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General Experimental Methods 
 

Solvents were purified and dried by standard procedures and distilled prior to use. Melting 

points were recorded on a Kofler hot-stage apparatus and are uncorrected. The 1H NMR and 13C 

NMR spectra were recorded at 300 and 75 MHz, respectively and using CDCl3 or [d6]DMSO as 

solvents. Chemical shifts are reported in units of parts per million and all coupling constants are 

reported in Hertz.  

GC/MS analyses were performed using an HP-5MS (30 m × 0.25 mm, PhMesiloxane 5%) capillary 

column. The mass detector was operated in the electron impact ionization mode (EIMS) with an 

electron energy of 70 eV. The MALDI mass spectrum was acquired on a 4700 proteomics analyzer 

mass spectrometer equipped with 200 Hz, Nd: YAG laser at 355-nm wavelength. The MS spectrum 

was acquired in reflectron mode (20 KeV accelerating voltage), with 400ns delayed extraction, 

averaging 2000 laser shots. α-Cyano-4-hydroxycinnamic acid (HCCA) was used as matrix. A 

premixed solution of HCCA and sample (0.45 μL, 800:1) dissolved in MeOH/H20 (1:1) was spotted 

on the matrix target, dried at room temperature ready for analysis in the mass spectrometer. 

Commercially available 2-chlorotrityl chloride resin and N-Fmoc N-methylated α-amino acids were 

used. Manual solid-phase synthesis was carried out in a peptide vessel. 

N-Nosyl-N-methyl-L-alanine (5b): yellow solid (79%):1H NMR (300 MHz, CDCl3): δ 8.31 (d, 2H, 

J = 8.7 Hz), 7.93 (d, 2H, J = 8.7 Hz), 4.76 (q, 1H, J = 7.8 Hz), 2.81 (s, 3H), 1.35 (d, 3H, J = 6.8 

Hz). MS (EI) m/z (rel intensity %): 243 (100%), 186 (15), 122 (17). Anal. Calcd. for C10H12N2O6S: 

C, 41.66; H, 4.20; N, 9.72; S, 11.12. Found: C, 41.53; H, 4.21; N, 9.70; S, 11.14. 

N-Nosyl-N-methyl-L-leucine (5c): yellow solid (80%). 1H NMR (300 MHz, CDCl3): δ 8.35 (d, 2H, 

J =9.2 Hz), 8.00 (d, 2H, J = 9.2 Hz), 4.71 (m, 1H), 2.95 (s, 3H), 1.72-1.61 (m, 3H), 1.01-0.92 (m, 

6H). MS (EI) m/z (rel intensity %): 285 (100%), 243 (13), 229 (14), 186 (28), 122 (21). Anal. 

Calcd. for C13H18N2O6S: C, 47.26; H, 5.49; N, 8.48; S, 9.71. Found: C, 47.21; H, 5.51; N, 8.49; S, 

9.68. 
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N-Nosyl-N-methyl-L-valine (5d): yellow solid (83%). 1H NMR (300 MHz, CDCl3): δ 8.42-8.29 

(m, 2H), 8.05-7.92 (m, 2H), 4.18 (d, 1H, J = 10.7 Hz), 2.92 (s, 3H), 2.13 (m, 1H), 1.02 (d, 3H, J= 

6.8 Hz), 0.96 (d, 3H, J = 6.8 Hz). MS (EI) m/z (rel intensity %): 273 (7%), 271 (100), 186 (20), 122 

(35). Anal. Calcd. for C12H16N2O6S: C, 45.56; H, 5.10; N, 8.86; S, 10.14. Found: C, 45.65; H, 5.11; 

N, 8.83; S, 10.17. 

N-Nosyl-N-methyl-D-phenylalanine (5e): yellow solid (78%). 1H NMR (300 MHz, DMSO-d6): δ 

8.19 (d, 2H, J = 8.6 Hz), 7.65 (d, 2H, J = 8.6 Hz), 7.25-7.05 (m, 5H), 4.95 (m, 1H), 3.01 (s, 3H), 

2.97 (dd, 1H, J = 10.1, 13.7 Hz), 2.69 (dd, 1H, J = 4.1, 13.7 Hz). 13C NMR (75 MHz, CDCl3): δ 

175.8, 147.8, 135.7, 133.6, 132.3, 131.7, 129.0, 128.7, 127.2, 124.3, 60.7, 35.4, 30.9. MS (EI) m/z 

(rel intensity %): 319 (33%), 273 (57), 186 (59), 162 (84), 122 (41), 91 (100). Anal. Calcd. for 

C16H16N2O6S: C, 52.74; H, 4.43; N, 7.69; S, 8.80. Found: C, 52.68; H, 4.44; N, 7.69; S, 8.77. 

