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General Experimental Methods: Optical rotations were measured using a Kruss Optronic GmbH P8000 

polarimeter with a 0.5 mL cell. IR spectra were recorded on a Shimadzu FTIR 8101A spectrophotometer. 1H 

NMR and 13C NMR spectra were recorded on Bruker Advance DPX- 400. Chemical shifts are related to TMS 

as an internal standard. High resolution mass spectra (HRMS) were obtained on a micro Q-TOF (ESI) (Bruker 

Daltonics) and LTQ-FT Ultra (NanoESI) (Thermo Scientific). Flash column chromatography was carried out 

with Silica gel 60 (J.T. Baker, 40 µm average particle diameter). All reactions and chromatographic 

separations were monitored by TLC, conducted on 0.25 mm Silica gel plastic sheets (Macherey/Nagel, 

Polygram_ SIL G/UV 254). TLC plates were analyzed under 254 nm UV light, iodine vapor, p-

hydroxybenzaldehyde spray or ninhydrin spray. Yields are reported for chromatographically and 

spectroscopically (1H and 13C NMR) pure compounds. Analytical HPLC was performed on a Waters 2695 

Separations Module equipped with a Waters XBridge C18 column (75 x 4.6 mm, 2.5 m particle size) and 

Waters 996 photodiode array detector or on a Shimadzu (LC-10AT Pump) equipped with a Waters 

BondapakTM C18 column (150 x 3.9 mm, 10 m) and a SPD20Aprominence UV/Vis detector. All solvents 

were purified according to literature procedures.1 All reactions were carried out in dry, freshly distilled 

solvents under anhydrous conditions unless otherwise stated.

SPPS general procedure 1: The synthesis was done in a plastic syringe equipped with teflon filters 

attached to a vacuum manifold to enable rapid removal of reagents and solvents. The 2-chlorotritylchloride 

resin (loading =1.0 mmol/g; 100 mg) was washed with CH2Cl2 (5 × 30 sec), DMF (5 × 30 sec) and again with 

CH2Cl2 (5 × 30 sec). A solution of Fmoc-AA-OH (1 mmol/g of resin) in minimal CH2Cl2 and DIPEA (7 eq.) 

was gently shaken for 1 h, then an extra 3 eq. of DIPEA was added and shaking was continued for 5 min. 

MeOH (0.08 mL/ g of resin) was then added in order to cap unreacted functional groups on the resin; the 

mixture was then shaken for 20-30 min. The resin was filtered, and washed with CH2Cl2 and DMF (5 × 30 

sec. each). The N-terminus was deprotected using 20% piperidine in DMF (2 × 5 min and 1 x 10 min). The 

resin was then washed with DMF, CH2Cl2 and DMF (5 × 30 sec. each). Fmoc-AA-OH (3 eq.) was pre-

activated by vigorous shaking for 4 min in the presence of DIC (3 eq.) and HOAt (3 eq.) in minimal DMF, 

1 Perrin, D. D. ; Armarego, W. L. F. “Purification of Laboratory Chemicals”, 3th Ed. Pergamon Press, Oxford, 1988.



3

and then poured onto the resin and the resulting mixture was gently shaken for 1-2 h. After the coupling was 

completed, the resin was washed with CH2Cl2 and DMF (5 × 30 sec. each). Deprotection and coupling cycles 

were repeated with the appropriate amino acids to provide the desired compound. 

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 water. The treatment was repeated 4-5 

times. Solvents were removed in vacuo and the crude peptide was washed twice with CH2Cl2, cooled with N2 

liquid and lyophilized to render the desired hexapeptide.

SPPS general procedure 2: The synthesis was done in a plastic syringe equipped with Teflon filters 

attached to a vacuum manifold to enable rapid removal of reagents and solvents. The 2-chlorotritylchloride 

resin (100-300 mesh, 1.43 mmol/g) was swelled in CH2Cl2 (3 × 30 sec). A solution of the first protected 

aminoacid (Fmoc-Gly-OH, 2.0 eq) in CH2Cl2 and DIPEA (3.0 eq) was gently shaken for 10 min, then an extra 

7.0 eq. of DIPEA was added and shaking was continued for 45 min. MeOH (0.8 mL/ g of resin) was then 

added in order to cap unreacted functional groups on the resin; the mixture was then shaken for 10 min. The 

resin was filtered, and then washed with CH2Cl2 (x3) and DMF (x3). The N-terminus was deprotected using 

20% piperidine in DMF (2 × 5 min and 1 x 10 min). The resin was then washed with 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 or 

