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1. General experimental information 

 

All reactions were carried out under nitrogen atmosphere with dry, freshly distilled 

solvents, under anhydrous conditions, unless otherwise stated. All solvents were purified 

following procedures described in literature. 1   

 

All yields refer to chromatographically and spectroscopically (1H-NMR and 13C-NMR) pure 

products. 

NMR spectra were recorded with a Bruker Advance NEO-400, Bruker Avance III 500 MHz or 

Bruker Advance III 400 MHz equipment. All chemical shifts were related to TMS as internal 

reference.  

All solid phase reactions were monitored by colorimetric test (Kaiser or Chloranil). 2-

Chlorotrityl chloride resin (2-CTC, 100-200 mesh, 1.1 mEq/g) was acquired from CHEM-

IMPEX INT’L INC.  

HPLC analyses were carried out in a Shimadzu (LC-10AT Pump) HPLC equipped with an 

SPD20Aprominence UV/Vis detector, Phenomenex Kinetex C18 (4.6x150mm, 5µm) column 

and H2O: CH3CN with 0.1 % formic acid. All mass spectra were acquired with a Shimadzu 

8040 HPLC-MS-MS equipment, with LC-20AD pumps, a SIL-20A autosampler, electrospray 

ionization and triple quadrupole mass detector. 

  

                                                           
1
 Perrin, D. D. ; Armarego, W. L. F. “Purification of Laboratory Chemicals”, 3

th
 Ed. Pergamon Press, Oxford, 1988. 
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2.  Solid Phase Peptide Synthesis and Solution Phase Macrocyclization 

 

2.1. Resin loading 

 The 2-Chlorotrityl chloride resin (2-CTC) ((100-300 mesh, 1.20 mmol/g) were added to a 

syringe peptide synthesis vessel. The resin was swelled in CH2Cl2 (3 x 5 min). 

A solution of first protected amino acid Fmoc-AA-OH (1 eq. for 0.8 mmol/g loading) and 

DIPEA (3 eq.) in CH2Cl2 was added and the resin was shaken 10 minutes. Then, an extra 7.0 

eq. of DIPEA were added and shaking was continued for 50 min. MeOH (0.8 mL/ g of resin) 

was added to the previous mixture in order to cap unreacted functional groups on the 

resin, and shaken for 10 min. After filtering, the resin was washed with CH2Cl2 (x3), MeOH 

(x3), CH2Cl2 (x3), DMF (x3).  

2.2. Removal of NHFmoc group 

The resin was washed with DMF (x3) and Fmoc protecting group was removed by treating 

the resin with piperidine-DMF solution (1:4) for 1, 5 and 5 minutes successively. In 

exceptional cases deprotection step was accomplish by a single treatment with piperidine-

DMF solution for 5 minutes, in order to prevent side reactions. 

2.3 Coupling of subsequent N-Fmoc protected amino acids to primary or secondary amines 

After removal of NHFmoc protecting group as previously described, the resin was washed 

with DMF (x3), CH2Cl2 (x3) and DMF (x3). A solution of Fmoc-AA-OH (3 eq.) and DIPEA (6 

eq.) in DMF was added to the resin, followed by a solution of HBTU, for coupling to primary 

amines, or HATU (2.9 eq.) in DMF, in case of coupling to an N methylated amino acid. The 

mixture was stirred for 60 min. After the coupling was completed, the resin was washed 

with DMF (×3) and CH2Cl2 (x3). Deprotection and coupling cycles were repeated with the 

appropriate amino acids to provide the desired compound. Completion of the coupling was 

monitored by colorimetric assays; Kaiser test in case of primary amines and Chloranil test 

for secondary amines. Coupling procedure was repeated in case of positive results.  
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2.4 Coupling of subsequent N-Fmoc protected amino acids to Anthranilic acid 

After removal of NHFmoc protecting group as previously described, the resin was washed 

with DMF (x3), CH2Cl2 (x3) and DMF (x3). A solution of Fmoc-AA-OH (5 Eq.), Oxyma Pure (5 

Eq.), and DIC (5 Eq.) was added to the vessel. The mixture was stirred for 60 min. Then, the 

resin was washed with DMF (×3) and CH2Cl2 (x3).  