Nα-Nosyl-Nε-Boc-N-methyl-L-lysine (5f): white solid (70%): 1H NMR (300 MHz, CDCl3): δ 8.55 

(s broad, 1H), 8.30 (d, 2H, J = 8.7 Hz), 8.03 (d, 2H, J = 8.7 Hz), 6.02 (br s, 1H), 4.65 (m, 1H), 3.13-

2.99 (m, 2H), 2.84 (s, 3H), 1.94 (m, 1H), 1.66 (m, 1H), 1.50-1.20 (m, 13H). 13C NMR (75 MHz, 

CDCl3): δ 174.2, 156.3, 149.9, 144.8, 128.7, 124.1, 79.5, 59.7, 39.9, 29.9, 29.3, 28.4, 27.4, 23.2 

Anal. Calcd. for C18H27N3O8S: C, 48.53; H, 6.11; N, 9.43; S, 7.20. Found: C, 48.57; H, 6.10; N, 

9.41; S, 7.21. 

Nα-Nosyl-N-methyl-O-tert-butyl-L-serine (5g): white solid (77%): 1H NMR (300 MHz, CDCl3): δ 

9.25 (br s, 1H), 8.31 (d, 2H, J = 8.7 Hz), 8.08 (d, 2H, J = 8.7 Hz), 4.83 (m, 1H), 3.81 (dd, 1H, J = 

9.6, 4.5 Hz), 3.66 (m, 1H), 2.90 (s, 3H), 1.10 (s, 9H). 13C NMR (75 MHz, CDCl3): δ 173.2, 149.9, 

145.3, 128.9, 124.0, 74.3, 60.4, 59.5, 30.8, 27.3. Anal. Calcd. for C14H20N2O7S: C, 46.66; H, 5.59; 

N, 7.77; S, 8.90. Found: C, 46.52; H, 5.59; N, 7.75; S, 8.93. 

Nα-Nosyl-N-methyl-O-tert-butyl-L-tyrosine (5h): white solid (73%): 1H NMR (300 MHz, 

CDCl3): δ 8.12 (d, 2H, J = 8.7 Hz), 7.91 (s broad, 1H), 7.50 (d, 2H, J = 8.7 Hz), 6.98 (d, 2H, J = 8.4 

Hz), 6.75 (d, 2H, J = 8.1 Hz), 4.88 (m, 1H), 3.34 (dd, 1H, J = 14.4, 3.6 Hz), 2.92-2.78 (m, 4H), 1.30 
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(s, 9H). 13C NMR (75 MHz, CDCl3): δ 174.4, 154.6, 149.7, 144.8, 131.2, 129.2, 128.2, 124.2, 

124.1, 78.6, 61.9, 34.4, 30.2, 28.7. Anal. Calcd. for C20H24N2O7S: C, 55.03; H, 5.54; N, 6.42; S, 

7.35. Found: C, 55.08; H, 5.53; N, 6.40; S, 7.36. 

Nα-Nosyl-N-methyl- S-benzyl-L-cysteine (5i): white solid (70%): 1H NMR (300 MHz, CDCl3): δ 

8.30 (d, 2H, J = 8.7 Hz), 8.00 (d, 2H, J = 8.7 Hz), 7.41-7.12 (m, 5H), 4.80 (m, 1H), 3.79 (s, 2H), 

2.98 (m, 1H), 2.81 (s, 3 H), 2.65 (m, 1H). 13C NMR (75 MHz, CDCl3): δ 170.7, 149.0, 146.1, 137.3, 

129.1, 128.7, 128.5, 127.8, 124.2, 65.6, 38.0, 30.1, 29.9. Anal. Calcd. for C17H18N2O6S2: C, 49.74; 

H, 4.42; N, 6.82; S, 15.62. Found: C, 49.59; H, 4.43; N, 6.80; S, 15.65. 

