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S-1

Procedure for gram-scale synthesis of 4-(1,4-dioxo-3-(phenylamino)-1,4-

dihydronaphthalen-2-yl)-2,2-dimethyl-4-phenylbutanenitrile (4aaa): 

To a solution of 2-(phenylamino) naphthalene-1,4-dione (1a, 4.01 mmol, 1.0 g), 

styrene (2a, 8.02 mmol, 0.835 g) and AIBN (3a, 8.02 mmol, 1.32g) in chloroform (40 mL) 

was added TBHP (8.02 mmol). The reaction mixture was stirred at 80 oC for 12 hours. After 

completion of the reaction (as monitored by TLC), water was added to the reaction mixture 

and extracted with ethyl acetate (3×30 mL). The organic layer was washed with brine (1×20 

mL) and dried over anhydrous sodium sulfate. The organic layer was concentrated under 

reduced pressure and purified by column chromatography on silica gel (ethyl acetate : hexane 

= 10 : 1) to yield the pure product 4aaa (1.22g, 72%).

Procedure for the preparation of 4-(3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-

2,2-dimethyl-4-phenylbutanenitrile (12): 

To a solution of 2-hydroxynaphthalene-1,4-dione (11, 0.20 mmol), styrene (2a, 0.40 

mmol) and AIBN (3a, 0.40 mmol) in chloroform (1.5-2 mL) was added TBHP (0.40 mmol). 

The reaction mixture was stirred at 80 oC for about 12 hours. After completion of the reaction 

(as monitored by TLC), water was added to the reaction mixture and extracted with ethyl 

acetate (3×10 mL). The organic layer was washed with brine (1×10 mL) and dried over 

anhydrous sodium sulfate. The organic layer was concentrated under reduced pressure and 

purified by column chromatography on silica gel (ethyl acetate : hexane =1 : 4) to yield the 

pure product 12 (44 mg, 64%).
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1H-NMR (400 MHz, Chloroform-d) 
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1H-NMR (400 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d) 
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1H-NMR (500 MHz, Chloroform-d) 
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1H-NMR (400 MHz, Chloroform-d)
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1H-NMR (500 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)
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1H-NMR (500 MHz, Chloroform-d)
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1H-NMR (500 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)
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f1 (ppm)

3.
01

3.
01

1.
02

1.
03

0.
99

3.
05

3.
03

2.
05

1.
04

0.
99

1.
03

1.
01

1.
00

1.
00

-0
.0

00

1.
18

5
1.

22
4

2.
00

6
2.

01
7

2.
04

3
2.

05
3

2.
68

3
2.

70
6

2.
72

0
2.

74
2

3.
91

5
3.

92
6

3.
93

7
3.

94
8

6.
89

2
6.

89
4

6.
89

9
6.

90
3

6.
90

8
6.

90
9

6.
91

5
6.

91
8

6.
92

4
6.

92
6

6.
92

9
6.

93
1

6.
93

7
7.

05
1

7.
05

5
7.

05
9

7.
06

3
7.

06
6

7.
07

1
7.

07
7

7.
11

9
7.

12
6

7.
13

1
7.

13
4

7.
14

2
7.

14
7

7.
15

4
7.

26
3

7.
30

5
7.

33
5

7.
33

9
7.

34
2

7.
35

7
7.

36
1

7.
53

9
7.

65
8

7.
66

1
7.

67
7

7.
68

0
7.

69
6

7.
69

9
7.

75
6

7.
75

9
7.

77
5

7.
77

8
7.

79
4

7.
79

7
8.

09
2

8.
09

5
8.

11
2

8.
11

4
8.

14
4

8.
14

7
8.

16
3

8.
16

6

13C-NMR (100 MHz, Chloroform-d)

0102030405060708090100110120130140150160170180190
f1 (ppm)

27
.0

34
27

.8
10

32
.0

41

41
.1

95

45
.5

54

77
.1

60
 C

D
Cl

3

12
0.

06
2

12
3.

80
3

12
4.

91
2

12
5.

81
3

12
6.

54
3

12
6.

77
0

12
8.

24
5

12
9.

36
9

12
9.

94
3

13
0.

23
8

13
2.

09
2

13
2.

78
7

13
3.

73
4

13
5.

02
7

14
0.

06
1

14
0.

18
1

14
5.

49
2

18
2.

49
6

18
4.

77
7

O

O
NH

Cl

CN

4aga

O

O
NH

Cl

CN

4aga



S-23

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-25

1H-NMR (500 MHz, Chloroform-d)
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13C-NMR (100 MHz, Chloroform-d)
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S-26

1H-NMR (500 MHz, Chloroform-d)
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1H-NMR (500 MHz, Chloroform-d)
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S-28

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-29

1H-NMR (500 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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13C-NMR (100 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.012.5
f1 (ppm)
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1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-32

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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13C-NMR (100 MHz, Chloroform-d)
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S-33

1H-NMR (400 MHz, Chloroform-d)
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S-34

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-35

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3.
03

5.
10

2.
01

1.
00

3.
00

1.
00

1.
00

2.
03

4.
03

3.
01

1.
00

1.
00

1.
02

1.
00

1.
00

-0
.0

00
1.