2.5 Cleavage 

Unless otherwise stated, the peptide was cleaved from the resin by treatment with 1% TFA 

in CH2Cl2 for 2-3 minutes at room temperature followed by filtration and collection of the 

filtrate in MeOH. The treatment was repeated three times and then the resin washed with 

CH2Cl2 (x5) and MeOH (x3). Solvents were removed in vacuo to obtain the crude peptide. 

LC-MS was used to identify the desired product. 

 

2.6 General procedure for macrocyclization in solution phase. 

2.6.1. Method I 

Macrocyclization reaction of the corresponding linear peptide was performed in diluted 

conditions (1-5 mM) using HBTU or HATU (1.5 eq.), DIPEA (3 eq.), 4-DMAP (catalytic) in 

dried CH2Cl2 at room temperature during 1-3 days. The reaction mixture was washed with 

HCl 5% and then with saturated aqueous NaHCO3, dried over MgSO4, filtered and 

concentrated in vacuo. The crude was purified by flash chromatography to obtain the pure 

macrocycle. 
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  2.6.2. Method II 

The trifluoroacetate salt of the corresponding linear peptide was dissolved in dried CH2Cl2 

and diluted to a concentration of 1-5 mM. DIPEA (1eq.) was added to enable dissolution. 

EDCI (1.2 eq) and oxyma (1.2 eq.) were added at 0ºC and the reaction mixture was stirred 

for 10 minutes. Then, the reaction mixture is allowed to reach room temperature and 

stirred for 48 hours. The reaction mixture was washed with HCl 5% and then with saturated 

aqueous NaHCO3, dried over MgSO4, filtered and concentrated in vacuo. The crude was 

purified by flash chromatography to obtain the pure macrocycle. 

 

 

3. Solution phase synthesis 

3.1 General procedure for coupling reaction 

3.1.1. Method I 

EDC.HCl (1.5 eq.), Cl-HOBt (1.5 eq.) and DIPEA (2.0 eq.) were added to a solution of Boc 

protected amino acid (Boc-AA-OH, 1.0 eq.) in DCM at 0ºC under N2 atmosphere. N-

terminus deprotected linear peptide or amino acid ester (NH2-AA-COOEt) was added and 

the reaction mixture was stirred at 0ºC for 10 min and then at room temperature, 

overnight.  

 DCM was removed under vacuum and AcOEt was added. The organic phase was washed 

with 0.1 M HCl aqueous solution (30 mL × 2), brine (10 mL), saturated NaHCO3 solution (30 

mL × 2) and brine (10 mL), dried over MgSO4 and filtered. The solvent was removed under 

vacuum to give the crude material. The crude material was purified by flash 

chromatography. 

3.1.2. Method II 

Bis(trichloromethyl)carbonate (0.33 eq.) was added to a solution of Boc-Ala-OH (1 eq.) in 

dry THF under N2 atmosphere at 0ºC. 2,4,6-colidine (2.6 eq.) were added to the solution 

and a white suspension was formed. The reaction mixture was stirred for 5 minutes and the 

suspension was added to a solution of N-terminus deprotected linear peptide or amino acid 
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ester (NH2-AA-COOEt) (1 eq.) in dry THF, followed by DIPEA (1 eq). The reaction mixture 

was stirred overnight and concentrated under vacuum. 30 mL of AcOEt were added and 

the organic fase was washed with HCL 5% (3 x 5mL), brine (3 x 5mL) and NaHCO3 (3 x 5mL), 

dried with Na2SO4, filtered and concentrated. The crude material was purified by flash 

chromatography. 

3.2. Ester hydrolysis 

1 eq. of the ester was dissolved in THF and 3 eq. of de LiOH dissolved in water. The reaction 

was stirred for two hours at room temperature. THF was removed under vacuum. HCl 5% 

was added to the remaining solution to a pH of 3. The solution was extracted with AcOEt. 

The organic layers were dried with Na2SO4, filtered, and the solvent removed under 

vacuum. 

3.3. Boc deprotection procedure 

A threefold excess of a solution of 1.8M HCl in dioxane was added to the Boc-aminoacid. 

The solution was stirred at room temperature for an hour and the solvent removed under 

vacuum. The obtained hydrochloride derivative was used in the next step without further 

purification. 
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3. Characterization Data of Products 

 

 

5 

Compound 5 was prepared by solution phase synthesis, either by coupling metod I or II. 

