
Regioselective Synthesis of 3-Bromoquinoline Derivatives and Diastereoselective 

Synthesis of Tetrahydroquinolines via Acid-promoted Rearrangement of Arylmethyl 

Azides 

Jumreang Tummatorn,
a, b 

Piyapratch Poonsilp,
b
 Phongprapan Nimnual,

a 
Jindaporn Janprasit,

a 

Charnsak Thongsornkleeb
a, b

 and Somsak Ruchirawat
a, b 

a
 Laboratory of Medicinal Chemistry, Chulabhorn Research Institute, 54 Kamphaeng Phet 6, Laksi, 

Bangkok 10210, Thailand 
b
Program on Chemical Biology, Chulabhorn Graduate Institute, Center of Excellence on Environmental 

Health and Toxicology (EHT), Ministry of Education, 54 Kamphaeng Phet 6, Laksi, Bangkok 10210, 

Thailand 

 

Supporting Information 

Contents:                                      Pages 

1. Copies of 
1
H and 

13
C- NMR spectra for compound 3a-3r, 4b-4j, and 6a-6p               S2-S89 

2. Copies of 
1
H, 

13
C- NMR and 1D

 
nOe spectra for compound 6n-2         S90-S92 

 

 

S1



PP−1−025

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 0.0 ppm

7.
25

8
7.

31
6

7.
33

5
7.

45
4

7.
48

1
7.

53
9

7.
69

3
7.

71
8

7.
74

1
8.

12
1

8.
14

9

9.
05

5

2.
04

5.
15

1.
04

1.
00

1.
00

S2

jumreang
Stamp



PP−1−007

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

11
8.

44
6

12
6.

27
3

12
7.

45
1

12
8.

51
9

12
8.

60
3

12
8.

78
0

12
9.

26
8

12
9.

39
0

12
9.

57
5

13
6.

70
8

14
6.

84
7

14
7.

55
5

15
1.

97
8PP−1−007

125.5126.0126.5127.0127.5128.0128.5129.0129.5 ppm

12
6.

27
3

12
7.

45
1

12
8.

51
9

12
8.

60
3

12
8.

78
0

12
9.

26
8

12
9.

39
0

12
9.

57
5

137138139140141142143144145146147148149150151152 ppm

13
6.

70
8

14
6.

84
7

14
7.

55
5

15
1.

97
8

S3

jumreang
Stamp



PP−1−034

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 0.0 ppm

2.
84

1

7.
28

9
7.

29
4

7.
30

0
7.

30
3

7.
31

3
7.

32
1

7.
33

3
7.

33
8

7.
50

8
7.

52
3

7.
54

7
7.

55
8

7.
56

4
7.

57
5

9.
06

8

3.
03

4.
32

4.
36

1.
00

PP−1−034

S4

jumreang
Stamp



PP−1−034

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

18
.2

47

11
8.

47
7

12
4.

36
4

12
7.

20
1

12
8.

42
1

12
8.

85
5

12
9.

25
0

12
9.

63
2

13
7.

15
3

13
7.

39
5

14
5.

86
6

14
7.

62
4

15
0.

59
6PP−1−034

120125130135140145150 ppm

11
8.

47
7

12
4.

36
4

12
7.

20
1

12
8.

42
1

12
8.

85
5

12
9.

25
0

12
9.

63
2

13
7.

15
3

13
7.

39
5

14
5.

86
6

14
7.

62
4

15
0.

59
6

S5

jumreang
Stamp



JRT−4−129

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 0.0 ppm

1.
26

4

7.
31

8
7.

32
3

7.
34

3
7.

34
9

7.
40

4
7.

41
1

7.
49

3
7.

49
9

7.
51

9
7.

53
9

7.
54

5
7.

55
1

7.
56

3
7.

57
7

7.
58

2
7.

59
2

7.
79

2
7.

79
9

7.
82

1
7.

82
8

8.
05

5
8.

08
5

8.
99

2

9.
24

2.
06

1.
04

3.
10

1.
04

1.
02

1.
00

PP−1−072
JRT−4−129


7.37.47.57.67.77.87.98.08.1 ppm

7.
31

8
7.

