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Figure S32. Full NMR spectra for peptides 2 and 3 at pH 4.0. All samples contained 5 mM 
phosphate and 25 mM NaCl. 
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Figure S33. Full NMR spectra for peptide 4 at pH 4.0 and pH 8.5. All samples contained 5 mM 
phosphate and 25 mM NaCl at pH 4.0 and 0.1 mM TCEP. 
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Figure S34. TOCSY spectrum for peptide 4 at pH 4.0. The solution contains 5 mM phosphate 
(pH 4.0), 25 mM NaCl, and 0.1 mM TCEP. 

Peptide 4, with a 3.5:1 ratio of trans:cis amide bond: 1H NMR (600 MHz, 90% H2O/10% D2O) δ  
8.62 (AsnHNcis, d, J = 7.8 Hz, 1H), 8.43 (AsnHNtrans, d, J = 7.0 Hz, 1H), 8.37 (4-SH-PheHNcis, d, J = 
5.8 Hz, 1H), 8.33 (4-SH-PheHNtrans, d, J = 7.5 Hz, 1H), 8.10 (ThrHNcis, d, J = 8.0 Hz, 1H), 8.01 
(ThrHNtrans, d, J = 8.1 Hz, 1H), 7.61 (AsnCONH2trans, s, 1H), 7.58 (AsnCONH2cis, s, 1H), 7.50 
(TerminusCONH2cis, s, 1H), 7.46 (TerminusCONH2trans, s, 1H), 7.35-7.12 (4-SH-Phearomatic, m, 5H), 7.15 
(TerminusCONH2trans, s, 1H), 7.06 (TerminusCONH2cis, s, 1H), 6.94 (AsnCONH2trans, s, 1H), 6.94 
(AsnCONH2cis, s, 1H), 4.91 (4-SH-PheHαtrans, m, 1H), 4.67 (AsnHαtrans, m, 1H), 4.63 (AsnHαcis, m, 1H), 
4.57 (4-SH-PheHαcis, m, 1H), 4.41 (ProHαtrans, m, 1H), 4.28 (ThrHαcis, m, 1H), 4.20 (ThrHαtrans, m, 
1H), 4.11 (ThrHβcis, m, 1H), 4.02 (ThrHβtrans, m, 1H), 3.91 (ProHαcis, m, 1H), 3.78 (ProHδtrans, m, 
1H), 3.61 (ProHδtrans, m, 1H), 3.48 (ProHδcis, m, 1H), 3.37 (ProHδcis, m, 1H), 3.13 (4-SH-PheHβtrans), 
3.01 (4-SH-PheHβcis), 2.93 (4-SH-PheHβcis), 2.87 (4-SH-PheHβtrans), 2.84-2.77 (AsnHβtrans, m, 2H), 
2.82-2.74 (AsnHβcis, m, 2H), 2.27 (ProHβtrans, m, 2H), 2.07 (AcHcis, s, 3H), 2.04 (AcHtrans, s, 3H), 
2.00 (ProHγtrans, m, 1H), 1.95 (ProHβorγcis, m, 1H), 1.92 (ProHγtrans, m, 1H), 1.75 (ProHβorγcis, m, 1H), 
1.68 (ProHβorγcis, m, 2H), 1.19 (ThrHγcis, d, J = 7.0 Hz, 3H), 1.09 (ThrHγtrans, d, J = 7.0 Hz, 3H). 
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Figure S35. Full NMR spectra for peptides 5 and 6. All samples contained 5 mM phosphate and 
25 mM NaCl at pH 4.0. 
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Figure S36. Full NMR spectra for peptides 7 and 17. All samples contained 5 mM phosphate 
and 25 mM NaCl at pH 4.0. 
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Figure S37. Full NMR spectra for peptides 18 and 19. All samples contained 5 mM phosphate 
and 25 mM NaCl at pH 4.0. 
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Figure S38. Full NMR spectra for peptides 20 and 21. All samples contained 5 mM phosphate 
and 25 mM NaCl at pH 4.0. 
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Figure S39. Full NMR spectra for peptides 22 and 23. Peptide 22 
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 Figure S40. Full NMR spectrum for peptide 24. The solution contains 5 mM phosphate and 25 
mM NaCl at pH 4.0. 
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Figure S41. Reinjection of the purified peptide Ac-T(4-thioacetyl-Phe)PN-NH2 (2) using a 
gradient of 0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S42. Reinjection of the purified thiophenylalanine disulfide peptide (3) using a gradient 
of 0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S43. Reinjection of the purified peptide Ac-T(4-SH-Phe)PN-NH2 (4) using a gradient of 
0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S44. Reinjection of the purified peptide Ac-T(4-thiophenyl-Phe)PN-NH2 (5) using a 
gradient of 0-45% buffer B in buffer A over 60 minutes. 
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Figure S45. Reinjection of the purified peptide Ac-T(4-S-allyl-Phe)PN-NH2 (6) using a gradient 
of 0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S46. Reinjection of the purified peptide Ac-T(4-thiobenzoyl-Phe)PN-NH2 (7) using a 
gradient of 0-45% buffer B in buffer A over 60 minutes. 
 

