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General Information and Materials 

NMR spectra were recorded using a Bruker AV-300 or AV-400 MHz spectrometers and calibrated on 

residual undeuterated solvent signals as internal standard. The data are reported as follows: chemical 

shift in ppm on the δ scale, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd 

= doublet of doublets, dt = doublet of triplets, td = triplet of doublets), coupling constants (Hz) and 

integration. High resolution mass spectra (HRMS) were recorded on a Mass spectra were collected on an 

AccuTOF GC v 4g, JMS-T100GCV Mass spectrometer (JEOL, Japan). FD/FI probe equipped with FD Emitter, 

Carbotec or Linden (Germany), FD 10 μm. Current rate 51.2 mA/min over 1.2 min machine using field 

desorption (FD) as ionization method. Depending on the molecule, either the (M)+ or (M+H)+ were 

observed. Reactions were monitored with thin layer chromatography (TLC) carried out on 0.25 mm E. 

Merck silica gel plates (60F-254). SilaFlash® P60 (particle size 40-63 µm) was used for silica column 

chromatography. Dried CH2Cl2 and CH3CN were obtained by distilling these solvents with CaH2 as drying 

agent. Dried THF and Et2O were obtained by distillation with sodium. All dried solvents were stored under 

N2 atmosphere. Dry DMF on 4Å molecular sieves was obtained from Sigma-Aldrich and stored under N2 

atmosphere. Reagents were purchased with the highest purity (usually >98%) from Sigma Aldrich and 

Fluorochem and used as received. Melting points were recorded on a Wagner & Munz Polytherm A 

melting point apparatus and are uncorrected. IR spectra were recorded on a Bruker Alpha FTIR machine. 

All reactions were performed in normal glassware, without drying. Unless stated elsewhere, all reactions 

were performed under air. Boc-protected dipeptide acids were synthesised according the procedure 

described by Popovic et al. See: S. Popovic, H. Bieraugel, R. J. Detz, A. M. Kluwer, J. A. A. Koole, D. E. 

Streefkerk, H. Hiemstra, J. H. van Maarseveen, Chem. Eur. J. 2013, 19, 16934-16937. 

General procedure 1:  Synthesis of isopropenyl esters 2a-f via the Chan-Lam-Evans reaction 

Cu(OTf)2 and 1,3-diethylurea (both 1.0 equivalent) were placed in a round bottom flask and dissolved in 

dry THF to make a 0.1M solution. Next, Et3N (1.0 equivalent) was added, giving a very dark green solution. 

After stirring for 2 minutes, the N-Boc dipeptide acid (1.0 equivalent) was added in one portion, leading 

to a green or brown solution. After stirring for 2 minutes, isopropenylboroxine pyridine complex (0.66 

equiv) was added in one portion. A balloon was filled with air and attached to the round bottom flask via 
a septum and the reaction was heated to 50oC and stirred overnight at ~800 rpm. After stirring for ca. 1h 

the reaction usually turned faint green or blue. After stirring overnight a precipitate had formed on the 

walls and the reaction usually turned green again. The mixture was cooled to room temperature and silica 

was added (ca. 1 gram per 150 mg substrate) and the solution was concentrated in vacuo (use dust filter). 

The dry-loaded product was directly purified via column chromatography, eluting with a mixture of PE 40-

60 and EtOAc. 

Boc-Phe-Ala-O-isopropenyl 2a 

Synthesised according to general procedure 1, starting with 2.0 mmol Boc-

Phe-Ala-OH. Column chromatography with PE/EtOAc 5:1 à 3:1 to give an 

off-white solid. Yield: 691 mg (1.84 mmol, 92%). Melting point: 79-85 oC. 
1H-NMR (300 MHz, CDCl3) δ 7.32-7.21 (m, 5H), 6.65 (d, 1H), 5.13 (d, 1H), 

4.74 (s, 1H), 4.71 (s, 1H), 4.57 (quint, 1H), 4.41 (m, 1H), 3.08 (d, 2H), 1.92 

(s, 3H), 1.41 (s, 12H); 13C-NMR (75 MHz, CDCl3) δ 171.1, 170.8, 155.5, 152.8, 136.6, 129.5, 128.7, 127.0, 
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102.5, 80.3, 64.2, 55.6, 48.3, 38.5, 28.3, 19.4, 18.2; IR (cm-1) 3318, 2981, 2931, 1759, 1681, 1654, 1526; 

HRMS (FD) calcd for C20H28N2O5 [M+]: 376.1993, found: 376.2003 

Boc-Phe-D-Ala-O-isopropenyl 2b 

Synthesised according to general procedure 1, starting with 2.0 mmol Boc-

Phe-D-Ala-OH. Column chromatography with PE/EtOAc 5:1 à 3:1 to give 

a white solid. Yield: 682 mg (1.81 mmol, 91%). Melting point: 108-110 oC. 
1H-NMR (400 MHz, CDCl3) δ 7.32-7.20 (m, 5H), 6.47 (d, 1H), 5.18 (d, 1H), 

4.72 (s, 1H), 4.70 (s, 1H), 4.55 (quint, 1H), 4.40 (q, 1H), 3.07 (d, 2H), 1.91 

(s, 3H), 1.40 (s, 9H), 1.34 (d, 3H); 13C-NMR (100 MHz, CDCl3) δ 170.9, 170.8, 155.5, 152.7, 136.7, 129.4, 

128.7, 127.0, 102.4, 80.2, 55.8, 48.1, 38.7, 28.3, 19.3, 18.0; IR (cm-1) 3323, 2973, 2925, 1749, 1697, 1649, 

1521; HRMS (FD) calcd for C20H28N2O5 [M+]: 376.1993, found: 376.1997 

Boc-Phe-Phe-O-isopropenyl 2c 

Synthesised according to general procedure 1, starting with 2.0 mmol Boc-

Phe-Phe-OH. Column chromatography with PE/EtOAc 6:1 à 4:1 to give a 

faint yellow solid. Yield: 784 mg (1.73 mmol, 87%). Melting point: 106-109 
oC. 1H-NMR (300 MHz, CDCl3) δ 7.33-7.20 (m, 8H), 7.09 (d, 2H), 6.50 (d, 

1H), 5.13 (d, 1H), 4.84 (q, 1H), 4.70 (s, 1H), 4.60 (s, 1H), 4.40 (q, 1H), 3.08 

(m, 4H), 1.85 (s, 3H), 1.41 (s, 9H); 13C-NMR (75 MHz, CDCl3) δ 171.0, 169.2, 

155.3, 152.6, 136.5, 135.5, 129.4, 128.7, 128.6, 127.2, 127.0, 102.5, 80.2, 

55.7, 53.4, 38.3, 37.9, 28.3, 19.3; IR (cm-1) 3333, 2971, 2929, 1749, 1682, 1654, 1519; HRMS (FD) calcd for 

