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Analytical Data (NMR, IR, HRMS and optical rotation) of Prepared Derivatives

(-)-(S)-2-nitro-N-(2-oxo-2-phenethyl)-N-(2-oxotetrahydrofuran-3-yl)benzenesulfonamide 5a
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Figure S1. Detailed COSY, NOE and 1H-15N HMBC NMR analysis of lactone 5a
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Figure S2. Detailed 1H-13C HMBC NMR analysis of lactone 5a
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Table S1. 1H NMR (500 MHz) and 13C{1H} NMR (126 MHz) data, including detailed COSY, 
1H-13C HMBC and NOE correlations for lactone 5aa

posi-
tion

1H NMR
δH [ppm]b

splitting pattern, 
J [Hz], integration

13C{1H} 
NMR δC
[ppm]

COSY 
correlations

1H-13C HMBC 
correlations

NOE 
correlations

2 - - 174.4 - - -

3 5.05 dd, J = 12.4, 8.7 
Hz, 1H 58.6 Ha

4, Hb
4 28.4, 53.2, 

174.4

Ha
5, H9 (weak 

int).), Ha
15, H18,22 

(very weak int.)

Ha : 2.29
dddd, J = 12.5, 

12.5, 11.2, 9.0 Hz, 
1H

H3, Ha
5, Hb

5 58.6, 66.2 Hb
15,  H18,22

4

Hb: 2.57 dddd, J = 12.7, 8.7, 
5.8, 1.0 Hz, 1H

28.4
H3, Ha

5, Hb
5 

(weak int.) 58.6, 174.4 H18,22 (very weak 

int.)

Ha : 4.24 ddd, J = 11.2, 9.0, 
5.8 Hz, 1H

Ha
4, Hb

4, Hb
5

Ha
4, Hb

4 (weak 

int.), Ha
5

28.4 (weak int.) H3, Ha
15

5

Hb: 4.31 ddd, J = 9.0, 9.0, 
1.0 Hz, 1H

66.7

Ha
5, 28.4, 58.6, 

174.4

Ha
15 (very weak 

int.), H18,22 (very 

weak int.)

8 - - 133.8 - - -

9 8.26 dd, J = 7.7, 1.6 Hz, 
1H 131.6 H10 125.4, 135.4, 

148.9 H11, H12

10 7.81 m, 1H 125.1 H9 131.6, 148.9 H12

11 7.77 m, 1H 133.3 H12 125.4 H9

12 7.75 m, 1H 135.4 H11 131.6, 133.3, 
133.8, 148.9 H9, H10

13 - - 148.9 -

Ha : 5.25 J = 19.2 Hz, 1H Hb
15 58.6, 135.5, 

194.7

H3, Ha
5 (very weak 

int.), H9 (weak int.), 
H18,22 15

Hb: 4.60 d, J = 19.2 Hz, 1H

53.2

Ha
15 58.6, 135.5, 

194.7

Ha
4, Hb

5 (very 

weak int.), H9 (weak 

int.), H18,22

16 - - 194.7 - - -
17 - - 135.5 - - -

18,22 7.94-7.96 m, 2H 128.9 H19,21 129.8, 134.9, 
194.7 H20

19,21 7.50-7.54 m, 2H 129.8 H18,22, H20 128.9, 135.5, 
194.7 -

20 7.63-7.67 m, 1H 134.9 H21 128.9 H18,22

aAssignments are based on extensive 1D and 2D NMR analysis (1H-1H COSY, 1H-13C HMQC, 1H-13C 

HMBC and 1H-1H NOESY); measured in MeCN-d3; int. = interaction.
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Figure S3. 1H NMR spectrum of 5a (500 MHz, MeCN-d3); note: the signal of non-deuterated MeCN at 

1.96 ppm and MeCN-d3 at 1.94 ppm in ratio 62:38 in 1H NMR

Figure S4. 13C{1H} NMR spectrum of 5a (126 MHz, MeCN-d3)
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Figure S5. 13C APT NMR spectrum of 5a (126 MHz, MeCN-d3)

