7.

86
63

12
8.

28
92

12
9.

09
13

13
0.

33
82

13
8.

54
84

14
1.

46
50

14
4.

03
89

14
5.

49
72

15
7.

52
82

16
8.

29
04

N
H

N

CO2Me

Br

3ea

N
H

N

CO2Me

Br

3ea



37

12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

9.094.093.082.081.02 1.001.000.98

DMSO-d6

1.
32

59

3.
33

86

3.
99

47

6.
78

47

7.
59

13
7.

61
26

7.
62

95
7.

65
09

8.
48

38

9.
39

39

11
.6

52
0

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

28
.1

90
7

37
.0

13
4

52
.2

89
1

77
.3

49
9

10
8.

50
65

11
2.

81
58

11
4.

13
55

11
8.

08
02

12
2.

32
39

12
3.

12
60

12
9.

38
21

13
8.

92
66

14
3.

60
05

14
4.

81
82

15
5.

42
00

15
6.

86
37

16
6.

26
97

N
H

N

CO2Me
NHBoc

Br

3ev

N
H

N

CO2Me
NHBoc

Br

3ev



38

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.073.011.08 1.060.97 0.96

Chloroform-d

1.
38

66
1.

40
35

4.
08

12
4.

12
51

4.
14

20
4.

15
90

4.
17

53
4.

19
22

7.
26

00
7.

38
98

7.
41

12
7.

57
55

7.
59

68

8.
22

78

9.
28

97

9.
93

58

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

22
.7

80
4

32
.8

13
5

52
.4

27
7

10
7.

00
45

11
2.

72
11

11
4.

19
39

11
8.

04
39

12
2.

99
48

12
3.

33
75

12
9.

89
98

13
8.

14
65

14
4.

35
89

14
5.

57
66

16
7.

99
79

N
H

N

CO2Me

Br

3ex

N
H

N

CO2Me

Br

3ex



39

13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.08 3.071.071.04 1.000.99

DMSO-d6

3.
95

21

7.
13

65
7.

14
78

7.
31

09
7.

31
97

7.
57

31
7.

59
44

7.
61

95
7.

64
52

7.
67

16
7.

68
41

8.
52

08

9.
41

72

11
.9

76
3

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

DMSO-d6

52
.9

09
1

10
8.

39
01

11
3.

06
39

11
4.

01
18

11
7.

89
09

12
2.

35
33

12
3.

48
35

12
6.

81
57

12
8.

11
36

12
8.

85
00

12
9.

74
69

13
9.

44
46

14
2.

70
38

14
3.

41
84

14
4.

16
21

14
5.

45
27

16
7.

14
49

N
H

N

CO2Me

S

Br

3eo

N
H

N

CO2Me

S

Br

3eo



40

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

5.032.042.021.070.99 0.87

Chloroform-d

3.
85

16
4.

06
61

4.
42

62

4.
82

26

7.
26

00
7.

36
73

7.
38

86
7.

55
86

7.
56

17
7.

57
99

7.
58

30
8.

23
35

9.
21

32

9.
48

54

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

51
.9

46
4

69
.3

14
8

70
.0

51
2

70
.3

79
3

85
.5

01
9

10
7.

55
14

11
2.

71
38

11
4.

23
04

11
6.

89
18

12
3.

24
27

12
9.

60
82

13
8.

29
96

14
3.

35
26

14
4.

83
28

15
6.

58
67

16
8.

94
58

N
H

N

CO2Me Fe

Br

3er

N
H

N

CO2Me Fe

Br

3er



41

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.15 3.072.101.07 1.041.03 1.00

Chloroform-d

4.
13

39

7.
32

21
7.

33
97

7.
38

61
7.

40
30

7.
51

47
7.

66
39

7.
68

09
7.

98
70

8.
02

59
8.

11
68

8.
13

50
8.

32
25

8.
36

14

9.
32

30

9.
97

65

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

5
2

.4
5

6
8

1
0

6
.2

7
5

4
1

1
1

.3
3

5
7

1
1

9
.4

8
7

6
1

2
0

.4
7

9
2

1
2

1
.1

5
7

3
1

2
1

.3
7

6
1

1
2

6
.6

8
4

3
1

2
7

.1
7

2
8

1
2

7
.4

6
4

5
1

2
8

.3
1

7
6

1
2

8
.6

5
3

0
1

3
5

.7
8

4
1

1
3

7
.2

4
2

4
1

3
9

.5
4

6
5

1
4

4
.3

3
7

0
1

4
5

.1
0

2
6

1
5

2
.5

1
8

1

1
6

7
.7

3
5

4

N
H

N

CO2Me

3daa

N
H

N

CO2Me

3daa



42

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.08 2.992.951.981.030.95 0.88

Chloroform-d

2.
38

70

4.
13

20

7.
19

79
7.