32
3

7.
34

3
7.

34
9

7.
40

4
7.

41
1

7.
49

3
7.

49
9

7.
51

9
7.

53
9

7.
54

5
7.

55
1

7.
56

3
7.

57
7

7.
58

2
7.

59
2

7.
79

2
7.

79
9

7.
82

1
7.

82
8

8.
05

5
8.

08
5

2.
06

1.
04

3.
10

1.
04

1.
02

S6

jumreang
Stamp



JRT−4−129

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

30
.9

59
35

.0
26

11
8.

36
1

12
1.

22
1

12
8.

35
1

12
8.

44
1

12
8.

55
3

12
8.

97
8

12
9.

26
7

13
6.

81
2

14
5.

32
6

14
7.

48
2

15
0.

46
1

15
1.

21
5

PP−1−072
JRT−4−129


S7

jumreang
Stamp



PP−1−053 exp no. 6

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 0.0 ppm

7.
10

2
7.

10
7

7.
12

5
7.

13
1

7.
13

6
7.

15
4

7.
15

9
7.

25
6

7.
28

7
7.

29
4

7.
30

5
7.

30
9

7.
31

9
7.

32
7

7.
38

8
7.

41
7

7.
45

4
7.

45
7

7.
48

0
7.

50
3

7.
50

6
7.

57
3

7.
58

2
7.

58
8

7.
59

9
7.

60
5

7.
61

5
7.

62
0

7.
85

0
7.

85
3

7.
87

6
7.

88
0

1.
14

1.
98

1.
09

1.
11

3.
20

1.
11

2.
17

1.
00
PP−1−053


7.17.27.37.47.57.67.77.87.98.0 ppm

7.
12

5
7.

13
1

7.
13

6
7.

15
4

7.
15

9
7.

25
6

7.
28

7
7.

29
4

7.
30

5
7.

30
9

7.
31

9
7.

32
7

7.
38

8
7.

41
7

7.
45

4
7.

45
7

7.
48

0
7.

50
3

7.
50

6
7.

57
3

7.
58

2
7.

58
8

7.
59

9
7.

60
5

7.
61

5
7.

62
0

7.
85

0
7.

85
3

7.
87

6
7.

88
0

7.
99

5

1.
14

1.
98

1.
09

1.
11

3.
20

1.
11

2.
17

S8

jumreang
Stamp



PP−1−053

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

12
1.

72
6

12
5.

78
9

12
6.

09
7

12
7.

07
3

12
8.

07
1

12
8.

32
2

12
8.

57
1

12
8.

64
6

12
8.

81
6

12
9.

49
1

12
9.

61
8

13
1.

91
0

13
3.

27
5

14
1.

29
0

14
7.

42
4

14
8.

32
4

15
0.

82
1PP−1−053

S9

jumreang
Stamp



PP−1−067

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 0.0 ppm

7.
25

7
7.

32
6

7.
33

0
7.

33
9

7.
34

9
7.

35
4

7.
35

9
7.

37
3

7.
38

0
7.

39
5

7.
41

4
7.

42
0

7.
43

6
7.

44
3

7.
44

8
7.

50
8

7.
53

1
7.

54
7

7.
55

2
7.

55
9

7.
56

5
7.

57
7

7.
59

0
7.

59
6

7.
60

6
7.

65
7

7.
66

3
7.

96
4

7.
97

0
7.

99
3

8.
00

0
8.

20
3

8.
23

2
9.

05
1

1.
10

5.
68

5.
48

1.
05

1.
06

1.
05

1.
00

PP−1−067

7.27.47.67.88.08.28.48.68.89.0 ppm

7.
41

4
7.

42
0

7.
43

6
7.

44
3

7.
44

8
7.

50
8

7.
53

1
7.

54
7

7.
55

2
7.

55
9

7.
56

5
7.

57
7

7.
59

0
7.

59
6

7.
60

6
7.

65
7

7.
66

3
7.

96
4

7.
97

0
7.

99
3

8.
00

0
8.