 Nα-Nosyl-N-methyl-Nβ-trityl-L-asparagine (5l): white solid (76%): 1H NMR (300 MHz, CDCl3): 

δ 8.14 (d, 2H, J = 8.7 Hz), 7.88 (d, 2H, J = 8.7 Hz), 7.40 (s, 1H), 7.32-7.10 (m, 15H), 4.97 (m, 1H), 

2.99 (m, 1H), 2.79 (s, 3H), 2.54 (m, 1H). 13C NMR (75 MHz, CDCl3): δ 170.8, 169.0, 149.8, 144.3, 

144.0, 128.9, 128.6, 128.0, 127.1, 124.1, 70.9, 57.3, 37.6, 31.6. Anal. Calcd. for C30H27N3O7S: C, 

62.82; H, 4.74; N, 7.33; S, 5.59. Found: C, 63.07; H, 4.73; N, 7.30; S, 5.64. 

N-Fmoc-N-methyl-L-alanine (7b). white solid (82%). mp 140-142°C. 1H NMR (300 MHz, 

CDCl3), two conformers (61*: 39): δ 9.32 (s broad, 1H), 7.80-7.25 (m, 8H), 4.65 and 4.83* (2q, 1H, 

J =7.3 Hz), 4.30-4.18 and 4.45*-4.31 (2m, 3H), 2.89 and 2.92* (2s, 3H), 1.44*and 1.38 (2d, 3H, J = 

7.2 Hz). 13C NMR (75 MHz, CDCl3), two conformers: δ 170.9, 170.8, 162.3, 161.9, 144.3, 144.2, 

141.2, 128.1, 128.0, 127.6, 127.5, 125.5, 120.6, 67.2, 54.7, 54.6, 47.1, 47.0, 30.8, 30.7, 15.1, 15.1. 

Anal. Calcd. for C19H19NO4: C, 70.14; H, 5.89; N, 4.31. Found: C, 70.07; H, 5. 90; N, 4.31. 

N-Fmoc-N-methyl-L-leucine (7c): white solid (75%). mp 113-116°C. 1H NMR (300 MHz, DMSO-

d6), two conformers (67*:33): δ 8.40 (br s, 1H), 7.80-7.23 (m, 8H), 4.65-4.40 (m, 3H), 4.33-4.22 

(m, 1H), 2.85 and 2.90* (2s, 3H), 1.65-1.15 (m, 3H), 1.00-0.83 (m, 6H). 13C NMR (75 MHz, 

DMSO-d6), two conformers: δ 173.5, 173.4, 156.5, 156.2, 144.2, 144.1, 139.6, 128.1, 128.0, 127.6, 

127.5, 125.3, 125.2, 120.6, 67.2, 56.6, 56.4, 47.2, 47.1, 37.5, 37.2, 30.6, 30.4, 24.9, 23.6, 23.4, 21.4, 

21.3. Anal. Calcd. for C22H25NO4: C, 71.91; H, 6.86; N, 3.81. Found: C, 72.05; H, 6.79; N, 3.80. 
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N-Fmoc-N-methyl-L-valine (7d): white solid (77%). mp 187-189°C. 1H NMR (300 MHz, DMSO-

d6), two conformers (55*,45): δ 7.90-7.25 (m, 8H), 4.45-4.20 (m, 3H), 4.18* and 3.90 (2d, 1H, J = 

10.3 Hz), 2.75* and 2.70 (2s, H), 2.08* and 1.94 (2m, 1H), 0.90* and 0.82 (2d, 3H, J = 6.5 Hz), 

0.75* and 0.65 (2d, 3H, J = 6.5 Hz). 13C NMR (75 MHz, DMSO-d6), two conformers: δ 173.8, 

173.7, 153.2, 153.1, 144.3, 144.2, 134.1, 128.1, 128.0, 127.6, 127.5, 125.4, 120.6, 67.2, 64.3, 64.3, 

47.2, 47.1, 30.6, 27.4, 27.2, 20.2, 20.2, 19.3, 19.2. Anal. Calcd. for C21H23NO4: C, 71.37; H, 6.56; 

N, 3.96. Found: C, 71.15; H, 6.58; N, 3.95. 

N-Fmoc-N-methyl-D-phenylalanine (7e): white solid (76%). 1H NMR (300 MHz, CDCl3): δ 7.81-

7.18 (m, 13H), 5.03 (m, 1H), 4.40-4.13 (m, 3H), 3.12 (m, 1H), 2.89-2.78 (m, 4H). 13C NMR (75 

MHz, CDCl3): δ 171.5, 156.5, 144.0, 141.4, 137.1, 129.8, 128.8, 128.8, 128.6, 127.8, 126.8, 125.1, 

67.7, 60.3, 47.1, 34.9. Anal. Calcd. for C25H23NO4: C, 74.79; H, 5.77; N, 3.49. Found: C, 74.86; H, 

5.76; N, 3.48. 

