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1. General experimental information

Reaction mixtures were stirred magnetically. All chemicals were purchased from Acros Organics, Alfa
Aesar, Fluorochem or Sigma-Aldrich and used as received unless otherwise mentioned. TNBS test kit
picrylsulfonic acid (ca. 1% in DMF) 10 mL/N,N-diisopropylethylamine (ca. 10% in DMF) 10 mL for
detection of primary amines was purchased from TCI Chemicals. Anhydrous solvents were purchased
from Sigma-Aldrich or Acros Organics in Sure-Seal™ bottles. All other solvents were reagent grade
and used as received. Petroleum ether refers to the fraction that boils in the range of 40-60 °C. Boc-
Tyr(Bn)-OBn,[ Boc-Ala-OBn,[! Boc-Leu-OBn,1 NO,-GOx-Gly-OBn,?l TsOH-H-Gly-Gly-OBn,F!
NO,-AOx-(R)-CH(Me)Ph,”! and Boc-Ala-Gly-OBn,B! were synthesised according to known literature
procedures.

'H Nuclear Magnetic Resonance (NMR) spectra were recorded in CDCls, CD,Cl,, CD;0D, DMSO-d6,
CDsCN, toluene-d8, or D,O on a Bruker HD400 (400 MHz), AV500 (500 MHz) or AV600 (600 MHz)
Fourier transform spectrometer. Chemical shifts (o+) are quoted in parts per million (ppm) and referred
to the residual protic solvent signals of CDCl; (7.26 ppm), CD.Cl; (5.32 ppm), CD3;0D (3.31 ppm),
DMSO-d6 (2.50 ppm), CDsCN (1.94 ppm), toluene-d8 (2.09 ppm) or D-O (4.79 ppm). 'H NMR
coupling constants are reported in hertz and refer to apparent multiplicities. Data are reported as follows:
chemical shift, multiplicity (s = singlet, br. s = broad singlet, d = doublet, t = triplet, q = quartet,
quint = quintet, sext = sextet, sept = septet, m = multiplet, dd = doublet of doublet, etc.), coupling
constant, integration, and assignment. *C NMR spectra were recorded at 101, 126 or 151 MHz.
Chemical shifts (6¢c) are quoted in ppm referenced to CHCI; (77.16 ppm), CH.CI; (54.00 ppm), CD;0D
(49.00 ppm), DMSO-d6 (39.52 ppm), CDsCN (1.32 ppm) or toluene-d8 (20.40 ppm). NMR
assignments were deduced using 2D experiments (COSY, HSQC and HMBC). NH and OH are not
visible in protic solvents (CDs;OD, D;0).

Two-dimensional NMR spectra were collected on an Avance 700 MHz spectrometer (Bruker Biospin,
UK) equipped with a triple resonance inverse cryoprobe with Z-gradients. Data were acquired for
peptide samples in 3 mm tubes at 25 °C. Peptides 137 and 138 were measured in DMSO-dg at 30 mm
and cyclic peptides 13 and 25 were dissolved in DMSO-ds to final peptide concentrations ranging from
2-60 mM. H 1D spectra were collected to determine if any self-association was occurring at high
concentration (Figure S5). For peptide samples at concentrations of ca. 60 mm, *H-*H TOCSY and
NOESY spectra were recorded with 4096 x 256 data points and mixing times ranging from 70—140 ms
and 100-800 ms, respectively. All data were processed using TopSpin 3.2, and analysed using CcpNmr
Analysis 2.4.2 software. *H assignment was completed (peak assignments and representative 2D spectra
are shown in Figures S6-S7) and NOE buildup curves were plotted for 4 inter-residue NOE peaks (after
normalisation to the volumes of the Tyr aryl peaks, which have a fixed distance) to ensure that NOE
restraints were estimated from a spectrum in the linear region of the curve, and not from a spectrum
experiencing spin-diffusion (see Figure S8). NOESY spectra with mixing times of 250 ms were selected
for estimation of distance restraints in MD simulations. The inter-residue NOE restraints input into the
simulations are shown in Table S1, and an evaluation of goodness-of-fit to these restraints in the
resulting structures are shown in Table S2. Secondary structure plots were prepared using CcpNmr
Analysis 2.4.2, using data from 250, 400, 600 and 800 ms NOESY experiments.

Low-resolution mass spectra were recorded on an Agilent 6130B single Quad (ESI) instrument. High-
resolution mass spectra were recorded using a Bruker MaXis Impact. All infrared spectra were recorded
on the neat compounds using a Bruker ALPHA-Platinum FTIR spectrometer, irradiating between
4000 cm* and 600 cm™. Only strong and selected absorbances (vmax) are reported. Analytical TLC was
performed on aluminium backed silica plates (Merck, Silica Gel 60 Fzs4, 0.25 mm). Compounds were
visualised by fluorescence quenching or by staining the plates with 5% solution of phosphomolybdic
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acid (HsPMo01204) in EtOH or 1% solution of potassium permanganate (KMnQ,) in water followed by
heating. Flash column chromatography was performed on silica gel (Aldrich, Silica Gel 60, 40—63 pm).
All mixed solvent eluents are reported as v/v solutions. Optical rotations were obtained using an AA-
1000 polarimeter at 589 nm (Na D-line) in a cell with a path length of 2 dm. Specific rotation values are
given in (deg mL)/(g dm). Melting points were measured with a Gallenkamp melting point apparatus.

LC-MS analysis were conducted on a Bruker Amazon X or Bruker HCT Ultra ETD instrument with a
PLRP-S column from Agilent (100 A, 8 um, 150 x 4.6 mm) and UV detection at 210 nm. A binary
gradient of acetonitrile (0.1% formic acid) and water (0.1% formic acid) was used at a flow rate of
1 mL/min. Peptides 19-22 and 26 were purified by preparative HPLC on an Agilent PLRP-S RP (100 A,
8 um, 150 x 25mm) column on an Agilent Infinity 1260 HPLC system. The mobile phase consisted of
a gradient of water and acetonitrile (HPLC grade) at a flow rate of 10 mL/min, with UV detection at
210, 254 and 280 nm.

2. Detailed procedures and analytical data

2.1 Preparation of cyclic pentapeptide 4

BocHN.__CO,Bn HTrA % \/cozsn 1) TFA %chozsn
: 2) Boc-Pro-OH 2) O,N O,N H
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Boc-Pro-Tyr(Bn)-OBn (27)

To a solution of Boc-Tyr(Bn)-OBnl (11.4 g, 24.8 mmol, 1.0 equiv) in
5 . H CHCI; (25 mL) was added TFA (25 mL) and the mixture was stirred at
;\l N};/COZBn room temperature for 1 h (Caution — gas evolution!). The reaction mixture
Boc O B was concentrated under reduced pressure and the resulting residue
97 \©\OBn repeatedly dissolved in CH>Cl, (3 x 250 mL) and concentrated under

reduced pressure to give the crude amine. The residue was dissolved in

CHCl; (250 mL), Boc-Pro-OH (5.88 g, 27.3 mmol, 1.1 equiv), EDC-HCI (5.23 g, 27.3 mmol, 1.1
equiv), HOBt-H2O (3.69 g, 27.3 mmol, 1.1 equiv) and NMM (10.9 mL, 99.2 mmol, 4.0 equiv) were
added subsequently, and the reaction mixture was stirred at room temperature for 24 h. The reaction
mixture was diluted with EtOAc (250 mL) and washed with brine (250 mL), dried over Na SO, filtered
and concentrated under reduced pressure. The residue was purified by column chromatography (SiO,
PE/EtOACc 4:1) to give dipeptide Boc-Pro-Tyr(Bn)-OBn (27) (10.8 g, 19.3 mmol, 78%) as a white foam.
R (PE/EtOAC 4:1) 0.30; mp 105-108 °C; *H NMR (600 MHz, DMSO-d6) 84 7.70 (d, J = 7.5 Hz, 1H,
NH), 7.44-7.27 (m, 10H, ArH), 7.11 (d, J = 8.4 Hz, 2H, ArH), 6.89 (d, J = 8.4 Hz, 2H, ArH), 5.10 (s,
2H, CH:Ph), 5.07 (s, 2H, CH2Ph), 4.61-4.56 (m, 1H, CHa-Tyr), 4.13 (dd, J = 8.5, 3.0 Hz, 1H, CHa-
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Pro), 3.35-3.26 (m, 2H, CH5-Pro), 3.04 (dd, J = 14.1, 6.0 Hz, 1H, CHHp-Tyr), 2.97-2.92 (dd, J = 18.0,
8.0 Hz, 1H, CHHp-Tyr), 2.00 (dg, J = 16.3, 8.3 Hz, 1H, CHHp-Pro or CHHy-Pro), 1.78-1.66 (m, 3H,
CHHB-Pro or CHHy-Pro, CH,B-Pro or CHyy-Pro), 1.32 (s, 9H, 3 x CHjs, Boc); *C NMR (101 MHz,
DMSO-d6) &¢c 172.7 (C=0), 171.5 (C=0), 157.1 (C=0, Boc), 153.3 (C), 137.2 (C), 135.7 (C), 130.0
(CH), 129.2 (C), 128.41 (CH), 128.35 (CH), 128.1 (CH), 128.0 (CH), 127.8 (CH), 127.5 (CH), 114.6
(CH), 78.3 (C, Boc), 69.1 (CH>, Bn), 66.0 (CH2, Bn), 59.3 (CH, a-Pro), 53.9 (CH, a-Tyr), 46.4 (CH,, 6-
Pro), 35.7 (CHa, B-Tyr), 30.7 (CHa, B-Pro or CH>, y-Pro), 28.1 (CHs, Boc, minor rotamer), 27.8 (CHs,
Boc, major rotamer), 22.9 (CH, B-Pro or CHy, y-Pro); vmax (neat) = 2977, 1734, 1686, 1669, 1508, 1160,
734 cm™; MS (ESI*) m/z 581 [M+Na]*; HRMS (ESI*) calcd. for Ca3H3sN2NaOs [M+Na]* 581.2622,
found 581.2624; [a]4” —50.0 (c 0.10, CHCIs).

NO,-GOx-Pro-Tyr(Bn)-OBn (28)

Y g To a solution of Boc-Pro-Tyr(Bn)-OBn (27) (6.72 g, 12.0 mmol, 1.0
5 “ H CO,Bn equiv) in CH.Cl, (12.0 mL) was added TFA (12.0 mL) and the
ON N }_/ mixture was stirred at room temperature for 1 h. The mixture was
% o s concentrated under reduced pressure and the resulting residue
o \©\OBn repeatedly dissolved in CH2Cl, (3 x 50 mL) and concentrated under
reduced pressure to give the crude amine. In a second reaction
vessel, oxetane-3-one (1.41 mL, 24.1 mmol, 2.0 equiv), nitromethane (1.82 mL, 33.7 mmol, 2.8 equiv)
and triethylamine (672 uL, 4.82 mmol, 0.4 equiv) were combined at O °C and stirred for 1 h at room
temperature. The mixture was dissolved in anhydrous CH2Cl, (92 mL), cooled to -78 °C, and
triethylamine (6.72 mL, 24.1 mmol, 4.0 equiv) was added followed by dropwise addition of
methanesulfonyl chloride (1.86 mL, 24.1 mmol, 2.0 equiv). The reaction mixture was stirred at —78 °C
for 1.5 h and a solution of the crude amine and triethylamine (2.52 mL, 18.1 mmol, 1.5 equiv) in
anhydrous CH,Cl, (20 mL) was added slowly via syringe. The reaction mixture was allowed to warm
to room temperature and stirred for 16 h. A saturated solution of NH,CI (100 mL) was added and stirred
for 10 min. The layers were separated and the aqueous one extracted with CH,Cl, (2 x 60 mL) and
EtOAc (2 x 60 mL). The combined organic phases were washed with saturated aqueous NaHCOs
solution (100 mL), brine (100 mL), dried over Na>SOs, filtered and concentrated under reduced pressure.
The residue was purified by column chromatography (SiO2, EtOAC/PE 4:1) to yield NO,-GOx-Pro-
Tyr(Bn)-OBn (28) (6.10 g, 10.6 mmol, 89%) as an orange oil. R¢ (EtOAC/PE 4:1) 0.31; *H NMR (500
MHz, CDCls) 8y 7.44-7.28 (m, 10H, ArH), 7.25 (m, 1H, NH), 7.04 (d, J = 8.5 Hz, 2H, ArH), 6.85 (d,
J=8.5Hz, 2H, ArH), 5.21-5.12 (m, 2H, CH2Ph), 5.04 (s, 2H, CH2Ph), 4.94 (d, J = 13.1 Hz, 1H, OCHH-
Ox), 4.73(d, J = 13.1 Hz, 1H, OCHH-0X), 4.70-4.63 (m, 2H, OCHH-Ox, CHa-Tyr), 4.62 (d, J = 7.4 Hz,
1H, CHHGOX), 4.56 (d, J = 8.5 Hz, 1H, OCHH-Ox) 4.35 (d, J = 7.4 Hz, 1H, CHHGOXx), 4.01 (dd,
J=10.0, 1.8 Hz, 1H, CHa-Pro), 3.22 (dd, J = 14.0, 5.1 Hz, 1H, CHHp-Tyr), 3.01 (t, J = 7.3 Hz, 1H,
CHHS-Pro), 2.86 (dd, J = 14.0, 9.9 Hz, 1H, CHHB-Tyr), 2.37 (ddd, J = 11.3, 8.0, 5.9 Hz, 1H, CHHs-
Pro), 2.05-1.95 (m, 1H, CHHp-Pro or CHHy-Pro), 1.94-1.87 (m, 1H, CHHp-Pro or CHHy-Pro), 1.63
(dt, J=12.1, 5.9 Hz, 1H, CHHp-Pro or CHHy-Pro), 1.25-1.13 (m, 1H, CHHp-Pro or CHHy-Pro); 3C
NMR (126 MHz, CDCls) é¢c 174.2 (C=0), 171.2 (C=0), 157.9 (C), 137.1 (C), 135.5 (C), 130.2 (CH),
128.8 (C), 128.7 (CH), 128.5 (CH), 128.0 (CH), 127.5 (CH), 115.1 (CH), 79.2 (OCH), 79.1 (OCHy),
75.3 (CH,, GOx), 70.1 (CH., Bn), 67.3 (CH, Bn), 62.8 (C, Ox), 61.4 (CH, a-Pro), 53.6 (CH, a-Tyr),
49.2 (CH>, 6-Pro), 36.6 (CH>, B-Tyr), 31.4 (CH, B-Pro or CHy, y-Pro), 24.3 (CH, B-Pro or CH, y-Pro).
N.B. One aromatic CH signal not observed; vmax (neat) = 3032, 2873, 1740, 1668, 1549, 1509, 1121,
982, 666 cm™; MS (ESI*) m/z 596 [M+Na]*; HRMS: (ESI*) calcd. for Cs;HssN3NaO; [M+Na]*
596.2367, found 596.2370; [a]3’ +13.5 (¢ 0.10, CHCI5).
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Boc-Ala-GOx-Pro-Tyr(Bn)-OBn (29)
To asolution of NO,-GOx-Pro-Tyr(Bn)-OBn (28) (7.80 g,

Y
' H _COBn 13.6 mmol, 1.0 equiv) in THF (136 mL) was added Boc-
BocHN\)J\ ax 2 Ala-OSu (5.84 g, 20.4 mmol, 1.5 equiv) and Raney Ni
o (slurry in H20, 14 mL). The solution was placed under an
O 2 oBn atmosphere of nitrogen, evacuated and filled with

hydrogen (balloon). The reaction mixture was stirred
vigorously for 4.0 h at room temperature. Then, the mixture was filtered through a plug of Celite eluting
with EtOAc, concentrated under reduced pressure, the filtrate was suspended in EtOAc (100 mL),
washed with saturated Na,COs (3 x 100 mL), dried over Na>;SO4 and concentrated under reduced
pressure. Boc-Ala-GOx-Pro-Tyr(Bn)-OBn (29) was afforded after purification by column
chromatography (SiO,, CH,CI/EtOAc 7:3) as an off-white solid (3.99 g, 5.59 mmol, 41%). R¢
(CH.CI/EtOAC 7:3) 0.22; mp 72-74 °C; *H NMR (500 MHz, CDCl3) 84 7.73 (d, J = 9.1 Hz, 1H, NH),
7.44-7.29 (m, 10H, ArH), 7.02 (d, J = 7.8 Hz, 2H, ArH), 6.86 (s, 1H, NH), 6.82 (d, J = 8.4 Hz, 2H,
ArH), 5.26 (d, J =12.1 Hz, 1H, CHHPh), 5.19-5.10 (m, 1H, CHHPh), 5.01 (s, 2H, CH2Ph), 4.92 (td,
J=18.8,5.3 Hz, 1H, CHa-Tyr), 4.63 (d, J = 6.9 Hz, 1H, OCHH-Ox), 4.39 (d, J = 7.2 Hz, 1H, OCHH-
0x), 4.34 (d, J = 6.9 Hz, 1H, OCHH-0Ox), 4.30 (d, J = 7.2 Hz, 1H, OCHH-Ox), 4.11 (quint, J = 6.9 Hz,
1H, CHa-Ala), 3.94 (dd, J = 14.0, 6.8 Hz, 1H, CHHGOX), 3.85-3.80 (m, 1H, CHa-Pro), 3.56 (dd,
J=14.1, 3.8 Hz, 1H, CHHGOXx), 3.19 (dd, J = 14.0, 5.0 Hz, 1H, CHHB-Tyr), 3.05 (t, J = 7.6 Hz, 1H,
CHH&-Pro), 2.99 (dd, J = 14.0, 8.6 Hz, 1H, CHHp-Tyr), 2.47 (ddd, J = 10.8, 8.8, 5.9 Hz, 1H, CHHb¢-
Pro), 2.08-1.97 (m, 1H, CHHp-Pro or CHHy-Pro), 1.77-1.64 (m, 2H, CHHp-Pro or CHHy-Pro), 1.59—
1.48 (m, 1H, CHHB-Pro or CHHy-Pro), 1.42 (s, 9H, 3 x CHjs, Boc), 1.26 (d, J = 8.1 Hz, 3H, CHsB-Ala).
N.B. Peak at 1.77-1.64 overlaps with residual H.O peak, Boc NH not observed; *C NMR (126 MHz,
CDCls) 8¢ 175.0 (C=0), 173.9 (C=0), 173.4 (C=0), 157.8 (C), 155.7 (C=0, Boc), 137.1 (C), 135.0 (C),
130.4 (CH), 128.72 (CH), 128.68 (CH), 128.7 (CH), 128.6 (CH), 128.1 (CH), 127.6 (CH), 114.9 (CH),
79.8 (C, Boc), 78.3 (OCHy), 76.5 (OCH), 70.1 (CH>, Bn), 67.8 (CH>, Bn), 62.8 (C, Ox), 61.7 (CH, o-
Pro), 52.7 (CH, a-Tyr), 50.0 (CH, a-Ala), 48.8 (CH, 5-Pro), 45.1 (CH>, GOx), 37.1 (CHa, B-Tyr), 31.6
(CH,, B-Pro or CH,, y-Pro), 28.5 (CHs, Boc), 24.5 (CH., B-Pro or CH,, y-Pro), 18.4 (CHs, B-Ala). N.B.
One aromatic CH signal not observed; vmax (Neat) = 3323, 2970, 2935, 1736, 1661, 1510, 1163, 734 cm~
L MS (ESIY) m/z 715 [M+H]*, 737 [M+Na]*; HRMS (ESI*) calcd. for CiHsoNsNaOs [M+Na]*
737.3521, found 737.3517; [a]3 —10.0 (c 0.10, CHCIs).

Cbz-Leu-Ala-GOx-Pro-Tyr(Bn)-OBn (30)

To a solution of Boc-Ala-GOx-Pro-Tyr(Bn)-OBn
(29) (3.99g, 5.58 mmol, 1.0equiv) in CH:ClI;

¥ —p

5 (0] H
._CO,B )
o H 250 (6.0 mL) was added TFA (6.0 mL) and the mixture

CbzHN e H% was stirred at room temperature for 1 h (Gas
\©\ evolution!). The reaction mixture was concentrated

under reduced pressure and the resulting residue

repeatedly dissolved in CH2Cl; (3 x 60 mL) and concentrated in vacuo to give the crude amine. The
residue was dissolved in CH>Cl, (60 mL), Cbz-Leu-OH (1.63 g, 6.14 mmol, 1.1 equiv), EDC-HCI
(1.18 g, 6.14 mmol, 1.1 equiv), HOBt-H,O (0.83 g, 6.14 mmol, 1.1 equiv) and NMM (2.45 mL,
22.3 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room temperature for
24 h. The reaction mixture was diluted with EtOAc (50 mL) and washed with brine (3 x 50 mL), dried
over Na,SO., filtered and concentrated in vacuo. The residue was purified by column chromatography
(SiOz, CH.CI/MeOH 19:1) to give Chz-Leu-Ala-GOx-Pro-Tyr(Bn)-OBn (30) (2.93 g, 3.40 mmol,
61%) as a white solid. Rt (CH.Clo/MeOH 19:1) 0.32; mp 62-64 °C; *H NMR (400 MHz, CDCls) 8u
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7.82 (d, J = 9.3 Hz, 1H, NH), 7.45-7.27 (m, 16H, ArH, NH), 7.04 (d, J = 8.5 Hz, 2H, ArH), 6.81 (d,
J =8.5Hz, 2H, ArH), 6.66 (d, J = 7.0 Hz, 1H, NH), 5.30-5.18 (d, J = 12.2 Hz, 1H, CHHPh), 5.14-5.05
(m, 3H, CHHPh, CH2Ph), 5.03-4.91 (m, 4H, CH.Ph, CHa-Tyr, NH), 4.62 (d, J = 6.8 Hz, 1H, OCHH-
0x), 4.36 (m, 4H, OCHH-0Ox, OCH2-0Ox, CHa-Ala), 4.16 (m, 1H, CHa-Leu), 3.86 (m, 2H, CHHGOX,
CHa-Pro), 3.59 (dd, J = 14.1, 4.2 Hz, 1H, CHHGOXx), 3.17 (dd, J = 13.9, 5.0 Hz, 1H, CHHp-Tyr), 3.08-
2.92 (m, 2H, CHHpB-Tyr, CHH3-Pro), 2.43 (m, 1H, CHH3-Pro), 2.09-1.91 (m, 1H, CHp-Pro or CHyy-
Pro), 1.78-1.41 (m, 5H, CHy-Leu, CH2pB-Leu, CH,B-Pro or CHzy-Pro), 1.28 (d, J = 7.0 Hz, 3H, CH3p-
Ala), 0.92 (d, J = 5.6 Hz, 6H, 2 x CH3d-Leu); **C NMR (126 MHz, CDCl3) 8¢ 175.1 (C=0), 173.3
(C=0), 173.0 (C=0), 172.2 (C=0), 157.9 (C), 156.3 (C=0, Chz), 137.1 (C), 136.0 (C), 135.0 (C), 130.4
(CH), 128.84 (CH), 128.76 (CH), 128.72 (CH), 128.70 (CH), 128.5 (CH), 128.4 (CH), 128.3 (CH),
128.1 (CH), 127.6 (CH), 114.9 (CH), 78.6 (OCHy), 76.5 (OCHy), 70.0 (CH_, Bn), 67.7 (CHz, Bn), 67.4
(CH,, Bn), 62.7 (C, Ox), 61.8 (CH, a-Pro), 53.8 (CH, a-Leu), 52.6 (CH, a-Tyr), 49.1 (CH, a-Ala), 48.8
(CH,, -Pro), 45.2 (CH,, GOXx), 41.6 (CH>, B-Leu), 36.9 (CH2, B-Tyr), 31.6 (CHy, B-Pro or CH,, y-Pro),
24.8 (CH, y-Leu), 24.5 (CH,, B-Pro or CHy, y-Pro), 23.1 (CHs, 3-Leu), 21.9 (CHs, 3-Leu), 17.6 (CHs, B-
Ala). N.B. One aromatic CH signal not observed; vmax (neat) = 2955, 2879, 1720, 1649, 1509, 1347,
1119 cm™; MS (ESI") m/z 860 [M-H]"; HRMS (ESI") calcd. for CagHssNsOg [M—H]~ 860.4240, found
860.4222; [a]3” —18.5 (¢ 0.10, CHCly).

H-Leu-Ala-GOx-Pro-Tyr-OH (1)

To a solution of pentapeptide Cbz-Leu-Ala-GOx-Pro-
Tyr(Bn)-OBn (30) (0.48 g, 0.55 mmol, 1.0 equiv) in
MeOH (6.0 mL) was added 10 wt% Pd/C (5.0 mg, 10
wt%) and the reaction flask was evacuated, filled with
nitrogen, evacuated, and placed under an atmosphere
of hydrogen (balloon). The reaction mixture was
stirred at room temperature for 16 h, placed under nitrogen and filtered through a plug of Celite, which
was washed with MeOH (3x). The filtrate was concentrated in vacuo to give H-Leu-Ala-GOx-Pro-Tyr-
OH (1) as a white solid (30 mg, 0.55 mmol, quant. yield); mp 161-163 °C; *H NMR (500 MHz, CDs0OD)
81 7.06 (d, J = 8.3 Hz, 2H, ArH), 6.70 (d, J = 8.3 Hz, 2H, ArH), 4.70 (d, J = 7.0 Hz, 1H, OCHH-OX),
4.61 (dd, J=8.0,4.8 Hz, IH, CHa-Tyr), 4.48-4.38 (m, 4H, OCH,-Ox, OCHH-Ox, CHa-Ala), 3.95 (dd,
J=8.1,6.2 Hz, 1H, CHa-Leu), 3.79 (d, J = 9.0 Hz, 1H, CHa-Pro), 3.70 (d, J = 14.2 Hz, 1H, CHHGOX),
3.60 (d, J = 14.2 Hz, 1H, CHHGOXx), 3.18 (dd, J = 13.9, 4.7 Hz, 1H, CHHp-Tyr), 3.11 (t, J = 7.4 Hz,
1H, CHHS-Pro), 3.00 (dd, J = 13.9, 8.4 Hz, 1H, CHHp-Tyr), 2.64 (dt, J = 8.7, 5.9 Hz, 1H, CHH3-Pro),
2.18-2.06 (m, 1H, CHHp-Pro or CHHy-Pro), 1.83-1.54 (m, 5H, CH2B-Leu, CHy-Leu, CHzB-Pro or
CHay-Pro), 1.36 (d, J = 7.1 Hz, 3H, CH3p-Ala), 0.99 (d, J = 4.0 Hz, 3H, CHs4-Leu), 0.98 (d, J =4.0 Hz,
3H, CHsd-Leu); 3C NMR (126 MHz, CDs;0D) &¢ 177.5 (C=0), 175.9 (C=0), 175.4 (C=0), 170.3
(C=0), 157.4 (C), 131.5 (CH), 129.2 (C), 116.2 (CH), 79.0 (OCHy), 77.6 (OCH,), 64.4 (C, Ox), 62.9
(CH, a-Pro), 54.9 (CH, a-Tyr), 52.9 (CH, a-Leu), 50.9 (CH, a-Ala), 49.7 (CH, 3-Pro), 45.1 (CH>, GOXx),
41.6 (CHy, pB-Leu), 37.8 (CH>, B-Tyr), 32.4 (CHa, B-Pro or CHy, y-Pro), 25.4 (CH,, B-Pro or CH>, y-Pro),
25.3 (CH, y-Leu), 23.1 (CHs, 6-Leu), 22.2 (CHas, 6-Leu), 18.2 (CHa, B-Ala); vmax (neat) = 3267, 2989,
2900, 1644, 1513, 1234 cm™; MS (ESIY) m/z 546 [M-H]"; HRMS (ESI") calcd. for Cz7H4NsO7 [M—
H]~ 546.2933, found 546.2933; [a]3” —1.00 (c 0.20, MeOH).
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Cyclo(Leu-Ala-GOx-Pro-Tyr) (4)

H B To a solution of pentapeptide H-Leu-Ala-GOx-Pro-Tyr-OH (1) (55 mg,

N o 0.10 mmol, 1.0 equiv) in anhydrous DMF (100 mL, 0.001 M) under an

3 N/E\ o0 NH atmosphere of nitrogen was added PyBOP (104 mg, 0.20 mmol, 2.0 equiv)
yc‘woooozga >y\6 and DIPEA (35 uL, 0.20 mmol, 2.0 equiv) and the reaction mixture was
P HN NH"”ﬁ stirred for 48 h at room temperature. The solvent was removed under
o reduced pressure at 60 °C over 30 min, and the residue was dried under

B\Q\ reduced pressure. The residue was analysed by LCMS and purified twice
4 OH by column chromatography (SiO,, CH>Clo/MeOH 19:1—9:1) to give the
cyclic pentapeptide (4) as a colourless glassy solid (32 mg, 60 umol, 60%). R¢ (CH.Cl,/MeOH 19:1)
0.15; mp 174-176 °C; *H NMR (500 MHz, CDsOD) &4 7.10 (d, J = 8.4 Hz, 2H, ArH), 6.73 (d,
J=8.4 Hz, 2H, ArH), 4.69 (d, J = 6.9 Hz, 1H, OCHH-OX), 4.54-4.45 (m, 2H, CHa-Tyr, CHa-Ala),
443 (d, J= 7.5 Hz, 1H, OCHH-Ox), 4.35 (d, J = 6.8 Hz, 1H, OCHH-Ox), 4.27 (d, J=7.5 Hz, 1H,
OCHH-0Ox), 4.13 (dd, J = 10.8, 4.9 Hz, 1H, CHa-Leu), 3.93 (dd, J = 9.8, 3.2 Hz, 1H, CHa-Pro), 3.79
(d, J=14.0 Hz, 1H, CHHGOX), 3.58 (d, J = 14.0 Hz, 1H, CHHGOx), 3.28-3.21 (m, 1H, CHH4-Pro),
3.16-3.04 (m, 2H, CHB-Tyr), 2.58 (q, J = 8.3 Hz, 1H, CHH§-Pro), 2.19-2.09 (m, 1H CHHp-Pro or
CHHy-Pro), 1.94-1.80 (m, 3H, CHHp-Leu, CHB-Pro or CHzy-Pro), 1.75-1.68 (m, 1H, CHHp-Pro or
CHHy-Pro), 1.63-1.55 (m, 1H, CHHp-Leu), 1.49-1.40 (m, 4H, CHy-Leu, CHsp-Ala), 0.94 (d,
J = 6.6 Hz, 3H, CH36-Leu), 0.85 (d, J = 6.5 Hz, 3H, CH38-Leu); *C NMR (126 MHz, CD;0D) 5¢ 178.4
(C=0), 176.0 (C=0), 174.3 (C=0), 173.8 (C=0), 157.4 (C), 131.3 (CH), 128.8 (C), 116.3 (CH), 78.8
(OCHy), 77.9 (OCHy), 63.8 (C, Ox), 62.9 (CH, a-Pro), 57.0 (CH, a-Tyr), 56.1 (CH, a-Leu), 51.5 (CH,
a-Ala), 49.3 (CHy, 3-Pro), 46.2 (CH2, GOX), 40.6 (CHa, B-Leu), 36.5 (CH, B-Tyr), 32.7 (CHa, B-Pro or
CHy, y-Pro), 25.9 (CHy, B-Pro or CH,, y-Pro), 25.7 (CH, y-Leu), 23.4 (CHgs, 6-Leu), 21.5 (CHgs, 6-Leu),
18.5 (CH3, B-Ala); vmax (Neat) = 3271, 2956, 2872, 1642, 1512, 1241 cm™; MS (ESI*) m/z 552 [M+Na]*;
HRMS (ESI*) calcd. for Cz7HssNsNaOs [M+Na]* 552.2793, found 552.2796; [a]3’ —76.5 (¢ 0.10,
MeOH).

2.2 Preparation of cyclic pentapeptide 5

H
O\!( voozsn 1) TFA COZBn 1)TFA
2) Boc-Gly-OH 2) Boc-Ala-OH
Boc EDC, HoBt ~ B° CHN/\[( EDC, HOBt
NMM NMM
27 OBn 78% 31 OBn 76%
H H
BocHNJL ey QL 00
Z-Leu-
N/\[( Epe hopt CozHN N/\[(
NMM
OBn 67% 33 OBn
H .
NG
PyBOP /g 7/"\NH
_Hp PdiC__ \/002 DIPEA o
—_—

N™ o
<:_k(o oO:g >\
23% v
\@\ HN\)\NH
OH E

>99% HoN \)LN/\[(
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Boc-Gly-Pro-Tyr(Bn)-OBn (31)

To a solution of dipeptide 27 (5.06 g, 9.08 mmol, 1.0 equiv) in

5 CHCI; (9.0 mL) was added TFA (9.0 mL) and the mixture was

N ay stirred at room temperature for 1 h (Caution — gas evolution!).

BocHN/\[O( 0 B:\©\ The reaction mixture was concentrated under reduced pressure
OBn

B

o

H
N\-/002Bn

and the resulting residue repeatedly dissolved in CH:Cl, (3 x
100 mL) and concentrated under reduced pressure to give the
crude amine. The residue was dissolved in CH:Cl> (90 mL), Boc-Gly-OH (1.75 g, 9.98 mmol,
1.1 equiv), EDC-HCI (1.91 g, 9.98 mmol, 1.1 equiv), HOBt-H>O (1.35 g, 9.98 mmol, 1.1 equiv) and
NMM (4.39 mL, 39.9 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room
temperature for 24 h. The reaction mixture was diluted with EtOAc (100 mL) and washed with brine (3
x 100 mL), dried over Na,SQO., filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (SiO,, PE/EtOAc 1:1) to give tripeptide Boc-Gly-Pro-Tyr(Bn)-OBn
(31) (4.36 g, 7.09 mmol, 78%) as a white solid. R (PE/EtOAc 1:1) 0.23; mp 52-55 °C; *H NMR (500
MHz, CDCls) 6w 7.46-7.29 (m, 10H, ArH), 7.23 (d, J = 7.8 Hz, 1H, NH), 6.94 (d, J = 8.4 Hz, 2H, ArH),
6.81 (d, J=8.4 Hz, 2H, ArH), 5.39 (s, 1H, NH), 5.15 (d, J = 12.2 Hz, 2H, CH,Ph), 5.02 (s, 2H, CH2Ph),
4.82 (dd, J =13.4, 7.0 Hz, 1H, CHa-Tyr), 4.54 (d, J=7.0 Hz, 1H, CHa-Pro), 3.94 (dd, J=17.4, 4.9 Hz,
1H, CHHGIy), 3.72 (dd, J = 17.4, 3.8 Hz, 1H, CHHGIy), 3.26 (t, J = 6.9 Hz, 2H, CH23-Pro), 3.11 (dd,
J=14.1,5.6 Hz, 1H, CHHp-Tyr), 2.94 (dd, J = 14.1, 7.0 Hz, 1H, CHHp-Tyr), 2.35-2.29 (m, 1H, CHH-
Pro or CHHy-Pro), 1.96-1.89 (m, 2H, CH2pB-Pro or CHyy-Pro), 1.82-1.73 (m, 1H, CHHp-Pro or CHHy-
Pro), 1.45 (s, 9H, 3 x CHgs, Boc); *C NMR (126 MHz, CDCls) §¢c 171.4 (C=0), 170.4 (C=0), 168.7
(C=0), 157.9 (C), 155.9 (C=0, Boc), 137.2 (C), 135.4 (C), 130.5 (CH), 128.8 (CH), 128.7 (CH), 128.6
(CH), 128.3 (C), 128.1 (CH), 127.7 (CH), 127.6 (CH), 114.8 (CH), 79.9 (C, Boc), 70.0 (CH.Ph), 67.3
(CH2Ph), 60.0 (CH, a-Pro), 53.5 (CH, a-Tyr), 46.2 (CH,, 8-Pro), 43.2 (CH>, Gly), 37.1 (CH,, B-Tyr),
28.5 (CH3s, Boc), 27.1 (CHy, B-Pro or CHy, y-Pro), 24.9 (CH., B-Pro or CHa, y-Pro); vmax (neat) = 3307,
2974, 1739, 1709, 1646, 1509, 1238, 1161, 695 cm™; MS (ESI*) m/z 638 [M+Na]*; HRMS (ESI*) calcd.
for CssHuN3NaO; [M+Na]* 638.2837, found 638.2833; [a]3? —66.0 (¢ 0.27, CHCls).
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Boc-Ala-Gly-Pro-Tyr(Bn)-OBn (32)

To a solution of tripeptide 31 (4.219, 6.84 mmol,
1.0 equiv) in CH2CI; (7.0 mL) was added TFA (7.0 mL)
oz and the mixture was stirred at room temperature for 1 h
B> (Gas evolution!). The reaction mixture was concentrated
\©\ under reduced pressure and the resulting residue
OBn repeatedly dissolved in CH.Cl, (3x 70 mL) and
concentrated under reduced pressure to give the crude amine. The residue was dissolved in CH.Cl; (70
mL), Boc-Ala-OH (1.42 g, 7.52 mmol, 1.1 equiv), EDC-HCI (1.44 g, 7.52 mmol, 1.1 equiv), HOBt-H,0
(1.02 g, 7.52 mmol, 1.1 equiv) and NMM (3.0 mL, 27.4 mmol, 4.0 equiv) were added subsequently, and
the mixture was stirred at room temperature for 24 h. The reaction mixture was diluted with EtOAc (70
mL) and washed with brine (3 x 70 mL), dried over Na.SOs, filtered and concentrated in vacuo. The
residue was purified by column chromatography (SiO., EtOAC/PE 8:2) to give tetrapeptide Boc-Ala-
Gly-Pro-Tyr(Bn)-OBn (32) (3.58 g, 4.71 mmol, 76%) as a white solid. Rs (EtOAC/PE 8:2) 0.26; mp 62—
64 °C; 'H NMR (500 MHz, CDCl3) 64 7.44-7.30 (m, 11H, ArH, NH), 7.11 (d, J = 7.2 Hz, 1H, NH),
6.94 (d, J=8.5Hz, 2H, ArH), 6.81 (d, J = 8.5 Hz, 2H, ArH), 5.22-5.09 (m, 3H, CH.Ph, NH), 5.04-4.99
(m, 2H, CHzPh), 4.84 (dd, J=13.6, 7.1 Hz, 1H, CHa-Tyr), 4.52 (d, J = 6.8 Hz, 1H, CHa-Pro), 4.28—
4.19 (m, 1H, CHo-Ala), 3.98 (dd, J =17.6, 4.3 Hz, 1H, CHHGly), 3.86 (dd, J = 17.6, 3.9 Hz, 1H,
CHHGly), 3.34-3.24 (m, 2H, CH25-Pro), 3.11 (dd, J = 14.1, 5.7 Hz, 1H, CHHB-Tyr), 2.96 (dd, J = 14.1,
S8

—B

H
N._CO,Bn

@ 0N AL
BocHN\)J\ N
SNTe

32



7.0 Hz, 1H, CHHp-Tyr), 2.31-2.25 (m, 1H, CHHp-Pro or CHHy-Pro), 1.96-1.88 (m, 2H, CH2p-Pro or
CHay-Pro), 1.85-1.76 (m, 1H, CHHp-Pro or CHHy-Pro), 1.44 (s, 9H, 3 x CHs, Boc), 1.33 (d, J =7.1
Hz, 3H, CH3p-Ala); *C NMR (126 MHz, CDCls) 3¢ 172.9 (C=0), 171.5 (C=0), 170.3 (C=0), 167.9
(C=0), 157.8 (C), 155.5 (C=0, Boc), 137.1 (C), 135.4 (C), 130.5 (CH), 128.75 (CH), 128.73 (CH),
128.70 (CH), 128.66 (CH), 128.64 (CH), 128.3 (C), 128.1 (CH), 127.7 (CH), 114.9 (CH), 80.2 (C, Boc),
70.1 (CH2Ph), 67.3 (CH2Ph), 60.1 (CH, a-Pro), 53.3 (CH, a-Tyr), 50.3 (CH, a-Ala), 46.4 (CH>, 5-Pro),
42.2 (CHy, Gly), 37.0 (CH2, B-Tyr), 28.5 (CHs, Boc), 27.5 (CHa, B-Pro or CHy, y-Pro), 24.8 (CH>, B-Pro
or CHy, y-Pro), 18.7 (CHs, B-Ala); vmax (neat) = 3293, 2974, 1739, 1639, 1509, 1239, 1163, 1023, 696
cmt; MS (ESI*) m/z 709 [M+Na]*; HRMS (ESI") calcd. for CssHsNsNaOs [M+Na]* 709.3208, found
709.3206; [a]3? —46.1 (c 0.27, CHCls).

Cbz-Leu-Ala-Gly-Pro-Tyr(Bn)-OBn (33)

To a solution of tetrapeptide 32 (3.23 ¢,
TN o 5 " H co.Bn 4.71 mmol, 1.0 equiv) in CH2Cl, (5.0 mL) was
H@J\ N Dt added TFA (5.0 mL) and the mixture was stirred
CbzHN"* : H/\[o( O B3 at room temperature for 1 h (Gas evolution!). The
o b \©\ reaction mixture was concentrated under reduced
33 OBn . :
pressure and the resulting residue repeatedly
dissolved in CH2Cl, (3 x 50 mL) and concentrated in vacuo to give the crude amine. The residue was
dissolved in CH.Cl, (47 mL), Cbz-Leu-OH (1.38 g, 5.18 mmol, 1.1 equiv), EDC-HCI (0.99 g,
5.18 mmol, 1.1 equiv), HOBt-H2O (0.70 g, 5.18 mmol, 1.1 equiv) and NMM (2.07 mL, 18.9 mmol,
4.0 equiv) were added subsequently, and the mixture was stirred at room temperature for 24 h. The
reaction mixture was diluted with EtOAc (50 mL) and washed with brine (3 x 50 mL), dried over
Na,SQ,, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (SiO,, CH.Cl./MeOH 97:3) to give pentapeptide Chz-Leu-Ala-Gly-Pro-Tyr(Bn)-OBn
(33) (2.63 g, 3.16 mmol, 67%) as a white solid. Rs (CH2Cl2/MeOH 97:3) 0.18; mp 69-72 °C; NMR data
reported for the major rotamer: *H NMR (600 MHz, DMSO-d6 @ 373 K) &n 7.65 (d, J = 7.2 Hz, 1H,
NH), 7.57 (s, 1H, NH), 7.46-7.25 (m, 15H, ArH), 7.11 (d, J = 8.4 Hz, 2H, ArH), 6.90 (d, J = 8.4 Hz,
2H, ArH), 5.12-5.04 (m, 6H, 3 x CH,Ph), 4.61-4.53 (m, 1H, CHa-Tyr), 4.42 (dd, J = 8.5, 2.6 Hz, 1H,
CHa-Pro), 4.40-4.35 (m, 1H, CHa-Ala), 4.08 (td, J = 8.9, 5.3 Hz, 1H, CHa-Leu), 3.85 (br. s, 2H,
CHuGly), 3.44 (m, 2H, CH3-Pro), 3.08-3.00 (m, 2H, CH2p-Tyr), 1.86-1.47 (m, 7H, CH2p-Leu, CHy-
Leu, CH2B-Pro, CHzy-Pro), 1.26 (d, J = 7.0 Hz, 3H, CH3p-Ala), 0.89 (d, J = 6.6 Hz, 3H, CHs4-Leu),
0.87 (d, J = 6.6 Hz, 3H, CH3d-Leu). N.B. Two NH signals not observed; *C NMR (151 MHz, DMSO-
d6 @ 373 K) 4¢c 171.5 (C=0), 171.3 (C=0), 170.8 (C=0), 170.5 (C=0), 166.6 (C=0), 156.9 (C=0,
Cbz), 155.2 (C),136.9 (C), 136.6 (C), 135.3 (C), 129.5 (CH), 128.9 (C), 127.6 (CH), 127.7 (CH), 127.4
(CH), 127.3 (CH), 127.1 (CH), 126.9 (CH), 126.8 (CH), 114.5 (CH), 69.2 (CH.Ph), 65.6 (CH.Ph), 65.1
(CH2Ph), 58.9 (CH, a-Pro), 53.2 (CH a-Leu or CH, a-Tyr), 53.1 (CH a-Leu or CH, a-Tyr), 47.8 (CH,
a-Ala), 45.3 (CHy, 4-Pro), 42.2 (CHa, Gly), 40.9 (CH, B-Leu), 35.6 (CHa, B-Tyr), 32.5 (CH>, B-Pro or
CHoa, y-Pro), 28.5 (CH>, B-Pro or CHa, y-Pro), 23.8 (CH, y-Leu), 22.3 (CHjs, é-Leu), 21.1 (CHs, 5-Leu),
17.6 (CHs, B-Ala). N.B. CHa, B-Tyr, B-Pro and y-Pro peaks assigned by HSQC correlations; two aromatic
CH signals not observed; vmax (neat) = 3285, 3064, 2955, 1717, 1268, 1509, 1174, 695 cm™; MS (ESI*)
m/z 856 [M+Na]*; HRMS (ESI*) calcd. for C47HssNsNaOg [M+Na]* 856.3892, found 856.3903; [a]3?
—-52.6 (¢ 0.30, CHCly).
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H-Leu-Ala-Gly-Pro-Tyr-OH (3)

To a solution of pentapeptide 33 (1.00 g, 1.19 mmol,
1.0 equiv) in MeOH (120 ml) was added 10 wt% Pd/C
(100 mg, 10wt%) and the reaction flask was
evacuated, filled with nitrogen, evacuated, and placed
under an atmosphere of hydrogen (balloon). The
reaction mixture was stirred at room temperature for
16 h, placed under nitrogen and filtered through a plug of Celite, which was washed with MeOH (3x).
The filtrate was concentrated in vacuo to give H-Leu-Ala-Gly-Pro-Tyr-OH (3) as a pale pink solid (622
mg, 1.19 mmol, quant. yield). mp 172-175 °C; *H NMR (600 MHz, DMSO-d6 @ 373 K) &4 7.02 (d,
J=8.2Hz, 2H, ArH), 6.70 (d, J = 8.1 Hz, 2H, ArH), 4.51-4.35 (m, 4H, CH o-Tyr, CHa-Pro, CHa-Ala,
CHHa-Gly), 3.87 (dd, J = 16.0, 4.3 Hz, 1H, CHHo-Gly), 3.77 (t, J = 6.9 Hz, 1H, CHa-Leu), 3.52-3.41
(m, 2H, CH25-Pro), 2.99 (dd, J = 13.0, 3.8 Hz, 1H, CHHp-Tyr), 2.91-2.83 (m, 1H, CHHpB-Tyr), 1.96—
1.73 (m, 5SH, CHy-Leu, CH.B-Pro, CHzy-Pro), 1.72-1.64 (m, 1H, CHHp-Leu), 1.64-1.56 (m, 1H,
CHHB-Leu), 1.34 (d, J = 7.0 Hz, 3H, CH3B-Ala), 0.96-0.90 (d, J=6.6 Hz, 6H, 2 x 5-CH3 Leu); 1*C
NMR (151 MHz, DMSO-d6 @ 373 K) 8¢ 171.8 (C=0), 171.0 (C=0), 170.5 (C=0), 168.0 (C=0), 166.6
(C=0), 155.5 (C), 129.3 (CH), 127.0 (C), 114.7 (CH), 58.9 (CH, a-Pro), 53.2 (CH, a-Tyr), 51.0 (CH,
a-Leu), 48.2 (CH, a-Ala), 45.6 (CHa, 5-Pro) 40.9 (CHy, Gly), 39.6 (CH>, B-Leu), 35.7 (CH., B-Tyr),
23.1 (CH, y-Leu), 21.9 (CHs, 8-Leu), 21.5 (CHs, 6-Leu), 17.3 (CHs, B-Ala). N.B. B-CH>, Pro and y-CHp,
Pro signals are not observed; vmax (n€at) = 3217, 2961, 1639, 1513, 1445, 1336, 1224 cm*; MS (ESI*)
m/z 520 [M+H]*, 542 [M+Na]*; HRMS (ESI*) calcd. for CasHisNsO; [M+H]* 520.2766, found
520.2768; [a]3? —49.5 (c 0.09, MeOH).

Cyclo(Leu-Ala-Gly-Pro-Tyr) (5)

H o To a solution of H-Leu-Ala-Gly-Pro-Tyr-OH (3) (52 mg, 0.10 mmol,
ANIR 1.0 equiv) in anhydrous DMF (100 mL, 0.001 ™M) under an atmosphere of
N/go o NH ~nitrogen was added PyBOP (104 mg, 0.20 mmol, 2.0 equiv) and DIPEA
Vg:d o) Oozng>\b (35 pL, 0.20 mmol, 2.0 equiv) and the reaction mixture was stirred for 48 h
HN\)\‘NH B at room temperature. The solvent was removed under reduced pressure at
3 60 °C over 30 min, and the residue was dried under reduced pressure. The
B\Q\ residue was analysed by LCMS and purified twice by column
OH chromatography (SiOz, CH:Cl,/MeOH 9:1—4:1) to give the cyclic
pentapeptide (5) as a white solid (12 mg, 23 pmol, 23%). Rs (CH2Cl,/MeOH 9:1) 0.28; mp 178-181 °C;
'H NMR (500 MHz, CD3;0D) 84 7.09 (d, J = 8.4 Hz, 2H, ArH), 6.72 (d, J = 8.4 Hz, 2H, ArH), 4.65 (t,
J=8.1 Hz, 1H, CHa-Tyr), 4.46 (q, J = 7.0 Hz, 1H, CHa-Ala), 4.30 (dt, J = 8.7, 4.3 Hz, 1H, CHa-Pro),
4.16 (d, J = 14.6 Hz, 1H, CHHGlIy), 4.09-4.03 (m, 1H, CHH3-Pro), 3.90 (dd, J = 10.2, 5.9 Hz, 1H,
CHo-Leu), 3.69-3.62 (m, 1H, CHH3-Pro), 3.57 (d, J = 14.6 Hz, 1H, CHHGIy), 3.07-2.97 (m, 2H,
CHB-Tyr), 2.22-2.13 (m, 1H, CHHy-Pro), 2.02-1.88 (m, 3H, CHHp-Leu, CH2B-Pro), 1.79-1.71 (m,
1H, CHHy-Pro), 1.68-1.64 (m, 1H, CHy-Leu), 1.54-1.51 (m, 1H, CHHp-Leu), 1.37 (d, J = 7.1 Hz, 3H,
CHsB-Ala), 0.92 (d, J = 6.6 Hz, 3H, CHs8-Leu), 0.83 (d, J = 6.5 Hz, 3H, CH35-Leu); *C NMR (126
MHz, CD;0D) &¢c 176.1 (C=0), 175.0 (C=0), 174.1 (C=0), 173.4 (C=0), 170.7 (C=0), 157.4 (C),
131.3 (CH), 128.8 (C), 116.2 (CH), 62.9 (CH, a-Pro), 57.5 (CH, a-Leu), 56.5 (CH, a-Tyr), 50.1 (CH,
a-Ala), 48.5 (CHy, 6-Pro), 43.0 (CH,, Gly), 39.7 (CH., B-Leu), 37.3 (CHy, B-Tyr), 30.7 (CH2, B-Pro or
CHa, y-Pro), 25.8 (CH, y-Leu), 25.4 (CH2, B-Pro or CHy, y-Pro), 23.3 (CHjs, &-Leu), 21.7 (CHs 3-Leu),
18.3 (CHs, B-Ala); vmax (neat) = 3268, 2956, 2930, 1641, 1514, 1233 cm™*; MS (ESI*) m/z 524 [M+Na]*;
HRMS (ESI*) calcd. for CasHasNsNaOs [M+Na]* 524.2480, found 524.2479; [a]3? —88.1 (c 0.08,
MeOH).
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2.3 Preparation of cyclic tetrapeptides 9, 10 and 11

0 0
- H 1) TFA
0 N\Sz H,, Raney Ni N\Sz -~
2 N >COBn R ~a > BocHN N~ >CO,Bn
H H
o)
34

Boc-Leu-OSu 2) Cbz-AA-OH
EDC, HOBt
68% NMM
Trp = 44%
D-Pro = 70%
Asp(tBu) = 59%
(@) O
(0] (0]
CbzHN H\Sz Hz, PdIC HoN N
—_—
%N N~ >CO,Bn 2 %N N~ CO,H
-— 0,
R Do T i< A S S
35 R=Trp o T 7,R=Trp
36, R = D-Pro Asp(tBu) = >99% 37, R = D-Pro
38, R = Asp(fBu) 39, R = Asp(tBu)
O
DEPBT /jg
DIPEA HN NH 9.R=Tmp
> o 10, R = D-Pro
Trp = 65% o 1. R=Asp
D-Pro = 54% HN NH
Asp(tBu) = 49% 0/7 ER

Boc-Leu-GOx-Gly-OBn (34)

y O H To a solution of NO,-GOx-Gly-OBn[? (1.70g, 6.06 mmol,
BOC/N\;-QJ\N N._-CO2Bn 1.0equiv) in THF (60 mL) was added Boc-Leu-OSu (2.98 g,
5 H/?Og 9.09 mmol, 1.5 equiv) and Raney Ni (slurry in H,0, 6.0 mL). The
j‘f/ solution was placed under an atmosphere of nitrogen, evacuated and
3 34 . . . . .
filled with hydrogen (balloon). The reaction mixture was stirred
vigorously for 4.0 h at room temperature. Then, the mixture was filtered through a plug of Celite eluting
with EtOAc, concentrated under reduced pressure, the filtrate was suspended in EtOAc (50 mL), washed
with saturated Na,COs (3 x 50 mL), dried over Na,SO. and concentrated in vavuo. Boc-Leu-GOx-Gly-
OBn (34) was afforded after purification by column chromatography (SiO,, EtOAC/PE 3:2) as a
colourless viscous oil (1.91 g, 4.13 mmol, 68%). R¢ (EtOAC/PE 3:2) 0.28; *H NMR (500 MHz, CDCl5)
8n 7.40-7.32 (m, 5H, ArH), 6.73 (br. t, J = 5.0 Hz, 1H, NH), 5.17 (s, 2H, CH,Ph), 4.93 (br. s, 1H, NH),
4.44 (m, 2H, OCH»-0Ox), 4.36 (d, J = 7.0 Hz, 2H, OCH-0x), 4.07 (br. m, 1H, CHa-Leu), 3.65-3.57 (m,
2H, CH,GOXx), 3.54-3.48 (m, 2H, CH.Gly), 2.00 (br. s, 1H, NH), 1.70-1.61 (m, 2H, CHHp-Leu, CHy-
Leu), 1.48-1.44 (1H, m, CHHp-Leu), 1.42 (s, 9H, 3 x CHs, Boc), 0.94 (d, J = 1.7 Hz, 3H, CH33-Leu),
0.93 (d, J = 1.7 Hz, 3H, CH33-Leu); *C NMR (125 MHz, CDCl3) 8¢ 173.4 (C=0), 172.5 (C=0), 155.7
(C=0, Boc), 135.2 (C), 128.7 (CH), 128.6 (CH), 128.5 (CH), 79.3 (2 x OCHy), 67.1 (CH, Bn), 59.6
(C, Ox), 53.3 (CH, a-Leu), 44.0 (CH2, Gly), 43.2 (CH2, GOx), 41.3 (CH, B-Leu), 28.3 (CHs, Boc), 24.9
(CH, y-Leu), 20.8 (2 x CHs, 3-Leu); vmax (neat) = 2956, 2871, 1739, 1656, 1520, 1164 cm~*; MS (ESI*)
m/z 464 [M+H]*, 486 [M+Na]*; HRMS (ESI*) calcd. for Ca:H37NsNaOs [M+Na]* 486.2575, found
486.2572; [a]3° +4.4 (c 0.14, CHCls).
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Cbz-Trp-Leu-GOx-Gly-OBn (35)

To a solution of tripeptide Boc-Leu-GOx-Gly-OBn 34
(1.29 g, 2.79 mmol, 1.0 equiv) in CH.CI, (3.0 mL) was
AN added TFA (3.0 mL) and the mixture was stirred at room
Py O H temperature for 1h (Caution — gas evolution!). The
CbzHN" N\;-QJ\N N._-CO2Bn reaction mixture was concentrated under reduced pressure
O 5=~ H/?g and the resulting residue repeatedly dissolved in CHCl. (3
Y © x 25 mL) and concentrated under reduced pressure to give
5 35 the crude amine. The residue was dissolved in a mixture of
CH2Cl; (30 mL), Cbz-Trp-OH (0.94 g, 2.79 mmol, 1.0 equiv), EDC-HCI (0.53 g, 2.79 mmol, 1.0 equiv),
HOBt-H,O (0.38 g, 2.79 mmol, 1.0 equiv) and NMM (1.23 mL, 11.2 mmol, 4.0 equiv) were added
subsequently, and the reaction mixture was stirred at room temperature for 24 h. The reaction mixture
was diluted with EtOAc (30 mL) and washed with brine (30 mL), dried over Na;SO, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (SiO», 49:1
CH.CI,/MeOH) to give tetrapeptide Cbz-Trp-Leu-GOx-Gly-OBn (35) (834 mg, 1.22 mmol, 44%) as a
colourless viscous oil. Rf (CH2Cl,/MeOH 49:1) 0.31; *H NMR (500 MHz, CDCls) 84 ppm 8.45 (s, 1H,
NH), 7.62 (d, J = 7.3 Hz, 1H, ArH), 7.41-7.27 (m, 11H, ArH), 7.17 (t, J = 7.5 Hz, 1H, ArH), 7.08 (t,
J=7.1Hz, 1H, ArH), 7.02 (s, 1H, ArH), 6.76 (t, J = 5.5 Hz, 1H, NH), 6.39 (d, J = 6.9 Hz, 1H, NH),
5.59 (d, J = 6.1 Hz, 1H, NH), 5.13 (s, 2H, CHPh), 5.06 (s, 2H, CH2Ph), 4.53 (g, J = 6.5 Hz, 1H, CHa-
Trp), 4.404.32 (m, 3H, CHo-Leu, OCH-Ox), 4.31-4.25 (m, 2H, OCH-Ox), 3.54-3.41 (m, 4H,
CHGly, CH,GOXx), 3.30-3.16 (m, 2H, CH»B-Trp), 1.64-1.52 (m, 1H, CHHp-Leu), 1.47-1.29 (m, 2H,
CHHB-Leu, CHy-Leu), 0.82 (d, J = 6.3 Hz, 3H, CH3d-Leu), 0.81 (d, J = 6.3 Hz, 3H, CH3d-Leu); *C
NMR (126 MHz, CDCls) 6c ppm 172.7 (C=0), 172.5 (C=0), 171.5 (C=0), 156.3 (C=0, Cbhz), 136.3
(C), 136.1 (C), 135.3 (C), 128.7 (CH), 128.6 (CH), 128.5 (CH), 128.3 (CH), 128.1 (CH), 127.3 (C),
123.5 (CH), 122.3 (CH), 119.8 (CH), 118.8 (CH), 111.4 (CH), 110.0 (C), 79.1 (OCH,), 79.0 (OCHy),
67.2 (CHy, Bn), 67.1 (CHz, Bn), 59.6 (C, Ox), 55.6 (CH, a-Trp), 52.2 (CH, a-Leu), 44.7 (CH, GOx or
CHa, Gly), 43.4 (CH,, GOx or CHy, Gly), 40.7 (CH>, B-Leu), 28.1 (CHa, B-Trp), 24.7 (CH, y-Leu), 22.8
(CHs, 8-Leu), 21.9 (CHs, 8-Leu); vmax (neat) = 3316, 2952, 1707, 1645, 1510, 1173, 738 cm™; MS (ESI*)
m/z 684 [M+H]*, 706 [M+Na]*; HRMS (ESI*) calcd. for CssHisNsNaO; [M+Na]* 706.3211, found
706.3211; [a]3°® —23.6 (c 0.14, CHCls).

H-Trp-Leu-GOx-Gly-OH (7)

To a solution of tetrapeptide Cbz-Trp-Leu-GOx-Gly-OBn
(35) (683 mg, 1.00 mmol, 1.0 equiv) in MeOH (10 mL) was
added 10 wt% Pd/C (68 mg, 10 wt%) and the reaction flask
was evacuated, filled with nitrogen, evacuated, and placed

B 0
H H .
HN N\E.QJ\N %NVCOZH under an atmosphere of hydrogen (balloon). The reaction
o o M
> o)

HN_

mixture was stirred at room temperature for 16 h, placed

Y under nitrogen and filtered through a plug of Celite, which

s 7 was washed with MeOH (3x). The filtrate was concentrated

in vacuo to give tetrapeptide H-Trp-Leu-GOx-Gly-OH (7) as a yellow solid (458 mg, 1.00 mmol) in

quantitative yield; mp 260-263 °C; *H NMR (500 MHz, D;0) 8 7.64 (d, J = 7.9 Hz, 1H, ArH), 7.53

(d, J=8.2Hz, 1H, ArH), 7.32 (s, 1H, ArH), 7.28 (t, J = 7.6 Hz, 1H, ArH), 7.18 (t, J = 7.5 Hz, 1H, ArH),

4.72-4.67 (m, 2H, OCH»-Ox), 4.56 (d, J = 8.2 Hz, 1H, OCHH-Ox), 4.52 (d, J = 8.2 Hz, 1H, OCHH-

0x), 4.32 (t, J = 7.3 Hz, 1H, CHa-Trp), 4.27 (dd, J = 9.0, 5.8 Hz, 1H, CHa-Leu), 3.63-3.53 (m, 4H,

CHGly, CH,GOx), 3.43 (dd, J = 14.7, 7.9 Hz, 1H, CHHp-Trp), 3.36 (dd, J = 15.0, 6.5 Hz, 1H, CHHp-

Trp), 1.61-1.34 (m, 3H, CHp-Leu, CHy-Leu), 0.87 (d, J = 6.4 Hz, 3H, CHj3, 3-Leu), 0.83 (d, J = 6.4 Hz,
S12



3H, CHjs, 8-Leu); *C NMR (126 MHz, D,0) &¢ 174.5 (C=0), 169.3 (C=0), 136.2 (C), 126.5 (C), 125.2
(CH), 122.1 (CH), 119.5 (CH), 118.0 (CH), 112.0 (CH), 106.3 (C), 75.9 (2 x OCHy), 60.6 (C, Ox), 53.5
(CH, a-Trp), 52.6 (CH, a-Leu), 45.1 (CHz, GOx or CHy, Gly), 40.6 (CH2, GOx or CHy, Gly), 40.0 (CHx,
B-Leu), 26.7 (CHy, B-Trp), 24.1 (CH, y-Leu), 21.9 (CHs, 8-Leu), 20.8 (CHs, 6-Leu). N.B. One carbonyl
signal not observed; vmax (neat) = 3231, 2951, 1653, 1522, 1167, 741 cm=; MS (ESI*) m/z 460 [M+H]",
482 [M+Na]*; HRMS (ESI*) calcd. for C2sHzaNsOs [M+H]* 460.2554, found 460.2557; [a]3’ +9.7 (c
0.06, MeOH).