Figure S6. 1H-1H COSY NMR spectrum of 5a (500 MHz, MeCN-d3)
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Figure S7. 1H-13C HMQC NMR spectrum of 5a (MeCN-d3)

Figure S8. 1H-13C HMBC NMR spectrum of 5a (MeCN-d3)
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Figure S9. 1H-15N HMBC NMR spectrum of 5a (MeCN-d3)

Figure S10. 1H-1H NOESY NMR spectrum of 5a (MeCN-d3)
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Figure S11. IR spectrum of 5a

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
m/z

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

500000

550000

600000

650000

700000

750000

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

422.1018

450.1329405.0750
478.1644218.0811161.0566 626.0822341.1132 507.1991263.0412 745.1813376.3057 582.9786 660.0965

405.0751

NL:
2.89E8
PK-OXH21bromk#31  RT: 
0.62  AV: 1 SB: 3  0.82-0.88  
, 1.09-1.13 T: FTMS + c ESI 
Full lock ms 
[100.0000-800.0000] 

NL:
7.62E5
C 18 H16 O7 N2 S +H: 
C 18 H17 O7 N2 S 1
pa Chrg 1

Figure S12. HRMS spectrum of 5a. Note: ion 422 belongs to the ammonium adduct originating from 

mobile phase.



S9

(-)-ammonium (2R,5S)-2-phenyl-4-tosyl-1,4-oxazepane-5-carboxylate 6g

N
O

O

O

O2S

2R

5S

CH3

NH4

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

parts per Million

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

7.
75

9
7.

74
3

7.
35

7
7.

34
1

7.
31

7
7.

30
2

7.
28

5
7.

28
2

7.
27

9
7.

27
3

7.
26

8
7.

26
2

7.
25

2
7.

24
9

7.
23

5
4.

81
1

4.
57

2
4.

55
8

4.
55

1
4.

53
7

4.
32

8
4.

31
0

4.
04

0
4.

03
7

4.
02

8
4.

02
5

4.
01

5
4.

01
2

4.
00

2
3.

99
9

3.
79

6
3.

76
5

3.
53

6
3.

53
1

3.
52

9
3.

51
7

3.
51

3
3.

51
1

3.
50

4
3.

48
5

2.
51

9
2.

50
7

2.
50

3
2.

50
1

2.
48

8
2.

38
5

2.
15

0
2.

14
7

2.
14

4
2.

13
4

2.
12

9
2.

12
5

2.
11

9
2.

11
6

2.
11

2

2.
00

2.
00

2.
01

1.
00

2.
00

4.
97

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00

3.
00

1.
01

Figure S13. 1H NMR spectrum of 6g (500 MHz, MeCN-d3). Note: The broad signal observed at 4.81 

ppm represents ammonium ion and residual water.
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Figure S15. IR spectrum of 6g
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(-)-(2R,5S)-4-((2-aminophenyl)sulfonyl)-2-phenyl-1,4-oxazepane-5-carboxylic acid 7a 

The analytical data are identical for 7a prepared from Wang resin or Wang-piperazine resin.
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Table S2. 1H NMR (500 MHz) and 13C{1H} NMR (126 MHz) data, including detailed COSY, 
1H-13C HMBC and NOE correlations for 1,4-oxazepane 7aa

position
1H NMR
δH [ppm]b

splitting pattern, 
J [Hz], integration

13C{1H} 
NMR δC
[ppm]

COSY 
correlation

s

1H-13C HMBC 
correlations

NOE 
correlations

2 4.16 d, J = 9.5 Hz, 1H 82.7 Hb
3 67.5, 127.1, 

141.0
Ha

7, H9,13, H19 

(weak int.)