HCTU (2.9 eq) in DMF. The mixture was stirred for 90 min. After the coupling was completed, the resin was 

washed with DMF (×3). Deprotection and coupling cycles were repeated with the appropriate amino acids to 

provide the desired compound. 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). Solvents were removed in 

vacuo to obtain the crude hexapeptide. 

cyclo-[L-Val-L-Ser-D-Ile-L-Cys(Trt)-L-Ala-L-Thr(tBu)-] (16)

The trifluoroacetate salt of H2N-D-Ile-L-Cys(Trt)-L-Ala-L-Thr(tBu)-L-Val-L-Ser-OH was obtained 

following the general SPPS procedure 1. Lyophilization yielded 825 mg (96% yield) of the hexapeptide as a 

white solid. The purity (91%) was determined by HPLC (linear gradient: 70 to 100% acetonitrile (0.036% 

TFA) in H2O (0.045% TFA) over 8 min; flow rate = 1.0 mL/min; tR = 2.78 min). mp: 215-217 ºC. αD = + 
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3.04 (c 0.67, MeOH/CHCl3 (1:1)). HRMS calculated for C47H67N6O9S1 ([M+H]+) 891.46963 observed 

891.46848

Macrocyclization reaction was performed following the general procedure (dilution 5 mM, 4 days), starting 

from the trifluoroacetate salt of the amino acid H2N-D-Ile-L-Cys(Trt)-L-Ala-L-Thr(OtBu)-L-Val-L-Ser-OH 

(100 mg, 0.099 mmol). Further purification by flash chromatography, the desired macrocycle was obtained 

(48 mg, 0.055 mmol) in 55% yield.

White solid, mp: 108-109 ºC, Rf = 0.45 (AcOEt:EP, 3:2). αD = - 20.5  (c 1.3, MeOH). 1H NMR (400 MHz, 

CDCl3) δ ppm 0.90 – 1.00 (m, 9H), 1.05 (d, J = 6.8 Hz, 3H), 1.10 (d, J = 6.5 Hz, 3H), 1.15 - 1.21 (m, 2H), 

1.32 (s, 9H), 1.35 -1.41 (m, 1H), 1.56 (d, J = 7.1 Hz, 3H), 2.18 - 2.23 (m, 1H), 2.29 (dd, J1 = 12.8 Hz, J2 = 6.3 

Hz, 1H), 2.34 - 2.41 (m, 1H), 2.75 (dd, J1 = 12.8 Hz, J2 = 5.2 Hz, 1H), 3.47 (dd, J1 = 9.9 Hz, J2 = 3.5 Hz, 1H), 

3.72 (t, J = 7.2 Hz, 1H), 3.97 (t, J = 4.12 Hz, 1H15), 3.99 (dd, J1 = 9.9 Hz, J2 = 1.90 Hz, 1H), 4.21 (m, 2H), 

4.39 - 4.44 (m, 1H), 4.47 (dd, J1 = 6.5, J2 = 4.6 Hz, 1H), 4.83 (dd, J1 = 9.7 Hz, J2 = 3.6 Hz, 1H), 6.62 (d, J = 

7.9 Hz, 1H), 6.94 (d, J = 7.8 Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 7.12 (d, J = 4.9 Hz, 1H), 7.23 - 7.37 (m, 15H), 

7.54 (d, J = 9.6 Hz, 1H), 8.16 (d, J = 3.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ ppm 11.9, 14.8, 15.4, 17.5, 

17.7, 19.8, 26.6, 28.3 (3C), 29.1, 29.7, 31.8, 51.5, 52.1, 54.7, 55.6, 57.5, 61.8, 62.8, 65.5, 67.4, 76.3, 127.1 

(3C), 127.3 (2C), 127.9 (6C), 128.2 (2C), 129.6 (2C), 144.3 (2C), 146.9, 170.1, 170.4, 170.5, 170.9, 172.3, 

172.5. IR (cm-1) 1080, 1150, 1265, 1385, 1447, 1516, 1628, 1655, 2878, 2932, 2970, 3059, 3306, 3406. 

HRMS calculated for C47H64N6NaO8S ([M+Na]+) 895.4404 observed 895.4396. 

cyclo-[Gly-L-Cys(Trt)-L-Ile-L-Cys(Trt)-L-Phe-L-Ser(tBu)-] (17)

The trifluoroacetate salt of H2N-L-Cys(Trt)-L-Ile-L-Cys(Trt)-L-Phe-L-Ser(tBu)-Gly-OH was obtained 

following the general SPPS procedure 2. Yielded 350 mg (91% yield) of the hexapeptide as a white solid. The 

purity (90 %) was determined by HPLC (linear gradient: 8 to 100% acetonitrile in H2O/ 0.1% TFA over 20 

min; flow rate = 1.0 mL/min; tR = 13.97 min). mp= decompose above 200 °C.  [α]D
25= -145.7 (c 0.35, 