Cyclo(Trp-Leu-GOx-Gly) (9)

To a solution of tetrapeptide H-Trp-Leu-GOx-Gly-OH (7) (46 mg, 0.10 mmol,
1.0 equiv) in anhydrous DMF (100 mL, 0.001 M) under an atmosphere of
HN nitrogen was added DEPBT (60 mg, 0.10 mmol, 2.0 equiv) and DIPEA (35 pL,
2P 0.10 mmol, 2.0 equiv) and the reaction mixture was stirred for 48 h at room
OY\N temperature. The solvent was removed under reduced pressure at 60 °C over 30
HJg min, and the residue was dried in vacuo. The residue was analysed by LCMS
’ B"'qgﬁH HN and purified twice by column chromatography (SiO,, CH.Cl/MeOH
4<e> N\)E\o 19:1-9:1) to give cyclic tetrapeptide (9) as a yellow solid (29 mg, 65 umol,
9 65%). Ri (CH.Cl,/MeOH 9:1) 0.41; mp 200-203 °C; *H NMR (500 MHz,
DMSO-d6) 6+ 10.87 (s, 1H, NH), 8.25 (d, J = 10.4 Hz, 1H, NH), 7.97 (d, J = 9.1 Hz, 1H, NH), 7.56—
7.50 (m, 2H, NH, ArH), 7.34 (d, J = 8.0 Hz, 1H, ArH), 7.11 (s, 1H, ArH), 7.08 (t, J = 7.5 Hz, 1H, ArH),
7.00 (t, J = 7.4 Hz, 1H, ArH), 4.59 (q, J = 9.3 Hz, 1H, CHa-Trp), 4.41 (d, J = 6.3 Hz, 1H, OCHH-OX),
4.18 (d, J=6.9 Hz, 1H, OCHH-0Ox), 4.15 (d, J = 6.3 Hz, 1H, OCHH-0Xx), 4.04-3.97 (m, 1H, CHa-Leu),
3.90 (d, J =6.9 Hz, 1H, OCHH-Ox), 3.81 (dd, J = 13.3, 7.7 Hz, 1H, CHHGIy or CHHGOX), 3.43-3.37
(m, 1H, CHHGIy or CHHGOX), 3.26-3.18 (m, 2H, CHHGIly or CHHGOx, CHHp-Trp), 3.07-2.97 (m,
2H, CHHGIy or CHHGOx, CHHB-Trp), 1.65-1.57 (m, 2H, CHHp-Leu, CHy-Leu), 1.53-1.45 (m, 1H,
CHHp-Leu), 0.92 (d, J = 6.1 Hz, 3H, CHsd-Leu), 0.79 (d, J = 6.1 Hz, 3H, CHsd-Leu). N.B. Secondary
amine NH not observed; *C NMR (126 MHz, DMSO0-d6) &¢c 173.2 (C=0), 172.9 (C=0), 171.4 (C=0),
136.1 (C), 127.1 (C), 123.0 (CH), 121.0 (CH), 118.3 (CH), 118.1 (CH), 111.4 (CH), 109.5 (C), 78.1
(OCHy), 76.3 (OCHy), 60.3 (C, Ox), 56.0 (CH, a-Trp), 54.0 (CH, a-Leu), 47.3 (CH,, GOx or CH>, Gly),
44.2 (CHy, GOx or CHa, Gly), 39.2 (CHy, B-Leu), 26.5 (CH,, B-Trp), 24.6 (CH, y-Leu), 22.8 (CHs, 5-
Leu), 21.3 (CHs, 8-Leu); vmax (neat) = 3278, 2954, 1660, 1516, 740 cm™; MS (ESI*) m/z 464 [M+Na]";
HRMS (ESI*) calcd. for CasHaiNsNaOs [M+Na]* 464.2268, found 464.2270; [a]3® —60.3 (c 0.01,
MeOH).

Cbz-D-Pro-Leu-GOx-Gly-OBn (36)

Y g To a solution of tripeptide Boc-Leu-GOx-Gly-OBn (34)
5(\?a H\)?\ H CO.Bn (1.15 g, 2.48 mmol, 1.0 equiv) in CH2Cl, (10.0 mL) was added
N7 e H/?g 7720 TFA (100 mL) and the mixture was stirred at room
Cbz o BY o temperature for 1 h (Caution — gas evolution!). The reaction
sl 36 mixture was concentrated under reduced pressure and the

resulting residue repeatedly dissolved in CHCl (3 x 25 mL) and concentrated under reduced pressure
to give the crude amine. The residue was dissolved in CH,Cl, (25 mL), Cbz-D-Pro-OH (0.68 g,
2.73 mmol, 1.1 equiv), EDC-HCI (0.52 g, 2.73 mmol, 1.1 equiv), HOBt-H,O (0.37 g, 2.73 mmol,
1.1 equiv) and NMM (1.64 mL, 14.9 mmol, 6.0 equiv) were added subsequently, and the reaction
mixture was stirred at room temperature for 24 h. The reaction mixture was diluted with EtOAc (50 mL)
and washed with brine (50 mL), dried over Na,SO., filtered and concentrated in vacuo. The residue was
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purified by column chromatography (SiO,, CH.Cl,/MeOH, 40:1) to give tetrapeptide Cbz-D-Pro-Leu-
GOx-Gly-0OBn (36) (1.03 g, 1.73 mmol, 70%) as a colourless viscous oil. R (CH.Cl2/MeOH 49:1) 0.22;
'H NMR (600 MHz, DMSO-d6 @ 373 K) &1 7.69 (s, 1H, NH), 7.48 (s, 1H, NH), 7.39-7.27 (m, 10H,
ArH), 5.15 (s, 2H, CH2Ph), 5.11-5.02 (m, 2H, CHzPh), 4.35 (d, J = 6.2 Hz, 2H, OCH-Ox), 4.30 (td,
J=8.9,5.3 Hz, 1H, CHa-Leu), 4.28-4.24 (m, 3H, OCH>-0Ox, CHa-Pro), 3.51-3.42 (m, 6H, CH23-Pro,
CH,GOx, CH.Gly), 2.16-2.08 (m, 1H, CHHp-Pro or CHHy-Pro), 1.92-1.78 (m, 3H, CHHp-Pro or
CHHy-Pro, CHzB-Pro or CHzy-Pro), 1.65-1.54 (m, 2H, CHHp-Leu, CHy-Leu), 1.52-1.47 (m, 1H,
CHHp-Leu), 0.88 (d, J = 6.4 Hz, 3H, CH35-Leu), 0.84 (d, J = 6.4 Hz, 3H, CH34-Leu). N.B. Secondary
amine NH not observed; *C NMR (151 MHz, DMSO-d6 @ 373 K) &¢c 172.0 (C=0), 171.5 (C=0),
171.3 (C=0), 153.8 (C=0, Chz), 136.5 (C), 135.6 (C), 127.8 (CH), 127.7 (CH), 127.4 (CH), 127.3 (CH),
127.0 (CH), 126.7 (CH), 77.7 (2 x OCHy), 65.6 (CH2, Bn), 65.2 (CH, Bn), 59.7 (CH, a-Pro), 59.3 (C,
Ox), 51.1 (CH, a-Leu), 46.4 (CH2, 3-Pro or CHy, Gly), 44.2 (CH2, 8-Pro or CHz, Gly), 42.5 (CH,, GOXx),
40.3 (CHy, B-Leu), 29.8 (CHa, B-Pro or CH,, y-Pro), 23.9 (CH, y-Leu), 23.0 (CHz, B-Pro or CH, y-Pro),
22.3 (CHg, 5-Leu), 21.1 (CH3, 8-Leu); vmax (neat) = 3307, 2954, 1738, 1655, 1529, 1171, 737 cm™; MS
(ESI*) m/z 595 [M+H]*, 617 [M+Na]*; HRMS (ESI*) calcd. for C3,Hs2NsNaO; [M+Na]* 617.2946,
found 617.2955; [a]3° +6.7 (¢ 0.11, CHCly).

H-D-Pro-Leu-GOx-Gly-OH (37)

y To a solution of Cbz-D-Pro-Leu-GOx-Gly-OBn (36) (440 mg,
Bf‘l o © H 0.74 mmol, 1.0 equiv) in MeOH (10 mL) was added 10 wt%
u/\[rNa:)J\”/?ngcozH Pd/C (44 mg, 10 wt%) and the reaction flask was evacuated,

o B3 o filled with nitrogen, evacuated, and placed under an atmosphere
?/ 37 of hydrogen (balloon). The mixture was stirred at room
temperature for 16 h, placed under nitrogen and filtered through
a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated in vacuo to give 37
as a white solid (276 mg, 0.74 mmol, quant. yield), which required no further purification; mp 67—
70 °C; 'H NMR (500 MHz, D;0) 84 4.68 (d, J = 7.6 Hz, 1H, OCHH-OXx), 4.67 (d, J = 7.6 Hz, 1H,
OCHH-0Ox), 4.59 (d, J = 7.7 Hz, 1H, OCHH-Ox), 4.56 (d, J = 7.7 Hz, 1H, OCHH-Ox), 4.46-4.42 (m,
1H, CHa-Pro), 4.39-4.35 (m, 1H, CHa-Leu), 3.78 (d, J = 14.7 Hz, 1H, CHHGIly or CHHGOXx), 3.69 (d,
J =14.7 Hz, 1H, CHHGIly or CHHGOx), 3.47-3.38 (m, 4H, CH>Gly or CH,GOXx, CH23-Pro), 2.52-2.43
(m, 1H, CHHB-Pro or CHHy-Pro), 2.12-2.00 (m, 3H, CH2p-Pro or CHzy-Pro, CHHp-Pro or CHHy-Pro),
1.72-1.61 (m, 3H, CHyB-Leu, CHy-Leu), 0.94 (d, J = 5.5 Hz, 3H, CH3d-Leu), 0.90 (d, J = 5.5 Hz, 3H,
CHsd-Leu); *C NMR (126 MHz, D,0) 8¢ 175.6 (C=0), 175.3 (C=0), 169.9 (C=0), 77.4 (OCH,), 77.2
(OCH,), 60.1 (C, Ox), 59.7 (CH, a-Pro), 53.0 (CH, a-Leu), 46.5 (CH,, GOx or CH,, Gly), 45.5 (CH,
GOx or CHa, Gly), 41.6 (CH>, 6-Pro), 39.6 (CH,, B-Leu), 29.8 (CH>, B-Pro or CHy, y-Pro), 24.4 (CH, vy-
Leu), 23.8 (CH., B-Pro or CH,, y-Pro), 22.1 (CHs, 8-Leu), 20.4 (CHs, 3-Leu); vmax (neat) = 3258, 2956,
1655, 1561, 1174, 719 cm™*; MS (ESI*) m/z 371 [M+H]*, 393 [M+Na]*; HRMS (ESI*) calcd. for
C17H31N4Os [M+H]* 371.2289, found 371.2283; [a]3® +162 (c 0.03, MeOH).
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Cyclo(D-Pro-Leu-GOx-Gly) (10)

By To a solution of H-D-Pro-Leu-GOx-Gly-OH (37) (74 mg, 0.20 mmol, 1.0 equiv)
O\\‘/a(&ao in anhydrous DMF (200 mL, 0.001 m) under an atmosphere of nitrogen was
N‘/g added DEPBT (120 mg, 0.40 mmol, 2.0 equiv) and DIPEA (70 uL, 0.40 mmol,
B, o NH HN 2.0 equiv) and the mixture was stirred for 48 h at room temperature. The solvent
J< }N\)E\ was removed in vacuo and the residue was purified twice by column
% 0 0 chromatography (SiO2, CH,Cl./MeOH 19:1—9:1) to give the cyclic tetrapeptide
10 as a white solid (38 mg, 108 pmol, 54%). Rt (CH2Cl./MeOH 19:1) 0.28; mp
71-73 °C; *H NMR (500 MHz, CD;0D) 84 4.72 (d, J = 6.7 Hz, 1H, OCHH-Ox), 4.57 (d, J = 6.9 Hz,
1H, OCHH-Ox), 4.46-4.37 (m, 3H, OCHH-Ox, CHa-Pro, CHa-Leu), 4.33 (d, J = 6.7 Hz, 1H, OCHH-
Ox), 3.78 (d, J = 13.9 Hz, 1H, CHHGOXx), 3.66-3.52 (m, 2H, CH»5-Pro), 3.50-3.38 (m, 3H, CHHGOX,
CHGly), 2.35-2.24 (m, 1H, CHHpB-Pro or CHHy-Pro), 2.05-1.86 (m, 3H, CHzB-Pro or CHyy-Pro,
CHHB-Pro or CHHy-Pro), 1.72-1.63 (m, 2H, CHHp-Leu, CHy-Leu), 1.60-1.51 (m, 1H, CHHp-Leu),
0.98 (d, J=6.2 Hz, 3H, CH38-Leu), 0.93 (d, J = 6.1 Hz, 3H, CH35-Leu); *C NMR (126 MHz, CD;0D)
dc 176.3 (C=0), 175.8 (C=0), 173.1 (C=0), 80.3 (OCHy), 79.2 (OCH), 62.1 (CH, a-Pro), 62.0 (C, Ox),
53.9 (CH, a-Leu), 48.8 (CH2, 8-Pro), 48.5 (CH>, Gly), 47.2 (CH_, GOx), 38.3 (CH., B-Leu), 33.0 (CH,
v-Pro), 26.1 (CH, y-Leu), 23.4 (CHa, B-Pro), 23.0 (CHs, 6-Leu), 22.6 (CHs, 5-Leu); vmax (neat) = 3274,
2954, 1657, 1539, 1173, 970 cm™*; MS (ESI*) m/z 353 [M+H]*, 375 [M+Na]*; HRMS (ESI*) calcd. for
C17H2sN4NaO4 [M+Na]* 375.2003, found 375.2006; [a]3’ —132 (c 0.06, MeOH).

Cbz-Asp(tBu)-Leu-GOx-Gly-OBn (38)

OtBu To a solution of Boc-Leu-GOx-Gly-OBn (34) (487 mg,
o 8 o 1.05 mmol, 1.0 equiv) in CH.CI; (1.0 mL) was added TFA
LN N H\/COZBn (1.0 mL) and the mixture was stirred at room temperature
CbzHN H H/?g for 1h (Gas evolution!). The reaction mixture was
© BY @) concentrated under reduced pressure and the resulting
5 38 residue repeatedly dissolved in CH,Cl, (3 x 10 mL) and
concentrated in vacuo to give the crude amine. The residue was dissolved in CH2Cl; (10.5 mL), Cbz-
Asp(tBu)-OH (340 mg, 1.05 mmol, 1.0 equiv), EDC-HCI (202 mg, 1.05 mmol, 1.0 equiv), HOBt-H,O
(142 mg, 1.05 mmol, 1.0 equiv) and NMM (0.46 mL, 4.20 mmol, 4.0 equiv) were added, and the
reaction mixture was stirred at room temperature for 24 h. The mixture was diluted with EtOAc (30 mL)
and washed with brine (3 x 30 mL), dried over Na,SO,, filtered and concentrated in vacuo. The residue
was purified by column chromatography (SiO,, CH.Cl,/MeOH 25:1) to give tetrapeptide 38 (413 mg,
0.62 mmol, 59%) as a colourless oil; Rs (CH.Clo/MeOH 25:1) 0.41; *H NMR (500 MHz, CDClz) 84
ppm 7.39-7.31 (m, 10H, ArH), 6.86 (br. t, 1H, NH), 6.79 (d, J = 8.0 Hz, 1H, NH), 5.93 (d, J = 8.0 Hz,
1H, NH), 5.16 (s, 2H, CH2Ph), 5.11 (s, 2H, CHPh), 4.50 (dd, J = 13.0, 6.1 Hz, 1H, CHa-Asp), 4.46—
433 (m, 5H, CH a-Leu, 2 x OCH-0x), 3.68-3.59 (m, 1H, CHHGOXx), 3.51 (m, 3H, CHHGOX,
CHGly), 2.86 (dd, J=17.0, 4.5 Hz, 1H, CHHpB-Asp), 2.67 (dd, J = 17.0, 6.5 Hz, 1H, CHHpB-Asp), 1.77—
1.69 (m, 1H, CHHp-Leu), 1.66-1.58 (m, 1H, CHy-Leu), 1.56-1.49 (m, 1H, CHHp-Leu), 1.42 (s, 9H, 3
x CHjs, tBu), 0.91 (d, J = 6.5 Hz, 3H, CH33-Leu), 0.88 (d, J = 6.4 Hz, 3H, CH3d-Leu). N.B. Amine NH
not observed; **C NMR (126 MHz, CDCls) &c ppm 172.8 (C=0), 172.4 (C=0), 171.2 (C=0), 170.7
(C=0), 156.2 (C=0, Cbhz), 135.9 (C), 135.3 (C), 128.7 (CH), 128.64 (CH), 128.57 (CH), 128.5 (CH),
128.4 (CH), 128.2 (CH), 82.1 (C, tBu), 79.2 (2 x OCHy), 67.4 (CH>, Bn), 67.1 (CH>, Bn), 59.6 (C, Ox),
52.1 (CH, a-Asp), 51.5 (CH, a-Leu), 44.8 (CHz, Gly), 43.3 (CH;, GOx), 40.6 (CH>, B-Leu), 36.9 (CHx,
B-Asp), 28.0 (CHs, tBu), 24.7 (CH, y-Leu), 23.1 (CHs, 8-Leu), 21.7 (CHs, 3-Leu); vmax (neat) = 3310,
2955, 1716, 1649, 1526, 1150, 696 cm™; MS (ESI*) m/z 669 [M+H]*, 691 [M+Na]*; HRMS (ESI*)
calcd. for CasHasNsNaOs [M+Na]* 691.3313, found 691.3301; [a]3° —23.0 (¢ 0.12, MeOH).
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H-Asp(tBu)-Leu-GOx-Gly-OH (39)

OfBu To a solution of Chz-Asp(tBu)-Leu-GOx-Gly-OBn (38)
B o (384 mg, 0.57 mmol, 1.0 equiv) in MeOH (6.0 mL) was added
o H@J\N H\/COZH 10 wi% Pd{C (40_ mg, 10 wt%) and the reaction flask was
2 : H/?g evacuated, filled with nitrogen, evacuated, and placed under an
© BY o atmosphere of hydrogen (balloon). The reaction mixture was
3" 39 stirred at room temperature for 16 h, placed under nitrogen and
filtered through a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated in
vacuo to give H-Asp(tBu)-Leu-GOx-Gly-OH (39) as a white solid (255 mg, 0.57 mmol) in quantitative
yield; mp 92-94 °C; *H NMR (500 MHz, CDsOD) &1 ppm 4.56-4.51 (m, 2H, OCH,-Ox), 4.47-4.42
(m, 2H, OCH>-0x), 4.32 (dd, J = 9.2, 5.2 Hz, 1H, CHa-Leu), 4.10-4.03 (m, 1H, CHa-Asp), 3.70 (d,
J =14.2 Hz, 1H, CHHGOX), 3.60 (d, J = 14.2 Hz, 1H, CHHGOx), 3.34-3.31 (m, 2H, CH.Gly), 2.99
(dd, J =17.6, 4.3 Hz, 1H, CHHp-Asp), 2.78 (dd, J = 17.6, 7.6 Hz, 1H, CHHp-Asp), 1.71-1.63 (m, 3H,
CH2B-Leu, CHy-Leu), 1.49 (s, 9H, 3 x CHjs, tBu), 0.97 (d, J = 5.9 Hz, 3H, CHsd-Leu), 0.93 (d,
J=5.9 Hz, 3H, CH36-Leu); *C NMR (126 MHz, CD30D) &¢c ppm 177.1 (C=0), 175.0 (C=0), 1714
(C=0), 171.3 (C=0), 83.4 (C, tBu), 79.6 (OCH,), 79.5 (OCH,), 61.7 (C, Ox), 54.1 (CH, a-Leu), 51.6
(CH, 0-Asp), 47.0 (CHy, Gly), 43.4 (CH,, GOx), 41.3 (CH>, B-Leu), 37.9 (CH., B-Asp), 28.3 (CHs, tBu),
25.9 (CH, y-Leu), 23.5 (CHs, 8-Leu), 21.7 (CHa, d-Leu); vmax (neat) = 3302, 1721, 1648, 1533, 1367,
1152, 975 cm™t; MS (ESI*) m/z 445 [M+H]*, 467 [M+Na]*; HRMS (ESI*) calcd. for CH37N4O7
[M+H]* 445.2657, found 445.2657; [a]3° +6.8 (c 0.11, MeOH).

0]

Cyclo(Asp(tBu)-Leu-GOx-Gly) (11)
To a solution of tetrapeptide H-Asp(tBu)-Leu-GOx-Gly-OH (39) (89 mg,

QB 0.20 mmol, 1.0 equiv) in anhydrous DMF (200 mL, 0.001 M) under an
o -S o atmosphere of nitrogen was added DEPBT (120 mg, 0.40 mmol, 2.0 equiv) and
© N DIPEA (70 pL, 0.40 mmol, 2.0 equiv) and the reaction mixture was stirred for
NH 1 48 h at room temperature. The DMF was removed under reduced pressure at 60

g{'%ﬁ“\j\l@ °C over 30 min, and the residue was dried in vacuo. The residue was analysed
O by LCMS and purified twice by column chromatography (SiO,, CH,Cl,/MeOH
19:1—9:1) to give the cyclic tetrapeptide (11) as a white solid (1% run: 41.5 mg,
97 umol, 49%; 2" run: 42.7 mg, 100 pmol, 50%). R (CH2Cl,/MeOH 12:1) 0.33; mp 134-137 °C; H
and *C NMR data reported for the major conformer: *H NMR (500 MHz, DMSO-d6) §x ppm 8.02 (d,
J=10.6 Hz, 1H, NH), 7.57 (d, J = 8.7 Hz, 1H, NH), 7.37-7.33 (m, 1H, NH), 4.54 (dd, J = 18.7, 8.7 Hz,
1H, CHo-Asp), 4.39-4.37 (m, 1H, OCHH-Ox), 4.16-4.12 (m, 2H, OCHH-Ox, OCHH-OXx), 4.00 (td, J
=10.1, 5.1 Hz, 1H, CHa-Leu), 3.88 (d, J=7.0 Hz, 1H, OCHH-Ox), 3.82 (dd, J = 13.5, 8.0 Hz, 1H,
CHHGOX), 3.37-3.34 (m, 1H, CHHGlIy), 3.24 (d, J = 14.4 Hz, 1H, CHHGIy), 2.94 (d, J = 13.5 Hz, 1H,
CHHGOX), 2.78 (dd, J = 15.8, 8.9 Hz, 1H, CHHp-Asp), 2.62 (dd, J = 15.8, 8.2 Hz, 1H, CHHp-Asp),
1.65-1.59 (m, 1H, CHy-Leu), 1.56-1.50 (m, 1H, CHHp-Leu), 1.49-1.43 (m, 1H, CHHp-Leu), 1.36 (s,
9H, 3 x CHjs, tBu), 0.91 (d, J = 6.5 Hz, 3H, CH3d-Leu), 0.84-0.81 (m, 3H, CHs3-Leu). N.B. Amine NH
not observed; *C NMR (126 MHz, DMSO-d6) 6¢c ppm 173.0 (C=0), 172.8 (C=0), 170.0 (C=0), 168.6
(C=0), 80.5 (C, tBu), 78.0 (OCH), 76.0 (OCH.), 60.3 (C, Ox), 54.1 (CH, a-Asp), 51.8 (CH, a-Leu),
47.1 (CHy, Gly), 44.2 (CH., GOx), 39.2 (CHa, B-Leu), 36.7 (CH., B-Asp), 27.6 (CHs, tBu), 24.6 (CH,
v-Leu), 22.8 (CHs, 6-Leu), 21.3 (CHs, 8-Leu). N.B. CHa, B-Leu overlaps with solvent peak; vmax (neat) =
3308, 2956, 1726, 1656, 1520, 1153, 971 cm™; MS (ESI*) m/z 449 [M+Na]*, 875 [2M+Na]*; HRMS
(ESI*) calcd. for CaoHsaN4NaOg [M+Na]* 449.2371, found 449.2369; [a]4° ~74.5 (c 0.07, MeOH).
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2.4 Preparation of cyclic tetrapeptides 8 and 48, and cyclic octapeptide 42 and 45

) TFA ) TFA
BocHN PN PN 4’
\)J\ COBN ) Boc-Leu-OH BOCHN/¢ \)J\ COBN  2) Cbz-AA-OH

EDC, HOBt EDC, HOBt
NMM NMM
68% Trp =88%

D-Pro = 78%
Asp(tBu) = 93%

(6] O
H,, Pd/C H
CbZHN\XJ\ /¢\)J\ CO Bh > H2N%J\N N\)J\N/\COH
Ho & H

Trp =>99%
D-Pro = >99%

a4, =
43 2 = -Dri‘liro Asp(tBu) = >99% 42: 2 = gi‘lz’ro
46, R = Asp(tBu) 47, R = Asp(tBu)

R H
o) J\/N
o HN NH
PyBOP or DEPBT %N 8 R=Trm o j)(\ Y 2. R-Te
DIPEA nH 15% R oo %
> HN o ,
< />/ H 48, R = Asp((Bu) P\/ INH y OHNIO 45, R = D-Pro
¢} 14% 20%
S N
07N N
N H R

Boc-Leu-Gly-Gly-OBn (40)

H H To a solution of dipeptide TsOH-H-Gly-Gly-OBnE! (3.94 g,
oc/N\’?‘)J\N/\n/N\/COZBn 10.0 mmol, 1.0 equiv) in CH>Cl, (100 mL) was added Boc-Leu-OH
2 (2.43 g, 10.5 mmol, 1.05 equiv), EDC-HCI (2.01 g, 10.5 mmol,
Y 40 1.05 equiv), HOBt-H,O (1.42 g, 10.5 mmol, 1.05 equiv) and NMM
° (4.40 mL, 40.0 mmol, 4.0 equiv), and the mixture was stirred at
room temperature for 24 h. The mixture was diluted with EtOAc (100 mL) and washed with brine (3 x
100 mL), dried over Na;SOs, filtered and concentrated in vacuo. The residue was purified by column
chromatography (SiO,, CH.CI/EtOAc 1:1—EtOAc) to give Boc-Leu-Gly-Gly-OBn (40) (2.98 g,
6.84 mmol, 68%) as a white solid. Rt (CH.Cl,/EtOAc 1:1) 0.26; mp 53-57 °C; *H NMR (500 MHz,
CDCls) 61 7.38-7.30 (m, 5H, ArH), 7.24 (s, 1H, NH), 7.06 (s, 1H, NH), 5.16 (s, 2H, CHPh), 5.09 (d,
J=5.7 Hz, 1H, NH), 4.15-4.04 (m, 3H, CH.Gly, CHa-Leu), 4.00 (dd, J = 18.1, 5.0 Hz, 1H, CHHGly),
3.94 (dd, J = 16.8, 5.4 Hz, 1H, CHHGlIy), 1.72-1.62 (m, 2H, CHHp-Leu, CHy-Leu), 1.55-1.46 (m, 1H,
CHHp-Leu), 1.40 (s, 9H, 3 x CHgs, Boc), 0.94 (d, J = 6.4 Hz, 3H, CH3d-Leu), 0.92 (d, J = 6.4 Hz, 3H,
CHsd-Leu); *C NMR (126 MHz, CDCls) &¢c 173.5 (C=0), 169.7 (C=0), 169.6 (C=0), 156.3 (C=0,
Boc), 135.3 (C), 128.8 (CH), 128.6 (CH), 128.5 (CH), 80.6 (C, Boc), 67.3 (CHz, Bn), 53.8 (CH, a-Leu),
43.1 (CH,, Gly), 41.4 (CHy, Gly), 41.0 (CH, B-Leu), 28.4 (CHs, Boc), 24.9 (CH, y-Leu), 23.1 (CH3, 8-
Leu), 22.0 (CHs, 3-Leu); vmax (neat) = 3306, 2957, 1746, 1654, 1518, 1163, 954, 736 cm™; MS (ESI*)
m/z 436 [M+H]*, 458 [M+Na]*; HRMS (ESI*) calcd. for Cx2H33sN3sNaOg [M+Na]* 458.2268, found
458.2264; [a]3® +2.4 (¢ 0.12, CHCly).
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Cbz-Trp-Leu-Gly-Gly-OBn (41)

To a solution of Boc-Leu-Gly-Gly-OBn (40) (0.93 g,
2.15 mmol, 1.0 equiv) in CH:Cl; (2.5 mL) was added TFA

HN, (2.5 mL) and the mixture was stirred at room temperature for
"y 9 H 1 h (Gas evolution!). The mixture was concentrated under

N\a)]\ N._CO,Bn . .
CbzHN"@ ; H/\”/ reduced pressure and the resulting residue repeatedly
~ o dissolved in CH.ClI, (3 x 25 mL) and concentrated in vacuo

O B

Wg/ 41 to give the crude amine. The residue was dissolved in CH,Cl>
(22 mL), Cbz-Trp-OH (0.73 ¢, 2.15 mmol, 1.0 equiv), EDC-HCI (0.41 g, 2.15 mmol, 1.0 equiv),
HOBt-H,0 (0.29 g, 2.15 mmol, 1.0 equiv) and NMM (0.95 mL, 8.60 mmol, 4.0 equiv) were added, and
the mixture was stirred at room temperature for 24 h. The mixture was diluted with EtOAc (25 mL) and
washed with brine (3 x 25 mL), dried over Na,SQy, filtered and concentrated in vacuo. The residue was
purified by column chromatography (SiO2, CH.Cl:/MeOH 40:1) to give Cbz-Trp-Leu-Gly-Gly-OBn
(41) (1.21 g, 1.89 mmol, 88%) as a white solid. R¢ (CH2Cl,/MeOH 40:1) 0.13; mp 170-173 °C; *H
NMR (500 MHz, CDsCN) &n 9.28 (s, 1H, NH), 7.60 (d, J = 7.8 Hz, 1H, ArH), 7.40-7.27 (m, 11H,
ArH), 7.21 (t, J =5.5 Hz, 1H, NH), 7.13-7.09 (m, 2H, ArH), 7.06—7.03 (m, 1H, ArH), 6.97 (s, 1H, NH),
6.01 (d, J = 6.8 Hz, 1H, NH), 5.12 (s, 2H, CHPh), 5.06-4.97 (m, 2H, CH2Ph), 4.42 (q, J = 7.0 Hz, 1H,
CHa-Trp), 4.18 (m, 1H, CHa-Leu), 3.92 (dd, J =5.8, 1.4 Hz, 2H, CHGly), 3.74 (dd, J = 17.0, 6.3 Hz,
1H, CHHGIy), 3.68 (dd, J = 17.0, 5.9 Hz, 1H, CHHGIy), 3.24 (dd, J = 14.7, 6.0 Hz, 1H, CHHB-Trp),
3.08 (dd, J=14.6, 7.7 Hz, 1H, CHHB-Trp), 1.56-1.45 (m, 3H, CH2p-Leu, CHy-Leu), 0.87 (d, J=6.0 Hz,
3H, CHsd-Leu), 0.82 (d, J = 6.0 Hz, 3H, CH33-Leu); 3C NMR (126 MHz, CDsCN) &¢c 173.7 (C=0),
173.4 (C=0), 170.8 (C=0), 170.7 (C=0), 157.4 (C=0, Cbz), 138.0 (C), 137.4 (C), 137.1 (C), 129.52
(CH), 129.46 (CH), 129.2 (CH), 129.1 (CH), 128.9 (CH), 128.7 (CH), 128.4 (C), 124.9 (CH), 122.6
(CH), 120.1 (CH), 119.4 (CH), 112.4 (CH), 110.8 (C), 67.5 (CH2, Bn), 67.3 (CH2, Bn), 56.9 (CH, a-
Trp), 53.5 (CH, a-Leu), 43.3 (CH, Gly), 41.9 (CH., Gly), 40.7 (CH., B-Leu), 28.4 (CHz, B-Trp), 25.3
(CH, y-Leu), 23.3 (CHs, 8-Leu), 21.8 (CHs, 8-Leu); vmax (neat) = 3285, 2954, 1667, 1226, 740 cm™; MS
(ESI*) m/z 678 [M+Na]*; HRMS (ESI*) calcd. for C3sHa1NsNaO; [M+Na]* 678.2898, found 678.2901;
[a]2° —1.5 (c 0.24, MeOH).

H-Trp-Leu-Gly-Gly-OH (6)

To asolution of tetrapeptide Cbhz-Trp-Leu-Gly-Gly-OBn (41)

(900 mg, 1.37 mmol, 1.0 equiv) in MeOH (15 mL) was added

HN 10 wt% Pd/C (90 mg, 10 wt%) and the reaction flask was
evacuated, filled with nitrogen, evacuated, and placed under
an atmosphere of hydrogen (balloon). The reaction mixture
o F Y was stirred at room temperature for 16 h, placed under

8 6 nitrogen and filtered through a plug of Celite, which was

washed with MeOH (3x). The filtrate was concentrated in vacuo to give H-Trp-Leu-Gly-Gly-OH (6) as
awhite solid (590 mg, 1.37 mmol, quant. yield), which required no further purification. mp 210-213 °C;
'H NMR (500 MHz, D,0) &4 7.63 (d, J = 8.0 Hz, 1H, ArH), 7.52 (d, J = 8.2 Hz, 1H, ArH), 7.29 (s,
J=7.3Hz, 1H, ArH), 7.26 (t, J = 7.6 Hz, 1H, ArH), 7.16 (t, J = 7.5 Hz, 1H, ArH), 4.34 (t, J = 7.1 Hz,
1H, CHa-Leu or CHa-Trp), 4.30 (t, J = 7.3 Hz, 1H, CHa-Leu or CHa-Trp), 3.89-3.70 (m, 4H, 2 x
CH2Gly), 3.44-3.35 (m, 2H, CH2p-Trp), 1.57-1.47 (m, 3H, CHB-Leu, CHy-Leu), 0.88 (d, J = 6.2 Hz,
3H, CH3d-Leu), 0.84 (d, J = 6.2 Hz, 3H, CH38-Leu); °C NMR (126 MHz, D,0) &¢c 174.9 (C=0), 173.8
(C=0), 170.9 (C=0), 169.4 (C=0), 136.1 (C), 126.5 (C), 125.2 (CH), 122.2 (CH), 119.6 (CH), 118.0
(CH), 112.0 (CH), 106.1 (C), 53.4 (CH, a-Leu or CH, a-Trp), 52.6 (CH, a-Leu or CH, a-Trp), 42.23

P H Q H
:H §
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(CHy, Gly), 42.16 (CHa, Gly), 39.8 (CHy, B-Leu), 26.7 (CHz, B-Trp), 24.1 (CH, y-Leu), 21.9 (CHjs, &-
Leu), 20.9 (CHgs, 8-Leu); vmax (neat) = 3276, 2956, 1630, 1529, 741 cm; MS (ESI*) m/z 432 [M+H]",
454 [M+Na]*; HRMS (ESI*) calcd. for C21H290NsNaOs [M+Na]* 454.2061, found 454.2054; [a]37 +14.3
(c 0.07, MeOH).

Cyclo(Trp-Leu-Gly-Gly) (8)

To a solution of H-Trp-Leu-Gly-Gly-OH (6) (86 mg, 0.20 mmol, 1.0 equiv) in
anhydrous DMF (200 mL, 0.001 m) under an atmosphere of nitrogen was added

HN_ , DEPBT (120 mg, 0.40 mmol, 2.0 equiv) and DIPEA (70 uL, 0.40 mmol,
: o 2.0 equiv) and the mixture was stirred for 48 h at room temperature. The solvent

o OLN was removed under reduced pressure, and the residue was purified twice by
nH column chromatography (SiO,, CH,Cl/MeOH 92.5:7.5—4:1) to give cyclic

%'“@FH\/& tetrapeptide 8 as a yellow solid (1% run: 10.3 mg, 25 pumol, 13%; 2" run: 13.0 mg,
N d O 31 umol, 16%) and cyclic octapeptide 42 as a yellow solid (11.3 mg, 14 pmol,

8 7%). Analytical data for cyclic tetrapeptide 8: Rt (CH2Cl,/MeOH 9:1) 0.24; mp
255-257 °C; NMR data reported for the major conformational isomer at 298 K. 'H NMR (500 MHz,
DMSO-d6) 6+ 10.89 (s, 1H, NH), 8.53 (dd, J = 7.9, 4.3 Hz, 1H, NH), 8.38 (t, J = 9.8 Hz, 2H, 2 x NH),
8.18 (s, 1H, NH), 7.56 (d, J = 7.8 Hz, 1H, ArH), 7.33 (d, J = 8.0 Hz, 1H, ArH), 7.12 (s, 1H, ArH), 7.07
(t, J=7.5Hz, 1H, ArH), 6.98 (t, J = 7.4 Hz, 1H, ArH), 4.43 (dd, J=17.2, 8.6 Hz, 1H, CHa-Trp), 4.21
(dd, J=17.1, 8.4 Hz, 1H, CHo-Leu), 3.77 (dd, J = 14.2, 8.8 Hz, 1H, CHHGIy), 3.74 (dd, J = 14.2, 8.8
Hz, 1H, CHHGIy), 3.58 (dd, J = 14.0, 4.0 Hz, 1H, CHHGly), 3.44 (dd, J = 14.0, 4.0 Hz, 1H, CHHGly),
3.18 (dd, J = 14.6, 7.5 Hz, 1H, CHHp-Trp), 3.07 (dd, J = 14.6, 8.8 Hz, 1H, CHHB-Trp), 1.62—-1.54 (m,
3H, CHy-Leu, CHzp-Leu), 0.90 (d, J =6.2 Hz, 3H, CH35-Leu), 0.83 (d, J = 6.1 Hz, 3H, CH35-Leu). N.B.
CH_B-Leu overlaps with DMSO solvent peak. *C NMR (126 MHz, DMSO-d6) &4 172.7 (C=0), 172.0
(C=0), 169.9 (C=0), 169.4 (C=0), 136.1 (C), 127.1 (C), 123.3 (CH), 120.9 (CH), 118.3 (CH), 118.1
(CH), 111.4 (CH), 109.7 (C), 56.8 (CH, a-Trp), 53.7 (CH, a-Leu), 43.8 (CH,, Gly), 43.5 (CH,, Gly),
39.6 (CH., B-Leu), 26.8 (CH,, B-Trp), 24.6 (CH, y-Leu), 22.4 (CHs, d-Leu), 22.0 (CHs, d-Leu);
vmax (neat) = 3286, 3057, 1650, 1530, 739 cm™; MS (ESI*) m/z 436 [M+Na]*; HRMS (ESI*) calcd. for
Ca1H27NsNaO4 [M+Na]* 436.1955, found 436.1954; [a]3° —207 (c 0.05, DMF).

Cyclo(Trp-Leu-Gly-Gly-Trp-Leu-Gly-Gly) (42)
Analytical data for cyclic octapeptide 42: Rs (CH.Cly/

Q H
H 5 MeOH 9:1) 0.20; mp 216-219 °C; 'H NMR (500 MHz,
N, B”“jjt \(IDIANHWY\/ CD:0D) &y 7.59 (d, J=7.9Hz, 2H, ArH), 7.36 (d,
‘ Kﬁ o7y J=81Hz, 2H, ArH), 7.20 (5, 2H, ArH), 7.11 (&
%/INH ] OHNTO J=75Hz, 2H, ArH), 7.02 (t, J = 7.5 Hz, 2H, ArH), 4.55
o N/\[(NJJ\NQ B (dd, J=8.2, 5.2 Hz, 2H, CHa-Trp), 4.20 (dd, J = 10.6,
nol N 44Hz, 2H, CHo-Leu), 401 (d, J=168 Hz, 2H,
4 CHHGly), 3.86 (d, J = 16.1 Hz, 2H, CHHGIy), 3.74 (d,
42 HN J=16.1Hz, 2H, CHHGly), 3.65 (d, J = 16.8 Hz, 2H,

CHHGIy), 3.39-3.34 (m, 2H, CHHB-Trp), 3.23 (dd,
J=14.9, 8.3 Hz, 2H, CHHB-Trp), 1.73-1.65 (m, 2H, CHHB-Leu), 1.54 (ddd, J = 13.9, 9.6, 4.5 Hz, 2H,
CHHB-Leu), 1.36-1.26 (m, 2H, CHy-Leu), 0.84 (d, J = 6.6 Hz, 6H, CHs3-Leu), 0.78 (d, J = 6.6 Hz, 6H,
CHsd-Leu); 3C NMR (126 MHz, CD:0D) §¢ 175.7 (C=0), 174.9 (C=0), 173.0 (C=0), 172.6 (C=0),
138.1 (C), 128.6 (C), 124.7 (CH), 122.6 (CH), 120.0 (CH), 119.2 (CH), 112.4 (CH), 110.5 (C), 56.8
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(CH, a-Trp), 54.0 (CH, a-Leu), 44.1 (CH,, Gly), 43.4 (CH>, Gly), 40.6 (CH, B-Leu), 27.9 (CH., B-Trp),
25.7 (CH, y-Leu), 23.7 (CHs, 8-Leu), 21.6 (CHs, 6-Leu); vmax (neat) = 3298, 2869, 1645, 1522, 1234,
742 cmrl; MS (ESIY) m/z 849 [M+Na]*; HRMS (ESI*) calcd. for Ca;HssN1oNaOs [M+Na]* 849.4018,
found 849.4020; [a]3” —16.6 (c 0.04, MeOH).

Cbz-D-Pro-Leu-Gly-Gly-OBn (43)

T g To a solution of Boc-Leu-Gly-Gly-OBn (40) (1.23 g,
Sf . K i H o, 284mmol, 10 equiv) in CHCl, (30 mL) was added TFA
[\1/\[( oY H/\”/ TR (3.0 mL) and the mixture was stirred at room temperature for
Cbz o B_ﬁ/ o 1 h (Gas evolution!). The mixture was concentrated under

N 43 reduced pressure and the resulting residue repeatedly
dissolved in CH:ClI, (3 x 25 mL) and concentrated in vacuo to give the crude amine. The residue was
dissolved in CH.Cl; (28 mL), Cbz-D-Pro-OH (0.71 g, 2.84 mmol, 1.0 equiv), EDC-HCI (0.54 g,
2.84 mmol, 1.0 equiv), HOBt-H2O (0.38 g, 2.84 mmol, 1.0 equiv) and NMM (1.15 mL, 11.4 mmol,
4.0 equiv) were added, and the reaction mixture was stirred at room temperature for 24 h. The mixture
was diluted with EtOAc (25 mL) and washed with brine (3 x 25 mL), dried over Na,SOs, filtered and
concentrated in vacuo. The residue was purified by column chromatography (SiO2, CH.Cl,/MeOH 38:1)
to give Cbz-D-Pro-Leu-Gly-Gly-OBn (43) (1.25 g, 2.21 mmol, 78%) as a white solid. Rt (CH2Cl./MeOH
38:1) 0.20; mp 146-149 °C; *H NMR (500 MHz, DMSO-d6) &+ ppm 7.84 (s, 1H, NH), 7.79-7.65 (m,
2H, 2 x NH), 5.16 (s, 2H, CH2Ph), 5.10 (d, J = 12.8 Hz, 1H, CHHPh), 5.05 (d, J = 12.8 Hz, 1H, CHHPh),
4.38-4.25 (m, 2H, CHa-Pro, CHa-Leu), 4.00-3.88 (m, 2H, CH,Gly), 3.83-3.72 (m, 2H, CH.Gly), 3.54—
3.43 (m, 2H, CH6-Pro), 2.21-2.11 (m, 1H, CHHy-Pro), 1.96-1.87 (m, 2H, CHHy-Pro, CHHp-Pro),
1.87-1.78 (m, 1H, CHHp-Pro), 1.70-1.50 (m, 3H, CHzB-Leu, CHy-Leu), 0.94-0.83 (d, 6H, J = 6.3 Hz,
2 x CHsd-Leu); °C NMR (126 MHz, DMSO-d6) &c ppm 172.96 (C=0), 172.94 (C=0), 170.2 (C=0),
170.0 (C=0), 155.3 (C=0, Chz), 137.9(C), 136.9 (C), 129.2 (CH), 129.1 (CH), 128.8 (CH), 128.5 (CH),
128.4 (CH), 128.1 (CH), 67.0 (CHa, Bn), 66.8 (CH2, Bn), 61.1 (CH, a-Pro), 52.6 (CH., a-Leu), 47.8
(CHy, -Pro), 43.1 (CHa, Gly), 41.8 (CHy, Gly), 41.5 (CH>, B-Leu), 31.2 (CH_, y-Pro), 25.2 (CH, y-Leu),
24.4 (CHa, B-Pro), 23.7 (CHs, 6-Leu), 22.5 (CHa, d-Leu); vmax (neat) = 3066, 3010, 1745, 1706, 1649,
1420, 1171, 694 cm'; MS (ESI*) m/z 589 [M+Na]*; HRMS (ESI*) calcd. for CsHzsNsNaO7 [M+Na]*
589.2633, found 589.2637; [a]3° +7.3 (c 0.16, MeOH).

H-D-Pro-Leu-Gly-Gly-OH (44)

(y\ 5 o To a solution of Cbz-D-Pro-Leu-Gly-Gly-OBn (43) (1.00 g,
5 =, H H 1.77 mmol, 1.0 equiv) in MeOH (18 ml) was added 10 wt% Pd/C
ﬂ/\[rNa\)J\ H/\H/N\/COzH (100 mg, 10 wt%) and the reaction flask was evacuated, filled
o B'ﬁ/ o with nitrogen, evacuated, and placed under an atmosphere of

51 44 hydrogen (balloon). The mixture was stirred at room temperature

for 16 h, placed under nitrogen and filtered through a plug of Celite, which was washed with MeOH
(3x%). The filtrate was concentrated in vacuo to give H-D-Pro-Leu-Gly-Gly-OH (44) as a white solid
(604 mg, 1.77 mmol) in quantitative yield. mp 137-140 °C; *H NMR (500 MHz, D,0) &n ppm 4.47—
4.38 (m, 2H, CHa-Pro, CHa-Leu), 4.00 (d, J=17.0 Hz, 1H, CHHGIy), 3.94 (d, J=17.0 Hz, 1H,
CHHGIy), 3.83-3.75 (m, 2H, CHGly), 3.49-3.37 (m, 2H, CH5-Pro), 2.54-2.43 (m, 1H, CHHy-Pro),
2.11-2.03 (m, 3H, CHHy-Pro, CHp-Pro), 1.72-1.63 (m, 3H, CH2p-Leu, CHy-Leu), 0.95 (d, J = 5.6 Hz,
3H, CHsd-Leu), 0.90 (d, J = 5.6 Hz, 3H, CH33-Leu); *C NMR (126 MHz, D;0) 8¢ ppm 176.3 (C=0),
175.0 (C=0), 170.9 (C=0), 170.0 (C=0), 59.7 (CH, a-Pro), 52.9 (CH, a-Leu), 46.5 (CH>, 5-Pro), 43.1
(CH,, Gly), 42.4 (CHy, Gly), 39.5 (CHa, B-Leu), 29.8 (CHa, y-Pro), 24.4 (CH, y-Leu), 23.7 (CHa, B-Pro),
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22.1 (CHs, 8-Leu), 20.5 (CHgs, 5-Leu); vmax (neat) = 3637, 3256, 1654, 1523, 1383, 1249, 668 cm™'; MS
(ESI") m/z 365 [M+Na]*; HRMS (ESI*) calcd. for C1sH2sN4NaOs [M+Na]* 365.1795, found 365.1797;
[a]4° —9.3 (¢ 0.20, MeOH).

Cyclo(D-Pro-Leu-Gly-Gly-D-Pro-Leu-Gly-Gly) (45)

0 To a solution of tetrapeptide H-D-Pro-Leu-Gly-Gly-OH (44) (68 mg,

H
2 N)J\/N NH SY 0.20 mmol, 1.0 equiv) in anhydrous DMF (200 mL, 0.001 M) under
y©<fo o Jg an atmosphere of nitrogen was added DEPBT (120 mg, 0.40 mmol,
0" o 2.0 equiv) and DIPEA (70 uL, 0.40 mmol, 2.0 equiv) and the reaction

Y /I/i mixture was stirred for 48 h at room temperature. The DMF was
N/\[rN\)J\ removed under reduced pressure at 60 °C over 30 min and the residue
was purified twice by column chromatography (SiO,, CH.Cl,/MeOH
6:1—4:1) to give the cyclic octapeptide 45 as a white solid (1% run:
26.2 mg, 40 umol, 20%; 2" run (0.10 mmol scale): 12.9 mg, 20 umol, 20%). R¢ (CH2Cl,/MeOH 4:1)
0.31; mp 206-207 °C (decomposition); *H NMR (500 MHz, DMSO-d6) 54 ppm 8.60 (d, J = 8.0 Hz,
2H, NH), 8.18 (t, J = 6.3 Hz, 2H, NH), 7.59 (t, J = 6.1 Hz, 2H, NH), 4.22 (t, J = 6.8 Hz, 2H, CHa-Pro),
4.06 (ddd, J = 11.4, 8.0, 3.2 Hz, 2H, CHo-Leu), 3.98 (dd, J = 17.0, 6.6 Hz, 2H, CHHGlIy), 3.92 (dd,
J=16.6, 7.5 Hz, 2H, CHHGly), 3.78 (dd, J = 17.0, 5.5 Hz, 2H, CHHGly), 3.60-3.54 (m, 2H, CHH?-
Pro), 3.52-3.46 (m, 4H, CHH&-Pro, CHHGly), 2.11-2.01 (m, 4H, CHHp-Pro, CHHy-Pro), 1.92-1.84
(m, 2H, CHHy-Pro), 1.82-1.74 (m, 2H, CHHp-Pro), 1.68-1.52 (m, 6H, CH2p-Leu, CHy-Leu), 0.89 (d,
J = 6.0 Hz, 6H, CH35-Leu), 0.81 (d, J = 5.9 Hz, 6H, CH33-Leu); *C NMR (126 MHz, DMSO-d6) ¢
ppm 172.4 (C=0), 172.2 (C=0), 169.9 (C=0), 167.4 (C=0), 60.3 (CH, 0-Pro), 51.6 (CH, a-Leu), 46.0
(CHy, 3-Pro), 41.9 (CHy, Gly), 41.1 (CH,, Gly), 28.5 (CH>, y-Pro), 25.1 (CHa, B-Pro), 24.4 (CH, y-Leu),
23.1 (CHa, 6-Leu), 20.9 (CHs, 8-Leu). N.B. CHa, B-Leu overlaps with DMSO solvent peak; vmax (neat) =
2955, 1738, 1681, 1630, 1544, 1241, 1160, 650 cm™'; MS (ESI*) m/z 671 [M+Na]*; HRMS (ESI*) calcd.
for C3oH4sNgNaOg [M+Na]+ 671.3487, found 671.3490.

Cbz-Asp(tBu)-Leu-Gly-Gly-OBn (46)

OtBu To a solution of Boc-Leu-Gly-Gly-OBn (40) (1.09 g,
2.50 mmol, 1.0 equiv) in CH2CI; (2.5 mL) was added TFA
(2.5 mL) and the mixture was stirred at room temperature for
: 1 h (Gas evolution!). The mixture was concentrated under
Y © reduced pressure and the resulting residue repeatedly

8 46 dissolved in CH,Cl; (3 x 25 mL) and concentrated in vacuo

to give the crude amine. The residue was dissolved in CH2Cl; (25 mL), Cbz-Asp(tBu)-OH-H>0 (0.81 g,
2.50 mmol, 1.0 equiv), EDC-HCI (0.48 g, 2.50 mmol, 1.0 equiv), HOBt-H,O (0.34 g, 2.50 mmol,
1.0 equiv) and NMM (1.10 mL, 10.0 mmol, 4.0 equiv) were added, and the reaction mixture was stirred
at room temperature for 24 h. The mixture was diluted with EtOAc (25 mL) and washed with brine (3
x 25 mL), dried over Na,SQy, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography (SiO,, CH,CIl,/MeOH 32:1) to give tetrapeptide 46 (1.49 g, 2.33 mmol,
93%) as a white solid; Rf (CH.Cl,/MeOH 32:1) 0.35; mp 136-139 °C; *H NMR (500 MHz, CDCls) &u
ppm 7.39-7.28 (m, 11H, ArH, NH), 7.08 (t, J = 5.3 Hz, 1H, NH), 6.92 (d, J = 6.7 Hz, 1H, NH), 5.92 (d,
J=8.1Hz, 1H, NH), 5.13 (s, 2H, CH.Ph), 5.11 (s, 2H, CH2Ph), 4.49 (dd, J = 12.3, 7.1 Hz, 1H, CHo-
Asp), 4.35-4.28 (m, 1H, CHa-Leu), 4.09 (dd, J =18.0, 5.6 Hz, 1H, CHHGly), 4.01 (dd, J = 18.0, 5.3 Hz,
1H, CHHGIy), 3.98-3.91 (m, 2H, CH.Gly), 2.80 (dd, J = 17.0, 4.4 Hz, 1H, CHHp-Asp), 2.74 (dd,
J=17.0,6.9 Hz, 1H, CHHB-Asp), 1.77-1.53 (m, 3H, CH2B-Leu, CHy-Leu), 1.40 (s, 9H, 3 x CHjs, tBu),
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0.93 (d, J = 6.4 Hz, 3H, CHsd-Leu), 0.88 (d, J = 6.4 Hz, 3H, CH33-Leu); *C NMR (126 MHz, CDCls)
8¢ ppm 172.3 (C=0), 171.7 (C=0), 171.4 (C=0), 169.8 (C=0), 169.5 (C=0), 156.4 (C=0, Chz), 136.0
(C), 135.4 (C), 128.74 (CH), 128.73 (CH), 128.60 (CH), 128.58 (CH), 128.5 (CH), 128.3 (CH), 82.4 (C,
tBu), 67.6 (CHz, Bn), 67.2 (CHz, Bn), 53.0 (CH, a-Asp), 51.6 (CH, a-Leu), 43.1 (CHz, Gly), 41.3 (CHa,
Gly), 40.2 (CHa, B-Leu), 37.1 (CH,, B-Asp), 28.1 (CHs, tBu), 24.9 (CH, y-Leu), 23.1 (CH3, 8-Leu), 21.7
(CHs, 3-Leu); vmax (neat) = 3283, 2955, 1736, 1714, 1631, 1522, 1204, 697 cm*; MS (ESI*) m/z 663
[M+Na]*; HRMS (ESI*) calcd. for CssHasNaNaOs [M+Na]* 663.3000, found 663.3006; [a]26 ~16.3 (c
0.16, MeOH).

H-Asp(tBu)-Leu-Gly-Gly-OH (47)

OfBu To a solution of tetrapeptide Cbz-Asp(tBu)-Leu-Gly-Gly-OBn
(46) (1.07 g, 1.67 mmol, 1.0 equiv) in MeOH (17 mL) was
added 10 wt% Pd/C (106 mg, 10 wt%) and the reaction flask
was evacuated, filled with nitrogen, evacuated, and placed under
©° Y an atmosphere of hydrogen (balloon). The reaction mixture was
5! 47 stirred at room temperature for 16 h, placed under nitrogen and
filtered through a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated in
vacuo to give H-Asp(tBu)-Leu-Gly-Gly-OH (47) as a white solid (692 mg, 1.67 mmol) in quantitative
yield. mp 172-175 °C; *H NMR (500 MHz, CD3;0OD) &4 ppm 4.32 (t, J = 7.4 Hz, 1H, CHa-Leu), 4.15
(dd, J = 8.3, 4.1 Hz, 1H, CHa-Asp), 3.99 (d, J = 16.9 Hz, 1H, CHHGIy), 3.83-3.75 (m, 3H, CH.Gly,
CHHGIy), 3.01 (dd, J = 18.0, 4.1 Hz, 1H, CHHp-Asp), 2.84 (dd, J = 18.0, 8.4 Hz, 1H, CHHp-Asp),
1.77-1.59 (m, 3H, CHzB-Leu, CHy-Leu), 1.48 (s, 9H, 3 x CHjs, tBu), 0.98 (d, J = 6.3 Hz, 3H, CH33-
Leu), 0.95 (d, J = 6.2 Hz, 3H, CH33-Leu); *C NMR (126 MHz, CD3;0D) &c ppm 175.6 (C=0), 174.7
(C=0), 171.3 (C=0), 171.1 (C=0), 170.9 (C=0), 83.6 (C, tBu), 54.3 (CH, a-Leu), 51.1 (CH, a-Asp),
44.0 (CH,, Gly), 43.5 (CHy, Gly), 41.1 (CH>, p-Leu), 37.5 (CH>, B-Asp), 28.3 (CHs, tBu), 25.9 (CH, y-
Leu), 23.3 (CHs, 6-Leu), 22.0 (CHs, 8-Leu); vmax (neat) = 3279, 2957, 1724, 1630, 1520, 1153, 674 cm~
L MS (ESI*) m/z 417 [M+H]*, 439 [M+Na]*; HRMS (ESI*) calcd. for CisH32N:sNaO; [M+Na]*
439.2163, found 439.2167; [a]3° +15.9 (c 0.07, MeOH).
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Cyclo(Asp(tBu)-Leu-Gly-Gly) (48)

OtBu To a solution of H-Asp(tBu)-Leu-Gly-Gly-OH (47) (208 mg, 0.50 mmol,
1.0 equiv) in anhydrous DMF (500 mL, 0.001 M) under an atmosphere of
o. & O nitrogen was added DEPBT (299 mg, 1.00 mmol, 2.0 equiv) and DIPEA (169 pL,
N‘/g 1.00 mmol, 2.0 equiv) and the mixture was stirred for 48 h at room temperature.
B o y HN The DMF was removed in vacuo and the residue was purified twice by column
}N\/&O chromatography (SiO2, CH2Cl,/MeOH 9:1— 4:1) to give the cyclic tetrapeptide
48 48 as a white solid (1% run: 27.2 mg, 68 pumol, 14%; 2" run (0.20 mmol scale):
10.5 mg, 26 pmol, 13%); R¢ (CH.Clo/MeOH 9:1) 0.24; mp 202-205 °C; *H NMR
(500 MHz, CDs0D) &4 ppm 4.63 (dd, J = 8.4, 4.4 Hz, 1H, CHa-Asp), 4.36 (dd, J = 11.5, 3.6 Hz, 1H,
CHa-Leu), 4.04 (d,J = 16.7 Hz, 1H, CHHGly), 3.90 (d, J = 15.8 Hz, 1H, CHHGly), 3.73 (d, J = 15.8 Hz,
1H, CHHGlIy), 3.69 (d, J = 16.7 Hz, 1H, CHHGly), 2.85 (dd, J = 16.7, 4.4 Hz, 1H, CHHpB-Asp), 2.72
(dd, J = 16.8, 8.4 Hz, 1H, CHHpB-Asp), 1.96-1.87 (m, 1H, CHHp-Leu), 1.81-1.70 (m, 1H, CHy-Leu),
1.60-1.51 (m, 1H, CHHp-Leu), 1.45 (s, 9H, 3 x CHjs, tBu), 0.95 (d, J = 6.6 Hz, 3H, CHs3-Leu), 0.89 (d,
J = 6.5 Hz, 3H, CH35-Leu); *C NMR (126 MHz, CDs0OD) &c ppm 174.5 (C=0), 171.9 (C=0), 171.3
(C=0),171.2 (C=0), 169.9 (C=0), 81.2 (C, tBu), 52.7 (CH, a-Asp), 50.7 (CH, a-Leu), 43.1 (CH, Gly),
41.8 (CH, Gly), 40.3 (CHz, B-Leu), 36.1 (CH2, B-Asp), 26.9 (CHs, tBu), 24.5 (CH, y-Leu), 22.6 (CHs,
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d-Leu), 20.1 (CHs, 3-Leu); vmax (neat) = 3292, 2956, 2930, 1647, 1526, 1151 cm™; MS (ESI*) m/z 421
[M+Na]*; HRMS (ESI*) calcd. for C1gH3oNsNaOs [M+Na]* 421.2058, found 421.2061; [a]3® +15.9
(c 0.09, MeOH).

2.5 Preparation of cyclic tetrapeptide 12 and 58

X X
H
BOCHN\)J\ - 1) TFA > N\)J\ N 1) TFA >
TN COBn 5 cphzaaon  BocHN = N COBN 5 Gbz-AA-OH
- EDC, HOBt o - EDC, HOBt
NMM NMM
50, X = -CH,OCH,- N 51, X = -CH,OCH,- .
54, X=0 AOx = 44% 55 X=0 AOx = 68%
Ala =73% Ala = 84%
i Ho H,, Pd/C 7 Hof
CbzHN N 2 >
z \;)J\N \:)J\N/\COZBn H2N\_)J\N N\.)J\N/\COZH
: H 5 ¢ H AOX = >99% : H § o H
aN S ANa=75% /"~
52, X = -CH,OCH,- 53, X = -CH,OCH,-
56, X =0 57,X=0
! X
HN NH
DEPBT 0
DIPEA
- o)
AOx = 50% HN NH
Ala = 219
as 2% O 7 "NH
12, X = -CH,OCHy-

58, X=0

Boc-AOx-(R)-CH(Me)Ph (49)

5 To a solution of NO,-AOx-(R)-CH(Me)Ph[ (1.23 g, 3.83 mmol, 1.0 equiv) in
H pn THF (40 mL) was added Boc,O (1.67 g, 7.65 mmol, 2.0 equiv) and Raney Ni
BocHN "« T (slurry in H;0O, 8.0 mL). The solution was placed under an atmosphere of
o nitrogen, evacuated and filled with hydrogen (balloon). The reaction mixture
was stirred vigorously for 6 h at room temperature. Then, the mixture was
filtered through a plug of Celite eluting with EtOAc, the filtrate was concentrated under reduced
pressure, EtOAc (40 mL) was added, the mixture was washed with saturated Na,COs (3 x 40 mL), dried
over Na.SO. and concentrated under reduced pressure. Boc-AOx-(R)-CH(Me)Ph (49) was afforded after
purification by column chromatography (SiO2, EtOAC/PE 3:7) as a colourless oil (1.06 g, 3.30 mmol,
86%). R (EtOAC /PE 3:7) 0.44; mp 100-103 °C; *H NMR (500 MHz, CDCls) 8y 7.36-7.29 (m, 4H,
ArH), 7.23 (t, J = 7.0 Hz, 1H, ArH), 4.82 (s, 1H, NH Boc), 4.51-4.56 (m, 1H, OCHH-OXx), 4.41-4.37
(m, 2H, OCHH-0x, OCHH-0Ox), 4.33-4.28 (m, 1H, OCHH-Ox), 4.14 (q, J = 6.6 Hz, 1H, CHCHs),
4.10-4.01 (m, 1H, CHa-AOXx), 1.47 (s, 3 x 9H, CHs, Boc), 1.37 (d, J = 6.7 Hz, 3H, CHCHa), 1.11 (d,
J = 6.6 Hz, 3H, CH3B-AOx); $*C NMR (126 MHz, CDCls) &¢ 156.0 (C=0, Boc), 147.3 (C), 128.8 (CH),
127.1 (CH), 126.3 (CH), 78.9 (OCHy), 78.5 (C, Boc), 63.3 (C, Ox), 52.9 (CHCHs), 49.7 (CH, a-AOX),
28.5 (CHjs, Boc), 26.5 (CHCHs3), 15.3 (CHs, B-AOX). vmax (neat) = 3301, 2970, 2879, 1708, 1541, 1167
cmt; MS (ESI) m/z 321 [M+H]*, 343 [M+Na]*; HRMS (ESI*) calcd. for CigH2oN2O3 [M+H]*
321.2173, found 321.2175; [a]3’ +23.6 (c 0.18, CHCly).