Nα-Fmoc-Nε-Boc-N-methyl-L-lysine (7f): white solid (70%): 1H NMR (300 MHz, DMSO-d6): δ 

7.80-7.23 (m, 8H), 6.12-6.01 (br s, 1H), 4.79 (m, 1H), 4.67-4.20 (m, 3H), 3.17-3.01 (m, 2H), 2.90 

and *2.85 (s, 3H), 1.96 (m, 1H), 1.72 (m, 1H), 1.48-1.38 (m, 13H). 13C NMR (75 MHz, CDCl3): δ 

175.6, 143.9, 143.8, 141.3, 127.7, 127.7, 125.1, 124.8, 120.0, 67.9, 58.3, 47.2, 40.1, 30.5, 29.3, 

28.4, 28.0, 23.3. Anal. Calcd. for C27H34N2O6: C, 67.20; H, 7.10; N, 5.81; Found: C, 66.99; H, 7.09; 

N, 5.80. 

Nα-Fmoc-N-methyl-O-tert-butyl-L-serine (7g): white solid (76%): 1H NMR (300 MHz, DMSO-

d6): δ 9.90 (br s, 1H), 7.83-7.28 (m, 8H), 4.85-4.20 (m, 4H), 3.89-3.52 (m, 2H), 2.98 and*3.08 (2s, 

3H), 1.18 and *1.22 (2s, 9H). 13C NMR (75 MHz, CDCl3): δ 157.0, *156.2, 143.9, 143.9, 141.3, 

127.7, 127.1, 125.2, 124.9, 120.0, 74.4, *74.2, 68.0, *67.6, 60.2, *59.8, 47.1, 33.3, 27.3. Anal. 

Calcd. for C23H27NO5: C, 69.50; H, 6.85; N, 3.52. Found: C, 69.57; H, 6.84; N, 3.52. 

Nα-Fmoc-N-methyl-O-tert-butyl-L-tyrosine (7h): white solid (73%): 1H NMR (300 MHz, DMSO-

d6): δ 7.82-7.30 (m, 8H), 7.05 (d, 2H, J = 8.2 Hz), 6.88 (d, 2H, J = 8.2 Hz), 4.82-4.13 (m, 4H), 3.42-
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3.00 (m, 2H), 2.86 (s, 3H), 1.30 (s, 9H). Anal. Calcd. for C29H31NO5: C, 73.55; H, 6.60; N, 2.96. 

Found: C, 73.40; H, 6.59; N, 2.96. 

Nα-Fmoc-N-methyl- S-benzyl-L-cysteine (7i): white solid (75%): 1H NMR (300 MHz, DMSO-d6): 

δ 7.75-7.30 (m, 8H), 7.25-7.10 (m, 5H), 4.70-4.20 (m, 3H), 4.10 (m, 1H), 3.90-3.50 (m, 2H), 3.10-

2.90 (m, 4H), 2.70 (m, 1H). Anal. Calcd. for C26H25NO4S: C, 69.78; H, 5.63; N, 3.13; S, 7.16. 

Found: C, 69.78; H, 5.65; N, 3.13; S, 7.14.  

Nα-Fmoc-N-methyl-Nβ-trityl-L-asparagine (7l): white solid (72%): 1H NMR (300 MHz, DMSO-

d6): δ 7.90-7.30 (m, 8H), 7.20-7.12 (m, 15H), 6.30 (s, 1H), 4.97 (m, 1H), 4.70-4.20 (m, 3H), 3.50 (s, 

3H), 2.80-2.65 (m, 2H). Anal. Calcd. for C39H34N2O5: C, 76.70; H, 5.61; N, 4.59. Found: C, 76.78; 

H, 5.60; N, 4.58.  

Nα-Nosyl-O-tert-butyl-L-serine (2g): white solid (76%). 1H NMR (300 MHz, CDCl3): δ 9.25 (br s, 

1H), 8.31 (d, 2H, J = 8.7 Hz), 8.08 (d, 2H, J = 8.7 Hz), 4.83 (m, 1H), 3.81 (dd, 1H, J =9.6, 4.5 Hz), 

3.66 (m, 1H), 1.10 (s, 9H). 13C NMR (75 MHz, CDCl3): δ 173.2, 149.9, 145.3, 128.9, 124.0, 74.3, 

60.4, 59.5, 27.3 Anal. Calcd. for C13H18N2O7S: C, 45.08; H, 5.24; N, 8.09; S, 9.26. Found: C, 45.17; 

H, 5.23; N, 8.06; S, 9.29. 