20
3

8.
23

2

9.
05

1

1.
10

5.
68

5.
48

1.
05

1.
06

1.
05

1.
00

S10

jumreang
Stamp



JRT−4−123

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

11
8.

92
6

12
3.

95
2

12
7.

44
5

12
7.

85
2

12
8.

62
4

12
8.

73
2

12
8.

89
5

12
9.

00
5

12
9.

27
0

12
9.

89
7

13
6.

58
0

14
0.

05
8

14
0.

35
5

14
6.

05
1

14
7.

85
2

15
1.

72
9

PP−1−067
JRT−4−123


120125130135140145150 ppm

11
8.

92
6

12
3.

95
2

12
7.

44
5

12
7.

85
2

12
8.

62
4

12
8.

73
2

12
8.

89
5

12
9.

00
5

12
9.

27
0

12
9.

89
7

13
6.

58
0

14
0.

05
8

14
0.

35
5

14
6.

05
1

14
7.

85
2

15
1.

72
9

S11

jumreang
Stamp



PP−1−041

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 0.0 ppm

7.
26

2
7.

29
0

7.
29

6
7.

30
7

7.
31

3
7.

32
2

7.
34

3
7.

37
2

7.
39

5
7.

41
2

7.
41

8
7.

44
1

7.
44

6
7.

54
7

7.
55

2
7.

56
1

7.
57

0
7.

83
0

7.
83

6
7.

85
4

7.
85

9
9.

17
1

5.
05

3.
22

1.
01

1.
00

PP−1−039
PP−1−041


7.17.27.37.47.57.67.77.87.9 ppm

7.
26

2
7.

29
0

7.
29

6
7.

30
7

7.
31

3
7.

32
2

7.
34

3
7.

37
2

7.
39

5
7.

41
2

7.
41

8
7.

44
1

7.
44

6
7.

54
7

7.
55

2
7.

56
1

7.
57

0

7.
83

0
7.

83
6

7.
85

4
7.

85
9

5.
05

3.
22

1.
01

S12

jumreang
Stamp



13CNMR
PP−1−039 exp.3

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

11
9.

63
3

12
5.

48
2

12
7.

31
4

12
8.

56
8

12
8.

79
4

12
9.

10
2

12
9.

55
8

13
0.

11
9

13
3.

73
6

13
6.

33
7

14
3.

06
5

14
8.

07
2

15
2.

35
7PP−1−039 

125126127128129130 ppm

12
5.

48
2

12
7.

31
4

12
8.

56
8

12
8.

79
4

12
9.

10
2

12
9.

55
8

13
0.

11
9

S13

jumreang
Stamp



JRT−5−210F1

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 ppm

7.
26

0
7.

29
9

7.
30

1
7.

31
1

7.
31

4
7.

39
4

7.
39

8
7.

40
9

7.
41

2
7.

43
6

7.
45

1
7.

52
6

7.
52

8
7.

53
1

7.
53

8
7.

54
3

7.
54

9
7.

55
3

7.
56

5
7.

57
3

7.
57

6
7.

58
0

8.
13

9
8.

14
1

9.
05

6

2.
07

2.
11

3.
12

1.
00

0.
95

JRT−5−210F1

7.357.407.457.507.557.607.65 ppm

7
.
2
9
9

7
.
3
0
1

7
.
3
1
1

7
.
3
1
4

7
.
3
9
4

7
.
3
9
8

7
.
4
0
9

7
.
4
1
2

7
.
4
3
6

7
.
4
5
1

7
.
5
2
6

7
.
5
2
8

7
.
5
3
1

7
.
5
3
8

7
.
5
4
3

7
.
5
4
9

7
.
5
5
3

7
.
5
6
5

7
.
5
7
3

7
.
5
7
6

7
.
5
8
0

ppm

8
.
1
3
9

8
.
1
4
1

S14

jumreang
Stamp



JRT−5−210F1

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

−0
.0

27

76
.7

87
76

.9
99

77
.2

10

11
8.

69
1

12
7.

30
3

12
7.

72
8

12
8.

49
1

12
8.

57
1

12
8.