Ha : 3.70 d, J = 16.1 Hz, 1H, Hb
3 59.1 H9,13, H19

3 Hb: 3.50 dd, J = 16.1, 9.5 Hz, 
1H

54.1 H2, Ha
3 59.1 (weak int.), 

82.7 Hb
6, H9,13

5 4.66 dd, J = 10.4, 7.1 Hz, 
1H 59.1 Ha

6, Hb
6 35.6, 174.8 Ha

7, H19

Ha : 2.54
ddd, J = 15.4, 7.1, 

6.3 Hz, 1H H5, Hb
6, 

Hb
7 67.5 -

6
Hb: 2.16

dddd, J = 15.4, 
10.4, 8.9, 1.1 Hz, 

1H

35.6
H5, Ha

6, 
Ha

7
59.1, 67.5, 

174.8 Hb
3

Ha : 3.65 dd, J = 12.7, 8.9 Hz, 
1H Hb

6, Hb
7 35.6, 59.1, 

82.7 H2, H5,
7

Hb: 4.02 ddd, J = 12.7, 6.3, 
1.1 Hz, 1H

67.5
Ha

6, Ha
7 59.1, 82.7 H9,13 (very weak 

int.)

8 - - 141.0 - -

9,13 7.15 m, 2H 127.1 H10,12 82.7, 128.7, 
129.3

H2, Ha
3, Hb

3, 
Hb

7 (very weak 

int.)

10,12 7.27-7.31 m, 2H 129.3 H9,13, H11 127.1, 128.7, 
141.0 -

11 7.23-7.27 m, 1H 128.7 H10,12 127.1, 129.3 -
14 - - 121.9 - - -
15 - - 147.5 - - -

16 6.84 dd, J = 8.3, 1.0 Hz, 
1H 118.6 H17 117.7, 121.9 -

17 7.34 ddd, J = 8.3, 7.2, 
1.5 Hz, 1H 135.4 H16, H18, 118.6, 131.0, 

147.5 -

18 6.75 ddd, J = 8.1, 7.2, 
1.0 Hz, 1H 117.7 H17, H19 121.9, 131.0, 

135.4 -

19 7.66 dd, J = 8.1, 1.5 Hz, 
1H 131.0 H18 135.4, 147.5 H2 (very weak 

int.), Ha
3, H5

21 - - 174.8 - - -
aAssignments are based on extensive 1D and 2D NMR analysis (1H-1H COSY, 1H-13C HMQC, 1H-13C 

HMBC and 1H-1H NOESY); measured in MeCN-d3; int. = interaction.
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Figure S20. 1H NMR spectrum of 7a (500 MHz, MeCN-d3)

Figure S21. 13C{1H} NMR spectrum of 7a (126 MHz, MeCN-d3)
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Figure S22. 13C APT NMR spectrum of 7a (126 MHz, MeCN-d3)

Figure S23. 1H-1H COSY NMR spectrum of 7a (500 MHz, MeCN-d3)
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Figure S24. 1H-13C HMQC NMR spectrum of 7a (MeCN-d3)

Figure S25. 1H-13C HMBC NMR spectrum of 7a (MeCN-d3)
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Figure S26. 1H-15N HMBC NMR spectrum of 7a (MeCN-d3)

Figure S27. 1H-1H NOESY NMR spectrum of 7a (MeCN-d3)
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Figure S28. IR spectrum of 7a 
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Figure S29. HRMS spectrum of 7a
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(-)-(2R,5S)-4-((2-aminophenyl)sulfonyl)-2-phenyl-1,4-oxazepane-5-carboxamide 7b2R
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Figure S30. 1H NMR spectrum of 7b2R (500 MHz, MeCN-d3)
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Figure S31. 13C{1H} NMR spectrum of 7b2R (126 MHz, MeCN-d3)
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Figure S32. IR spectrum of 7b2R
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Figure S33. HRMS spectrum of 7b2R
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(+)-(2S,5S)-4-((2-aminophenyl)sulfonyl)-2-phenyl-1,4-oxazepane-5-carboxamide 7b2S
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Figure S34. Detailed COSY and 1H-13C HMBC NMR analysis of 1,4-oxazepane 7b2S
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Table S3. 1H NMR (500 MHz) and 13C{1H} NMR (126 MHz) spectral data, including detailed COSY, 
1H-13C HMBC and NOE correlations for 1,4-oxazepane 7b2Sa

position
1H NMR
δH [ppm]b

splitting pattern, 
J [Hz], integration

13C{1H} 
NMR δC
[ppm]