 

 
Figure S47. Reinjection of the purified peptide Ac-GPP(4-SH-Phe)PN-NH2 (12) using a 
gradient of 0-55% buffer B in buffer A over 80 minutes (top);  reinjection of the purified peptide 
Ac-GPP(4-SH-Phe)PN-NH2 (12) with DTT (1 mM) using a gradient of 0-100% methanol in 
water over 60 minutes (bottom). Residual peaks at 40-55 minutes were present in blank 
chromatograms. 
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Figure S48. Reinjection of the purified peptide Ac-KKHMC(4-SH-Phe)-NH2 (13) using a 
gradient of 0-70% buffer B in buffer A over 60 minutes (top);  reinjection of the purified peptide 
Ac-KKHMC(4-SH-Phe)-NH2 (13) using a Varian Microsorb MV C4 analytical column (250 × 
4.6 mm, 5 µm particle, 300 Å pore) with a gradient of 0-100% buffer B’ (20% water, 80% 
MeCN, 0.1% heptafluorobutyric acid (HFB)) in buffer A’ (98% water, 2% MeCN, 0.1% HFB) 
over 30 minutes (bottom). 
 

 

 
Figure S49. Reinjection of the purified peptide Ac-KKHMC(tBu)(4-SH-Phe)-NH2 (14) using a 
gradient of 0-75% buffer B in buffer A over 60 minutes (top);  reinjection of the purified peptide 
Ac-KKHMC(tBu)(4-SH-Phe)-NH2 (14) using a Varian Microsorb MV C4 analytical column 
(250 × 4.6 mm, 5 µm particle, 300 Å pore) with a gradient of 0-100% buffer B’ in buffer A’ over 
30 minutes (bottom). 
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Figure S50. Reinjection of the purified Y3(4-SH-Phe) trp cage peptide (15) using a gradient of 
0-70% buffer B in buffer A over 80 minutes (top);  reinjection of the purified peptide Y3(4-SH-
Phe) trp cage peptide (15) using a Varian Microsorb MV C4 analytical column (250 × 4.6 mm, 5 
µm particle, 300 Å pore) with a gradient of 0-100% buffer B’ in buffer A’ over 30 minutes 
(bottom). 
 

 
Figure S51. Reinjection of the purified peptide Ac-T(4-SMe-Phe)PN-NH2 (17) using a gradient 
of 0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S52. Reinjection of the purified peptide Ac-T(4-S-(2-nitrobenzyl)-Phe)PN-NH2 (18) 
using a gradient of 0-50% buffer B in buffer A over 60 minutes. 
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Figure S53. Reinjection of the purified peptide Ac-T(4-(SCH2CH=CHCH2OH)-Phe)PN-NH2 
(19) using a gradient of 0-45% buffer B in buffer A over 60 minutes. 

 
Figure S54. Reinjection of the purified peptide Ac-T(4-S-SPy-Phe)PN-NH2 (20) using a 
gradient of 0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S55. Reinjection of the purified peptide Ac-T(4-(glutathione disulfide)S-Phe)PN-NH2 
(21) using a gradient of 0-45% buffer B in buffer A over 60 minutes. 
 