MeOH/H2O) HRMS m/z calc. for C68H76N6O8S2 ([M+H]+) 1169.5244, found 1169.5115. Macrocyclization 

reaction was performed following the general procedure (dilution 5mM, 3 days), starting from the 

trifluoroacetate salt of the amino acid H2N-L-Cys(Trt)-L-Ile-L-Cys(Trt)-L-Phe-L-Ser(Ot-Bu)-L-Gly-OH (300 
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mg, 0.23 mmol). Further purification by flash chromatography, the desired macrocycle was obtained (129 mg, 

0.112 mmol) in 48% yield. 

White solid, mp: 123-129 °C, Rf= 0.4 (EtOAc:EP, 3:1).  [α]D
25= -25.9 (c 1.35, MeOH). 1H NMR (400 

MHz, CDCl3) δ (ppm): 0.87 (t, J=6.7 Hz, 3H), 0.88 (d, J=6.7 Hz, 3H), 1.07 (m, 1H), 1.11 (s, 9H), 1.48 (m, 

1H), 2.00 (m, 1H), 2.55 (m, 1H), 2.59 (m, 1H), 2.70 (m, 1H), 2.80 (m, 1H), 3.01 (m, 1H), 3.17 (m, 1H), 3.36 

(m, 1H), 3.43 (m, 1H), 3.55 (m, 1H), 3.62 (m, 1H), 3.87 (t, J=7.2 Hz, 1H), 4.04 (m, 1H), 4.06 (m, 1H), 4.28 

(m, 2H), 6.79 (d, J=5.4 Hz, 1H), 6.94 (m, 1H),  7.09-7.18 (m, 6H), 7.18-7.25 (m, 7H), 7.25-7.34 (m, 14H), 

7.35-7.40 (m, 6H), 7.40-7.46 (m, 6H). 13C NMR (100 MHz, CDCl3) δ(ppm):11.07, 15.71, 25.16, 27.43 (3C), 

32.26, 32.46, 35.58, 36.52, 38.64, 43.63, 53.37, 54.08, 54.68, 56.07, 60.31, 67.31 (2C), 82.04, 126.94 (2C), 

126.97 (3C), 127.26, 127.34, 127.93 (2C), 127.96 (3C), 128.12 (8C), 128.30, 128.66 (2C), 129.36 (2C), 

129.48 (5C), 129.54 (5C), 144.21 (3C), 144.25 (3C), 146.90, 170.05, 170.16, 170.62, 170.69, 171.32 (2C). 

IR (cm-1)  1034, 1157, 1236, 1265, 1365,1531, 1645, 2931, 2970, 3059, 3296. HRMS m/z calc. for 

C68H74N6O7S2 ([M+Na]+) 1173,4958, found 1173.4912.

cyclo-[Gly-L-Cys(Trt)-L-Ile-L-Cys(Trt)-L-Ile-L-Cys(Trt)] (18)

The trifluoroacetate salt of H2N-L-Cys(Trt)-L-Ile-L-Cys(Trt)-L-Ile-L-Cys(Trt)-Gly-OH was obtained 

following the general SPPS procedure 2. Yielded 410 mg (94% yield) of the hexapeptide as a white solid. The 

purity (80 %) was determined by HPLC (linear gradient: 8 to 100% acetonitrile in H2O/ 0.1% TFA over 20 

min; flow rate = 1.0 mL/min; tR = 14.52 min m.p. = 182-190. [α]D
25= -204.0 (c 0.25, MeOH/H2O). HRMS 

m/z calc. for C80H84N6O7S3 ([M+Na]+) 1359.5462, found 1359.5309.

Macrocyclization reaction was performed following the general procedure (dilution 5mM, 3 days), starting 

from the trifluoroacetate salt of the amino acid H2N-L-Cys(Trt)-L-Ile-L-Cys(Trt)-L-Ile-L-Cys(Trt)-Gly-OH 

(330 mg, 0.227 mmol). Further purification by flash chromatography, the desired macrocycle was obtained 

(192 mg, 0.145 mmol) in 66% yield.