COSY 
correlations

1H-13C HMBC 
correlations

NOE 
correlations

2 4.64 dd, J = 8.7, 1.6 Hz, 
1H 81.4 Ha

3, Hb
3

56.8, 126.6, 
128.6 (weak 

int.), 141.9
Ha

7, H9,13

Ha : 3.63 dd, J = 14.2, 1.6 Hz, 
1H, H2, Hb

3 59.4, 81.4 H9,13 (very weak 

int.)

3
Hb: 3.43 dd, J = 14.2, 8.7 Hz, 

1H

56.8
H2, Ha

3
59.4 (weak int.), 
81.4, 141.9 

(weak int.)
H5, Hb

6

5 4.59 dd, J = 4.5, 4.5 Hz, 
1H 59.4 Ha

6, Hb
6 33.0 (weak int.), 

66.9, 174.3

Hb
3, Hb

7 (very 

weak int.), H19 

(very weak int.), 
H20, H22 (very 

weak int.)

Ha : 2.30 dddd, J = 15.8, 4.9, 
4.5, 1.6 Hz, 1H

H5, Hb
6, Ha

7 

(weak int.), Hb
7 - -

6
Hb: 2.10 dddd, J = 15.8, 11.0, 

4.5, 3.0 Hz, 1H

33.0 H5, Ha
6, 

Ha
7, Hb

7 

(weak int.)
- Hb

3

Ha : 3.78 ddd, J = 12.8, 11.0, 
1.6 Hz, 1H

Ha
6 (weak int.), 

Hb
6, Hb

7 59.4, 81.4 H2

7
Hb: 3.94 ddd, J = 12.8, 4.5, 

3.0 Hz, 1H

67.0 Ha
6, Hb

6 

(weak int.), Ha
7 59.4, 81.4 H5 (very weak int.)

8 - - 141.9 - - -

9,13 7.18-7.19 m, 2H 126.6 H10,12 81.4, 128.6 H2, Ha
3 (weak 

int.)

10,12 7.27-7.30 m, 2H 129.3 H9,13, H11 141.9 -
11 7.24-7.27 m, 1H 128.6 H10,12 126.6, 129.3 -
14 - - 119.1 - - -
15 - - 148.0 - - -

16 6.85 dd, J = 8.5, 1.1 Hz, 
1H 118.7 H17 117.5, 119.1 -

17 7.35 ddd, J = 8.5, 7.2, 1.6 
Hz, 1H 135.7 H16, H18, 131.3, 148.0 -

18 6.70 ddd, J = 8.2, 7.2, 1.1 
Hz, 1H 117.5 H17, H19 118.7, 

119.1, 148.0 -

19 7.58 dd, J = 8.1, 1.6 Hz, 
1H 131.3 H18 135.7 H5 (very weak int.)

20 5.62 br. s, 2H - - - H5

21 - - 174.4 - - -
Ha : 5.99 br. s, 1H H5 (very weak int.)

22 Hb: 6.75 br.s, 1H - - - H5 (very weak int.)

aAssignments are based on extensive 1D and 2D NMR analysis (1H-1H COSY, 1H-13C HMQC, 1H-13C 

HMBC and 1H-1H NOESY); measured in MeCN-d3; int. = interaction.
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Figure S36. 1H NMR spectrum of 7b2S (500 MHz, MeCN-d3)
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Figure S37. 13C{1H} NMR spectrum of 7b2S (126 MHz, MeCN-d3)
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Figure S38. 1H-1H COSY NMR spectrum of 7b2S (500 MHz, MeCN-d3)