69
9

12
8.

92
4

12
9.

22
7

13
5.

63
9

13
6.

27
4

14
7.

19
0

14
7.

91
1

15
3.

03
7

87
.0

4

12
.9

6

JRT−5−210F1

150152 ppm

1
4
7
.
1
9
0

1
4
7
.
9
1
1

1
5
3
.
0
3
7

120122124126128130132134136 ppm

1
1
8
.
6
9
1

1
2
7
.
3
0
3

1
2
7
.
7
2
8

1
2
8
.
4
9
1

1
2
8
.
5
7
1

1
2
8
.
6
9
9

1
2
8
.
9
2
4

1
2
9
.
2
2
7

1
3
5
.
6
3
9

1
3
6
.
2
7
4

S15

jumreang
Stamp



JRT−5−210 F3

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 0.0 ppm

7.
20

5
7.

21
6

7.
22

1
7.

22
8

7.
23

6
7.

25
7

7.
45

4
7.

46
5

7.
47

5
7.

54
3

7.
54

8
7.

56
8

7.
57

3
7.

58
2

7.
60

8
7.

63
4

8.
07

9
8.

08
5

8.
10

5
8.

11
1

9.
06

4

2.
10

3.
11

2.
16

0.
96

1.
00

JRT−5−210 F3

7.27.37.47.57.67.77.87.98.08.18.28.3 ppm

7.
20

5
7.

21
6

7.
22

1
7.

22
8

7.
23

6
7.

25
7

7.
45

4
7.

46
5

7.
47

5
7.

54
3

7.
54

8
7.

56
8

7.
57

3
7.

58
2

7.
60

8
7.

63
4

8.
07

9
8.

08
5

8.
10

5
8.

11
1

S16

jumreang
Stamp



JRT−5−210 F3

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

12
2.

31
5

12
5.

93
3

12
7.

99
7

12
8.

27
8

12
9.

06
4

12
9.

14
0

12
9.

86
2

13
0.

48
9

13
0.

78
1

13
9.

47
7

14
6.

73
2

14
8.

46
7

15
2.

22
0JRT−5−210 F3

S17

jumreang
Stamp



PP−1−079

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 0.0 ppm

7.
26

0
7.

29
1

7.
31

1
7.

45
1

7.
55

5
7.

62
7

7.
65

7
8.

04
8

8.
07

8

9.
03

0

2.
26

1.
05

4.
19

1.
01

1.
00

PP−1−079

7.17.27.37.47.57.67.77.87.98.08.1 ppm

7.
26

0
7.

29
1

7.
31

1

7.
45

1

7.
55

5

7.
62

7
7.

65
7

8.
04

8
8.

07
8

2.
26

1.
05

4.
19

1.
01

S18

jumreang
Stamp



PP−1−079

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

11
9.

58
8

12
5.

04
7

12
8.

75
8

12
8.

94
7

12
9.

17
7

12
9.

46
0

13
0.

40
8

13
1.

20
4

13
3.

59
2

13
6.

03
7

14
5.

25
2

14
6.

86
0

15
2.

21
3PP−1−079

S19

jumreang
Stamp



PP−1−046

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 0.0 ppm

7.
26

1
7.

26
8

7.
28

4
7.

29
1

7.
29

6
7.

30
7

7.
31

6
7.

32
1

7.
45

3
7.

45
7

7.
48

1
7.

48
5

7.
50

5
7.

51
0

7.
53

3
7.

54
2

7.
54

8
7.

56
6

7.
57

7
7.

58
2

7.
59

0
7.

59
6

8.
03

7
8.

04
0

8.
06

1
8.

06
5

9.
16

3

3.
72

4.
73

1.
06

1.
00
PP−1−046

7.17.27.37.47.57.67.77.87.98.0 ppm

7.
26

1
7.

26
8

7.
28

4
7.

29
1

7.
29

6
7.

30
7

7.
31

6
7.

32
1

7.
45

3
7.

45
7

7.
48

1
7.

48
5

7.
50

5
7.

51
0

7.
53

3
7.

54
2

7.
54

8
7.

