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X-ray crystal structures of 11d, 12b, 14d, 13e, 14e, 14f, 14g, 14k, 14o, and 12e, in the order of 

their appearance in the Experimental Section 
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Figure S1. X-ray crystal structure of 11d. 
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Figure S2. X-ray crystal structure of 12b. 
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Figure S3. X-ray crystal structure of 14d. 
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Figure S4. X-ray crystal structure of 13e. 
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Figure S5. X-ray crystal structure of 14e. The tetrahydrobenzene is partly split. 
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Figure S6. X-ray crystal structure of 14f. 
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Figure S7 X-ray crystal structure of 14g. 
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Figure S8. X-ray crystal structure of 14k. 
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Figure S9. X-ray crystal structure of 14o. The tetrahydrobenzene is partly split. 

 

 

 

 

O18

O17

S16

C24

C19

N3

O26

S14

C4

C23

C2

C20

C5

C7

N1

C15

C22

C13

C6

C8

C21

C11

C25

S12

C10

C9

 

 

Figure S10. X-ray crystal structure of 12e. 
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Sulfonyl migration to convert 12e to 14e. HPLC chromatogram after 1440 min 

 

 
 

 

 

Figure S11. Complete N- to O-sulfonyl migration to convert 12e to 14e. Compound 12e 

(1 mM) was heated in acetonitrile at 81 °C and the reaction mixture was subjected to HPLC analysis 

(see Figure 1). The chromatogram after 1440 min shows the absence of the substrate 12e (retention 

time 22.7 min). 
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Sulfonyl migration in the presence of 4 
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Figure S12. (A) Sulfonyl migration to convert the N-sulfonylated compound 12e to the O-sulfonylated 

compound 14e in the presence of the desulfonylated parent compound 4. Compounds 12e (1 mM) and 

4 (0.2 mM) were heated in acetonitrile at 81 °C and the reaction mixture was subjected to HPLC 

analysis. (B) Chromatograms after 0 (bottom), 180 (middle) and 675 min (top). After a reaction time 

of 1460 min, 12e was no longer detectable. Retention times were as follows, 19.5 min (12e), 3.56 min 

(4), and 22.1 min (14e). (C) Relative concentrations of 12e, determined as the ratio of the AUC of 12e 

to the sum of the AUCs of 12e and 14e, were plotted versus the reaction time. Non-linear regression 

using the equation for exponential decay gave a first-order rate constant of 0.0041 ± 0.0001 min-1. The 

addition of the potential sulfonate acceptor 4 did not accelerate the migration reaction. 
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1H NMR (500 MHz) and 13C NMR (125 MHz) spectra, in the order of their appearance in the 

Experimental Section 
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5,6,7,8-Tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (2) 
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2-(Methylsulfanyl)quinazolin-4(3H)-one (3) 
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2-(Methylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (4) 
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2-(Benzylsulfanyl)quinazolin-4(3H)-one (5) 
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2-(Benzylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (6) 
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2-(Morpholin-4-yl)quinazolin-4(3H)-one (7) 
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2-(Morpholin-4-yl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (8) 
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2-(N-Benzyl-N-methylamino)quinazolin-4(3H)-one (9) 
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2-(N-Benzyl-N-methylamino)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (10) 

1.
01

40

5.
47

35

1.
82

18

2.
85

15

1.
95

87

2.
00

42

4.
00

00

In
te

gr
al

10
.9

34
0

7.
34

35
7.

19
85

4.
77

28

3.
01

03
2.

77
77

2.
76

51
2.

75
31

2.
60

50
2.

59
37

2.
58

17

1.
78

99
1.

68
78

(ppm)

0.01.02.03.04.05.06.07.08.09.010.011.0

1.
01

40
10

.9
34

0

(ppm)

5.
47

35

7.
34

35

7.
19

85

(ppm)

7.2

1.
82

18
4.

77
28

(ppm)

2.
85

15
3.

01
03

(ppm)

3.00

1.
95

87

2.
77

77

2.
76

51
2.

75
31

(ppm)

2.
00

42
2.

60
50

2.
59

37
2.