49
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Boc-AOx-Gly-OBn (50)

B To a solution of Boc-AOx-(R)-CH(Me)Ph (49) (1.62 g, 5.08 mmol,
H\/COZBn 1.0 equiv) in MeOH (51 mL) was added 31 wt% Pd(OH)./C (508 mg,
10 wt%) and the reaction flask was evacuated, filled with nitrogen,
o 50 evacuated, and placed under an atmosphere of hydrogen (balloon). The
reaction mixture was stirred at room temperature for 16 h, placed under
nitrogen, and filtered through a plug of Celite, which was washed with MeOH (3x). The filtrate was
concentrated in vacuo to a pale yellow solid, which was re-dissolved in anhydrous CH3;CN (100 mL)
and BrCH.CO2Bn (1.68 mL, 10.2 mmol, 2.0 equiv) and DIPEA (1.85 mL, 10.2 mmol, 2.0 equiv) were
added. The reaction mixture was stirred at 35 °C under an atmosphere of nitrogen for 3 d, at which time
the solvent was removed under reduced pressure. The residue was purified by column chromatography
(SiO2, EtOAC/PE 4:6) to give Boc-AOx-Gly-OBn (50) as a yellow solid (1.27 g, 3.50 mmol, 69%). R¢
(EtOAC/PE 4:6) 0.22; mp 79-81 °C; *H NMR (500 MHz, CDCls) 84 7.40-7.32 (m, 5H, ArH), 5.19 (s,
2H, CHPh), 4.93 (s, 1H, NH Boc), 4.51-4.37 (m, 4H, 2 x OCH,-0x), 4.12 (d, J = 6.9 Hz, 1H, CHa-
AOX), 3.73 (d, J = 17.6 Hz, 1H, CHHGIy), 3.65 (d, J = 17.6 Hz, 1H, CHHGIy), 1.94 (s, 1H, NH), 1.44
(s, 9H, 3 x CHjs, Boc), 1.14 (d, J = 6.8 Hz, 3H, CH3B-AOx); *C NMR (126 MHz, CDCls) &¢c 172.7
(C=0), 155.9 (C=0, Boc), 135.4 (C), 128.8 (CH), 128.7 (CH), 128.6 (CH), 78.2 (C, Boc), 77.3 (OCHy),
67.2 (CHz, Bn), 62.8 (C, Ox), 50.6 (CH, a-AOXx), 45.0 (CH2, Gly), 28.5 (CHs, Boc), 14.5 (CHs, B-AOX);
vmax (Neat) = 3342, 2884, 1746, 1716, 1248 cm™; MS (ESI*) m/z 365 [M+H]", 387 [M+Na]*; HRMS
(ESI*) calcd. for C19H2sN2NaOs [M+Na]* 387.1890, found 387.1894; [a]4’ —6.0 (c 0.12, MeOH).

BocHN™ ¢

Boc-Leu-AOx-Gly-OBn (51)

o B To a solution of Boc-AOx-Gly-OBn (50) (574 mg, 1.58 mmol,
BocHN\a)J\NJ?gH\/CQZBn 1.0 equiv) in CH2Cl, (2.0 mL) was added TFA (2.0 mL) and the
éB H mixture was stirred at room temperature for 1 h (Gas evolution!).
Y O The mixture was concentrated under reduced pressure and the
8 51 resulting residue repeatedly dissolved in CH,Cl, (3 x 25 mL) and
concentrated in vacuo to give the crude amine. The residue was dissolved in CH.Cl, (16 mL), Boc-Leu-
OH (364 mg, 1.58 mmol, 1.0 equiv), EDC-HCI (302 mg, 1.58 mmol, 1.0 equiv), HOBt-H,O (213 mg,
1.58 mmol, 1.0 equiv) and NMM (700 pL, 6.30 mmol, 4.0 equiv) were added, and the mixture was
stirred at room temperature for 24 h. The reaction mixture was diluted with EtOAc (20 mL) and washed
with brine (3 x 25 mL), dried over Na,SO., filtered, concentrated in vacuo and purified by column
chromatography (SiO2, CH,CI,/EtOAc 6:4) to give Boc-Leu-AOx-Gly-OBn (51) (328 mg, 0.69 mmol,
44%) as a colourless oil. Rt (CH.CI/EtOAc 6:4) 0.29; 'H NMR (500 MHz, CDCls) 8y 7.41-7.30 (m,
5H, ArH), 6.64 (d, J = 8.3 Hz, 1H, NH), 5.19 (s, 2H, CHPh), 4.91 (s, 1H, Boc NH), 4.52-4.30 (m, 5H,
2 x OCH»-Ox, CHa-Leu), 4.07-3.97 (m, 1H, CHa-AOXx), 3.72 (d, J = 17.7 Hz, 1H, CHHGly), 3.65 (d,
J =17.7 Hz, 1H, CHHGly), 1.92 (s, 1H, NH), 1.68-1.55 (m, 2H, CHy-Leu, CHHp-Leu), 1.49-1.38 (m,
10H, CHHB-Leu, 3 x CHs, Boc), 1.14 (d, J = 6.8 Hz, 3H, CH3B-A0Ox), 0.92 (d, J = 4.8 Hz, 6H, 2 x
CHsd-Leu); *C NMR (126 MHz, CDCls) 8¢ 172.8 (C=0), 172.7 (C=0), 155.8 (C=0, Boc) 135.4 (C),
128.8 (CH), 128.7 (CH), 128.6 (CH), 78.2 (C, Boc), 77.4 (OCH,), 67.3 (CH>, Bn), 62.5 (C, Ox), 53.5
(CH, a-Leu), 49.7 (CH, a-AOXx), 45.0 (CH2, Gly), 41.4 (CH,, B-Leu), 28.4 (CHs, Boc), 25.0 (CH, v-
Leu), 23.0 (CHs, 8-Leu), 22.2 (CHs, 6-Leu), 14.5 (CHs, B-AOX); vmax (neat) = 3329, 2975, 1737, 1682,
1649, 1117 cm*; MS (ESI*) m/z 478 [M+H]*, 500 [M+Na]*; HRMS (ESI*) calcd. for C2sHaoN3O0s
[M+H]* 478.2912, found 478.2915; [«]3’ —25.0 (c 0.20, MeOH).
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Cbz-Trp-Leu-AOx-Gly-OBn (52)

To a solution of Boc-Leu-AOx-Gly-OBn (51) (460 mg,
0.97 mmol, 1.0 equiv) in CH2Cl> (2.0 mL) was added TFA
HN_ (2.0 mL) and the mixture was stirred at room temperature
Py O P H for 1 h (Gas evolution!). The mixture was concentrated
CbzHN" @ N\?‘)J\N%NVC@B” under reduced pressure and the resulting residue repeatedly
o p M o dissolved in CH.Cl, (3 x 25 mL) and concentrated in vacuo
Y 52 to give the crude amine. The residue was dissolved in
CH.CI; (10 mL), Cbz-Trp-OH (326 mg, 0.97 mmol,
1.0 equiv), EDC-HCI (185 mg, 0.97 mmol, 1.0 equiv), HOBt-H,O (130 mg, 0.97 mmol, 1.0 equiv) and
NMM (477 uL, 4.37 mmol, 4.5 equiv) were added, and the mixture was stirred at room temperature for
24 h. The reaction mixture was diluted with EtOAc (25 mL) and washed with brine (3 x 25 mL), dried
over Na,SOq, filtered and concentrated in vacuo. The residue was purified by column chromatography
(SiOz, CH2Cly/MeOH 19:1) to give Cbhz-Trp-Leu-AOx-Gly-OBn (52) (456 mg, 0.65 mmol, 68%) as a
white solid. Rt (CH.Cl/MeOH 19:1) 0.20; mp 81-84 °C; *H NMR (500 MHz, CDCls) &+ 8.30 (s, 1H,
NH), 7.65 (d, J = 7.1 Hz, 1H, ArH), 7.39-7.27 (m, 11H, ArH), 7.19 (t, J = 7.5 Hz, 1H, ArH), 7.11 (t,
J=6.8 Hz, 1H, ArH), 7.04 (s, 1H, ArH), 6.72 (d, J = 8.0 Hz, 1H, NH), 6.25 (d, J = 6.7 Hz, 1H, NH),
5.48 (d, J = 6.9 Hz, 1H, NH), 5.17 (s, J = 5.8 Hz, 2H, CHPh), 5.12-5.04 (m, 2H, CH,Ph), 4.56-4.24
(m, 7H, 2 x OCH,-Ox, CHa-Leu, CHa-Ala, CHa-Trp), 3.67 (s, 2H, CH2Gly), 3.28 (dd, J = 14.6, 5.7 Hz,
1H, CHHB-Trp), 3.20 (dd, J = 14.6, 6.7 Hz, 1H, CHHB-Trp), 1.97 (s, 1H, NH), 1.61-1.51 (m, 1H,
CHHp-Leu), 1.42-1.28 (m, 2H, CHHp-Leu, CHy-Leu), 1.09 (d, J = 6.6 Hz, 3H, CH3p-A0x), 0.81 (d,
J=6.4 Hz, 6H, 2 x CHsd-Leu); 3C NMR (126 MHz, CDCl3) &¢c 172.9 (C=0), 171.7 (C=0), 1715
(C=0), 156.4 (C=0, Cbz), 136.4 (C), 136.1 (C), 135.4 (C), 128.8 (CH), 128.72 (CH), 128.67 (CH),
128.5 (CH), 128.4 (CH), 128.3 (CH), 127.4 (C), 123.5 (CH), 122.5 (CH), 120.0 (CH), 118.9 (CH), 111.5
(CH), 110.2 (C), 78.1 (OCHy), 77.5 (OCHy), 67.3 (CH>, Bn), 67.2 (CH2, Bn), 62.6 (C, Ox), 55.6 (CH,
a-Trp), 52.5 (CH, a-Leu), 49.5 (CH, a-AOx), 45.0 (CH, Gly), 40.8 (CH,, B-Leu), 28.1 (CHy, B-Trp),
24.9 (CH, y-Leu), 22.9 (CHs, 8-Leu), 22.1 (CHs, 8-Leu), 14.5 (CHs, B-AOX); vmax (neat) = 3282, 2952,
1703, 1643, 1342 cm*; MS (ESI*) m/z 698 [M+H]*, 720 [M+Na]*; HRMS (ESI*) calcd. for
CaoHs7NsNaO7 [M+Na]* 720.3368, found 720.3369; [a]3’ —29.0 (c 0.05, MeOH).

3

H-Trp-Leu-AOx-Gly-OH (53)

To a solution of Cbz-Trp-Leu-AOx-Gly-OBn (52) (404 mg,
0.58 mmol, 1.0 equiv) in MeOH (6.0 mL) was added 10 wt%

HN_ Pd/C (40 mg, 10 wt%) and the reaction flask was evacuated,

Py 9 P H filled with nitrogen, evacuated, and placed under an
HN @ N\‘f)J\N/a%gN\/COZH atmosphere of hydrogen (balloon). The reaction mixture was
o KM o stirred at room temperature for 16 h, placed under nitrogen
Y 53 and filtered through a plug of Celite, which was washed with
MeOH (3x). The filtrate was concentrated in vacuo to give
H-Trp-Leu-AOx-Gly-OH (53) as a yellow solid (273 mg, 0.58 mmol, quant. yield), which required no
further purification. mp 170-173 °C; *H NMR (500 MHz, CD30D) &n 7.73 (d, J = 7.9 Hz, 1H, ArH),
7.41 (d, J=8.1 Hz, 1H, ArH), 7.26 (s, 1H, ArH), 7.16 (t, J = 7.5 Hz, 1H, ArH), 7.09 (t, J = 7.4 Hz, 1H,
ArH), 4.62—4.57 (m, 2H, OCH3-Ox), 4.56-4.50 (m, 2H, OCH-0x), 4.46-4.37 (m, 2H, CHa-Leu, CHa-
AOXx), 4.24 (dd, J = 8.3, 5.6 Hz, 1H, CHa-Trp), 3.63 (d, J = 16.9 Hz, 1H, CHHGlIy), 3.58 (d, J = 16.9
Hz, 1H, CHHGly), 3.51 (dd, J = 15.0, 5.3 Hz, 1H, CHH-Trp), 3.23 (dd, J = 15.0, 8.5 Hz, 1H, CHH-
Trp), 1.71-1.60 (m, 3H, CH2B-Leu, CHy-Leu), 1.28 (d, J = 6.8 Hz, 3H, CH3B-A0x), 0.97 (d, J = 5.7 Hz,
3H, CHsd-Leu), 0.95 (d, J = 5.7 Hz, 3H, CHs3-Leu); *C NMR (126 MHz, CD3;0OD) §¢ 174.9 (C=0),
S25
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174.7 (C=0), 170.3 (C=0), 138.3 (C), 128.4 (C), 125.8 (CH), 123.0 (CH), 120.3 (CH), 119.2 (CH),
112.6 (CH), 107.9 (C), 77.5 (OCHy,), 77.4 (OCHy,), 64.6 (C, Ox), 54.8 (CH, a-Trp), 54.0 (CH, a-Leu),
49.9 (CHo-AOKX), 46.0 (CHa, Gly), 42.0 (CH>, B-Leu), 28.7 (CH2, B-Trp), 25.9 (CH, y-Leu), 23.4 (CHs,
8-Leu), 22.0 (CHs, 8-Leu), 14.7 (CHs, B-AOX); vmax (Neat) = 3228, 2954, 1643, 1537, 1237 cm!; MS
(ESI*) m/z 474 [M+H]*, 496 [M+Na]*; HRMS (ESI*) calcd. for C2sHssNsNaOs [M+Na]* 496.2530,
found 496.2533; [a]3’ —37.0 (¢ 0.05, MeOH).

Cyclo(Trp-Leu-AOx-Gly) (12)

To a solution of H-Trp-Leu-AOx-Gly-OH (53) (47 mg, 0.10 mmol, 1.0 equiv)
in anhydrous DMF (100 mL, 0.001 m) under an atmosphere of nitrogen was
HN added DEPBT (60 mg, 0.20 mmol, 2.0 equiv) and DIPEA (35 uL, 0.20 mmol,
2P 2.0 equiv) and the mixture was stirred for 48 h at room temperature. The
OY\N solvent was removed under reduced pressure, and the residue was purified
NH H;/g twice by column chromatography (SiO2, CH2Cl,/MeOH 9:1—85:15) to give
. B'--Q}H HN cyclic tetrapeptide 12 as a white solid (1% run: 22.9 mg, 50 umol, 50%; 2™ run
4<5 N (289 umol scale): 64.4 mg, 142 umol, 49%). Rs (CH2Clo/MeOH 9:1) 0.19; mp
=) 220-223 °C; *H NMR (500 MHz, CD30OD) 84 7.62 (d, J = 7.9 Hz, 1H, ArH),
7.32(d, J=8.1 Hz, 1H, ArH), 7.12 (s, 1H, ArH), 7.10 (t, J = 7.7 Hz, 1H, ArH),
7.03 (t,J=7.4 Hz, 1H, ArH), 4.93 (dd, J = 10.2, 7.2 Hz, 1H, CHa-Trp), 4.57 (g, J = 7.2 Hz, 1H, CHa-
AOXx), 4.50 (d, J = 6.8 Hz, 1H, OCHH-Ox), 4.40 (d, J = 6.8 Hz, 1H, OCHH-Ox), 4.38 (d, J = 7.8 Hz,
1H, OCHH-0Ox), 4.20 (dd, J =10.9, 4.2 Hz, 1H, CHa-Leu), 4.04 (d, J = 7.8 Hz, 1H, OCHH-Ox), 3.67
(d, J =16.6 Hz, 1H, CHHGIy), 3.57 (d, J = 16.6 Hz, 1H, CHHGly), 3.37-3.27 (m, 1H, CHHpB-Trp), 3.21
(dd, J =15.1, 7.2 Hz, 1H, CHHB-Trp), 1.72-1.63 (m, 1H, CHHp-Leu), 1.59-1.48 (m, 2H, CHHp-Leu,
CHy-Leu), 1.12 (d, J = 6.9 Hz, 3H, CH3B-AOx), 0.90 (d, J = 6.0 Hz, 3H, CH36-Leu), 0.73 (d, J = 6.0 Hz,
3H, CHsd-Leu). N.B. CHHB-Trp overlaps with solvent peak; *C NMR (126 MHz, CD3;0D) §¢ 176.4
(C=0), 175.3 (C=0), 173.7 (C=0), 138.0 (C), 128.5 (C), 123.8 (CH), 122.6 (CH), 119.9 (CH), 119.1
(CH), 112.3 (CH), 110.3 (C), 79.2 (OCH), 77.3 (OCHy), 64.7 (C, Ox), 57.7 (CH, a-Trp), 55.3 (CH, o-
Leu), 51.6 (CH, 0a-AOX), 48.8 (CH2, Gly), 40.6 (CHz, B-Leu), 27.6 (CH2, B-Trp), 26.2 (CH, y-Leu), 23.3
(CHs, 6-Leu), 21.2 (CHs, 8-Leu), 13.5 (CHs, AOx). N.B. CHy, Gly signal overlaps with solvent peak;
vmax (Neat) = 3256, 2956, 1659, 1532, 740 cm™!; MS (ESI*) m/z 478 [M+Na]*; HRMS (ESI*) calcd. for
CasH3sNsNaO4 [M+Na]* 478.2425, found 478.2423; [a]3’ —108 (c 0.06, MeOH).

Boc-Leu-Ala-Gly-OBn (55)

To a solution of Boc-Ala-Gly-OBnP! (54) (885 mg, 2.63 mmol,

0] B
BocHN.o L J\(H\/COZBn 1.0 equiv) in CHCl, (3.0 mL) was added TFA (3.0 mL) and the
;B H ¢ S mixture was stirred at room temperature for 1 h (Gas evolution!).
Y s
3

The mixture was concentrated under reduced pressure and the

resulting residue repeatedly dissolved in CH.CI; (3 x 25 mL) and
concentrated in vacuo to give the crude amine. The residue was dissolved in CH.Cl, (27 mL), Boc-Leu-
OH (608 mg, 2.63 mmol, 1.0 equiv), EDC-HCI (504 mg, 2.63 mmol, 1.0 equiv), HOBt-H,O (355 mg,
2.63 mmol, 1.0 equiv) and NMM (1.20 mL, 10.5 mmol, 4.0 equiv) were added, and the mixture was
stirred at room temperature for 24 h. The mixture was diluted with EtOAc (30 mL) and washed with
brine (3 x 30 mL), dried over Na.SO4, filtered and concentrated in vacuo. The residue was purified by
column chromatography (SiO2, EtOAc/CH:ClI; 4:6) to give Boc-Leu-Ala-Gly-OBn (55) as a white foam
(863 mg, 1.92 mmol, 73%). R (EtOAC/CH:CI; 4:6) 0.29; mp 60-63 °C; 'H NMR (500 MHz, CDCls)

8+ 7.38-7.30 (m, 5H, ArH), 6.97 (s, 1H, NH), 6.71 (d, J = 7.4 Hz, 1H, NH), 5.16 (s, 2H, CH,Ph), 4.96
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(d, J = 6.7 Hz, 1H, Boc NH), 4.54 (quint, J = 7.1 Hz, 1H, CHo-Ala), 4.15-3.98 (m, 3H, CHa-Leu,
CH,Gly), 1.71-1.59 (m, 2H, CHy-Leu, CHHB-Leu), 1.52-1.44 (m, 1H, CHHp-Leu), 1.42 (s, 9H, 3 x
CHs, Boc), 1.39 (d, J = 7.1 Hz, 3H, CH3B-Ala), 0.93 (d, J = 6.5 Hz, 6H, 2 x CH38-Leu); *C NMR
(126 MHz, CDCls) 8¢ 172.8 (C=0), 172.5 (C=0), 169.6 (C=0), 156.1 (C=0, Boc), 135.3 (C), 128.8
(CH), 128.7 (CH), 128.5 (CH), 80.6 (C, Boc), 67.3 (CH,, Bn), 53.5 (CH, a-Leu), 48.8 (CH, o-Ala), 41.5
(CHa, Gly), 41.1 (CH,, p-Leu), 28.4 (CHs, Boc), 24.9 (CH, y-Leu), 23.1 (CHs, -Leu), 21.9 (CHs, 5-
Leu), 18.0 (CHs, B-Ala); vmax (neat) = 3297, 2932, 1748, 1645, 1453, 1162 cm™'; MS (ESI*) m/z 472
[M+Na]*; HRMS (ESI*) calcd. for CasHasNsNaOs [M+Na]* 472.2418, found 472.2420; [a]3® —45.0
(c 0.15, MeOH).

Cbz-Trp-Leu-Ala-Gly-OBn (56)

To a solution of Boc-Leu-Ala-Gly-OBn (55) (760 mg,
1.69 mmol, 1.0 equiv) in CH:Cl: (2.5 mL) was added TFA

HN (2.5 mL) and the mixture was stirred at room temperature

ZNP y © B H for 1 h (Gas evolution!). The mixture was concentrated
CbzHN"2 N\‘?‘)J\N/(LH/N\/COZB” under reduced pressure and the resulting residue repeatedly
o i~ M o dissolved in CH,CI (3 x 25 mL) and concentrated in vacuo

ﬁ&/ 56 to give the crude amine. The residue was dissolved in

CH.CIl; (22 mL), Cbz-Trp-OH (572 mg, 1.69 mmol,
1.0 equiv), EDC-HCI (324 mg, 1.69 mmol, 1.0 equiv), HOBt-H-O (228 mg, 1.69 mmol, 1.0 equiv) and
NMM (750 pL, 6.76 mmol, 4.0 equiv) were added, and the mixture was stirred at room temperature for
24 h. The mixture was diluted with EtOAc (25 mL) and washed with brine (3 x 25 mL), dried over
Na,SOq, filtered and concentrated in vacuo. The residue was purified by column chromatography (SiOa,
CH.CIlo/MeOH 24:1) to give Cbz-Trp-Leu-Ala-Gly-OBn (56) (945 mg, 1.41 mmol, 84%) as a white
solid. Rt (CH2Cl,/MeOH 24:1) 0.41; mp 93-96 °C; *H NMR (500 MHz, CD3;0D) & 7.59 (d, J = 7.9 Hz,
1H, ArH), 7.37-7.23 (m, 11H, ArH), 7.13-7.05 (m, 2H, ArH), 6.99 (t, J = 7.4 Hz, 1H, ArH), 5.13 (s,
2H, CHPh), 5.02 (d, J = 5.3 Hz, 2H, CH2Ph), 4.49-4.43 (m, 1H, CHa-Trp), 4.37-4.30 (m, 2H, CHa-
Ala, CHo-Leu), 4.01 (d, J = 17.5 Hz, 1H, CHHGIy), 3.94 (d, J = 17.5 Hz, 1H, CHHGlIy), 3.27 (dd,
J=14.6,5.6 Hz, 1H, CHHp-Trp), 3.11 (dd, J = 14.6, 7.9 Hz, 1H, CHHp-Trp), 1.57—1.46 (m, 3H, CHy-
Leu, CHB-Leu), 1.31 (d, J = 7.2 Hz, 3H, CH3p-Ala), 0.87 (d, J = 6.0 Hz, 3H, CH3d-Leu), 0.82 (d,
J =6.0 Hz, 3H, CH3s3-Leu); *C NMR (126 MHz, CDs0D) 6¢ 175.3 (C=0), 175.0 (C=0), 174.4 (C=0),
170.9 (C=0), 158.5 (C=0, Chz), 138.1 (C), 138.0 (C), 137.1 (C), 129.53 (CH), 129.45 (CH), 129.3
(CH), 129.0 (CH), 128.8 (CH), 124.7 (CH), 122.5 (CH), 119.9 (CH), 119.4 (CH), 112.3 (CH), 110.7
(C), 67.9 (CHz, Bn), 67.7 (CH2, Bn), 57.5 (CH, a-Trp), 53.4 (CH, a-Leu), 50.3 (CH, a-Ala), 42.1 (CH,,
Gly), 41.4 (CHy, B-Leu), 28.7 (CHy, B-Trp), 25.6 (CH, y-Leu), 23.5 (CHs, é-Leu), 21.9 (CHs, 8-Leu),
17.9 (CHs, p-Ala). N.B. One quaternary aromatic C and one CH not observed; vmax (neat) = 3270, 2952,
1703, 1634, 1191 cm!; MS (ESI*) m/z 692 [M+Na]*; HRMS (ESI*) calcd. for Cs;Ha3sNsNaO; [M+Na]*
692.3055, found 692.3061; [a]3’ —37.0 (¢ 0.17, MeOH).
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H-Trp-Leu-Ala-Gly-OH (57)

To a solution of Cbz-Trp-Leu-Ala-Gly-OBn (56) (854 mg,
1.28 mmol, 1.0 equiv) in MeOH (13 mL) was added 10 wt%

HN, Pd/C (86 mg, 10 wt%) and the reaction flask was evacuated,
] 'e) B . . .

H \)J\ H coun filled with nitrogen, evacuated, and placed under an

HoN 7o N SN N CO: atmosphere of hydrogen (balloon). The reaction mixture was

o Kin_1 o stirred at room temperature for 16 h, placed under nitrogen,

ﬁs/ 57 and DMF (10 mL) was added. The solution was filtered

through a plug of Celite and the solids were washed with
MeOH (3x). The filtrate was concentrated in vacuo to give H-Trp-Leu-Ala-Gly-OH (57) as a DMF
adduct as a white solid (426 mg, 0.96 mmol, 75%), which required no further purification. mp 198—
201 °C; *H NMR (500 MHz, D;0) & 7.59 (d, J = 8.0 Hz, 1H, ArH), 7.52 (d, J = 8.2 Hz, 1H, ArH),
7.31-7.25 (m, 2H, ArH), 7.16 (t, J = 7.4 Hz, 1H, ArH), 4.32-4.26 (m, 2H, CHa-Trp, CHa-Leu), 4.15
(9, J=7.2 Hz, 1H, CHa-Ala), 3.75 (s, 2H, CH.Gly), 3.44-3.33 (m, 2H, CH»B-Trp), 1.53-1.47 (m, 3H,
CHy-Leu, CHB-Leu), 1.37 (d, J = 7.2 Hz, 3H, CHsB-Ala), 0.87 (t, J = 5.8 Hz, 3H, CH3d-Leu), 0.85 (d,
J = 5.8 Hz, 3H, CH3d-Leu); **C NMR (126 MHz, D,0) §¢c 176.0 (C=0), 174.2 (C=0), 172.8 (C=0),
169.0 (C=0), 136.2 (C), 126.6 (C), 125.1 (CH), 122.1 (CH), 119.4 (CH), 117.9 (CH), 111.9 (CH), 106.2
(C), 53.5 (CH, a-Trp), 52.0 (CH, a-Leu), 49.6 (CH, a-Ala), 43.1 (CHz, Gly), 40.5 (CH>, B-Leu), 26.7
(CH., B-Trp), 24.0 (CH, y-Leu), 21.9 (CHas, 8-Leu), 21.1 (CHs, 6-Leu), 16.5 (CHa, B-Ala); vmax (neat) =
3270, 2956, 1626, 1525, 1438 cm™!'; MS (ESI*) m/z 468 [M+Na]*; HRMS (ESI*) calcd. for
C22H31NsNaOs [M+Na]* 468.2217, found 468.2220; [a]3’ —23.0 (c 0.04, DMF).

Cyclo(Trp-Leu-Ala-Gly) (58)

To a solution of H-Trp-Leu-Ala-Gly-OH (57) (89 mg, 0.20 mmol, 1.0 equiv) in
anhydrous DMF (200 mL, 0.001 M) under an atmosphere of nitrogen was added
HN DEPBT (120 mg, 0.40 mmol, 2.0 equiv) and DIPEA (70 uL, 0.40 mmol,
: 2.0 equiv) and the mixture was stirred for 48 h at room temperature. The solvent
OY\NJg was removed under reduced pressure, and the residue was purified twice by
5 o N column chromatography (SiO;, CH:Cl/MeOH 19:1—9:1) to give cyclic
v "“%ﬁH tetrapeptide 58 as a white solid (1 run: 17.4 mg, 40 pmol, 20%; 2" run: 18.4 mg,
43< 3 7o O 43 umol, 22%). Rf (CH:Cl;/MeOH 92.5:7.5) 0.34; mp 296297 °C
B (decomposition); The data reported for this compound are for the major
conformational isomer at 298 K. *'H NMR (500 MHz, DMSO-d6) & 10.88 (s,
1H, NH), 8.29 (t, J = 5.6 Hz, 1H, NH), 7.80 (d, J = 9.4 Hz, 1H, NH), 7.73 (d, J = 9.1 Hz, 1H, NH), 7.54
(d,J=7.9 Hz, 1H, ArH), 7.40 (d, J = 9.3 Hz, 1H, NH), 7.34 (d, J = 8.0 Hz, 1H, ArH), 7.13 (s, 1H, ArH),
7.08 (t, J=7.4 Hz, 1H, ArH), 7.00 (t, J = 7.4 Hz, 1H, ArH), 4.52 (m, 1H, CHa-Trp), 4.32-4.25 (m, 1H,
CHoa-Ala), 4.12 (dd, J = 15.6, 9.4 Hz, 1H, CHa-Leu), 3.85 (dd, J = 14.0, 6.0 Hz, 1H, CHHGly), 3.43
(dd, J = 14.0, 6.0 Hz, 1H, CHHGIy), 3.13 (dd, J = 14.8, 8.2 Hz, 1H, CHHp-Trp), 3.03 (dd, J = 14.8,
8.2 Hz, 1H, CHHB-Trp), 1.63—-1.44 (m, 3H, CHy-Leu, CHB-Leu), 1.26 (d, J = 7.1 Hz, 3H, CHsp-Ala),
0.89 (d, J = 6.1 Hz, 3H, CH35-Leu), 0.80 (d, J = 6.1 Hz, 3H, CH33-Leu); *C NMR (126 MHz, DMSO-
d6) éc 172.8 (C=0), 172.5 (C=0), 171.6 (C=0), 169.7 (C=0), 136.1 (C), 127.0 (C), 123.1 (CH), 121.0
(CH), 118.4 (CH), 118.1 (CH), 111.4 (CH), 109.4 (C), 56.2 (CH, a-Trp), 54.0 (CH, a-Leu), 49.6 (CH,
a-Ala), 43.6 (CH,, Gly), 39.0 (CH>, B-Leu) 26.5 (CH., B-Trp), 24.6 (CH, y-Leu), 22.6 (CHs, 5-Leu),
21.6 (CHs, 3-Leu), 16.2 (CHs, B-Ala); vmax (neat) = 3291, 2956, 1649, 1529, 737 cm™*; MS (ESI*) m/z
450 [M+Na]*, 877 [2M+Na]*; HRMS (ESI*) calcd. for CzHzsNsNaO4 [M+Na]* 450.2112, found
450.2115; [a]3’ —112 (c 0.04, DMF).
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2.6 Preparation of cyclic pentapeptide 13
Preparation of pentapeptide 63

o
/L 1) TFA o N\Eg J\ Hy Raney Ni _ 52 /L
e E—
BocHN” “COBn 2) O,N LC 2 N”"CozBn BocHN CO,Bn

Boc Ala-OSu
¢}
68%
93% % ’

NTFA 52 ) TFA 52 /L
BocHN
2)Boc-Lew-OH \)k Jﬁ( COan 2) Cbz-Tyr(Bn)-OH CszNJ;(Ej\;L /’ﬁ( CO,Bn

HATU, DIPEA HATU, DIPEA

74% 48%

e & J\m o

NO,-GOx-Ala-OBn (59)

o p To a solution of Boc-Ala-OBnt! (3.36 g, 12.0 mmol, 1.0 equiv) in CHCl,
O,N \22 /L (12 mL) was added TFA (12 mL) and the mixture was stirred at room
COzBn  temperature for 1 h. The mixture was concentrated under reduced pressure and
59 the resulting residue repeatedly dissolved in CH2Cl, (3 x 20 mL) and
concentrated in vacuo to give the crude amine. In a second reaction vessel,
oxetane-3-one (1.54 mL, 24.0 mmol, 2.0 equiv), nitromethane (1.82 mL, 33.6 mmol, 2.8 equiv) and
triethylamine (670 uL, 4.80 mmol, 0.4 equiv) were combined at 0 °C and stirred for 1 h at room
temperature. The mixture was dissolved in anhydrous CH.Cl, (40 mL), cooled to —78 °C, and
triethylamine (6.70 mL, 48.0 mmol, 4.0 equiv) was added followed by dropwise addition of a solution
of methanesulfonyl chloride (1.86 mL, 24.0 mmol, 2.0 equiv) in anhydrous CH.Cl, (12 mL). The
reaction mixture was stirred at —78 °C for 1.5 h and a solution of the crude amine and triethylamine
(2.52 mL, 18.0 mmol, 1.5 equiv) in anhydrous CH:Cl, (40 mL) was added slowly via syringe. The
reaction mixture was allowed to warm to room temperature and stirred for 16 h. A saturated solution of
NH4CI (50 mL) was added and stirred for 10 min. The layers were separated and the aqueous one
extracted with CH,Cl, (2 x 30 mL) and EtOAc (2 x 30 mL). The combined organic phases were washed
with sat. NaHCO; solution (50 mL), brine (50 mL), dried over MgSQs,, filtered and concentrated in
vacuo. The residue was purified by column chromatography (SiO,, PE/EtOAc 2:1—1:1) to give 59
(3.28 g, 11.1 mmol, 93%) as an orange oil. Rt (PE/EtOAc 1:1) 0.40; *H NMR (400 MHz, CDCls) 64
ppm 7.41-7.26 (m, 5H, ArH), 5.16 (d, J = 12.1 Hz, 1H, CHHPh), 5.12 (d, J = 12.1 Hz, 1H, CHHPh),
4.83 (d, J = 12.8 Hz, 1H, CHHGOXx), 4.78 (d, J = 12.8 Hz, 1H, CHHGOX), 4.59 (d, J = 7.2 Hz, 1H,
OCHH-Ox), 4.55 (d, J= 7.1 Hz, 1H, OCHH-Ox), 4.49 (d, J = 7.2 Hz, 1H, OCHH-Ox), 4.31 (d,
J =7.1 Hz, 1H, OCHH-0Xx), 3.62 (q, J= 7.0 Hz, 1H, CHa-Ala), 2.36 (br. s, 1H, NH), 1.32 (d, J = 7.0 Hz,
3H, CHsB-Ala); **C NMR (101 MHz, CDCls) 8¢ ppm 175.6 (C=0), 135.3 (C), 128.83 (CH), 128.78
(CH), 128.6 (CH), 79.2 (OCHy), 79.1 (OCHy), 78.3 (CH;, GOx), 67.3 (CH2, Bn), 59.7 (C, Ox), 51.5
(CH, a-Ala), 20.4 (CHs, B-Ala); vmax (neat) = 3330, 2967, 1729, 1552, 1454, 1378, 1165, 1050, 975,
902, 738, 698 cmt; MS (ESI*) m/z 295 [M+H]*, 317 [M+Na]*; HRMS (ESI*) calcd. for C14H1sN,NaOs
[M+Na]* 317.1108, found 317.1107; [«]3® —1.19 (c 1.22, CHCls).
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Boc-Ala-GOx-Ala-OBn (60)

8 O To a solution of NO.-GOx-Ala-OBn (59) (3.18 g, 10.8 mmol,
J\WH 52 1 1.0 equiv) in THF (108 mL) was added Boc-Ala-OSu (6.18 g,
BocHN™ « N COBn 21,6 mmol, 2.0 equiv), NaHCO; (3.63 g, 43.2 mmol, 4.0 equiv) and
© 60 Raney Ni (slurry in H20, 22 mL). The solution was placed under an
atmosphere of nitrogen, evacuated and filled with hydrogen (balloon). The reaction mixture was stirred
vigorously for 4.0 h at room temperature. Then, the mixture was filtered through a plug of Celite eluting
with EtOAc, the filtrate was washed with saturated Na>COsz (3 x 50 mL) and concentrated in vacuo. Boc-
Ala-GOx-Ala-OBn (60) was afforded after purification by column chromatography (SiO», PE/EtOAC
1:1—-EtOAc) as a pale-yellow oil (3.20 g, 7.34 mmol, 68%). R¢ (EtOAc) 0.35; 'H NMR (400 MHz,
CDCls) 64 ppm 7.38-7.30 (m, 5H, ArH), 6.67 (br. s, 1H, NH), 5.12 (s, 2H, CHPh), 5.08 (br. s, 1H,
NH), 4.39 (d, J = 6.5 Hz, 1H, OCHH-Ox), 4.34 (d, J = 6.6 Hz, 1H, OCHH-0Ox), 4.27 (d, J = 6.6 Hz, 1H,
OCHH-Ox), 4.22 (d, J = 6.5 Hz, 1H, OCHH-Ox), 4.16-4.08 (m, 1H, CHo-Ala), 3.75 (dd, J = 14.0,
5.8 Hz, 1H, CHHGOXx), 3.48 (q, J = 6.8 Hz, 1H, CHa-Ala), 3.42 (dd, J = 14.0, 4.7 Hz, 1H, CHHGOX),
2.12 (br. s, 1H, NH), 1.42 (s, 9H, 3 x CHs, Boc), 1.33 (d, J = 7.1 Hz, 3H, CHsp-Ala), 1.32 (d, J = 6.8 Hz,
3H, CHsB-Ala); *C NMR (101 MHz, CDCls) 8¢ ppm 176.3 (C=0), 173.4 (C=0), 155.4 (C=0, Boc),
135.3 (C), 128.7 (CH), 128.6 (CH), 128.4 (CH), 80.1 (OCHy>), 80.0 (C, Boc), 79.7 (OCH,), 67.2 (CH.,
Bn), 59.4 (C, Ox), 51.2 (CH, a-Ala), 50.2 (CH, a-Ala), 43.3 (CH,, GOX), 28.3 (CHs, Boc), 20.6 (CHs,
B-Ala), 18.4 (CHa, B-Ala); vmax (neat) = 3309, 2967, 1663, 1499, 1453, 1366, 1247, 1162, 1057, 972,
733, 698 cmt; MS (ESI*) m/z 436 [M+H]*, 458 [M+Na]*; HRMS (ESI*) calcd. for C;:H3sN3NaOs
[M+Na]* 458.2262, found 458.2263; [a]3’ —10.5 (¢ 1.00, CHClIs).

Boc-Leu-Ala-GOx-Ala-OBn (61)

To a solution of Boc-Ala-GOx-Ala-OBn (60) (915 mg,

o)
o B B
BocHN.s L anég % 2.10 mmol, 1.0 equiv) in CHCl, (2.5 mL) was added TFA
H H I H COzBn (2.5 mL) and the mixture was stirred at room temperature for
B
T

1 h. The reaction mixture was concentrated under reduced

pressure and the resulting residue repeatedly dissolved in
CHCI (3 x 10 mL) and concentrated under reduced pressure to give the crude amine. The residue was
dissolved in CH.Cl, (21 mL), Boc-Leu-OH (583 mg, 2.50 mmol, 1.2 equiv), HATU (958 mg,
2.50 mmol, 1.2 equiv) and DIPEA (1.46 mL, 8.40 mmol, 4.0 equiv) were added subsequently, and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture was diluted with CH,ClI,
(30 mL) and washed with 10% citric acid solution (2 x 50 mL) and saturated NaHCOs3 solution (2 x
50 mL), dried over MgSOs., filtered and concentrated under reduced pressure. The residue was purified
by flash column chromatography (SiO», EtOAC) to give tetrapeptide 61 (855 mg, 1.56 mmol, 74%) as
an off-white solid. R (EtOAc) 0.30; mp 134-136 °C; *H NMR (400 MHz, CDCls) 64 ppm 7.42-7.28
(m, 5H, ArH), 6.72 (d, J = 7.1 Hz, 2H, NH), 5.13 (s, 2H, CH2Ph), 4.92 (br. d, J = 7.2 Hz, 1H, NH), 4.45—
441 (m, 1H, CHa-Ala), 4.40 (d, J = 6.5 Hz, 1H, OCHH-Ox), 4.35 (d, J = 6.6 Hz, 1H, OCHH-Ox), 4.28
(d, J = 6.6 Hz, 1H, OCHH-OXx), 4.22 (d, J = 6.5 Hz, 1H, OCHH-Ox), 4.14-4.04 (m, 1H, CH, a-Leu),
3.71 (dd, J=14.1, 5.8 Hz, 1H, CHHGOXx), 3.52-3.37 (m, 2H, CHa-Ala, CHHGOX), 1.84 (br. s, 1H,
NH), 1.69-1.61 (m, 2H, CHHp-Leu, CHy-Leu), 1.51-1.45 (m, 1H, CHHp-Leu), 1.43 (s, 9H, 3 x CHj,
Boc), 1.36 (d, J = 7.0 Hz, 3H, CHsp-Ala), 1.33 (d, J = 7.0 Hz, 3H, CHsp-Ala), 0.93 (d, J = 6.2 Hz, 3H,
CHsd-Leu), 0.92 (d, J = 6.0 Hz, 3H, CHs3-Leu); *C NMR (101 MHz, CDCls) 8¢ ppm 176.4 (C=0),
172.8 (C=0), 172.6 (C=0), 155.9 (C=0, Boc), 135.4 (C), 128.8 (CH), 128.7 (CH), 128.5 (CH), 80.4 (C,
Boc), 80.2 (OCH.), 79.8 (OCHy), 67.2 (CHz, Bn), 59.5 (C, Ox), 53.3 (CH, a-Leu), 51.3 (CH, a-Ala),
49.1 (CH, a-Ala), 43.5 (CH, GOx), 41.3 (CHa, B-Leu), 28.4 (CHa, Boc), 24.8 (CH, y-Leu), 23.2 (CHs,
d-Leu), 21.9 (CHs, 8-Leu), 20.6 (CHs, B-Ala), 18.3 (CHs, B-Ala); vmax (neat) = 3296, 2967, 1710, 1629,
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1516, 1453, 1366, 1250, 1163, 1047, 975, 732 cm™*; MS (ESI*) m/z 549 [M+H]*, 571 [M+Na]*; HRMS
(ESI*) calcd. for C2sHasNsNaO7 [M+Na]* 549.3283, found 549.3285; [a]3’ —35.5 (¢ 1.00, CHCIs).

Cbz-Tyr(Bn)-Leu-Ala-GOx-Ala-OBn (62)

OBn To a solution of Boc-Leu-Ala-GOx-Ala-OBn (61)
o (637 mg, 1.16 mmol, 1.0 equiv) in CH,Cl, (2.0 mL)
g 9 °F H\Sg B/L was added TFA (2.0 mL) and the mixture was stirred
N\E‘QJ\N/QLNN N“«>co,Bn at room temperature for 1 h. The mixture was
o . M o H concentrated under reduced pressure and the resulting
hy/ 62 residue repeatedly dissolved in CH,Cl, (3 x 10 mL) and
concentrated under reduced pressure to give the crude amine. The residue was dissolved in CH,Cl; (12
mL), Cbz-Tyr(Bn)-OH (565 mg, 1.39 mmol, 1.2 equiv), HATU (565 mg, 1.39 mmol, 1.2 equiv) and
DIPEA (808 uL, 4.64 mmol, 4.0 equiv) were added, and the reaction mixture was stirred at room
temperature for 16 h. The reaction mixture was diluted with CH>Cl, (20 mL) and washed with 10%
citric acid solution (2 x 30 mL) and saturated NaHCO3 solution (2 x 30 mL), dried over MgSOs, filtered
and concentrated under reduced pressure. The residue was purified by column chromatography (SiOz,
CHCl/MeOH 19:1—9:1) to give pentapeptide 62 (463 mg, 0.55 mmol, 48%) as an off-white solid. Ry
(CH.CI2/MeQH 9:1) 0.47; mp 134-136 °C; *H NMR (400 MHz, CDCls) 8x ppm 7.33-7.19 (m, 15H,
ArH), 6.98 (d, J = 8.1 Hz, 2H, ArH), 6.83 (br. s, 1H, NH), 6.79 (d, J = 8.1 Hz, 2H, ArH), 6.59 (br. s,
1H, NH), 5.37 (br. s, 1H, NH), 5.04 (s, 2H, CH2Ph), 4.98 (s, 2H, CH,Ph), 4.91 (s, 2H, CH,Ph), 4.33 (m,
6H, CHa-Tyr, CHa-Leu, CHa-Ala, OCH»-Ox, OCHH-0x), 4.19 (d, J = 6.1 Hz, 1H, OCHH-Ox), 3.77—
3.67 (m, 1H, CHHGOXx), 3.51-3.38 (m, 2H, CHHGOx, CHa-Ala), 2.96 (dd, J =14.0, 5.4 Hz, 1H,
CHHB-Tyr), 2.88 (dd, J = 14.0, 7.2 Hz, 1H, CHHB-Tyr), 2.09 (br. s, 2H, 2 x NH), 1.61-1.52 (m, 1H,
CHHpB-Leu), 1.44-1.34 (m, 2H, CHy-Leu, CHHp-Leu), 1.30 (d, J = 6.5 Hz, 3H, CHsB-Ala), 1.22 (d,
J =6.9 Hz, 3H, CH3p-Ala), 0.80 (d, J = 6.2 Hz, 3H, CHs3-Leu), 0.79 (d, J = 6.2 Hz, 3H, CHs3-Leu);
13C NMR (126 MHz, CDCls) 8¢ ppm 176.3 (C=0), 173.0 (C=0), 171.7 (C=0), 171.6 (C=0), 158.2 (C),
156.6 (C=0, Cbz), 136.9 (C), 135.9 (C), 135.5 (C), 130.4 (CH), 128.8 (CH), 128.7 (CH), 128.6 (CH),
128.5 (CH), 128.43 (CH), 128.41 (CH), 128.2 (CH), 128.1 (CH), 128.0 (C), 127.6 (CH), 115.3 (CH),
80.0 (OCHy), 79.9 (OCHz), 70.1 (CHz, Bn), 67.5 (CH, Bn), 67.1 (CHz, Bn), 59.6 (C, Ox), 56.7 (CH, a-
Tyr), 52.4 (CH, o-Leu), 51.2 (CH, a-Ala), 49.2 (CH, a-Ala), 43.6 (CH,, GOX), 40.9 (CHz, B-Leu), 37.2
(CHy, B-Tyr), 24.9 (CH, y-Leu), 23.1 (CHs, -Leu), 21.9 (CHs, 6-Leu), 20.6 (CHs, B-Ala), 18.1 (CHs, B-
Ala); vmax (neat) = 3285, 2955, 1635, 1510, 1453, 1381, 1232, 1046, 971, 736, 695 cm™; MS (ESI*) m/z
836 [M+H]*, 858 [M+Na]*; HRMS (ESI") calcd. for CsHs7NsNaOy [M+Na]* 858.4048, found
858.4047; [a]37 —14.6 (c 0.86, CHCI5).

H-Tyr-Leu-Ala-GOx-Ala-OH (63)

OH To a solution of pentapeptide 62 (348 mg, 0.42 mmol) in
o anhydrous MeOH (4.0 mL) was added 10 wt% Pd/C
H 9 °F H \Sg ﬁ/‘\ (35 mg, 10 wt%) and the reaction flask was evacuated,
N\E‘QJ\NGKWN N7«>co,H filled with nitrogen, evacuated, and placed under an
o i~ M o H atmosphere of hydrogen (balloon). The reaction mixture
\a‘y/ 63 was stirred at room temperature for 16 h, placed under
nitrogen and filtered through a plug of Celite, which was washed with MeOH (3x). The filtrate was
concentrated in vacuo to give 63 as an off-white solid (273 mg, >99%), which required no further
purification. mp 167-169 °C (decomposition); *H NMR (400 MHz, CD3;OD) &4 ppm 7.10 (d,
J=8.0 Hz, 2H, ArH), 6.76 (d, J = 8.0 Hz, 2H, ArH), 4.61 (d, J = 7.4 Hz, 1H, OCHH-Ox), 4.57 (d,
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J=6.9 Hz, 1H, OCHH-Ox), 4.48-4.33 (m, 3H, 2 x OCHH-Ox, CHa-Leu), 4.31 (g, J = 6.7 Hz, 1H,
CHo-Ala), 4.05 (t,J = 6.5 Hz, 1H, CHa-Tyr), 3.81 (d, J = 13.8 Hz, 1H, CHHGOx), 3.52 (d, J = 13.8 Hz,
1H, CHHGOX), 3.45 (q, J = 6.5 Hz, 1H, CHa-Ala), 3.15 (dd, J = 14.0, 4.8 Hz, 1H, CHHp-Tyr), 2.94
(dd, J=14.0, 8.2 Hz, 1H, CHHpB-Tyr), 1.70-1.55 (m, 3H, CH.p-Leu, CHy-Leu), 1.39 (d, J =7.0 Hz,
3H, CHsp-Ala), 1.36 (d, J = 6.8 Hz, 3H, CHsp-Ala), 0.96 (d, J = 4.6 Hz, 3H, CHsé-Leu), 0.94 (d,
J = 4.6 Hz, 3H, CH33-Leu); *C NMR (101 MHz, CD30D) ¢ ppm 175.6 (C=0), 175.5 (C=0), 173.8
(C=0), 170.6 (C=0), 158.2 (C), 131.7 (CH), 126.3 (C), 116.8 (CH), 80.1 (OCHy), 79.5 (OCHy,), 61.8
(C, Ox), 56.0 (CH, a-Tyr), 54.9 (CH, a-Ala), 53.5 (CH, a-Leu), 50.9 (CH, a-Ala), 43.6 (CH,, GOXx),
41.7 (CHy, B-Leu), 38.1 (CH., B-Tyr), 25.8 (CH, y-Leu), 23.4 (CHs, 8-Leu), 22.1 (CHs, 3-Leu), 20.4
(CHs, B-Ala), 17.9 (CHs, B-Ala); vmax (neat) = 3248, 2957, 1643, 1515, 1452, 1366, 1233, 1171, 1102,
979, 829 cmt; MS (ESI*) m/z 522 [M+H]*, 544 [M+Na]*; HRMS (ESI*) calcd. for CzsHzsNsNaO-
[M+Na]* 544.2742, found 544.2753; [a]38 —18.5 (¢ 0.55, MeOH).

Preparation of pentapeptide 68

f\ 1) TFA /'\)\ ) TFA /E‘\
» BocHN 4>
BocHN”™ ~CO,Bn 2) Boc-Tyr(Bn)-OH \)L COan 2)B Jﬁ( \)k COZBn

oc-Ala-OH BocHN
HATU, DIPEA HATU, DIPEA
98% 92%

. %ygxﬁmww@yﬁﬂﬁm

2) O,N CO2Bn Cbz-Ala-OSu

L<: 83%

48%
66 OBn

ww@y%ﬁﬁ

>99%
.,
Boc-Tyr(Bn)-Leu-OBn (64)

5 To a solution of Boc-Leu-OBn* (8.04 g, 25.0 mmol, 1.0 equiv) in CH.Cl,

o ! (25 mL) was added TFA (25 mL) and the mixture was stirred at room

Bo cHN\)J\ temperature for 1 h. The reaction mixture was concentrated under reduced
T N7 COBN pressure and the resulting residue repeatedly dissolved in CH2Cl (3 x 20 mL)

P and concentrated under reduced pressure to give the crude amine. The
64\©\OBn residue was dissolved in CHyCl, (250 mL), Boc-Tyr(Bn)-OH (11.1¢,

30.0 mmol, 1.2 equiv), HATU (11.4 g, 30.0 mmol, 1.2 equiv) and DIPEA

(17.4 mL, 100 mmol, 4.0 equiv) were added subsequently, and the reaction mixture was stirred at room
temperature for 16 h. The reaction mixture was washed with 10% citric acid solution (2 x 100 mL) and
saturated NaHCOs solution (2 x 100 mL), dried over MgSQsy, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (SiO2, PE/EtOAc 2:1—1:1) to give
dipeptide 64 (14.1 g, 24.5 mmol, 98%) as a white solid. R (PE/EtOAc 1:1) 0.57; mp 116-117 °C; H
NMR (400 MHz, CDCls) 4 ppm 7.44-7.29 (m, 10H, ArH), 7.11 (d, J = 8.4 Hz, 2H, ArH), 6.88 (d,
J=8.4Hz, 2H, ArH), 6.28 (d, J = 8.2 Hz, 1H, NH), 5.15 (d, J = 12.3 Hz, 1H, CHHPh), 5.11 (d, J = 12.3
Hz, 1H, CHHPh), 5.02 (s, 2H, CH2Ph), 5.00 (br. s, 1H, NH), 4.62 (td, J = 8.4, 5.3 Hz, 1H, CHa-Leu),
4.31 (g, J = 6.4 Hz, 1H, CHo-Tyr), 3.02 (dd, J = 12.6, 5.1 Hz, 1H, CHHp-Tyr), 2.98 (dd, J = 12.6,
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5.3 Hz, 1H, CHHB-Tyr), 1.62-1.46 (m, 3H, CH2p-Leu, CHy-Leu), 1.41 (s, 9H, 3 x CHa, Boc), 0.89 (d,
J = 6.6 Hz, 3H, CH3d-Leu), 0.87 (d, J = 6.5 Hz, 3H, CH33-Leu); *C NMR (101 MHz, CDCls) 8¢ ppm
172.4 (C=0), 171.1 (C=0), 158.0 (C), 155.5 (C=0, Boc), 137.1 (C), 135.5 (C), 130.6 (CH), 128.9 (C),
128.73 (CH), 128.71 (CH), 128.5 (CH), 128.3 (CH), 128.1 (CH), 127.6 (CH), 115.1 (CH), 80.3 (C, Boc),
70.1 (CHy, Bn), 67.1 (CHa, Bn), 55.9 (CH, a-Tyr), 51.0 (CH, a-Leu), 41.7 (CH., B-Leu), 37.4 (CH>, B-
Tyr), 28.4 (CHs, Boc), 24.8 (CH, y-Leu), 22.9 (CHs, 3-Leu), 22.0 (CHs, 6-Leu); vmax (neat) = 3325,
2957, 1734, 1658, 1510, 1367, 1299, 1238, 1164, 1021, 862, 741, 697 cm™*; MS (ESI*) m/z 575 [M+H]",
597 [M+Na]*; HRMS (ESI*) calcd. for Ca;HsN;:NaOs [M+Na]* 597.2935, found 597.2939; [a]3° —
3.98 (c 1.00, CHCIs).

Boc-Ala-Tyr(Bn)-Leu-OBn (65)

8 To a solution of Boc-Tyr(Bn)-Leu-OBn (64) (12.9 g, 22.5 mmol,

8 o B ¥ 1.0 equiv) in CH,Cl; (22.5 mL) was added TFA (22.5 mL) and the
/L{(“ o mixture was stirred at room temperature for 1 h. The reaction mixture
BocHN™ « © N COBn was concentrated under reduced pressure and the resulting residue

o » repeatedly dissolved in CH.Cl2 (3 x 20 mL) and concentrated in
65 OB vacuo to give the crude amine. The residue was dissolved in CHxCl;

(225 mL), Boc-Ala-OH (5.11g, 27.0 mmol, 1.2 equiv), HATU
(10.3 g, 27.0 mmol, 1.2 equiv) and DIPEA (15.7 mL, 90.0 mmol, 4.0 equiv) were added, and the
mixture was stirred at room temperature for 16 h. The reaction mixture was washed with 10% citric acid
solution (2 x 100 mL) and saturated NaHCOs3 solution (2 x 100 mL), dried over MgSQsy, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (SiO,
PE/EtOACc 1:1) to give tripeptide 65 (13.4 g, 20.7 mmol, 92%) as a white foam. R (EtOAc) 0.72; mp
119-121 °C; *H NMR (400 MHz, CDCl3) &1 ppm 7.45-7.28 (m, 10H, ArH), 7.09 (d, J = 8.2 Hz, 2H,
ArH), 6.86 (d, J = 8.2 Hz, 2H, ArH), 6.72 (br. s, 1H, NH), 6.53 (br. s, 1H, NH), 5.15 (d, J = 12.4 Hz,
1H, CHHPh), 5.11 (d, J = 12.4 Hz, 1H, CHHPh), 4.99 (d, J = 3.2 Hz, 2H, CHPh), 4.89 (br. s, 1H, NH),
4.71-4.53 (m, 2H, CHa-Tyr, CHo-Leu), 4.23-3.93 (m, 1H, CHo-Ala), 3.07 (dd, J = 13.6, 4.8 Hz, 1H,
CHHB-Tyr), 2.98 (dd, J = 13.6, 6.8 Hz, 1H, CHHB-Tyr), 1.61-1.48 (m, 3H, CHzB-Leu, CHy-Leu), 1.41
(s, 9H, 3 x CHj3, Boc), 1.29 (d, J = 7.0 Hz, 3H, CH3p-Ala), 0.87 (d, J = 5.9 Hz, 3H, CH3d-Leu), 0.86 (d,
J = 5.9 Hz, 3H, CH3d-Leu); ®C NMR (101 MHz, CDCl3) 8¢ ppm 172.5 (C=0), 172.2 (C=0), 170.5
(C=0), 158.0 (C), 155.6 (C=0, Boc), 137.1 (C), 135.6 (C), 130.6 (CH), 129.6 (CH), 128.70 (CH),
128.66 (C), 128.5 (CH), 128.3 (CH), 128.1 (CH), 127.6 (CH), 115.1 (CH), 80.4 (C, Boc), 70.1 (CHy,,
Bn), 67.1 (CH2, Bn), 54.3 (CH, o-Tyr), 51.1 (CH, a-Leu), 50.7 (CH, a-Ala), 41.3 (CH,, B-Leu), 37.0
(CHa, B-Tyr), 28.4 (CHs, Boc), 24.8 (CH, y-Leu), 22.8 (CHa, 3-Leu), 22.0 (CHs, 5-Leu), 18.3 (CHs, B-
Ala); vmax (neat) = 3294, 2962, 1733, 1649, 1511, 1453, 1367, 1264, 1164, 1025, 738, 696 cm™; MS
(ESI*) m/z 646 [M+H]*, 668 [M+Na]*; HRMS (ESI*) calcd. for C37Hs7N3sNaO; [M+Na]* 668.3306,
found 668.3303; [a]4” —24.4 (¢ 0.76, CHCI).

n

NO,-GOx-Ala-Tyr(Bn)-Leu-OBn (66)

3 To a solution of Boc-Ala-Tyr(Bn)-Leu-OBn (65) (3.87 g,
6.00 mmol, 1.0 equiv) in CH.Cl, (6.0 mL) was added TFA

0 ¥
B o B
OzN\Sg H \OQJ\ (6.0 mL) and the mixture was stirred at room temperature for
N~ I N""'COBn 1h The reaction mixture was concentrated under reduced
o

p pressure and the resulting residue repeatedly dissolved in
66 OBn CH,ClI; (3 x 10 mL) and concentrated under reduced pressure to
give the crude amine. In a second reaction vessel, oxetane-3-one
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(770 uL, 12.0 mmol, 2.0 equiv), nitromethane (910 uL, 16.8 mmol, 2.8 equiv) and triethylamine
(335 uL, 2.40 mmol, 0.4 equiv) were combined at 0 °C and stirred for 1 h at room temperature. The
mixture was dissolved in anhydrous CH2Cl, (20 mL), cooled to —78 °C, and triethylamine (3.35 mL,
24.0 mmol, 4.0 equiv) was added followed by dropwise addition of a solution of methanesulfonyl
chloride (930 pL, 12.0 mmol, 2.0 equiv) in anhydrous CHxCl; (6.0 mL). The reaction mixture was
stirred at —78 °C for 1.5 h and a solution of the crude amine and triethylamine (1.26 mL, 9.0 mmol,
1.5 equiv) in anhydrous CH.Cl; (20 mL) was added slowly via syringe. The reaction mixture was
allowed to warm to room temperature and stirred for 16 h. A saturated solution of NH.CI (30 mL) was
added and stirred for 10 min. The layers were separated and the agueous one extracted with CH,Cl; (2
x 20 mL) and EtOAc (2 x 20 mL). The combined organic phases were washed with saturated aqueous
NaHCOz solution (30 mL), brine (30 mL), dried over MgSQs, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (SiO,, PE/EtOAc 1:1—EtOAC) to give
66 (1.90 g, 2.88 mmol, 48%) as an off-white solid. R (EtOACc) 0.61; mp 48-50 °C; *H NMR (400 MHz,
CDCl3) 61 ppm 7.46-7.30 (m, 11H, ArH, NH), 7.09 (d, J = 8.5 Hz, 2H, ArH), 6.87 (d, J = 8.5 Hz, 2H,
ArH), 6.39 (dd, J = 12.4, 8.3 Hz, 1H, NH), 5.14 (s, 2H, CH2Ph), 5.02 (s, 2H, CH2Ph), 4.73 (s, 2H,
CH»GOx), 4.62—4.51 (m, 3H, CHa-Tyr, CHa-Leu, OCHH-OXx), 4.47 (d, J = 7.5 Hz, 1H, OCHH-Ox),
4.43 (d,J=7.5Hz, 1H, OCHH-Ox), 4.39 (d, J = 7.3 Hz, 1H, OCHH-Ox), 3.47 (q, J = 7.0 Hz, 1H, CHo-
Ala), 3.04 (dd, J =14.1, 6.4 Hz, 1H, CHHB-Tyr), 2.95 (dd, J = 14.1, 7.9 Hz, 1H, CHHp-Tyr), 1.81 (br.
s, 1H, NH), 1.64-1.48 (m, 3H, CHB-Leu, CHy-Leu), 1.21 (d, J = 7.0 Hz, 3H, CHsp-Ala), 0.87 (d,
J =6.0 Hz, 6H, 2 x CHz8-Leu); *C NMR (101 MHz, CDCls) ¢ ppm 174.9 (C=0), 172.4 (C=0), 170.8
(C=0), 158.0 (C), 137.1 (C), 135.5 (C), 130.5 (CH), 129.1 (C), 128.71 (CH), 128.68 (CH), 128.5 (CH),
128.3 (CH), 128.1 (CH), 127.5 (CH), 115.1 (CH), 79.2 (CH2, GOx), 77.9 (OCH,), 77.6 (OCHy>), 70.1
(CHy, Bn), 67.2 (CH2, Bn), 59.3 (C, Ox), 54.2 (CH, a-Tyr), 52.8 (CH, a-Ala), 51.1 (CH, o-Leu), 41.3
(CH., B-Leu), 37.3 (CHy, B-Tyr), 24.9 (CH, y-Leu), 22.8 (CHs, 4-Leu), 21.9 (CHs, 8-Leu), 20.7 (CHs,
B-Ala); vmax (neat) = 3290, 2960, 1738, 1643, 1551, 1510, 1379, 1239, 1177, 976, 735, 696 cm™*; MS
(ESI*) m/z 661 [M+H]*, 683 [M+Na]*; HRMS (ESI*) calcd. for CssHasNsNaOg [M+Na]* 683.3051,
found 683.3056; [a]4” —10.0 (c 0.93, CHCI).