Figure S39. 1H-13C HMQC NMR spectrum of 7b2S (MeCN-d3)
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Figure S40. 1H-13C HMBC NMR spectrum of 7b2S (MeCN-d3)

Figure S41. 1H-1H NOESY NMR spectrum of 7b2S (MeCN-d3)
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Figure S42. IR spectrum of 7b2S
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Figure S43. HRMS spectrum of 7b2S

(-)-(2R,5S)-4-((2-amino-4-methoxyphenyl)sulfonyl)-2-phenyl-1,4-oxazepane-5-carboxylic acid 7e
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Figure S44. 1H NMR spectrum of 7e (500 MHz, MeCN-d3)

Figure S45. 13C{1H} NMR spectrum of 7e (126 MHz, MeCN-d3)
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Figure S46. IR spectrum of 7e
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Figure S47. HRMS spectrum of 7e

(-)-(2RS,5S)-4-((2-amino-4-chlorophenyl)sulfonyl)-2-phenyl-1,4-oxazepane-5-carboxylic acid 7f2RS
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Figure S48. 1H NMR spectrum of 7f2RS (500 MHz, MeCN-d3). Note: Only the signals belonging to the 

major diastereomer were analyzed.
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Figure S49. 13C{1H} NMR spectrum of 7f2RS (126 MHz, MeCN-d3). Note: Only the signals belonging to 

the major diastereomer were analyzed.
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Figure S50. IR spectrum of 7f2RS
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Figure S51. HRMS spectrum of 7f2RS

(-)-(2R,5S)-4-((2-aminophenyl)sulfonyl)-2-(2-fluorophenyl)-1,4-oxazepane-5-carboxylic acid 7i2R
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Figure S52. 1H NMR spectrum of 7i2R (500 MHz, MeCN-d3)
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Figure S53. 13C{1H} NMR spectrum of 7i2R (126 MHz, MeCN-d3)
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Figure S54. IR spectrum of 7i2R
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Figure S55. HRMS spectrum of 7i2R
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Figure S56. 1H NMR spectrum of 7i2S (500 MHz, MeCN-d3). Note: Only the signals belonging to the 

major diastereomer were analyzed.
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Figure S57. 13C{1H} NMR spectrum of 7i2S (126 MHz, MeCN-d3). Note: Only the signals belonging to 

the major diastereomer were analyzed.
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Figure S58. IR spectrum of 7i2S
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Figure S59. HRMS spectrum of 7i2S

(-)-(2R,5S)-4-((2-aminophenyl)sulfonyl)-2-(3-fluorophenyl)-1,4-oxazepane-5-carboxylic acid 7k
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Figure S60. 1H NMR spectrum of 7k (500 MHz, MeCN-d3)
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Figure S61. 13C{1H} NMR spectrum of 7k (126 MHz, MeCN-d3)
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Figure S62. IR spectrum of 7k
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Figure S63. HRMS spectrum of 7k

(+)-(2R,5S)-4-((2-aminophenyl)sulfonyl)-2-(p-tolyl)-1,4-oxazepane-5-carboxylic acid 7m
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Figure S64. 1H NMR spectrum of 7m (500 MHz, MeCN-d3)

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

parts per Million
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

17
4.

59
1

14
7.

45
2

13
8.

40
9

13
8.

04
8

13
5.

38
4

13
1.

00
3

12
9.

84
7

12
6.

99
8

12
1.

95
1

11
8.

61
3

11
7.