 
Figure S56. Reinjection of the purified peptide Ac-T(4-S(O)Me-Phe)PN-NH2 (22) using a 
gradient of 0-20% buffer B in buffer A over 60 minutes. 
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Figure S57. Reinjection of the purified peptide Ac-T(4-SO2Me-Phe)PN-NH2 (23) using a 
gradient of 0-20% buffer B in buffer A over 60 minutes. 
 

 
Figure S58. Reinjection of the purified peptide Ac-T(4-SO3

–-Phe)PN-NH2 (24) using isocratic 
buffer A for 20 minutes followed by a gradient of 0-45% buffer B in buffer A over 40 minutes. 
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Figure S59. Mass spectrum of the peptide Ac-T(4-I-Phe)PN-NH2 (1). 
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Figure S60. Mass spectrum of the peptide Ac-T(4-thioacetyl-Phe)PN-NH2 (2). 
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Figure S61. Mass spectrum of the thiophenylalanine disulfide peptide (3).
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Figure S62. Mass spectrum of the peptide Ac-T(4-SH-Phe)PN-NH2 (4). 
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Figure S63. Mass spectrum of the peptide Ac-T(4-thiophenyl-Phe)PN-NH2 (5). 
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Figure S64. Mass spectrum of the peptide Ac-T(4-S-allyl-Phe)PN-NH2 (6). 
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Figure S65. Mass spectrum of the peptide Ac-T(4-thiobenzoyl-Phe)PN-NH2 (7). 
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Figure S66. Mass spectrum of the peptide Ac-GPP(4-I-Phe)PPGY-NH2 (8). 
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Figure S67. Mass spectrum of the peptide Ac-KKHMC(4-I-Phe)-NH2 (9). 
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Figure S68. Mass spectrum of the peptide Ac-KKHMC(tBu)(4-I-Phe)-NH2 (10). 
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Figure S69. Mass spectrum of the Y3(4-I-Phe) trp cage peptide (11). 
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Figure S70. Mass spectrum of the peptide Ac-GPP(4-SH-Phe)PPGY-NH2 (12). 
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Figure S71. Mass spectrum of the peptide Ac-KKHMC(4-SH-Phe)-NH2 (13). 
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Figure S72. Mass spectrum of the peptide Ac-KKHMC(t-Bu)(4-SH-Phe)-NH2 (14). 
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Figure S73. Mass spectrum of the Y3(4-SH-Phe) trp cage peptide (15). 
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Figure S74. Mass spectrum of the trp cage peptide (16). 
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Figure S75. Mass spectrum of the peptide Ac-T(4-SMe-Phe)PN-NH2 (17). 
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Figure S76. Mass spectrum of the peptide Ac-T(4-S-(2-nitrobenzyl)-Phe)PN-NH2 (18). 



 S64 

Figure S77. Mass spectrum of the peptide Ac-T(4-(SCH2CH=CHCH2OH)-Phe)PN-NH2 (19). 
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Figure S78. Mass spectrum of the peptide Ac-T(4-S-SPy-Phe)PN-NH2 (20). 
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Figure S79. Mass spectrum of the peptide Ac-T(4-(glutathione disulfide)S-Phe)PN-NH2 (21).
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Figure S80. Mass spectrum of the peptide Ac-T(4-S(O)Me-Phe)PN-NH2 (22). 
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Figure S81. Mass spectrum of the peptide Ac-T(4-SO2Me-Phe)PN-NH2 (23). 
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Figure S82. Mass spectrum of the peptide Ac-T(4-SO3

–-Phe)PN-NH2 (24). 
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Figure S83. Mass spectrum of product at 46.9 min from solution phase cross-coupling to 
produce the peptide Ac-T(4-thioacetyl-Phe)PN-NH2 (2). The observed mass is consistent with 
the peptide (2 + Ac + Na)+. 
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Figure S84. Mass spectrum of product at 51.7 min from solution phase cross-coupling to 
produce the peptide Ac-T(4-thioacetyl-Phe)PN-NH2 (2). The observed mass is consistent with 
the peptide (1 + Ac + Na)+. 