Cbz-Ala-GOx-Ala-Tyr(Bn)-Leu-OBn (67)

s To a solution of NO»-GOx-Ala-Tyr(Bn)-Leu-OBn (66)

; o, o b Y (1.26 g, 1.90 mmol, 1.0 equiv) in THF (20 mL) was
/'\H/H\Sg J\WHQJ\ added Cbz-Ala-OSu (1.22 g, 3.80 mmol, 2.0 equiv),
CbzHN™ H @ : H ©°CO,Bn NaHCOj; (638 mg, 7.60 mmol, 4.0 equiv) and Raney Ni
0 O 8 (slurry in H20, 4.0 mL). The solution was placed under

67 an atmosphere of nitrogen, evacuated and filled with

hydrogen (balloon). The mixture was stirred for 2.5 h at
room temperature, filtered through a plug of Celite eluting with EtOAc, and the filtrate was concentrated
in vacuo. Pentapeptide 67 was afforded after purification by column chromatography (SiO,
EtOAc—CHCl2/MeOH 9:1) as an off-white foam (989 mg, 1.18 mmol, 83%). R¢ (CH.Cl./MeOH 9:1)
0.34; mp 64-66 °C; *H NMR (400 MHz, CDCls) &1 ppm 7.87 (d, J = 7.9 Hz, 1H, NH), 7.41-7.29 (m,
16H, ArH, NH), 7.10 (d, J = 8.4 Hz, 2H, ArH), 6.85 (d, J = 8.4 Hz, 2H, ArH), 6.27 (br. s, 1H, NH), 5.79
(t, J=7.4 Hz, 1H, NH), 5.14 (s, 2H, CH2Ph), 5.06 (s, 2H, CHPh), 5.00 (s, 2H, CH2Ph), 4.69-4.60 (m,
1H, CHa-Tyr), 4.55-4.47 (m, 1H, CHa-Ala), 4.39 (d, J = 6.7 Hz, 1H, OCHH-Ox), 4.37-4.28 (m, 3H,
OCHH-0Ox, OCHH-Ox, CHa-Leu,), 4.26 (d, J = 6.8 Hz, 1H, OCHH-Ox), 3.94 (dd, J = 14.0, 8.2 Hz,
1H, CHHGOXx), 3.33 (g, J = 6.7 Hz, 1H, CHa-Ala), 3.17 (dd, J = 14.0, 3.1 Hz, 1H, CHHGOx), 3.01-
2.89 (m, 2H, CH,pB-Tyr), 1.77 (br. s, 1H, NH), 1.57-1.40 (m, 3H, CH2p-Leu, CHy-Leu), 1.32 (d, J = 7.0
Hz, 3H, CHsp-Ala), 1.22 (d, J = 7.0 Hz, 3H, CH3B-Ala), 0.83 (d, J = 6.1 Hz, 3H, CHas5-Leu), 0.80 (d,
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J = 6.1 Hz, 3H, CH33-Leu); 3C NMR (126 MHz, CDCls) &¢c ppm 175.5 (C=0), 174.2 (C=0), 172.1
(C=0), 171.8 (C=0), 158.0 (C), 156.1 (C=0, Cbz), 137.0 (C), 136.6 (C), 135.4 (C), 130.5 (CH), 128.8
(CH), 128.72 (CH), 128.68 (CH), 128.64 (CH), 128.60 (C), 128.4 (CH), 128.3 (CH), 128.12 (CH),
128.11 (CH), 127.6 (CH), 115.1 (CH), 79.5 (OCH_), 78.5 (OCH), 70.1 (CH., Bn), 67.3 (CH, Bn), 66.9
(CHz, Bn), 61.1 (C, Ox), 53.8 (CH, a-Tyr), 53.2 (CH, a-Ala), 51.4 (CH, a-Leu), 50.7 (CH, a-Ala), 44.3
(CH2, GOx), 41.1 (CH2, B-Leu), 38.0 (CHy, B-Tyr), 24.8 (CH, y-Leu), 22.8 (CHs, 3-Leu), 21.9 (CHs, &-
Leu), 21.1 (CHs, B-Ala), 18.7 (CHa, B-Ala); vmax (neat) = 3287, 2958, 1736, 1645, 1515, 1453, 1232,
1026, 735, 695 cm; MS (ESI*) m/z 836 [M+H]*, 858 [M+Na]*; HRMS (ESI*) calcd. for C47Hs7NsNaOg
[M+Na]* 858.4048, found 858.4049; [a]38 +17.1 (c 0.44, CHCl5).

H-Ala-GOx-Ala-Tyr-Leu-OH (68)

5 To a solution of pentapeptide 67 (1.75 g, 2.09 mmol) in
anhydrous MeOH (21 mL) was added 10 wt% Pd/C

O Y
B p o B .
H\Eg H\)J\ (175 mg, 10 wt%) and the reaction flask was evacuated,
HN @ NG ¥ONTECOH i ith ni
o H § 2 H
8

filled with nitrogen, evacuated, and placed under an
B> atmosphere of hydrogen (balloon). The reaction mixture
\©\OH was stirred at room temperature for 16 h, placed under
nitrogen and filtered through a plug of Celite, which was
washed with MeOH (3x). The filtrate was concentrated in vacuo to give 68 as a white solid (1.14 g,
>99%), which required no further purification. mp 186-188 °C (decomposition); *H NMR (400 MHz,
CDs0OD) 6w ppm 7.08 (d, J = 8.3 Hz, 2H, ArH), 6.69 (d, J = 8.3 Hz, 2H, ArH), 4.66 (dd, J = 8.8, 4.7 Hz,
1H, CHa-Tyr), 4.45 (d, J = 6.6 Hz, 1H, OCHH-Ox), 4.39 (t, J= 7.3 Hz, 1H, CHo-Leu), 4.31 (s, 2H,
OCH»-0Ox), 4.24 (d, J=6.6 Hz, 1H, OCHH-0Ox), 3.95 (q, J=7.0 Hz, 1H, CHo-Ala), 3.58 (d, J = 14.1 Hz,
1H, CHHGOX), 3.35-3.31 (m, 2H, CHHGOx, CHa-Ala), 3.11 (dd, J = 14.1, 4.6 Hz, 1H, CHHp-Tyr),
2.85 (dd, J=14.1, 8.9 Hz, 1H, CHHp-Tyr), 1.77-1.62 (m, 3H, CHzB-Leu, CHy-Leu), 1.49 (d, J = 7.0 Hz,
3H, CHsB-Ala), 1.20 (d, J = 7.0 Hz, 3H, CHasp-Ala), 0.96 (d, J = 6.1 Hz, 3H, CHasd-Leu), 0.91 (d,
J = 6.0 Hz, 3H, CH33-Leu); *C NMR (101 MHz, CD;0D) &¢ ppm 177.9 (C=0), 176.0 (C=0), 173.8
(C=0), 172.0 (C=0), 157.4 (C), 131.6 (CH), 128.7 (C), 116.2 (CH), 80.2 (OCH), 80.0 (OCH,), 61.6
(C, Ox), 54.8 (CH, a-Tyr), 53.9 (CH, a-Ala), 52.5 (CH, a-Leu), 50.5 (CH, a-Ala), 44.9 (CH,, GOX),
41.6 (CHy, B-Leu), 38.4 (CH,, B-Tyr), 26.0 (CH, y-Leu), 23.4 (CHs, 6-Leu), 21.9 (CHs, 3-Leu), 20.8
(CHs, B-Ala), 17.8 (CHs, B-Ala); vmax (neat) = 3240, 2957, 1646, 1515, 1448, 1223, 1147, 969, 830 cm~
1 MS (ESI*) m/z 522 [M+H]*, 544 [M+Na]*; HRMS (ESI*) calcd. for CsHaoNsO7 [M+H]* 522.2922,
found 522.2919; [«]4® +14.8 (c 0.12, MeOH).

Preparation of pentapeptide 73

OBn OBn
NHTFA DTFA o 9
OBn —— > BocHN OBn N OBn
BocHN 2) Boc-Ala-OH \)J\ 2) O,N OzN/?S \)J\H
o} HATU, DIPEA 0 \—<: o o}
98% 85% 70
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H2 Raney Ni TFA
BocHN N OBn
Boc Ala-OSu \)J\ /?3 \)J\ Cbz Leu-OH
HATU, DIPEA

0,
59% 55%

OH
\)J\ \)J\ H2 Pd/C H \)CJ)\ H \)CJ)\ /(©/
CbzHN ?SN OBn HoN 5 H/?g N7 coH
O = =
o

>99%

Boc-Ala-Tyr(Bn)-OBn (69)

ogn Toasolution of Boc-Tyr(Bn)-OBnt! (11.3 g, 25.0 mmol, 1.0 equiv) in
CH,CI; (25 mL) was added TFA (25 mL) and the mixture was stirred at
room temperature for 30 min (Caution — gas evolution!). The reaction
BocHN\io)J\N ©C0,8n mixture was concentrated under reduced pressure and the resulting
: H residue repeatedly dissolved in CH,Cl, (3 x 20 mL) and concentrated
under reduced pressure to give the crude amine. The residue was
dissolved in CH.ClI; (250 mL), Boc-Ala-OH (5.68 g, 30.0 mmol, 1.2 equiv), HATU (11.4 g, 30.0 mmol,
1.2 equiv) and DIPEA (17.4 mL, 100 mmol, 4.0 equiv) were added subsequently, and the reaction
mixture was stirred at room temperature for 16 h. The reaction mixture was washed with 10% citric acid
solution (2 x 100 mL) and saturated NaHCOs3 solution (2 x 100 mL), dried over MgSQs., filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (SiO,
PE/EtOAc 2:1—1:1) to give dipeptide 69 (13.1 g, 24.5 mmol, 98%) as a white solid. R¢ (EtOAc) 0.67;
mp 111-113 °C; *H NMR (400 MHz, CDCls) 8 ppm 7.44-7.28 (m, 10H, ArH), 6.92 (d, J = 8.5 Hz,
2H, ArH), 6.81 (d, J = 8.5 Hz, 2H, ArH), 6.53 (d, J = 7.7 Hz, 1H, NH), 5.17 (d, J = 12.1 Hz, 1H,
CHHPh), 5.10 (d, J = 12.1 Hz, 1H, CHHPh), 5.01 (s, 2H, CHPh), 4.98 (br. s, 1H, NH), 4.85 (dd,
J=13.3,5.8 Hz, IH, CHa-Tyr), 4.15 (br. s, 1H, CHa-Ala), 3.08 (dd, J = 13.7, 5.6 Hz, 1H, CHHB-Tyr),
3.04 (dd, J = 13.8, 5.4 Hz, 1H, CHHB-Tyr), 1.44 (s, 9H, 3 x CHs, Boc), 1.30 (d, J = 7.0 Hz, 3H, CHsp-
Ala); *C NMR (101 MHz, CDCl3) 8¢ ppm 172.3 (C=0), 171.3 (C=0), 158.0 (C), 155.5 (C=0, Boc),
137.1 (C), 135.2 (C), 130.5 (CH), 128.74 (CH), 128.73 (CH), 128.71 (CH), 128.66 (CH), 128.1 (CH),
127.9 (C), 127.6 (CH), 115.0 (CH), 80.2 (C, Boc), 70.1 (CH,, Bn), 67.4 (CH2, Bn), 53.4 (CH, a-Tyr),
50.2 (CH, a-Ala), 37.1 (CHy, B-Tyr), 28.4 (CHs, Boc), 18.5 (CHs, B-Ala); vmax (neat) = 3339, 1730,
1666, 1511, 1321, 1243, 1163, 1070, 1027, 823, 750, 733, 695 cm™; MS (ESI*) m/z 555 [M+Na]*;
HRMS (ESI*) calcd. for CsiH3sN2NaOs [M+Na]* 555.2466, found 555.2464; [a]3® —7.2 (¢ 0.27,
CHCls).

69

0.N-GOx-Ala-Tyr(Bn)-OBn (70)

oBn To a solution of Boc-Ala-Tyr(Bn)-OBn (69) (3.20 g, 6.00 mmol,
1.0 equiv) in CH,ClI, (6.0 mL) was added TFA (6.0 mL) and the

H O °F mixture was stirred at room temperature for 1 h. The reaction
ozN/?SN\?QJ\N «>CO,Bn mixture was concentrated under reduced pressure and the resulting
o p= M residue repeatedly dissolved in CHxCl, (3 x 10 mL) and

70 concentrated under reduced pressure to give the crude amine. In a

second reaction vessel, oxetane-3-one (770 uL, 22.0 mmol, 2.0 equiv), nitromethane (910 uL,
16.8 mmol, 2.8 equiv) and triethylamine (335 puL, 2.40 mmol, 0.4 equiv) were combined at 0 °C and

S36



stirred for 1 h at room temperature. The mixture was dissolved in anhydrous CH-Cl, (40 mL), cooled to
—78 °C, and triethylamine (3.35 mL, 24.0 mmol, 4.0 equiv) was added followed by dropwise addition
of a solution of methanesulfonyl chloride (930 pL, 12.0 mmol, 2.0 equiv) in anhydrous CH.Cl» (12 mL).
The reaction mixture was stirred at —78 °C for 1.5 h and a solution of the crude amine and triethylamine
(1.26 mL, 9.00 mmol, 1.5 equiv) in anhydrous CH.Cl, (20 mL) was added slowly via syringe. The
reaction mixture was allowed to warm to room temperature and stirred for 16 h. A saturated solution of
NH4CI (50 mL) was added and stirred for 10 min. The layers were separated and the aqueous one
extracted with CH2Cl, (2 x 30 mL) and EtOAc (2 x 30 mL). The combined organic phases were washed
with saturated aqueous NaHCOs solution (50 mL), brine (50 mL), dried over MgSOs., filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (SiO,
PE/EtOAc 1:1—EtOAC) to give 70 (2.79 g, 5.09 mmol, 85%) as an orange wax-like solid. R¢ (EtOAC)
0.57; *H NMR (400 MHz, CDCls) 31 ppm 7.46-7.29 (m, 11H, ArH, NH), 6.95 (d, J = 8.2 Hz, 2H, ArH),
6.85 (d, J = 8.2 Hz, 2H, ArH), 5.18 (d, J = 12.1 Hz, 1H, CHHPh), 5.12 (d, J = 12.1 Hz, 1H, CHHPh),
5.03 (s, 2H, CH2Ph), 4.79 (dd, J = 13.7, 6.0 Hz, 1H, CHa-Tyr), 4.70 (d, J = 13.7 Hz, 1H, CHHGOX),
4.63-4.57 (m, 2H, CHHGOx, OCHH-Ox), 4.48 (d, J = 7.6 Hz, 1H, OCHH-Ox), 4.36 (d, J = 7.3 Hz, 1H,
OCHH-0x), 4.28 (d, J=7.6 Hz, 1H, OCHH-Ox), 3.49 (g, J = 6.9 Hz, 1H, CHa-Ala), 3.10 (dd, J = 14.2,
5.6 Hz, 1H, CHHpB-Tyr), 3.02 (dd, J=14.2, 6.8 Hz, 1H, CHHpB-Tyr), 1.88 (br. s, 1H, NH), 1.26 (d,
J =7.0 Hz, 3H, CH3B-Ala); *C NMR (101 MHz, CDCl3) 8¢ ppm & 174.4 (C=0), 171.3 (C=0), 158.0
(C), 137.0 (C), 135.2 (C), 130.4 (CH), 128.78 (CH), 128.75 (CH), 128.70 (CH), 128.69 (CH), 128.6
(CH), 128.1 (C), 128.0 (CH), 127.6 (CH), 115.0 (CH), 79.4 (CH>, GOx), 77.6 (OCHy>), 77.3 (OCH,),
70.0 (CHy, Bn), 67.4 (CH, Bn), 59.1 (C, Ox), 52.9 (CH, a-Tyr), 52.8 (CH, a-Ala), 36.9 (CHy, B-Tyr),
20.7 (CHas, B-Ala); MS (ESI*) m/z 548 [M+H]*, 570 [M+Na]*, 586 [M+K]*; HRMS (ESI*) calcd. for
CaoH33N3NaO7 [M+Na]* 570.2211, found 570.2215; [a]3® —9.6 (¢ 0.24, CHCI3).

Boc-Ala-GOx-Ala-Tyr(Bn)-OBn (71)

oBn To a solution of NO.-GOx-Ala-Tyr(Bn)-OBn (70)

(2.66 g, 4.86 mmol, 1.0 equiv) in THF (48 mL) was

o H 9 F added Boc-Ala-OSu (2.78g, 9.71 mmol, 2.0 equiv),
BOCHN\E'QJ\N%N\E‘QJ\N 2 CO,Bn NaHCO;3 (1.63 g, 19.4 mmol, 4.0 equiv) and Raney Ni
p= M = H (slurry in H,0, 10 mL). The solution was placed under

71 an atmosphere of nitrogen, evacuated and filled with
hydrogen (balloon). The reaction mixture was stirred

vigorously for 4.0 h at room temperature. Then, the mixture was filtered through a plug of Celite eluting
with EtOAc, the filtrate was washed with saturated Na,COs (3 x 50 mL) and concentrated under reduced
pressure. Boc-Ala-GOx-Ala-Tyr(Bn)-OBn (71) was afforded after purification by column
chromatography (SiO,, EtOAC) as an off-white foam (1.96 g, 2.85 mmol, 59%). Rs (EtOAc) 0.34; mp
53-55 °C; 'H NMR (400 MHz, CDCl3) &4 ppm 7.69 (d, J = 8.3 Hz, 1H, NH), 7.43-7.29 (m, 10H, ArH),
7.03 (br. s, 1H, NH), 6.95 (d, J = 7.8 Hz, 2H, ArH), 6.82 (d, J = 8.5 Hz, 2H, ArH), 5.25 (d, J = 12.0 Hz,
1H, CHHPh), 5.22 (br. s, 1H, NH), 5.13 (d, J = 12.0 Hz, 1H, CHHPh), 5.01 (s, 2H, CH2Ph), 4.90 (dt, J
=7.9,5.8 Hz, 1H, CHo-Tyr), 4.44 (d, J = 6.9 Hz, 1H, OCHH-Ox), 4.34 (d, J = 6.9 Hz, 1H, OCHH-OX),
4.33 (d, J=6.8 Hz, 1H, OCHH-0Ox), 4.30 (d, J = 6.8 Hz, 1H, OCHH-Ox), 4.21-4.12 (m, 1H, CHa-Ala),
3.88 (dd, J = 14.0, 7.7 Hz, 1H, CHHGOX), 3.27 (g, J = 6.7 Hz, 1H, CHa-Ala), 3.22-3.11 (m, 2H,
CHHGOXx, CHHp-Tyr), 3.01 (dd, J = 14.1, 7.6 Hz, 1H, CHHp-Tyr), 2.04 (br. s, 1H, NH), 1.43 (s, 9H, 3
x CHs, Boc), 1.26 (d, J = 6.4 Hz, 3H, CH3B-Ala), 1.20 (d, J = 6.9 Hz, 3H, CH3p-Ala); *C NMR (101
MHz, CDCls) dc ppm 175.2 (C=0), 174.2 (C=0), 172.8 (C=0), 157.9 (C), 155.5 (C=0, Boc), 137.0
(C), 134.9 (C), 130.3 (CH), 128.8 (CH), 128.7 (CH), 128.2 (C), 128.1 (CH), 127.5 (CH), 115.0 (CH),
79.9 (C, Boc), 79.5 (OCHz), 78.9 (OCHy), 70.0 (CHz, Bn), 67.7 (CH2, Bn), 61.0 (C, Ox), 53.3 (CH, a-
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Ala), 52.7 (CH, a-Tyr), 50.2 (CH, a-Ala), 43.9 (CH2, GOx), 37.0 (CH, B-Tyr), 28.4 (CH3, Boc), 21.3
(CHs, B-Ala), 18.4 (CHs, B-Ala). N.B. Two aromatic CH signals not observed; vmax (neat) = 3308, 2974,
1657, 1510, 1453, 1366, 1241, 1164, 1021, 972, 735, 696 cm™; MS (ESI*) m/z 689 [M+H]*, 711
[M+Na]*, 727 [M+K]*; HRMS (ESI*) calcd. for C3sHasNsNaOg [M+Na]* 711.3364, found 711.3367;
[a]37 —8.8 (¢ 1.18, CHCly).

Cbz-Leu-Ala-GOx-Ala-Tyr(Bn)-OBn (72)

oBn To a solution of Boc-Ala-GOx-Ala-Tyr(Bn)-
OBn (71) (1.81g, 2.63mmol, 1.0equiv) in
P CH.Cl, (3.0 mL) was added TFA (3.0 mL) and
CbzHN"@ \)J\ /?SN\)J\N «>CO,Bn the mixture was stirred at room temperature for
10 min. The mixture was concentrated under
reduced pressure and the resulting residue
repeatedly dissolved in CH2Cl, (3 x 10 mL) and concentrated in vacuo to give the crude amine. The
residue was dissolved in a mixture of CH.Cl, (26 mL) and DMF (5.0 mL), Cbz-Leu-OH (837 mg,
3.15 mmol, 1.2 equiv), HATU (1.20 g, 3.15 mmol, 1.2 equiv) and DIPEA (1.83 mL, 10.5 mmol,
4.0 equiv) were added subsequently, and the reaction mixture was stirred at room temperature for 16 h.
The mixture was diluted with CH2Cl, (30 mL) and washed with 10% citric acid solution (2 x 50 mL)
and saturated NaHCOg solution (2 x 50 mL), dried over MgSQs, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography (SiO;, CH.Cl,/MeOH
98:2—97:3—596:4) to give pentapeptide 72 (1.21 g, 1.45mmol, 55%) as a white foam. Rs
(CHCl/MeOH 9:1) 0.33; mp 59-61 °C; *H NMR (400 MHz, CDs0D) &4 ppm 7.41 (d, J = 7.5 Hz, 2H,
ArH), 7.38-7.26 (m, 13H, ArH), 7.07 (d, J = 8.2 Hz, 2H, ArH), 6.86 (d, J = 8.2 Hz, 2H, ArH), 5.18 (d,
J =12.2 Hz, 1H, CHHPh), 5.15-5.04 (m, 3H, CHHPh, CH,Ph), 5.02 (s, 2H, CH,Ph), 4.73 (dd, J = 9.2,
5.1 Hz, 1H, CHo-Tyr), 4.41 (d, J = 6.4 Hz, 1H, OCHH-Ox), 4.31 (q, J = 7.1 Hz, 1H, CHa-Ala), 4.27 (d,
J = 6.8 Hz, 1H, OCHH-Ox), 4.22-4.11 (m, 3H, 2 x OCHH-Ox, CHa-Leu), 3.50 (d, J =14.1 Hz, 1H,
CHHGOX), 3.37-3.31 (m, 1H, CHa-Ala), 3.21 (d, J = 14.1 Hz, 1H, CHHGOX), 3.15 (dd, J = 13.8,
4.8 Hz, 1H, CHHp-Tyr), 2.94 (dd, J = 13.8, 9.4 Hz, 1H, CHHB-Tyr), 1.71 (nonet, J = 6.6 Hz, 1H, CHy-
Leu), 1.62-1.50 (m, 2H, CHB-Leu), 1.32 (d, J = 7.1 Hz, 3H, CH3B-Ala), 1.15 (d, J = 6.9 Hz, 3H, CH3p-
Ala), 0.94 (d, J = 7.2 Hz, 3H, CHsd-Leu), 0.92 (d, J = 7.4 Hz, 3H, CHs3-Leu); ®°C NMR (101 MHz,
CDs0D) éc ppm 178.6 (C=0), 175.4 (C=0), 175.3 (C=0), 172.9 (C=0), 159.3 (C=0), 158.7 (C), 138.8
(C), 138.1(C), 136.0 (C), 131.4 (CH), 130.2 (C), 129.61 (CH), 129.56 (CH), 129.50 (CH), 129.46 (CH),
129.0 (CH), 128.83 (CH), 128.79 (CH), 128.6 (CH), 116.0 (CH), 80.1 (OCH>), 80.0 (OCHy), 71.0 (CH,,
Bn), 68.2 (CH., Bn), 67.8 (CH2, Bn), 61.2 (C, Ox), 55.1 (CH, a-Leu), 54.8 (CH, a-Tyr), 53.5 (CH, a-
Ala), 50.7 (CH, a-Ala), 44.7 (CH2, GOX), 41.9 (CHa, B-Leu), 37.4 (CH, B-Tyr), 25.9 (CH, y-Leu), 23.5
(CHs, 8-Leu), 21.8 (CHs, 6-Leu), 20.9 (CHs, B-Ala), 17.8 (CHas, B-Ala). N.B. One aromatic CH signal
not observed; vmax (n€at) = 3295, 1712, 1650, 1537, 1493, 1214, 1121, 969, 744, 700 cm=; MS (ESI*)
m/z 836 [M+H]", 858 [M+Na]*, 874 [M+K]"; HRMS (ESI*) calcd. for Cs7Hs7NsNaOg [M+Na]*
858.4048, found 858.4043; [a]3® —19.1 (c 0.25, CHCl5).
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H-Leu-Ala-GOx-Ala-Tyr-OH (73)
oH To a solution of pentapeptide 72 (1.14¢,

” 1.36 mmol) in anhydrous MeOH (14 mL) was
p NI y O P added 10wt% Pd/C (114 mg, 10 wt%) and the
HZN%.ﬁ;“\fQJ\N N\EQJ\N >CO,H reaction flask was evacuated, filled with nitrogen,
o p= H : H evacuated, and placed under an atmosphere of H;
(balloon). The reaction mixture was stirred at room
temperature for 16 h, placed under N> and filtered through a plug of Celite, which was washed with
MeOH (3x). The filtrate was concentrated in vacuo to give 73 as an off-white solid (742 mg) in
quantitative yield. mp 170-172 °C; *H NMR (400 MHz, CD3;0D) &1 ppm 7.02 (d, J = 8.4 Hz, 2H, ArH),
6.66 (d, J = 8.4 Hz, 2H, ArH), 4.48-4.35 (m, 5H, OCHH-Ox, CHa-Tyr, CHa-Ala, OCH,-0x), 4.31 (d,
J = 6.5 Hz, 1H, OCHH-Ox), 3.92 (t, J = 7.0 Hz, 1H, CHo-Leu), 3.67 (d, J = 14.1 Hz, 1H, CHHGOX),
3.28-3.20 (m, 2H, CHHGOX, CHa-Ala), 3.10 (dd, J = 14.1, 4.7 Hz, 1H, CHHpB-Tyr), 2.98 (dd, J = 14.1,
6.3 Hz, 1H, CHHp-Tyr), 1.78-1.58 (m, 3H, CH2B-Leu, CHy-Leu), 1.29 (d, J = 7.1 Hz, 3H, CHsp-Ala),
1.25(d, J =7.0 Hz, 3H, CH3B-Ala), 0.98 (d, J = 5.8 Hz, 3H, CH33-Leu), 0.97 (d, J = 5.9 Hz, 3H, CH33-
Leu); 3C NMR (101 MHz, CD30D) &¢ ppm 177.8 (C=0), 177.6 (C=0), 175.7 (C=0), 170.5 (C=0),
157.1 (C), 131.6 (CH), 129.8 (C), 116.0 (CH), 80.5 (OCH), 80.3 (OCH), 61.6 (C, Ox), 56.2 (CH, a-
Tyr), 54.3 (CH, a-Ala), 53.1 (CH, a-Leu), 51.3 (CH, a-Ala), 45.2 (CH2, GOX), 41.6 (CH,, p-Leu), 38.3
(CHy, B-Tyr), 25.5 (CHa, y-Leu), 23.1 (CHs, 4-Leu), 22.3 (CHas, 3-Leu), 21.0 (CHs, B-Ala), 18.0 (CHjs,
B-Ala); vmax (neat) = 3272, 2961, 1649, 1513, 1388, 1236, 1186, 968, 828 cm™; MS (ESI*) m/z 522
[M+H]*, 544 [M+Na]*, 560 [M+K]*; HRMS (ESI*) calcd. for C2sHsNsO7 [M+H]* 522.2922, found
522.2921; [a]3* +4.5 (c 0.20, MeOH).

Preparation of pentapeptide 80

NH
L °
/L Cl,c” oCumyl J\ 1) Et,NH o N\Eg /L
—_—— —_————
FmocHN CO,H FmocHN CO,Cumyl 2y O,N 2 N CO,Cumyl

>95% E<>O H
74 75
74%
o

i TFA (2%)
HaRanoyN o 2] TRA@%) CszN& 1
Cbz-OSu H CO,Cumyl CO,H
58% 76 Cbz-GOx-Ala- OH (76"
1) TFA /L NTFA /L
B HN/LCO B BOCHN\)L co,B BocHN \)L co,B
ocC 28BN 2) Boc-Leu-OH oBn 2) Boc-Tyr(Bn)-OH OC! 2Bn
HATU, DIPEA HATU, DIPEA
>99% >99%
1) TFA /L H,, Pd/C § J\
—_— N —
2) 76", HATU CbZHN \)k & Con ™ N \)L \)L
0

DIPEA
68%
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Fmoc-Ala-OCumyl (74)

B To sodium hydride (60% dispersion in mineral oil, 280 mg, 7.00 mmol,
FmocHN@L[(OXPh 0.5 equiv) in anhydrous diethyl ether (28 mL) was added freshly distilled 2-
5 phenyl-2-propanol (4.20 g, 30.8 mmol, 2.2 equiv) at 0 °C and the mixture was
74 stirred for 1 h at room temperature. The reaction mixture was cooled to 0 °C,
2,2,2-trichloroacetonitrile (2.80 mL, 28.0 mmol, 2.0 equiv) were added slowly and stirring was
continued for 3 h at ambient temperature. The solvent was removed under reduced pressure and the
residue re-dissolved in PE (7.0 mL), anhydrous MeOH (283 puL, 7.00 mmol, 0.5 equiv) was added and
the solution was stirred for 10 min at room temperature. The mixture was filtered through a plug of
Celite eluting with PE and the filtrate was concentrated in vacuo to give the crude imidate. To a
suspension of Fmoc-Ala-OH (4.36 g, 14.0 mmol, 1.0 equiv) in CH2Cl, (80 mL) was added a solution of
the imidate in CH2Cl, (15 mL) and the mixture was stirred for 16 h at room temperature. The reaction
mixture was filtered through a plug of Celite eluting with CHCl,, the solvent was removed in vacuo,
and the residue was purified by column chromatograph (SiO,, PE/EtOAc 4:1) to give Fmoc-Ala-
OCumyl (74) (6.00 g, 14.0 mmol, quant. yield) contaminated with small amounts of 2-phenyl-2-
propanol (~85:15 by *H NMR) as a pale-yellow oil. R (PE/EtOAc 4:1) 0.31; *H NMR (400 MHz,
CDCl3) 61 ppm 7.76 (d, J = 7.5 Hz, 2H, ArH), 7.59 (d, J = 7.5 Hz, 2H, ArH), 7.43-7.25 (m, 9H, ArH),
5.35(d, J =7.1 Hz, 1H, NH), 4.44-4.34 (m, 3H, CHa-Ala, CH,-Fmoc), 4.21 (t, J = 7.0 Hz, 1H, CH-
Fmoc), 1.83 (s, 3H, CHs, cumyl), 1.79 (s, 3H, CHs, cumyl), 1.47 (d, J = 7.0 Hz, 3H, CHp-Ala); 1*C
NMR (101 MHz, CDCls) ¢ ppm 171.7 (C=0), 155.7 (C=0, Fmoc), 145.2 (C), 145.0 (C), 144.1 (C),
143.9 (C), 141.4 (C), 128.3 (CH), 127.8 (CH), 127.5 (CH), 127.2 (CH), 125.3 (CH), 124.3 (CH), 120.1
(CH), 83.3 (C, cumyl), 67.1 (CH», Fmoc), 50.1 (CH, a-Ala), 47.3 (CH, Fmoc), 28.9 (CHs, cumyl), 28.2
(CHs, cumyl), 19.0 (CHs, B-Ala); vmax (neat) = 3330, 2979, 1702, 1512, 1448, 1249, 1137, 1071, 951,
759, 737, 698 cm™; MS (ESI*) m/z 452 [M+Na]*, 467 [M+K]*; HRMS (ESI*) calcd. for C7H2;NNaO,4
[M+Na]* 452.1832, found 452.1834; [a]3’ —7.7 (¢ 1.00, CHCly).

0.N-GOx-Ala-OCumyl (75)

o To a solution of Fmoc-Ala-OCumyl (74) (3.70 g, 8.60 mmol, 1.0 equiv) in
o N\ég /'\H/O o CHCl> (9.0 mL) was added diethylamine (9.0 mL) and the mixture was
2 N7« 7< stirred at room temperature for 1 h. The reaction mixture was concentrated

H . . i .
75 0 under reduced pressure and the resulting residue repeatedly dissolved in
CH.CI; (3 x 15 mL) and concentrated under reduced pressure to give the
crude amine. In a second reaction vessel, oxetane-3-one (1.10 mL, 17.2 mmol, 2.0 equiv), nitromethane
(1.30 mL, 24.1 mmol, 2.8 equiv) and triethylamine (480 uL, 3.44 mmol, 0.4 equiv) were combined at
0 °C and stirred for 1 h at room temperature. The mixture was dissolved in anhydrous CH>Cl, (60 mL),
cooled to —78 °C, and triethylamine (4.80 mL, 34.4 mmol, 4.0 equiv) was added followed by dropwise
addition of a solution of methanesulfonyl chloride (1.33 mL, 17.2 mmol, 2.0 equiv) in anhydrous
CHCI; (18 mL). The reaction mixture was stirred at —78 °C for 1.5 h and the solution of the crude amine
in anhydrous CH.CI, (30 mL) was added slowly via syringe. The reaction mixture was allowed to warm
to room temperature and stirred for 16 h. A saturated solution of NH4CI (50 mL) was added and stirred
for 10 min. The layers were separated and the aqueous one extracted with CH,Cl, (2 x 30 mL) and
EtOAc (2 x 30 mL). The combined organic phases were washed with saturated aqueous NaHCOs
solution (50 mL), brine (50 mL), dried over MgSO., filtered, and concentrated in vacuo. The residue
was purified by column chromatography (SiO,, PE/EtOAc 2:1—1:1) to give 75 (2.04 g, 6.33 mmol,
74%) as a pale-yellow oil. Rs (PE/EtOAC 1:1) 0.39; *H NMR (400 MHz, CDCl3) 84 ppm 7.36-7.31 (m,
4H, ArH), 7.29-7.26 (m, 1H, ArH), 4.80 (d, J = 12.6 Hz, 1H, CHHGOX), 4.76 (d, J = 12.6 Hz, 1H,
CHHGOXx), 4.57 (d, J = 7.0 Hz, 1H, OCHH-Ox), 4.56 (d, J= 6.8 Hz, 1H, OCHH-Ox), 4.48 (d,
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J=7.0 Hz, 1H, OCHH-Ox), 4.38 (d, J = 6.8 Hz, 1H, OCHH-Ox), 3.57 (g, J = 6.8 Hz, 1H, CHa-Ala),
2.33 (s, 1H, NH), 1.79 (s, 6H, 2 x CHs, cumyl), 1.32 (d, J=7.0 Hz, 3H, CHsB-Ala); *C NMR
(101 MHz, CDCls) éc ppm 174.5 (C=0), 145.0 (C), 128.5 (CH), 127.6 (CH), 124.4 (CH), 82.9 (C,
cumyl), 79.1 (OCH), 79.0 (OCHy), 78.8 (CH., GOx), 59.7 (C, Ox), 51.9 (CH, a-Ala), 28.39 (CHg,
cumyl), 28.37 (CHa, cumyl), 20.7 (CHs, B-Ala); vmax (neat) = 3336, 2980, 1728, 1552, 1448, 1378, 1272,
1199, 1332, 1101, 976, 831, 764, 699 cm; MS (ESI*) m/z 345 [M+Na]*, 361 [M+K]*; HRMS (ESI*)
calcd. for C16H22N2NaOs [M+Na]* 345.1421 found 345.1414; [a]3” —9.4 (c 0.88, CHCIs).

Cbz-GOx-Ala-OCumyl (76)

o_ 4 To a solution of NO»-GOx-Ala-OCumyl (75) (2.04 g, 6.32 mmol,
CszN\Sg /H(O pn 10 equiv) in THF (65mL) was added N-(benzyloxycarbonyloxy)
ﬂ * 7< succinimide (3.159, 12.6 mmol, 2.0equiv), NaHCO; (2.12g,
76 © 25.2 mmol, 4.0 equiv) and Raney Ni (slurry in H,O, 6.3 mL). The
mixture was placed under an atmosphere of nitrogen, evacuated and
filled with hydrogen (balloon). The reaction mixture was stirred vigorously for 2.5 h at room
temperature. Then, the mixture was filtered through a plug of Celite eluting with EtOAc, the filtrate was
washed with sat. NaCOs (3 x 50 mL) and concentrated under reduced pressure. Cbz-GOx-Ala-OCumyl
(76) was afforded after purification by column chromatography (SiO2, PE/EtOAc 2:1—1:1—-EtOAc) as
a pale yellow oil (1.55 g, 3.63 mmol, 58%). Rs (PE/EtOAc 1:1) 0.19; *H NMR (400 MHz, CDCls) 8n
ppm 7.38-7.29 (m, 9H, ArH), 7.26-7.21 (m, 1H, ArH), 5.20 (br. s, 1H, NH), 5.10 (s, 2H, CH2Ph), 4.40
(d, J=6.6 Hz, 1H, OCHH-Ox), 4.34 (d, J = 6.6 Hz, 1H, OCHH-Ox), 4.29 (d, J = 5.6 Hz, 1H, OCHH-
Ox), 4.28 (d, J =5.6 Hz, 1H, OCHH-Ox), 3.69 (dd, J = 13.7, 6.2 Hz, 1H, CHHGOXx), 3.46-3.36 (m, 2H,
CHHGOX, CHa-Ala), 1.77 (d, J = 4.9 Hz, 6H, 2 x CH3, cumyl), 1.76-1.60 (br. s, 1H, NH), 1.31 (d,
J =7.0 Hz, 3H, CHsB-Ala); *C NMR (101 MHz, CDCls) &¢c ppm 175.2 (C=0), 156.9 (C=0, Fmoc),
145.0 (C), 136.6 (C), 128.7 (CH), 128.5 (CH), 128.3 (CH), 127.5 (CH), 124.4 (CH), 82.8 (C, cumyl),
80.0 (OCHy), 79.8 (OCHy), 67.0 (CH2Ph), 59.5 (C, Ox), 51.6 (CH, a-Ala), 45.5 (CH, GOXx), 28.5 (CHj,
cumyl), 28.3 (CHs, cumyl), 20.9 (CHs, B-Ala). N.B. One aromatic CH signal not observed;
vmax (nN€at) = 3329, 2977, 1717, 1515, 1450, 1277, 1130, 1101, 973, 763, 697 cm™*; MS (ESI*) m/z 427
[M+H]*, 449 [M+Na]*; HRMS (ESI*) calcd. for C24Hz1N20s [M+H]* 427.2227, found 427.2229; [a]3’
-9.4 (c 0.77, CHCls).

Boc-Leu-Ala-OBn (77)
To a solution of Boc-Ala-OBnM (4.56 g, 16.3 mmol, 1.0 equiv) in CH.Cl,

o B
BocHN. « /L (16 mL) was added TFA (16 mL) and the mixture was stirred at room
B; ﬂ CO8n temperature for 1 h. The reaction mixture was concentrated under reduced
Y pressure and the resulting residue repeatedly dissolved in CH2Cl, (3 x 20 mL)

st 77

and concentrated under reduced pressure to give the crude amine. The residue
was dissolved in CH.Cl, (160 mL), Boc-Leu-OH (4.53 g, 19.6 mmol, 1.2 equiv), HATU (7.45 g,
19.6 mmol, 1.2 equiv) and DIPEA (11.4 mL, 65.2 mmol, 4.0 equiv) were added subsequently, and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture was diluted with CH.Cl,
(50 mL) and washed with 10% citric acid solution (2 x 100 mL) and sat. NaHCO3 solution (2 x 100 mL),
dried over MgSO, filtered and concentrated under reduced pressure. The residue was purified by flash
column chromatography (SiO., PE/EtOAc 2:1—1:1) to give dipeptide 77 (6.40 g, 16.3 mmol, >99%) as
a colourless viscous oil. R (PE/EtOAc 1:1) 0.53; *H NMR (400 MHz, CDCl3) 8n ppm 7.39-7.30 (m,
5H, ArH), 6.60 (br. m, 1H, NH), 5.19 (d, J = 12.3 Hz, 1H, CHHPh), 5.14 (d, J = 12.3 Hz, 1H, CHHPh),
4.88 (br. s, 1H, NH), 4.61 (quint, J= 7.2 Hz, 1H, CHa-Ala), 4.11 (br. m, 1H, CHa-Leu), 1.71-1.60 (m,
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2H, CHaB-Leu), 1.50-1.44 (m, 1H, CHy-Leu), 1.43 (s, 9H, 3 x CHs, Boc), 1.41 (d, J = 7.3 Hz, 3H,
CHaB-Ala), 0.92 (d, J = 6.1 Hz, 6H, 2 x CHsd-Leu); 3C NMR (101 MHz, CDCls) 8¢ ppm & 172.7
(C=0), 172.3 (C=0), 155.8 (C=0, Boc), 135.5 (C), 128.7 (CH), 128.5 (CH), 128.3 (CH), 80.2 (C, Boc),
67.2 (CH2, Bn), 53.0 (CH, a-Leu), 48.2 (CH, a-Ala), 41.5 (CH,, p-Leu), 28.4 (CHs, Boc), 24.8 (CH, y-
Leu), 23.0 (CHs, 8-Leu), 22.1 (CHs, 8-Leu), 18.3 (CHs, B-Ala); vmax (n€at) = 3294, 2957, 1744, 1656,
1527, 1454, 1366, 1317, 1160, 1046, 751, 697 cm™%; MS (ESI*) m/z 415 [M+Na]*, 431 [M+K]*; HRMS
(ESI*) calcd. for Co1Hs2NoNaOs [M+Na]* 415.2203, found 415.2203; [a]3> —29.8 (c 0.91, CHCls).

Boc-Tyr(Bn)-Leu-Ala-OBn (78)

OBn To a solution of Boc-Leu-Ala-OBn (77) (5.85g, 14.9 mmol,

1.0 equiv) in CH:Cl, (15 mL) was added TFA (15mL) and the

o P mixture was stirred at room temperature for 1 h. The reaction mixture

BocHN @ \?‘)J\N «>co,Bn Was concentrated under reduced pressure and the resulting residue
o s M repeatedly dissolved in CH2Cl> (3 x 20 mL) and concentrated under

78 Y reduced pressure to give the crude amine. The residue was dissolved

in CHxCl, (150 mL), Boc-Tyr(Bn)-OH (6.40g, 17.2 mmol,
1.2 equiv), HATU (6.54 g, 17.2 mmol, 1.2 equiv) and DIPEA (10.4 mL, 59.6 mmol, 4.0 equiv) were
added subsequently, and the reaction mixture was stirred at room temperature for 16 h. The mixture was
diluted with CH2Cl, (50 mL) and washed with 10% citric acid solution (2 x 100 mL) and saturated
NaHCO3 solution (2 x 100 mL), dried over MgSQs, filtered and concentrated under reduced pressure.
The residue was purified by flash column chromatography (SiO,, PE/EtOAC 2:1—1:1) to give tripeptide
78 (9.60 g, 14.9 mmol, >99%) as a white solid. Rf (PE/EtOAc 1:1) 0.49; mp 59-61 °C; *H NMR
(400 MHz, CDCl3) 8x ppm 7.43-7.29 (m, 10H, ArH), 7.10 (d, J = 8.4 Hz, 2H, ArH), 6.88 (d, J = 8.4 Hz,
2H, ArH), 6.68 (br. s, 1H, NH), 6.43 (t, J = 8.8 Hz, 1H, NH), 5.19 (d, J = 12.3 Hz, 1H, CHHPh), 5.13
(d, J=12.3 Hz, 1H, CHHPh), 5.01 (s, 2H, CH,Ph), 4.98 (br. s, 1H, NH), 4.55 (quint, J = 7.2 Hz, 1H,
CHo-Ala), 4.48-4.39 (m, 1H, CHa-Leu), 4.35-4.24 (m, 1H, CHa-Tyr), 3.02 (dd, J = 13.5, 6.3 Hz, 1H,
CHHB-Tyr), 2.97 (dd, J = 13.5, 6.5 Hz, 1H, CHHpB-Tyr), 1.81 (br. s, 1H, NH), 1.66-1.42 (m, 3H, CH.p-
Leu, CHy-Leu), 1.40 (s, 9H, 3 x CHs, Boc), 1.38 (d, J = 7.7 Hz, 3H, CHsp-Ala), 0.88 (d, J = 6.3 Hz, 6H,
2 x CH3d-Leu); C NMR (101 MHz, CDCls) 8¢ ppm 172.5 (C=0), 171.5 (C=0), 171.3 (C=0), 158.0
(C), 155.7 (C=0, Boc), 137.1 (C), 135.5 (C), 130.5 (CH), 130.2 (C), 128.73 (CH), 128.72 (CH), 128.5
(CH), 128.3 (CH), 128.1 (CH), 127.6 (CH), 115.2 (CH), 80.5 (C, Boc), 70.1 (CH,, Bn), 67.3 (CHz, Bn),
56.0 (CH, a-Tyr), 51.7 (CH, a-Leu), 48.3 (CH, a-Ala), 41.1 (CHy, B-Ala), 37.1 (CHy, B-Tyr), 28.4 (CHj,
Boc), 24.6 (CH, y-Leu), 23.0 (CHs, 6-Leu), 22.1 (CHs, 6-Leu), 18.1 (CHs, B-Ala); vmax (Neat) = 3273,
2957, 1643, 1510, 1454, 1366, 1237, 1159, 1020, 735, 695 cm™; MS (ESI*) m/z 668 [M+Na]*, 684
[M+K]*; HRMS (ESI*) calcd. for C37Ha7N3sNaO; [M+Na]* 668.3306, found 668.3311; [a]3® —16.4 (C
0.50, CHCIs).

Cbz-GOx-Ala-Tyr(Bn)-Leu-Ala-OBn (79)

OBn Chz-GOx-Ala-OCumyl (76) (853 mg, 2.00 mmol,
1.0 equiv) was stirred in 2% TFA/CH,Cl, (40 mL) at

P o P room temperature for 90 min. The reaction mixture

CbZHN/?S \)J\N o \E‘QJ\N «>co,Bn Was concentrated under reduced pressure and the
¢ BY' resulting residue repeatedly dissolved in CH2Cl; (3 x

79 5 20 mL) and concentrated under reduced pressure to

give the crude acid 76°. In a separate reaction flask Boc-Tyr(Bn)-Leu-Ala-OBn (78) (1.29 g, 2.00 mmol,
1.0 equiv) was dissolved in CH,Cl, (2.0 mL), TFA (2.0 mL) was added and the mixture was stirred at
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room temperature for 1 h. The reaction mixture was concentrated under reduced pressure and the
resulting residue repeatedly dissolved in CH,Cl (3 x 20 mL) and concentrated under reduced pressure
to give the crude amine. The residue was dissolved in a mixture of CH.Cl, (20 mL) and DMF (1.0 mL)
and added to the crude acid. HATU (760 mg, 2.00 mmol, 1.0 equiv) and DIPEA (1.39 mL, 8.00 mmol,
4.0 equiv) were added subsequently, and the reaction mixture was stirred at room temperature for 16 h.
The reaction mixture was diluted with EtOAc (50 mL), washed with brine (2 x 50 mL), 1.0 M HCI (3 x
50 mL), saturated NaHCOs solution (3 x 50 mL), brine (50 mL), dried over MgSQs., filtered and
concentrated under reduced pressure. The residue was purified by flash column chromatography (SiO»,
EtOAC) to give pentapeptide 79 (1.15 g, 1.37 mmol, 68%) as a white foam. Rs (CH2Cl,/MeOH 96:4)
0.31; mp 75-77 °C; *H NMR (400 MHz, CD;0D) &1 ppm 7.44-7.24 (m, 15H, ArH), 7.11 (d, J = 8.4 Hz,
2H, ArH), 6.86 (d, J = 8.4 Hz, 2H, ArH), 5.16 (d, J = 12.6 Hz, 1H, CHHPh), 5.11 (d, J = 12.6 Hz, 1H,
CHHPh), 5.09 (s, 2H, CH2Ph), 5.01 (s, 2H, CH2Ph), 4.60 (dd, J = 9.5, 5.1 Hz, 1H, CHa-Tyr), 4.46-4.37
(m, 3H, OCHH-Ox, CHa-Ala, CHa-Leu), 4.26 (s, 1H, OCH,-Ox), 4.16 (d, J = 6.5 Hz, 1H, OCHH-Ox),
3.42 (d, J=14.2 Hz, 1H, CHHGOXx), 3.37-3.32 (m, 1H, CHa-Ala), 3.22 (d, J = 14.2 Hz, 1H, CHHGOX),
3.05 (dd, J = 14.0, 5.0 Hz, 1H, CHHp-Tyr), 2.78 (dd, J = 13.9, 9.7 Hz, 1H, CHHp-Tyr), 1.62 (nonet,
J =6.8 Hz, 1H, CHy-Leu), 1.51 (t, J = 7.3 Hz, 2H, CH2p-Leu), 1.37 (d, J = 7.3 Hz, 3H, CH3p-Ala), 1.14
(d, J=6.8 Hz, 3H, CH3p-Ala), 0.88 (d, J = 6.6 Hz, 1H, CH36-Leu), 0.85 (d, J = 6.5 Hz, 1H, CH35-Leu);
13C NMR (101 MHz, CD;0D) &8¢ 178.3 (C=0), 174.3 (C=0), 173.8 (C=0), 173.3 (C=0), 159.2 (C),
157.0 (C=0, Cbhz), 138.8 (C), 138.3 (C), 137.2 (C), 131.4 (CH), 130.4 (CH), 129.6 (CH), 129.5 (CH),
129.4 (CH), 129.3 (C), 129.0 (CH), 128.9 (CH), 128.8 (CH), 128.6 (CH), 115.9 (CH), 80.1 (OCHy),
79.9 (OCHy), 71.0 (CH, Bn), 68.0 (CH2, Bn), 67.5 (CH., Bn), 61.4 (C, Ox), 55.4 (CH, a-Tyr), 53.4
(CH, a-Ala), 52.7 (CH, a-Leu), 49.6 (CH, a-Ala), 46.4 (CHz, GOX), 42.2 (CH>, B-Leu), 38.2 (CHy, B-
Tyr), 25.7 (CH, y-Leu), 23.4 (CHs, 3-Leu), 22.1 (CHs, 3-Leu), 20.7 (CHs, B-Ala), 17.3 (CHs, B-Ala).
N.B. One aromatic CH signal not observed; vmax (neat) = 3281, 2955, 1638, 1543, 1510, 1453, 1235,
1156, 1024, 971, 735, 695 cmt; MS (ESI*) m/z 836 [M+H]*, 858 [M+Na]*, 874 [M+K]*; HRMS (ESI*)
calcd. for C47Hs7NsNaOy [M+Na]* 858.4048, found 858.4050; [a]3’ —6.8 (c 0.3, CHCl5).

H-GOx-Ala-Tyr-Leu-Ala-OH (80)

To a solution of pentapeptide 79 (316 mg, 0.38 mmol) in
anhydrous MeOH (4.0 mL) was added 10 wt% Pd/C (32
mg, 10 wt%) and the reaction flask was evacuated, filled
with nitrogen, evacuated, and placed under an
atmosphere of hydrogen (balloon). The reaction mixture
was stirred at room temperature for 5 h, placed under
nitrogen and filtered through a plug of Celite, which was
washed with MeOH (3x). The filtrate was concentrated in vacuo to give 80 as an off-white solid (189 mg,
0.36 mmol, 95%), which required no further purification. mp 165-168 °C; 'H NMR (400 MHz,
CDs0D) 6w ppm 7.12 (d, J = 8.3 Hz, 2H, ArH), 6.72 (d, J = 8.3 Hz, 2H, ArH), 4.66 (dd, J = 9.8, 3.4 Hz,
1H, CHa-Tyr), 4.53 (d, J = 5.2 Hz, 1H, OCHH-Ox), 4.42-4.34 (m, 2H, OCHH-Ox, CHa-Leu), 4.27 (d,
J = 6.6 Hz, 1H, OCHH-0x), 4.23-4.14 (m, 2H, OCHH-Ox, CHa-Ala), 3.46-3.38 (m, 1H, CHa-Ala),
3.25 (d, J =13.2 Hz, 1H, CHHGOXx), 3.15 (dd, J = 13.4, 3.7 Hz, 1H, CHHp-Tyr), 3.04 (d, J = 13.2 Hz,
1H, CHHGOX), 2.86 (dd, J = 13.4, 11.1 Hz, 1H, CHHB-Tyr), 1.70-1.59 (m, 3H, CH2B-Leu, CHy-Leu),
1.36 (d, J = 7.0 Hz, 3H, CHsB-Ala), 1.20 (d, J = 5.4 Hz, 3H, CH3B-Ala), 0.95 (d, J = 5.7 Hz, 3H, CH35-
Leu), 0.90 (d, J = 5.4 Hz, 3H, CH3d-Leu); *C NMR (101 MHz, CD3;0D) ¢ ppm 178.5 (C=0), 177.8
(C=0), 174.2 (C=0), 173.6 (C=0), 157.4 (C), 131.5 (CH), 129.2 (C), 116.3 (CH), 79.6 (OCHy>), 78.9
(OCHy), 59.6 (C, Ox), 55.7 (CH, a-Tyr), 53.8 (CH, a-Ala), 53.7 (CH, a-Leu), 51.7 (CH, a-Ala), 44.6
(CH2, GOx), 41.5 (CH2, B-Leu), 38.0 (CH2, B-Tyr), 25.9 (CH, y-Leu), 23.6 (CHa, é-Leu), 21.9 (CHs, &-
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Leu), 20.6 (CHs, B-Ala), 19.1 (CHa, B-Ala); vmax (neat) = 3282, 2957, 1639, 1550, 1511, 1452, 1384,
1233, 1158, 973, 735, 696 cm™*; MS (ESI*) m/z 522 [M+H]*, 544 [M+Na]*; HRMS (ESI*) calcd. for
CasHaoNsO7 [M+H]* 522.2922, found 522.2924; [a]3® —31.2 (¢ 0.30, MeOH).

Cyclo(Ala-GOx-Ala-Tyr-Leu) (13)

HO Representative example for cyclisation using DEPBT
\©\‘3 o

S To a solution of H-Ala-GOx-Ala-Tyr-Leu-OH (68) (52 mg, 0.10 mmol,
OYFN%»P‘ 1.0 equiv) in anhydrous DMF (100 mL, 0.001 M) under an atmosphere of
5 NH H HN nitrogen was added DEPBT (60 mg, 0.20 mmol, 2.0 equiv) and DIPEA
5\("'- o /7@0 (35 pL, 0.20 mmol, 2.0 equiv) and the reaction mixture was stirred for
24 h at room temperature. The solvent was removed under reduced
13 pressure, and the residue was purified twice by column chromatography
(SiO2, CH2CIl2/MeOH 9:1—4:1) to give the cyclic pentapeptide (13) as a
white solid (27 mg, 54 pmol, 54%). R¢ (CH.Clo/MeOH 4:1) 0.57; mp 213-217 °C; *H NMR (400 MHz,
CDs0D) 61 ppm 7.06 (d, J = 8.3 Hz, 2H, ArH), 6.72 (d, J = 8.3 Hz, 2H, ArH), 4.53 (d, J = 7.8 Hz, 1H,
OCHH-0Ox), 4.49 (q, J=7.1 Hz, 1H, CHo-Ala), 4.46 (d, J = 6.2 Hz, 1H, OCHH-Ox), 4.32-4.25 (m, 3H,
2 x OCHH-Ox, CHa-Leu), 4.19 (dd, J=9.9, 6.1 Hz, 1H, CHa-Tyr), 3.70 (d, J = 14.0 Hz, 1H, CHHGOX),
3.49 (g, J = 6.9 Hz, 1H, CHa-Ala), 3.43 (d, J = 14.0 Hz, 1H, CHHGOXx), 3.20 (dd, J = 13.4, 10.4 Hz,
1H, CHHB-Tyr), 3.07 (dd, J = 13.4, 6.1 Hz, 1H, CHHp-Tyr), 1.79 (ddd, J = 13.9, 11.2, 4.7 Hz, 1H,
CHHB-Leu), 1.70-1.62 (m, 1H, CHHp-Leu), 1.57-1.48 (m, 1H, CHy-Leu), 1.38 (d, J = 7.1 Hz, 3H,
CHasB-Ala), 1.20 (d, J=6.9 Hz, 3H, CH3p-Ala), 0.94 (d, J = 6.6 Hz, 3H, CH33-Leu), 0.86 (d, J = 6.5 Hz,
3H, CHs3-Leu); *°C NMR (101 MHz, CDs0D) ¢ ppm 178.7 (C=0), 175.6 (C=0), 174.3 (C=0), 173.9
(C=0), 157.4 (C), 131.3 (CH), 129.1 (C), 116.3 (CH), 81.6 (OCHy), 79.0 (OCH>), 62.0 (C, Ox), 57.9
(CH, o-Tyr), 55.2 (CH, a-Leu), 53.7 (CH, a-Ala), 50.7 (CH, a-Ala), 46.2 (CHz, GOX), 40.7 (CHa, B-
Leu), 35.7 (CHy, B-Tyr), 25.9 (CH, y-Leu), 23.5 (CHs, d-Leu), 21.5 (CHs, B-Ala), 21.2 (CHs, 3-Leu),
17.9 (CHas, B-Ala); vmax (neat) = 3260, 2958, 1647, 1513, 1232, 965, 828 cm™; MS (ESI*) m/z 504
[M+H]*, 526 [M+Na]*; HRMS (ESI") calcd. for CosH3sNsOs [M+H]* 504.2817, found 504.2818; [a]3®
—69.7 (c 0.06, MeOH).

2.7 Preparation of cyclic pentapeptide 25
Preparation of pentapeptide 83

) TFA f\ 1) TFA
N ~ > BocHN —
BocHN/L[( \)J\ COBN 2)Boc-Gly-OH \)J\ /'\[( \)J\ CO,Bn 2) Cbz-Ala-OH

HATU, DIPEA HATU, DIPEA
OBn OB

65 81

o © o © H,, Pd/C f\
CbZHN/kaN\)Lﬁ/'\WN\i)Lﬂ coen Moo NJ\'(N\)L /'\H/N\)J\
I :

65%

T L h6!
82 OBn 83 OH
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Boc-Gly-Ala-Tyr(Bn)-Leu-OBn (81)

To a solution of Boc-Ala-Tyr(Bn)-Leu-OBn (65) 1.00 g,
y 1.55 mmol, 1.0 equiv) in CH2CI. (10 mL) was added TFA

\)(J)\ P H\)cJ)\ P (2.0 mL) and the mixture was stirred at room temperature for
BocHN H N ¢ H «>co,Bn 1 h. The mixture was concentrated under reduced pressure
O =

B and the resulting residue repeatedly dissolved in CH2Cl; (3 x
o L
OBn

8

10 mL) and concentrated under reduced pressure to give the

crude amine. The residue was dissolved in CH.Cl, (16 mL),
Boc-Gly-OH (326 mg, 1.86 mmol, 1.2 equiv), HATU (707 mg, 1.86 mmol, 1.2 equiv) and DIPEA
(1.08 mL, 6.20 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room
temperature for 16 h. The reaction mixture was diluted with CH.Cl» (20 mL) and washed with 10% citric
acid solution (2 x 20 mL) and saturated NaHCO3 solution (2 x 20 mL), dried over MgSQs,, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (SiOx,
PE/EtOAc 1:1—EtOAc) to give tetrapeptide 81 (912 mg, 1.30 mmol, 84%) as a white solid. Rs (EtOAC)
0.56; mp 77-79 °C; *H NMR (400 MHz, CDCls) 81 ppm 7.42-7.28 (m, 10H, ArH), 7.06 (d, J = 8.6 Hz,
2H, ArH), 7.02-6.68 (m, 5H, ArH, 3 x NH), 5.32 (br. s, 1H, NH), 5.14 (s, 2H, CH,Ph), 4.99 (d,
J=4.2 Hz, 2H, CHyPh), 4.71 (dt, J = 16.3, 8.2 Hz, 1H, CHa-Tyr), 4.59 (dt, J=7.9, 5.3 Hz, 1H, CHa-
Leu), 4.48-4.34 (m, 1H, CHa-Ala), 3.77 (dd, J = 7.5, 4.5 Hz, 2H, CH.Gly), 3.07 (dd, J = 14.1, 5.3 Hz,
1H, CHHB-Tyr), 2.94 (dd, J = 14.1, 7.4 Hz, 1H, CHHp-Tyr), 1.65-1.50 (m, 3H, CHzB-Leu, CHy-Leu),
1.43 (s, 9H, 3 x CHj3, Boc), 1.29 (d, J = 7.0 Hz, 3H, CHsB-Ala), 0.87 (d, J = 5.9 Hz, 3H, CH3d-Leu),
0.86 (d, J = 5.8 Hz, 3H, CH35-Leu); **C NMR (101 MHz, CDCls) 8¢ ppm 172.6 (C=0), 172.2 (C=0),
170.8 (C=0), 169.7 (C=0), 157.9 (C), 156.3 (C=0, Boc), 137.1 (C), 135.5 (C), 130.5 (CH), 128.8 (C),
128.72 (CH), 128.71 (CH), 128.5 (CH), 128.3 (CH), 128.1 (CH), 127.6 (CH), 115.0 (CH), 80.7 (C, Boc),
70.1 (CH,, Bn), 67.2 (CH2, Bn), 54.5 (CH, a-Tyr), 51.2 (CH, a-Leu), 49.3 (CH, a-Ala), 44.4 (CH,, Gly),
41.2 (CHy, B-Leu), 37.3 (CH., B-Tyr), 28.5 (CHs, Boc), 24.9 (CH, y-Tyr), 22.9 (CHs, 3-Leu), 22.0 (CHs,
d-Leu), 18.4 (CHs, B-Ala); vmax (neat) = 3280, 2962, 1636, 1509, 1452, 1366, 1240, 1149, 1025, 845,
734, 695 cm*; MS (ESI*) m/z 725 [M+Na]*; HRMS (ESI*) calcd. for CsgHsoNsNaOs [M+Na]*
725.3521, found 725.3523; [a]37 —21.7 (¢ 0.27, CHCI5).

Cbz-Ala-Gly-Ala-Tyr(Bn)-Leu-OBn (82)

5 To a solution of Boc-Gly-Ala-Tyr(Bn)-Leu-OBn (81)
(861 mg, 1.23 mmol, 1.0 equiv) in CH,CI, (10 mL)

Y
p o B O B
H H was added TFA (1.5 mL) and the mixture was stirred
CszN/aL[(N\)J\NﬁH(N\?J\N “>C0,Bn
8 H § i H
82

at room temperature for 1 h. The reaction mixture was

concentrated under reduced pressure and the resulting

\©\OBn residue repeatedly dissolved in CH,ClI; (3 x 10 mL)

and concentrated under reduced pressure to give the

crude amine. The residue was dissolved in CH.Cl, (13 mL), Cbhz-Ala-OH (328 mg, 1.47 mmol,

1.2 equiv), HATU (559 mg, 1.47 mmol, 1.2 equiv) and DIPEA (853 uL, 4.90 mmol, 4.0 equiv) were

added subsequently, and the mixture was stirred at room temperature for 16 h. The reaction mixture was

diluted with CHxCl, (20 mL) and washed with 10% citric acid solution (2 x 20 mL) and saturated

NaHCO3 solution (2 x 20 mL), dried over MgSOs, filtered and concentrated under reduced pressure.