64
2

82
.5

84

67
.3

94

59
.0

57
54

.1
38

35
.6

02

21
.1

02

Figure S65. 13C{1H} NMR spectrum of 7m (126 MHz, MeCN-d3)
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Figure S66. IR spectrum of 7m
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Figure S67. HRMS spectrum of 7m
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Figure S68. 1H NMR spectrum of 7o (500 MHz, MeCN-d3). Note: Only the signals belonging to the 

major diastereomer were analyzed.
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Figure S69. 13C{1H} NMR spectrum of 7o (126 MHz, MeCN-d3). Note: Only the signals belonging to the 

major diastereomer were analyzed.
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Figure S70. IR spectrum of 7o
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Figure S71. HRMS spectrum of 7o

(-)-(2R,5S)-4-((2-aminophenyl)sulfonyl)-2-(4-(trifluoromethyl)phenyl)-1,4-oxazepane-5-carboxylic 
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N
O

HO

O

O2S

2R

H2N

5S
CF3



S40

Figure S72. 1H NMR spectrum of 7q (500 MHz, MeCN-d3). Note: Only the signals belonging to the 

major diastereomer were analyzed.
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Figure S73. 13C{1H} NMR spectrum of 7q (126 MHz, MeCN-d3). Note: Only the signals belonging to the 

major diastereomer were analyzed.
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Figure S74. IR spectrum of 7q
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Figure S75. HRMS spectrum of 7q
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Figure S76. 1H NMR spectrum of 7t (500 MHz, MeCN-d3)
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Figure S77. 13C{1H} NMR spectrum of 7t (126 MHz, MeCN-d3)
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Figure S78. IR spectrum of 7t
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Figure S79. HRMS spectrum of 7t. Note: ion 397 belongs to the ammonium adduct originating from 

mobile phase.
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Figure S80. 1H NMR spectrum of 9h (500 MHz, MeCN-d3)

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

parts per Million
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

17
3.

86
8

14
3.

40
2

14
0.

27
6

13
8.

51
5

13
6.

55
2

13
4.

78
2

13
1.

26
9

13
1.

09
2

13
0.

50
2

13
0.

34
2

12
8.

28
6

12
6.

69
4

12
0.

86
3

12
0.

43
4

10
1.

38
4

66
.6

87

58
.5

65

26
.2

79

19
.4

45

Figure S81. 13C{1H} NMR spectrum of 9h (126 MHz, MeCN-d3)
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Figure S82. IR spectrum of 9h
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Figure S84. 1H NMR spectrum of 9j (500 MHz, MeCN-d3)
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Figure S85. 13C{1H} NMR spectrum of 9j (126 MHz, MeCN-d3)
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Figure S86. IR spectrum of 9j
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Figure 87. HRMS spectrum of 9j. Note: ions 452 and 454 belongs to the ammonium adduct originating 

from mobile phase.
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Figure S88. 1H NMR spectrum of 10r (500 MHz, MeCN-d3)

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

parts per Million
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

17
5.

17
4

14
7.

14
3

13
5.

36
4

13
0.

18
2

12
1.

54
6

11
8.

33
6

11
7.

55
2

66
.5

69

52
.4

82

30
.6

60

Figure S89. 13C{1H} NMR spectrum of 10r (126 MHz, MeCN-d3)
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Figure S91. IR spectrum of 10r



S50

100 200 300 400 500 600 700 800 900 1000
m/z

0

100000

200000

300000

400000

500000

600000

700000

800000

0

10

20

30

40

50

60

70

80

90

100
R

el
at

iv
e 

A
bu

nd
an

ce
255.0440

156.0111

273.0546
352.9340

237.0906 573.0087390.9075

172.0059

533.0774 646.1636 707.3795 892.9705805.0932 952.2036
273.0540

NL:
2.68E9
PK_OXH27TES_R_dealkyl#3
2  RT: 0.64  AV: 1 SB: 4  
0.81-0.87  , 1.07-1.13 T: 
FTMS - c ESI Full ms 
[100.0000-1000.0000] 

NL:
8.35E5
C 10 H13 O5 N2 S: 
C 10 H13 O5 N2 S 1
pa Chrg 1
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Figure S93. 1H NMR spectrum of 11n (500 MHz, MeCN-d3)
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Figure S94. 13C{1H} NMR spectrum of 11n (126 MHz, MeCN-d3)

Figure S95. IR spectrum of 11n
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Figure S96. HRMS spectrum of 11n. Note: ion 438 belongs to the ammonium adduct originating from 

mobile phase.