04
6

1.
05

6
1.

06
0

1.
06

3
1.

07
2

1.
07

7
1.

08
9

1.
09

5
1.

10
4

1.
51

0
1.

51
9

1.
52

8
1.

53
6

1.
54

0
1.

54
8

1.
55

2
1.

55
8

1.
56

2
1.

56
6

1.
56

9
1.

57
8

1.
59

5
1.

60
1

1.
60

5
1.

61
0

1.
61

4
1.

61
9

1.
62

3
1.

62
7

1.
63

7
1.

64
8

1.
65

7
2.

15
0

2.
16

1
2.

18
7

2.
19

8
2.

29
6

2.
63

9
2.

66
1

2.
67

5
2.

69
8

6.
88

8
6.

89
1

6.
89

4
6.

89
6

6.
90

7
6.

91
2

6.
93

7
6.

94
2

6.
95

2
6.

95
7

6.
99

6
7.

00
1

7.
01

6
7.

03
5

7.
04

8
7.

05
2

7.
05

6
7.

06
4

7.
06

9
7.

07
8

7.
08

3
7.

10
0

7.
26

1
7.

29
0

7.
63

1
7.

63
4

7.
65

0
7.

65
3

7.
66

9
7.

67
2

7.
72

6
7.

73
0

7.
74

5
7.

74
9

7.
76

4
7.

76
8

8.
05

0
8.

05
3

8.
06

9
8.

07
2

8.
13

9
8.

14
2

8.
15

9
8.

16
2

13C-NMR (100 MHz, Chloroform-d)

0102030405060708090100110120130140150160170180190200
f1 (ppm)

21
.0

97
22

.8
98

22
.9

98
25

.3
56

35
.6

30
36

.5
25

38
.4

40
39

.5
59

44
.5

61

77
.1

60
 C

D
Cl

3

12
3.

09
2

12
3.

24
8

12
3.

52
7

12
5.

03
3

12
6.

38
2

12
6.

70
7

12
8.

25
7

12
9.

00
7

12
9.

22
7

13
0.

58
4

13
2.

63
0

13
3.

64
0

13
4.

69
2

13
5.

95
1

13
8.

47
6

14
0.

70
6

14
4.

74
7

18
2.

58
8

18
4.

73
9

O

O
NH

CN

4abb

O

O
NH

CN

4abb



S-36

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-37

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-38

1H-NMR (400 MHz, Chloroform-d) 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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S-39

1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

6.
01

3.
02

3.
00

0.
99

2.
00

1.
01

1.
01

1.
01

2.
04

2.
01

1.
02

1.
01

1.
00

1.
00

0.
00

0

1.
41

1

1.
73

0

2.
35

5

5.
49

4
6.

54
0

6.
54

4
6.

54
9

6.
55

8
6.

56
1

6.
56

4
6.

56
9

6.
82

9
6.

85
0

6.
94

1
6.

94
5

6.
94

8
6.

98
9

6.
99

4
6.

99
9

7.
00

8
7.

01
3

7.
04

3
7.

04
6

7.
04

8
7.

05
2

7.
06

3
7.

06
6

7.
06

9
7.

08
2

7.
08

6
7.

15
3

7.
15

6
7.

15
9

7.
17

0
7.

17
4

7.
18

0
7.

19
0

7.
19

3
7.

19
6

7.
26

4
7.

66
6

7.
66

9
7.

68
4

7.
68

8
7.

70
3

7.
70

7
7.

77
8

7.
78

1
7.

79
7

7.
80

0
7.

81
6

7.
81

9
8.

09
6

8.
09

9
8.

11
5

8.
11

8
8.

20
0

8.
20

3
8.

22
0

8.
22

3

13C-NMR (100 MHz, Chloroform-d)

0102030405060708090100110120130140150160170180190200
f1 (ppm)

17
.8

01
21

.1
06

25
.3

00
29

.3
84

32
.3

32

77
.1

60
 C

D
Cl

3

11
9.

16
9

12
3.

24
1

12
4.

31
8

12
6.

31
1

12
6.

36
5

12
7.

13
8

12
7.

45
5

12
8.

00
9

12
9.

56
8

13
0.

23
6

13
1.

08
9

13
2.

17
5

13
2.

56
4

13
3.

53
6

13
4.

03
3

13
4.

33
9

13
5.

16
7

13
5.

23
6

13
6.

70
5

13
7.

77
8

14
1.

81
1

18
1.

68
5

18
3.

32
0

O

O

NH

CN

6caa

O

O

NH

CN

6caa



S-40

1H-NMR (500 MHz, Chloroform-d)
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1H-NMR (500 MHz, Chloroform-d)
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f1 (ppm)
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1H-NMR (500 MHz, Chloroform-d)
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1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1H-NMR (500 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1H-NMR (500 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1H-NMR (400 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1H-NMR (500 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1H-NMR (500 MHz, Chloroform-d)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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 NOESY- 6oda: No NOE observed between Ha and Hc, rather there was visible interaction only 

between Ha and Hb, Hb and Hc.
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 HRMS data of the control experiment for the TEMPO-adduct (7)

 HRMS data of the control experiment for the diphenylethylene-adduct (8)