Nα-Nosyl-O-tert-butyl-L-tyrosine (2h): white solid (74%). mp 150-152 °C. 1H NMR (300 MHz, 

DMSO-d6): δ 8.70 (br s, 1H), 8.20 (d, 2H, J = 8.4 Hz), 7.75 (d, 2H, J = 8.9 Hz), 6.98 (d, 2H, J = 8.2 

Hz), 6.65 (d, 2H, J = 8.2 Hz), 3.92 (m, 1H, CH), 2.92 (m, 1H), 2.62 (m, 2H), 1.37 (s, 9 H). 13C 

NMR (75 MHz, DMSO-d6): δ 171.6, 151.7, 145.8, 145.8, 131.1, 128.4 128.2, 121.5, 114. 3, 78.0, 

54.8, 52.0, 36.1, 29.5. MS m/z (%) 444.8162 [(M+Na)+, 100]. Anal. Calcd. for C19H22N2O7S: C, 

54.02; H, 5.25; N, 6.63; S, 7.59. Found: C, 53.80; H, 5.26; N, 6.62; S, 7.61  

Nα-Nosyl-S-benzyl-L-cysteine (2i): white solid (77%). mp 84-86 °C. 1H NMR (300 MHz, DMSO-

d6): δ 8.34 (d, 2H, J = 8.7 Hz), 8.11 (d, 2H, J = 8.7 Hz), 7.30-7.10 (m, 5H), 6.60 (m, 1H), 4.10 (m, 

1H), 3.90-3.50 (m, 2H), 2.90-2.60 (m, 2H). Anal. Calcd. for C16H16N2O6S2: C, 48.47; H, 4.07; N, 

7.07; S, 16.18. Found: C, 48.66; H, 4.06; N, 7.04; S, 16.21. 

                                                                          S 6



Nα-Nosyl-Nβ-trityl-L-asparagine (2l): white solid (80%). mp 136-138 °C. 1H NMR (300 MHz, 

CDCl3): δ 8.15 (d, 2H, J = 8.6 Hz), 7.90 (d, 2H, J = 8.6 Hz), 7.28-7.02 (m, 15H), 6.51 (s, 1H), 6.00 

(m, 1H), 4.02 (m, 1H), 3.01 (m, 1H), 2.83 (m, 1H). 13C NMR (75 MHz, CDCl3): δ 175.0, 173.8, 

151.6, 145.8, 145.1, 128.3, 128.3, 126.3, 121.4, 72.8, 50.1, 34.1. MS m/z (%) 567.8831 [(M+Na)+, 

100]. Anal. Calcd. for C29H25N3O7S: C, 62.24; H, 4.50; N, 7.51; S, 5.73.Found: C, 62.11; H, 4.51; 

N, 7.48; S, 5.74. 

 

 

1H NMR spectrum of Nα-Nosyl-N-methyl- isoleucine (5a): 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm  
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1H NMR spectrum of  N-Nosyl-N-methyl-L-alanine (5b): 

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm  

 

1H NMR spectrum of Nα-Nosyl-N-methyl- leucine (5c): 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm  
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1H NMR spectrum of N-Nosyl-N-methyl-L-valine (5d): 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0 ppm  

 

1H NMR spectrum of  N-Nosyl-N-methyl-D-phenylalanine (5e): 

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm  
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1H NMR spectrum of Nα-Nosyl-Nε-Boc-N-methyl-L-lysine (5f): 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm  

 

 

 

 

 

 

 

                                                                          S 10



 

1H NMR spectrum of Nα-Nosyl-N-methyl-O-tert-butyl-L-serine (5g) 

1234567891011 ppm 
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H NMR spectrum of  Nα-Nosyl-N-methyl-O-tert-butyl-L-tyrosine (5h): 

 

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm  
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1H NMR spectrum of Nα-Nosyl-N-methyl- S-benzyl-L-cysteine (5i): 

2.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm  
 

 

1H NMR spectrum of Nα-Nosyl-N-methyl-Nβ-trityl-L-asparagine (5l): 

2.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5 ppm  
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