C26H32N2O5 [M+]: 452.2306, found: 452.2320 

Boc-Phe-D-Phe-O-isopropenyl 2d 

Synthesised according to general procedure 1, starting with 2.0 mmol Boc-

Phe-D-Phe-OH. Column chromatography with PE/EtOAc 6:1 à 4:1 to give 

a colorless waxy solid. Yield: 877 mg (1.94 mmol, 97%). Melting point: 90-

93 oC. 1H-NMR (300 MHz, CDCl3) δ 7.33-7.16 (m, 8H), 7.05 (d, 2H), 6.66 (d, 

1H), 5.16 (d, 1H), 4.89 (q, 1H), 4.69 (s, 1H), 4.61 (s, 1H), 4.45 (q, 1H), 3.15-

2.97 (m, 4H), 1.85 (s, 3H), 1.40 (s, 9H); 13C-NMR (75 MHz, CDCl3) δ 171.1, 

169.4, 155.4, 152.7, 136.6, 135.4, 129.3, 128.6, 127.2, 126.9, 102.4, 80.1, 

55.7, 53.2, 38.3, 37.8, 28.2, 19.3; IR (cm-1) 3338, 2970, 2929, 1746, 1679, 1664, 1650, 1515 ; HRMS (FD) 

calcd for C26H32N2O5 [M+]: 452.2306, found: 452.2316 

Boc-Phe-Val-O-isopropenyl 2e 

Synthesised according to general procedure 1, starting with 1.0 mmol Boc-

Phe-Val-OH. Column chromatography with PE/EtOAc 8:1 à 6:1 to give a 

white solid. Yield: 353 mg (0.873 mmol, 87%). Melting point: 117-119 oC. 
1H-NMR (300 MHz, CDCl3) δ 7.31-7.20 (m, 5H), 6.55 (d, 1H), 5.17 (d, 1H), 

4.73 (s, 1H), 4.68 (s, 1H), 4.53 (dd, 1H), 4.41 (q, 1H), 3.08 (m, 2H), 2.20 

(sext, 1H), 1.92 (s, 3H), 1.42 (s, 9H), 0.92 (dd, 6H); 13C-NMR (75 MHz, CDCl3) δ 171.4, 169.6, 155.5, 152.7, 
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136.7, 129.4, 128.7, 127.0, 102.5, 80.2, 57.2, 55.8, 38.0, 31.3, 28.3, 19.5, 18.9, 17.7; IR (cm-1) 3308, 2969, 

2930, 1754, 1681, 1650, 1529; HRMS (FD), calcd for C22H32N2O5 [M+]: 404.2306, found: 404.2313  

Boc-Phe-D-Val-O-isopropenyl 2f 

Synthesised according to general procedure 1, starting with 1.0 mmol Boc-

Phe-D-Val-OH. Column chromatography with PE/EtOAc 8:1 à 6:1 to give 

a white solid. Yield: 369 mg (0.912 mmol, 91%). Melting point: 84-86 oC. 
1H-NMR (300 MHz, CDCl3) δ 7.34-7.22 (m, 5H), 6.50 (d, 1H), 5.06 (d, 1H), 

4.73 (s, 1H), 4.69 (s, 1H), 4.53 (dd, 1H), 4.44 (q, 1H), 3.10 (d, 2H), 2.15 (sext, 

1H), 1.92 (s, 3H), 1.42 (s, 9H), 0.85 (dd, 6H); 13C-NMR (75 MHz, CDCl3) δ 171.4, 169.8, 155.5, 152.8, 136.7, 

129.3, 128.8, 127.1, 102.5, 80.4, 57.2, 56.0, 38.3, 31.2, 28.3, 19.5, 18.9, 17.6; IR (cm-1) 3337, 2962, 2929, 

1748, 1678, 1658, 1520; HRMS (FD), calcd for C22H32N2O5 [M+]: 404.2306, found: 404.2242 

General procedure 2: Synthesis of tripeptides 3a-x via aminolysis of dipeptide isopropenyl esters 22a-f 

The dipeptide isopropenyl ester (0.10 mmol), amino acid tert-butyl ester free base (0.20 mmol, 2.0 equiv) 

and 34 mg pyrazole (0.50 mmol, 5.0 equiv) were dissolved in 2 mL anhydrous PhCH3. Next, 10 μL of a 1M 

solution of DBU in PhCH3 (0.01 mmol, 10 mol%) was added and the reaction was stirred overnight at room 

temperature (except C-terminal valine, see below). The mixture was diluted with 20 mL Et2O and washed 

with 10 mL 1M KHSO4, 10 mL NaHCO3, 10 mL brine, dried over MgSO4 and concentrated in vacuo to give 

the tripeptide as a colorless solid or foam. In almost all cases, no further purification was required. 

Boc-Phe-Ala-Gly-OtBu 3a 

Synthesised according to general procedure 2. Yield: 43 mg (0.096 

mmol, 96%) as a colorless solid. Melting point: 157-160 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.31-7.19 (m, 5H), 6.83 (m, 2H), 5.28 (d, 1H), 

4.58 (quint, 1H), 4.43 (q, 1H), 3.87 (d, 2H), 3.11-3.04 (m, 2H), 1.48 

(s, 9H), 1.40 (s, 9H), 1.36 (d, 3H); 13C-NMR (75 MHz, CDCl3) δ 172.0, 

171.4, 168.7, 155.8, 136.6, 129.5, 128.7, 127.0, 82.2, 80.4, 55.9, 48.8, 42.1, 38.6, 28.4, 28.2, 18.4; IR (cm-

1) 3296, 2978, 2932, 1678, 1639, 1532; HRMS (FD), calcd for C23H35N3O6 [M+]: 449.2520, found: 449.2516 

(D 0.9 ppm); d.e. (determined by chiral HPLC): 97.1% 

Boc-Phe-D-Ala-Gly-OtBu 3b 

Synthesised according to general procedure 2. Yield: 44 mg (0.098 

mmol, 98%) as a colorless foam. Melting point: 58-65 oC (stays thick 

oil). 1H-NMR (300 MHz, CDCl3) δ 7.32-7.19 (m, 5H), 7.13 (bs, 1H), 

6.66 (d, 1H), 5.37 (d, 1H), 4.54 (quint, 1H), 4.33 (q, 1H), 4.00-3.78 

(m, 2H), 3.09-3.03 (m, 2H), 1.47 (s, 9H), 1.40 (s, 9H), 1.23 (d, 3H); 
13C-NMR (75 MHz, CDCl3) δ 172.2, 171.4, 168.9, 155.6, 136.7, 129.4, 128.7, 127.1, 82.2, 80.3, 56.4, 48.7, 

42.0, 38.7, 28.4, 28.1, 17.9; IR (cm-1) 3284, 2977, 2933, 1644, 1521; HRMS (FD), calcd for C23H35N3O6 [M+]: 