The residue was purified by column chromatography (SiO;, CH:Cl/MeOH 19:1—9:1) to give

pentapeptide 82 (928 mg, 1.15 mmol, 93%) as a white solid. R (CH2Cl,/MeOH 9:1) 0.43; mp 219-

221 °C; 'H NMR (400 MHz, DMSO0-d6) &+ ppm 8.28 (d, J = 7.3 Hz, 1H, NH), 8.14 (t, J = 5.3 Hz, 1H,

NH), 7.94 (d, J = 8.2 Hz, 1H, NH), 7.83 (d, J = 7.2 Hz, 1H, NH), 7.53 (d, J = 6.9 Hz, 1H, NH), 7.45—

7.26 (m, 15H, ArH), 7.13 (d, J = 8.5 Hz, 2H, ArH), 6.87 (d, J = 8.5 Hz, 2H, ArH), 5.11 (s, 2H, CHPh),
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5.06-5.01 (m, 3H, CH,Ph, CHHPh), 4.98 (d, J = 12.5 Hz, 1H, CHHPh), 4.45 (td, J = 9.0, 4.4 Hz, 1H,
CHa-Tyr), 4.33 (td, J= 8.8, 5.9 Hz, 1H, CHa-Leu), 4.24 (quint, J = 7.4 Hz, 1H, CHa-Ala), 4.04 (quint,
J =7.1 Hz, 1H, CHa-Ala), 3.68 (t, J = 6.3 Hz, 2H, CH:Gly), 2.91 (dd, J = 13.6, 3.9 Hz, 1H, CHHp-
Tyr), 2.69 (dd, J = 13.6, 9.8 Hz, 1H, CHHp-Tyr), 1.64-1.47 (m, 3H, CHzp-Leu, CHy-Leu), 1.21 (d,
J=17.1Hz, 3H, CHsp-Ala), 1.11 (d, J = 7.0 Hz, 3H, CH3p-Ala), 0.88 (d, J = 6.1 Hz, 3H, CHsd-Leu),
0.82 (d, J = 6.1 Hz, 3H, CH35-Leu); **C NMR (101 MHz, CDCls) 8¢ ppm 172.9 (C=0), 172.1 (C=0),
171.8 (C=0), 171.2 (C=0), 168.4 (C=0), 156.9 (C), 155.8 (C=0, Cbz), 137.2 (C), 136.9 (C), 135.9 (C),
130.2 (CH), 129.8 (C), 128.41 (CH), 128.39 (CH), 128.3 (CH), 128.0 (CH), 127.80 (CH), 127.76 (CH),
127.75 (CH), 127.6 (CH), 114.3 (CH), 69.1 (CH2, Bn), 65.9 (CH, Bn), 65.5 (CH2, Bn), 53.8 (CH, a-
Tyr), 50.4 (CH, a-Leu), 50.2 (CH, a-Ala), 48.0 (CH, a-Ala), 42.1 (CH,, Gly), 39.6 (CH>, B-Leu), 36.4
(CHa, B-Tyr), 24.1 (CH, y-Tyr), 22.7 (CHs, 5-Leu), 21.3 (CHs, 8-Leu), 18.1 (CHs, p-Ala), 17.9 (CHs, B-
Ala); vmax (neat) = 3263, 1708, 1645, 1541, 1236, 1176, 1079, 745, 695 cm™t; MS (ESI*) m/z 830
[M+Na]*; HRMS (ESI*) calcd. for CasHssNsNaOy [M+Na]* 830.3735, found 830.3742; [a]3® ~7.3 (c
0.20, DMF).

H-Ala-Gly-Ala-Tyr-Leu-OH (83)

s To a solution of pentapeptide 82 (820 mg, 1.01 mmol) in
v anhydrous DMF (20 mL) was added 10 wt% Pd/C (82

p B p . .
H\)?\ H\)?\ mg, 10 wt%) and the reaction flask was evacuated, filled
H,N @ N < SNTECO,H
o H o =z H

with nitrogen, evacuated, and placed under an
B atmosphere of hydrogen (balloon). The reaction mixture
83 \©\ was stirred at room temperature for 24 h, placed under
OH nitrogen and filtered through a plug of Celite, which was
washed with MeOH (3x). The filtrate was concentrated in vacuo to give 83 as a tan-coloured solid
(418 mg, 65%), which required no further purification. N.B. The product was isolated as a complex with
2.0 equiv of DMF. mp 215-217 °C (decomposition); 'H NMR (400 MHz, D,0) &4 ppm 7.15 (d,
J=8.2 Hz, 2H, ArH), 6.84 (d, J = 8.2 Hz, 2H, ArH), 4.59 (dd, J=8.7, 5.6 Hz, 1H, CHa-Tyr), 4.26 (q,
J=17.1 Hz, 1H, CHo-Ala), 4.20-4.15 (m, 1H, CHa-Leu), 4.12 (q, J = 7.2 Hz, 1H, CHa-Ala), 3.94 (s,
2H, CH.Gly), 3.12 (dd, J = 14.1, 5.3 Hz, 1H, CHHp-Tyr), 2.92 (dd, J = 11.2, 6.0 Hz, 1H, CHHB-Tyr),
1.60-1.47 (m, 6H, CHz2p-Leu, CHy-Leu, CHsp-Ala), 1.25 (d, J = 7.1 Hz, 3H, CHsp-Ala), 0.89 (d,
J =5.9 Hz, 3H, CHs3-Leu), 0.86 (d, J = 5.8 Hz, 3H, CH3-Leu); *C NMR (101 MHz, D;0) &c ppm
179.4 (C=0), 174.3 (C=0), 171.9 (C=0), 171.7 (C=0), 170.5 (C=0), 154.3 (C), 130.6 (CH), 128.4 (C),
115.4 (CH), 54.7 (CH, a-Tyr), 54.0 (CH, a-Leu), 49.6 (CH, a-Ala), 49.1 (CH, a-Ala), 42.3 (CH,, Gly),
40.8 (CHy, B-Leu), 35.9 (CHy, B-Tyr), 31.3 (CH, y-Tyr), 24.5 (CHs, d-Leu), 22.4 (CHs, 6-Leu), 20.9
(CHs, B-Ala), 16.5 (CHs, B-Ala); vmax (neat) = 3275, 1628, 1512, 1386, 1236, 1086, 845 cm™; MS (ESI*)
m/z 494 [M+H]*, 516 [M+Na]*; HRMS (ESI*) calcd. for CasHssNsO; [M+H]* 494.2609, found
494.2608; [a]37 —14.2 (c 0.30, MeOH).

Preparation of pentapeptide 87

OBn OBn
o 1) TFA L o 1) TFA
—_— —_—
BocHN\)LN OBn  2)Boc-Gly-OH BocHN/\n/N\)J\N OBn  2)Boc-Ala-OH
- N HATU, DIPEA TN HATU, DIPEA
= O O =
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—_— N N
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(0] O (0] O
H 1) TFA H H
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con Iosow ] O
85 86

64%

Boc-Gly-Ala-Tyr(Bn)-OBn (84)

0oBn Toasolution of Boc-Ala-Tyr(Bn)-OBn (69) (2.66 g, 5.00 mmol,
1.0 equiv) in CHCI> (5.0 mL) was added TFA (5.0 mL) and the

H 9 F mixture was stirred at room temperature for 30 min (Caution —
BocHN/\n/ N*‘)J\” a>CO,Bn gas evolution!). The reaction mixture was concentrated under
o p* reduced pressure and the resulting residue repeatedly dissolved

84 in CH,Cl (3 x 10 mL) and concentrated under reduced pressure

to give the crude amine. The residue was dissolved in a mixture of CH2Cl, (50 mL) and DMF (10 mL),
Boc-Gly-OH (1.05 g, 6.00 mmol, 1.2 equiv), HATU (2.28 g, 6.00 mmol, 1.2 equiv) and DIPEA
(3.48 mL, 20.0 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room
temperature for 16 h. The reaction mixture was washed with 10% citric acid solution (2 x 50 mL) and
saturated NaHCOj solution (2 x 50 mL), dried over MgSOsa, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (SiO., PE/EtOAc 1:1—EtOAc) to give
tripeptide Boc-Gly-Ala-Tyr(Bn)-OBn (84) (2.57 g, 4.36 mmol, 87%) as a white foam. R¢ (EtOAc) 0.56;
mp 52-55 °C; *H NMR (400 MHz, CDCl3) 8y ppm 7.44—7.28 (m, 10H, ArH), 6.91 (d, J = 8.4 Hz, 2H,
ArH), 6.82 (d, J = 8.4 Hz, 2H, ArH), 6.59 (d, J = 7.3 Hz, 1H, NH), 6.51 (d, J = 7.1 Hz, 1H, NH), 5.18
(d,J=12.1Hz, 1H, CHHPh), 5.09 (d, J =12.1 Hz, 2H, CHHPh), 5.01 (s, 2H, CH.Ph), 4.83 (dd, J = 13.7,
6.1 Hz, 1H, CHa-Tyr), 4.44 (quint, J = 7.0 Hz, 1H, CHa-Ala), 3.78 (dd, J = 16.8, 5.7 Hz, 1H, CHHGly),
3.70 (dd, J=16.8,5.7 Hz, 1H, CHHGly), 3.07 (dd, J = 14.0, 6.0 Hz, 1H, CHHB-Tyr), 3.01 (dd, J = 14.0,
6.2 Hz, 1H, CHHp-Tyr), 1.66 (br. s, 1H, NH), 1.45 (s, 9H, 3 x CH3, Boc), 1.32 (d, J = 7.0 Hz, 3H, CH3p-
Ala); *C NMR (101 MHz, CDCls) 8¢ ppm 171.7 (C=0), 171.3 (C=0), 169.5 (C=0), 158.0 (C), 156.2
(C=0, Boc), 137.1 (C), 135.2 (C), 130.5 (CH), 128.74 (CH), 128.71 (CH), 128.69 (CH), 128.1 (CH),
127.9 (C), 127.6 (CH), 115.0 (CH), 80.5 (C, Boc), 70.1 (CH,, Bn), 67.4 (CH,, Bn), 53.5 (CH, a-Tyr),
48.8 (CH, a-Ala), 44.3 (CHy, Gly), 37.0 (CH, B-Tyr), 28.4 (CHs, Boc), 18.2 (CHa, p-Ala). N.B. One
aromatic CH signal not observed; vmax (neat) = 3299, 1648, 1509, 1453, 1367, 1239, 1163, 1025, 841,
735, 696 cm™t; MS (ESI*) m/z 590 [M+H]*, 612 [M+Na]*, 628 [M+K]*; HRMS (ESI*) calcd. for
Ca3HagN3NaO; [M+Na]* 612.2680, found 612.2681; [a]3’ —7.7 (c 0.88, CHCly).

Boc-Ala-Gly-Ala-Tyr(Bn)-OBn (85)

oBn To a solution of Boc-Gly-Ala-Tyr(Bn)-OBn (84)

(887 mg, 1.50 mmol, 1.0 equiv) in CH>Cl, (2.0 mL) was

0 H O P added TFA (2.0 mL) and the mixture was stirred at room

BOCHN\?QJ\N/\”/N\E‘QJ\N ©>C0,Bn temperature for 30 min (Caution — gas evolution!). The
: H : H ; ;

p= O B- reaction mixture was concentrated under reduced

pressure and the resulting residue repeatedly dissolved

in CH.Cl, (3 x 10 mL) and concentrated under reduced pressure to give the crude amine. The residue

85
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was dissolved in a mixture of CH,Cl, (15 mL) and DMF (5.0 mL), Boc-Ala-OH (341 mg, 1.80 mmol,
1.2 equiv), HATU (684 mg, 1.80 mmol, 1.2 equiv) and DIPEA (1.05 mL, 6.00 mmol, 4.0 equiv) were
added subsequently, and the mixture was stirred at room temperature for 16 h. The reaction mixture was
washed with 10% citric acid solution (2 x 50 mL) and saturated NaHCOj3 solution (2 x 50 mL), dried
over MgSO,, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (SiO,, EtOAc) to give tetrapeptide Boc-Ala-Gly-Ala-Tyr(Bn)-OBn (85) (725 mg,
1.10 mmol, 73%) as a white solid. R¢ (EtOAc) 0.40; mp 137-143 °C; *H NMR (400 MHz, DMSO-d6)
on 8.32 (d, J = 5.1 Hz, 1H, NH), 8.02 (t, J = 5.1 Hz, 1H, NH), 7.86 (d, J = 7.4 Hz, 1H, NH), 7.46-7.29
(m, 8H, ArH), 7.28-7.23 (m, 2H, ArH), 7.12 (d, J = 8.4 Hz, 2H, ArH), 7.02 (d, J = 6.8 Hz, 1H, NH),
6.89 (d, J = 8.4 Hz, 2H, ArH), 5.05 (s, 4H, 2 x CHPh), 4.45 (dd, J = 14.6, 7.5 Hz, 1H, CHa-Tyr), 4.32
(quint, J = 6.8 Hz, 1H, CHa-Ala), 3.96 (quint, J = 6.9 Hz, 1H, CHa-Ala), 3.72 (dd, J = 16.8, 5.6 Hz,
1H, CHHGIy), 3.66 (dd, J = 16.8, 5.6 Hz, 1H, CHHGly), 2.98 (dd, J = 13.9, 6.3 Hz, 1H, CHHp-Tyr),
2.90 (dd, J = 13.9, 8.3 Hz, 1H, CHHB-Tyr), 1.37 (s, 9H, 3 x CHs, Boc), 1.18 (d, J = 7.1 Hz, 3H, CHsp-
Ala), 1.14 (d, J = 7.0 Hz, 3H, CH3p-Ala); *C NMR (101 MHz, DMSO-d6) ¢ ppm 173.2 (C=0), 172.2
(C=0), 171.2 (C=0), 168.2 (C=0), 157.2 (C), 155.2 (C=0, Boc), 137.2 (C), 135.7 (C), 130.2 (CH),
129.1 (C), 128.4 (CH), 128.3 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 127.6 (CH), 114.6 (CH), 78.2
(C, Boc), 69.1 (CH,, Bn), 66.0 (CH2, Bn), 54.0 (CH, a-Tyr), 49.9 (CH, a-Ala), 47.7 (CH, a-Ala), 42.0
(CHy, Gly), 35.8 (CH,, B-Tyr), 28.2 (CHs, Boc), 18.3 (CHs, B-Ala), 18.0 (CHs, B-Ala); vmax (neat) =
3280, 1638, 1509, 1449, 1387, 1242, 1166, 842, 732, 695 cm™; MS (ESI*) m/z 683 [M+Na]*, 699
[M+K]*; HRMS (ESI*) calcd. for C3sHasNsNaOs [M+Na]* 683.3051, found 683.3054; [a]3’ +5.4 (c
0.72, CHCIs).

Cbz-Leu-Ala-Gly-Ala-Tyr(Bn)-OBn (86)

oBn To a solution of Boc-Ala-Gly-Ala-Tyr(Bn)-

v OBn (85) (642 mg, 0.97 mmol, 1.0 equiv) in

o © H 9 F CH:Cl, (2.0 mL) was added TFA (1.0 mL) and

CbzHN"@ N\j‘QJ\N/\n/N\j‘)J\N «>CO,Bn the mixture was stirred at room temperature for
o p= M o6 © p= M

3

p

30 min (Caution — gas evolution!). The reaction

mixture was concentrated under reduced
pressure and the resulting residue repeatedly dissolved in CH,Cl, (3 x 10 mL) and concentrated under
reduced pressure to give the crude amine. The residue was dissolved in a mixture of CH.Cl> (5.0 mL)
and DMF (5.0 mL), Cbz-Leu-OH (309 mg, 1.16 mmol, 1.2 equiv), HATU (441 mg, 1.16 mmol,
1.2 equiv) and DIPEA (696 uL, 3.88 mmol, 4.0 equiv) were added subsequently, and the mixture was
stirred at room temperature for 16 h. The reaction mixture was washed with 10% citric acid solution (2
x 50 mL) and saturated NaHCOs solution (2 x 50 mL), dried over MgSQs, filtered and concentrated
under reduced pressure. The residue was purified by column chromatography (SiO,, CH,Cl,/MeOH
98:2—96:4) to give pentapeptide Cbz-Leu-Ala-Gly-Ala-Tyr(Bn)-OBn (86) (496 mg, 0.61 mmol, 63%)
as a white solid. Rf (CH,Cl,/MeOH 9:1) 0.37; mp 173-175 °C; 'H NMR (400 MHz, DMSO-d6) &1
ppm 8.35 (d, J = 7.3 Hz, 1H, NH), 8.09 (t, J = 5.2 Hz, 1H, NH), 8.04 (d, J = 6.7 Hz, 1H, NH), 7.89 (d,
J=7.6 Hz, 1H, NH), 7.45-7.23 (m, 16H, ArH, NH), 7.11 (d, J = 8.3 Hz, 2H, ArH), 6.89 (d, J = 8.3 Hz,
2H, ArH), 5.05 (s, 4H, 2 x CHPh), 5.01 (s, 2H, CH2Ph), 4.45 (q, J = 7.2 Hz, 1H, CHa-Tyr), 4.33 (quint,
J=7.1 Hz, 1H, CHa-Ala), 4.26 (quint, J = 6.9 Hz, 1H, CHa-Ala), 4.06 (q, J = 7.2 Hz, 1H, CHa-Leu),
3.73(dd, J = 16.8, 5.4 Hz, 1H, CHHGIy), 3.66 (dd, J = 16.8, 5.4 Hz, 1H, CHHGIy), 2.97 (dd, J = 13.6,
6.4 Hz, 1H, CHHp-Tyr), 2.90 (dd, J = 13.6, 8.3 Hz, 1H, CHHp-Tyr), 1.62 (nonet, J = 6.4 Hz, 1H, CHy-
Leu), 1.43 (t, J = 6.9 Hz, 2H, CH»B-Leu), 1.22 (d, J = 6.9 Hz, 3H, CHsp-Ala), 1.15 (d, J = 6.8 Hz, 3H,
CH3B-Ala), 0.86 (d, J = 6.3 Hz, 3H, CHs-Leu), 0.84 (d, J = 6.2 Hz, 3H, CHsé-Leu); *C NMR (101
MHz, DMSO0-d6) 6c ppm & 172.5 (C=0), 172.24 (C=0), 172.18 (C=0), 171.2 (C=0), 168.1 (C=0),
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157.3 (C), 156.0 (C=0, Cbz), 137.2 (C), 137.1 (C), 135.7 (C), 130.2 (CH), 129.0 (C), 128.4 (CH), 128.3
(CH), 128.0 (CH), 127.9 (CH), 127.79 (CH), 127.76 (CH), 127.7 (CH), 127.6 (CH), 114.6 (CH), 69.2
(CH,, Bn), 66.0 (CH>, Bn), 65.4 (CH2, Bn), 54.0 (CH, a-Tyr), 53.0 (CH, a-Leu), 48.3 (CH, a-Ala), 47.7
(CH, a-Ala), 41.9 (CHy, Gly), 40.6 (CHa, p-Leu), 35.8 (CH., B-Tyr), 24.2 (CH, y-Leu), 23.1 (CHs, 6-
Leu), 21.4 (CHs, 6-Leu), 18.3 (CHs, p-Ala), 18.1 (CHs, B-Ala). N.B. One aromatic CH signal not
observed; vmax (neat) = 3286, 1631, 1510, 1453, 1172, 1026, 840, 734, 695 cm™*; MS (ESI*) m/z 830
[M+Na]*, 846 [M+K]*; HRMS (ESI*) calcd. for CssHs3sNsNaOg [M+Na]* 830.3735, found 830.3741;
[a]Z® —23.3 (¢ 0.20, MeOH).

H-Leu-Ala-Gly-Ala-Tyr-OH (87)

oH To a solution of pentapeptide 86 (402 mg,
. 0.50 mmol) in a mixture of anhydrous MeOH

o} o B (15 mL) and DMF (5.0 mL) was added 10 wt% Pd/C
H@J\ H\Q)J\ 40 10 wt% d th tion flask
H,N@ : N“{f L NNTECOM (40 mg, wt%) an e reaction flask was
z H =z H
o B 87o B=

8

evacuated, filled with nitrogen, evacuated, and

placed under an atmosphere of hydrogen (balloon).
The reaction mixture was stirred at room temperature for 16 h, placed under nitrogen and filtered through
a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated in vacuo to give 87
as an off-white solid (199 mg) in 64% yield. N.B. The product was obtained as a complex with 2.0 equiv
of DMF. mp 109-113 °C; *H NMR (400 MHz, DMSO-d6) &x ppm 8.60 (br. s, 1H, OH), 8.22 {t,
J=4.9Hz, 1H, NH), 8.04 (d, J = 7.2 Hz, 1H, NH), 7.68 (d, J = 7.2 Hz, 1H, NH), 6.95 (d, J = 8.2 Hz,
2H, ArH), 6.60 (d, J=8.2 Hz, 2H, ArH), 4.33—4.24 (m, 2H, CHa-Ala, NH), 4.21 (quint, J = 7.3 Hz, 1H,
CHo-Ala), 4.13 (dd, J=12.6, 6.8 Hz, 1H, CHa-Tyr), 3.69 (d, J =5.2 Hz, 2H, CH:Gly), 3.50 (dd, J = 7.5,
6.6 Hz, 1H, CHo-Leu), 2.93 (dd, J = 13.6, 5.0 Hz, 1H, CHHp-Tyr), 2.79 (dd, J =13.6, 7.0 Hz, 1H,
CHHp-Tyr), 1.68 (nonet, J = 6.7 Hz, 1H, CHy-Leu), 1.56-1.47 (m, 1H, CHHB-Leu), 1.43-1.34 (m, 1H,
CHHp-Leu), 1.23 (d, J=7.0 Hz, 3H, CHsB-Ala), 1.17 (d, J = 7.0 Hz, 3H, CHsB-Ala), 0.88 (d, J = 6.5 Hz,
3H, CHasd-Leu), 0.85 (d, J = 6.5 Hz, 3H, CHz6-Leu). N.B. Three protic NH/OH signals not observed,;
13C NMR (101 MHz, DMSO-d6) 8¢ ppm 172.2 (C=0), 171.84 (C=0), 171.75 (C=0), 171.3 (C=0),
168.3 (C=0), 155.7 (C), 130.3 (CH), 128.2 (C), 114.8 (CH), 54.8 (CH, a-Tyr), 52.0 (CH, o-Leu), 48.5
(CH, a-Ala), 48.4 (CH, a-Ala), 42.1 (CH,, Gly), 41.7 (CH,, B-Leu), 36.2 (CH., B-Tyr), 23.8 (CH, v-
Leu), 22.9 (CHs, 6-Leu), 21.9 (CHs, 5-Leu), 18.12 (CHs, B-Ala), 18.07 (CHs, B-Ala); vmax (neat) = 3279,
1631, 1511, 1450, 1385, 1237, 1172, 833, 733, 695 cm™; MS (ESI*) m/z 494 [M+H]*, 516 [M+Na]*;
HRMS (ESI*) calcd. for Ca3HssNsO7 [M+H]* 494.2609, found 494.2609; [a]° +8.7 (c 0.30, MeOH).

Cyclo(Ala-Gly-Ala-Tyr-Leu) (25)
HO Representative example for cyclisation using DEPBT

P 0o To a solution of H-Ala-Gly-Ala-Tyr-Leu-OH (83) (50 mg, 0.10 mmol,
o) a N/l%“‘?\ 1.0 equiv) in anhydrous DMF (100 mL, 0.001 M) under an atmosphere of
TﬁH H“N nitrogen was added DEPBT (60 mg, 0.20 mmol, 2.0 equiv) and DIPEA
5 i A /7;0 (35 uL, 0.20 mmol, 2.0 equiv) and the mixture was stirred for 24 h at room
\( §\NH HN temperature. The solvent was removed in vacuo and the residue was
= 25  purified twice by column chromatography (SiO;, CH.Cl,/MeOH

9:1—4:1) to give the cyclic pentapeptide 25 as a white solid (20 mg,

42 umol, 42%). Ri (CH2Cl./MeOH 4:1) 0.48; mp 294-296 °C (decomposition). Lit. 284-286 °C;11H
NMR (400 MHz, CD3;0OD) &+ ppm 7.08 (d, J = 8.4 Hz, 2H, ArH), 6.70 (d, J = 8.4 Hz, 2H, ArH), 4.51
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(t, J=8.0 Hz, 1H, CHa-Tyr), 4.34 (q, J = 7.0 Hz, 1H, CHa-Ala), 4.19 (q, J = 7.3 Hz, 1H, CHa-Ala),
4.04 (dd, J = 10.5, 5.2 Hz, 1H, CHa-Leu), 3.98 (d, J = 14.7 Hz, 1H, CHH-Gly), 3.59 (d, J = 14.7 Hz,
1H, CHH-Gly), 3.06 (dd, J=12.3, 6.1 Hz, 1H, CHHp-Tyr), 3.01 (dd, J = 12.3, 7.5 Hz, 1H, CHHpB-Tyr),
1.86 (ddd, J = 13.5, 10.7, 4.8 Hz, 1H, CHHp-Leu), 1.57-1.48 (m, 1H, CHHp-Leu), 1.47-1.40 (m, 1H,
CHy-Leu), 1.37 (d, J = 7.1 Hz, 3H, CH3p-Ala), 1.28 (d, J = 7.3 Hz, 3H, CH3B-Ala), 0.93 (d, J = 6.5 Hz,
3H, CH3d-Leu), 0.86 (d, J = 6.4 Hz, 3H, CH33-Leu); *C NMR (101 MHz, CD3;0OD) &¢c ppm 175.5
(C=0), 175.03 (C=0), 174.98 (C=0), 173.7 (C=0), 172.0 (C=0), 157.4 (C), 131.3 (CH), 128.8 (C),
116.2 (CH), 57.2 (CH, a-Tyr), 56.2 (CH, a-Leu), 51.8 (CH, a-Ala), 50.6 (CH, a-Ala), 44.4 (CH,, Gly),
40.4 (CHy, B-Leu), 37.0 (CHa, B-Tyr), 25.9 (CH, y-Leu), 23.4 (CHs, 8-Leu), 21.7 (CHs, 6-Leu), 17.7
(CHs, B-Ala), 17.1 (CHs, B-Ala); vmax (neat) = 3279, 1648, 1631, 1530, 1514, 1440, 1384, 1226, 1087
cmt; MS (ESI*) m/z 498 [M+Na]*; HRMS (ESI*) calcd. for Cx3HasNsNaOs [M+Na]* 498.2323, found
498.2322; [a]3® —82.8 (¢ 0.20, MeOH). Lit. [a]3° —104 (¢ 0.10, C;HsOH).®

Preparation of cyclic pentapeptides 13 and 25 by different bond formations, to be read in conjunction
with Table 3 in paper.

43%

(+13%) o 30%“1\ o
N
o HN/XQNH Me N HN/\/LNH Me
Me e
NH ~~ 31% NH T 24941
57% <7 (+7%)  40% /?
(+17°/o
51% 31%
+20°/0
Linear pentapeptide Cyclic peptide 1%t run 2" run Average yield
H-GOx-Ala-Tyr-Leu-Ala-OH (80) 13 43% 43% 43%
H-Ala-GOx-Ala-Tyr-Leu-OH (68) 13 54% 60% 57%
H-Leu-Ala-GOx-Ala-Tyr-OH (73) 13 56% 46% 51%
H-Tyr-Leu-Ala-GOx-Ala-OH (63) 13 32% 30% 31%
H-Ala-Gly-Ala-Tyr-Leu-OH (83) 25 42% 38% 40%
H-Leu-Ala-Gly-Ala-Tyr-OH (87) 25 33% 29% 31%

2.8 Preparation of cyclic pentapeptide 92

o)
(o] 1) TFA N OB 1) TFA
—_ n —_—
BOCHN\_)J\N OBn 2) Boc-Sar-OH BOCT/\H/ \_)J\” 2) Boc-Ala-OH
: H g EDC, HOBt o - o) EDC, HOBt
NMM 88 NMM
65% 62%
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Bn

0 oo 1)TFA
BocHN\E)J\N/\n/N\E)J\N OBn oo™ ChzkN \)L /\[r \)L 0Bn
= o = H o EDC, HOBt

NMM

84% \@\

OH .0
O NJH
H,, Pd/C /(©/ DDIIEIEIIE?’; ﬁ\H HN
2

\)J\N/\"/N\)J\N CO,H _— \("" \ fo
99% : H 36% NH N

Boc-Sar-Ala-Tyr(Bn)-OBn (88)

o B To a solution of Boc-Ala-Tyr(Bn)-OBn (69) (3.19 g, 6.00 mmol,
BOCAI%N/(!\W“&COZB” 1.0 equiv) in CH.Cla (6.0 mL) was added TFA (6.0 mL) and the
H mixture was stirred at room temperature for 1 h (Gas evolution!).
S The mixture was concentrated under reduced pressure and the
88 \©\ OBn resulting residue repeatedly dissolved in CH2Cl» (3 x 25 mL) and
concentrated in vacuo to give the crude amine. The residue was
dissolved in CHyCl, (60 mL), Boc-Sar-OH (1.14 g, 6.00 mmol, 1.0 equiv), EDC-HCI (1.15 g,
6.00 mmol, 1.0 equiv), HOBt-H,O (0.81 g, 6.00 mmol, 1.0 equiv) and NMM (2.64 mL, 24.0 mmol,
4.0 equiv) were added, and the mixture was stirred at room temperature for 24 h. The mixture was
diluted with EtOAc (60 mL) and washed with brine (3 x 100 mL), dried over Na,SO., filtered and
concentrated in vacuo. The residue was purified by column chromatography (SiO,, EtOAC/PE 1:1) to
give Boc-Sar-Ala-Tyr(Bn)-OBn (88) (2.64 g, 3.91 mmol, 65%) as a white foam. Rs (EtOAC/PE 1:1)
0.17; mp 118-121 °C; 'H NMR (500 MHz, CDCl3) 84 7.44-7.27 (m, 10H, ArH), 6.92 (d, J = 8.4 Hz,
2H, ArH), 6.82 (d, J = 8.4 Hz, 2H, ArH), 6.70-6.38 (m, 2H, 2 x NH), 5.17 (d, J = 12.1 Hz, 1H, CHHPh),
5.09 (d, J = 12.1 Hz, 1H, CHHPh), 5.00 (s, 2H, CH,Ph), 4.82 (dd, J = 13.2, 6.1 Hz, 1H, CHo-Tyr), 4.47
(s, IH CHa-Ala), 3.90-3.70 (m, 2H, CH,Sar), 3.09-3.00 (m, 2H, CH2fTyr), 2.90 (s, 3H, NCH3), 1.46
(s, 9H, 3 x CHs, Boc), 1.32 (d, J = 6.9 Hz, 3H, CH3B-Ala); *C NMR (126 MHz, CDCls) 8¢ 171.6 (C=0),
171.2 (C=0), 158.1 (C), 156.5 (C=0, Boc), 137.1 (C), 135.2 (C), 130.4 (CH), 128.73 (CH), 128.70
(CH), 128.66 (CH), 128.1 (CH), 127.8 (C), 127.6 (CH), 115.0 (CH), 80.9 (C, Boc), 70.1 (CH,, Bn), 67.4
(CH2, Bn), 53.5 (CH, a-Tyr), 53.0 (CH,, Sar), 48.7 (CH, a-Ala), 37.0 (CH., B-Tyr), 35.9 (NCH3), 28.4
(CHs, Boc), 18.1 (CHs, B-Ala). N.B. C=0 Boc, CHy, Sar and CHa, B-Ala are broad and not seen clearly,
assignment by HSQC and HMBC correlations; one aromatic CH not observed; vmax (neat) = 3282, 2974,
1731, 1699, 1638, 1117 cm™!; MS (ESI*) m/z 626 [M+Na]*; HRMS (ESI*) calcd. for CssHa1N3sNaO-
[M+Na]* 626.2837, found 626.2835; [a]3’ —38.0 (¢ 0.12, MeOH).

Boc-Ala-Sar-Ala-Tyr(Bn)-OBn (89)

5 o B To a solution of Boc-Sar-Ala-Tyr(Bn)-OBn (88)
H . . . iv) i .

,L\)J\ N cosBn (2.05 g, 3.40 mmol, 1.0 equiv) in F:HQCIQ (5.0 mL) was
BocHN @ H a T added TFA (5.0 mL) and the mixture was stirred at
o O B room temperature for 1h (Gas evolution!). The
\©\ mixture was concentrated in vacuo and the residue
©OBn repeatedly dissolved in CH.Cl, (3 x 25 mL) and

concentrated in vacuo to give the crude amine. The residue was dissolved in CH2Cl, (34 mL), Boc-Ala-
OH (0.64 g, 3.40 mmol, 1.0 equiv), EDC-HCI (0.65 g, 3.40 mmol, 1.0 equiv), HOBt-H.O (0.46 g,

S51

89



3.40 mmol, 1.0 equiv) and NMM (1.50 mL, 13.6 mmol, 4.0 equiv) were added, and the mixture was
stirred at room temperature for 24 h. The mixture was diluted with EtOAc (40 mL) and washed with
brine (3 x 60 mL), dried over Na.SQO., filtered and concentrated in vacuo. The residue was purified by
column chromatography (SiOz, CH:Cl,/MeOH 97:3) to give Boc-Ala-Sar-Ala-Tyr(Bn)-OBn (89)
(1.42 g, 2.11 mmol, 62%) as a white foam. R¢ (CH.Clo/MeOH 97:3) 0.32; mp 69-72 °C; ‘H NMR
(500 MHz, DMSO-d6) 6y 7.86 (d, J =5.7 Hz, 1H, NH), 7.47-7.24 (m, 10H, ArH), 7.10 (d, J = 8.5 Hz,
2H, ArH), 6.90 (d, J = 8.5 Hz, 2H, ArH), 6.23 (s, 1H, NH), 5.11-5.04 (m, 4H, 2 x CHPh), 4.56 (q,
J=7.2Hz, 1H, CHa-Tyr), 4.46-4.30 (m, 2H, 2 x CHa-Ala), 4.07-3.78 (m, 2H, CHSar), 3.03 (dd,
J=14.1,6.3 Hz, 1H, CHHpTyr), 2.98-2.94 (m, 1H, CHHBTyr), 1.39 (s, 9H, 3 x CHjs, Boc), 1.23-1.17
(m, 6H, 2 x CHsB-Ala). N.B. NCHs and one NH signal not observed; *C NMR (126 MHz, DMSO-d6)
dc 172.3 (C=0), 171.4 (C=0), 170.3 (C=0), 167.1 (C=0), 156.9 (C), 154.2 (C=0, Boc), 136.9 (C),
135.3 (C), 129.5 (CH), 128.8 (C), 127.7 (CH), 127.6 (CH), 127.3 (CH), 127.2 (CH), 127.0 (CH), 126.8
(CH), 114.4 (CH), 77.7 (C, Boc), 69.2 (CH>, Bn), 65.5 (CH2, Bn), 53.3 (CH, a-Tyr), 47.6 (CH, a-Ala),
45.7 (CH, a-Ala), 35.6 (CH2, B-Tyr), 27.6 (CHs, Boc), 17.3 (CHsB-Ala), 17.1 (CHsB-Ala). N.B. NCHs
and CHy, Sar not observed, assignment by HSQC and HMBC correlations; vmax (neat) = 2986, 1744,
1714, 1654, 1164, 1013 cm'; MS (ESI*) m/z 697 [M+Na]*; HRMS (ESI*) calcd. for C37HssNsNaOg
[M+Na]* 697.3208, found 697.3211; [a]3’ —43.0 (c 0.11, MeOH).

Cbz-Leu-Ala-Sar-Ala-Tyr(Bn)-OBn (90)
To a solution of 89 (1.33 g, 2.06 mmol,

o o
H L
CbZHN\(.X)J\N@'\”/'L\)J\N%(N\;«/COZBn 1.0 equiv) in CH,Cl2 (3.0 mL) was added TFA
: H H :
B o O

(3.0 mL) and the mixture was stirred at room
ﬁ/ \©\ temperature for 1 h (Gas evolution!). The
5 20 OB mixture was concentrated under reduced
pressure and the resulting residue repeatedly
dissolved in CH.Cl (3 x 25 mL) and concentrated in vacuo to give the crude amine. The residue was
dissolved in CH.Cl, (21 mL), Cbz-Leu-OH (0.559, 2.06 mmol, 1.0 equiv), EDC-HCI (0.39 g,
2.06 mmol, 1.0 equiv), HOBt-H,O (0.28 g, 2.06 mmol, 1.0 equiv) and NMM (0.91 mL, 8.22 mmol,
4.0 equiv) were added, and the mixture was stirred at room temperature for 24 h. The mixture was
diluted with EtOAc (25 mL) and washed with brine (3 x 40 mL), dried over Na,SO, filtered and
concentrated in vacuo. The residue was purified by column chromatography (SiO2, CH.Cl,/MeOH 19:1)
to give pentapeptide 90 (1.43 g, 1.73 mmol, 84%) as a white foam. R (CH2Cl,/MeOH 19:1) 0.35; mp
77-80 °C; *H NMR (500 MHz, DMSO-d6) 64 7.79 (s, 1H, NH), 7.55 (d, J = 6.4 Hz, 1H, NH), 7.38—
7.19 (m, 16H, ArH, NH), 7.03 (d, J = 8.3 Hz, 2H, ArH), 6.82 (d, J = 8.3 Hz, 3H, ArH, Cbz NH), 5.12—
4.87 (m, 6H, 3 x CH,Ph), 4.68-4.59 (m, 1H, CHa-Ala), 4.50 (q, J = 7.3 Hz, 1H, CHa-Tyr), 4.29 (quint,
J = 6.9 Hz, 1H, CHa-Ala), 4.13-3.65 (m, 3H, CHa-Leu, CHSar), 2.95 (dd, J = 14.1, 6.3 Hz, 1H,
CHHBTyr), 2.91-2.87 (m, 1H, CHHBTyr), 1.60 (m, 1H, CHy-Leu), 1.49-1.37 (m, 2H, CH2p-Leu), 1.14
(d, J=6.9 Hz, 6H, 2 x CH3B-Ala), 0.82 (d, J = 6.8 Hz, 3H, CH36-Leu), 0.80 (d, J = 6.6 Hz, 3H, CH35-
Leu). N.B. NCHjs signal not observed; *C NMR (126 MHz, DMSO-d6) §c 171.8 (C=0), 171.4 (C=0),
170.9 (C=0), 170.4 (C=0), 167.0 (C=0), 156.9 (C), 155.2 (C=0, Cbhz), 136.9 (C), 136.6 (C), 135.3 (C),
129.5 (CH), 128.8 (C), 127.69 (CH), 127.66 (CH), 127.6 (CH), 127.3 (CH), 127.2 (CH), 127.0 (CH),
126.83 (CH), 126.77 (CH), 114.5 (CH), 69.2 (CH2, Bn), 65.5 (CHz, Bn), 65.1 (CH2, Bn), 53.3 (CH, a-
Tyr), 53.1 (CH, a-Leu), 50.7 (CH,, Sar), 47.7 (CH, a-Ala), 44.2 (CH, a-Ala), 40.4 (CHy, B-Leu), 35.6
(CHy, B-Tyr), 23.8 (CH, y-Leu), 22.2 (CHs, 4-Leu), 21.0 (CHs, 6-Leu), 17.3 (CH3p-Ala), 17.0 (CHsp-
Ala). N.B. NCH3 and one aromatic CH not observed; vmax (neat) = 3277, 2955, 1719, 1632, 1452, 1174
cm!; MS (ESI*) m/z 844 [M+Na]*; HRMS (ESI*) calcd. for C4sHssNsNaOg [M+Na]* 844.3892, found
844.3894; [a]3’ —39.0 (c 0.12, MeOH).
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H-Leu-Ala-Sar-Ala-Tyr-OH (91)
To a solution of pentapeptide 90 (821 mg,

0 B 0 p
H - .
HzN\f‘QJ\NQ'L\[(’L\)J\N/g(N\?/COW 1.0 mmol, 1.0 equiv) in MeOH (10 mL) was added
:B H o H o B:
Y

10 wt% Pd/C (82 mg, 10 wt%) and the reaction
Y \©\ flask was evacuated, filled with nitrogen,
3 91 OH evacuated, and placed under an atmosphere of
hydrogen (balloon). The reaction mixture was
stirred at room temperature for 16 h, placed under nitrogen and filtered through a plug of Celite, which
was washed with MeOH (3x). The filtrate was concentrated in vacuo to give H-Leu-Ala-Sar-Ala-Tyr-
OH (91) as a white solid (506 mg, 0.99 mmol, 99%), which required no further purification. mp 179-
182 °C; *"H NMR (600 MHz, DMSO-d6 @ 373 K) 81 7.00 (d, J = 8.2 Hz, 2H, ArH), 6.67 (d, J = 8.2 Hz,
2H, ArH), 4.80-4.66 (m, 1H, CHo-Ala), 4.40 (d, J = 5.7 Hz, 1H, CHo-Tyr), 4.36-4.29 (m, 1H, CHa-
Ala), 4.05-3.97 (m, 1H, CHHSar), 3.57-3.46 (m, 1H, CHa-Leu), 2.97 (dd, J = 14.0, 5.5 Hz, 1H, CHH}-
Tyr), 2.85 (dd, J = 14.0, 7.7 Hz, 1H, CHHpB-Tyr), 1.79-1.69 (m, 1H, CHy-Leu), 1.61-1.51 (m, 1H
CHHp-Leu), 1.47-1.39 (m, 1H, CHHp-Leu), 1.24 (d, J = 6.5 Hz, 3H, CHsp-Ala), 1.22 (d, J = 7.0 Hz,
3H, CHsB-Ala), 0.91 (d, J = 6.6 Hz, 3H, CHzd-Leu), 0.89 (d, J = 6.6 Hz, 3H, CHsd-Leu). N.B. CHzp-
Tyr peaks overlap with water signal; NH protons, NCH3; and CHHSar broad and not visible; Data
reported are for the major conformational isomer: *C NMR (151 MHz, DMSO-d6 @ 373 K) 6¢c 171.9
(C=0), 171.7 (C=0), 171.2 (2 x C=0), 167.0 (C=0), 155.5 (C), 129.4 (CH), 127.1 (C), 114.7 (CH),
53.3 (CH, a-Tyr), 51.6 (CH, a-Leu), 50.3 (CHy, Sar) 47.9 (CH, a-Ala), 44.3 (CH, a-Ala), 41.5 (CH,, p-
Leu), 35.8 (CHa, B-Tyr), 23.4 (CH, y-Leu), 22.2 (CHs, -Leu), 21.5 (CHs, 5-Leu), 17.4 (CHsp-Ala). N.B.
Both CH3p-Ala peaks overlap, NCHs not observed; vmax (neat) = 3223, 2955, 1637, 1512, 1226 cm;
MS (ESI*) m/z 508 [M+H]*, 530 [M+Na]*; HRMS (ESI*) calcd. for C2:H37NsNaO- [M+Na]*530.2585,
found 530.2587; [a]4’ —14.0 (¢ 0.07, MeOH).

Cyclo(Leu-Ala-Sar-Ala-Tyr) (92)

HO To a solution of H-Leu-Ala-Sar-Ala-Tyr-OH (91) (51 mg, 0.10 mmol,
\©\ 1.0 equiv) in anhydrous DMF (100 mL, 0.001 m) under an atmosphere of

E g  Nitrogen was added DEPBT (60 mg, 0.20 mmol, 2.0 equiv) and DIPEA

Oﬁmﬂ o (35 pL, 0.20 mmol, 2.0 equiv) and the mixture was stirred for 24 h at room

s B aNH HN o temperature. The solvent was removed under reduced pressure, and the
\( ;NH \Nf residue was purified twice by column chromatography (SiO,, CHCl,/
0 \e 92 MeOH 92.5:7.5—9:1) to give cyclic pentapeptide 92 as a white solid

By o (1% run: 19.0 mg, 39 umol, 39%; 2™ run: 15.8 mg, 33 umol, 33%). Rs
(CH:Cl,/MeOH 9:1) 0.36; mp 179-182 °C; *H NMR (500 MHz, CD;OD) & 7.07 (d, J = 8.3 Hz, 2H,
ArH), 6.71 (d, J = 8.3 Hz, 2H, ArH), 4.85-4.83 (m, 1H, CHa-Ala), 4.49 (d, J = 14.0 Hz, 1H, CHHSar),
4.35 (t, J = 8.0 Hz, 1H, CHa-Tyr), 4.23 (g, J = 7.3 Hz, 1H, CHa-Ala), 3.83 (dd, J = 11.3, 4.9 Hz, 1H,
CHa-Leu), 3.29-3.27 (m, 1H, CHHSar), 3.16 (s, 3H, NCHs), 3.03 (dd, J = 13.3, 7.8 Hz, 1H, CHHp-
Tyr), 2.97 (dd, J = 13.3, 8.3 Hz, 1H, CHHB-Tyr), 2.00 (ddd, J = 13.8, 11.5, 4.5 Hz, 1H, CHHp-Leu),
1.50 (ddd, J = 14.5, 10.0, 5.0 Hz, 1H, CHHp-Leu), 1.32 (d, J = 6.7 Hz, 3H, CHasp-Ala), 1.30 (d,
J=7.4 Hz, 3H, CH3p-Ala), 1.28-1.22 (m, 1H, CHy-Leu), 0.88 (d, J = 6.6 Hz, 3H, CH35-Leu), 0.77 (d,
J=6.6 Hz, 3H, CH36-Leu). N.B. CHHSar and one CHa-Ala signal overlaps with MeOH and H20 solvent
signal respectively, assignment by HMBC & HSQC; *C NMR (126 MHz, CD3;0D) &¢ 175.0 (C=0),
174.91 (C=0), 174.89 (C=0), 173.3 (C=0), 171.9 (C=0), 157.4 (C), 131.4 (CH), 128.9 (C), 116.2 (CH),
57.7 (CH, a-Tyr), 57.5 (CH, a-Leu), 54.4 (CHy, Sar), 51.0 (CH, a-Ala), 46.8 (CH, a-Ala), 39.7 (CH,
B-Leu), 37.9 (NCHs), 36.6 (CH., B-Tyr), 25.7 (CH, y-Leu), 23.5 (CHs, é-Leu), 21.2 (CHs, 5-Leu), 18.3

(CHa, B-Ala), 17.6 (CHs, B-Ala); vmax (neat) = 3275, 2957, 1631, 1513, 1170 cm™*; MS (ESI*) m/z 512
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[M+Na]*; HRMS (ESI*) calcd. for CasHasNsNaOs [M+Na]* 512.2480, found 512.2484; [a]2? ~119 (¢
0.06, MeOH).

2.9 Preparation of cyclic pentapeptide 98

Bn
R (0.5 equw) \)j\ 1) TFA
N\)L /E’E?n/ N ogn MNTFA
BocHN/\"/ BocHN/\"/ 2) Boc-Ala-OH

81% HATU, DIPEA

82%
Bn

OBn
o o) 0 0
H 1) TFA H H
R A —" .
BocHN\:)J\N/\[rN\:)J\N OB ) CbzLeu-OH  CbzHN N\;)J\N/\[rN\;)J\N o8n
I H s 2 H HATU, DIPEA o : H g = H g
95

47%

Hz Raney Ni H,, Pd/C
CszN¢ QLN/\/NQL o HapdC

30% 0
(70% BRSM) 93%

OH E
Oﬁ/\N o
N/\/N f
-

Boc-Gly-w[CSNH]Ala-Tyr(Bn)-OBn (93)

oBn According to a modified procedure by Lawesson,[ to a solution
of Boc-Gly-Ala-Tyr(Bn)-OBn (84) (5.39¢g, 9.14 mmol,
1.0 equiv) in anhydrous THF (5.0 mL) was added Lawesson’s

H
BocHN/\n/N\?QJ\N «>CO,Bn reagent (1.859, 4.57 mmol, 0.5equiv) and the mixture was
: H stirred at room temperature overnight. The reaction mixture was
93 concentrated under reduced pressure and the residue was

purified by column chromatography (SiO,, PE/EtOAc 2:1—1:1) to give tripeptide 93 (4.65 g,
7.67 mmol, 84%) as a white solid. R¢ (PE/EtOAc 1:1) 0.39; mp 53-55 °C; *H NMR (400 MHz, CDCls)
8n ppm 8.52 (s, 1H, NH), 7.45-7.28 (m, 10H, ArH), 6.92 (d, J = 7.8 Hz, 2H, ArH), 6.83 (d, J = 7.8 Hz,
2H, ArH), 6.41 (d, J =7.4 Hz, 1H, NH), 5.19 (d, J = 12.2 Hz, 1H, CHHPh), 5.14 (br. s, 1H, NH), 5.11
(d, J=12.2 Hz, 1H, CHHPh), 5.02 (s, 2H, CH2Ph), 4.98 (q, J= 6.9 Hz, 1H, CHo-Ala), 4.86 (dd, J = 12.9,
6.4 Hz, 1H, CHa-Tyr), 4.18 (dd, J = 17.1, 6.1 Hz, 1H, CHHGIy), 4.09 (dd, J=17.1, 5.6 Hz, 1H,
CHHGIy), 3.11-3.00 (m, 2H, CH2B-Tyr), 1.46 (s, 9H, 3 x CHs, Boc), 1.43 (d, J = 6.9 Hz, 3H, CH3p-
Ala); 3C NMR (101 MHz, CDCls) 8¢ ppm 199.6 (C=S), 171.1 (C=0), 170.5 (C=0), 158.1 (C), 137.1
(C), 135.1 (C), 130.6 (CH), 128.80 (CH), 128.78 (CH), 128.75 (CH), 128.7 (CH), 128.1 (CH), 127.7
(C), 127.6 (CH), 115.1 (CH), 80.7 (C, Boc), 70.1 (CHz, Bn), 67.5 (CH2, Bn), 53.9 (CH, a-Ala), 53.6
(CH, o-Tyr), 52.3 (CHa, Gly), 37.1 (CH2, B-Tyr), 28.4 (CHs, Boc), 17.3 (CHs, B-Ala). N.B. C=0, Boc
not observed; vmax (n€at) = 3308, 2977, 1667, 1509, 1239, 1159, 1023, 734, 695 cm™; MS (ESI*) m/z
628 [M+Na]*; HRMS (ESI*) calcd. for CasHasNsNaOsS [M+Na]* 628.2452, found 628.2455; [a]3” —
53.8 (c 0.50, CHCIls).
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Boc-Ala-Gly-w[CSNH]Ala-Tyr(Bn)-OBn (94)

oBn To a solution of Boc-Gly-y[CSNH]Ala-Tyr(Bn)-OBn
(93) (4.42 g, 7.30 mmol, 1.0 equiv) in CH2Cl, (8.0 mL)

% h 9 F was added TFA (8.0 mL) and the mixture was stirred at
BOCHN\E'QJ\N/\WN\E‘QJ\N ©>C0,8Bn room temperature for 1 h (Caution — gas evolution!). The
- reaction mixture was concentrated under reduced

94 pressure and the resulting residue repeatedly dissolved in

CH,CI; (3 x 15 mL) and concentrated under reduced pressure to give the crude amine. The residue was
dissolved in CH.CI; (73 mL), Boc-Ala-OH (1.66 g, 8.76 mmol, 1.2 equiv), HATU (3.33 g, 8.76 mmol,
1.2 equiv) and diisopropylethylamine (5.09 mL, 29.2 mmol, 4.0 equiv) were added subsequently, and
the reaction mixture was stirred at room temperature for 16 h. The mixture was washed with 10% citric
acid solution (2 x 50 ml) and saturated NaHCO3 solution (2 x 50 ml), dried over MgSOQs., filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (SiO,
PE/EtOAc 1:1—EtOAc) to give tetrapeptide 94 (4.04 g, 5.96 mmol, 82%) as a white solid. Rs (EtOAc)
0.60; mp 69-71 °C; *H NMR (400 MHz, CDCls) 84 8.69 (d, J = 6.9 Hz, 1H, NH), 7.44-7.28 (m, 10H,
ArH), 7.06 (br. s, 1H, NH), 6.94 (d, J = 8.0 Hz, 2H, ArH), 6.81 (d, J = 8.0 Hz, 2H, ArH), 6.58 (br. d,
J=6.8 Hz, 1H, NH), 5.17 (d, J = 12.1 Hz, 1H, CHHPh), 5.12 (br. s, 1H, NH), 5.09 (d, J = 12.1 Hz, 1H,
CHHPh), 5.02-4.95 (m, 3H, CH,Ph, CHa-Ala), 4.84 (g, J = 6.6 Hz, 1H, CHa-Tyr), 4.33 (dd, J = 17.0,
6.0 Hz, 1H, CHHGIy), 4.23 (dd, J = 17.0, 4.9 Hz, 1H, CHHGIy), 4.08 (g, J = 6.8 Hz, 1H, CHa-Ala),
3.11-2.99 (m, 2H, CH2B-Tyr), 1.46-1.42 (m, 12H, CH3B-Ala, 3 x CH3s, Boc), 1.32 (d, J = 7.1 Hz, 3H,
CHsp-Ala); *C NMR (101 MHz, CDCI3) &¢c ppm 199.2 (C=S), 174.0 (C=0), 171.3 (C=0), 170.6
(C=0), 158.0 (C), 156.0 (C=0, Boc), 137.1 (C), 135.1 (C), 130.6 (CH), 128.72 (CH), 128.65 (CH),
128.1 (CH), 128.0 (C), 127.6 (CH), 115.0 (CH), 80.8 (C, Boc), 70.1 (CH2, Bn), 67.4 (CH,, Bn), 54.6
(CH, a-Ala), 53.6 (CH, a-Tyr), 51.0 (CH, a-Ala), 50.6 (CHz, Gly), 37.0 (CH2, B-Tyr), 28.5 (CHs, Boc),
17.8 (CHs, B-Ala), 17.1 (CHa, B-Ala); vmax (neat) = 3272, 2977, 1660, 1510, 1241, 1163, 1022, 841, 735,
696 cmt; MS (ESI*) m/z 677 [M+H]*, 699 [M+Na]*; HRMS (ESI*) calcd. for C3sHsaNsNaO;S [M+Na]*
699.2823, found 699.2821; [a]3’ —29.0 (c 0.10, CHCI).

Cbz-Leu-Ala-Gly-y[CSNH]Ala-Tyr(Bn)-OBn (95)

oBn To a solution of Boc-Ala-Gly- w[CSNH]Ala-
Tyr(Bn)-OBn (94) (676 mg, 1.00 mmol,

8

Y
VI u 9 P 1.0 equiv) in CHzCI% (2.0 mL) was added TFA
CbzHN"@ N\E‘QJ\N/\WN\E‘J\N a>CO,Bn (2.0 mL) and the mixture was stirred at room
o p: T g g H temperature for 1 h (Caution — gas evolution!).
95 The reaction mixture was concentrated under

reduced pressure and the resulting residue repeatedly dissolved in CH2Cl, (3 x 10 mL) and concentrated
under reduced pressure to give the crude amine. The residue was dissolved in a mixture of CHxCl;
(8.0mL) and DMF (2.0mL), Cbz-Leu-OH (531 mg, 2.00 mmol, 2.0 equiv), HATU (760 mg,
2.00 mmol, 2.0 equiv) and diisopropylethylamine (1.05 mL, 6.00 mmol, 6.0 equiv) were added
subsequently, and the reaction mixture was stirred at room temperature for 16 h. The mixture was
washed with 10% citric acid solution (2 x 50 ml) and saturated NaHCO3 solution (2 x 50 ml), dried over
MgSO,, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (SiO,, PE/EtOAc 1:1—EtOAc) to give pentapeptide Cbz-Leu-Ala-Gly-y[CSNH]Ala-
Tyr(Bn)-OBn (95) (388 mg, 0.47 mmol, 47%) as a white solid. R¢ (EtOAc) 0.48; mp 71-73 °C; 'H
NMR (400 MHz, CDCls) 64 8.78 (d, J = 6.4 Hz, 1H, NH), 7.43-7.26 (m, 16H, ArH, NH), 6.93 (d,
J=8.3Hz, 2H, ArH), 6.81 (br. s, 1H, NH), 6.80 (d, J = 8.3 Hz, 2H, ArH), 6.64 (d, J = 7.8 Hz, 1H, NH),
5.51 (d, J = 4.8 Hz, 1H, NH), 5.17-4.98 (m, 7H, 3 x CH2Ph, CHa-Ala), 4.82 (d, J = 6.8 Hz, 1H, CHa-
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Tyr), 4.33-4.15 (m, 3H, CHa-Ala, CH:Gly), 4.11 (dd, J = 9.3, 5.1 Hz, 1H, CHa-Leu), 3.01 (d,
J=5.6 Hz, 2H, CH2B-Tyr), 1.69-1.51 (m, 3H, CHB-Leu, CHy-Leu), 1.44 (d, J = 6.7 Hz, 3H, CH3p-
Ala), 1.29 (d, J = 7.0 Hz, 3H, CHsB-Ala), 0.93 (d, J = 6.6 Hz, 3H, CH33-Leu), 0.91 (d, J = 6.6 Hz, 3H,
CHsé-Leu); *C NMR (101 MHz, CDCls) &¢c ppm 199.4 (C=S), 173.4 (C=0), 173.1 (C=0), 171.3
(C=0), 170.8 (C=0), 158.0 (C), 137.1 (C), 136.1 (C), 135.1 (C), 130.7 (CH), 128.8 (CH), 128.74 (CH),
128.72 (CH), 128.71 (CH), 128.67 (CH), 128.6 (CH), 128.3 (CH), 128.1 (CH), 128.0 (C), 127.6 (CH),
115.0 (CH), 70.1 (CH, Bn), 67.7 (CH2, Bn), 67.4 (CH2, Bn), 54.7 (CH, a-Ala), 54.4 (CH, a-Leu), 53.7
(CH, a-Tyr), 50.8 (CH>, Gly), 50.1 (CH, a-Ala), 40.8 (CHa, p-Leu), 37.0 (CHz, B-Tyr), 24.9 (CH, v-
Leu), 23.0 (CHs, d-Leu), 21.9 (CHs, é-Leu), 17.2 (CHa, B-Ala), 17.0 (CHs, B-Ala). N.B. C=0, Cbz not
observed; vmax (Neat) = 3287, 2955, 1654, 1510, 1236, 1175, 1026, 735, 695 cm; MS (ESI*) m/z 846
[M+Na]*; HRMS (ESI*) calcd. for CasHssNsNaOsS [M+Na]* 846.3507, found 846.3508; [a]2® —33.0
(c 0.20, CHCly).

Cbz-Leu-Ala-NHCH;CH,-Ala-Tyr(Bn)-OBn (96)

ogn JO a solution of Cbz-Leu-Ala-Gly-

0 ; w[CSNH]Ala-Tyr(Bn)-OBn  (95) (681 mg,

VIR y o P 0.83 mmol, 1.0equiv) in THF (10 mL) was

ChzHN"? N\i-QJ\N/\/N\?QJ\N ©C0,Bn ad_ded Raney Ni (slurry in H,O, 2.0 mL). The
o p= H pz  H mixture was placed under an atmosphere of

96 nitrogen, evacuated and filled with hydrogen

(balloon). The reaction mixture was stirred vigorously for 5 h at room temperature. Then, the mixture
was filtered through a plug of Celite eluting with EtOAc and the filtrate was concentrated under reduced
pressure. Chz-Leu-Ala-NHCH,CH;-Ala-Tyr(Bn)-OBn (96) was afforded after purification by column
chromatography (SiOz, EtOAc—CH,Cl/MeOH 19:1—9:1) as a pale-yellow waxy solid (198 mg,
0.25 mmol, 30%, 70% BRSM). R¢ (CH:Cl/MeOH 9:1) 0.29; mp 53-56 °C; 'H NMR (400 MHz,
CDs0D) oy 7.42—7.23 (m, 15H, ArH), 7.04 (d, J = 7.8 Hz, 2H, ArH), 6.85 (d, J = 7.8 Hz, 2H, ArH),
5.18-5.03 (m, 4H, 2 x CH2Ph), 5.00 (s, 2H, CH2Ph), 4.74 (dd, J = 8.1, 5.6 Hz, 1H, CHa-Tyr), 4.25 (q,
J=6.7Hz, 1H, CHa-Ala), 4.13 (t, J = 6.4 Hz, 1H, CHo-Leu), 3.29-3.18 (m, 2H, CHo-Ala, CH,
CONHCHH), 3.16-3.02 (m, 2H, CONHCHH, CHH-Tyr), 2.95 (dd, J = 13.6, 9.0 Hz, 1H, CHHB-Tyr),
2.56 (dd, J=11.6, 5.2 Hz, 1H, NHCHH), 2.43 (dd, J = 11.6, 5.7 Hz, 1H, NHCHH), 1.74-1.65 (m, 1H,
CHy-Leu), 1.60-1.49 (m, 2H, CH2B-Leu), 1.32 (d, J = 6.9 Hz, 3H, CH3B-Ala), 1.18 (d, J = 6.5 Hz, 3H,
CHsp-Ala), 0.93 (d, J = 7.4 Hz, 3H, CH3s-Leu), 0.91 (d, J = 7.4 Hz, 3H, CHs3-Leu); 3C NMR (101
MHz, CD30D) 8¢ ppm 176.1 (C=0), 175.4 (C=0), 175.1 (C=0), 172.7 (C=0), 159.2 (C), 158.7 (C=0,
Chz), 138.7 (C), 138.1 (C), 136.9 (C), 131.4 (CH), 130.0 (C), 129.6 (CH), 129.54 (CH), 129.48 (CH),
129.4 (CH), 129.0 (CH), 128.8 (CH), 128.8 (CH), 128.52 (CH), 128.47 (CH), 115.9 (CH), 70.9 (CH_,
Bn), 68.2 (CH., Bn), 67.8 (CH, Bn), 58.5 (CH, a-Ala), 55.2 (CH, a-Leu), 54.8 (CH, a-Tyr), 50.7 (CH,
a-Ala), 47.7 (NHCHy), 41.8 (CHa, B-Leu), 39.4 (CONHCH,), 37.5 (CH,, B-Tyr), 25.8 (CH, y-Leu), 23.5
(CHs, 3-Leu), 21.9 (CHs, 8-Leu), 19.2 (CHs, B-Ala), 17.7 (CHs, B-Ala); vmax (neat) = 3292, 2956, 1648,
1510, 1237, 1081, 1026, 735, 695 cm; MS (ESI*) m/z 794 [M+H]", 816 [M+Na]*; HRMS (ESI*) calcd.
for CssHssNsNaOg [M+Na]* 816.3943, found 816.3947; [a]2° —23.4 (c 0.10, MeOH).
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H-Leu-Ala-NHCH,CH,-Ala-Tyr-OH (97)

oH To a solution of Cbz-Leu-Ala-NHCH,CH,-Ala-
° . Tyr(Bn)-OBn (96) (191 mg, 0.24 mmol, 1.0 equiv)
B Y O y O in anhydrous MeOH (4.0 mL) was added 50 wt%
HN @ N\;-QJ\N/\/N\Q-)J\N ©COLH Pd/C (96 mg, 10 wt%) and the reaction flask was
o p- H gz H evacuated, filled with nitrogen, evacuated, and
97 placed under an atmosphere of hydrogen (balloon).
The reaction mixture was stirred at room temperature for 18 h, placed under nitrogen and filtered through
a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated in vacuo to give 97
as an off-white solid (110 mg, 0.22 mmol, 93%), which required no further purification. mp 154—
158 °C; *H NMR (400 MHz, CDs0D) &4 7.02 (d, J = 7.4 Hz, 2H, ArH), 6.66 (d, J = 7.4 Hz, 2H, ArH),
4.51-4.40 (m, 1H, CHo-Tyr), 4.34 (q, J = 6.4 Hz, 1H, CHa-Ala), 3.89-3.78 (m, 1H, CHo-Leu), 3.43-
3.35 (m, 1H, CONHCHH), 3.23-3.03 (m, 3H, CONHCHH, CHa-Ala, CHHpB-Tyr), 2.93 (dd, J = 12.7,
7.7 Hz, 1H, CHHp-Tyr), 2.72 (dd, J = 12.6, 5.1 Hz, 1H, NHCHH), 2.48 (dd, J = 12.6, 6.3 Hz, 1H,
NHCHH), 1.79-1.66 (m, 2H, CHy-Leu, CHHp-Leu), 1.65-1.51 (m, 1H, CHHp-Leu), 1.31 (dd,
J=7.1Hz, 3H, CHzp-Ala), 1.20 (d, J = 6.4 Hz, 3H, CHsB-Ala), 0.97 (br. s, 6H, 2 x CH3d-Leu); *C
NMR (101 MHz, CD30D) &¢c ppm 178.1 (C=0), 175.8 (C=0), 175.1 (C=0), 172.2 (C=0), 157.0 (C),
131.7 (CH), 130.0 (C), 115.9 (CH), 59.4 (CH, a-Ala), 56.7 (CH, a-Tyr), 53.4 (CH, a-Leu), 51.0 (CH,
a-Ala), 48.0 (NHCHy), 42.4 (CH,, B-Leu), 40.2 (CONHCH), 38.6 (CH>, B-Tyr), 25.5 (CH, y-Leu), 23.2
(CHs, 6-Leu), 22.4 (CHs, 8-Leu), 19.5 (CHas, B-Ala), 18.1 (CHa, B-Ala); vmax (neat) = 3272, 2953, 1643,
1513, 1385, 1239, 1171 cm!; MS (ESI") m/z 478 [M-H]; HRMS (ESI") calcd. for C23H3sNs0s [M—
H] 478.2671, found 478.2663; [a]3’ +28.8 (c 0.08, MeOH).