 

For method I. Boc protected alanine (Boc-Ala-OH, 378.4 mg, 2 mmol was added to a 

solution of Cl-HOBt (508.7 mg, 3 mmol) and NMM (220 µL, 2 mmol) in 3 mL DCM at 0ºC 

under N2 atmosphere. The resulting mixture was stirred at 0ºC for 10 min and then methyl 

anthranilate (NH2-Anth-OMe, 906 mg, 6.0 mmol and EDC.HCl (575 mg, 3.0 mmol) were 

added in one portion. The reaction mixture was allowed to warm to room temperature and 

was stirred at room temperature overnight. The reaction mixture was diluted with 30 mL of 

DCM, and the organic phase was washed with 0.2 M HCl (3x15 mL), brine (10 mL), and 

saturated NaHCO3 solution, dried over Na2SO4 and filtered. 

The solvent was removed under vacuum and the crude material was further purified by 

flash chromatography (AcOEt:hexane, 1:4) to give pure Boc-Ala-Anth-OMe (270.7 mg, 0.84 

mmol) in 42% yield. 

 

Method II 

Bis(trichloromethyl)carbonate (74 mg, 0.25 mmol) was added to a solution of Boc-Ala-OH 

(140.0 mg, 0.74 mmol) in dry THF (2.5 mL) under N2 atmosphere at 0ºC. 2,4,6-colidine (250 

µL, 1.86 mmoles) were added to the solution. The reaction mixture was stirred for 5 

minutes and the suspension was added to a solution of methyl anthranilate (85 µL, 0.62 

mmol) in 2 mL dry THF, followed by DIPEA (128 µL, 0.74 mmol). The reaction mixture was 

stirred overnight and concentrated under vacuum. 30 mL of AcOEt were added and the 

organic phasewas washed with HCL 5% (3 x 5mL), brine (3 x 5mL) and NaHCO3 (3 x 5mL), 
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dried with Na2SO4, filtered and concentrated. The crude material was purified by flash 

chromatography (AcOEt:EP, 1:4) to give pure Boc-Ala-Anth-OMe, 51% yield (122 mg, 0.38 

mmol). 

BocNH-Ala-Anth-OMe(5). White solid. Rf=0.43 (AcOEt: EP, 1:4). 1H-NMR (400 MHz, CDCl3) δ 

1.34–1.74 (m, 12 H), 3.92 (s, 3H), 4.40 (s, 1 H), 5.15 (s, 1 H), 7.10 (t, J=7.6 Hz, 1H), 7.56 (t, 

J=7.4 Hz, 1 H), 8.04 (dd, J=8.0, 1.3 Hz, 1H), 8.76 (d, J=8.4 Hz, 1 H),  11.57 (s, 1H). 13C-NMR 

(101 MHz, CDCl3) δ 13.8, 14.0, 28.3, 52.3, 55.5, 57.6, 80.6, 115.2, 120.1, 122.6, 130.8, 

134.6, 141.2, 168.3, 171.1. 

 

6 

Coupling method I was applied to a solution of BocNH-Ala-Anth-OH (130 mg, 0.42 mmol, 1 

eq) and NH2-Ala-Anth-OMe (100 mg, 0.42mmol, 1 eq). After the extraction, the crude 

material was purified by flash chromatography with EP: AcOEt (3:2) as mobile phase to 

obtain 6 in 10 % yield (22 mg 0.042 mmol). 

BocNH-Ala-Anth-Ala-Anth-OMe (6). Colourless oil. Rf=0.7 (AcOEt:EP, 3:2).1H-RMN (400 MHz, 

CDCl3) δ 1.47 (m, 12 H), 1.66 (d, J=7.1 Hz, 3H), 3.91 (s, 3 H), 4.28 – 4.44 (m, 1 H), 4.85 (d, 

J=7.0 Hz, 1 H), 5.10 – 5.27 (m, 1H), 7.10- 7.18 (m, 3 H), 7.50 (d, J=7.6 Hz, 1 H), 7.55 – 7.62 

(m, 1H), 7.71 (dd, J=7.9, 1.3 Hz, 1 H), 8.06 (dd, J=8.0 Hz, 1.5, 1 H), 8.62 (d, J=8.4 Hz, 1 H), 

