
1 
 

Supporting Information 
 

 

 

A general and stereoselective approach to 14-membered cyclic bis-semicarbazones 

involving BF3-catalyzed amidoalkylation of 2-(trimethylsilyloxy)propene 

 

Anastasia A. Fesenko and Anatoly D. Shutalev* 

 

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 47 Leninsky Ave., 

119991 Moscow, Russian Federation 

 

 

 

Contents 

 

1. Copies of 1H and 13C NMR spectra of amidoalkylating reagents, sulfones 5a-h 2-17 

2. Copies of 1H and 13C NMR spectra of amidoalkylating reagents, ethers 9a-h  18-33 

3. Copies of 1H and 13C NMR spectra of 4-(3-oxobut-1-yl)semicarbazones 10a-h 34-49 

4. Copies of 1H and 13C NMR spectra of hydrazones of  

 4-(3-oxobut-1-yl)semicarbazones 14a-h, 15, and -semicarbazides 16a,b  50-72 

5. Copy of 1H,1H-NOESY spectra of compounds 14a,c     73–76 

6. Copies of 1H and 13C NMR spectra of macrocycles 17a-h    77-90 

7. Copies of IR spectra of synthesized compounds     91–131 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2022



2 
 

1H NMR spectrum of compound 5a (DMSO-d6). 
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13C NMR spectrum of compound 5a (DMSO-d6). 
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1H NMR spectrum of compound 5b (DMSO-d6). 
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13C NMR spectrum of compound 5b (DMSO-d6). 
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1H NMR spectrum of compound 5c (DMSO-d6). 
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13C NMR spectrum of compound 5c (DMSO-d6). 
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1H NMR spectrum of compound 5d (DMSO-d6). 
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13C NMR spectrum of compound 5d (DMSO-d6). 
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1H NMR spectrum of compound 5e (DMSO-d6). 
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13C NMR spectrum of compound 5e (DMSO-d6). 
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1H NMR spectrum of compound 5f (DMSO-d6). 
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13C NMR spectrum of compound 5f (DMSO-d6). 
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1H NMR spectrum of compound 5g (DMSO-d6). 
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13C NMR spectrum of compound 5g (DMSO-d6). 
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1H NMR spectrum of compound 5h (DMSO-d6). 

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
Chemical Shift (ppm)

3.071.004.012.041.040.96

10
.6

4

7.
84

2.
52

2.
50

2.
39

7.5 7.0 6.5
Chemical Shift (ppm)

1.004.012.022.045.031.04

7.
84

NH

O

NH
N

S

O

S

S

O

CH3

CH3

CH3

 



17 
 

13C NMR spectrum of compound 5h (DMSO-d6). 
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1H NMR spectrum of compound 9a (DMSO-d6). 
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13C NMR spectrum of compound 9a (DMSO-d6). 
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1H NMR spectrum of compound 9b (DMSO-d6). 
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13C NMR spectrum of compound 9b (DMSO-d6). 
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1H NMR spectrum of compound 9c (DMSO-d6). 
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13C NMR spectrum of compound 9c (DMSO-d6). 
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1H NMR spectrum of compound 9d (DMSO-d6). 
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13C NMR spectrum of compound 9d (DMSO-d6). 
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1H NMR spectrum of compound 9e (DMSO-d6). 
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13C NMR spectrum of compound 9e (DMSO-d6). 
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1H NMR spectrum of compound 9f (DMSO-d6). 
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13C NMR spectrum of compound 9f (DMSO-d6). 
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1H NMR spectrum of compound 9g (DMSO-d6). 

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
Chemical Shift (ppm)

2.991.002.011.001.000.99

10
.6

9

7.
87

3.
37

2.
50

7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0
Chemical Shift (ppm)

1.002.014.031.002.031.00

7.
87

NH

O

NH
N

O
CH3

Br

Br

 



31 
 

13C NMR spectrum of compound 9g (DMSO-d6). 
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1H NMR spectrum of compound 9h (DMSO-d6). 
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13C NMR spectrum of compound 9h (DMSO-d6). 
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1H NMR spectrum of compound 10a (DMSO-d6). 
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13C NMR spectrum of compound 10a (DMSO-d6). 
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1H NMR spectrum of compound 10b (DMSO-d6). 
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13C NMR spectrum of compound 10b (DMSO-d6). 
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1H NMR spectrum of compound 10c (DMSO-d6). 