58
17

(ppm)

2.60

4.
00

00

1.
78

99

1.
68

78

(ppm)

1.80

 

 

16
6.

39
14

15
9.

23
43

15
1.

97
60

13
7.

44
56

13
0.

09
81

12
8.

67
46

12
7.

25
90

12
7.

24
12

12
5.

10
20

11
3.

36
70

52
.1

98
0

35
.7

46
5

25
.4

54
8

24
.3

40
6

22
.8

99
3

22
.0

72
5

(ppm)

0102030405060708090100110120130140150160

13C NMR

12
7.

25
90

12
7.

24
12

(ppm)

127.2

 

 



19 
 

2-Methylsulfonyl-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (28) 
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3-(4-Methylbenzenesulfonyl)quinazolin-4(3H)-one (11a) 

1.
00

00
8.

78
09

(ppm)

1.
05

73

8.
17

20
8.

16
89

8.
15

62
8.

15
50

8.
15

31
8.

15
18

(ppm)

8.16

1.
00

00

1.
05

73

2.
11

39

1.
09

68

1.
07

28

1.
11

19

2.
19

08

3.
33

54

In
te

gr
al

8.
78

09
8.

17
20

8.
16

89
8.

15
62

8.
15

50
8.

15
31

8.
15

18
8.

06
04

8.
04

34
7.

77
24

7.
76

98
7.

75
85

7.
75

60
7.

75
34

7.
74

21
7.

73
89

7.
70

49
7.

70
36

7.
68

85
7.

68
73

7.
47

99
7.

47
73

7.
46

54
7.

46
35

7.
46

16
7.

44
96

7.
44

71
7.

37
46

7.
37

33
7.

35
69

7.
35

57

2.
42

81

(ppm)

1.02.03.04.05.06.07.08.09.010.0

2.
11

39
8.

06
04

8.
04

34

(ppm)

8.05

1.
09

68

7.
76

98
7.

75
85

7.
75

60
7.

75
34

7.
74

21
7.

73
89

(ppm)

7.74

1.
07

28

7.
70

49
7.

70
36

7.
68

85
7.

68
73

(ppm)

7.70

1.
11

19

7.
47

99
7.

47
73

7.
46

54
7.

46
35

7.
46

16

7.
44

96
7.

44
71

(ppm)

2.
19

08

7.
37

46
7.

37
33

7.
35

69
7.

35
57

(ppm)

7.38

3.
33

54
2.

42
81

(ppm)

 

 

15
8.

58
65

14
6.

74
05

14
6.

69
69

14
0.

43
98

13
5.

59
04

13
3.

42
14

12
9.

75
76

12
8.

27
66

12
7.

94
95

12
7.

16
04

12
2.

02
15

21
.7

77
6

(ppm)

0102030405060708090100110120130140150160

 

 



21 
 

4-((4-Oxoquinazolin-3(4H)-yl)sulfonyl)benzonitrile (11b) 
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3-(Methylsulfonyl)quinazolin-4(3H)-one (11c) 
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3-(2,4,6-Triisopropylbenzenesulfonyl)quinazolin-4(3H)-one (11d) 
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3-(4-Methylbenzenesulfonyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one 

(12a) 
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4-((4-Oxo-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-3(4H)-yl)sulfonyl)benzonitrile 

(12b) 
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3-(Methylsulfonyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-one (12c) 
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5,6,7,8-Tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 2,4,6-triisopropylbenzenesulfonate 

(14d), recorded at 600 MHz and 150 MHz 
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2-(Methylsulfanyl)quinazolin-4-yl 4-methylbenzenesulfonate (13e) 
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2-(Methylsulfanyl)quinazolin-4-yl 4-cyanobenzenesulfonate (13f) 
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2-(Methylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-methylbenzenesulfonate (14e) 
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2-(Methylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-cyanobenzenesulfonate (14f) 
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2-(Methylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl methanesulfonate 