White solid, mp: 145-147 °C, Rf= 0.5 (EtOAc)., [α]D
25= -58.4 (c 0.5, MeOH). 1H NMR (400 MHz, CDCl3) 

δ (ppm): 0.83-0.89 (m, 9H), 0.91 (d, J=6.8 Hz, 3H), 0.99-1.20 (m, 2H), 1.39-1.60 (m, 2H), 1.90-2.10 (m, 2H), 

2.52-2.65 (m, 2H), 2.65-2.79 (m, 4H), 3.21-3.30 (m, 1H), 3.51-3.63 (m, 1H), 3.69-3.83 (m, 2H), 3.89-4.03 (m, 
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3H), 6.78 (d, J=6.3 Hz, 1H), 6.85-6.96 (m, 1H), 7.01 (d, J=7.5 Hz, 1H), 7.04-7.16 (m, 2H), 7.18-7.25 (m, 

10H), 7.25-7.33 (m, 18H), 7.38-7.46 (m, 18H). 13C NMR (100 MHz, CDCl3) δ(ppm):10.78, 11.44, 15.74, 

15.87, 24.69, 25.07, 31.93 (2C), 34.86, 35.44,36.51, 43.88, 53.32, 53.49, 53.98, 59.06, 59.6, 67.03, 67.21(2C), 

126.85 (3C), 126.92 (3C), 126.99 (3C), 127.93 (2C), 127.95 (2C), 128.02 (6C), 128.10 (4C), 128.15 (4C), 

129.38 (6C), 129.49 (6C), 129.56 (6C), 144.07 (3C), 144.30 (3C), 144.53 (3C), 165.27, 170.63, 170.76, 

170.88, 170.97, 171.43. IR (cm-1)  1033, 1082, 1265, 1445, 1526, 1651, 2931, 2965, 3059, 3385, 

3400.HRMS m/z calc. for C80H82N6O6S3 ([M+Na]+) 1341,5456, found 1341.5231.

cyclo-[Gly-L-Cys(Trt)-L-Met-L-Cys(Trt)-L-Ile-L-Thr(tBu)-] (19)

The trifluoroacetate salt of H2N-L-Cys(Trt)-L-Met-L-Cys(Trt)-L-Ile-L-Thr(Ot-Bu)-Gly-OH was obtained 

following the general SPPS procedure 2. Yielded 480 mg (87% yield) of the hexapeptide as a white solid. The 

purity (94%) was determined by (linear gradient: 8 to 100% acetonitrile in H2O/ 0.1% TFA over 20 min; flow 

rate = 1.0 mL/min; tR = 15.09 min mp= decompose above 200 °C.  [α]D
25= -73.6 (c 0.5, MeOH/H2O). HRMS 

m/z calc. for C65H78N6O8S3 ([M+H]+) 1167.5121, found 1167.5096.

Macrocyclization reaction was performed following the general procedure (dilution 5mM, 3 days), starting 

from the trifluoroacetate salt of the amino acid H2N-L-Cys(Trt)-L-Met-L-Cys(Trt)-L-Ile-L-Thr(Ot-Bu)-L-

Gly-OH (340 mg, 0.265 mmol). Further purification by flash chromatography, the desired macrocycle was 

obtained (165 mg, 0.144 mmol) in 54% yield.

White solid (54%), mp= 127-129 °C, Rf= 0.5 (EtOAc:EP, 3:1)., [α]D
25= -28.0 (c 1.35, MeOH). 1H NMR 

(400 MHz, CDCl3) δ (ppm): 0.85-0.95 (m, 6H), 1.02 (d, J=6.3 Hz, 3H), 1.05-1.19 (m, 1H), 1.23 (s, 9H), 1.39-

1.51 (m,1H), 1.75-1.86 (m, 1H), 1.80 (s, 3H), 1.89-1.99 (m, 1H), 1.89-2.09 (m, 2H), 2.14-2.24 (m, 1H), 2.48-

2.63 (m, 3H), 2.63-2.72 (m, 1H), 2.96-3.06 (m, 1H), 3.17-3.26 (m, 1H), 3.39-3.49 (m, 1H), 3.53-3.71 (m, 2H), 

3.94 (t, J=6.1 Hz, 1H), 4.02-4.13 (m, 2H), 4.20-4.27 (m, 1H), 4.46-4.55 (m, 1H), 6.42 (s, 1H), 6.69-6.78 (m, 

1H), 6.78-6.88 (m, 1H), 7.20-7.27 (m, 7H), 7.27-7.35 (m, 14H), 7.40 (m, 11H), 7.55 (d, J=8.0 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ(ppm):11.30, 14.20, 15.39, 15.84, 19.16, 21.04, 22.66, 25.29, 28.26, 29.81, 30.37, 