Cyclo(Leu-Ala-NHCH,CH,-Ala-Tyr) - TFA (98)

HO To a solution of 97 (49 mg, 0.10 mmol, 1.0 equiv) in anhydrous DMF
\©\ o (100 mL, 0.001 m) under an atmosphere of nitrogen was added DEPBT

o B (60 mg, 0.20 mmol, 2.0equiv) and DIPEA (35uL, 0.20 mmol,
ﬁﬁﬂ y 2.0 equiv) and the mixture was stirred for 24 h at room temperature. The

... ,NH N_* TFA  solvent was removed in vacuo, the residue was filtered through a plug of
\( ;\NH HN) silica eluting with CH.Cl,/MeOH (4:1—7:3), and the solution was
\ 98 concentrated in vacuo. The residue was purified by reverse-phase HPLC
S0 to give the TFA salt of cyclic pentapeptide 98 as a white solid (16 mg,
28 umol, 28%). The TFA content was determined by F NMR with 2,2,2-trifluoroethanol as internal
standard. mp 67-69 °C; *H NMR (500 MHz, CDs;OD) &x 6.94 (d, J =8.3 Hz, 2H, ArH), 6.66 (d,
J=8.3Hz, 2H, ArH), 4.48 (q, J = 6.9 Hz, 1H, CHo-Ala), 4.26 (dd, J = 10.0, 5.4 Hz, 1H, CHa-Leu),
3.89 (dd,J =114, 5.0 Hz, 1H, CHa-Tyr), 3.68 (dd, J = 15.2, 11.8 Hz, 1H, CONHCHH), 3.60 (q, J = 6.8
Hz, 1H, CHo-Ala), 3.36 (dd, J = 12.9, 1.8 Hz, 1H, NHCHH), 3.08 (dd, J = 13.2, 4.7 Hz, 1H, CHHp-
Tyr), 3.02 (dd, J = 15.2, 1.6 Hz, 1H, CONHCHH), 2.58 (t, J = 12.0 Hz, 1H, NHCHH), 1.76-1.60 (m,
2H, CH,p-Leu), 1.59-1.49 (m, 1H, CHy-Leu), 1.29 (d, J = 8.0 Hz, 3H, CHsB-Ala), 1.28 (d, J = 7.3 Hz,
3H, CHasp-Ala), 0.88 (d, J = 6.5 Hz, 3H, CHa6-Leu), 0.81 (d, J = 6.5 Hz, 3H, CH3d-Leu). N.B. CHH-
Tyr signal overlapping with solvent signal at 3.31 ppm; *C NMR (126 MHz, CD3;0OD) 8¢ ppm 176.1
(C=0), 174.2 (C=0), 173.9 (C=0), 170.9 (C=0), 157.7 (C), 131.2 (CH), 129.0 (C), 116.6 (CH), 59.1
(CH, a-Tyr), 58.3 (CH, a-Ala), 55.1 (CH, a-Leu), 51.2 (NHCH,), 49.6 (CH, a-Ala), 40.3 (CH., B-Leu),
37.6 (CONHCH,), 34.2 (CH>, B-Tyr), 26.0 (CH, y-Leu), 23.5 (CHs, 6-Leu), 21.3 (CHs, 8-Leu), 17.2
(CHs, B-Ala), 16.9 (CHs, B-Ala); vmax (neat) = 3307, 2920, 1651, 1515, 1182, 1131, 799, 721 cm™*; MS
(ESI) m/z 462 [M+H]*, 484 [M+Na]*; HRMS (ESI*) calcd. for Ca3HssNsNaOs [M+Na]* 484.2530,
found 484.2534; [a]4’ —178 (c 0.04, MeOH).
S57



2.10 Preparation of cyclic pentapeptide 102

OBn 1) TFA OBn
2) O,N
( o o 1) TFA
—_ N = H - =
BOCHN\)J\ OBn 3) H,, Raney Ni BOCHN\_)J\N/><N\_)J\N OBn 2) Cbz-Leu-OH
Boc-Ala-OSu z H z H o EDC, HOBt
NMM
29% 29 65%

OH

H O H O
CszN¢ QLN%NQLJ:E:I erse A AT H A o
O = = (0]

>99%
HO\©\
S
Ox”
DEPBT Y\HJH
DIPEA NH  HN
- = I, /7<
\( O;\NH HN

32%
102

101

o}
Boc-Ala-NHCH>C(Me),-Ala-Tyr(Bn)-OBn (99)
To a solution of Boc-Ala-Tyr(Bn)-OBn (69) (1.39 g,

p B
H B 2.60 mmol, 1.0 equiv) in CH.ClI; (2.0 mL) was added
BocHN/‘!\H/N\><N4“LH/N\;/C028n i i i
o)

N T TFA (2.0 mL) and the mixture was stirred for 40 min

o » (Caution — gas evolution!). The reaction mixture was

99 \©\08n concentrated under reduced pressure and the resulting

residue repeatedly dissolved in CHxCl; (3 x 25 mL)

and concentrated under reduced pressure to give the crude amine. The residue was dissolved in CH.Cl,
(26 mL) and NEt; (1.09 mL, 7.80 mmol, 3.0 equiv) and 2-methyl-1-nitroprop-1l-ene (252 pL,
2.60 mmol, 1.0 equiv) were added subsequently, and the reaction mixture was stirred at room
temperature for 24 h. The solvent was removed under reduced pressure to give a yellow oil which was
dissolved in EtOAC/PE 1:1 and filtered through a plug of silica gel, eluting with EtOAC/PE 1:1. The
eluent was concentrated under reduced pressure to reveal a colourless oil, which was suspended in THF
(15 mL). Boc-Ala-OSu (842 mg, 3.00 mmol, 1.2 equiv) and Raney-Ni (slurry in H.O, 3.0 mL) were
added subsequently, the solution was placed under an atmosphere of nitrogen, evacuated and filled with
hydrogen (balloon). The reaction mixture was stirred vigorously for 5 h at room temperature. Then, the
mixture was filtered through a plug of Celite eluting with EtOAc, the filtrate was concentrated under
reduced pressure, EtOAc (30 mL) was added, the mixture was washed with saturated Na,COs (3 %
30 mL), dried over Na,SO4 and concentrated under reduced pressure. Boc-Ala-NHCH,C(Me),-Ala-
Tyr(Bn)-OBn (99) was afforded after purification by column chromatography (SiO,, EtOAc/CH.Cl,
1:1) as a colourless oil (502 mg, 0.75 mmol, 29%). R¢ (EtOAc/CHCl, 1:1) 0.19; *H NMR (500 MHz,
CDCls) 84 8.01 (d, J = 8.0 Hz, 1H, NH), 7.45-7.28 (m, 10H, ArH), 6.92 (d, J = 7.7 Hz, 2H, ArH), 6.80
(d, J=8.4 Hz, 2H, ArH), 6.68 (s, 1H, NH), 5.31-5.24 (m, 2H, CHHPh, NH Boc), 5.12 (d, J = 12.1 Hz,
1H, CHHPh), 5.00 (s, 2H, CH,Ph), 4.88 (dd, J = 14.5, 6.3 Hz, 1H, CHa-Tyr), 4.24-4.15 (m, 1H, CHa-
Ala), 3.28 (dd, J = 13.9, 7.3 Hz, 1H, CHHGIy(Me).), 3.22 (q, J = 7.0 Hz, 1H, CHa-Ala), 3.12 (dd,
J=14.0, 5.5 Hz, 1H, CHHB-Tyr), 3.04 (dd, J = 14.0, 6.7 Hz, 1H, CHHp-Tyr), 2.87 (dd, J = 13.9, 5.1
Hz, 1H, CHHGIy(Me),), 1.44 (s, 9H, 3 x CHs, Boc), 1.25 (d, J=6.9 Hz, 3H, CHsp-Ala), 1.16 (d,
J =6.9 Hz, 3H, CHsp-Ala), 1.00 (s, 3H, CHsGly(Me),), 0.94 (s, 3H, CHsGly(Me),). N.B. Amine NH
signal not observed; *C NMR (126 MHz, CDCls) &¢c 176.1 (C=0), 173.4 (C=0), 172.6 (C=0), 158.0
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(C), 155.6 (C=0, Boc), 137.1 (C), 135.1 (C), 130.5 (CH), 128.83 (CH), 128.79 (CH), 128.76 (CH),
128.7 (CH), 128.3 (C), 128.1 (CH), 127.6 (CH), 114.9 (CH), 79.9 (C, Boc), 70.1 (CHz, Bn), 67.6 (CH_,
Bn), 54.5 (C, Gly(Me)z), 52.6 (CH, 0-Tyr), 52.0 (CH, a-Ala), 50.3 (CH, a-Ala), 48.2 (CHz, Gly(Me)y),
37.2 (CHa, B-Tyr), 28.5 (CHs, Boc), 25.9 (CHs, Gly(Me)2), 23.9 (CHs, Gly(Me)2), 21.9 (CHs, p-Ala),
18.5 (CHs, B-Al); vmax (neat) = 3314, 2972, 1737, 1656, 1509, 1165 cm™'; MS (ESI*) m/z 675 [M+HT",
697 [M+Na]*; HRMS (ESI*) calcd. for C3sHsiN4O7 [M+H]* 675.3752, found 675.3756; [a]3’ —26.0
(c 0.07, MeOH).

Cbz-Leu-Ala-NHCH,C(Me).-Ala-Tyr(Bn)-OBn (100)
To a solution of Boc-Ala-NHCH2C(Me).-Ala-

p B
o)
H H Tyr(Bn)-OBn  (99) (472 mg, 0.70 mmol,
CbzHN _« N N_o _CO,B
- JL”JQ\[( %”Jﬂ\( e 1.0 equiv) in CH.Cl, (1.0 mL) was added TFA
B (0] (0]
Y

. :

B\@\ (1.0 mL) and the mixture was stirred at room
100 oBn temperature for 1 h (Gas evolution!). The
the resulting residue repeatedly dissolved in CH,Cl. (3 x 15 mL) and concentrated under reduced

reaction mixture was concentrated in vacuo and
pressure to give the crude amine. The residue was dissolved in CH>Cl, (7.0 mL), Cbz-Leu-OH (186 mg,
0.70 mmol, 1.0 equiv), EDC-HCI (134 mg, 0.70 mmol, 1.0 equiv), HOBt-H>O (95 mg, 0.70 mmol,
1.0 equiv) and NMM (310 pL, 2.80 mmol, 4.0 equiv) were added subsequently, and the mixture was
stirred at room temperature for 24 h. The reaction mixture was diluted with EtOAc (10 mL) and washed
with brine (3 x 15 mL), dried over Na;SOy, filtered and concentrated in vacuo. The residue was purified
by column chromatography (SiO, CH.Cl,/MeOH 96.5:3.5) to give Cbz-Leu-Ala-NHCH,C(Me).-Ala-
Tyr(Bn)-OBn (100) (373 mg, 0.45 mmol, 65%) as a white foam. Rs (CH.Cl,/MeOH 19:1) 0.45; mp 67—
70°C; 'H NMR (500 MHz, CDCls) 84 8.02 (d, J = 8.4 Hz, 1H, NH), 7.43-7.28 (m, 15H, ArH), 6.93 (d,
J=8.4Hz, 2H, ArH), 6.86-6.78 (m, 4H, ArH, 2 x NH), 5.24 (d, J = 12.1 Hz, 1H, CHHPh), 5.20-4.98
(m, 6H, NH Cbz, CHHPh, 2 x CH,Ph), 4.92-4.85 (m, 1H, CHa-Tyr), 4.49 (quint, J = 7.1 Hz, 1H, CHo-
Ala), 4.18 (m, 1H, CHo-Leu), 3.28-3.17 (m, 2H, CHa-Ala, CHHGIly(Me),), 3.12 (dd, J = 14.0, 5.6 Hz,
1H, CHHB-Tyr), 3.03 (dd, J=14.0, 6.8 Hz, 1H, CHHp-Tyr), 2.91 (dd, J = 13.9, 5.3 Hz, 1H,
CHHGIly(Me),), 1.71-1.58 (m, 2H, CHy-Leu, CHHp-Leu), 1.55-1.46 (m, 1H, CHHp-Leu), 1.25 (d,
J =7.0 Hz, 3H, CH3B-Ala), 1.16 (d, J = 7.0 Hz, 3H, CH3p-Ala), 1.00 (s, 3H, CH3Gly(Me),), 0.97-0.86
(m, 9H, CH3Gly(Me),, 2 x CHsd-Leu). N.B. Amine signal NH not observed; *C NMR (126 MHz,
CDCls) 8¢ 176.2 (C=0), 172.8 (C=0), 172.6 (C=0), 172.0 (C=0), 158.0 (C), 156.4 (C=0, Chz), 137.1
(C), 136.1 (C), 135.0 (C), 130.5 (CH), 128.81 (CH), 128.75 (CH), 128.73 (CH), 128.71 (CH), 128.69
(CH), 128.5 (CH), 128.3 (C), 128.2 (CH), 128.1 (CH), 127.6 (CH), 114.9 (CH), 70.1 (CH, Bn), 67.7
(CHy, Bn), 67.3 (CH2, Bn), 54.5 (C, Gly(Me).), 54.0 (CH, a-Leu), 52.6 (CH, a-Tyr), 52.0 (CH, a-Ala),
49.1 (CH, o-Ala), 48.7 (CH2, Gly(Me)2), 41.7 (CH>, B-Leu), 37.2 (CHz, B-Tyr), 25.9 (CH, y-Leu), 24.9
(CHa, Gly(Me)2), 23.7 (CHs, Gly(Me),), 23.1 (CHs, 5-Leu), 21.9 (CHas, 6-Leu), 21.8 (CHs, f-Ala), 18.1
(CHs, B-Ala); vmax (neat) = 3293, 2961, 1705, 1645, 1509, 1236 cm™*; MS (ESI*) m/z 822 [M+H]*, 844
[M+Na]*; HRMS (ESI*) calcd. for C47HsoNsOs [M+H]* 822.4436, found 822.4428; [a]3’ —37.0 (¢ 0.11,
MeOH).
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H-Leu-Ala-NHCH,C(Me).-Ala-Tyr-OH (101)
To a solution of pentapeptide 100 (329 mg,

e B B
H H L
HzNﬁ)LN%(N%NGLWN\?/COZH 0.40 mmol, 1.0 equiv) in MeOH (4.0 mL) was added
L HO S
Y

10 wt% Pd/C (33 mg, 10 wt%) and the reaction flask
Y \©\ was evacuated, filled with nitrogen, evacuated, and
8 101 placed under an atmosphere of hydrogen (balloon).
The mixture was stirred at room temperature for
16 h, placed under nitrogen and filtered through a plug of Celite, which was washed with MeOH (3x%).
The filtrate was concentrated in vacuo to give pentapeptide 101 as a white solid (203 mg, 0.40 mmol,
quant. yield). mp 144-147 °C; *H NMR (500 MHz, CDs0D) &y 7.03 (d, J = 8.3 Hz, 2H, ArH), 6.65 (d,
J =8.3 Hz, 2H, ArH), 4.46 (dd, J=8.0,4.7 Hz, 1H, CHa-Tyr), 4.38 (g, J = 7.1 Hz, 1H, CHa-Ala), 3.99—
3.93 (m, 1H, CHa-Leu), 3.55 (g, J = 6.6 Hz, 1H, CHa-Ala), 3.31-3.28 (m, 1H, CHHGIy(Me),), 3.12
(dd, J=13.9, 4.6 Hz, 1H, CHHp-Tyr), 2.90 (dd, J = 13.9, 8.2 Hz, 1H, CHHp-Tyr), 2.74 (d, J = 14.0 Hz,
1H, CHHGIy(Me).), 1.81-1.62 (m, 3H, CHy-Leu, CHzB-Leu), 1.34 (d, J = 7.2 Hz, 3H, CH3p-Ala), 1.31
(d, 3 = 7.0 Hz, 3H, CHsB-Ala), 1.05 (s, 3H, CH3Gly(Me).), 1.01 (s, 3H, CHsGly(Me),), 0.99 (d,
J=5.8 Hz, 3H, CHasé-Leu), 0.97 (d, J = 5.8 Hz, 3H, CH35-Leu). N.B. CHHGIly(Me), signal partially
overlaps with solvent peak; *C NMR (126 MHz, CDs0D) &¢ 177.0 (C=0), 175.3 (2 x C=0), 170.8
(C=0), 157.2 (C), 131.5 (CH), 129.8 (C), 116.1 (CH), 58.1 (C, Gly(Me)>), 56.7 (CH, a-Tyr), 53.1 (CH,
a-Leu), 53.0 (CH, a-Ala), 51.2 (CH, a-Ala), 48.3 (CH2, Gly(Me)2), 41.7 (CHz, B-Leu), 38.4 (CH., B-
Tyr), 25.4 (CH, y-Leu), 24.4 (CHs, Gly(Me).), 23.3 (CH3, Gly(Me)>), 23.2 (CHa, o-Leu), 22.2 (CHs, o-
Leu), 20.4 (CHs, B-Ala), 18.0 (CHs, B-Ala); vmax (neat) = 3226, 1655, 1512, 1449, 1234 cm*; MS (ESI*)
m/z 508 [M+H]*, 530 [M+Na]*; HRMS (ESI*) calcd. for CzsH42NsOs [M+H]" 508.3130, found
508.3133; [a]3’ +4.0 (c 0.07, MeOH).

Cyclo(Leu-Ala-NHCH,C(Me).-Ala-Tyr) (102)

o To a solution of H-Leu-Ala-NHCH.C(Me).-Ala-Tyr-OH (101) (50.7 mg,
>&\a\>‘\ﬁ 0.10 mmol, 1.0 equiv) in anhydrous DMF (100 mL, 0.001 M) under an
>(NH HN._©O &  atmosphere of nitrogen was added DEPBT (60 mg, 0.20 mmol, 2.0 equiv) and
NH :f )Y\ DIPEA (35 pL, 0.20 mmol, 2.0 equiv) and the reaction mixture was stirred
welo H HNT g for 24 h at room temperature. The solvent was removed under reduced
P 4 N%o pressure and the residue was purified twice by column chromatography (SiO»,

solid (1 run: 15.9 mg, 33 pmol, 33%; 2" run: 15.4 mg, 31 umol, 31%). Ry
OH  (CH:Cly/MeOH 9:1) 0.38; mp 178-180 °C; *H NMR (500 MHz, CD3;0D) &n
7.08 (d, J =8.4 Hz, 2H, ArH), 6.71 (d, J = 8.4 Hz, 2H, ArH), 4.41 (q, J = 7.2 Hz, 1H, CHa-Ala), 4.35
(t, J=7.9 Hz, 1H, CHa-Tyr), 4.14 (dd, J = 10.5, 4.9 Hz, 1H, CHo-Leu), 3.28 (q, J = 7.0 Hz, 1H, CHo-
Ala), 3.16 (d, J = 13.9 Hz, 1H, CHHGIly(Me),), 3.12 (dd, J = 13.6, 9.3 Hz, 1H, CHHp-Tyr), 3.06 (dd,
J=13.6, 7.5 Hz, 1H, CHHB-Tyr), 2.97 (d, J = 13.9 Hz, 1H, CHHGIy(Me).), 1.85 (ddd, J = 14.0, 10.9,
4.9 Hz, 1H, CHHpB-Leu), 1.61-1.52 (m, 1H, CHHpB-Leu), 1.43 (d, J = 7.2 Hz, 3H, CH3B-Ala), 1.41-1.33
(m, 1H, CHy-Leu), 1.17 (d, J = 7.0 Hz, 3H, CHsB-Ala), 1.06 (s, 3H, CHsGly(Me),), 0.95-0.89 (m, 6H,
CHsGly(Me),, CHs6-Leu), 0.83 (d, J = 6.5 Hz, 3H, CHsd-Leu). N.B. CHa-Ala signal partially overlaps
with solvent signal; **C NMR (126 MHz, CD3;0D) &¢ 179.3 (C=0), 175.3 (C=0), 174.6 (C=0), 173.7
(C=0), 157.4 (C), 131.3 (C), 128.9 (CH), 116.3 (CH), 57.6 (CH, a-Tyr), 56.2 (CH, a-Leu), 55.9 (C,
Gly(Me),), 52.8 (CH, a-Ala), 51.4 (CH, a-Ala), 49.2 (CH,, Gly(Me).), 40.8 (CH, B-Leu), 36.3 (CH, B-
Tyr), 26.6 (CHs, Gly(Me)2), 25.8 (CH, y-Leu), 23.4 (CHs, 6-Leu), 22.8 (CHs, Gly(Me)y), 21.9 (CHs, B-
Ala), 21.6 (CHs, 5-Leu), 18.3 (CHg, B-Ala); vmax (neat) = 3259, 2960, 1649, 1513, 1448, 1302 cm™*; MS
(ESI*) m/z 490 [M+H]*, 512 [M+Na]*; HRMS (ESI*) calcd. for CsHoNsOs [M+H]* 490.3024, found
490.3027; [a]3’ —71.0 (c 0.04, MeOH).

N : CH:Clo/MeOH 19:1—9:1) to give the cyclic pentapeptide (102) as a white
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2.11 Preparation of cyclic pentapeptide 107

OBn
o o § 1) TFA
P DTFA . BocHN N oBn -~
BocHN._*\ OBN ) Boc-pAla-OH \/\[r TN 2) Boc-Ala-OH
= H 3 EDC, HOBt o - o EDC, HOBt
NMM 103 NMM
680/0 730/0
OBn OBn
¢L L, it
N OBn CbzHN OBn
BocHN/'\n/ \/\[( 2) CbzLewOH J\ff \/\lr ﬂ
0 EDC, HOBt - o
104 NMM 105
68%
DEPBT \?
Hp PAC HZN\)L J\N \/\[]/N\)J\ on _DIPEA
98% 39%

Boc-pAla-Ala-Tyr(Bn)-OBn (103)

To a solution of Boc-Ala-Tyr(Bn)-OBn (69) (3.19g,

o) B
U /kﬂ/H@/COan 6.00 mmol, 1.0 equiv) in CHCl, (6.0 mL) was added TFA
BocHN H * : (6.0 mL) and the mixture was stirred at room temperature for

© B\©\ 1 h (Gas evolution!). The mixture was concentrated under
103 opn reduced pressure and the resulting residue repeatedly
dissolved in CH2Cl; (3 x 25 mL) and concentrated in vacuo
to give the crude amine. The residue was dissolved in CH,Cl, (60 mL), Boc-fAla-OH (1.14 g,
6.00 mmol, 1.0 equiv), EDC-HCI (1.15 g, 6.00 mmol, 1.0 equiv), HOBt-H,O (0.81 g, 6.00 mmol,
1.0 equiv) and NMM (2.64 mL, 24.0 mmol, 4.0 equiv) were added, and the mixture was stirred at room
temperature for 24 h. The mixture was diluted with EtOAc (60 mL) and washed with brine (3 x 100 mL),
dried over Na;SO., filtered and concentrated in vacuo. The residue was purified by column
chromatography (SiO», EtOAC/PE 7:3) to give Boc-BAla-Ala-Tyr(Bn)-OBn (103) (2.47 g, 4.10 mmol,
68%) as a white solid. R¢ (EtOAC/PE 7:3) 0.20; mp 154-157 °C; *H NMR (500 MHz, DMSO-d6) 3n
8.28 (d, J = 7.4 Hz, 1H, NH), 7.99 (d, J=7.7 Hz, 1H, NH), 7.46-7.23 (m, 10H, ArH), 7.11 (d,
J=8.5Hz, 2H, ArH), 6.89 (d, J = 8.5 Hz, 2H, ArH), 6.71 (t, J = 5.3 Hz, 1H, NH), 5.05 (s, 4H, 2 x
CH,Ph), 4.44 (dd, J = 14.5, 7.4 Hz, 1H, CHa-Tyr), 4.30 (quint, J = 7.1 Hz, 1H, CHo-Ala), 3.10 (dd,
J=13.4, 6.8 Hz, 2H, CH,NHBoc), 2.97 (dd, J = 13.8, 6.2 Hz, 1H, CHHp-Tyr), 2.89 (dd, J = 13.8,
8.4 Hz, 1H, CHHB-Tyr), 2.24 (t, J = 7.3 Hz, 2H, CH,CONH), 1.36 (s, 9H, 3 x CHs, Boc), 1.11 (d,
J=7.1Hz, 3H, CHsp-Ala); °C NMR (126 MHz, DMSO-d6) &c 173.0 (C=0), 171.7 (C=0), 170.5
(C=0), 157.6 (C), 155.9 (C=0, Boc), 137.6 (C), 136.2 (C), 130.7 (CH), 129.5 (C), 128.9 (CH), 128.8
(CH), 128.5 (CH), 128.4 (CH), 128.3 (CH), 128.1 (CH), 115.0 (CH), 78.0 (C, Boc), 69.6 (CH2, Bn),
66.4 (CH, Bn), 54.4 (CH, a-Tyr), 48.1 (CH, a-Ala), 37.1 (CH:NHBoc), 36.2 (CH., B-Tyr), 36.0
(CH.CONH), 28.7 (CHjs, Boc), 18.6 (CHa, B-Ala); vmax (neat) = 3342, 3300, 1728, 1687, 1632, 1176 cm~
L. 'MS (ESI*) m/z 626 [M+Na]*; HRMS (ESI*) calcd. for C3sHsN3NaO; [M+Na]* 626.2837, found
626.2841; [a]3’ —10.0 (c 0.08, DMF).

S61



Boc-Ala-pAla-Ala-Tyr(Bn)-OBn (104)
To a solution of Boc-pAla-Ala-Tyr(Bn)-OBn (103)

0 o e
BOCHN@J\N&)J\NQKH/H@/C%B” (2.32 g, 3.86 mmol, 1.0 equiv) in CHCl> (10 mL)
Bg H H & 2

was added TFA (10 mL) and the mixture was stirred

B at room temperature for 1 h (Gas evolution!). The

104 \©\OBn mixture was concentrated under reduced pressure

and the resulting residue repeatedly dissolved in

CHCI; (3 x 25 mL) and concentrated in vacuo to give the crude amine. The residue was dissolved in
CHCl, (40 mL), Boc-Ala-OH (0.73 g, 3.86 mmol, 1.0 equiv), EDC-HCI (0.74 g, 3.86 mmol, 1.0 equiv),
HOBt-H20 (0.52 g, 3.86 mmol, 1.0 equiv) and NMM (1.70 mL, 15.4 mmol, 4.0 equiv) were added, and
the mixture was stirred at room temperature for 24 h. The mixture was diluted with EtOAc (40 mL) and
washed with brine (3 x 60 mL), dried over Na,SQy, filtered and concentrated in vacuo. The residue was
purified by column chromatography (SiO,, CH2Cl,/MeOH 24:1) to give Boc-Ala-BAla-Ala-Tyr(Bn)-
OBn (104) (1.84 g, 2.72 mmol, 73%) as a white solid. Rs (CH2Cl,/MeOH 24:1) 0.16; mp 158-161 °C;
!H NMR (500 MHz, CD,Cl,) 8n 7.45-7.31 (m, 11H, ArH, NH), 6.97-6.90 (m, 3H, ArH, NH), 6.84—
6.78 (m, 3H, ArH, NH), 5.27 (d, J = 6.7 Hz, 1H, Boc NH), 5.20 (d, J = 12.1 Hz, 1H, CHHPh), 5.11 (d,
J=12.1 Hz, 1H, CHHPh), 5.04-4.97 (m, 2H, CH2Ph), 4.88 (dd, J = 12.8, 5.9 Hz, 1H, CHo-Tyr), 4.38—
4.29 (m, 1H, CHa-Ala), 3.80-3.72 (m, 1H, CHa-Ala), 3.72-3.62 (m, 1H, CHHNH), 3.25-3.15 (m, 1H,
CHHNH), 3.07 (dd, J =14.0, 5.7 Hz, 1H, CHHp-Tyr), 3.01 (dd, J = 14.0, 6.2 Hz, 1H, CHHpB-Tyr), 2.47—
2.36 (m, 1H, CHHCONH), 2.24 (m, 1H, CHHCONH), 1.43 (s, 9H, 3 x CHs, Boc), 1.33 (d, J = 7.2 Hz,
3H, CH3p-Ala), 1.23 (d, J = 6.9 Hz, 3H, CH3p-Ala); **C NMR (126 MHz, CDCl,) &¢c 174.1 (C=0),
173.3 (C=0), 172.7 (C=0), 172.6 (C=0), 158.4 (C), 156.5 (C=0, Boc), 137.7 (C), 135.7 (C), 131.0
(CH), 129.2 (CH), 129.13 (CH), 129.11 (CH), 129.07 (CH), 128.6 (C) 128.5 (CH), 128.1 (CH), 115.2
(CH), 80.5 (C, Boc), 70.4 (CHz, Bn), 68.0 (CH2, Bn), 53.9 (CH, a-Tyr), 51.2 (CH, a-Ala), 50.7 (CH, a-
Ala), 37.5 (CH, B-Tyr), 37.2 (CH:NH), 36.9 (CH.CONH), 28.7 (CHs, Boc), 18.2 (CHs, p-Ala), 18.0
(CHa, B-Ala); vmax (neat) = 3288, 2975, 1732, 1646, 1632, 1163 cm™'; MS (ESI*) m/z 697 [M+Na]*;
HRMS (ESI*) calcd. for Cs7H4sN4NaOs [M+Na]* 697.3208, found 697.3210; [a]3’ 9.0 (¢ 0.14, DMF).

Cbz-Leu-Ala-pAla-Ala-Tyr(Bn)-OBn (105)

To a solution of Boc-Ala-BAla-Ala-Tyr(Bn)-
OBn (104) (1.54 g, 2.28 mmol, 1.0 equiv) in

N e 0 Py
. N@LN/\)J\N/QKH/N\.OL/COZBn CH.Cl, (5.0 mL) was added TFA (5.0 mL)
o B; H H o Bi and the mixture was stirred at room
105 \©\ temperature for 1 h (Gas evolution!). The
oBn Mixture was concentrated under reduced
pressure and the resulting residue repeatedly dissolved in CH.Cl (3 x 25 mL) and concentrated in vacuo
to give the crude amine. The residue was dissolved in CH-Cl. (23 mL), Chz-Leu-OH (0.60 g, 2.28 mmol,
1.0 equiv), EDC-HCI (0.44 g, 2.28 mmol, 1.0 equiv), HOBt-H.O (0.31 g, 2.28 mmol, 1.0 equiv) and
NMM (1.60 mL, 9.11 mmol, 4.0 equiv) were added, and the mixture was stirred at room temperature
for 24 h. The mixture was diluted with EtOAc (25 mL) and washed with brine (3 x 40 mL), dried over
Na»SOg, filtered and concentrated in vacuo. The residue was purified by column chromatography (SiOa,
CHCl>/MeOH 19:1) to give Chz-Leu-Ala-Ala-Ala-Tyr(Bn)-OBn (105) (1.27 g, 1.55 mmol, 68%) as
a white solid. Rt (CH2Cl./MeOH 19:1) 0.46; mp 176-179 °C; *H NMR (500 MHz, DMSO-d6) & 8.31
(d,J=7.4Hz, 1H, NH), 8.03 (d, J=7.7 Hz, 1H, NH), 7.91 (d, J = 7.4 Hz, 1H, NH), 7.86 (t, J = 5.5 Hz,
1H, NH), 7.48-7.24 (m, 16H, NH, ArH), 7.12 (d, J = 8.4 Hz, 2H, ArH), 6.90 (d, J = 8.5 Hz, 2H, ArH),
5.11-5.01 (m, 6H, CH2Ph), 4.45 (dd, J = 14.6, 7.4 Hz, 1H, CHa-Tyr), 4.33 (quint, J=7.1 Hz, 1H, CHo-
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Ala), 4.21 (quint, J = 7.0 Hz, 1H, CHo-Ala), 4.04 (dd, J = 14.8, 8.5 Hz, 1H, CHa-Leu), 3.31-3.17 (m,
2H, CH2NH), 2.97 (dd, J = 13.8, 6.3 Hz, 1H, CHHpB-Tyr), 2.91 (dd, J = 13.8, 8.4 Hz, 1H, CHHp-Tyr),
2.32-2.20 (m, 2H, CH,CONH), 1.67-1.56 (m, 1H, CHy-Leu), 1.48-1.38 (m, 2H, CHB-Leu), 1.17 (d,
J=17.0 Hz, 3H, CH3B-Ala), 1.13 (d, J = 7.0 Hz, 3H, CHsp-Ala), 0.87 (d, J = 7.4 Hz, 3H, CH35-Leu),
0.85 (d, J = 7.4 Hz, 3H, CHzd-Leu); *C NMR (126 MHz, DMSO-d6) ¢ 172.6 (C=0), 171.9 (C=0),
171.9 (C=0), 171.3 (C=0), 170.0 (C=0), 157.2 (C=0, Chz), 156.0 (C), 137.2 (C), 137.1 (C), 135.7 (C),
130.2 (CH), 129.0 (C), 128.4 (CH), 128.3 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 127.8 (CH), 127.6
(CH), 127.6 (CH), 114.5 (CH), 69.1 (CHz, Bn), 66.0 (CH>, Bn), 65.4 (CH2, Bn), 54.0 (CH, a-Tyr), 53.1
(CH, a-Leu), 48.1 (CH, a-Ala), 47.7 (CH, a-Ala), 40.6 (CHa, B-Leu), 35.7 (CH., B-Tyr), 35.3 (CH2NH),
35.0 (CH2CONH), 24.2 (CH, y-Leu), 23.1 (CHs, 6-Leu), 21.3 (CHa, 6-Leu), 18.5 (CHa, p-Ala), 18.2
(CHs, B-Ala). N.B. One aromatic CH signal not observed due to overlapping; vmax (neat) = 3279, 3065,
1635, 1385, 693 cm; MS (ESI*) m/z 844 [M+Na]*; HRMS (ESI*) calcd. for CssHssNsNaOg [M+Na]*
844.3892, found 844.3899; [a]3’ +3.0 (c 0.13, DMF).

H-Leu-Ala-pAla-Ala-Tyr-OH (106)

To a solution of Cbhz-Leu-Ala-pAla-Ala-
Tyr(Bn)-OBn (105) (1.07g, 1.31 mmol,

5 p 0 o) p
H H L _
N N?QLNVKNJQ\(N\?COZH 1.0 equiv) in MeOH/DMF (1:1, 15 mL) was
o BE H H o z

Y

5 added 10 wt% Pd/C (110 mg, 10 wt%) and the

106 \©\ reaction flask was evacuated, filled with

oH hitrogen, evacuated, and placed under an

atmosphere of hydrogen (balloon). The reaction

mixture was stirred at room temperature for 16 h, placed under nitrogen and filtered through a plug of
Celite, which was washed with MeOH (3x). The filtrate was concentrated in vacuo to give H-Leu-Ala-
BAla-Ala-Tyr-OH (106) as a DMF adduct as a white solid (647 mg, 1.28 mmol, 98%), which required
no further purification. mp 89-92 °C; *H NMR (500 MHz, CD;0D) 84 7.02 (d, J = 8.3 Hz, 2H, ArH),
6.67 (d, J = 8.3 Hz, 2H, ArH), 4.43 (t, J = 5.5 Hz, 1H, CHo-Tyr), 4.29 (g, J = 7.2 Hz, 1H, CHa-Ala),
4.26 (q, J = 7.3 Hz, 1H, CHa-Ala), 3.97 (dd, J = 8.4, 6.0 Hz, 1H, CHa-Leu), 3.56 (ddd, J = 13.4, 6.1,
4.7 Hz, 1H, CHHNH), 3.38-3.34 (1H, m, CHHNH), 3.10 (dd, J = 13.6, 5.0 Hz, 1H, CHHCONH), 3.00
(dd, J = 13.6, 6.0 Hz, 1H, CHHbCONH), 2.45 (ddd, J = 13.4, 8.9, 4.3 Hz, 1H, CHHp-Tyr), 2.36 (ddd,
J=14.8, 5.9, 4.3 Hz, 1H, CHHp-Tyr), 1.84-1.63 (m, 3H, CHy-Leu, CHaB-Leu), 1.35 (d, J = 7.2 Hz,
3H, CHsB-Ala), 1.31 (d, J = 7.2 Hz, 3H, CHsp-Ala), 1.02 (d, J = 6.4 Hz, 3H, CH34-Leu), 1.00 (d, J =
6.4 Hz, 3H, CH3d-Leu); 3C NMR (126 MHz, CDs;OD) §¢ 177.0 (C=0), 174.6 (C=0), 174.0 (C=0),
173.9 (C=0), 170.6 (C=0), 157.0 (C), 131.7 (CH), 129.5 (C), 115.9 (CH), 56.4 (CH, a-Tyr), 53.2 (CH,
a-Leu), 51.2 (CH, a-Ala), 50.9 (CH, a-Ala), 41.6 (CH>, p-Leu), 37.9 (CH2NH), 36.8 (CH.CONH), 36.4
(CHy, B-Tyr), 25.5 (CH, y-Leu), 23.1 (CHs, 8-Leu), 22.1 (CHs, 8-Leu), 18.1 (CHs, B-Ala), 17.7 (CHs, B-
Ala); vmax (neat) = 3263, 2932, 1644, 1512, 1189 cm™; MS (ESI*) m/z 508 [M+H]*, 530 [M+Na]*;
HRMS (ESI) calcd. for C24H37NsNaO7 [M+Na]* 530.2585, found 530.2589; [a]3’ +3.0 (¢ 0.07, DMF).
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Cyclo(Leu-Ala-pAla-Ala-Tyr) (107)

To a solution of H-Leu-Ala-BAla-Ala-Tyr-OH (106) (51 mg,
0.10 mmol, 1.0 equiv) in anhydrous DMF (100 mL, 0.001 m) under
an atmosphere of nitrogen was added DEPBT (60 mg, 0.20 mmol,
2.0 equiv) and DIPEA (35 upL, 0.20 mmol, 2.0 equiv) and the
mixture was stirred for 24 h at room temperature. The solvent was
removed under reduced pressure, and the residue was purified twice
by column chromatography (SiOz, CH.Cl/MeOH 9:1) to give
cyclic pentapeptide 107 as a white solid (1% run: 20 mg, 41 pmol,
41%; 2™ run: 18 mg, 37 pmol, 37%). R¢ (CH2Cl,/MeOH 9:1) 0.28;
mp 288-290 °C (decomposition); *H NMR (500 MHz, CDs0D) 8x 7.05 (d, J = 8.4 Hz, 2H, ArH), 6.75
(d, J =8.4 Hz, 2H, ArH), 4.41 (q, J=7.3 Hz, 1H, CHa-Ala), 4.23 (q, J = 7.2 Hz, 1H, CHa-Ala), 4.16
(dd, J =114, 3.9 Hz, 1H, CHa-Leu), 4.00 (dd, J = 10.2, 5.7 Hz, 1H, CHa-Tyr), 3.73 (dt, J = 13.3,
3.9 Hz, 1H, CHHNH), 3.28-3.09 (m, 3H, CHHNH, CH2p-Tyr), 2.51 (ddd, J = 13.6, 11.7, 4.3 Hz, 1H,
CHHCONH), 2.19 (dt, J = 13.6, 3.4 Hz, 1H, CHHCONH), 1.88 (ddd, J = 14.4,11.7, 4.2 Hz, 1H, CHHp-
Leu), 1.71 (ddd, J = 13.9, 10.2, 3.9 Hz, 1H, CHHp-Leu), 1.59-1.46 (m, 4H, CH3B-Ala, CHy-Leu), 1.27
(d, J=7.2 Hz, 3H, CH3B-Ala), 0.96 (d, J = 6.6 Hz, 3H, CH35-Leu), 0.90 (d, J = 6.6 Hz, 3H, CHs3-Leu);
13C NMR (126 MHz, CDsOD) §¢ 175.7 (C=0), 174.8 (C=0), 174.4 (C=0), 174.3 (2 x C=0), 157.4
(C), 131.3 (CH), 129.5 (C), 116.4 (CH), 58.0 (CH, a-Tyr), 55.0 (CH, a-Leu), 50.6 (CH, a-Ala), 50.4
(CH, a-Ala), 39.7 (CH, B-Leu), 37.6 (CH:NH), 36.1 (CH.,CONH), 35.2 (CHa, B-Tyr), 26.0 (CH, y-Leu),
23.7 (CHs, 8-Leu), 21.2 (CHs, 6-Leu), 17.8 (CHs, B-Ala), 17.1 (CHs, B-Ala); vmax (neat) = 3281, 2956,
1642, 1513, 1237 cm™!; MS (ESI*) m/z 512 [M+Na]*; HRMS (ESI*) calcd. for C2sH3sNsNaOs [M+Na]*
512.2480, found 512.2483; [a]3’ —102 (c 0.05, MeOH).

OH

2.12 Preparation of cyclic pentapeptide 112
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Boc-Aib-Ala-Tyr(Bn)-OBn (108)

oBn To a solution of Boc-Ala-Tyr(Bn)-OBn (69) (5.33¢g,
10.0 mmol, 1.0 equiv) in CH:CIl> (10 mL) was added TFA

H 9 P (10 mL) and the mixture was stirred at room temperature for 1 h
BocHN><H/N\E‘QJ\N «>CO,Bn (Caution — gas evolution!). The reaction mixture was
o p= M concentrated in vacuo and the resulting residue repeatedly

108 dissolved in CH.Cl, (3 x 10 mL) and concentrated under

reduced pressure to give the crude amine. The residue was dissolved in CH2Cl, (100 mL), Boc-Aib-OH
(2.44 9, 12.0 mmol, 1.2 equiv), HATU (4.56g, 12.0 mmol, 1.2 equiv) and DIPEA (6.97 mL,
40.0 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room temperature for
16 h. The reaction mixture was washed with 10% citric acid solution (2 x 100 mL) and saturated
NaHCOs solution (2 x 100 mL), dried over MgSQ,, filtered and concentrated under reduced pressure.
The residue was purified by column chromatography (SiO2, PE/EtOAc 1:1—EtOAc) to give Boc-Aib-
Ala-Tyr(Bn)-OBn (108) (5.90 g, 9.54 mmol, 95%) as a white foam. R¢ (EtOAc) 0.64; mp 5255 °C; H
NMR (500 MHz, CDCls) 64 ppm 7.43-7.26 (m, 10H, ArH), 6.96 (d, J = 8.3 Hz, 2H, ArH), 6.82 (d,
J=8.5Hz, 2H, ArH), 6.73 (d, J =7.3 Hz, 1H, NH), 5.14 (d, J = 12.2 Hz, 1H, CHHPh), 5.08 (d, J = 12.2
Hz, 1H, CHHPh), 5.01 (s, 2H, CH.Ph), 4.89 (br. s, 1H, NH), 4.79 (g, J = 6.4 Hz, 1H, CHo-Tyr), 4.42
(quin, J=7.1 Hz, 1H, CHa-Ala), 3.08 (dd, J = 14.0, 6.2 Hz, 1H, CHHp-Tyr), 3.03 (dd, J = 14.0, 6.3 Hz,
1H, CHHpB-Tyr), 1.70 (d, J = 10.0 Hz, 1H, NH), 1.46 (s, 3H, CHs-Aib), 1.42 (s, 9H, 3 x CH3, Boc), 1.41
(s, 3H, CHs-Aib), 1.32 (d, J = 7.0 Hz, 3H, CH3p-Ala); *C NMR (126 MHz, CDCls) dc ppm 174.4
(C=0), 172.0 (C=0), 171.2 (C=0), 158.0 (C), 154.9 (C=0, Boc), 137.1 (C), 135.3 (C), 130.5 (CH),
128.73 (CH), 128.68 (CH), 128.6 (CH), 128.5 (CH), 128.3 (C), 128.1 (CH), 127.6 (CH), 115.0 (CH),
80.6 (C, Boc), 70.1 (CHy, Bn), 67.2 (CH>, Bn), 56.8 (C, Aib), 53.7 (CH, a-Tyr), 49.1 (CH, a-Ala), 37.0
(CH., B-Tyr), 28.4 (CHs, Boc), 25.5 (CHs, Aib), 18.1 (CHa, B-Ala); vmax (neat) = 3306, 2977, 1650,
1509, 1241, 1159, 1077, 1015, 735, 696 cm!; MS (ESI*) m/z 640 [M+Na]*; HRMS (ESI*) calcd. for
CssHsN3sNaO; [M+Na]* 640.2993, found 640.2986; [a]3° —6.0 (¢ 0.20, CHCI).

Boc-Ala-Aib-Ala-Tyr(Bn)-OBn (109)

oBn To a solution of Boc-Aib-Ala-Tyr(Bn)-OBn (108)
(5.67 g, 9.18 mmol, 1.0 equiv) in CH,Cl, (10 mL) was

o Hh o °F added TFA (10 mL) and the mixture was stirred at room
BOCHN\?QJ\N&N\QJ\N a>C0O,Bn temperature for 1 h (Caution — gas evolution!). The
L I reaction mixture was concentrated under reduced

109 pressure and the resulting residue repeatedly dissolved

in CH2Cl, (3 x 10 mL) and concentrated under reduced pressure to give the crude amine. The residue
was dissolved in a mixture of CH,Cl, (92 mL) and DMF (10 mL), Boc-Ala-OH (2.08 g, 11.0 mmol,
1.2 equiv), HATU (4.19 g, 11.0 mmol, 1.2 equiv) and DIPEA (6.39 mL, 36.7 mmol, 4.0 equiv) were
added subsequently, and the mixture was stirred at room temperature for 16 h. The reaction mixture was
washed with 10% citric acid solution (2 x 100 mL) and saturated NaHCOj solution (2 x 100 mL), dried
over MgSOs., filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (SiO., PE/EtOAc 1:1—EtOAc) to give Boc-Ala-Aib-Ala-Tyr(Bn)-OBn (109) (6.27 g,
9.10 mmol, 99%) as a white foam. R¢ (EtOAc) 0.48; mp 51-54 °C; *H NMR (500 MHz, CDCls) 3n
7.54 (d, J = 7.5 Hz, 1H, NH), 7.42-7.34 (m, 5H, ArH), 7.33-7.27 (m, 5H, ArH), 7.11 (d, J = 8.3 Hz,
2H, ArH), 6.81 (d, J = 8.3 Hz, 3H, ArH, NH), 5.39 (br. s, 1H, NH), 5.14 (d, J = 12.4 Hz, 1H, CHHPh),
5.10 (d, J=12.4 Hz, 1H, CHHPh), 4.98 (s, 2H, CH.Ph), 4.72 (dd, J = 14.2, 8.2 Hz, 1H, CHo-Tyr), 4.30
(quin, J =7.2 Hz, 1H, CHa-Ala), 3.84 (td, J = 8.9, 5.4 Hz, 1H, CHa-Ala), 3.15 (dd, J = 14.0, 5.6 Hz,
1H, CHH-Tyr), 3.07 (dd, J = 14.0, 8.8 Hz, 1H, CHHp-Tyr), 1.95 (br. s, 1 H, NH), 1.55 (s, 3H, CHs-
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Aib), 1.46 (s, 9H, 3 x CH3, Boc), 1.43 (s, 3H, CHa-Aib), 1.33 (d, J = 5.8 Hz, 3H, CHap-Ala), 1.31 (d,
J = 6.7 Hz, 3H, CHsp-Ala); 3C NMR (126 MHz, CDCls) 8¢ ppm 174.7 (C=0), 173.9 (C=0), 172.9
(C=0), 172.5 (C=0), 157.8 (C), 156.8 (C=0, Boc), 137.2 (C), 135.5 (C), 130.5 (CH), 129.3 (C), 128.7
(CH), 128.6 (CH), 128.32 (CH), 128.31 (CH), 128.0 (CH), 127.5 (CH), 114.8 (CH), 81.2 (C, Boc), 70.0
(CHz, Bn), 67.3 (CHz, Bn), 56.8 (C, Aib), 54.1 (CH, a-Tyr), 52.7 (CH, 0-Ala), 50.2 (CH, a-Ala), 36.7
(CHz, B-Tyr), 28.3 (CHs, Boc), 27.2 (CHs, Aib), 23.8 (CHs, Aib), 17.4 (CHs, B-Ala), 16.9 (CHs, B-Ala);
vmax (n€at) = 3306, 2978, 1650, 1510, 1242, 1161, 838, 736, 696 cm%; MS (ESI*) m/z 711 [M+Na]":
HRMS (ESI*) calcd. for CssHasNsNaOs [M+Na]* 711.3364, found 711.3366; [a]3® +6.0 (c 1.00,
CHCly).

Cbz-Leu-Ala-Aib-Ala-Tyr(Bn)-OBn (110)
To a solution of Boc-Ala-Aib-Ala-Tyr(Bn)-

OBn
8 ; OBn (109) (689 mg, 1.00 mmol, 1.0 equiv) in
B 0 o0 b CHCl; (5.0 mL) was added TFA (5.0 mL) and
ChzHN"@ N\?QJ\N><WN\?J\N CO,8n the mlxturg was stirred at ro_om temperature _for
o s H g £ H 1 h (Caution — gas evolution!). The reaction

mixture was concentrated under reduced
pressure and the resulting residue repeatedly
dissolved in CH2ClI, (3 x 10 mL) and concentrated under reduced pressure to give the crude amine. The
residue was dissolved in a mixture of CH.Cl. (8.0 mL) and DMF (2.0 mL), Cbz-Leu-OH (531 mg,
2.00 mmol, 2.0 equiv), HATU (760 mg, 2.00 mmol, 2.0 equiv) and DIPEA (1.05mL, 6.00 mmol,
6.0 equiv) were added subsequently, and the mixture was stirred at room temperature for 16 h. The
reaction mixture was diluted with CH,Cl, (20 mL) washed with 10% citric acid solution (2 x 20 ml) and
saturated NaHCO; solution (2 x 20 ml), dried over MgSOQs., filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (SiO., PE/EtOAc 1:1—EtOAc) to give
Chz-Leu-Ala-Aib-Ala-Tyr(Bn)-OBn (110) (727 mg, 0.87 mmol, 87%) as a white foam. R¢ (EtOAC)
0.38; mp 65-66 °C; 'H NMR (500 MHz, CDCl3) dx ppm 7.44-7.26 (m, 16H, ArH, NH), 7.07 (d,
J=8.4Hz, 2H, ArH), 6.96 (d, J = 7.4 Hz, 1H, NH), 6.89 (s, 1H, NH), 6.80 (d, J = 8.4 Hz, 2H, ArH),
6.69 (d, J=5.1 Hz, 1H, NH), 5.38 (d, J = 4.2 Hz, 1H, NH), 5.15-5.05 (m, 4H, 2 x CH,Ph), 4.98 (s, 2H,
CH:Ph), 4.76 (q, J = 7.4 Hz, 1H, CHa-Tyr), 4.40 (quin, J = 7.2 Hz, 1H, CHa-Ala), 4.11-4.03 (m, 2H,
CHa-Ala, CHo-Leu), 3.13 (dd, J =13.9, 6.2 Hz, 1H, CHHp-Tyr), 3.03 (dd, J = 13.9, 8.0 Hz, 1H, CHHp-
Tyr), 1.75-1.61 (m, 2H, CHHB-Leu, CHy-Leu), 1.51 (s, 3H, CHs-Aib), 1.50-1.48 (m, 1H, CHHp-Leu),
1.47 (s, 3H, CHs-Aib), 1.32 (d, J = 7.2 Hz, 3H, CH3pB-Ala), 1.26 (d, J = 7.2 Hz, 3H, CH3B-Ala), 0.95 (d,
J = 6.4 Hz, 3H, CHs8-Leu), 0.93 (d, J = 6.4 Hz, 3H, CHs3-Leu); *C NMR (126 MHz, CDCls) 8¢ ppm
173.9 (C=0), 173.4 (C=0), 172.7 (C=0), 172.4 (C=0), 171.7 (C=0), 157.7 (C), 156.9 (C=0, Cbz),
137.2 (C), 136.1 (C), 135.7 (C), 130.6 (CH), 129.3 (C), 128.8 (CH), 128.70 (CH), 128.65 (CH), 128.6
(CH), 128.31 (CH), 128.27 (CH), 128.2 (CH), 128.1 (CH), 127.6 (CH), 114.8 (CH), 70.1 (CH,, Bn),
67.7 (CH,, Bn), 67.0 (CHz, Bn), 57.2 (C, Aib), 54.8 (CH, a-Leu), 54.0 (CH, a-Tyr), 50.9 (CH, a-Ala),
49.7 (CH, a-Ala), 40.7 (CHa, B-Leu), 37.0 (CHa, B-Tyr), 26.2 (CHs, Aib), 25.0 (CH, y-Leu), 24.7 (CHs,
Aib), 22.9 (CHs, 8-Leu), 21.9 (CHs, 6-Leu), 17.5 (CHs, B-Ala), 16.9 (CHs, B-Ala); vmax (neat) = 3303,
2978, 1651, 1510, 1242, 1161, 839, 736, 696 cm!; MS (ESI*) m/z 858 [M+Na]*; HRMS (ESI*) calcd.
for C47Hs7NsNaOg [M+Na]* 858.4048, found 858.4053; [a]3” —7.3 (c 0.10, CHCls).
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H-Leu-Ala-Aib-Ala-Tyr-OH (111)

To a solution of pentapeptide 110 (445 mg,
0.53 mmol, 1.0 equiv) in anhydrous MeOH (6.0 mL)
was added 10 wt% Pd/C (45 mg, 10 wt%) and the

3
Y
p O H O P
N N reaction flask was evacuated, filled with nitrogen
HN"e @J\H& QJ\H 2 CO,H eaction flask was evacuated, filled ogen,
O - O -
111

OH

evacuated, and placed under an atmosphere of

hydrogen (balloon). The mixture was stirred at room

temperature for 16 h, placed under nitrogen and
filtered through a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated in
vacuo to give 111 as an off-white solid (276 mg, 0.53 mmol) in quantitative yield. mp 198-202 °C; H
NMR (500 MHz, CD3;0D) & ppm 7.05 (d, J = 8.2 Hz, 2H, ArH), 6.69 (d, J = 8.2 Hz, 2H, ArH), 4.51
(t, J=6.7 Hz, 1H, CHa-Tyr), 4.33 (g, J = 6.9 Hz, 1H, CHo-Ala), 4.26 (q, J = 6.9 Hz, 1H, CHa-Ala),
3.97-3.89 (m, 1H, CHa-Leu), 3.10 (dd, J = 13.8, 5.1 Hz, 1H, CHHp-Tyr), 2.94 (dd, J = 13.8, 8.1 Hz,
1H, CHHpB-Tyr), 1.81-1.69 (m, 2H, CHHp-Leu, CHy-Leu), 1.67-1.59 (m, 1H, CHHp-Leu), 1.45 (s, 3H,
CHs-Aib), 1.41 (s, 3H, CHs-Aib), 1.37 (d, J = 7.0 Hz, 3H, CHsp-Ala), 1.29 (d, J = 7.0 Hz, 3H, CHsp-
Ala), 1.00 (d, J = 5.9 Hz, 1H, CHs3-Leu), 0.98 (d, J = 5.9 Hz, 1H, CHs8-Leu); *C NMR (126 MHz,
CD3s0D) &c ppm 176.5 (C=0), 176.4 (C=0), 174.7 (C=0), 174.0 (C=0), 170.7 (C=0), 157.2 (C), 1314
(CH), 129.1 (C), 116.2 (CH), 57.8 (C, Aib), 55.8 (CH, a-Tyr), 52.8 (CH, a-Leu), 51.3 (CH, a-Ala), 50.6
(CH, a-Ala), 41.6 (CHa, B-Leu), 37.6 (CH>, B-Tyr), 26.4 (CHs, Aib), 25.3 (CH, y-Leu), 24.5 (CHs, Aib),
23.0 (CHs, 6-Leu), 22.2 (CHs, 6-Leu), 18.1 (CHs, B-Ala), 17.3 (CHas, B-Ala); vmax (neat) = 3278, 2958,
1651, 1514, 1216, 1173 cm™*; MS (ESI*) m/z 522 [M+H]*, 544 [M+Na]*; HRMS (ESI*) calcd. for
CasHaoNsO7 [M+H]* 522.2922, found 522.2923; [a]3’ +4.5 (c 0.20, MeOH).

Cyclo(Leu-Ala-Aib-Ala-Tyr) (112)

HO To a solution of H-Leu-Ala-Aib-Ala-Tyr-OH (111) (52 mg, 0.10 mmol,
\©\ 5 1.0 equiv) in anhydrous DMF (100 mL, 0.001 M) under an atmosphere of
E 0 8 nitrogen was added DEPBT (60 mg, 0.20 mmol, 2.0 equiv) and DIPEA
Os‘/a\H N (35 uL, 0.20 mmol, 2.0 equiv) and the reaction mixture was stirred for 24 h
g, NH HN_ at room temperature. The DMF was removed under reduced pressure at 60
\y( ;“\ /K °C over 30 min, and the residue was dried under reduced pressure. The
5 NH, HN residue was purified twice by column chromatography (SiO.,
” DCM/MeOH 9:1—4:1) to give the cyclic pentapeptide (112) as an off-
white solid (1 run: 15 mg, 30 pmol, 30%; 2" run: 14 mg, 28 pumol, 28%).
Rt (CH2Cl2/MeOH 4:1) 0.62; mp 262-264 °C (decomposition); *H NMR (400 MHz, CDz0D) &4 ppm
7.09 (d, J = 8.4 Hz, 2H, ArH), 6.71 (d, J = 8.4 Hz, 2H, ArH), 4.54 (t, J = 8.0 Hz, 1H, CHa-Tyr), 4.42
(9, J=7.0 Hz, 1H, CHa-Ala), 4.18 (q, J = 7.4 Hz, 1H, CHo-Ala), 3.84 (dd, J = 10.7, 5.5 Hz, 1H, CHa-
Leu), 3.04 (dd, J = 13.6, 8.3 Hz, 1H, CHHpB-Tyr), 3.00 (dd, J = 13.6, 7.8 Hz, 1H, CHHp-Tyr), 1.96 (ddd,
J =13.8, 10.7, 4.7 Hz, 1H, CHHp-Leu), 1.62 (s, 3H, CHs-Aib), 1.50-1.46 (m, 2H, CHHp-Leu, CHy-
Leu), 1.36-1.30 (m, 9H, CHs-Aib, 2 x CHsp-Ala), 0.88 (d, J = 6.6 Hz, 3H, CHasd-Leu), 0.77 (d,
J = 6.6 Hz, 3H, CH36-Leu); *C NMR (126 MHz, CD30D) §¢c ppm 176.9 (C=0), 175.7 (C=0), 175.1
(C=0), 174.7 (C=0), 173.3 (C=0), 157.3 (C), 131.3 (CH), 128.9 (C), 116.2 (CH), 57.9 (CH, a-Leu),
57.8 (C, Aib), 57.0 (CH, a-Tyr), 52.2 (CH, a-Ala), 49.6 (CH, a-Ala), 39.6 (CH, p-Leu), 36.7 (CH>, B-
Tyr), 26.1 (CHs, Aib), 25.8 (CH, y-Leu), 23.31 (CHs, Aib), 23.25 (CHs, -Leu), 21.4 (CHs, 6-Leu), 18.9
(CHs, B-Ala), 17.5 (CHs, B-Ala); vmax (neat) = 3288, 2934, 1654, 1515, 1458, 1060, 826 cm™*; MS (ESI*)
m/z 526 [M+Na]*; HRMS (ESI") calcd. for CosHs7NsNaOs [M+Na]* 526.2636, found 526.2637; [a]3’
—76.7 (c 0.27, MeOH).

P 0 12
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Preparation of cyclic pentapeptides 92, 98, 102, 107 and 112 (see Scheme 4 in paper)

. . Cyclic st nd .
Linear pentapeptide peptide trun | 2"™run | Average yield
H-Leu-Ala-Sar-Ala-Tyr-OH (91) 92 39% 33% 36%
H-Leu-Ala-NHCH>CHz-Ala-Tyr-OH (97) 98 28% n.d. 28%
H-Leu-Ala-NHCH,C(Me),-Ala-Tyr-OH (101) 102 33% 31% 32%
H-Leu-Ala-pAla-Ala-Tyr-OH (106) 107 37% 41% 39%
H-Leu-Ala-Aib-Ala-Tyr-OH (111) 112 30% 28% 29%

2.13 Preparation of cyclic hexapeptide 14
NH
OtBu OtBu (0] OtBu
j:'( CI3CJ\O><Ph 1) Et,;NH 52
N OH ————— 4> N
FmocHN a FmocHN - 7< OZN\_<> H I:| 7<
© 95% ©
13 77%
OtBu OtBu
H2 Raney Ni P ) 2% TFA ~-CO
Fmoc Val-OSu FmocHN H I:| 2) H-Phe-OBn  FmocHN an
EDC, HOBt ~
53% NMM Ph
73%
OtBu
1) Et,NH 1) Et,NH
> —_—
2) Fmoc-Tyr(tBu)-OH Fmoc” \)J\ \/(y( : ~ 02BN 2) Cbz-Leu-OH

EDC, HOBt, NMM

, - EDC, HOBt
/©/ Ph NMM
94% BUO 74%
OtBu OtBu
H,, PdIC
_COBn — 2" N _COH
ChzHN \)j\ j;( 250 HoN \)J\ \/g( 02

>99%

\Ph \©\ \Ph
OtBu OtBu

DEPBT N

DIPEA ) Y\H
R ‘e,

58% i

Fmoc-Thr(tBu)-OCumyl (113)

To sodium hydride (60% dispersion in mineral oil, 84 mg, 2.50 mmol,

5 OfBu 0.5 equiv) in Et;O (5.0 mL) at 0 °C was added freshly distilled 2-phenyl-2-
FmocHN propanol (1.50 g, 11.0 mmol, 2.2 equiv) in Et,O (5.5 mL) and stirred at room
7< temperature for 1 h. The mixture was cooled to 0 °C, trichloroacetonitrile

113 (1.44 mL, 10.0 mmol, 2.0 equiv) was added, the reaction mixture stirred at

room temperature for 3 h and then concentrated in vacuo. Petroleum ether
(2.25 mL) and MeOH (100 pL, 0.5 equiv) were added and stirred at room temperature for 10 min. The
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mixture was filtered through a plug of Celite eluting with PE. The eluent was concentrated under reduced
pressure to give the crude imidate. To the crude imidate in CH,Cl, (10 mL) was added Fmoc-Thr(tBu)-
OH (1.99 g, 5.00 mmol, 1.0 equiv) and the reaction mixture stirred at room temperature for 16 h. The
mixture was filtered through a plug of Celite, the crude product was concentrated in vacuo and purified
by column chromatography (PE/EtOAc 4:1) to yield 113 as a waxy solid (2.45 g, 4.75 mmol, 95%). R¢
(PE/EtOAC 4:1) 0.28; *H NMR (500 MHz, CDCl3) 84 7.77 (d, J = 7.5 Hz, 2H, ArH), 7.63 (d, J = 7.1 Hz,
2H, ArH), 7.45-7.38 (m, 4H, ArH), 7.36-7.27 (m, 4H, ArH), 7.28-7.22 (m, 1H, ArH), 5.56 (d,
J=9.2Hz, 1H, NH), 4.45-4.36 (m, 2H, CH,-Fmoc), 4.29-4.22 (m, 3H, CH-Fmoc, CHa-Thr, CHp-
Thr), 1.82 (d, J=4.4 Hz, 6H, 2 x CH3, cumyl), 1.24-1.17 (m, 12H, CHsy-Thr, 3 x CHs, tBu); *C NMR
(126 MHz, CDCls) 8¢ 169.9 (C=0), 156.7 (C=0, Fmoc), 145.5 (C), 144.2 (C), 144.0 (C), 141.4 (C),
128.4 (CH), 127.8 (CH), 127.29 (CH), 127.20 (CH), 127.18 (CH), 125.3 (CH), 124.7 (CH), 120.1 (CH),
83.4 (C, cumyl), 74.2 (C, tBu), 67.4 (CH, a-Thr), 67.2 (CH>, Fmoc), 60.4 (CH, B-Thr), 47.4 (CH, Fmoc),
28.9 (CHs, tBu), 28.7 (CHs, cumyl), 28.4 (CHs, cumyl), 20.6 (CHs, y-Thr). N.B. One aromatic C and
one aromatic CH signal not observed. vmax (n€at) = 2975, 1720, 1497, 1196, 1031, 738 cmt; MS (ESI*)
m/z 516 [M+H]*, 538 [M+Na]*; HRMS (ESI*) calcd. for Cs;H3s;NNaOs [M+Na]* 538.2564, found
538.2569; [a]3’ +20.0 (c 0.10, CHCIy).