449.2520 found: 449.2513 (D 1.6 ppm); d.e. (determined by chiral HPLC): 98.4% 
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Boc-Phe-Ala-Ala-OtBu 3c 

Synthesised according to general procedure 2. Yield: 47 mg (0.100 

mmol, 100%) as a glassy solid. Melting point: 137-140 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.31-7.17 (m, 5H), 7.01 (d, 1H), 6.83 (d, 1H), 

5.24 (d, 1H), 4.57 (quint, 1H), 4.43 (quint, 2H), 3.10-3.03 (m, 2H), 

1.48 (s, 9H), 1.40 (s, 9H), 1.37 (d, 3H), 1.34 (d, 3H); 13C-NMR (75 

MHz, CDCl3) δ 171.9, 171.4, 171.2, 155.5, 136.6, 129.4, 128.7, 127.0, 82.0, 80.2, 55.7, 48.91, 48.85, 38.6, 

28.4, 28.1, 18.7, 18.5; IR (cm-1) 3298, 2979, 2931, 1637, 1519; HRMS (FD), calcd for C24H37N3O6: 463.2682 

[M+], found: 463.2677 (D 1.1 ppm); d.e. (determined by chiral HPLC): 98.8% 

Boc-Phe-D-Ala-Ala-OtBu 3d 

Synthesised according to general procedure 2. Yield: 43 mg (0.093 

mmol, 93%) as a colorless solid. Melting point: 114-117 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.32-7.19 (m, 5H), 7.12 (d, 1H), 6.53 (d, 1H), 

5.36 (d, 1H), 4.50 (quint, 1H), 4.43 (t, 1H), 4.35 (q, 1H), 3.07 (d, 2H), 

1.46 (s, 9H), 1.40 (s, 9H), 1.36 (d, 3H), 1.19 (d, 3H); 13C-NMR (75 

MHz, CDCl3) δ 172.0, 171.4, 171.2, 155.5, 136.7, 129.4, 128.7, 127.0, 81.9, 80.2, 56.5, 48.7, 48.6, 38.7, 

28.4, 28.1, 18.4, 18.0; IR (cm-1) 3278, 2977, 2933, 1657, 1643, 1519; HRMS (FD), calcd for C24H37N3O6 [M+]: 

463.2677, found: 463.2692 (D 3.2 ppm); d.e. (determined by chiral HPLC): 98.9% 

Boc-Phe-Ala-Phe-OtBu 3e 

Synthesised according to general procedure 2. Yield: 51 mg (0.095 

mmol, 95%) as a glassy solid. Melting point: 75-78 oC. 1H-NMR (300 

MHz, CDCl3) δ 7.32-7.16 (m, 10H), 6.78 (d, 1H), 6.72 (d, 1H), 5.17 

(d, 1H), 4.70 (q, 1H), 4.48 (quint, 1H), 4.43 (q, 1H), 3.09-3.03 (m, 

4H), 1.41 (s, 9H), 1.40 (s, 9H), 1.32 (d, 3H); 13C-NMR (75 MHz, CDCl3) 

δ 171.4, 171.2, 170.4, 155.5, 136.7, 136.2, 129.6, 129.5, 128.7, 128.5, 127.1, 127.0, 82.5, 80.3, 55.7, 53.9, 

49.0, 38.4, 38.1, 28.4, 28.0, 18.6; IR (cm-1) 3286, 2976, 2930, 1694, 1638, 1516; HRMS (FD), calcd for 

C30H41N3O6: 539.2990 [M+], found: 539.2995 (D 0.9 ppm); d.e. (determined by chiral HPLC): 99.1% 

Boc-Phe-D-Ala-Phe-OtBu 3f 

Synthesised according to general procedure 2. Yield: 51 mg (0.095 

mmol, 95%) as a colorless foam. Melting point: 57-59 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.31-7.10 (m, 10H), 7.07 (d, 1H), 6.50 (d, 1H), 

5.38 (d, 1H), 4.74 (q, 1H), 4.54 (quint, 1H), 4.33 (q, 1H), 3.14-2.98 

(m, 4H), 1.42 (s, 9H), 1.41 (s, 9H), 1.10 (d, 3H); 13C-NMR (75 MHz, 

CDCl3) δ 171.5, 171.0, 170.6, 136.8, 136.3, 129.6, 129.4, 128.7, 

128.4, 127.04, 126.98, 82.5, 80.1, 56.3, 53.6, 48.6, 39.0, 38.2, 28.4, 28.1, 18.4; IR (cm-1) 3282, 2976, 2929, 

1637, 1513, 1497; HRMS (FD), calcd for C30H41N3O6 [M+]: 539.2990, found: 539.2983 (D 1.3 ppm); d.e. 

(determined by chiral HPLC): 98.9% 

 



 S6 

Boc-Phe-Ala-Val-OtBu 3g 

Synthesised according to general procedure 2. Yield: 45 mg (0.092 

mmol, 92%) as a colorless foam. Melting point: 66-68 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.31-7.18 (m, 5H), 6.88 (d, 1H), 6.81 (d, 1H), 

5.21 (d, 1H), 4.59 (quint, 1H), 4.40 (m, 2H), 3.10-3.02 (m, 2H), 2.17 

(sext, 1H),  1.48 (s, 9H), 1.39 (s, 9H), 1.35 (d, 3H), 0.92 (t, 6H); 13C-

NMR (75 MHz, CDCl3) δ 171.8, 171.2, 170.8, 155.5, 136.6, 129.4, 128.7, 127.0, 82.0, 80.2, 57.7, 55.7, 49.1, 

38.5, 31.4, 28.3, 28.1, 19.0, 18.6, 17.8; IR (cm-1) 3281, 2973, 2932, 1693, 1641, 1519; HRMS (FD), calcd for 

C26H41N3O6 [M+]: 491.2990, found: 491.2971 (D 3.9 ppm); d.e. (determined by chiral HPLC): 99.3% 

Boc-Phe-D-Ala-Val-OtBu 3h 

Synthesised according to general procedure 2. Yield: 48 mg (0.098 

mmol, 98%) as a glassy solid. Melting point: 66-69 oC. 1H-NMR (300 

MHz, CDCl3) δ 7.31-7.18 (m, 6H), 6.61 (d, 1H), 5.55 (d, 1H), 4.69 

(quint, 1H), 4.46 (dd, 1H), 4.39 (q, 1H), 3.08-3.01 (m, 2H), 2.17 (sext, 

1H), 1.47 (s, 9H), 1.40 (s, 9H), 1.21 (d, 3H), 0.94 (t, 6H); 13C-NMR (75 

MHz, CDCl3) δ 172.1, 171.1, 171.0, 155.5, 136.9, 129.4, 128.7, 126.9, 82.1, 80.0, 57.3, 56.3, 48.9, 39.2, 

31.6, 28.4, 28.2, 19.1, 18.9, 17.7; IR (cm-1) 3291, 2970, 2931, 1713, 1695, 1638, 1510; HRMS (FD), calcd for 