(14g) 
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2-(Benzylsulfanyl)-quinazolin-4-yl 4-methylbenzenesulfonate (13h) 
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2-(Benzylsulfanyl)quinazolin-4-yl 4-cyanobenzenesulfonate (13i) 
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2-(Benzylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-methanebenzenesulfonate (14h) 
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2-(Benzylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-cyanobenzenesulfonate (14i) 
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2-(Benzylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-methanesulfonate (14j) 
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2-(Morpholin-4-yl)quinazolin-4-yl 4-methylbenzenesulfonate (13k) 
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2-(Morpholin-4-yl)quinazolin-4-yl 4-cyanobenzenesulfonate (13l) 
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2-(Morpholin-4-yl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-methylbenzenesulfonate (14k) 
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2-(Morpholin-4-yl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-cyanobenzenesulfonate (14l) 
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2-(Morpholin-4-yl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl methanesulfonate 

(14m) 
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2-(N-Benzyl-N-methylamino)quinazolin-4-yl 4-methylbenzenesulfonate (13n) 
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2-(N-Benzyl-N-methylamino)quinazolin-4-yl 4-cyanobenzenesulfonate (13o) 
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2-(N-Benzyl-N-methylamino)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-methylbenzenesulfonate (14n) 
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2-(N-Benzyl-N-methylamino)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

4-cyanobenzenesulfonate (14o) 
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2-(N-Benzyl-N-methylamino)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl 

methanesulfonate (14p) 
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tert-Butyl 2-nitrobenzoate (16) 
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tert-Butyl 2-aminobenzoate (17) 

1.
00

00

7.
80

40
7.

80
21

7.
79

14
7.

79
01

7.
78

82
7.

78
63

(ppm)

7.80

1.
02

28

7.
22

65
7.

21
52

7.
21

33
7.

21
20

7.
21

02
7.

19
88

7.
19

57

(ppm)

7.20

1.
00

00

1.
02

28

2.
07

02

1.
95

22

9.
44

16

In
te

gr
al

7.
80

71
7.

80
59

7.
80

40
7.

80
21

7.
79

14
7.

79
01

7.
78

82
7.

78
63

7.
22

97
7.

22
65

7.
21

52
7.

21
33

7.
21

20
7.

21
02

7.
19

88
7.

19
57

6.
62

45
6.

62
33

6.
62

08
6.

60
88

6.
60

50
6.

59
30

6.
59

05

5.
67

27

1.
57

03

(ppm)

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5

2.
07

02

6.
62

45
6.

62
33

6.
62

08

6.
60

88
6.

60
50

6.
59

30
6.

59
05

(ppm)

6.60

1.
95

22
5.

67
27

(ppm)

5.65.7

9.
44

16
1.

57
03

(ppm)

1.571.58

 

 

16
7.

59
24

15
0.

25
66

13
3.

47
39

13
1.

40
21

11
6.

61
40

11
6.

05
49

11
2.

53
58

80
.5

42
7

28
.2

71
6

(ppm)

0102030405060708090100110120130140150160170

 

 



50 
 

tert-Butyl 2-isothiocyanatobenzoate (18) 

1.
00

00

1.
04

22

2.
05

25

9.
37

80

In
te

gr
al

7.
87

95
7.

87
64

7.
86

25
7.

86
06

7.
46

16
7.

45
84

7.
44

64
7.

44
33

7.
43

07
7.

42
75

7.
30

40
7.

30
15

7.
28

63
7.

27
12

1.
61

12

(ppm)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5

1.
00

00

7.
87

95
7.

87
64

7.
86

25
7.

86
06

(ppm)

1.
04

22

7.
46

16
7.

45
84

7.
44

64
7.

44
33

7.
43

07
7.

42
75

(ppm)

7.44

2.
05

25

7.
30

40
7.

30
15

7.
28

63

7.
27

12

(ppm)

7.28

9.
37

80
1.

61
12

(ppm)

 

 

16
3.

92
40

13
4.

19
30

13
2.

52
37

13
1.

38
37

12
9.

69
25

12
8.

41
37

12
8.

01
13

12
6.