NO2-GOx-Thr(tBu)-OCumyl (114)

To a solution of Fmoc-Thr(tBu)-OCumyl (113) (2.22 g, 4.30 mmol,
0 g 1.0 equiv) in CHCl, (4.3 mL) was added diethylamine (4.3 mL) and the
ozN\SZN SO~ Ph mixture was stirred at room temperature for 1 h. The reaction mixture was
H 7< concentrated under reduced pressure and the resulting residue repeatedly
114 dissolved in CH:ClI, (3 x 50 mL) and concentrated under reduced pressure
to give the crude amine. In a second reaction vessel, oxetane-3-one (503 pL,
8.60 mmol, 2.0 equiv), nitromethane (646 pL, 12.1 mmol, 2.8 equiv) and triethylamine (234 pL,
1.72 mmol, 0.4 equiv) were combined at 0 °C and stirred for 1 h at room temperature. The mixture was
dissolved in anhydrous CH.Cl, (34 mL), cooled to —78 °C, and triethylamine (2.34 mL, 17.2 mmol,
4.0 equiv) was added followed by dropwise addition of methanesulfonyl chloride (660 pL, 8.60 mmol,
2.0 equiv). The reaction mixture was stirred at —78 °C for 1.5 h and a solution of the crude amine in
anhydrous CH,Cl, (10 mL) was added slowly via syringe. The reaction mixture was allowed to warm
to room temperature and stirred for 16 h. A saturated solution of NH,CI (100 mL) was added and stirred
for 10 min. The layers were separated and the aqueous one extracted with CH,Cl, (2 x 30 mL) and
EtOAc (2 x 30 mL). The combined organic phases were washed saturated aqueous NaHCO3 solution
(50 mL), brine (50 mL), dried over Na;SOs, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (SiO., PE/EtOAc 4:1) to yield 114 (1.35 g, 3.31 mmol,
77%) as a highly viscous yellow oil. R (PE/EtOAc 4:1) 0.20; *H NMR (500 MHz, CDCl3) &4 7.47 (d,
J=7.7Hz, 1H, ArH), 7.36 (t, J = 7.7 Hz, 1H, ArH), 7.31-7.25 (m, 3H, ArH), 4.77 (s, 2H, CH.GOXx),
4.60-4.55 (m, 2H, OCH,-Ox), 4.51 (d, J=7.2 Hz, 1H, OCHH-Ox), 4.32 (d, J = 7.2 Hz, 1H, OCHH-
0x), 3.89 (quint, J=6.2 Hz, 1H, CHB-Thr), 3.36 (dd, J=9.8, 4.6 Hz, 1H, CHa-Thr), 2.50 (d, J = 9.9 Hz,
1H, NH), 1.86 (s, 3H, CHs, cumyl), 1.80 (s, 3H, CHs, cumyl), 1.22 (s, 9H, 3 x CHjs, tBu), 1.13 (d,
J = 6.2 Hz, 3H, CHay-Thr); *C NMR (126 MHz, CDCls) 8¢ 172.6 (C=0), 145.0 (C), 128.2 (CH), 127.4
(CH), 124.7 (CH), 83.0 (C, cumyl), 79.0 (OCHy), 78.9 (OCH), 78.6 (CH, GOx), 74.0 (C, tBu), 68.9
(CH, o-Thr), 61.5 (CH, B-Thr), 59.5 (C, Ox), 28.8 (CHs, cumyl), 28.5 (CHs, tBu), 27.6 (CHs, cumyl),
19.4 (CHs, y-Thr); vmax (neat) = 2975, 2934, 1724, 1554, 1271, 1194, 980, 763 cm~*; MS (ESI*) m/z 431
[M+Na]*; HRMS (ESI*) calcd. for Ca1H3:N2NaOs [M+Na]* 431.2153, found 431.2144; [a]3” +33.0
(c 0.10, CHCly).

{_ _oBu
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Fmoc-Val-GOx-Thr(tBu)-OCumyl (115)

OtBu To a solution of NO,-GOx-Thr(tBu)-OCumyl (114) (1.24 g,
52 3.00 mmol, 1.0 equiv) in THF (136 mL) was added Fmoc-Val-
FmocHN " OSu (1.96 g, 4.5 mmol, 1.5 equiv) and Raney Ni (slurry in H,0,
5.0 mL). The solution was placed under an atmosphere of
nitrogen, evacuated and filled with hydrogen (balloon). The reaction mixture was stirred vigorously for
4.0 h at room temperature. Then, the mixture was filtered through a plug of Celite eluting with EtOAc,
concentrated in vacuo, the filtrate was diluted with EtOAc (50 mL), washed with saturated Na,COs (3
x 500 mL), dried over Na,SO4 and concentrated under reduced pressure. Fmoc-Val-GOx-Thr(tBu)-
OCumyl (115) was afforded after purification by column chromatography (SiO,, CH.CI,/EtOAC 4:1) as
a white solid (1.11 g, 1.59 mmol, 53%); mp 74-76 °C; R¢ (CH.CIL/EtOAc 4:1) 0.34; 'H NMR
(500 MHz, CDCls) 6w 7.76 (d, J = 7.5 Hz, 2H, ArH), 7.59 (d, J = 7.4 Hz, 2H, ArH), 7.40 (m, 4H, ArH),
7.31 (m, 4H, ArH), 7.23 (m, 1H, ArH), 6.54-6.43 (t, J = 4.8 Hz, 1H, NH), 5.47 (d, J = 8.7 Hz, 1H, NH),
4.42 (dd, J = 10.3, 7.4 Hz, 1H, CHH-Fmoc), 4.36-4.28 (m, 3H, OCH»-Ox, CHH-Fmoc), 4.20 (m, 3H,
OCH,-0x, CH-Fmoc), 4.00-3.95 (dd, J=7.9, 6.4 Hz, 1H, CHa-Val), 3.94-3.88 (m, 1H, CHa-Thr), 3.80
(dd, J = 13.8, 5.8 Hz, 1H, CHHGOX), 3.32 (dd, J = 13.8, 4.1 Hz, 1H, CHHGOX), 3.19 (d, J = 4.0 Hz,
1H, CHB-Thr), 2.00 (m, 1H, CHB-Val), 1.84 (s, 3H, CHs, cumyl), 1.74 (s, 3H, CHs, cumyl), 1.22-1.16
(m, 12H, CHazy-Thr, 3 x CHjs, tBu), 0.90 (d, J = 6.6 Hz, 3H, CHsy-Val), 0.86 (d, J = 6.6 Hz, 3H, CHay-
Val); ¥C NMR (126 MHz, CDCls) ¢ 173.9 (C=0), 171.8 (C=0), 156.4 (C=0, Fmoc), 145.0 (C), 144.1
(C), 144.0 (C), 141.4 (C), 128.4 (CH), 127.8 (CH), 127.6 (CH), 127.2 (CH), 125.3 (CH), 125.2 (CH),
124.8 (CH), 120.13 (CH), 120.11 (CH), 83.2 (C, cumyl), 80.5 (OCHy), 79.4 (OCH), 74.2 (C, tBu), 68.9
(CH, a-Thr), 67.1 (CH., Fmoc), 61.9 (CH, B-Thr), 60.4 (CH, a-Val), 59.2 (C, Ox), 47.3 (CH, Fmoc),
44.1 (CHz, GOx), 31.5 (CH, p-Val), 29.4 (CHs, cumyl), 28.8 (CHjs, tBu), 27.2 (CHs, cumyl), 20.4 (CHs,
y-Thr), 19.3 (CHs, y-Val), 17.9 (CHs, y-Val). N.B. One aromatic C and two aromatic CH signals not
observed; vmax (Neat) = 2971, 2873, 1721, 1658, 1466, 1237, 759 cm™*; MS (ESI*) m/z 700 [M+H]*, 722
[M+Na]*; HRMS (ESI") calcd. for C41HssN3NaO; [M+Na]* 722.3776, found 722.3779; [a]3’ +25.0 (¢
0.10, CHCIs).

Fmoc-Val-GOx-Thr(tBu)-Phe-OBn (116)

Compound 116 was prepared following a modified
™Ns OBu procedure from Beadle et al.®! Fmoc-Val-GOx-Thr(tBu)-
FmocHN\/g‘/ \/E”/N\)J\OBn QCumyI (_115) (2.409, 3.40 mmol, 1.9 equiv) was
0 dissolved in 2% TFA/CH.Cl, and stirred at room
temperature for 85 min. The mixture was concentrated
under reduced pressure, the resulting residue was repeatedly re-dissolved in CH,Cl, (50 mL) and the
solvent was removed under reduced pressure. To the crude acid in CH2Cl, (34 mL) was added H-Phe-
OBn-HCI (1.10 g, 3.70 mmol, 1.1 equiv), NMM (1.51 mL, 13.7 mmol, 5.0 equiv), HOBt-H-O (0.51 g,
3.70 mmol, 1.1 equiv) and EDC-HCI (0.72 g, 3.70 mmol, 1.1 equiv). The reaction mixture was allowed
to stir for 18 h at room temperature under an atmosphere of nitrogen. The mixture was diluted with
EtOAc (250 mL) and washed with brine (3 x 150 mL), dried (Na2SO4) and concentrated in vacuo to
afford a yellow oil which was purified by flash column chromatography (CH>Cl,/MeOH 49:1). Fmoc-
Val-GOx-Thr(tBu)-Phe-OBn (116) was obtained as a white solid in 73% yield (2.03 g, 2.48 mmol). Ry
(CH.Clz/MeOH 49:1) 0.31; mp 68-70 °C; 'H NMR (500 MHz, CDCls) 84 7.81-7.74 (m, 3H, NH, 2 x
ArH), 7.63-7.56 (m, 2H, ArH), 7.43-7.27 (m, 10H, ArH), 7.24-7.17 (m, 2H, ArH), 7.11-7.01 (m, 3H,
NH, 2 x ArH,), 5.51 (d, J = 8.9 Hz, 1H, NH), 5.22-5.09 (m, 2H, CH2Ph), 4.91 (dt, J = 8.1, 5.9 Hz, 1H,
CHa-Phe), 4.47-4.38 (m, 2H, OCHH-Ox, CHH-Fmoc), 4.36-4.20 (m, 5H, CHH-Fmoc, CH-Fmoc,
OCHH-0Ox, OCH-0x), 4.08-4.02 (m, 1H, CHa-Val), 3.92 (dd, J = 13.9, 7.3 Hz, 1H CHHGOX), 3.57—
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3.50 (m, 1H, CHa-Thr), 3.21-3.07 (m, 2H, CHHGOx, CHHp-Phe), 3.05-2.94 (m, 2H, CHB-Thr, CHHp-
Phe), 2.41 (br. s, 1H, NH), 2.11 (dg, J = 13.2, 6.4 Hz, 1H, CHpB-Val), 1.08 (s, 9H, 3 x CHs, tBu), 1.00—
0.96 (m, 6H, CHazy-Thr, CHazy-Val), 0.93 (d, J = 6.6 Hz, 3H, CHsy-Val); *C NMR (126 MHz, CDCls)
dc 173.3 (C=0), 172.3 (C=0), 172.1 (C=0), 156.5 (C=0, Fmoc), 144.0 (C), 141.4 (C), 136.2 (C), 135.1
(C), 129.3 (CH), 128.8 (CH), 128.73 (CH), 128.70 (CH), 128.6 (CH), 127.9 (CH), 127.24 (CH), 127.23
(CH), 125.3 (CH), 125.2 (CH), 120.2 (CH), 120.1 (CH), 80.1 (OCH,), 79.0 (OCH,), 74.8 (C, tBu), 69.8
(CH, a-Thr), 67.6 (CH2, Bn), 67.2 (CH>, Fmoc), 61.8 (CH, B-Thr), 60.6 (CH, a-Val), 60.3 (C, Ox), 53.3
(CH, a-Phe), 47.3 (CH, Fmoc), 44.1 (CH, GOx), 38.2 (CH., B-Phe), 31.2 (CH, B-Val), 28.4 (CHjs, tBu),
19.5 (CHs, y-Val), 18.7 (CHs, y-Thr), 18.1 (CHs, y-Val). N.B. Two aromatic C and two aromatic CH
signals not observed; vmax (Neat) = 2968, 1722, 1659, 1514, 1449, 1187, 1076, 738 cm™; MS (ESI*) m/z
819 [M+H]*, 841 [M+Na]*; HRMS (ESI*) calcd. for CsHssNsNaOs [M+Na]* 841.4147, found
841.4134; [a]37 +21.5 (c 0.10, CHCIy).

Fmoc-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OBn (117)

, oBu To a solution of tetrapeptide Fmoc-Val-GOx-
0 Thr(tBu)-Phe-OBn (116) (1.40 g, 1.71 mmol,
FmocHN\;-J\N ! \/EWNJJ\OBn 1.0 equiv) in CH.Cl, (20mL) was added
z, H diethylamine (2.0 mL) and the mixture was
/©/ stirred at room temperature for 1 h. The reaction
{BuO mixture was concentrated under reduced
pressure and the resulting residue repeatedly dissolved in CH2Cl» (3 x 20 mL) and concentrated under
reduced pressure to give the crude amine. The residue was dissolved in CH.Cl, (20 mL), Fmoc-
Tyr(tBu)-OH (0.86 g, 1.81 mmol, 1.1 equiv), EDC-HCI (0.35 g, 1.81 mmol, 1.1 equiv), HOBt-H,O (0.24
g, 1.81 mmol, 1.1 equiv) and NMM (0.79 mL, 7.24 mmol, 4.0 equiv) were added subsequently, and the
mixture was stirred at room temperature for 24 h. The reaction mixture was diluted with EtOAc (50 mL)
and washed with brine (3 x 50 mL), dried over Na;SO, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (SiO,, CH:Cl,/MeOH 49:1) to give
pentapeptide Fmoc-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OBn (117) (1.65 g, 1.59 mmol, 94%) as a white
solid. R¢ (CH2Cl2/MeOH 49:1) 0.23; mp 89-91 °C; *H NMR (400 MHz, CDCls) 61 7.80 (d, J = 8.1 Hz,
1H, NH), 7.76 (d, J = 7.5 Hz, 2H, ArH), 7.56-7.49 (m, 2H, ArH), 7.44-7.20 (m, 12H, ArH), 7.13-6.96
(m, 5H, 4 x ArH, NH), 6.90 (d, J = 8.2 Hz, 2H, ArH), 6.55 (d, J = 7.8 Hz, 1H, NH), 5.29 (d, J = 6.5 Hz,
1H, NH), 5.22-5.08 (m, 2H, CH;Ph), 4.97-4.86 (m, 1H, CHa-Phe), 4.49-4.18 (m, 9H, CH-Fmoc, CH,-
Fmoc, 2 x OCH»-Ox, CHa-Tyr, CHa-Val), 3.90-3.79 (m, 1H, CHHGOXx), 3.67-3.58 (m, 1H, CHa-Thr),
3.22-2.98 (m, 6H, CHHGOx, CHB-Thr, CH2B-Tyr, CH2p-Phe), 2.47 (s, 1H, NH), 2.15-2.02 (m, 1H,
CHB-Val), 1.31 (s, 9H, 3 x CHjs, tBu), 1.13 (s, 9H, 3 x CHj3, tBu), 1.02 (d, J = 6.2 Hz, 3H, CHsy-Thr),
0.89 (d, J = 6.7 Hz, 3H, CHgy-Val), 0.81 (d, J = 6.7 Hz, 3H, CHgzy-Val); **C NMR (126 MHz, CDCls)
dc 173.3 (C=0), 172.0 (C=0), 171.5 (C=0), 171.1 (C=0), 156.1 (C=0, Fmoc), 154.6 (C), 143.9 (C),
143.8 (C), 141.4 (C), 136.1 (C), 135.1 (C), 129.3 (CH), 128.78 (CH), 128.76 (CH), 128.7 (CH), 128.6
(CH), 127.9 (CH), 127.3 (CH), 127.2 (CH), 125.20 (CH), 125.15 (CH), 124.5 (CH), 123.0 (CH), 120.1
(CH), 79.9 (OCHy), 79.0 (OCHy), 78.6 (C, tBu), 74.9 (C, tBu), 69.8 (CH, a-Thr), 67.5 (CH,, Bn), 67.2
(CHa, Fmoc), 61.6 (CH, p-Thr), 60.2 (C, Ox), 58.9 (CH, a-Val), 56.3 (CH, a-Tyr), 53.4 (CH, a-Phe),
47.2 (CH, Fmoc), 44.3 (CH,, GOXx), 38.2 (CHa, B-Tyr), 37.5 (CH2, B-Phe), 30.9 (CH, B-Val), 29.0 (CHs,
tBu), 28.5 (CHs, tBu), 19.4 (CHs, y-Val), 18.7 (CHs, y-Thr), 18.1 (CHs, y-Val). N.B. Two aromatic C
and three aromatic CH signals not observed; vmax (neat) = 2971, 2927, 1733, 1644, 1505, 1232, 1160,
757 cm™; MS (ESI) m/z 1038 [M+H]*, 1060 [M+Na]*; HRMS (ESI*) calcd. for CeiH7sNsNaO1o
[M+Na]* 1060.5406, found 1060.5381; [a]3’ +19.5 (¢ 0.10, CHCIs).
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Cbz-Leu-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OBn (118)

5 To a solution of pentapeptide Fmoc-
NP o’ OtBu Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OBn (117)

H - -
1.80 g, 1.73 mmol, 1.0 equiv) in CH.CI
CbzHN"@ N\t?)J\N = \/EH/N\)J\OBn ( g : q ) 212
o H (2.0 mL) was added diethylamine (2.0 mL)

ﬁ\©\ and the mixture was stirred at room
oBu temperature for 1 h. The reaction mixture was

concentrated under reduced pressure and the
resulting residue repeatedly dissolved in CH2Cl; (3 x 20 mL) and concentrated under reduced pressure
to give the crude amine. The residue was dissolved in CH.Cl (20 mL), Chz-Leu-OH (0.50 g, 1.90 mmol,
1.1 equiv), EDC-HCI (0.36 g, 1.90 mmol, 1.1 equiv), HOBt-H,O (0.26 g, 1.90 mmol, 1.1 equiv) and
NMM (0.84 mL, 7.60 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room
temperature for 24 h. The reaction mixture was diluted with EtOAc (50 mL) and washed with brine (3
x 50 mL), dried over Na;SOy, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography (SiO,, CH,Cl,/MeOH 49:1) to give hexapeptide Chz-Leu-Tyr(tBu)-Val-
GOx-Thr(tBu)-Phe-OBn (118) (1.37 g, 1.29 mmol, 74%) as a white solid. Rt (CH.Cl./MeOH 49:1) 0.16;
mp 146-148 °C; *H NMR (500 MHz, CDCls) &4 7.80 (d, 1H, J = 8.1 Hz, NH), 7.39-7.25 (m, 10H,
ArH), 7.25-7.21 (m, 3H, ArH), 7.14-7.04 (m, 5H, 4 x ArH, NH), 6.88 (d, J = 8.3 Hz, 2H, ArH), 6.75
(d, J =7.6 Hz, 1H, NH), 6.68 (d, J = 6.5 Hz, 1H, NH), 5.16 (d, J = 12.2 Hz, 1H, CHHPh), 5.11-5.04
(m, 3H, CHzPh, NH), 4.98 (d, J = 12.2 Hz, 1H, CHHPh), 4.89 (dd, J = 13.8, 7.5 Hz, 1H, CHa-Tyr),
4.60-4.52 (m, 1H, CHa-Phe), 4.42 (d, J = 6.4 Hz, 1H, OCHH-0Ox), 4.34 (d, J = 6.4 Hz, 1H, OCHH-OX),
4.32-4.25 (m, 3H, OCH,-Ox, CHa-Val), 4.08-4.02 (m, 1H, CHa-Leu), 3.81 (dd, J = 13.9, 7.0 Hz, 1H,
CHHGOX), 3.68 (app. quint, J = 5.8 Hz, 1H, CHa-Thr), 3.22-3.00 (m, 6H, CHHGOx, CHB-Thr, CH2-
Phe, CH,B-Tyr), 2.63 (s, 1H, NH), 2.27-2.15 (m, 1H, CHp-Val), 1.63-1.48 (m, 2H, CHHpB-Leu, CHy-
Leu), 1.44-1.36 (m, 1H, CHHp-Leu), 1.30 (s, 9H, 3 x CHs, tBu), 1.12 (s, 9H, 3 x CH3, tBu), 1.02 (d,
J = 6.2 Hz, 3H, CHgy-Thr), 0.93-0.80 (m, 12H, 2 x CHs y-Val, 2 x CHs8-Leu); *C NMR (126 MHz,
CDCls) 8¢ 173.4 (C=0), 172.7 (C=0), 171.8 (C=0), 171.6 (C=0), 171.1 (C=0), 156.4 (C=0, Chz),
154.6 (C), 136.1 (C), 136.0 (C), 135.2 (C), 131.3 (C), 129.8 (CH), 129.3 (CH), 128.8 (CH), 128.7 (CH),
128.6 (CH), 128.5 (CH), 128.3 (CH), 127.3 (CH), 124.5 (CH), 79.8 (OCHy>), 79.1 (OCHy>), 78.5 (C, tBu),
74.8 (C, tBu), 70.0 (CH, a-Thr), 67.5 (CH,, Bn), 67.4 (CH>, Bn), 61.4 (CH, B-Thr), 60.2 (C, Ox), 59.1
(CH, a-Val), 55.4 (CH, a-Phe), 54.1 (CH, a-Leu), 53.4 (CH, a-Tyr), 44.3 (CH, GOx), 41.0 (CH., B-
Leu), 38.2 (CH,, B-Phe), 36.6 (CH2, B-Tyr), 30.3 (CH, B-Val), 29.0 (CHs, tBu), 28.5 (CH3s, tBu), 24.8
(CH, y-Leu), 23.0 (CHs, 5-Leu), 21.9 (CHs, 6-Leu), 19.5 (CHs, y-Val), 18.4 (CHs, y-Thr), 17.8 (CHs, y-
Val). N.B. Two aromatic CH signals not observed; vmax (neat) = 2969, 2932, 1739, 1694, 1532, 1505,
1232, 1161, 696 cm™; MS (ESI*) m/z 1063 [M+H]*, 1085 [M+Na]*; HRMS (ESI*) calcd. for
CeoHg2NsNaO11 [M+Na]+ 1085.5934, found 1085.5936; [(X]ZD7 +13.5 (C 0.10, CHC|3).

H-Leu-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OH (119)

To a solution of 118 (1.33g, 1.25mmol,

o’ OtBu 1.0 equiv) in MeOH (15 mL) was added 10 wt%

H Pd/C (133 mg, 10 wt%) and the reaction flask

NQQJ\H ¢ \/E[(N\)J\OH was evacuated, filled with nitrogen, evacuated,

O P and placed under an atmosphere of hydrogen

\©\ (balloon). The reaction mixture was stirred at

OBu room temperature for 16 h, placed under nitrogen

and filtered through a plug of Celite, which was washed with MeOH (3x). The filtrate was concentrated

in vacuo to give 119 as a white solid (1.04 g, 1.25 mmol, quant. yield). mp 143-145 °C; 'H NMR
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(500 MHz, CD3s0D) 64 7.28-7.16 (m, 7H, ArH), 6.91 (d, J = 8.4 Hz, 2H, ArH), 4.69 (dd, J = 9.8, 5.2 Hz,
1H, CHa-Tyr or CHa-Phe), 4.65 (dd, J = 8.3, 4.9 Hz, 1H, CHa-Tyr or CHa-Phe), 4.39 (d, J = 6.5 Hz,
1H, OCHH-Ox), 4.35 (d, J = 6.6 Hz, 1H, OCHH-Ox), 4.32 (d, J = 6.5 Hz, 1H, OCHH-Ox), 4.28 (d,
J=6.6 Hz, 1H, OCHH-Ox), 4.16 (d, J = 7.6 Hz, 1H, CHa-Val), 3.87-3.80 (m, 2H, CHHGOx, CHo-
Leu), 3.68-3.60 (m, 1H, CHa-Thr), 3.24 (dd, J = 13.8, 4.7 Hz, 1H, CHHpB-Tyr or CHHpB-Phe), 3.14 (dd,
J=14.1,5.1 Hz, 1H, CHHB-Tyr or CHHp-Phe), 3.06-2.99 (m, 3H, CHB-Thr, CHHGOx, CHHB-Tyr or
CHHpB-Phe), 2.96 (dd, J = 14.1, 9.9 Hz, 1H, CHHpB-Tyr or CHHp-Phe), 2.07-1.96 (m, 1H, CHB-Val),
1.69-1.56 (m, 3H, CHzB-Leu, CHy-Leu), 1.32 (s, 9H, 3 x CHs, tBu), 1.18 (s, 9H, 3 x CHjs, tBu), 1.06
(d, J=6.1Hz, 3H, CHsy-Thr), 0.99-0.87 (m, 12H, 2 x CH3d-Leu, 2 x CHsy-Val); *C NMR (126 MHz,
CDs0D) 6¢ 176.6 (C=0), 175.4 (C=0), 174.1 (C=0), 173.5 (C=0), 170.8 (C=0), 155.4 (C), 139.0 (C),
133.5 (C), 130.9 (CH), 130.6 (CH), 129.5 (CH), 127.8 (CH), 125.2 (CH), 80.7 (OCH.), 80.5 (OCHy),
79.5 (C, tBu), 75.7 (C, tBu), 70.5 (CH, a-Thr), 64.4 (CH, B-Thr), 62.0 (C, Ox), 61.5 (CH, a-Val), 57.2
(CH, a-Tyr or CH, a-Phe), 55.9 (CH, a-Tyr or CH, a-Phe), 52.9 (CH, a-Leu), 45.1 (CH, GOx), 41.7
(CH., B-Leu), 39.3 (CHy, B-Tyr or CHa, B-Phe), 37.9 (CHa, B-Tyr or CHz, B-Phe), 32.3 (CH, B-Val),
29.2 (CHs, tBu), 29.1 (CHs, tBu), 25.2 (CH, y-Leu), 23.3 (CHs, 6-Leu), 21.9 (CHs, é-Leu), 21.0 (CHs,
y-Thr), 19.8 (CHas, y-Val), 19.2 (y-CHs, Val); vmax (neat) = 3064, 2968, 2873, 1643, 1505, 1160, 698 cm~
1 'MS (ESI*) m/z 839 [M+H]*, 861 [M+Na]*; HRMS (ESI") calcd. for C4sH71NgOs [M+H]* 839.5277,
found 839.5273; [a]4” —9.6 (c 0.16, MeOH).

Cyclo(Leu-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe) (14)

{BuO To a solution of H-Leu-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OH (119)
\©\ s (416 mg, 0.50 mmol, 1.0 equiv) in anhydrous DMF (100 mL, 0.005 m)
p under an atmosphere of nitrogen was added DEPBT (297 mg,
N7 OB 0.99 mmol, 2.0 equiv) and DIPEA (172 uL, 0.99 mmol, 2.0 equiv) and
VJB/,,Q NH 7 HN__O the reaction mixture was stirred for 48 h at room temperature. The
; ﬁ solvent was removed under reduced pressure at 60 °C over 30 min, and
0 “® the residue was dried in vacuo. The residue was analysed by LCMS and
No<c o PN purified twice by column chromatography (SiO2, CH.Cl,/MeOH
H 49:1—19:1) to give the cyclic hexapeptide (14) as a white solid (235 mg,
v 0.29 mmol, 58%). R¢ (CH.Cl,/MeOH 49:1) 0.22; mp 127-129 °C;
'H NMR (500 MHz, CD3;0D) 8y 7.36-7.31 (m, 2H, ArH), 7.30-7.23 (m, 3H, ArH), 7.17 (d, J = 8.3 Hz,
2H, ArH), 6.94 (d, J = 8.4 Hz, 2H, ArH), 4.63 (dd, J = 9.6, 6.2 Hz, 1H, CHa-Phe), 4.50-4.45 (m, 3H,
OCH2-Ox, OCHH-0Ox), 4.41-4.35 (m, 2H, OCHH-Ox, CHa-Val), 4.14 (dd, J = 11.4, 3.6 Hz, 1H, CHo-
Tyr), 4.03 (d, J = 14.9 Hz, 1H, CHHGOX), 3.79-3.71 (m, 1H, CHa-Leu), 3.59-3.45 (m, 2H, CHa-Thr,
CHHB-Tyr), 3.37 (dd, J = 13.9, 3.9 Hz, 1H, CHHB-Tyr), 3.29-3.18 (m, 2H, CHHp-Phe, CHHGOX),
3.07 (d, J=4.3 Hz, 1H, CHB-Thr), 2.75 (dd, J = 13.8, 9.8 Hz, 1H, CHHp-Phe), 2.13-2.03 (m, 1H, CHp-
Val), 1.58-1.50 (m, 1H, CHHp-Leu), 1.36-1.28 (m, 10H, CHHp-Leu, 3 x CHs, tBu), 1.20-1.15 (m, 1H,
CHy-Leu), 1.10-1.03 (m, 18H, 2 x CHszy-Val, CHsy-Thr, 3 x CHjs, tBu), 0.81 (d, J = 6.5 Hz, 3H, CH33-
Leu), 0.77 (d, J=6.5 Hz, 3H, CH35-Leu); *C NMR (126 MHz, CDs0OD) §¢ 176.4 (C=0), 174.9 (C=0),
174.5 (C=0), 174.4 (C=0), 173.0 (C=0), 155.3 (C), 137.7 (C), 134.7 (C), 130.6 (CH), 130.2 (CH),
129.9 (CH), 128.3 (CH), 125.3 (CH), 80.3 (OCHy), 80.2 (OCH>), 79.4 (C, tBu), 75.3 (C, tBu), 69.2 (CH,
a-Thr), 64.8 (CH, B-Thr), 62.4 (CH, a-Val), 62.1 (C, Ox), 59.3 (CH, a-Tyr), 55.7 (CH, a-Leu), 54.7
(CH, a-Phe), 45.6 (CH2, GOx), 40.2 (CH>, B-Leu), 39.5 (CH>, B-Phe), 35.3 (CH., B-Tyr), 33.2 (CH, B-
Val), 29.2 (CHs, tBu), 28.9 (CHjs, tBu), 25.2 (CH, y-Leu), 23.2 (CHs, 8-Leu), 22.1 (CHs, 8-Leu), 22.0
(CHs, y-Val), 19.9 (CHs, y-Val), 19.5 (CHs, y-Thr); vmax (neat) = 2964, 2930, 1641, 1504, 1389, 1161
cm!; MS (ESI*) m/z 843 [M+Na]*; HRMS (ESI") calcd. for C4sHesNsNaOs [M+Na]* 843.4991, found
843.4995; [a]37 —74.3 (c 0.13, MeOH).
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2.14 Preparation of cyclic peptides 18-21 via SPPS

Ho><

Ph 1) Et,NH \Sg
PN PN 2
m m myl ————— > O,N
FmocHN CO,H FmocHN CO,Cumyl 2) 2 /\COZCu y

DCC, DMAP O2N \_<>
— 0
51% 120 21

98%

H,, Raney Ni FmocHN\Eg TFA (2%) \Sg
2 e —_—
/\C020umyl FmocHN /\COZH

Fmoc-OSu

60% 122 Fmoc- GOx-GIy OH (16)
Fmoc-Gly-OCumyl (120)

To a solution of Fmoc-Gly-OH (2.00 g, 6.72 mmol, 1.0 equiv) in anhydrous
FmocHN/\n/OXPh CH.Cl, (30 mL) were added 2-phenyl-2-propanol (3.36 g, 24.7 mmol,
o 3.7 equiv), DCC (1.70 g, 8.24 mmol, 1.2 equiv) and DMAP (167 mg,
1.37 mmol, 0.2 equiv) and the mixture was stirred for 24 h at room temperature.
The solvent was removed in vacuo, the residue was diluted with diethyl ether (100 mL) and filtered
through a plug of Celite eluting with diethyl ether. The filtrate was washed with saturated NaHCO3
solution (100 mL), dried over MgSQy, filtered, and concentrated under reduced pressure. The residue
was purified by column chromatography (SiO2, PE/EtOAc 9:1—4:1) to give Fmoc-Gly-OCumyl (120)
(1.43 g, 3.44 mmol, 51%) as a white solid. R (PE/EtOAc 2:1) 0.46; mp 109-111 °C; 'H NMR
(500 MHz, CDCls) &4 ppm 7.78 (d, J = 7.5 Hz, 2H, ArH), 7.60 (d, J = 7.5 Hz, 2H, ArH), 7.43-7.26 (m,
9H, ArH), 5.31 (s, 1H, NH), 4.40 (d, J = 7.2 Hz, 2H, CH.-Fmoc), 4.23 (t, J = 7.2 Hz, 1H, CH-Fmoc),
4.01 (d, J = 5.3 Hz, 2H, CHGly), 1.84 (s, 6H, 2 x CHs, cumyl); 3C NMR (126 MHz, CDCl3) &c ppm
168.7 (C=0), 156.3 (C=0, Fmoc), 145.1 (C), 143.9 (C), 141.3 (C), 128.5 (CH), 127.8 (CH), 127.4 (CH),
127.1 (CH), 125.2 (CH), 124.4 (CH), 120.1 (CH), 83.4 (C, cumyl), 67.2 (CH2, Fmoc), 47.2 (CH, Fmoc),
43.5 (CHy, Gly), 28.6 (CHs, cumyl); vmax (neat) = 3308, 2938, 1738, 1687, 1546, 1214, 1053, 760, 697
cmt; MS (ESI*) m/z 438 [M+Na]*, 454 [M+K]*; HRMS (ESI*) calcd. for CzH2sNNaOs [M+Na]*
438.1676, found 438.1674.

120

0.N-GOx-Gly-OCumyl (121)

To a solution of Fmoc-Gly-OCumyl (120) (1.29 g, 3.10 mmol, 1.0 equiv)
\Sg in CH,CI; (4.0 mL) was added diethylamine (4.0 mL) and the mixture was
2N N/\H/OX Phstirred at room temperature for 2 h. The reaction mixture was concentrated
H under reduced pressure and the resulting residue repeatedly dissolved in

CH,CI; (3 x 15 mL) and concentrated under reduced pressure to give the
crude amine. In a second reaction vessel, oxetane-3-one (398 puL, 6.21 mmol, 2.0 equiv), nitromethane
(470 pL, 8.68 mmol, 2.8 equiv) and trimethylamine (173 uL, 1.24 mmol, 0.4 equiv) were combined at
0 °C and stirred for 1 h at room temperature. The mixture was dissolved in anhydrous CH,Cl, (20 mL),
cooled to—78 °C, and trimethylamine (1.73 mL, 12.4 mmol, 4.0 equiv) was added followed by dropwise
addition of a solution of methanesulfonyl chloride (481 pL, 6.21 mmol, 2.0 equiv) in anhydrous CHxCl;
(6.0 mL). The reaction mixture was stirred at —78 °C for 1.5 h and a solution of the crude amine in
anhydrous CH>Cl, (20 mL) was added slowly via syringe. The reaction mixture was allowed to warm to
room temperature and stirred for 16 h. A saturated solution of NH4Cl (20 mL) was added and stirred for
10 min. The layers were separated and the aqueous one extracted with CH,Cl, (2 x 30 mL) and EtOAc
(2 x 30 mL). The combined organic phases were concentrated under reduced pressure and the residue
was purified by column chromatography (SiO2, PE/EtOAc 4:1—2:1—1:1) to give 121 (940 mg,

O

121
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3.05 mmol, 98%) as an off-white solid. Rf (PE/EtOAc 2:1) 0.15; mp 71-72 °C; 'H NMR (400 MHz,
CDCls) o1 ppm 7.39-7.27 (m, 5H, ArH), 4.77 (s, 2H, NO.CH>), 4.57 (d, J = 7.2 Hz, 2H, OCH»-0x),
4.53 (d, J = 7.2 Hz, 2H, OCH»-Ox), 3.53 (s, 2H, CHGly), 2.29 (s, 1H, NH), 1.80 (s, 6H, 2 x CHs,
cumyl); *C NMR (101 MHz, CDClIs) 8¢ ppm 170.6 (C=0), 145.1 (C), 128.5 (CH), 127.5 (CH), 124.4
(CH), 83.3 (C, cumyl), 78.9 (NO2CH,), 78.3 (2 x OCHy), 59.6 (C, Ox), 45.6 (CH,, Gly), 28.6 (CHjs,
cumyl); vmax (neat) = 3293, 2979, 1736, 1545, 1364, 1215, 1140, 1101, 978, 762, 695 cm*; MS (ESI*)
m/z 331 [M+Na]*; HRMS (ESI*) calcd. for CisH20N2NaOs [M+Na]* 331.1264, found 331.1268.

Fmoc-GOx-Gly-OCumyl (122)

0 To a solution of NO,-GOx-Gly-OCumyl (121) (928 mg, 3.00 mmol,
52 1.0 equiv) in THF (30 mL) was added Fmoc N-hydroxysuccinimide
FmocHN 0] Ph .
H/\n/ 7< ester (2.02 g, 6.00 mmol, 2.0 equiv), NaHCO; (1.01 g, 12.0 mmol,
O 4.0 equiv) and Raney Ni (slurry in H20, 3.0 mL). The reaction mixture
was placed under an atmosphere of nitrogen, evacuated and filled with
hydrogen (balloon). The mixture was stirred vigorously for 4 h at room temperature. Then, the mixture
was filtered through a plug of Celite eluting with EtOACc, the filtrate was washed with saturated Na,COs
(3 x 50 mL) and concentrated under reduced pressure. Fmoc-GOx-Gly-OCumyl (122) was afforded
after purification by column chromatography (SiO., PE/EtOAc 2:1—1:1—EtOAc) as a white sticky
foam (897 mg, 1.79 mmol, 60%). R (PE/EtOAc 1:1) 0.21; *H NMR (400 MHz, CDCls) &y ppm 7.72
(d, 3 =7.4 Hz, 2H, ArH), 7.54 (d, J = 7.4 Hz, 2H, ArH), 7.38-7.21 (m, 9H, ArH), 5.26 (s, 1H, NH),
4.48-4.24 (m, 6H, CH.-Fmoc, 2 x OCH,-Ox), 4.16 (t, J = 6.2 Hz, 1H, CH-Fmoc), 3.50 (d, J = 5.1 Hz,
2H, CH,GOx), 3.41 (s, 2H, CH2Gly), 1.92 (br. s, 1H, NH), 1.76 (s, 6H, 2 x CH3, cumyl); *C NMR (101
MHz, CDCl3) 8¢ ppm 171.4 (C=0), 157.0 (C=0, Fmoc), 145.1 (C), 144.0 (C), 141.4 (C), 128.5 (CH),
127.8 (CH), 127.5 (CH), 127.2 (CH), 125.2 (CH), 124.4 (CH), 120.1 (CH), 83.2 (C, cumyl), 79.2 (2 x
OCHy), 66.9 (CH., Fmoc), 59.7 (C, Ox), 47.3 (CH, Fmoc), 45.5 (CH,, GOx or Gly), 45.4 (CH., GOx or
Gly), 28.6 (CHs, cumyl); vmax (neat) = 3309, 2941, 1716, 1535, 1448, 1214, 1134, 974, 758, 739, 698
cm™; MS (ESI*) m/z 501 [M+H]*, 523 [M+Na]*.; HRMS (ESI*) calcd. for C3Hs2N2NaOs [M+Na]*
523.2203, found 523.2197.

122

Solid-phase peptide synthesis of cyclo(Leu-GOx-Gly-Trp(Boc)) (18)

O0— H o Fmoc-GOx-Gly-Cumyl (122) (200 mg, 0.40 mmol, 4.0 equiv) was stirred
%N\( Boc at room temperature in 2% TFA in CH,Cl, (8.0 mL) for 2-3 h until

NH || complete deprotection of the cumyl ester was observed by TLC. The

HN Y, f solvent was removed under reduced pressure and the resulting residue was
o T ” o repeatedly dissolved in CH,CI; (3 x 10 mL) and concentrated under
PR . 18 reduced pressure. The crude Fmoc-GOx-Gly-OH (16) was used for

coupling without further purification.

H-Trp(Boc)-2-chlorotrityl resin (15) (145 mg, 0.10 mmol, 1.0 equiv) was placed in a 10 mL reaction
vessel and the resin was pre-swollen in DMF (2.0 mL) for 30 min. Fmoc-GOx-Gly-OH (16) was
dissolved in DMF (4.0 mL). HATU (72 mg, 0.19 mmol, 1.9 equiv) and DIPEA (70 pL, 0.40 mmol,
4.0 equiv) were added to 2.0 mL solution of 16 and the coupling solution was added to the resin. The
coupling reaction was allowed to proceed for 2 h at room temperature under slight agitation. The resin
was filtered, washed with DMF (1 x 2.0 mL) and the coupling step was repeated before the Fmoc group
was removed with 20% piperidine in DMF (2.0 mL) for 20 min at room temperature. After washing the
resin with DMF (5 x 2.0 mL), Fmoc-Leu-OH (177 mg, 0.50 mmol, 5.0 equiv) was coupled with HATU
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(186 mg, 0.49 mmol, 4.9 equiv), DIPEA (174 pL, 1.00 mmol, 10 equiv) in DMF (2.0 mL) for 1 h at
room temperature. In case of a positive TNBS test, the coupling step was repeated. The resin was washed
with DMF (5 x 2.0 mL) before the Fmoc-group was removed as described before. The tetrapeptide was
then cleaved from the resin with TFE in CH:Cl; (1:4, 1.0 mL) for 1 h at room temperature. This was
repeated twice and the combined cleavage solutions were evaporated to dryness under reduced pressure.
Success of the synthesis was confirmed by mass spectrometry and NMR. The crude yield of the solid
phase synthesis was approximately 70—-80%.

The crude peptide was dissolved in DMF (76 mL, ~1 mm) and DEPBT (45 mg, 0.15 mmol, 2.0 equiv)
and DIPEA (26 uL, 0.15 mmol, 2.0 equiv) were added. The reaction mixture was stirred at room
temperature for 64 h before, the solvent was removed under reduced pressure and the residue purified
twice by column chromatography (5-12% MeOH in CH2Cl,). Cyclic tetrapeptide 18 was obtained as a
sticky white/colourless solid in 39% yield (21.1 mg, 39 umol) over the complete reaction sequence.

Rt (CH2Clz/MeOH 9:1) 0.55; *H NMR (500 MHz, DMSO-d6) 8 8.25 (d, J = 10.3 Hz, 1H, NH), 8.03
(d, J=8.1Hz, 1H, ArH), 7.95 (d, J = 9.1 Hz, 1H, NH), 7.63 (d, J = 7.7 Hz, 1H, ArH), 7.48 (s, 1H, ArH),
7.47-7.43 (m, 1H, NH), 7.34 (t, J = 7.7 Hz, 1H, ArH), 7.27 (t, J = 7.5 Hz, 1H, ArH), 4.61 (9, J = 8.8 Hz,
1H, CHa-Trp), 4.40 (d, J = 6.3 Hz, 1H, OCHH-Ox), 4.17 (d, J = 6.9 Hz, 1H, OCHH-Ox), 4.15 (d,
J =6.3 Hz, 1H, OCHH-0Ox), 4.01 (td, J = 9.8, 5.2 Hz, 1H, CHa-Leu), 3.89 (d, J = 6.9 Hz, 1H, OCHH-
Ox), 3.80 (dd, J = 13.4, 7.8 Hz, 1H, CHHGOXx), 3.44-3.35 (m, 1H, CHHGly), 3.24 (d, J = 15.2 Hz, 1H,
CHHGIy), 3.18 (dd, J = 15.0, 5.6 Hz, 1H, CHHp-Trp), 3.07-3.03 (m, 1H, CHHB-Trp), 3.01 (d,
J =113 Hz, 1H, CHHGOX), 1.62 (s, 9H, 3 x CHj3, Boc), 1.61-1.56 (m, 2H, CHHp-Leu, CHy-Leu),
1.52-1.44 (m, 1H, CHHp-Leu), 0.91 (d, J = 6.2 Hz, 3H, CHa35-Leu), 0.78 (d, J = 6.2 Hz, 3H, CH33-Leu).
N.B. One NH not observed; *C NMR (126 MHz, DMSO-d6) ¢ 173.13 (C=0), 173.09 (C=0), 171.0
(C=0), 148.9 (C=0, Boc), 134.7 (C), 130.0 (C), 124.5 (CH), 123.4 (CH), 122.6 (CH), 119.1 (CH), 116.1
(C), 114.8 (CH), 83.7 (C, Boc), 78.1 (OCHy), 76.3 (OCHy), 60.3 (C, Ox), 55.2 (CH, a-Trp), 54.0 (CH,
a-Leu), 47.2 (CHy, Gly), 44.3 (CH2, GOX), 39.6 (CH>, B-Leu), 27.7 (CHs, Boc), 25.8 (CHy, B-Trp), 24.6
(CH, y-Leu), 22.9 (CHgs, 8-Leu), 21.1 (CHs, 8-Leu); vmax (neat) = 3266, 2925, 1672, 1532, 1225, 704 cm™
1 MS (ESI*) m/z 564 [M+Na]*; HRMS (ESI") calcd. for CzsH3sNsNaOs* [M+Na]* 564.2793, found
564.2791; [a]37+10.0 (c 0.05, CHClIs).

Solid-phase peptide synthesis of cyclo(Ala-Trp-GOx-Gly-Leu) (19)

Cyclic peptide 19 was synthesised as described above starting from H-Leu-2-chlorotrityl resin (67.5 mg,
0.05 mmol). Tryptophan was incorporated without side chain protecting group. The crude cyclic peptide
was purified by preparative HPLC (solvent A: 0.1% TFA in water; solvent B: 0.1% TFA in MeCN;
gradient: 0—3 min, 5% B; 3-28 min, 3-40% B; 28-32 min, 40-100% B; retention time: 28.9 min). Cyclic
pentapeptide 19 was obtained after freeze-drying as TFA salt (2.4 mg, 6.5 umol, 13%).

HRMS (ES|+) calcd. for C26H37N605+ |:|\/|+H]+ 513.2820, found 513.2816.
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Solid-phase peptide synthesis of cyclo(Met-Ala-Trp-GOx-Gly-Leu) (20)

Cyclic peptide 20 was synthesised as described above starting from H-Leu-2-chlorotrityl resin (67.5 mg,
0.05 mmol). Tryptophan was incorporated without side chain protecting group. The crude cyclic peptide
was purified by preparative HPLC (solvent A: 0.1% TFA in water; solvent B: 0.1% TFA in MeCN;
gradient: 0—3 min, 5% B; 3-28 min, 3-50% B; 28-32 min, 50-100% B; retention time: 25.3 min). Cyclic
hexapeptide 20 was obtained after freeze-drying as TFA salt (2.5 mg, 6.5 umol, 7%).

HRMS (ESI) calcd. for Ca1HsN706S* [M+H]* 644.3225, found 644.3220.
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Solid-phase peptide synthesis of cyclo(Ser-Met-Ala-Trp-GOx-Gly-Leu) (21)

Cyclic peptide 21 was synthesised as described above starting from H-Leu-2-chlorotrityl resin (67.5 mg,
0.05 mmol). Tryptophan was incorporated without side chain protecting group. The crude cyclic peptide
was purified by preparative HPLC (solvent A: 0.1% TFA in water; solvent B: 0.1% TFA in MeCN;
gradient: 0—3 min, 5% B; 3-28 min, 3-50% B; 28-32 min, 50-100% B; retention time: 26.8 min). Cyclic
heptapeptide 21 was obtained after freeze-drying as TFA salt (6.2 mg, 6.5 umol, 13%).

HRMS (ESI*) calcd. for CssHsoNgNaOsS* [M+Na]* 753.3365, found 753.3358.
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2.15 Preparation of cyclic disulfide-bridged pentapeptide 22
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Fmoc-Arg(Pbf)-OCumyl (123)

H To sodium hydride (60% dispersion in mineral oil, 200 mg, 5.00 mmol,

5 N\”/NHbe 0.5 equiv) in anhydrous diethyl ether (20 mL) was added freshly distilled 2-

s ! NH phenyl-2-propanol (3.00 g, 22.0 mmol, 2.2 equiv) at 0 °C and the mixture

O. _Ph was stirred for 1 h at room temperature. The reaction mixture was cooled to

FmocHN™* X 0 °C, 2,2,2-trichloroacetonitrile (2.00 mL, 20.0 mmol, 2.0 equiv) were
1230 added slowly and stirring was continued for 3 h at ambient temperature. The

solvent was removed under reduced pressure and the residue re-dissolved
in petroleum ether (5.0 mL), anhydrous MeOH (202 pL, 5.00 mmol, 0.5 equiv) was added and the
solution was stirred for 10 min at room temperature. The mixture was filtered through a plug of Celite
eluting with PE and the filtrate was concentrated under reduced pressure to give the crude imidate. To
a suspension of Fmoc-Arg(Pbf)-OH (6.49 g, 10.0 mmol, 1.0 equiv) in CHCl, (60 mL) was added a
solution of the imidate in CH,CI; (15 mL) and the mixture was stirred for 16 h at room temperature. The
reaction mixture was filtered through a plug of Celite eluting with CHCl,, the solvent was removed in
vacuo, and the residue was purified by column chromatography (SiO,, PE/EtOAc 1:1—EtOAC) to give
Fmoc-Arg(Pbf)-OCumyl (123) (2.10 g, 2.74 mmol, 27%) as a white solid. R¢ (EtOAc) 0.60; mp 100—
102 °C; 'H NMR (400 MHz, CDCls) &n ppm 7.74 (d, J = 7.5 Hz, 2H, ArH), 7.54 (d, J = 7.5 Hz, 2H,
ArH), 7.38 (t, J = 7.5 Hz, 2H, ArH), 7.35-7.26 (m, 7H, ArH), 5.92 (br. s, 3H, 3 x NH), 5.48 (d,
J=7.6 Hz, 1H, NH), 4.36 (d, J = 6.7 Hz, 2H, CH2-Fmoc), 4.28 (d, J = 6.7 Hz, 1H, CHa-Arg), 4.16 (t,
J=7.0Hz, 1H, CH-Fmoc), 3.34-3.23 (m, 1H, CHH3-Arg), 3.23-3.12 (m, 1H, CHH3-Arg), 2.91 (s, 2H,
CHz, Pbf), 2.58 (s, 3H, CHas, Pbf), 2.51 (s, 3H, CHas, Pbf), 2.07 (s, 3H, CHa, Pbf), 1.96-1.85 (m, 1H,
CHHp-Arg), 1.79 (s, 3H, CHs, cumyl), 1.76 (s, 3H, CHs, cumyl), 1.69—1.55 (m, 3H, CHzy-Arg, CHHp-
Arg), 1.43 (s, 6H, 2 x CHjs, Pbf); *C NMR (101 MHz, CDCls) 8¢ ppm 170.9 (C=0), 158.9 (C), 156.6
(C=0, Fmoc), 156.3 (C=NH), 144.9 (C), 143.8 (C), 143.7 (C), 141.4 (C), 138.5 (C), 133.1 (C), 1324
(C), 128.5 (CH), 127.9 (CH), 127.5 (CH), 127.2 (CH), 125.2 (CH), 124.7 (C), 124.4 (CH), 120.1 (CH),
117.6 (C), 86.5 (C, Pbf), 83.7 (C, cumyl), 67.3 (CH2, Fmoc), 53.8 (CH, a-Arg), 47.2 (CH, Fmoc), 43.3
(CH,, Pbf), 40.9 (CH, 6-Arg), 30.4 (CH,, B-Arg), 28.7 (CHs, 2 x Pbf), 28.6 (CHs, cumyl), 28.4 (CHs,
cumyl), 25.2 (CH,, y-Arg), 19.4 (CHs, Pbf), 18.1 (CHs, Pbf), 12.6 (CHs, Pbf); vmax (neat) = 3326, 2978,
1717, 1545, 1449, 1243, 1088, 758, 740 cm; MS (ESI*) m/z 767 [M+Na]*, 789 [M+Na]*; HRMS
(ESI*) calcd. for Ca3HsoNsNaO-S [M+Na]* 789.3292, found 789.3296; [a]48 +1.66 (c 0.79, CHCIs).
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NO2-GOx-Arg(Pbf)-OCumyl (124)

H To a solution of Fmoc-Arg(Pbf)-OCumyl (123) (2.40 g, 3.13 mmol,
5 N\[(NHbe 1.0 equiv) in CH.Cl (3.5 mL) was added diethylamine (3.5 mL) and the
Oo_ st NH mixture was stirred at room temperature for 1 h. The reaction mixture
OzN\Sg /d;o Ph was concentrated under reduced pressure and the resulting residue
H * 7< repeatedly dissolved in CH2Cl, (3 x 10 mL) and concentrated under
124° reduced pressure to give the crude amine. In a second reaction vessel,
oxetane-3-one (410 uL, 6.26 mmol, 2.0 equiv), nitromethane (475 pL, 8.76 mmol, 2.8 equiv) and
triethylamine (174 pL, 1.25 mmol, 0.4 equiv) were combined at 0 °C and stirred for 1 h at room
temperature. The mixture was dissolved in anhydrous CH:Cl, (24 mL), cooled to —78 °C, and
triethylamine (1.74 mL, 12.5 mmol, 4.0 equiv) was added followed by dropwise addition of a solution
of methanesulfonyl chloride (485 uL, 6.26 mmol, 2.0 equiv) in anhydrous CH.Cl, (6.0 mL). The
reaction mixture was stirred at —78 °C for 1.5 h and a solution of the crude amine in anhydrous CHxCl:
(12 mL) was added slowly via syringe. The reaction mixture was allowed to warm to room temperature
and stirred for 16 h. A saturated solution of NH4CI (30 mL) was added and stirred for 10 min. The layers
were separated and the aqueous layer was extracted with CH,Cl> (2 x 20 mL) and EtOAc (2 x 20 mL).
The combined organic phases were washed with saturated aqueous NaHCOj3 solution (30 mL), brine
(30 mL), dried over MgSOQ., filtered, and concentrated under reduced pressure. The residue was purified
by column chromatography (SiO2, PE/EtOAc 1:1—EtOAc) to give 124 (1.41 g, 2.14 mmol, 68%) as an
orange foam. R¢ (EtOAc) 0.48; mp 80-83 °C; 'H NMR (400 MHz, CDCl3) &y ppm 7.35-7.30 (m, 4H,
ArH), 7.28-7.23 (m, 1H, ArH), 5.97 (br. s, 2H, NH), 5.73 (br. s, 1H, NH), 4.77 (d, J = 12.8 Hz, 1H,
CHHGOXx), 4.68 (d, J=12.8 Hz, 1H, CHHGOXx), 4.54 (d, J=7.3 Hz, 1H, OCHH-Ox), 4.49 (d,
J=7.2 Hz, 1H, OCHH-0x), 4.40 (d, J = 7.3 Hz, 1H, OCHH-0x), 4.37 (d, J = 7.2 Hz, 1H, OCHH-OX),
3.43 (br. m, 1H, CHo-Arg), 3.22-3.08 (m, 2H, CH258-Arg), 2.95 (s, 2H, CH, Pbf), 2.58 (s, 3H, CHs,
Pbf), 2.51 (s, 3H, CHs, Pbf), 2.39-2.30 (br. s, 1H, NH), 2.09 (s, 3H, CHs, Pbf), 1.78 (s, 3H, CHs, cumyl),
1.77 (s, 3H, CHs, cumyl), 1.76-1.70 (m, 1H, CHHB-Arg), 1.67—1.54 (m, 3H, CHzy-Arg, CHHp-Arg),
1.45 (s, 6H, 2 x CHs, Pbf); ®°C NMR (101 MHz, CDCl3) 8¢ ppm 173.9 (C=0), 158.9 (C), 156.1 (C=NH),
144.7 (C), 138.5 (C), 133.1 (C), 132.4 (C), 128.6 (CH), 127.7 (CH), 124.8 (C), 124.5 (CH), 117.6 (C),
86.5 (C, Pbf), 83.4 (C, cumyl), 78.9 (CH.GOx or OCH,), 78.8 (CH.GOx or OCHy), 78.7 (OCH>), 59.8
(C, Ox), 56.0 (CH, a-Arg), 43.4 (CHy, Pbf), 41.1 (CH, 3-Arg), 31.5 (CH>, B-Arg), 28.7 (CHs, 2 x Pbf),
28.5 (CHs, cumyl), 28.0 (CHs, cumyl), 25.5 (CH,, y-Arg), 19.4 (CHs, Pbf), 18.1 (CHs, Pbf), 12.6 (CHs,
Pbf); vmax (neat) = 3323, 2944, 1727, 1549, 1245, 1100, 970 cm™; MS (ESI*) m/z 660 [M+H]*, 682
[M+Na]*; HRMS (ESI") calcd. for CsHasNsNaOsS [M+Na]* 682.2881, found 682.2883; [a]3’ +1.1 (C
1.0, CHCIs).

Fmoc-GOx-Arg(Pbf)-OCumyl (125)

H To a solution of NO»-GOx-Arg(Pbf)-OCumyl (124) (1.41g,

5 N\[(NHbe 2.14 mmol, 1.0equiv) in THF (22 mL) was added Fmoc N-

O_ p~" NH hydroxysuccinimide ester (1.44 g, 4.28 mmol, 2.0 equiv), NaHCO3

FmocHN& O. _Ph (719 mg, 8.56 mmol, 4.0 equiv) and Raney Ni (slurry in H20O,

H ’ 7< 2.2 mL). The reaction mixture was placed under an atmosphere of

125 ° nitrogen, evacuated and filled with hydrogen (balloon). The reaction

mixture was stirred vigorously for 2.5 h at room temperature,

filtered through a plug of Celite eluting with EtOAc, and the filtrate was concentrated under reduced

pressure. Fmoc-GOx-Arg(Pbf)-OCumyl (125) was afforded after purification by column

chromatography (SiO», PE/EtOAc 1:1—EtOAC) as a white foam (1.29 g, 1.51 mmol, 71%). R (EtOAC)

0.30; mp 72-75 °C; *H NMR (600 MHz, CDCl; @ 323 K) 8x ppm 7.75 (d, J = 7.6 Hz, 2H, ArH), 7.56
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(t, J=6.8 Hz, 2H, ArH), 7.38 (t, J = 7.4 Hz, 2H, ArH), 7.34 (d, J = 7.6 Hz, 2H, ArH), 7.33-7.26 (mm,
4H, ArH), 7.23 (d, J = 7.2 Hz, 1H, ArH), 6.09 (br. s, 2H, NH), 6.03 (br. s, 1H, NH), 5.37 (br. s, 1H,
NH), 4.43-4.32 (m, 3H, CHz-Fmoc, OCHH-Ox), 4.31-4.25 (m, 3H, OCH,-Ox, OCHH-Ox), 4.17 (t,
J=7.6 Hz, 1H, CH-Fmoc), 3.64 (br. m, 1H, CHHGOXx), 3.33 (m, 1H, CHa-Arg), 3.30 (dd, J = 14.0,
4.9 Hz, 1H, CHHGOX), 3.23-3.13 (m, 2H, CH23-Arg), 2.92 (s, 2H, CH,, Pbf), 2.60 (s, 3H, CHs, Pbf),
2.53 (s, 3H, CHjs, Pbf), 2.11 (br. s, 1H, NH), 2.09 (s, 3H, CHs, Pbf), 1.79 (s, 3H, CHs, cumyl), 1.78-1.73
(m, 1H, CHHB-Arg) 1.77 (s, 3H, CHs, cumyl), 1.65-1.59 (m, 2H, CH2y-Arg), 1.58-1.50 (m, 1H, CHHp-
Arg), 1.44 (s, 6H, 2 x CHs, Pbf); C NMR (151 MHz, CDCl; @ 323 K) ¢ ppm 174.7 (C=0), 158.9
(C), 157.2 (C=0, Fmoc), 156.3 (C=NH), 144.9 (C), 144.0 (C), 141.5 (C), 138.5 (C), 133.5 (C), 132.5
(C), 128.5 (CH), 127.9 (CH), 127.6 (CH), 127.2 (CH), 125.2 (CH), 124.7 (C), 124.6 (CH), 120.1 (CH),
117.6 (C), 86.5 (C, Pbf), 83.2 (C, cumyl), 79.6 (OCH,), 79.1 (OCHy), 67.2 (CH>, Fmoc), 60.2 (C, Ox),
56.2 (CH, a-Arg), 47.5 (CH, Fmoc), 46.1 (CH, GOX), 43.5 (CHa, Pbf), 41.2 (CH>, 3-Arg), 31.7 (CHa,
B-Arg), 28.7 (CHs, 2 x Pbf), 28.6 (CHs, cumyl), 28.1 (CHs, cumyl), 25.9 (CH, y-Arg), 19.3 (CHjs, Pbf),
18.0 (CHs, Pbf), 12.5 (CHs, Pbf); vmax (neat) = 3334, 2934, 1717, 1548, 1244, 1100, 970 cm; MS
(ESI*) m/z 852 [M+H]*, 874 [M+Na]*; HRMS (ESI*) calcd. for C47Hs7NsNaOsS [M+Na]* 874.3820,
found 874.3827; [a]32 +8.6 (c 1.30, CHCly).