56
6

7.
57

7
7.

58
2

7.
59

0
7.

59
6

8.
03

7
8.

04
0

8.
06

1

3.
72

4.
73

1.
06

S20

jumreang
Stamp



PP−1−046

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

11
9.

66
4

12
4.

99
5

12
6.

32
7

12
7.

79
8

12
8.

61
4

12
8.

82
9

12
9.

15
5

13
0.

10
7

13
3.

20
6

13
6.

38
6

14
3.

96
2

14
8.

11
8

15
2.

65
0PP−1−046

121122123124125126127128129130131132133134135136 ppm

11
9.

66
4

12
4.

99
5

12
6.

32
7

12
7.

79
8

12
8.

61
4

12
8.

82
9

12
9.

15
5

13
0.

10
7

13
3.

20
6

13
6.

38
6

S21

jumreang
Stamp



PP−1−035

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 0.0 ppm

2.
93

8

7.
16

3
7.

19
3

7.
25

4
7.

26
3

7.
26

9
7.

27
9

7.
28

6
7.

29
5

7.
50

9
7.

51
6

7.
52

5
7.

53
0

7.
53

8
7.

54
9

7.
56

8

9.
03

9

3.
02

1.
02

2.
28

4.
11

1.
00

PP−1−035

7.17.27.37.47.57.6 ppm

7.
16

3
7.

19
3

7.
25

4
7.

26
3

7.
26

9
7.

27
9

7.
28

6
7.

29
5

7.
50

9
7.

51
6

7.
52

5
7.

53
0

7.
53

8
7.

54
9

7.
56

8

1.
02

2.
28

4.
11

S22

jumreang
Stamp



PP−1−035

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

17
.7

74

11
8.

69
1

12
4.

82
9

12
5.

91
8

12
7.

76
1

12
8.

53
2

12
8.

66
2

12
9.

19
6

13
1.

52
3

13
6.

58
2

13
7.

29
0

14
6.

22
4

14
7.

74
0

15
1.

37
7PP−1−035

122124126128130132134136138 ppm

12
4.

82
9

12
5.

91
8

12
7.

76
1

12
8.

53
2

12
8.

66
2

12
9.

19
6

13
1.

52
3

13
6.

58
2

13
7.

29
0

S23

jumreang
Stamp



PP−1−049

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 0.0 ppm

7.
26

1
7.

29
0

7.
29

6
7.

30
6

7.
31

3
7.

32
1

7.
34

1
7.

52
1

7.
52

7
7.

54
3

7.
55

0
7.

55
9

7.
56

4
7.

57
3

7.
58

3
7.

59
5

7.
60

0
7.

60
8

7.
61

4
7.

62
3

7.
63

0
7.

76
4

7.
77

1
7.

79
4

7.
80

1
7.

98
1

8.
01

0
9.

04
7

0.
48

2.
09

4.
18

1.
03

1.
03

1.
00
PP−1−049

7.17.27.37.47.57.67.77.87.98.0 ppm

7.
26

1
7.

29
0

7.
29

6
7.

30
6

7.
31

3
7.

32
1

7.
34

1
7.

52
1

7.
52

7
7.

54
3

7.
55

0
7.

55
9

7.
56

4
7.

57
3

7.
58

3
7.

59
5

7.
60

0
7.

60
8

7.
61

4
7.

62
3

7.
63

0
7.

76
4

7.
77

1
7.

79
4

7.
80

1

7.
98

1
8.

01
0

0.
48

2.
09

4.
18

1.
03

1.
03

S24

jumreang
Stamp



PP−1−049

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

11
9.

55
2

12
1.

86
6

12
8.

34
6

12
8.

77
1

12
8.

96
8

12
9.

18
4

12
9.

88
3

13
1.

31
5

13
2.

99
5

13
5.

99
0

14
5.

47
2

14
6.

76
9

15
2.

38
4PP−1−049

128129130131132133134135136 ppm

12
8.

34
6

12
8.

77
1

12
8.

96
8

12
9.

18
4

12
9.

88
3

13
1.

31
5

13
2.