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
Chemical Shift (ppm)

18.383.001.001.005.002.000.99

1.
25

1.
29

2.
11

7.
83

10
.3

6

NH

O

NH
N

CH3 CH3

CH3

CH3

CH3
CH3

O

CH3

 



39 
 

13C NMR spectrum of compound 10c (DMSO-d6). 
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1H NMR spectrum of compound 10d (DMSO-d6). 
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13C NMR spectrum of compound 10d (DMSO-d6). 
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1H NMR spectrum of compound 10e (DMSO-d6). 
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13C NMR spectrum of compound 10e (DMSO-d6). 
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1H NMR spectrum of compound 10f (DMSO-d6). 
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13C NMR spectrum of compound 10f (DMSO-d6). 
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1H NMR spectrum of compound 10g (DMSO-d6). 
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13C NMR spectrum of compound 10g (DMSO-d6). 
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1H NMR spectrum of compound 10h (DMSO-d6). 
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13C NMR spectrum of compound 10h (DMSO-d6). 
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1H NMR spectrum of compound 14a (DMSO-d6). 
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13C NMR spectrum of compound 14a (DMSO-d6). 
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1H NMR spectrum of compound 14b (DMSO-d6). 
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13C NMR spectrum of compound 14b (DMSO-d6). 
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1H NMR spectrum of compound 14c (DMSO-d6). 
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13C NMR spectrum of compound 14c (DMSO-d6). 
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1H NMR spectrum of compound 14d (DMSO-d6). 
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1H NMR spectrum of compound 14d (DMSO-d6). 
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13C NMR spectrum of compound 14d (DMSO-d6). 
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1H NMR spectrum of compound 14e (DMSO-d6). 
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13C NMR spectrum of compound 14e (DMSO-d6). 
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1H NMR spectrum of compound 14f (DMSO-d6). 
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13C NMR spectrum of compound 14f (DMSO-d6). 
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1H NMR spectrum of crude compound 14g (DMSO-d6). 
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13C NMR spectrum of crude compound 14g (DMSO-d6). 

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

14
.2

3

39
.5

0

44
.5

350
.7

5

11
9.

40

12
2.

18

12
8.

44
12

8.
6413
0.

83
13

1.
58

13
3.

87

13
8.

4814
3.

50
14

4.
19

15
4.

59

NH

O

NH
N

Br

Br

CH3

N
NH2

crude product containing 8 mol% 
of semicarbazone 6g

 



65 
 

1H NMR spectrum of crude compound 14h (DMSO-d6). 
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13C NMR spectrum of crude compound 14h (DMSO-d6). 
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1H NMR spectrum of compound 15 (DMSO-d6). 
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13C NMR spectrum of compound 15 (DMSO-d6). 

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

15
4.

70

14
4.

05
14

3.
17

13
9.

69

13
4.

55

12
9.

16
12

8.
56

12
8.

01
12

6.
24

51
.3

3

45
.0

6

39
.5

0
37

.5
8

15
.0

2

130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5
Chemical Shift (ppm)

12
9.

16

12
8.

56 12
8.

01

12
6.

49
12

6.
41

12
6.

24

NH

O

NH
N

N

CH3

NH

CH3

 



69 
 

1H NMR spectrum of compound 16a (DMSO-d6). 
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13C NMR spectrum of compound 16a (DMSO-d6). 
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1H NMR spectrum of compound 16b (DMSO-d6). 
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13C NMR spectrum of compound 16b (DMSO-d6). 
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1H,1H NOESY spectrum of a 84:16 mixture of (E)- and (Z)-14a (DMSO-d6) 
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1H,1H NOESY spectrum of a 84:16 mixture of (E)- and (Z)-14a (DMSO-d6) 
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1H,1H NOESY spectrum of a 86:14 mixture of (E)- and (Z)-14c (DMSO-d6) 
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1H,1H NOESY spectrum of a 86:14 mixture of (E)- and (Z)-14c (DMSO-d6) 
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1H NMR spectrum of compound 17a (DMSO-d6). 
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13C NMR spectrum of compound 17a (DMSO-d6). 
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1H NMR spectrum of crude compound 17b (DMSO-d6). 
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1H NMR spectrum of crude compound 17c (DMSO-d6). 
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13C NMR spectrum of crude compound 17c (DMSO-d6). 
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1H NMR spectrum of crude compound 17d (DMSO-d6). 
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13C NMR spectrum of crude compound 17d (DMSO-d6). 
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1H NMR spectrum of crude compound 17e (DMSO-d6). 
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13C NMR spectrum of crude compound 17e (DMSO-d6). 
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1H NMR spectrum of crude compound 17f (DMSO-d6). 
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13C NMR spectrum of crude compound 17f (DMSO-d6). 
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1H NMR spectrum of crude compound 17g (DMSO-d6). 
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1H NMR spectrum of crude compound 17h (DMSO-d6). 
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13C NMR spectrum of crude compound 17h (DMSO-d6). 
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IR spectrum of compound 5a (Nujol). 
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IR spectrum of compound 5b (Nujol). 
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IR spectrum of compound 5c (Nujol). 
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IR spectrum of compound 5d (Nujol). 
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IR spectrum of compound 5e (Nujol). 
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IR spectrum of compound 5f (KBr). 