21
61

7.
34

03
7.

49
46

7.
51

15
7.

55
98

7.
57

80
7.

96
94

8.
00

83
8.

11
43

8.
13

37
8.

28
18

8.
32

00

9.
31

48

9.
97

09

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

21
.3

51
3

52
.3

83
9

10
6.

08
58

11
1.

29
19

11
9.

33
44

12
0.

41
36

12
1.

23
02

12
1.

31
77

12
5.

76
55

12
7.

06
34

12
7.

41
34

12
9.

38
21

13
4.

52
26

13
5.

79
86

13
8.

35
07

13
9.

52
46

14
4.

35
89

14
5.

16
82

15
2.

78
78

16
7.

79
37

N
H

N

CO2Me
Me

3dab

N
H

N

CO2Me
Me

3dab



43

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.052.962.04 2.011.070.97 0.93

Chloroform-d

3.
85

16

4.
12

95

6.
92

57
6.

94
51

7.
26

00
7.

33
46

7.
35

22
7.

48
71

7.
50

46
7.

60
44

7.
62

44
7.

96
25

8.
00

14
8.

10
68

8.
12

62
8.

20
34

8.
24

22

9.
30

35

9.
95

77

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

52
.4

02
6

55
.3

11
9

10
5.

90
04

11
1.

33
25

11
4.

15
43

11
9.

22
19

12
0.

41
05

12
1.

33
65

12
4.

63
22

12
7.

03
84

12
8.

88
32

13
0.

15
92

13
0.

57
48

13
5.

49
66

13
9.

55
06

14
4.

39
22

14
5.

23
07

15
3.

01
07

15
9.

93
77

16
7.

84
17

N
H

N

CO2Me
OMe

3dac

N
H

N

CO2Me
OMe

3dac



44

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.99 3.011.941.03 1.031.020.91

Chloroform-d

3.
96

83
4.

12
07

5.
20

58

6.
89

50
6.

91
50

7.
21

92
7.

26
00

7.
31

21
7.

36
04

7.
38

04
7.

44
94

7.
46

89
7.

50
96

7.
96

81
8.

11
12

8.
13

06
8.

19
83

8.
23

66

9.
30

48

9.
96

46

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

52
.2

81
8

55
.9

05
7

70
.9

11
6

10
5.

89
62

11
0.

70
86

11
1.

29
19

11
3.

77
10

12
0.

35
52

12
0.

61
04

12
1.

20
84

12
1.

29
59

12
4.

99
26

12
7.

01
97

12
7.

22
38

12
7.

82
90

12
8.

49
99

13
0.

86
96

13
5.

64
55

13
6.

92
15

13
9.

50
27

14
4.

32
97

14
8.

65
36

14
9.

56
50

15
2.

80
24

16
7.

67
71

N
H

N

CO2Me

OMe

OBn
3dad

N
H

N

CO2Me

OMe

OBn
3dad



45

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.082.201.05 0.980.98 0.91

Chloroform-d

4.
15

02

7.
26

00
7.

36
10

7.
51

97
7.

53
54

7.
63

13
7.

65
14

7.
73

48
7.

75
49

7.
98

82
8.

02
71

8.
13

62
8.

15
57

8.
40

28
8.

44
17

9.
33

99

9.
95

65

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

52
.5

15
1

10
6.

69
10

11
1.

39
40

11
9.

93
23

12
0.

57
40

12
1.

08
44

12
1.

51
46

12
5.

56
87

12
5.

60
51

12
7.

44
99

12
9.

12
69

13
3.

99
77

13
9.

63
40

14
0.

75
69

14
4.

38
80

14
4.

92
76

15
1.

82
54

16
7.

48
75

N
H

N

CO2Me
CF3

3dae

N
H

N

CO2Me
CF3

3dae



46

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.022.08 1.971.020.98 0.92

Chloroform-d

4.
13

89

7.
06

49
7.

08
63

7.
10

76
7.

26
00

7.
50

40
7.

52
09

7.
61

69
7.

63
13

7.
65

14
7.

98
95

8.
12

12
8.

14
06

8.
24

48
8.

28
36

9.
31

92

9.
95

08

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

52
.3

62
0

10
6.

12
95

11
1.

29
92

11
5.

49
18

11
5.

70
33

11
9.

45
84

12
0.

39
90

12
1.

08
44

12
1.

34
69

12
6.

35
62

12
7.

14
36

12
9.

00
30

13
3.

45
08

13
4.

45
70

13
9.

50
27

14
4.

20
57

14
4.

93
49

15
2.