C26H41N3O6 [M+]: 491.2990, found: 491.2978 (D 2.4 ppm); d.e. (determined by chiral HPLC): 97.8% 

Boc-Phe-Phe-Gly-OtBu 3i 

Synthesised according to general procedure 2. Yield: 50 mg (0.095 

mmol, 95%) as a colorless solid. Melting point: 178-180 oC. 1H-NMR 

(300 MHz, DMSO-d6) δ 8.40 (t, 1H), 8.01 (d, 1H), 7.27-7.14 (m, 

10H), 6.86 (d, 1H), 4.60 (q, 1H), 4.11 (q, 1H), 3.74 (m, 2H), 3.07 (dd, 

1H), 2.83 (m, 2H), 2.62 (t, 1H), 1.41 (s, 9H), 1.28 (s, 9H); 13C-NMR 

(75 MHz, DMSO-d6) δ 171.5, 168.8, 155.1, 138.1, 137.7, 129.4, 

129.2, 128.12, 128.06, 126.4, 126.6, 80.8, 78.3, 56.0, 38.0, 37.7, 

28.2, 27.8; IR (cm-1) 3306, 3274, 2978, 2929, 1751, 1646, 1563; HRMS (FD), calcd for C29H39N3O6 [M+]:  

525.2833, found: 525.2821 (D 2.3 ppm); d.e. (determined by chiral HPLC): 96.8% 

Boc-Phe-D-Phe-Gly-OtBu 3j 

Synthesised according to general procedure 2. Yield: 49 mg (0.093 

mmol, 93%) as a colorless solid. Melting point: 160-163 oC. 1H-NMR 

(300 MHz, DMSO-d6) δ 8.53-8.36 (m, 2H), 7.29-7.06 (m, 10H), 6.70 

(d, 1H), 4.59 (m, 1H), 4.16 (m, 1H), 3.78 (d, 2H), 3.10 (d, 1H), 2.78 

(t, 1H), 2.63 (d, 1H), 2.44 (d, 1H), 1.42 (s, 9H), 1.28 (s, 9H); 13C-NMR 

(75 MHz, DMSO-d6) δ 171.6, 171.5, 168.7, 155.2, 138.0, 137.9, 

129.3, 129.2, 128.1, 127.9, 126.4, 126.1, 80.8, 78.1, 55.5, 37.9, 37.4, 

28.2, 27.8; IR (cm-1) 3295, 2979, 2931, 1752, 1708, 1644, 1483; HRMS (FD), calcd for C29H39N3O6 [M+]:  

525.2833, found: 525.2797 (D 6.9 ppm); d.e. (determined by chiral HPLC): 99.9% 
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Boc-Phe-Phe-Ala-OtBu 3k 

Synthesised according to general procedure 2. Yield:  48 mg (0.090 

mmol, 90%) as colorless foam. 1H-NMR (300 MHz, CDCl3) δ  7.32-

7.18 (m, 9H), 7.08 (d, 2H), 6.58 (bs, 2H), 4.98 (s, 1H), 4.70 (t, 1H), 

4.35 (quint, 1H), 3.15-2.92 (m, 4H), 1.47 (s, 9H), 1.36 (s, 9H), 1.30 

(d, 3H); 13C-NMR (75 MHz, CDCl3) δ 171.5, 171.0, 169.8, 136.5, 

136.3, 129.43, 129.39, 128.8, 128.7, 127.2, 127.1, 82.0, 80.4, 55.9, 

54.1, 48.9, 38.1, 28.3, 28.0, 18.4; IR (cm-1) 3292, 2980, 2931, 1645, 

1518; HRMS (FD), calcd for C30H41N3O6 [M+]: 539.2990, found: 539.3002 (D 2.2 ppm); d.e. (determined by 

chiral HPLC): 96.5% 

Boc-Phe-D-Phe-Ala-OtBu 3l 

Synthesised according to general procedure 2. Yield: 47 mg (0.088 

mmol, 88%) as a colorless foam. 1H-NMR (300 MHz, CDCl3) δ 7.35-

7.16 (m, 9H), 7.03 (d, 2H), 6.60 (d, 1H), 6.48 (d, 1H), 5.15 (d, 1H), 

4.70 (q, 1H), 4.37 (quint, 1H), 4.24 (q, 1H), 3.13-2.92 (m, 3H), 2.78 

(dd, 1H), 1.43 (s, 9H), 1.39 (s, 9H), 1.21 (d, 3H); 13C-NMR (75 MHz, 

CDCl3) δ 171.8, 171.2, 169.8, 155.5, 136.6, 136.4, 129.54, 129.45, 

128.8, 128.7, 127.2, 127.1, 81.9, 80.3, 56.6, 54.1, 48.7, 38.4, 38.0, 

28.4, 28.0, 18.2; IR (cm-1) 3291, 2979, 2930, 1641, 1516, 1497; HRMS (FD), calcd for C30H41N3O6 [M+]: 

539.2990, found: 539.3005 (D 2.8 ppm); d.e. (determined by chiral HPLC): 98.2% 

Boc-Phe-Phe-Phe-OtBu 3m 

Synthesised according to general procedure 2. Yield: 54 mg (0.088 

mmol, 88%) as a colorless glassy solid. 1H-NMR (300 MHz, CDCl3) δ 

7.32-7.09 (m, 15H), 6.63 (d, 1H), 6.47 (d, 1H), 5.03 (d, 1H), 4.65 

(sext, 2H), 4.39 (q, 1H), 3.03-2.98 (m, 6H), 1.40 (s, 9H), 1.38 (s, 9H); 
13C-NMR (75 MHz, CDCl3) δ 171.1, 170.0, 169.9, 155.4, 136.6, 136.3, 

136.1, 129.5, 129.4, 128.8, 128.7, 128.5, 127.1, 127.0, 82.4, 80.3, 

55.8, 54.4, 54.0, 38.4, 38.3, 28.3, 28.0; IR (cm-1) 3272, 2977, 2928, 

1693, 1641, 1519; HRMS (FD), calcd for C36H45N3O6 [M+]: 615.3303, found: 615.3306 (D 0.5 ppm); d.e. 