32.18(2C), 35.59, 44.07, 53.01, 53.57, 55.15, 58.69, 60.56, 67.33, 67.43, 75.05, 127.00 (6C), 128.15 (12C), 

129.47 (12C), 144.21 (3C), 144.30 (3C), 165.76, 169.68, 170.36, 171.12, 171.46, 172.03.  IR (cm-1) 1082, 
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1148, 1192, 1236, 1234, 1383, 1445, 1512, 1647, 2931, 2970, 3059, 3287. HRMS m/z calc. for C65H76N6O7S3 

([M+Na]+) 1171.4836, found 1171.4790.

cyclo-[Gly-Thz-L-Met-L-Cys-L-Phe-L-Thr(tBu)] (21):

The trifluoroacetate salt of H2N-L-Met-L-Cys-L-Phe-L-Thr(tBu)- Gly- Thz- OH was obtained following the 

general SPPS procedure 1. Lyophilization yielded 372 mg (98% yield) of the hexapeptide as a pale yellow 

solid. The purity (90 %) was determined by HPLC (linear gradient: 40 to 90% acetonitrile (0.036% TFA) in 

H2O (0.045% TFA) over 8 min; flow rate = 1.0 mL/min; tR = 5.19 min). mp: 89-91 ºC. αD = - 5.24 (c 0.67, 

MeOH:CH2Cl2, (1:1)). HRMS calculated for C49H59N6O7S3 ([M+H]+) 939.3629 observed 939.36019. 

Macrocyclization reaction was performed following the general procedure (dilution 1 mM, 5 days) starting 

from the trifluoroacetate salt of the amino acid H2N-L-Met-L-Cys-L-Phe-L-Thr(tBu)-Gly-Thz- OH (100 mg, 

0.095 mmol). Further purification by flash chromatography, the desired macrocycle was obtained (35 mg, 

0.038 mmol) in 40% yield.

White yellow (35 mg, 40%), mp: 107-109 ºC, Rf = 0.5 (AcOEt:EP, 4:1). αD = - 42.8  (c 1.0 g/100 mL, 

MeOH). 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, CDCl3) δ ppm 1.13 (d, J = 6.5 Hz, 3H), 1.22-

1.24 (m, 9H), 1.82 -1.93 (m, 1H), 2.09 (s, 3H), 2.14 - 2.23 (m, 1H), 2.28 (dd, J1 = 14.1 Hz, J2 = 5.4 Hz, 1H), 

2.54 (t, J = 7.6 Hz, 1H), 2.58-2.66 (m, 1H), 2.87 (dd, J1 = 14.1 Hz, J2 = 8.5 Hz, 1H), 3.26 (dd, J1 = 14.1 Hz, J2 

= 10.7 Hz, 1H), 3.42 (dd, J1 = 14.1 Hz, J2 = 4.3 Hz, 1H), 3.96-4.03 (m, 1H), 4.21-4.29 (m, 1H), 4.40 (dd, J1 = 

16.6 Hz, J2 = 4.7 Hz, 1H), 4.43-4.52 (m, 2H), 4.88 (dd, J1 = 16.6 Hz, J2 = 6.3 Hz, 1H), 6.4 (bs, 1H), 6.60 (bs, 

1H), 6.99 - 7.02 (m, 3H), 7.05 - 7.10 (m, 2H), 7.23-7.30 (m, 9H), 7.31-7.37 (m, 7H) 7.87 (s, 1H), 7.94 (bs, 

1H), 8.49 (bs, 1H).13C NMR (100 MHz, CDCl3) δ ppm 15.5, 19.1, 28.2 (3C), 30.1, 31.9, 32.5, 35.0, 41.1, 

52.2, 54.3,  57.8, 58.4, 66.7, 67.9, 75.6, 122.9, 126.9, 127.1 (3C), 128.2 (6C), 128.8 (2C), 129.1 (2C), 129.5 

(6C), 137.4, 143.9 (3C), 149.3, 160.7, 164.9, 169.3, 170.5, 170.7, 171.0. IR (cm-1) 1032, 1082, 1155, 1186, 

1265, 1370, 1379, 1445, 1491, 1508, 1528, 1545, 1655, 1676, 2849, 2918, 3055, 3345. HRMS calculated 

C49H56N6NaO6S2 ([M+Na]+) 943.3221 observed 943.3279.
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HRMS - Hexapeptide precursor of  15
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HPLC - Hexapeptide precursor of 15
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1H-RMN Macrocycle 15
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HRMS -  Hexapeptide precursor 2o
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HPLC – Hexapeptide precursor of 21



40

1H-NMR – Macrocycle 21



41

13C-NMR – Macrocycle 21



42

HRMS – Macrocycle 21



43

IR – Macrocycle 21