99
5

13
5.

99
0

S25

jumreang
Stamp



JRT−5−209 F1

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 0.0 ppm

7.
20

3
7.

21
1

7.
23

4
7.

23
8

7.
24

2
7.

26
1

7.
26

9
7.

29
5

7.
30

1
7.

31
2

7.
31

8
7.

32
7

7.
47

7
7.

49
7

7.
50

8
7.

53
3

7.
54

3
7.

54
8

7.
55

7
7.

56
7

7.
57

9
7.

58
4

7.
59

2
7.

59
8

7.
74

2
7.

75
0

7.
77

4
7.

78
3

9.
05

4

3.
83

4.
40

1.
17

1.
00

JRT−5−209 F1

S26

jumreang
Stamp



JRT−5−209 F1

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

11
3.

10
7

11
3.

37
9

11
7.

72
6

11
8.

05
9

12
5.

86
7

12
5.

91
8

12
5.

95
6

12
8.

61
7

12
8.

65
0

12
8.

74
1

12
8.

84
9

12
9.

20
0

13
6.

45
3

14
7.

80
4

14
7.

86
6

14
7.

96
6

15
3.

07
3

16
1.

21
2

16
4.

54
5JRT−5−209 F1

S27

jumreang
Stamp



JRT−5−209 F2

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 0.0 ppm

7.
12

8
7.

13
1

7.
15

4
7.

15
7

7.
16

7
7.

17
0

7.
19

3
7.

19
7

7.
26

4
7.

28
1

7.
29

4
7.

30
8

7.
50

6
7.

51
3

7.
52

4
7.

52
9

7.
54

2
7.

64
6

7.
66

3
7.

67
4

7.
69

1
7.

70
0

7.
71

8
7.

98
4

8.
01

2
9.

08
3

1.
04

2.
92

3.
21

1.
05

1.
02

1.
00

JRT−5−209 F2

S28

jumreang
Stamp



JRT−5−209 F2

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

11
2.

65
3

11
2.

94
1

11
9.

00
3

11
9.

12
0

12
0.

65
1

12
5.

98
9

12
6.

04
7

12
7.

83
1

12
7.

87
5

12
7.

99
9

12
8.

11
9

12
9.

19
4

12
9.

31
8

13
9.

21
4

13
9.

25
9

14
4.

59
7

14
4.

62
9

14
8.

20
5

15
2.

66
6

15
2.

68
3

15
5.

73
8

15
9.

18
2JRT−5−209 F2

S29

jumreang
Stamp



JRT−4−135

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 0.0 ppm

7.
08

0
7.

08
9

7.
11

3
7.

12
2

7.
28

9
7.

29
5

7.
30

1
7.

30
4

7.
30

7
7.

31
3

7.
32

1
7.

43
9

7.
44

8
7.

46
5

7.
46

9
7.

47
4

7.
47

8
7.

49
6

7.
50

5
7.

52
5

7.
53

1
7.

54
4

7.
54

7
7.

56
8

7.
57

9
7.

58
5

7.
59

2
7.

59
8

8.
11

2
8.

13
0

8.
14

3

1.
04

2.
08

1.
16

3.
16

1.
03

1.
00

PP−1−077
JRT−4−135


6.26.46.66.87.07.27.47.67.88.08.28.48.68.89.0 ppm

7.
08

0
7.

08
9

7.
11

3
7.

12
2

7.
28

9
7.

29
5

7.
30

1
7.

30
4

7.
30

7
7.

31
3

7.
32

1
7.

43
9

7.
44

8
7.

46
5

7.
46

9
7.

47
4

7.
47

8
7.

49
6

7.
50

5
7.

52
5

7.
53

1
7.

54
4

7.
54

7
7.

56
8

7.
57

9
7.

58
5

7.
59

2
7.

59
8

8.
11

2
8.

13
0

8.
14

3
8.

16
1

9.
01

1

1.
04

2.
08

1.
16

3.
16

1.
03

1.
00

S30

jumreang
Stamp



JRT−4−135
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PN−1−036 carbon
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JJ−1−028 plate1 wash
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