(determined by chiral HPLC): 97.8% 
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Boc-Phe-D-Phe-Phe-OtBu 3n 

Synthesised according to general procedure 2. Yield: 58 mg (0.094 

mmol, 94%) as a colorless solid. Melting point: 173-178 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.34-7.21 (m, 9H), 7.14 (d, 2H), 7.02 (d, 4H), 

6.78 (d, 1H), 6.60 (d, 1H), 5.21 (d, 1H), 4.71 (quint, 2H), 4.30 (q, 1H), 

3.02-2.90 (m, 6H), 1.40 (s, 9H), 1.35 (s, 9H); 13C-NMR (75 MHz, 

CDCl3) δ 171.2, 170.3, 170.0, 155.4, 136.6, 136.4, 136.2, 129.5, 

129.4, 128.71, 128.67, 128.4, 127.10, 127.05, 127.0, 82.3, 80.2, 

56.3, 54.1, 53.8, 38.5, 38.3, 37.9, 28.4, 28.0; IR (cm-1) 3294, 2979, 2929, 1688, 1649, 1519; HRMS (FD), 

calcd for C36H45N3O6 [M+]: 615.3303, found: 614.3287 (D 2.6 ppm); d.e. (determined by chiral HPLC): 97.0% 

Boc-Phe-Phe-Val-OtBu 3o 

Synthesised according to general procedure 2. Yield: 51 mg (0.090 

mmol, 90%) as a colorless foam. Melting point: 132-138 oC; 1H-

NMR (300 MHz, CDCl3) δ 7.32-7.17 (m, 8H), 7.11 (d, 2H), 6.71 (d, 

1H), 6.56 (d, 1H), 5.08 (d, 1H), 4.72 (q, 1H), 4.40-4.30 (m, 2H), 3.10-

2.95 (m, 4H), 2.09 (sext, 1H), 1.47 (s, 9H), 1.38 (s, 9H), 0.87 (t, 6H); 
13C-NMR (75 MHz, CDCl3) δ 171.2, 170.4, 170.3, 155.6, 136.6, 136.3, 

129.4, 128.73, 128.65, 127.1, 82.0, 80.1, 57.8, 54.5, 38.3, 31.4, 

28.3, 28.1, 18.9, 17.9; IR (cm-1) 3271, 2966, 2929, 1693, 1643, 1519; HRMS (FD), calcd for C32H45N3O6 [M+]: 

567.3303, found: 567.3312 (D 1.6 ppm); d.e. (determined by chiral HPLC): 98.5% 

Boc-Phe-D-Phe-Val-OtBu 3p 

Synthesised according to general procedure 2. Yield: 58 mg (0.094 

mmol, 94%) as a colorless foam. Melting point: 91-97oC; 1H-NMR 

(300 MHz, CDCl3) δ 7.33-7.11 (m, 10H), 6.69 (d, 1H), 6.59 (d, 1H), 

5.23 (d, 1H), 4.78 (q, 1H), 4.33 (q, 2H), 3.09-2.82 (m, 4H), 2.00 (sext, 

1H), 1.44 (s, 9H), 1.39 (s, 9H), 0.77 (dd, 6H); 13C-NMR (75 MHz, 

CDCl3) δ 171.3, 170.6, 170.4, 155.5, 136.7, 136.5, 129.4, 128.7, 

127.1, 127.0, 82.1, 80.2, 57.8, 56.2, 54.4, 38.7, 38.2, 31.3, 28.4, 

28.1, 18.7, 17.8; IR (cm-1) 3272, 2966, 2929, 1716, 1639, 1496; HRMS (FD), calcd for C32H45N3O6 [M+]: 

567.3303, found: 567.3294 (D 1.6 ppm); d.e. (determined by chiral HPLC): 96.8% 

Boc-Phe-Val-Gly-OtBu 3q 

Synthesised according to general procedure 2, except by stirring 

overnight at 50oC. Yield: 44 mg (0.092 mmol, 92%) as a colorless 

solid. Melting point: 185-189 oC. 1H-NMR (300 MHz, CDCl3) δ 7.31-

7.20 (m, 5H), 6.83-6.75 (m, 2H), 5.32 (d, 1H), 4.46-4.36 (m, 2H), 3.87 

(s, 2H), 3.09 (m, 2H), 2.19 (q, 1H), 1.47 (s, 9H), 1.40 (s, 9H), 0.92 (dd, 

6H); 13C-NMR (75 MHz, CDCl3) δ 171.7, 171.0, 168.7, 155.8, 136.7, 129.4, 128.7, 126.9, 82.1, 80.3, 58.4, 

56.1, 42.0, 38.1, 30.7, 28.4, 28.1, 19.3, 17.9; IR (cm-1) 3286, 2974, 2931, 1745, 1692, 1640, 1519; HRMS 



 S9 

(FD), calcd for C25H39N3O6 [M+]: 477.2833, found: 477.2840 (D 1.4 ppm); d.e. (determined by chiral HPLC): 

98.7% 

Boc-Phe-D-Val-Gly-OtBu 3r 

Synthesised according to general procedure 2, except by stirring 

overnight at 50oC. Yield: 43 mg (0.090 mmol, 90%) as a colorless 

foam. Melting point: 62-65 oC (stays oily). 1H-NMR (300 MHz, 

CDCl3) δ 7.30-7.20 (m, 5H), 7.12 (bs, 1H), 6.75 (d, 1H), 5.35 (d, 1H), 

4.38 (q, 1H), 3.90 (m, 2H), 3.13-2.99 (m, 2H), 2.16 (q, 1H), 1.46 (s, 

9H), 1.39 (s, 9H), 0.79 (d, 6H); 13C-NMR (75 MHz, CDCl3) δ 171.8, 171.1, 168.8, 155.7, 136.6, 129.4, 128.8, 

127.0, 82.1, 80.3, 58.4, 56.5, 42.0, 38.3, 30.3, 28.4, 28.1, 19.2, 17.7; IR (cm-1) 3291, 2967, 2931, 1744, 1693, 

1641, 1514, 1498; HRMS (FD), calcd for C25H39N3O6 [M+]: 477.2833, found: 477.2847 (D 1.9 ppm); d.e. 
(determined by chiral HPLC): 98.8% 

Boc-Phe-Val-Ala-OtBu 3s 

Synthesised according to general procedure 2, except by stirring 

overnight at 50oC. Yield: 47 mg (0.096 mmol, 96%) as a colorless 

foam. Melting point: 83-88 oC. 1H-NMR (300 MHz, CDCl3) δ 7.30-

7.18 (m, 5H), 6.81 (dd, 2H), 5.25 (d, 1H), 4.45 (quint, 2H), 4.33 (t, 

1H), 3.15-3.00 (m, 2H), 2.12 (sext, 1H), 1.47 (s, 9H), 1.42-1.35 (m, 

12H), 0.92 (dd, 6H). Note: rotamers present; 13C-NMR (75 MHz, CDCl3) δ 171.9, 171.5, 170.2, 155.6, 136.7, 

129.4, 128.7, 127.0, 82.0, 80.2, 58.5, 57.3, 55.9, 48.8, 38.1, 31.2, 28.4, 28.1, 19.2, 18.4, 18.1; IR (cm-1) 3278, 

2975, 2931, 1718, 1689, 1642, 1522; HRMS (FD), calcd for C26H41N3O6 [M+]: 491.2990, found:  491.2981 (D 