8.70 (d, J=8.4 Hz, 1 H), 11.45 (s, 1H), 11.59 (s, 1H). 
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7 

Boc protecting group of 6 was removed following general procedure. The resulting amine 

(20 mg, 0.042 mmol) was dissolved in 2.5 mL DCM under N2 atmosphere and DIPEA (10.8 

mg, 0.084 mmol) were added. The reaction mixture was put into a 0º ice bath and Boc-Ala-

OH (10 mg, 0.05), HBTU (20 mg, 0.05 mmol) and DMAP (cat) were added. The reaction 

mixture was stirred at 0ºC for 10 min and then at room temperature, overnight. DCM was 

removed under vacuum and AcOEt was added. The organic phase was washed with 0.1 M 

HCl aqueous solution (30 mL × 2), brine (10 mL), saturated NaHCO3 solution (30 mL × 2) and 

brine (10 mL), dried over MgSO4 and filtered. The solvent was removed under vacuum to 

give the crude material. The crude material was purified by flash chromatography with 

AcOEt:EP (4:1) to give 23 mg (0.039 mmol) of 5 (92% yield). 

BocNH-Ala-Ala-Anth-Ala-Anth-OMe (7). Yellow oil. Rf= 0.46 (AcOEt:EP, 4:1). 1H-NMR (400 

MHz, CDCl3) δ 1.42 (d, J = 7.0 Hz, 3H), 1.45 (s, 9H), 1.50 (d, J = 7.1 Hz, 3H), 1.65 (d, J = 7.1 

Hz, 3 H), 3.92 (s, 3 H), 4.21- 4.39 (m, 1 H), 4.56 - 4.65 (m, 1 H), 4.77- 4.88 (m, 1 H), 5.04- 

5.17 (m, 1 H), 6.94 (s, 1 H), 7.05 – 7.21 (m, 3 H),  7.45 – 7.65 (m, 2 H), 7.71 (dd, J=7.9, 1.3 

Hz, 1H), 8.06 (dd, J=8.0, 1.5 Hz, 1 H), 8.62 (d, J=8.4 Hz, 1 H), 8.70 (d, J=8.4 Hz, 1 H), 11.53 (s, 

1H), 11.57 (s, 1H). 
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 NMR Spectra and ESI-MS data of Compounds 

 

 

Fig. S1: ESI-MS of NHMeAla-Anth-NMeAla-Anth Ala-OH (Linear precursor of Versicotide A, 

10)  
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Fig. S2: 1H-NMR in DMSO-d6 of Cyclo-[Ala-Anth-NMeAla-Anth-NMeAla] (1) (Versicotide A) 

with area between 2.2 and 3.4 ppm zoomed to show conformers A, B and C. 
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Fig. S3: 13C-NMR in DMSO-d6 of Cyclo-[Ala-Anth-NMeAla-Anth-NMeAla] (1) (Versicotide A) 

 

Fig. S4: COSY in DMSO-d6 of Cyclo-[Ala-Anth-NMeAla-Anth-NMeAla] (1) 

 

Fig. S5: HSQC in DMSO-d6 of Cyclo-[Ala-Anth-NMeAla-Anth-NMeAla] (1) 
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Fig. S6: HMBC in DMSO-d6 of Cyclo-[Ala-Anth-NMeAla-Anth-NMeAla] (1) 
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Fig S7: Comparison of 1H-NMR at 40ºC (top) and 80ºC (bottom) 
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Fig. S8: HPLC Chromatogram of 1: Cyclo-[NHMeAla-Anth-NMeAla-Anth Ala-OH] (Versicotide 

A) 
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Fig. S9: ESI-MS of Cyclo-[NHMeAla-Anth-NMeAla-Anth Ala-OH] (Versicotide A) 
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Fig. S10: ESI MS of NHMeAla-Anth-Ala-Anth-NMeAla-OH (Linear precursor of Versicotide B, 

11)   
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Fig. S11: 1H-NMR in DMSO-d6 of Cyclo-[NMeAla-Anth-Ala-Anth-NMeAla] (2) (Versicotide B). 

Zoomed area: 2.20 – 3.15 ppm, A and B: conformers. 