82
37

82
.4

90
9

28
.1

95
6

(ppm)

0102030405060708090100110120130140150160170

 

 



51 
 

tert-Butyl 2-(3-((4-methylphenyl)sulfonyl)thioureido)benzoate (19) 
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(Z)-tert-Butyl 2-((4-methylbenzenesulfonamido)(methylsulfanyl)methyleneamino)-benzoate (20) 
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(Z)-2-((4-Methylbenzenesulfonamido)(methylsulfanyl)methyleneamino)benzoic acid (21) 
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3-(4-Methylbenzenesulfonyl)-2-(methylsulfanyl)quinazolin-4(3H)-one (11e) 
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tert-Butyl 2-isothiocyanato-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (22) 

4.
07

05

4.
56

76

9.
00

00

In
te

gr
al

2.
65

70
2.

62
86

1.
76

25
1.

67
30

1.
52

24

(ppm)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.0

4.
07

05

2.
65

70

2.
62

86

(ppm)

2.64

4.
56

76

1.
76

25

1.
67

30

(ppm)

1.681.721.76
9.

00
00

1.
52

24
(ppm)

 



56 
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tert-Butyl 2-(3-(4-cyanophenylsulfonyl)thioureido)-4,5,6,7-tetrahydrobenzo[b]-thiophene-3-

carboxylate (24) 
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tert-Butyl 2-(3-(methylsulfonyl)thioureido)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate 
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(Z)-tert-Butyl 2-(((4-methylphenyl)sulfonamido)(methylthio)methyleneamino)-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carboxylate (26e) 
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(Z)-tert-Butyl 2-((4-cyanophenylsulfonamido)(methylthio)methyleneamino)-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carboxylate (26f) 
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(Z)-tert-Butyl 2-((methylsulfonyl)(methylsulfanyl)methyleneamino)-4,5,6,7-tetrahydrobenzo-

[b]thiophene-3-carboxylate (26g) 
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 (Z)-tert-Butyl 2-(4-methylphenylsulfonamido(benzylsulfanyl)methyleneamino)-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carboxylate (26h) 
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(Z)-tert-Butyl 2-((methylsulfonamido(benzylthio)methyleneamino)-4,5,6,7-tetrahydro-

benzo[b]thiophene-3-carboxylate (26j) 
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 (Z)-2-(4-Methylphenylsulfonylamido(methylthio)methyleneamino)-4,5,6,7-tetrahydro-

benzo[b]thiophene-3-carboxylic acid (27e) 
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(Z)-2-(4-Cyanophenylsulfonamido(methylsulfanyl)methyleneamino)-4,5,6,7-tetrahydro-benzo-

[b]thiophene-3-carboxylic acid (27f) 
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(Z)-2-(Methylsulfonylamido(methylsulfanyl)methyleneamino)-4,5,6,7-tetrahydrobenzo[b]-

thiophene-3-carboxylic acid (27g). 
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(Z)-2-((4-Methylphenylsulfonamido)(benzylsulfanyl)methyleneamino)-4,5,6,7-tetrahydro-

benzo[b]thiophene-3-carboxylic acid (27h) 
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(Z)-2-((Methylsulfonamido(benzylsulfanyl)methyleneamino)-4,5,6,7-tetrahydrobenzo[b]-

thiophene-3-carboxylic acid (27j) 
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3-(4-Methylbenzenesulfonyl)-2-(methylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno- 

[2,3-d]pyrimidin-4(3H)-one (12e) 
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4-((2-(Methylsulfanyl)-4-oxo-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-3(4H)-

yl)sulfonyl)benzonitrile (12f) 
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3-(Methylsulfonyl)-2-(methylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno- 

[2,3-d]pyrimidin-4(3H)-one (12g) 
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3-(4-Methylbenzenesulfonyl)-2-(benzylsulfanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno-[2,3-d]-

pyrimidin-4(3H)-one (12h) 
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2-(Benzylsulfanyl)-3-(methylsulfonyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)-

one (12j) 
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HSQC and HMBC spectra of representative compounds (12c, 12e, 13e, 13k, 14e, and 14d) 

 

HSQC and HMBC spectrum of 12c 
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HSQC and HMBC spectrum of 12e 
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HSQC and HMBC spectrum of 13e 
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HSQC and HMBC spectrum of 13k 
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HSQC and HMBC spectrum of 14e 
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HSQC and HMBC spectrum of 14d, recorded at 600 MHz and 150 MHz 

 
 
 