1.8 ppm); d.e. (determined by chiral HPLC): 96.7% 

Boc-Phe-D-Val-Ala-OtBu 3t 

Synthesised according to general procedure 2, except by stirring 

overnight at 50oC. Yield: 40 mg (0.082 mmol, 82%) as a colorless 

solid. Melting point: 114-117 oC. 1H-NMR (300 MHz, CDCl3) δ 7.32-

7.19 (m, 5H), 6.97 (bs, 1H), 6.60 (d, 1H), 5.24 (d, 1H), 4.74-4.30 (m, 

3H), 3.15-3.04 (m, 2H), 2.10 (sext, 1H), 1.47 (s, 9H), 1.42-1.37 (m, 

12H), 0.88-0.76 (m, 6H). Note: rotamers present; 13C-NMR (75 

MHz, CDCl3) δ 172.0, 171.5, 170.2, 155.6, 136.7, 129.4, 128.8, 127.0, 82.0, 80.3, 58.2, 56.6, 48.8, 38.3, 

30.5, 28.4, 28.1, 19.5, 19.1, 18.5, 17.7; IR (cm-1) 3274, 2966, 2930, 1732, 1694, 1639, 1518; HRMS (FD), 

calcd for C26H41N3O6 [M+]: 491.2990, found: 491.2991 (D 0.2 ppm); d.e. (determined by chiral HPLC): 97.1% 

Boc-Phe-Val-Phe-OtBu 3u 

Synthesised according to general procedure 2, except by stirring 

overnight at 80oC. Yield: 51 mg (0.090 mmol, 90%) as a faint yellow 

foam. Melting point: 64-68 oC (stays oily). 1H-NMR (300 MHz, 

CDCl3) δ 7.32-7.16 (m, 10H), 6.71 (m, 2H), 5.23 (d, 1H), 4.75 (q, 1H), 

4.43 (q, 1H), 4.32 (t, 1H), 3.14-2.99 (m, 4H), 2.08 (sext, 1H), 1.41 
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(bs, 18H), 0.88 (dd, 6H). Note: rotamers present; 13C-NMR (75 MHz, CDCl3) δ 171.5, 170.4, 170.3, 155.6, 

136.8, 136.2, 129.6, 129.4, 128.7, 128.5, 127.1, 127.0, 82.4, 80.2, 58.5, 55.9, 53.8, 38.3, 38.1, 31.2, 28.4, 

28.0, 19.1, 18.1; IR (cm-1) 3272, 2974, 2931, 1732, 1691, 1640, 1519; HRMS (FD), calcd for C32H45N3O6 [M+]: 

567.3303, found: 567.3305 (D 0.4 ppm); d.e. (determined by chiral HPLC): 98.0% 

Boc-Phe-D-Val-Phe-OtBu 3v 

Synthesised according to general procedure 2, except by stirring 

overnight at 80oC. Yield: 45 mg (0.079 mmol, 79%) as a colorless 

solid. Melting point: 122-124 oC. 1H-NMR (300 MHz, CDCl3) δ 7.30-

7.17 (m, 10H), 6.83 (bs, 1H), 6.62 (d, 1H), 5.21 (d, 1H), 4.75 (q, 1H), 

4.39 (q, 1H), 4.32 (t, 1H), 3.12-3.02 (m, 4H), 1.99 (sext, 1H), 1.40 

(bs, 18H), 0.70 (dd, 6H). Note: rotamers present; 13C-NMR (75 MHz, 

CDCl3) δ 171.5, 170.6, 170.4, 155.4, 136.7, 136.4, 129.5, 129.3, 128.8, 128.6, 128.5, 127.0, 82.4, 80.2, 58.2, 

56.3, 53.8, 38.5, 30.7, 28.4, 28.0, 19.1, 17.5; IR (cm-1) 3261, 2970, 2930, 1727, 1691, 1636, 1518; HRMS 

(FD), calcd for C32H45N3O6 [M+]: 567.3303, found: 567.3284 (D 3.7 ppm); d.e. (determined by chiral HPLC): 

94.0% 

Boc-Phe-Val-Val-OtBu 3w 

Synthesised according to general procedure 2, except by stirring at 

50oC for 3 days. The product was purified by column 

chromatography (PE/EtOAc 7:1 à 5:1 à 3:1) to give a colorless oil, 

which solidified upon standing. Yield: 40 mg (0.077 mmol, 77%). 

Melting point: 125-132 oC. 1H-NMR (300 MHz, CDCl3) δ 7.31-7.19 

(m, 5H), 6.75 (d, 1H), 6.69 (d, 1H), 5.27 (d, 1H), 4.47-4.33 (m, 3H), 3.15-3.00 (m, 2H), 2.13 (oct, 2H), 1.48 

(s, 9H), 1.40 (s, 9H), 0.95-0.89 (m, 12H); 13C-NMR (75 MHz, CDCl3) δ 171.5, 170.8, 170.7, 155.6, 136.8, 

129.4, 128.7, 126.9, 82.0, 80.2, 58.8, 57.7, 55.8, 38.0, 31.4, 31.2, 28.4, 28.1, 19.2, 19.1, 18.3, 17.9; IR (cm-

1) 3270, 2964, 1731, 1691, 1641, 1519; HRMS (FD), calcd for C28H45N3O6 [M+]: 519.3303, found: 519.3285 

(D 3.5 ppm); d.e. (determined by chiral HPLC): 90.8% 

Boc-Phe-D-Val-Val-OtBu 3x 

Synthesised according to general procedure 2, except by stirring at 

50oC for 3 days. The product was isolated as a colorless foam. Yield: 

44 mg (0.085 mmol, 85%). Melting point: 120-123 oC. 1H-NMR (300 

MHz, CDCl3) δ 7.31-7.19 (m, 5H), 6.77 (d, 1H), 6.67 (d, 1H), 5.27 (d, 

1H), 4.41 (m, 3H), 3.15-3.01 (m, 2H), 2.15 (sext, 1H), 2.04 (sext, 1H), 

1.47 (s, 9H), 1.40 (s, 9H), 0.94 (t, 6H), 0.81 (d, 6H); 13C-NMR (75 MHz, CDCl3) δ 171.4, 170.8, 170.7, 155.5, 

136.8, 129.4, 128.8, 127.0, 82.2, 80.2, 58.4, 57.7, 56.3, 38.6, 31.5, 30.9, 28.4, 28.2, 19.11, 19.07, 17.94, 

17.86; IR (cm-1) 3283, 2964, 2930, 1717, 1698, 1638, 1515; HRMS (FD), calcd for C28H45N3O6 [M+]: 519.3303, 

found: 519.3301 (D 0.4 ppm); d.e. (determined by chiral HPLC): 94.5% 
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General procedure 3: Synthesis of tetrapeptides Boc-Phe-AA-Phe-Phe-OtBu 4a-f 

The dipeptide isopropenyl ester (0.20 mmol), 147 mg H-Phe-Phe-OtBu (0.40 mmol, 2.0 equiv) and 69 mg 

pyrazole (1.00 mmol, 5.0 equiv) were dissolved in 4 mL anhydrous PhCH3. Next, 20 μL of a 1M solution of 

DBU in PhCH3 (0.02 mmol, 10 mol%) was added and the reaction was stirred overnight at room 

temperature (except C-terminal Valine, see below). The mixture was diluted with 20 mL Et2O and washed 

with 10 mL H2O, 10 mL 1M NaOH, 10 mL brine, dried over MgSO4 and concentrated in vacuo. The crude 

product was dissolved in 4 mL dry CH2Cl2 and 87 mg Boc2O (0.40 mmol, 2.0 equiv) and 55 μL Et3N (0.40 

mmol, 2.0 equiv) were added. The reaction was stirred overnight at room temperature, diluted with 20 

mL CH2Cl2 and washed with 10 mL 1M HCl, dried over MgSO4 and concentrated in vacuo. The residue was 

purified by column chromatography, eluting with a CH2Cl2/CH3OH mixture. 