3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm-1)

3416.09

3199.19

3081.79

2947.92

2861.3

1685.85

1601.38

1505.46

1415.26
1369.44

1319.33
1298.57

1290.7
1233.43

1148.24
1129.63

1095.98
1081.67

934.92
888.38

839.71
823.24

811.79
786.73
765.26

715.15
660.02 586.29

NH

O

NH
N

S

O

O

CH3

F

F

 



97 
 

IR spectrum of compound 5g (KBr). 
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IR spectrum of compound 5h (KBr). 
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IR spectrum of compound 9a (KBr). 
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IR spectrum of compound 9b (Nujol). 

3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm-1)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00
Tr

an
sm

itt
an

ce 3347.82

3197.4

3093.26

3026.73

1671.98

1615.09
1580.38

1509.99

1257.36

1075.12

808.99

NHNH

O

O
N CH3

CH3

CH3

 



101 
 

IR spectrum of compound 9c (KBr). 

3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm-1)

3411.08
3379.58

3350.23

3198.47

3093.24

2962.95

2904.25
2868.46

2829.8

1675.83

1611.41
1577.04

1509.75
1463.94

1363.72

1265.64

1190.48 1146.1
1113.17

1077.37

1017.24 972.86

826.1

727.32

632.82

561.95

NH

O

NH
N

CH3 CH3

CH3

CH3

CH3
CH3

O
CH3

 



102 
 

IR spectrum of compound 9d (Nujol). 

3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber (cm-1)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00
Tr

an
sm

itt
an

ce

3335.28

3194.51
3163.65

3092.3
3078.8

3043.12
3007.44

1668.12

1608.34
1589.06

1530.24
1510.95

1174.44

1069.33
1030.77

835.03
826.35NHNH

O

O
N CH3

O

O

CH3

CH3

 



103 
 

IR spectrum of compound 9e (KBr). 
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IR spectrum of compound 9f (KBr). 
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IR spectrum of compound 9g (KBr). 
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IR spectrum of compound 9h (KBr). 
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IR spectrum of compound 10a (Nujol). 
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IR spectrum of compound 10b (Nujol). 
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IR spectrum of compound 10c (Nujol). 
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IR spectrum of compound 10d (Nujol). 
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IR spectrum of compound 10e (KBr). 
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IR spectrum of compound 10f (KBr). 
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IR spectrum of compound 10g (KBr). 
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IR spectrum of compound 10h (KBr). 
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IR spectrum of compound 14a (Nujol). 
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IR spectrum of compound 14b (Nujol). 
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IR spectrum of compound 14c (Nujol). 
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IR spectrum of compound 14d (Nujol). 

3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm-1)

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95
R

ef
le

ct
an

ce

3396.03
3356.5

3197.4

3093.26

1680.66

1610.27
1579.41

1536.02
1511.92

1246.75

1174.44

1034.62

833.1

NH

O

NH
N

N

CH3

NH2O

O

CH3

CH3

 



119 
 

IR spectrum of compound 14e (KBr). 
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IR spectrum of compound 14f (KBr). 
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IR spectrum of compound 15 (Nujol). 
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IR spectrum of compound 16a (KBr). 
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IR spectrum of compound 16b (KBr). 
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IR spectrum of compound 17a (Nujol). 
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IR spectrum of compound 17b (Nujol). 
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IR spectrum of compound 17c (Nujol). 
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IR spectrum of compound 17d (Nujol). 
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IR spectrum of compound 17e (KBr). 
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IR spectrum of compound 17f (KBr). 
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IR spectrum of compound 17g (KBr). 
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IR spectrum of compound 17h (KBr). 
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