35
04

16
1.

50
12

16
3.

98
03

16
7.

49
48

N
H

N

CO2Me
NO23dag

N
H

N

CO2Me
F3daf

N
H

N

CO2Me
F3daf



47

12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.00 2.961.901.09 1.080.92

DMSO-d6

4.
08

69

7.
32

72
7.

52
67

7.
71

67
7.

73
68

7.
92

37
7.

94
50

8.
03

72
8.

07
61

8.
25

99
8.

28
12

8.
29

44
8.

38
03

8.
41

92

9.
49

81

11
.6

74
6

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

DMSO-d6
52

.7
19

5

10
8.

47
03

11
2.

34
93

11
9.

80
12

12
0.

39
19

12
0.

70
54

12
1.

01
16

12
4.

15
43

12
7.

39
17

12
8.

02
61

13
0.

72
39

13
1.

89
06

14
0.

56
74

14
2.

87
16

14
3.

52
05

14
4.

46
84

14
6.

69
23

14
9.

60
89

16
6.

19
70

N
H

N

CO2Me
NO23dag

N
H

N

CO2Me
NO23dag



48

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.042.992.98 2.05 1.991.00 0.950.94 0.86

Chloroform-d

1.
00

15
1.

01
97

1.
03

79
1.

58
29

1.
60

11
1.

61
93

1.
63

75
1.

65
76

2.
32

12
2.

33
87

2.
35

63
2.

37
32

4.
08

31

7.
13

89
7.

26
00

7.
30

77
7.

32
46

7.
34

28
7.

45
95

7.
47

95
7.

49
71

7.
54

79
8.

09
48

8.
11

43

9.
26

28

9.
94

20

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

13
.8

84
8

22
.1

53
3

35
.3

58
2

52
.2

38
1

10
5.

56
81

11
1.

27
73

11
9.

19
59

12
0.

39
90

12
1.

25
21

12
6.

97
59

12
8.

52
90

13
9.

32
04

13
9.

49
54

14
4.

28
59

14
5.

20
47

15
3.

07
95

16
7.

91
04

N
H

N

CO2Me
3dah

N
H

N

CO2Me
3dah



49

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

4.06 2.991.071.07 1.050.97

Chloroform-d

4.
14

45

7.
26

00
7.

32
59

7.
38

86
7.

40
61

7.
42

37
7.

58
18

7.
60

31
7.

66
14

7.
68

02
8.

01
46

8.
05

34
8.

25
60

8.
31

19
8.

35
08

9.
29

60

10
.0

21
1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

52
.6

06
8

10
6.

44
72

11
2.

80
54

11
4.

41
68

11
8.

55
84

12
3.

08
64

12
3.

32
71

12
6.

52
07

12
7.

57
07

12
8.

46
76

12
8.

52
59

12
8.

73
73

12
9.

99
88

13
6.

50
28

13
7.

18
82

13
8.

23
82

14
4.

75
68

14
5.

60
26

16
7.

73
23

N
H

N

CO2Me

Br

3eaa

N
H

N

CO2Me

Br

3eaa



50

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

9.913.051.091.06 1.000.87

TMS

0.
00

00

1.
78

13

7.
22

89
7.

24
96

7.
37

06
7.

43
84

7.
51

61
7.

53
43

7.
56

51
7.

58
95

7.
61

02
8.

18
54

8.
20

48
8.

96
50

8.
98

51

9.
57

72

10
.6

29
7

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Chloroform-d

2
7

.6
6

5
7

7
7

.0
0

0
0

8
6

.9
5

2
9

1
0

5
.3

8
5

8
1

1
1

.8
4

6
1

1
1

4
.1

4
2

9
1

1
9

.3
7

8
2

1
2

0
.5

8
1

3
1

2
1

.0
3

3
4

1
2

1
.6

7
5

0
1

2
3

.8
5

5
2

1
2

5
.8

8
9

5
1

2
7

.2
3

1
1

1
3

0
.6

9
4

6
1

3
5

.0
6

9
5

1
3

9
.6

6
3

2
1

4
3

.0
0

2
7

1
4

6
.8

0
1

5
1

4
7

.7
4

9
4

1
5

0
.7

1
7

1

1
6

0
.9

9
0

8

N
H

N

NBocO

6

N
H

N

NBocO

6



51

12 11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

9.062.050.95 0.94 0.880.86

Chloroform-d

-0
.0

00
2

1.
77

23

7.
26

00
7.

45
32

7.
47

08
7.

49
08

7.
60

81
7.

63
01

7.
65

14
8.

35
64

8.
98

80
9.

00
81

9.
57

20

10
.6

80
3

N
H

N

NO

O O

Br

7