-Note: for purification purposes it was necessary to transform the excess H-Phe-Phe-OtBu (which could 

not be washed away with acid) into the more apolar Boc-Phe-Phe-OtBu to ensure good separation with 

column chromatography. 

Boc-Phe-Ala-Phe-Phe-OtBu 4a 

Synthesised according to general procedure 3. Purified by 

column chromatography (CH2Cl2/CH3OH 99.5 : 0.5 à 99.3 

: 0.7 à 99.1 : 0.9) to give a colorless solid. Yield: 93 mg 

(0.135 mmol, 68%). Melting point: 210-213 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.44 (d, 1H), 7.30-7.11 (m, 17H), 7.01 

(d, 1H), 5.55 (d, 1H), 4.90 (q, 1H), 4.75-4.66 (m, 2H), 4.52 

(q, 1H), 3.14-2.93 (m, 6H), 1.40 (s, 9H), 1.39 (s, 9H), 1.29 

(d, 3H); 13C-NMR (75 MHz, CDCl3) δ 172.1, 171.5, 170.4, 170.2, 155.7, 136.8, 136.6, 136.3, 129.6, 129.5, 

129.4, 128.6, 128.4, 127.0, 126.91, 126.87, 82.3, 80.0, 55.7, 54.4, 53.9, 48.9, 38.7, 38.3, 28.4, 28.0, 19.0; 

IR (cm-1) 3276, 2977, 2929, 1731, 1690, 1635, 1520; HRMS (FD), calcd for C39H50N4O7 [M+]: 686.3674, 

found: 686.3712 (D 5.5 ppm); d.e. (determined by chiral HPLC): 98.5% 

Boc-Phe-D-Ala-Phe-Phe-OtBu 4b 

Synthesised according to general procedure 3. Purified by 

column chromatography (CH2Cl2/CH3OH 99.5 : 0.5 à 

99.25 : 0.75 à 99 : 1) to give a colorless powder. Yield: 108 

mg (0.157 mmol, 79%). Melting point: 142-144 oC. 1H-NMR 

(300 MHz, CDCl3) δ 7.35-7.15 (m, 15H), 7.09 (d, 2H), 6.85 

(d, 1H), 6.76 (d, 1H), 5.72 (d, 1H), 4.77-4.69 (m, 2H), 4.50 

(quint, 1H), 4.43 (d, 1H), 3.16-2.86 (m, 6H), 1.38 (bs, 18H), 

1.06 (d, 3H); 13C-NMR (75 MHz, CDCl3) δ 171.9, 171.4, 

170.6, 170.4, 155.6, 136.9, 136.6, 136.1, 129.5, 129.4, 128.5, 128.4, 126.9, 126.8, 82.4, 80.0, 56.0, 54.4, 

53.8, 53.5, 48.6, 38.8, 38.2, 28.4, 28.0, 18.0; IR (cm-1) 3273, 2977, 2929, 1732, 1693, 1633, 1520; HRMS 

(FD), calcd for C39H50N4O7 [M+]: 686.3674, found: 686.3712 (D 5.5 ppm); d.e. (determined by chiral HPLC): 

98.6% 
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Boc-Phe-Phe-Phe-Phe-OtBu 4c 

Synthesised according to general procedure 3. Purified by 

column chromatography (CH2Cl2/CH3OH 99.4 : 0.6 à 99.2 

: 0.8 à 99 : 1) to give a colorless solid. Yield: 106 mg (0.139 

mmol, 69%). Melting point: 170-178 oC. 1H-NMR (300 MHz, 

DMSO-d6) δ 8.47 (d, 1H), 8.24 (d, 1H), 7.89 (d, 1H), 7.31-

7.15 (m, 20H), 6.87 (d, 1H), 4.64 (t, 1H), 4.58 (t, 1H), 4.41 

(q, 1H), 4.10 (t, 1H), 3.08-2.98 (m, 4H), 2.86-2.58 (m, 4H), 

1.32 (s, 9H), 1.27 (s, 9H). Note: rotamers also present; 13C-

NMR (75 MHz, DMSO-d6) δ 171.3, 170.9, 170.7, 170.4, 155.0, 138.2, 137.5, 137.1, 129.4, 129.2, 129.1, 

128.2, 128.0, 127.9, 126.6, 126.3, 126.2, 126.1, 80.7, 78.1, 55.8, 54.2, 53.5, 37.8, 37.7, 37.6, 37.0, 28.1, 

27.5; IR (cm-1) 3272, 2976, 2927, 1733, 1689, 1639, 1522; HRMS (FD), calcd for C45H54N4O7 [M+]: 762.3987, 

found: 762.4001 (D 1.8 ppm); d.e. (determined by chiral HPLC): 93.0% 

Boc-Phe-D-Phe-Phe-Phe-OtBu 4d 

Synthesised according to general procedure 3. Purified by 

column chromatography (CH2Cl2/CH3OH 99.5 : 0.5 à 99.3 : 

0.7 à 99.1 : 0.9) to give a colorless solid. Yield: 105 mg 

(0.138 mmol, 69%). Melting point: 172-175 oC. 1H-NMR 

(300 MHz, DMSO-d6) δ 8.53 (d, 1H), 8.49 (d, 1H), 8.08 (d, 

1H), 7.36-6.98 (m, 20H), 6.62 (d, 1H), 4.69 (t, 1H), 4.61 (t, 

1H), 4.40 (q, 1H), 4.18 (t, 1H), 3.10 (d, 1H), 3.01 (d, 2H), 2.78-

2.59 (m, 3H), 2.43 (t, 2H), 1.32 (s, 9H), 1.26 (s, 9H). Note: 

rotamers also present; 13C-NMR (75 MHz, DMSO-d6) δ 171.3, 171.1, 170.6, 170.4, 155.0, 138.1, 137.8, 