 

Fig. S12: 13C-NMR in DMSO-d6 of Cyclo-[NMeAla-Anth-Ala-Anth-NMeAla] (2) (Versicotide B) 
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Fig. S13: COSY in DMSO-d6 of Cyclo-[NMeAla-Anth-Ala-Anth-NMeAla] (2) 

 

Fig. S14: HSQC in DMSO-d6 of Cyclo-[NMeAla-Anth-Ala-Anth-NMeAla] (2) 
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Fig. S15: Thermal gradient in DMSO-d6 of Cyclo-[NMeAla-Anth-Ala-Anth-NMeAla] (2). 

Comparison of 1H-NMR at 40 (red), 50 (green), 60 (blue) and 80ºC (purple) 
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Fig. S16: Thermal gradient in DMSO-d6 of Cyclo-[NMeAla-Anth-Ala-Anth-NMeAla] (2). 

Zoomed between 2.2 and 5.5 ppm. Comparison of 1H-NMR at 40 (purple) and 80ºC (green). 
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Fig. S17: HPLC chromatogram of Cyclo-[NHMeAla-Anth-Ala-Anth-NMeAla] (2) 
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Fig. S18: ESI-MS of Cyclo-[NHMeAla-Anth-Ala-Anth-NMeAla]  (2) Peak  of tr=7.48 min 
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Fig. S19: ESI-MS of Cyclo-[NHMeAla-Anth-Ala-Anth-NMeAla]  (2)  Peak of tr=7.83 min 
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Fig. S20: ESI-MS of Ala-Anth-NMeAla-Ala-Anth-NMeAla (Linear precursor of Versicotide C, 12) 
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Fig. S21: 1H-NMR in (CD3)2CO) of Cyclo-[NMeAla-Anth-Ala-NMeAla-Anth-Ala] (3) 

(Versicotide C). Zoomed area 2-5.5 ppm shows conformers. 

 

Fig. S22: 13C-NMR in (CD3)2CO) of Versicotide C 

 

Fig. S23: COSY in (CD3)2CO) of Versicotide C 
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Fig. S24: HSQC in (CD3)2CO) of Versicotide C 

 

Fig. S25:HMBC in (CD3)2CO) of Versicotide C 
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Fig. S26: Comparison of 1H-NMR of Versicotide C at 25ºC (blue) and 80ºC (red) 

 

 

 

Fig. S27: Comparison of 1H-NMR of Versicotide C at 25ºC (blue) and 80ºC (red) 
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Fig. S28: HPLC chromatogram of Cyclo-[Ala-Anth-NMeAla-Ala-Anth-NMeAla] (1)(Versicotide 

C) 
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Fig. S29: ESI-MS of Cyclo-[Ala-Anth-NMeAla-Ala-Anth-NMeAla] (4) 

(Versicotide C) 
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 Fig. S30: 1H-NMR in CDCl3 of BocNHAla-Anth-Ala-AnthOMe (6) 

  

Fig. S31: COSY in CDCl3 of BocNHAla-Anth-Ala-AnthOMe (6) 
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Fig. S32: HSQC in CDCl3 of BocNHAla-Anth-Ala-AnthOMe (6)

 

Fig. S33: 1H-NMR in CDCl3 of BocNHAla-Ala-Anth-Ala-AnthOMe (7) 
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Fig. S34: COSY in CDCl3 of BocNHAla-Ala-Anth-Ala-AnthOMe (7) 

 

Fig. S35: HSQC in CDCl3 of BocNHAla-Ala-Anth-Ala-AnthOMe (7) 
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Fig. S36: 1H-NMR in (CD3)2CO of Cyclo-[ Ala-Ala-Anth-Ala-Anth] (4) 
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Fig. S37: 13C-NMR in (CD3)2CO of Cyclo-[ Ala-Ala-Anth-Ala-Anth] (6) 

 



36 
 

 

Fig. S38: Chromatogram Cyclo-[ Ala-Ala-Anth-Ala-Anth](4) 

 

 

Fig. S39: ESI-MS of Cyclo-[ Ala-Ala-Anth-Ala-Anth] 

 

X ray crystallographic data 

CDCC reference number of Cyclo-[NHMeAla-Anth-NMeAla-Anth Ala-OH] (Versicotide A): 

2023773 
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