137.5, 137.1, 129.5, 129.3, 129.21, 129.18, 128.2, 128.0, 127.8, 126.5, 126.4, 126.2, 126.0, 80.6, 77.9, 

55.3, 54.4, 53.6, 38.1, 37.7, 36.9, 28.1, 27.5; IR (cm-1) 3281, 3027, 2977, 2929, 1733, 1692, 1668, 1638, 

1523; HRMS (FD), calcd for C45H54N4O7 [M+]: 762.3987, found: 762.4029 (D 5.5 ppm); d.e. (determined by 

chiral HPLC):  94.8% 

Boc-Phe-Val-Phe-Phe-OtBu 4e 

Synthesised according to general procedure 3, except by 

stirring overnight at 70 oC. Purified by column 

chromatography (CH2Cl2/CH3OH 99.5 : 0.5 à 99.3 : 0.7 à 

99.1 : 0.9) to give a colorless solid. Yield: 67 mg (0.094 

mmol, 47%). 1H-NMR (300 MHz, CDCl3) δ 7.33-7.18 (m, 

14H), 7.11 (d, 2H), 6.80 (d, 1H), 6.61 (d, 2H), 5.13 (d, 1H), 

4.75 (q, 1H), 4.67 (q, 1H), 4.34 (q, 1H), 4.24 (t, 1H), 3.12-

2.97 (m, 6H), 2.09 (sext, 1H), 1.42 (s, 9H), 1.39 (s, 9H), 0.83-

0.72 (dd, 6H); 13C-NMR (75 MHz, CDCl3) δ 171.9, 170.7, 170.2, 170.1, 155.8, 136.7, 136.6, 136.4, 129.6, 

129.4, 129.3, 128.9, 128.7, 128.5, 127.2, 127.1, 127.0, 82.3, 80.6, 59.0, 56.2, 54.3, 54.01, 38.2, 37.9, 28.4, 

28.0, 19.3, 17.6; IR (cm-1) 3271, 2975, 2928, 1715, 1634, 1517, 1497; HRMS (FD), calcd for C41H54N4O7 [M+]: 

714.3987, found: 714.3996 (D 1.3 ppm); d.e. (determined by chiral HPLC): 94.6% 
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Boc-Phe-D-Val-Phe-Phe-OtBu 4f 

Synthesised according to general procedure 3, except by 

stirring overnight at 70 oC. Purified by column 

chromatography (CH2Cl2/CH3OH 99.5 : 0.5 à 99.3 : 0.7 à 

99.1 : 0.9) to give a colorless solid. Yield: 75 mg (0.105 

mmol, 52%). 1H-NMR (300 MHz, DMSO-d6) δ 8.43 (d, 1H), 

8.35 (d, 1H), 7.77 (d, 1H), 7.30-7.16 (m, 15H), 6.86 (d, 1H), 

4.67 (t, 1H), 4.39 (q, 1H), 4.29 (q, 1H), 4.17 (t, 1H), 3.12-2.93 

(m, 4H), 2.76-2.68 (m, 2H), 1.72 (sext, 1H), 1.31 (s, 9H), 1.29 (s, 9H), 0.48 (dd, 6H). Note: rotamers present; 
13C-NMR (75 MHz, DMSO-d6) δ 171.5, 171.4, 170.5, 170.4, 155.0, 138.1, 137.8, 137.1, 129.22, 129.17, 

128.2, 128.0, 127.9, 126.5, 126.2, 126.1, 80.6, 78.1, 57.3, 55.9, 54.4, 53.7, 37.9, 37.7, 36.9, 30.8, 28.1, 27.5, 

18.9, 17.3; IR (cm-1) 3266, 2970, 2927, 1725, 1636; HRMS (FD), calcd for C41H54N4O7 [M+]: 714.3987, found: 

714.3983 (D 0.6 ppm); d.e. (determined by chiral HPLC): 96.6%  
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d.r. = 96.659 / (96.659 + 1.424) = 98.55 : 1.45    d.r. = 99.18 : 0.82 

d.e. = 97.1%        d.e. = 98.4% 
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d.r. = 95.579 / (95.579 + 0.550) = 99.43 : 0.57    d.r. = 96.160 / (96.160 + 0.531) = 99.45 : 0.55 

d.e. = 98.8%        d.e. = 98.9% 
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d.r. = 99.53 : 0.47        d.r. = 95.262 / (95.262 + 0.524) = 99.45 : 0.55 

d.e. = 99.1%         d.e. = 98.9% 
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d.r. = 99.63 : 0.37       d.r. = 95.168 / (95.168 + 1.058) = 98.90 : 1.10 

d.e. = 99.3%        d.e. = 97.8%



 S90 

  

 

 

 

d.r. = 93.11/(93.114+1.563) = 98.4 : 1.6     d.r. = 98.850/(98.850+0.027) = 99.96 : 0.04 

d.e. = 96.8%        d.e. = 99.9%
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d.r. = 61.391 / (61.391+1.086) = 98.2 : 1.8    d.r. = 69.879 / (69.879+0.654) = 99.1 : 0.9 

d.e. = 96.5%        d.e.= 98.2% 
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d.r. = 86.849 / (86.849 + 0.950) = 98.94 : 1.06    d.r. = 82.791 / (82.791 + 1.273) = 98.47 : 1.53 

d.e. = 97.8%        d.e. = 97.0% 
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d.r. = 86.783 / (86.783 + 0.645) = 99.26 : 0.76    d.r. = 93.997 / (93.997 + 1.505) = 98.42 : 1.58 

d.e. = 98.5%        d.e. = 96.8% 
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d.r. = 94.053 / (94.053 + 0.618) = 99.35 : 0.65    d.r. = 92.212 / (92.212 + 0.536) = 99.42 : 0.58 

d.e. = 98.7%        d.e. = 98.8% 
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d.r. = 61.488 / (61.488+1.042) = 98.33 : 1.67    d.r. = 82.711 / (82.711+1.216) = 98.55 : 1.45 

d.e. = 96.7%        d.e. = 97.1% 
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d.r. = 83.179 / (83.179+0.827) = 99.01 : 0.99    d.r = 79.618 / (79.618+2.463) = 97.00 : 3.00 

d.e. = 98.0%        d.e. = 94.0% 



 S97 

 

 

d.r. = 95.40 : 4.60       d.r. = 88.145 / (88.145 + 2.499) = 97.24 : 2.76 

d.e. =  90.8%        d.e. =  94.5% 
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d.r. = 99.24 : 0.76       d.r. = 97.120 / (97.120 + 0.672) = 99.31 : 0.69 

d.e. = 98.5%        d.e. = 98.6% 
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d.r. = 96.52 : 3.48       d.r = 94.820 / (94.820 + 2.512) = 97.42 : 2.58 

d.e. = 93.0%        d.e. = 94.8% 
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d.r. = 97.31 : 2.69       d.r. = 98.31 : 1.69 

d.e. = 94.6%        d.e. = 96.6% 

 