Fmoc-GOx-Arg(Pbf)-Cys(Trt)-OtBu (126)

HN.__NHPbf Fmoc-GOx-Arg(Pbf)-OCumyl  (125) (256 mg, 0.30 mmol,
T\I/H 1.0 equiv) was dissolved in 2% TFA/CHCI; (0.05 M) and stirred

° at room temperature for 2 h following a procedure from Beadle et

o Y B o al.®l The reaction mixture was concentrated under reduced
FmocHN\SzN L H@J\OtBu pressure, and the resulting residue was repeatedly re-suspended in
H § B_\ CH.CI; (3 x 15 mL) and the solvent removed under reduced

126 STrt pressure. Meanwhile, diethylamine (2.0 mL) was added to a

solution of Fmoc-Cys(Trt)-OtBu (128) (298 mg, 0.45 mmol, 1.5 equiv) in CH2Cl; (2.0 mL) and the
reaction mixture was stirred at room temperature for 1 h. The mixture was concentrated under reduced
pressure and the resulting residue repeatedly dissolved in CH2Cl, (3 x 15 mL) and concentrated under
reduced pressure to give the crude amine. The crude Fmoc-GOx-Arg(Pbf)-OH was dissolved in DMF
(5.0 mL) and HATU (125 mg, 0.33 mmol, 1.1 equiv), diisopropylethyl-amine (204 pL, 1.20 mmol,
4.0 equiv) and the crude amine in DMF (2.0 mL) were added successively. The reaction mixture was
stirred at room temperature for 48 h and the solvent removed under reduced pressure. The residue was
purified by flash column chromatography (SiO,, PE/EtOAc 1:1—5% MeOH in CHCl,) to give
tripeptide 126 (268 mg, 0.24 mmol, 79%) as a white foam; R¢ (5% MeOH in CH,Cl) 0.51; mp 175-
178 °C; 'H NMR (500 MHz, CDCls @ 323 K) n ppm 7.75 (d, J = 7.6 Hz, 2H, ArH), 7.58 (d, J = 7.5 Hz,
2H, ArH), 7.40-7.34 (m, 9H, ArH, NH), 7.30-7.22 (m, 8H, ArH), 7.19 (t, J = 7.2 Hz, 3H, ArH), 6.02
(br. s, 2H, NH), 5.88 (br. s, 1H, NH), 4.53-4.34 (m, 6H, CHH-Fmoc, 2 x OCH-Ox, CHa-Cys), 4.32-
4.25 (m, 1H, CHH-Fmoc), 4.15 (t, J = 6.6 Hz, 1H, CH-Fmoc), 3.75 (dd, J = 14.4, 7.4 Hz, 1H, CHHGOX),
3.35 (dd, J = 14.4, 4.2 Hz, 1H, CHHGOX), 3.33-3.27 (m, 1H, CHa-Arg), 3.27-3.21 (m, 1H, CHHS-
Arg), 3.18-3.10 (m, 1H, CHH3-Arg), 2.92 (s, 2H, CH,, Pbf), 2.68 (dd, J = 12.3, 7.3 Hz, 1H, CHHp-
Cys), 2.58 (s, 3H, CHa, Pbf), 2.52 (s, 3H, CHs, Pbf), 2.48 (dd, J = 12.3, 4.2 Hz, 1H, CHHB-Cys), 2.11
(br.s, 1H, NH), 2.08 (s, 3H, CHs, Pbf), 1.75-1.52 (m, 4H, CH2p-Arg, CHzy-Arg), 1.44 (s, 6H, 2 x CHj,
Pbf), 1.39 (s, 9H, 3 x CHjs, tBu); *C NMR (151 MHz, CDCl; @ 323 K) &c ppm 174.8 (C=0), 170.0
(C=0), 158.9 (C), 157.6 (C=0, Fmoc), 156.1 (C=NH), 144.3 (C), 144.1 (C), 144.0 (C), 141.4 (C), 138.6
(C), 133.1 (C), 132.5 (C), 129.6 (CH), 128.2 (CH), 127.9 (CH), 127.2 (CH), 127.1 (CH), 125.4 (CH),
125.3 (CH), 124.9 (CH), 124.7 (C), 120.1 (CH), 117.6 (C), 86.5 (C, Pbf), 83.2 (C, tBu), 79.1 (OCHy),
78.8 (OCH,), 67.0 (CH., Fmoc), 66.8 (C, Trt), 60.7 (C, Ox), 56.1 (CH, a-Arg), 51.6 (CH, a-Cys), 47.2
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(CH, Fmoc), 45.8 (CHa, GOX), 43.4 (CH,, Pbf), 40.8 (CHa, 8-Arg), 34.1 (CHa, B-Cys), 32.2 (CH,, p-
Arg), 28.7 (CHs, 2 x Pbf), 28.0 (CHs, tBu), 25.3 (CH, y-Arg), 19.4 (CHs, Pbf), 18.1 (CHs, Pbf), 12.6
(CHs, Pbf); vmax (Neat) = 3326, 2924, 1722, 1546, 1240, 1151, 1104 cm; MS (ESI*) m/z 1135 [M+H]",
1157 [M+Na]*; HRMS (ESI*) calcd. for CesHzsNsOsS, [M+H]* 1135.5031, found 1135.5022; [] 28
+18.2 (c 0.00033, CHCIs).

Fmoc-Asn(Trt)-GOx-Arg(Pbf)-Cys(Trt)-OtBu (127)

HN. _NHPbf Diethylamine (2.0 mL) was added to a solution of Fmoc-
NH GOx-Arg(Pbf)-Cys(Trt)-OtBu (126) (262 mg, 0.23 mmol,
TrtHN 8 1.0 equiv) in CH2Cl, (2.0 mL) and the reaction mixture

o/ 0 0o N, o was stirred at room temperature for 1 h. The mixture was
H\Ez H \QJ\ concentrated in vacuo and the resulting residue repeatedly
FmocHN" < N “ T OBU jissolved in CH,Cly (3 x 15 mL) and concentrated under
© 127 © STrt reduced pressure to give the crude amine. HATU (132 mg,
0.35 mmol, 1.5 equiv), diisopropylethylamine (181 pL, 1.10 mmol, 3.0 equiv) and Fmoc-Asn(Trt)-OH
(208 mg, 0.35 mmol, 1.5 equiv) were added to the crude amine in CH.Cl, (5.0 mL). The reaction
mixture was stirred at room temperature for 16 h and the solvent was removed in vacuo. The residue
was purified by flash column chromatography (SiO,;, CH,Cl,—5% MeOH in CH:Cl;) to give
tetrapeptide 127 (262 mg, 0.18 mmol, 78%) as a white foam; Rt (5% MeOH in CH,Cl,) 0.40; mp 179-
183 °C; *H NMR (500 MHz, CDCls @ 323 K) 81 ppm 7.74 (d, J = 7.7 Hz, 1H, ArH), 7.72 (d, J = 7.7 Hz,
1H, ArH), 7.53 (d, J = 7.4 Hz, 2H, ArH), 7.39-7.33 (m, 8H, ArH), 7.28-7.17 (m, 20H, ArH), 7.14 (d,
J=17.1Hz, 6H, ArH), 7.05 (br. s, 1H, NH), 6.99 (br. s, 1H, NH), 6.18 (br. s, 1H, NH), 5.65 (br. s, 2H,
NH), 4.51-4.41 (m, 2H, CHa-Asn, CH,-Fmoc), 4.40-4.28 (m, 4H, CHa-Cys, OCHH-Ox, CH2-Fmoc),
4.28-4.21 (m, 2H, OCHH-0Ox), 4.20-4.12 (m, 2H, OCHH-0x, CH-Fmoc), 3.61-3.50 (m, 2H, CHp-
Asn), 3.15-3.10 (m, 1H, CHHGOX), 3.12-3.06 (m, 1H, CHa-Arg), 2.91 (s, 2H, CH,, Pbf), 2.93-2.83
(m, 2H, CH.8-Arg), 2.72-2.63 (m, 2H, CHHpB-Cys, CHHGOX), 2.55 (s, 3H, CH3s, Pbf), 2.48 (s, 3H, CHs,
Pbf), 2.46 (dd, J = 12.3, 4.4 Hz, 1H, CHHp-Cys), 2.06 (s, 3H, CHs, Pbf), 1.51-1.33 (m, 4H, CHB-Arg,
CHay-Arg), 1.43 (s, 6H, 2 x CHs, Pbf), 1.39 (s, 9H, 3 x CHgs, tBu). N.B. Three NH signals cannot be
detected; *C NMR (126 MHz, CDCl; @ 323 K) 6c ppm 174.9 (C=0), 171.6 (C=0), 170.7 (C=0),
169.6 (C=0), 158.7 (C), 156.5 (C=0, Fmoc), 156.0 (C=NH), 144.4 (C), 144.0 (C), 143.7 (C), 143.7 (C),
141.5 (C), 138.5 (C), 133.5 (C), 132.4 (C), 129.6 (CH), 128.7 (CH), 128.3 (CH), 128.2 (CH), 128.0
(CH), 127.5 (CH), 127.3 (CH), 127.0 (CH), 125.1 (CH), 124.6 (C),124.1 (CH), 120.23 (CH),120.21
(CH), 117.5 (CH), 86.4 (C, Pbf), 83.0 (C, tBu), 79.5 (OCH,), 78.9 (OCH), 71.1 (C, Trt), 67.3 (C, Trt),
66.9 (CH2, Fmoc), 59.9 (C, Ox), 56.0 (CH, a-Arg), 52.0 (CH, a-Asn or a-Cys), 51.9 (CH, a-Asn or a-
Cys), 47.3 (CH, Fmoc), 44.5 (CHa, B-Asn), 43.4 (CH., Pbf), 40.7 (CH, 3-Arg), 38.5 (CH,, GOx), 33.9
(CH., B-Cys), 31.9 (CHa, B-Arg), 28.7 (CHs, 2 x Pbf), 28.0 (CHjs, tBu), 25.1 (CHy, y-Arg), 19.5 (CHs,
Pbf), 18.1 (CHs, Pbf), 12.6 (CHs, Pbf); vmax (neat) = 3326, 2926, 1621, 1248, 1151, 1104, 839 cm™!; MS
(ESI) m/z 1492 [M+H]*, 1514 [M+Na]*; HRMS (ESI*) calcd. for Cs7HgaNsNa201:S, [M+2Na]?
768.3134, found 768.3131; [a]3® +9.9 (c 0.00025, CHCls).
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Fmoc-Cys(Trt)-Asn(Trt)-GOx-Arg(Pbf)-Cys(Trt)-OtBu (2)

HN__NHPbf Diethylamine (1.0 mL) was added to a solution of
T\I/H Fmoc-GOx-Arg(Pbf)-Cys(Trt)-OtBu (127)
TrikN ° (200 mg, 0.14 mmol, 1.0 equiv) in CHxCl, (1.0 mL)
o B ?_| o~ b, 0 and the reaction mixture was stirred at room
BOCHN\‘.‘)J\N ! N\SZN L N\T'QJ\OtBu temperature for 1h. The reaction mixture was
/5 H o5 H 4 biL conce_ntrated_ under reduced_ pressutre and the
TrtS 2 STrt  resulting residue repeatedly dissolved in CH.Cl (3
x 15 mL) and concentrated under reduced pressure to give the crude amine. HATU (76 mg, 0.20 mmol,
1.4 equiv), diisopropylethylamine (105 pL, 0.60 mmol, 3.0 equiv) and Boc-Cys(Trt)-OH (94 mg,
0.20 mmol, 1.4 equiv) were added to the crude amine in CH,Cl, (5.0 mL). The reaction mixture was
stirred at room temperature for 16 h and the solvent removed under reduced pressure. The residue was
purified by flash column chromatography (SiO2, CH.Cl, — 5% MeOH in CHCl,) to give pentapeptide
2 (191 mg, 0.11 mmol, 81%) as a white foam; R¢ (5% MeOH in CH,Cl,) 0.37; mp 183-185 °C; H
NMR (500 MHz, CDCl; @ 323 K) &4 ppm 8.06 (s, 1H, NH), 7.56 (s, 1H, NH), 7.37 (d, J=7.7 Hz,
17H, ArH), 7.30-7.11 (s, 28H, ArH), 6.85 (s, 1H, NH), 5.92 (s, 3H, NH), 4.60 (s, 1H, NH), 4.54 (s, 1H,
CHa-Cys), 4.50 (d, J = 6.8 Hz, 1H, OCHH-Ox), 4.40 (d, J = 6.8 Hz, 1H, OCHH-Ox), 4.38-4.33 (m,
1H, CHa-Cys), 4.30 (d, J = 5.8 Hz, 1H, OCHH-Ox), 4.26 (d, J = 6.9 Hz, 1H, OCHH-Ox), 3.90 (dd,
J=119, 6.4 Hz, 1H, CHHGOx), 3.55-3.47 (m, 1H, CHa-Asn), 3.40-3.31 (m, 2H, CHa-Arg,
CHHGOX), 3.14-3.02 (m, 3H, CHxy-Arg, CHHB-Cys), 2.93 (s, 2H, CHy, Pbf), 2.66-2.60 (m, 3H,
CHHB-Cys, CHzB-Asn), 2.59 (s, 3H, CHs, Pbf), 2.53 (s, 3H, CHs, Pbf), 2.52-2.44 (m, 2H, 2 x CHHp-
Cys), 2.08 (s, 3H, CHs, Pbf), 1.44 (s, 6H, 2 x CHgs, Pbf), 1.40 (s, 9H, 3 x CHs, tBu), 1.25 (s, 9H, 3 x
CHs, tBu). N.B. Two NH signals not observed; *C NMR (126 MHz, CDCl; @ 323 K) &c ppm 174.4
(C=0), 173.4 (C=0), 171.4 (C=0), 171.2 (C=0), 170.1 (C=0), 169.3 (C=0), 158.50 (C), 156.0
(C=NH), 144.4 (C), 144.1 (C), 143.9 (C), 138.4 (C), 135.9 (C), 133.5(C), 132.3 (C), 129.5 (CH), 129.4
(CH), 128.7 (CH), 128.3 (CH), 128.0 (CH), 127.3 (CH), 127.2 (CH), 126.8 (CH), 124.8 (CH), 124.4
(C), 117.3 (C), 86.2 (C, Pbf), 82.5 (C, tBu), 81.3 (C, tBu), 79.6 (OCH,), 78.4 (OCH), 70.8 (C, Trt),
66.7 (C, Trt), 64.6 (C, Trt), 60.5 (C, Ox), 55.9 (CH, a-Arg), 54.5 (CH, a-Asn), 51.7 (CH, a-Cys), 50.6
(CH, a-Cys), 45.9 (CH,, GOx), 43.3 (CHy, Pbf), 40.6 (CHy, 6-Arg), 36.8 (CH,, B-Cys), 34.2 (CH,, B-
Cys), 32.9 (CH,, B-Asn), 31.5 (CHy, B-Arg), 28.6 (CHs, 2 x Pbf), 28.2 (CHs, tBu), 27.9 (CHs, tBu), 25.0
(CHa, y-Arg), 19.3 (CHs, Pbf), 17.9 (CHs, Pbf), 12.5 (CHs, Pbf); vmax (neat) = 3317, 2971, 1669, 1445,
1250, 1153, 671 cm®; MS (ESI*) m/z 1715 [M+H]*, 1737 [M+Na]*; HRMS (ESI*) calcd. for
CogH111N9Na>01,S3 [l\/|'|'2NE:l]2+ 879.8649, found 879.8653; [(X]ZDB +10.9 (C 0.0004, CHC|3).

p

Cyclo(H-Cys-Asn-GOx-Arg-Cys-OH) (22)

HN<__NH, The fully protected pentapeptide 2 (66.5 mg, 0.04 mmol, 1.0 equiv)
Y was dissolved in MeOH (2.0 mL) and slowly added to a solution of

E’YNH iodine (30 mg, 0.12 mmol, 3.0 equiv) in MeOH (2.0 mL). The

H 0O B mixture was stirred for 1 h at room temperature, cooled to 0 °C and

o© N\Sg a0 saturated aqueous Na»S;0, was added until a nearly colourless

NN HN solution was obtained. The mixture was concentrated in vacuo to a
2

H 0
4'\/& sj””{ volume of ca. 0.5 mL, EtOAc (10 mL) was added, the solution was
oo g OH \vashed with 0.1 M aqueous NazS,0, solution (5.0 mL), dried over
NHy 22 Na;SO4 and filtered. The crude product was treated with 70%
TFA/20% CH:Cl>/10% TIS under anhydrous conditions for 2.5 h at room temperature. The cleavage

cocktail was removed under a steam of nitrogen and the crude peptide precipitated in cold diethyl ether.
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After centrifugation, the peptide was dissolved in water and further purified by HPLC (0-3 min 3%, 3—
10 min 25%, 10-15 min 100%, R: = 7.32 min) to give the cyclic peptide 22 as a white solid (7.4 mg,
32% yield over two steps). mp 161-165 °C (decomposition); *H NMR (500 MHz, D,O @ 323 K) &u
ppm 4.70 (m, 1H, CHa-Asn) 4.56-4.51 (m, 2H, OCHH-Ox, CHa-Cys), 4.45-4.36 (m, 3H, OCH,-0x,
OCHH-Ox), 4.14 (t, J=4.9 Hz, 1H, CHa-Cys), 3.98 (d, J = 14.6 Hz, 1H, CHHGOX), 3.64 (dd, J = 14.7,
5.5 Hz, 1H, CHHpB-Cys), 3.45 (t, J = 6.2 Hz, 1H, CHa-Arg), 3.35 (dd, J = 14.7, 4.5 Hz, 1H, CHHpB-Cys),
3.21(d,J = 14.6 Hz, 2H, CHHB-Cys, CHHGOXx), 3.12 (t, J = 6.6 Hz, 2H, CH»3-Arg), 2.81 (dd, J = 14.6,
10.6 Hz, 1H, CHHpB-Cys), 2.78-2.68 (m, 2H, CHp-Asn), 1.70-1.61 (m, 2H, CH,p-Arg), 1.59-1.49 (m,
2H, CHyy-Arg). N.B. CHa-Asn under water peak; *C NMR (126 MHz, D.O @ 323 K) &¢c ppm 176.4
(C=0), 176.1 (C=0), 174.4 (C=0), 172.7 (C=0), 170.2 (C=0), 156.7 (C=NH), 80.2 (OCHy), 78.7
(OCHy), 60.4 (C, Ox), 56.1 (CH, a-Arg), 54.3 (CH, a-Cys), 52.6 (CH, a-Cys), 50.8 (CH, a-Asn), 44.0
(CH. B-Cys), 43.6 (CH2, GOXx), 42.7 (CH: B-Cys), 40.7 (CHa, 5-Arg), 36.2 (CH>, B-Asn), 31.3 (CH, B-
Arg), 24.2 (CHa, y-Arg); vmax (neat) = 2943, 1660, 1409, 1285, 1170, 697, 466 cm™; MS (ESI*) m/z 578
[M+H]*, 600 [M+Na]*; HRMS (ESI*) calcd. for CzH3sNgO7S, [M+H]* 578.2174, found 578.2178;
[a]48 —81.3 (c 0.0004, DMF).

2.16 Preparation of cyclic disulfide-bridged tripeptide 23

NH
STrt STrt o STrt

OH C'3CJ\O’B“ omy LEEN o N\Eg o
e e —_——
FmocHN FmocHN . 2) OoN 2 N .
H (6]

; [ 7oty
90%

12 12
8 68% °

STrt

o STrt ;2 O
1) Zn, AcOH H I, . NH I
» N OotBu —— > OtBu
2) Boc-Cys(Trt)-OSu BocHN ” MeOH o
o} e} S
130 63% s’

NaHCO,
41%

Fmoc-Cys(Trt)-OtBu (128)

STrt To a suspension of Fmoc-Cys(Trt)-OH (11.7 g, 20.0 mmol, 1.0 equiv) in

anhydrous CHCl> (160 mL) was added tert-butyl 2,2,2-trichloroacetimidate
FmocHN™*~CO,tBu  (8.74 g, 40.0 mmol, 2.0 equiv) and the mixture was stirred at ambient temperature

128 for 3 d. The mixture was filtered through a pad of Celite and the solids were
washed with EtOAc. The filtrate was concentrated in vacuo and the residue was purified by column
chromatography (SiO,, PE/EtOAc 5:1) to give 128 (11.6 g, 18.1 mmol, 90%) as a white solid. R¢
(PE/EtOAC 5:1) 0.20; mp 71-72 °C; *H NMR (400 MHz, CDCls) 64 ppm 7.71 (d, J = 7.4 Hz, 2H, ArH),
7.56 (d, J = 7.3 Hz, 2H, ArH), 7.37-7.31 (m, 8H, ArH), 7.26-7.18 (m, 8H, ArH), 7.17-7.11 (m, 3H,
ArH), 5.26 (d, J =8.2 Hz, 1H, NH), 4.29 (d, J = 7.2 Hz, 2H, CH,-Fmoc), 4.26-4.21 (m, 1H, CHa-Cys),
4.21 (t, J = 7.2 Hz, 1H, CH-Fmoc), 2.57 (dd, J = 12.1, 5.8 Hz, 1H, CHHp-Cys), 2.49 (dd, J = 12.1, 4.4
Hz, 1H, CHHB-Cys), 1.38 (s, 9H, 3 x CHjs, tBu); **C NMR (101 MHz, CDCls) 8¢ ppm 169.7 (C=0),
155.7 (C=0, Fmoc), 144.5 (C), 144.1 (C), 144.0 (C), 141.4 (C), 137.0 (C), 129.7 (CH), 128.1 (CH),
127.8 (CH), 127.2 (CH), 127.0 (CH), 125.3 (CH), 120.1 (CH), 82.8 (C, tBu), 67.24 (CH,, Fmoc), 67.19
(CH,, CS), 53.5 (CH, a-Cys), 47.3 (CH, Fmoc), 34.6 (CH2, B-Cys), 28.1 (CHs, tBu); vmax (neat) = 1710,
1492, 1446, 1244, 1150, 1035, 739, 698 cm*; MS (ESI*) m/z 664 [M+Na]*; HRMS (ESI*) calcd. for
Cs1H39NNaO4S [M+Na]* 664.2492, found 664.2490; [a]® +13.6 (¢ 1.0, CHCI3). Lit. [a]2° +10.0 (c
1.0, CHCl5).[

p
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NO2-GOx-Cys(Trt)-OtBu (129)

o_ 5 STHt To a solution of Fmoc-Cys(Trt)-OtBu (128) (3.85 g, 6.00 mmol, 1.0 equiv) in
O,N \32 /[ CH,CI; (6.0 mL) was added diethylamine (6.0 mL) and the mixture was stirred
” @"CO.tBu  at room temperature for 1 h. The reaction mixture was concentrated under
reduced pressure and the resulting residue repeatedly dissolved in CH,Cl; (3 x
20 mL) and concentrated under reduced pressure to give the crude amine. In a
second reaction vessel, oxetane-3-one (770 pL, 12.0 mmol, 2.0 equiv), nitromethane (910 uL, 16.8
mmol, 2.8 equiv) and triethylamine (335 uL, 2.40 mmol, 0.4 equiv) were combined at 0 °C and stirred
for 1 h at room temperature. The mixture was dissolved in anhydrous CH>Cl» (40 mL), cooled to —78 °C,
and triethylamine (3.35 mL, 24.0 mmol, 4.0 equiv) was added followed by dropwise addition of a
solution of methanesulfonyl chloride (930 pL, 12.0 mmol, 2.0 equiv) in anhydrous CH>Cl (12 mL). The
reaction mixture was stirred at —78 °C for 1.5 h and a solution of the crude amine in anhydrous CH2Cl;
(20 mL) was added slowly via syringe. The reaction mixture was allowed to warm to room temperature
and stirred for 16 h. A saturated solution of NH4ClI (50 mL) was added and stirred for 10 min. The layers
were separated and the aqueous one extracted with CH2Cl, (2 x 40 mL) and EtOAc (2 x 40 mL). The
combined organic phases were washed with saturated aqueous NaHCO; solution (30 mL), brine
(30 mL), dried over MgSOQ., filtered, and concentrated under reduced pressure. The residue was purified
by column chromatography (SiO., PE/EtOAC 4:1—2:2—1:1) to give 129 (2.18 g, 4.08 mmol, 68%) as
an orange foam. R¢ (PE/EtOAc 1:1) 0.55; *H NMR (400 MHz, CDCl3) &4 ppm 7.42 (d, J = 7.6 Hz, 6H,
ArH), 7.30 (t, J = 7.5 Hz, 6H, ArH), 7.22 (t, J = 7.2 Hz, 3H, ArH), 4.69 (s, 2H, CH.GOx), 4.55 (d,
J=7.1Hz, 1H, OCHH-0x), 4.44 (d, J = 7.1 Hz, 1H, OCHH-0x), 4.41 (d, J = 7.1 Hz, 1H, OCHH-OX),
4.38 (d, J =7.1 Hz, 1H, OCHH-0Ox), 3.03 (q, J = 7.4 Hz, CHa-Cys), 2.42 (app. d, J = 6.6 Hz, 3H, CHp-
Cys, NH), 1.39 (s, 9H, 3 x CHj3, tBu); **C NMR (101 MHz, CDCls) 8¢ ppm 172.7 (C=0), 144.7 (C),
129.7 (CH), 128.1 (CH), 126.9 (CH), 82.6 (C, tBu), 79.0 (CH2, GOx), 78.7 (OCHy>), 78.4 (OCH,), 67.1
(CS), 59.2 (C, Ox), 56.5 (CH, a-Cys), 36.3 (CHz, B-Cys), 28.0 (CHs, tBu); vmax (neat) = 1723, 1554,
1488, 1444, 1369, 1251, 1148, 981, 840, 741, 698 cm; MS (ESI*) m/z 557 [M+Na]*; HRMS (ESI")
calcd. for C3oH3:N.NaOsS [M+Na]* 557.2081, found 557.2085; [a]48 +10.6 (c 2.17, CHCls).

129

Boc-Cys(Trt)-GOx-Cys(Trt)-OtBu (130)
STt o , -STrt To a solution of 129 (534 mg, 1.00 mmol, 1.0 equiv) in THF

B
H /[ (20 mL) was added zinc powder (196 mg, 3.00 mmol, 3.0 equiv) and
BocHN™ « ” @ COztBU  gcetic acid (458 uL, 8.00 mmol, 8.0 equiv) and the reaction mixture
o 130 was vigorously stirred with a glass-coated magnetic stir bar at room

temperature for 1 h. Additional zinc powder (196 mg, 3.00 mmol, 3.0 equiv) and acetic acid (458 L,
8.00 mmol, 8.0 equiv) were added and the mixture was stirred at ambient temperature for 1 h (repeat
3x). The mixture was cooled to 0 °C and saturated aqueous NaHCOs3 solution (20 mL) was added
followed by Boc-Cys-OSu (841 mg, 1.50 mmol, 1.5 equiv) and the solution was stirred for 16 h at room
temperature. Brine (20 mL) was added and the mixture as extracted with EtOAc (3 x 15 mL). The
combined organic layers were washed with saturated aqueous NaHCOj3 solution (30 mL) and brine
(30 mL), dried over MgSO., filtered and concentrated in vacuo. Purification by column chromatography
(SiO2, PE/EtOAc 2:1—1:1) gave tripeptide 130 (391 mg, 0.41 mmol, 41%) as a white foam. R¢
(PE/EtOAC 1:1) 0.36; mp 83-84 °C; *H NMR (600 MHz, CDCls @ 323 K) on ppm 7.42 (d, J = 7.7 Hz,
6H, ArH), 7.39 (d, J = 7.7 Hz, 6H, ArH), 7.30-7.25 (m, 12H, ArH), 7.21 (t, J = 7.2 Hz, 6H, ArH), 6.67
(t, J=5.1 Hz, 1H, NH), 4.82 (br. s, 1H, NH), 4.31 (d, J = 6.4 Hz, 1H, OCHH-Ox), 4.23 (d, J = 6.7 Hz,
1H, OCHH-0Ox), 4.18 (d, J = 6.7 Hz, 1H, OCHH-Ox), 4.15 (d, J = 6.4 Hz, 1H, OCHH-Ox), 3.90 (dd,
J=12.8, 7.5 Hz, 1H, CHa-Cys), 3.59 (dd, J = 14.0, 6.4 Hz, 1H, CHHGOXx), 3.37 (dd, J = 14.0, 4.4 Hz,
1H, CHHGOXx), 2.70 (dd, J = 8.9, 4.6 Hz, 1H, CHa-Cys), 2.59 (dd, J = 12.4, 6.7 Hz, 1H, CHHpB-Cys),
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2.50 (dd, J = 12.6, 8.7 Hz, 1H, CHHpB-Cys), 2.47 (dd, J = 12.4, 5.1 Hz, 1H, CHHp-Cys), 2.36 (dd,
J =126, 4.6 Hz, 1H, CHHp-Cys), 1.96 (br. s, 1H, NH), 1.44 (s, 9H, 3 x CHjs, tBu), 1.36 (s, 9H, 3 x
CHjs, tBu); *C NMR (151 MHz, CDCl; @ 323 K) 8¢ ppm 173.6 (C=0), 171.0 (C=0), 155.1 (C=0,
Boc), 144.8 (C), 144.7 (C), 129.79 (CH), 129.78 (CH), 128.17 (CH), 128.15 (CH), 127.03 (CH), 126.98
(CH), 82.2 (C, tBu), 80.3 (OCH,), 80.2 (C, Boc), 79.8 (OCH,), 67.6 (CS), 67.2 (CS), 59.5 (C, Ox), 56.4
(CH, a-Cys), 54.2 (CH, a-Cys), 42.8 (CH2, GOx), 36.6 (CH2, B-Cys), 34.5 (CH2, B-Cys), 28.5 (CHs,
tBu), 28.0 (CHs, Boc); vmax (neat) = 1718, 1673, 1486, 1366, 1249, 975, 742, 698 cm™t; MS (ESI*) m/z
950 [M+H]*, 974 [M+Na]*; HRMS (ESI*) calcd. for Cs7HssN3sNaOeS, [M+Na]* 972.4050, found
972.4048; [a]3® +45.3 (c 1.0, CHCl5).

Cyclo(Boc-Cys-GOx-Cys-OtBu) (23)

To a solution of iodine (305 mg, 1.20 mmol, 3.0 equiv) in anhydrous

QNH MeOH (40 mL) was slowly added a solution of 130 (380 mg, 0.40 mmol,
N OtBu 1.0 equiv) in anhydrous MeOH (40 mL). The mixture was stirred for 1 h at

B room temperature, cooled to 0 °C and a saturated aqueous solution of

;k .S Na,S,0, was added until a nearly colourless solution was obtained. The

B
BocHN'
o° 23 mixture was concentrated in vacuo to a volume of ca. 5 mL, EtOAc (25 mL)

was added, the solution was washed with 0.1 M aqueous Na;S20- solution (10 mL), dried over Na,SO4
and filtered. The solvent was removed in vacuo and the residue was purified by column chromatography
(SiO2, PE/EtOAc 1:1— EtOAc) to afford cyclic tripeptide 23 (1% run: 119 mg, 0.26 mmol, 64%; 2" run
(0.22 mmol scale): 62 mg, 0.13 mmol, 61%) as a white foam. R¢ (EtOAc) 0.55; mp 98-100 °C; *H
NMR (600 MHz, CDCl; @ 323 K) 4 ppm 6.58-6.54 (m, 1H, NH), 5.43 (d, J = 4.2 Hz, 1H, NH), 4.59
(d,J =6.5Hz, 1H, OCHH-0Ox), 4.48 (d, J = 6.5 Hz, 1H, OCHH-0Ox), 4.43 (d, J = 6.5 Hz, 2H, 2 x OCHH-
0Ox), 4.27 (t, J = 7.2 Hz, 1H, CHa-Cys), 4.04 (dd, J = 14.0, 6.8 Hz, 1H, CHHGOXx), 3.69 (dd, J = 14.0,
4.5 Hz, 1H, CHHGOX), 3.63 (t, J = 5.8 Hz, 1H, CHa-Cys), 3.39 (d, J = 13.6 Hz, 1H, CHHB-Cys), 3.20
(br. m, 1H, CHHpB-Cys), 2.94 (dd, J = 14.0, 5.1 Hz, 1H, CHHB-Cys), 2.82 (dd, J = 14.0, 5.6 Hz, 1H,
CHHpB-Cys), 2.45 (br. s, 1H, NH), 1.48 (s, 9H, 3 x CHs, tBu), 1.45 (s, 9H, 3 x CHjs, tBu); *C NMR
(151 MHz, CDCls; @ 323 K) 6c ppm 172.7 (C=0), 171.5 (C=0), 155.1 (C=0, Boc), 82.8 (C, tBu), 82.3
(OCHy), 80.9 (C, Boc), 79.8 (OCH>), 60.0 (C, Ox), 57.1 (CH, a-Cys), 55.7 (CH, a-Cys), 46.4 (CH,
GOx), 44.9 (CHa, B-Cys), 28.5 (CHs, tBu), 28.2 (CHs, tBu). N.B. One carbon signal for CH,, B-Cys not
visible; vmax (neat) = 3306, 2931, 1714, 1657, 1490, 1366, 1247, 1149, 971, 843, 751 cm™; MS (ESI*)
m/z 464 [M+H]*, 486 [M+Na]*; HRMS (ESI*) calcd. for C19H33N3NaOeS, [M+Na]* 486.1703, found
486.1705; [a]3® +81.4 (c 1.04, CHCIy).

2.17 Preparation of cyclic disulfide-bridged tetrapeptide 24

1) Zn, AcOH 1) EtoNH
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Fmoc-Pro-GOx-Cys(Trt)-OtBu (131)

T p o_ p -STrt To a solution of 129 (532 mg, 1.00 mmol, 1.0 equiv) in THF (20 mL)
s o H\Eg was added zinc powder (196 mg, 3.00 mmol, 3.0 equiv) and acetic acid

N N * CO.Bu (458 uL, 8.00 mmol, 8.0equiv) and the reaction mixture was

Fmoco 131 vigorously stirred with a glass-coated magnetic stir bar at room
temperature for 1 h. Additional zinc powder (196 mg, 3.00 mmol, 3.0 equiv) and acetic acid (458 uL,
8.00 mmol, 8.0 equiv) were added and the mixture was stirred at ambient temperature for 1 h (repeat
3x). The mixture was cooled to 0 °C and saturated aqueous NaHCOj; solution (20 mL) was added
followed by Fmoc-Pro-OSu (652 mg, 1.50 mmol, 1.5 equiv) and the solution was stirred for 16 h at
room temperature. Brine (20 mL) was added and the mixture as extracted with EtOAc (3 x 15 mL). The
combined organic layers were washed with saturated aqueous NaHCOj3 solution (30 mL) and brine
(30 mL), dried over MgSOsy, filtered and concentrated in vacuo. Purification by column chromatography
(SiOz, PE/EtOAc 1:1—EtOAc) gave tripeptide 131 (352 mg, 0.43 mmol, 43%) as a white foam. R¢
(EtOAC) 0.54; mp 83-86 °C; *H NMR (600 MHz, toluene-d8 @ 353 K) 7.55 (d, J = 7.4 Hz, 2H, ArH),
7.52-7.46 (m, 6H, ArH, NH), 7.09-7.05 (m, 8H), 6.99-6.94 (m, 8H), 6.73 (br. s, 1H, NH), 4.40 (dd,
J=10.6, 6.7 Hz, 1H, CHH-Fmoc), 4.35 (dd, J = 10.6, 6.9 Hz, 1H, CHH-Fmoc), 4.29 (d, J = 6.3 Hz, 1H,
OCHH-Ox), 4.17-4.12 (m, 3H, OCH-Ox, OCHH-Ox), 4.10 (dd, J = 8.2, 2.8 Hz, 1H, CHa-Pro), 4.06
(t, J =6.7 Hz, 1H, CH-Fmoc), 3.56 (dd, J = 13.8, 5.7 Hz, 1H, CHHGOXx), 3.42 (dd, J = 13.8, 5.6 Hz,
1H, CHHGOx), 3.39-3.30 (m, 1H, CHH$-Pro), 3.24-3.16 (m, 1H, CHH§-Pro), 3.03 (t, J = 6.6 Hz, 1H,
CHa-Cys), 2.50 (d, J = 6.6 Hz, 2H, CH,p-Cys), 1.73-1.67 (m, 1H, CHHy-Pro), 1.64-1.56 (m, 1H,
CHHB-Pro), 1.38-1.35 (m, 1H, CHHy-Pro), 1.34-1.27 (m, 1H, CHHB-Pro), 1.22 (s, 9H, 3 x CHj, tBu);
3C NMR (151 MHz, toluene-d8 @ 353 K) &c ppm 173.8 (C=0), 172.3 (C=0), 145.6 (C), 145.0 (C),
144.9 (C), 142.09 (C), 142.06 (C), 130.3 (CH), 128.3 (CH), 127.5 (CH), 127.1 (CH), 125.6 (CH), 125.5
(CH), 120.3 (CH), 81.7 (C, tBu), 79.6 (2 x OCH?), 67.9 (CS), 67.8 (CH2-Fmoc), 61.5 (CH, a-Pro), 60.5
(C, Ox), 56.9 (CH, a-Cys), 48.3 (CH-Fmoc), 47.4 (CHy, 5-Pro), 44.6 (CH,, GOXx), 37.4 (CH,, B-Cys),
28.0 (tBu), 24.6 (CH>, y-Pro). N.B. Fmoc carbonyl carbon signal and CH, -Pro not visible; vmax (neat) =
3310, 2978, 1699, 1444, 1413, 1350, 1147, 1178, 978, 740, 700 cm*; MS (ESI*) m/z 824 [M+H]*, 846
[M+Na]*; HRMS (ESI") calcd. for CsoHssN3NaOsS [M+Na]* 846.3547, found 846.3552; [a]3’ +31.3
(c 0.14, CHCIy).

Boc-Cys(Trt)-Pro-GOx-Cys(Trt)-OtBu (132)
STrt To a solution of tripeptide 131 (320 mg, 0.39 mmol, 1.0 equiv)

Y, B @)
6@%(“& I in CH2Cl; (2.0 mL) was added diethylamine (0.4 mL) and the
N

H “~CO,tBu mixture was stirred at room temperature for 1 h. The reaction

BocHN_ )
\:/§o O 432 mixture was concentrated under reduced pressure and the
B\STlrt resulting residue repeatedly dissolved in CH.Cl; (3 x 10 mL)

and concentrated under reduced pressure to give the crude
amine. The residue was dissolved in CH.Cl; (8.0 mL), Boc-Cys(Trt)-OH (216 mg, 0.47 mmol,
1.2 equiv), HATU (177 mg, 0.47 mmol, 1.2 equiv) and DIPEA (204 pL, 1.17 mmol, 3.0 equiv) were
added subsequently, and the mixture was stirred at room temperature for 16 h. The reaction mixture was
diluted with CH2Cl, (20 mL) and washed with 10% citric acid solution (20 mL) and saturated NaHCOs
solution (20 mL), dried over MgSO., filtered and concentrated under reduced pressure. The residue was
purified by flash column chromatography (SiO2, PE/EtOAc 1:1—EtOAc) to give tetrapeptide 132
(313 mg, 0.30 mmol, 77%) as a white foam. R¢ (EtOAc) 0.56; mp 92-95 °C; NMR data reported for the
major rotamer: *H NMR (600 MHz, CDCls) 84 ppm 7.43-7.36 (m, 12H, ArH), 7.31-7.27 (m, 12H,
ArH), 7.21 (t, J = 7.2 Hz, 6H, ArH, NH), 6.82 (t, J = 5.2 Hz, 1H, NH), 4.98 (d, J = 8.8 Hz, 1H, NH),
4.29-4.20 (m, 3H, OCHH-Ox, CHa-Cys, CHa-Pro), 4.12 (d, J = 6.7 Hz, 1H, OCHH-Ox), 4.08 (d,
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J=6.7 Hz, 1H, OCHH-Ox), 4.03 (d, J = 6.5 Hz, 1H, OCHH-Ox), 3.48 (dd, J=13.8, 6.4 Hz, 1H,
CHHGOXx), 3.35 (dd, J = 16.5, 7.8 Hz, 1H, CHH3-Pro), 3.29 (dd, J = 13.8, 4.3 Hz, 1H, CHHGOX),
3.07-3.02 (m, 1H CHHb-Pro), 2.79 (dd, J = 8.8, 4.6 Hz, 1H, CH, a-Cys), 2.60 (dd, J =12.8, 5.4 Hz, 1H,
CHHp-Cys), 2.43 (dd, J = 12.8, 8.5 Hz, 2H, CH,B-Cys), 2.27 (dd, J = 12.8, 4.6 Hz, 1H, CHHp-Cys),
2.09-2.03 (m, 1H, CHHB-Pro), 2.02 (br. s, 1H, NH), 1.90-1.82 (m, 1H, CHHpB-Pro), 1.82-1.75 (m, 1H,
CHHy-Pro), 1.72-1.64 (m, 1H, CHHy-Pro), 1.41 (s, 9H, 3 x CHg, tBu), 1.35 (s, 9H, 3 x CHg, tBu); **C
NMR (126 MHz, CDCls) 8¢ ppm 173.5 (C=0), 171.7 (C=0), 170.4 (C=0), 155.1 (C=0, Boc), 144.6
(C), 129.80 (CH), 129.79 (CH), 128.2 (CH), 128.2 (CH), 127.0 (CH), 127.0 (CH), 82.0 (C, tBu), 80.0
(OCHy), 79.6 (OCHy), 79.4 (C, Boc), 67.5 (CS), 67.4 (CS), 60.6 (CH, a-Cys), 59.3 (C, Ox), 56.2 (CH,
a-Cys), 51.4 (CH, a-Pro), 47.3 (CH, 6-Pro), 42.8 (CH2, GOXx), 36.5 (CH2, B-Cys), 34.5 (CH., B-Cys),
28.5 (CHjs, tBu), 28.4 (CH,, B-Pro) 28.0 (CHs, tBu), 24.9 (CH>, y-Pro); vmax (neat) = 3339, 2979, 1711,
1651, 1488, 1443, 1366, 1149, 741, 698 cm™t; MS (ESI*) m/z 1047 [M+H]*, 1069 [M+Na]*; HRMS
(ESI*) calcd. for Cs2H70NsNaO-S, [M+Na]* 1069.4578, found 1069.4583; [a]3’ +25.1 (c 0.88, CHCly).

Cyclo(Boc-Cys-Pro-GOx-Cys-OtBu) (24)

o) To a solution of iodine (76 mg, 0.30 mmol, 3.0 equiv) in anhydrous MeOH

NH ?\\ (10 mL) was slowly added a solution of Boc-Cys(Trt)-Pro-GOx-Cys(Trt)-

HN " OBu OtBu (132) (105 mg, 0.10 mmol, 1.0 equiv) in anhydrous MeOH (10 mL).

[? P The mixture was stirred for 1 h at room temperature, cooled to 0 °C and a
) O;\l S/S saturated aqueous solution of Na»S;0, was added until a nearly colourless
3 7;\°‘/ﬁ solution was obtained. The mixture was concentrated under reduced pressure

O RNHBoc 24 to a volume of ca. 2 mL, EtOAc (25 mL) was added, the solution was washed

with 0.1 M aqueous Na;S;0- solution (10 mL), dried over Na;SO4 and filtered. The solvent was removed
in vacuo and the residue was purified by column chromatography (SiO,, EtOAc) to afford cyclic
tetrapeptide 24 (41 mg, 73 pmol, 73%) as a white foam. R¢ (EtOAc) 0.31; mp 96-98 °C; *H NMR (400
MHz, CDCls) 8w ppm 7.33 (d, J = 6.3 Hz, 1H, NH), 5.21 (br. s, 1H, NH), 4.67 (d, J = 7.6 Hz, 1H, CH,
0a-Cys), 4.55 (t, J = 8.6 Hz, 1H, CHo-Pro), 4.47 (d, J = 6.4 Hz, 1H, OCHH-Ox), 4.42 (d, J = 6.6 Hz, 1H,
OCHH-0Ox), 4.36 (d, J = 6.6 Hz, 1H, OCHH-Ox), 4.21 (d, J = 6.4 Hz, 1H, OCHH-Ox), 4.05 (dd, J =
14.2, 7.0 Hz, 1H, CHHGOXx), 3.63 (dd, J = 16.0, 7.2 Hz, 2H, CH.3-Pro), 3.47 (d, J = 14.2 Hz, 1H,
CHHGOX), 3.32 (dd, J=7.4, 5.1 Hz, 1H, CH, a-Cys), 3.25 (dd, J = 11.9, 3.3 Hz, 1H, CHHB-Cys), 3.15
(d, J=11.4 Hz, 1H, CHHp-Cys), 3.09 (dd, J = 8.9, 3.8 Hz, 1H, CHHB-Cys), 2.83 (dd, J = 13.1, 8.3 Hz,
1H, CHHB-Cys), 2.50 (dd, J = 12.1, 6.4 Hz, 1H, CHHB-Pro), 2.43 (br. s, 1H, NH), 2.21-2.07 (m, 1H,
CHHy-Pro), 2.05-1.95 (dd, J = 6.6, 3.6 Hz, 1H, CHHy-Pro), 1.83 (ddd, J=11.7, 7.4, 4.4 Hz, 1H, CHHp-
Pro), 1.43 (s, 9H, 3 x CHs, tBu), 1.42 (s, 9H, 3 x CHg, tBu); *C NMR (101 MHz, CDCls) ¢ ppm 173.3
(C=0), 171.0 (C=0), 170.3 C=0), 154.7 (C=0, Boc), 82.6 (C, tBu), 81.8 (OCH), 81.0 (OCH,), 80.8
(C, Boc), 59.9 (CH, a-Cys), 58.4 (C, Ox), 55.4 (CH, a-Cys), 51.4 (CH, a-Pro), 47.8 (CH., 5-Pro), 42.8
(CH2,GOx), 41.1 (CH>, B-Cys), 40.0 (CH2, B-Cys), 28.4 (CHs, tBu), 28.1 (CHjs, tBu), 26.8 (CH2, B-Pro),
25.1 (CHa, y-Pro); vmax (neat) = 3297, 2976, 1708, 1668, 1634, 1514, 1451, 1366, 1247, 1147, 971, 731
cmt; MS (ESIY) m/z 561 [M+H]*, 583 [M+Na]*; HRMS (ESI*) calcd. for C24HsoN4NaO-S, [M+Na]*
583.2231, found 583.223; [a]3’ +43.2 (c 0.76, CHCIs).
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2.18 Preparation of cyclic disulfide-bridged tetrapeptide 136

STrt STrt STrt

o]
1) Et,NH 1) Et,NH H
OtBu ——— > FmocHN N OtBu
FmocHN/En/ 2) Fmoc-Gly-OH \)J\ /Ey( 2) Fmoc-Pro-OH N \)J\H
o HATU, DIPEA HATU DIPEA Fmoc O o)
128 77% 98% 134
o)
\
STt HN/J\NH Log,
1) Et,NH
JEL N\)L OBy —2 > O \
2) Boc-Cys(Trt)—OH B HN MeOH S
HATU, DIPEA oc 00 N d
82% :\ 135 ’ "
STrt O NHBoc
136

Fmoc-Gly-Cys(Trt)-OtBu (133)
Trt To asolution of Fmoc-Cys(Trt)-OtBu (128) (3.15 g, 4.90 mmol, 1.0 equiv)

FmocHN\)L /[ in CH.Cl; (5.0 mL) was added diethylamine (5.0 mL) and the mixture was
N @"CO,tBu  stirred at room temperature for 1 h. The reaction mixture was concentrated
13 under reduced pressure and the resulting residue repeatedly dissolved in

CH.CI; (3 x 15 mL) and concentrated under reduced pressure to give the crude amine. The residue was
dissolved in CH2Cl, (50 mL), Fmoc-Gly-OH (1.75 g, 5.89 mmol, 1.2 equiv), HATU (2.24 g, 5.89 mmol,
1.2 equiv) and DIPEA (2.56 mL, 14.7 mmol, 3.0 equiv) were added subsequently, and the mixture was
stirred at room temperature for 16 h. The reaction mixture was diluted with CH,Cl, (30 mL) and washed
with 10% citric acid solution (50 mL) and saturated NaHCO3 solution (50 mL), dried over MgSQsa,
filtered and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO-, PE/EtOAc 2:1—1:1) to give dipeptide 133 (2.63 g, 3.80 mmol, 77%) as a white
foam. R¢ (PE/EtOAC 1:1) 0.38; mp 85-86 °C; *H NMR (400 MHz, CDCls) 84 ppm 7.77 (d, J = 7.5 Hz,
2H, ArH), 7.59 (d, J = 7.0 Hz, 2H, ArH), 7.43-7.36 (m, 8H, ArH), 7.32-7.25 (m, 8H, ArH), 7.20 (t,
J=7.2 Hz, 3H, ArH), 6.35 (br. s, 1H, NH), 5.42 (br. s, 1H, NH), 4.51 (dd, J = 12.2, 5.3 Hz, CHa-Cys),
4.43 (dd, J = 9.4, 6.5 Hz, CHH-Fmoc), 4.39 (dd, J = 9.4, 6.2 Hz, CHH-Fmoc), 4.23 (t, J = 7.0 Hz, 1H,
CH-Fmoc), 3.87 (d, J = 3.3 Hz, 1H, CH)Gly), 2.69 (dd, J = 12.2, 5.6 Hz, 1H, CHHpB-Cys), 2.54 (dd,
J=12.2, 45 Hz, 1H, CHHB-Cys), 1.44 (s, 9H, 3 x CHjs, tBu); *C NMR (101 MHz, CDCls) 8¢ ppm
169.2 (C=0), 168.3 (C=0), 156.51 (C=0, Fmoc), 144.4 (C), 144.0 (C), 143.9 (C), 141.4 (C), 129.6
(CH), 128.1 (CH), 127.9 (CH), 127.2 (CH), 127.0 (CH), 125.2 (CH), 120.1 (CH), 83.1 (C, tBu), 67.4
(CH., Fmoc), 66.9 (CS), 51.8 (CH, a-Cys), 47.2 (CH, Fmoc), 44.4 (CH,Gly), 34.1 (CH,, B-Cys), 28.1
(CHs, tBu); vmax (neat) = 3300, 2976, 1726, 1668, 1508, 1445, 1245, 1149, 739, 698 cm™; MS (ESI*)
m/z 721 [M+Na]*; HRMS (ESI*) calcd. for Ca3Hs:N.NaOsS [M+Na]* 721.2707, found 721.2704; [a]3’
+21.3 (c 1.31, CHCIs).

Fmoc-Pro-Gly-Cys(Trt)-OtBu (134)

v g STrt To a solution of Fmoc-Gly-Cys(Trt)-OtBu (133) (2.55 g, 3.65 mmol,
5 o /E 1.0 equiv) in CH:ClI; (4.0 mL) was added diethylamine (4.0 mL) and
N *CO.tBu  the mixture was stirred at room temperature for 1 h. The reaction

mixture was concentrated under reduced pressure and the resulting
residue repeatedly dissolved in CH,Cl» (3 x 15 mL) and concentrated under reduced pressure to give the
crude amine. The residue was dissolved in CH,Cl, (40 mL), Fmoc-Pro-OH (1.48 g, 4.38 mmol,
1.2 equiv), HATU (1.67 g, 4.38 mmol, 1.2 equiv) and DIPEA (1.91 mL, 11.0 mmol, 3.0 equiv) were
added subsequently, and the mixture was stirred at room temperature for 16 h. The reaction mixture was

I
FmocO 134

S89



diluted with CH2ClI, (30 mL) and washed with 10% citric acid solution (50 mL) and saturated NaHCO3
solution (50 mL), dried over MgSQ., filtered and concentrated under reduced pressure. The residue was
purified by flash column chromatography (SiOz, PE/EtOAc 1:1—EtOAc) to give tripeptide 134 (2.84 g,
3.57 mmol, 98%) as a white foam. R¢ (EtOAc) 0.54; mp 97-98 °C; 'H NMR (600 MHz, toluene-d8 @
353 K) 7.55 (d, J = 7.5 Hz, 2H, ArH), 7.53-7.43 (m, 7H, ArH), 7.19 (t, J = 7.4 Hz, 2H, ArH), 7.15 (t,
J=7.4Hz, 2H, ArH), 7.10-7.06 (m, 6H, ArH), 7.00-6.95 (m, 4H, ArH), 6.52 (br. s, 1H, NH), 4.55 (dd,
J=10.8, 5.6 Hz, 1H, CHa-Cys), 4.46 (dd, J = 10.4, 6.5 Hz, 1H, CHH-Fmoc), 4.42 (dd, J = 10.4, 6.5 Hz,
1H, CHH-Fmoc), 4.04 (t, J = 6.5 Hz, 1H, CH-Fmoc), 4.03-3.98 (m, 1H, CHa-Pro), 3.80 (dd, J = 16.4,
5.0 Hz, 1H, CHH-Gly), 3.51 (dd, J = 16.4, 4.5 Hz, 1H, CHHGly), 3.31-3.25 (m, 1H, CHH§-Pro), 3.20—
3.12 (m, 1H, CHH3-Pro), 2.71 (dd, J = 12.2, 5.9 Hz, 1H, CHHB-Cys), 2.66 (dd, J = 12.2, 5.0 Hz, 1H,
CHHpB-Cys), 2.08-2.02 (m, 1H, CHHp-Pro), 1.77-1.68 (m, 1H, CHHy-Pro), 1.52 (dt, J = 12.3, 8.6 Hz,
1H, CHHB-Pro), 1.37-1.31 (m, 1H, CHHy-Pro), 1.28 (s, 9H, 3 x CHs, tBu), 0.98 (s, 1H, NH); *°C NMR
(151 MHz, toluene-d8 @ 353 K) dc ppm 172.1 (C=0), 169.7 (C=0), 168.6 (C=0), 145.4 (C), 144.9 (C),
142.1(C), 130.2 (CH), 128.4 (CH), 128.0 (CH), 127.5 (CH), 127.4 (CH), 127.1 (CH), 125.6 (CH), 125.5
(CH), 120.3 (CH), 82.0 (C, tBu), 67.8 (CH2-Fmoc), 67.5 (CS), 61.1 (CH, a-Pro), 52.7 (CH, a-Cys), 48.3
(CH-Fmoc), 47.3 (CH, 8-Pro), 43.6 (CHa, Gly), 35.0 (CHa, B-Cys), 28.1 (CHs, tBu), 24.5 (CHa, y-Pro).
N.B. Fmoc carbonyl carbon signal and CH, B-Pro not observed; vmax (neat) = 3307, 2978, 1674, 1515,
1419, 1367, 1152, 1122, 740, 700 cm™; MS (ESI*) m/z 818 [M+Na]*; HRMS (ESI*) calcd. for
CasH1sN3NaOsS [M+Na]* 818.3234, found 818.3238; [a]3’ +3.80 (c 1.18, CHCl5).

Boc-Cys(Trt)-Pro-Gly-Cys(Trt)-OtBu (135)
STrt To a solution of Fmoc-Pro-Gly-Cys(Trt)-OtBu (134) (2.65 g,

B
5 N H\)OJ\ I 3.33mmol, 1.0equiv) in CH)Cl, (4.0mL) was added
N

” «>CO,tBu diethylamine (4.0 mL) and the mixture was stirred at room

BocHN . .
%o O 435 temperature for 1 h. The reaction mixture was concentrated
ﬁ\STn under reduced pressure and the resulting residue repeatedly

dissolved in CH.CI; (3 x 15 mL) and concentrated under
reduced pressure to give the crude amine. The residue was dissolved in CH2Cl, (35 mL), Boc-Cys(Trt)-
OH (1.85¢g, 4.00 mmol, 1.2 equiv), HATU (1.52 g, 4.00 mmol, 1.2 equiv) and DIPEA (1.74 mL,
10.0 mmol, 3.0 equiv) were added subsequently, and the mixture was stirred at room temperature for
16 h. The reaction mixture was diluted with CH2Cl, (30 mL) and washed with 10% citric acid solution
(50 mL) and saturated NaHCOs3 solution (50 mL), dried over MgSQ., filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography (SiO,, PE/EtOAc
1:1—-EtOAc) to give tetrapeptide 135 (2.79 g, 2.74 mmol, 82%) as a white foam. Rr (EtOAc) 0.57; mp
101-105 °C; NMR data reported for the major rotamer: *H NMR (600 MHz, CDCl; @ 313 K) 84 ppm
7.43 (d, J = 7.8 Hz, 6H, ArH), 7.36 (d, J=7.7 Hz, 6H, ArH), 7.31-7.26 (m, 11H, ArH), 7.22 (t,
J=7.3Hz, 6H, ArH), 7.17 (t, J = 6.0 Hz, 1H, ArH), 6.67 (d, J = 7.2 Hz, 1H, NH), 5.41 (d, J = 6.2 Hz,
1H, NH), 4.55 (dd, J = 8.0, 4.3 Hz, 1H, CHa-Pro), 4.48 (dd, J = 11.4, 6.8 Hz, 1H, CHo-Cys), 4.32 (dd,
J=11.7,6.1 Hz, 1H, CHa-Cys), 3.67 (dd, J = 16.7, 6.7 Hz, 1H, CHHGly), 3.50-3.39 (m, 2H, CHHGly,
CHH3-Pro), 3.12 (dd, J = 12.3, 8.6 Hz, 1H, CHH3-Pro), 2.75 (dd, J = 13.3, 5.8 Hz, 1H, CHHp-Cys),
2.73 (dd, J = 12.9, 6.7 Hz, 1H, CHHB-Cys), 2.57 (dd, J = 12.4, 5.0 Hz, 1H, CHHB-Cys), 2.44 (dd,
J=12.1, 6.3 Hz, 1H, CHHB-Cys), 2.23-2.15 (m, 1H, CHHp-Pro), 2.07-1.99 (m, 1H, CHHp-Pro), 1.95
(dt, J = 14.6, 6.9 Hz, 1H, CHHy-Pro), 1.89-1.81 (m, 1H, CHHy-Pro), 1.69 (br. s, 1H, NH), 1.44 (s, 9H,
3 x CHs, tBu), 1.43 (s, 9H, 3 x CHjs, tBu); *C NMR (151 MHz, CDCl; @ 313 K) &¢c ppm 171.2 (C=0),
170.8 (C=0), 169.3 (C=0), 168.4 (C=0), 155.2 (C=0, Boc), 144.7 (C), 144.3 (C), 129.8 (CH), 129.6
(CH), 128.3 (CH), 128.1 (CH), 127.2 (CH), 126.9 (CH), 82.4 (C, tBu), 80.2 (C, Boc), 67.3 (CS), 67.1
(CS), 61.0 (CH, a-Pro), 52.4 (CH, a-Cys), 51.6 (CH, a-Cys), 47.6 (CH., 3-Pro), 42.8 (CH,, Gly), 34.7
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(CHz, B-Cys), 34.1 (CH2, B-Cys), 28.5 (CHjs, tBu), 28.5 (CH2, B-Pro), 28.1 (CHs, tBu), 25.0 (CH>, y-Pro);
vmax (n€at) = 3312, 2979, 1637, 1489, 1443, 1247, 1152, 741, 698 cm %; MS (ESI*) m/z 1041 [M+Na]"*;
HRMS (ESI*) calcd. for CeoHesNaNaO7S, [M+Na]* 1041.4265, found 1041.4263; [a]3¢ +0.1 (c 1.17,
CHCL,).

Cyclo(Boc-Cys-Pro-Gly-Cys-OtBu) (136)

0 0 To asolution of iodine (152 mg, 0.60 mmol, 3.0 equiv) in anhydrous MeOH
/LNH \XLOtBu (20 mL) was added a solution of tetrapeptide 135 (204 mg, 0.20 mmol,
HN PN
B

o \ 1.0 equiv) in anhydrous MeOH (10 mL) over a period of 15 min. The
By s mixture was stirred for 1 h at room temperature, cooled to 0°C and a
LN g saturated aqueous solution of Na,S,0O. was added until a nearly colourless
§ o>/\5/ 136 solution was obtained. The mixture was concentrated in vacuo to a volume
NHBoc of ca. 4 mL, EtOAc (25 mL) was added, the solution was washed with 0.1 m

aqueous NaS,0 solution (10 mL), dried over Na>SO, and filtered. The solvent was removed in vacuo
and the residue was purified by column chromatography (SiO,, EtOAc—CH.Cl,/MeOH 9:1) to afford
tetrapeptide 136 (1% run: 78 mg, 0.15 mmol, 73%; 2™ run: 96 mg, 0.18 mmol, 90%) as a white solid. R¢
(CH.Cl/MeOH 9:1) 0.31; mp 226-228 °C (decomposition); H NMR (400 MHz, DMSO-d6) &4 ppm
8.62 (br. s, 0.5H, NH), 7.47 (d, J = 6.5 Hz, 1H, NH), 7.42 (d, J = 8.2 Hz, 0.5H, NH), 4.41 (t, J = 7.7 Hz,
1H, CHa-Cys), 4.25 (dd, J = 7.9, 3.7 Hz, 1H, CHa-Pro), 4.11 (dd, J = 9.3, 6.6 Hz, 1H, CHa-Cys), 3.77
(dd, J = 17.2, 4.1 Hz, 1H, CHHGIy), 3.70 (dd, J = 9.5, 5.5 Hz, 1H, CHH&-Pro), 3.54 (dd, J = 17.2,
3.8 Hz, 1H, CHHGIy), 3.44 (dd, J = 15.0, 6.4 Hz, 1H, CHHS-Pro), 3.34-3.25 (m, 2H, 2 x CHHB-Cys),
3.03 (d, J=12.5Hz, 1H, CHHpB-Cys), 2.87 (d, J = 11.9 Hz, 1H, CHHp-Cys), 2.16-1.96 (m, 2H, CHHp-
Pro, CHHy-Pro), 1.94-1.78 (m, 2H, CHHpB-Pro, CHHy-Pro), 1.40 (s, 9H, 3 x CHs, tBu), 1.39 (s, 9H, 3
x CHas, tBu). N.B. One NH signal is nor observed; *C NMR (101 MHz, DMSO-d6) &c ppm 171.9
(C=0), 169.1 (C=0), 168.8 (C=0), 168.7 (C=0), 154.8 (C=0, Boc), 81.3 (C, tBu), 78.9 (C, Boc), 60.9
(CH, a-Pro), 55.1 (CH, a-Cys), 51.9 (CH, a-Cys), 46.8 (CHa, 3-Pro), 42.2 (CH>, Gly), 37.3 (CH,, -
Cys), 34.6 (CHy, B-Cys), 28.5 (CH., B-Pro), 28.1 (CHs, tBu), 27.5 (CHs, tBu), 24.7 (CH,, y-Pro);
vmax (neat) = 3307, 2978, 1758, 1706, 1673, 1536, 1509, 1430, 1304, 1226, 1157, 1044, 1022, 710 cm~
1 MS (ESI) m/z 555 [M+Na]*; HRMS (ESI*) calcd. for C2H3sN4NaO;S, [M+Na]* 555.1918, found
555.1919; [a]3’ —39.2 (c 0.15, CHCIy).

2.19 Preparation of pentapeptides 137 and 138
H-Leu-Ala-Gly-Ala-Tyr-OMe (137)

oH Cbz-Leu-Ala-Gly-Ala-OH was synthesised as

° . described above on solid-phase starting from Fmoc-

B o} o B Ala-2-chlorotrityl resin (193 mg, 0.10 mmol,

N N 1.0 equiv). After cl from the resin th

HoN"® : N/\ﬂ/ L SNTECO,Me : quw). ter cleavage from the rgsm the
o p2 T o s H tetrapeptide (35 mg, 75 umol, 1.0 equiv) was

137 dissolved in DMF (5.0 mL), H-Tyr-OMe (29 mg,

0.15 mmol, 2.0 equiv), HATU (29 mg, 75 umol, 1.0 equiv) and diisopropylethylamine (52 pL,
0.30 mmol, 4.0 equiv) were added subsequently, and the mixture was stirred at room temperature for
16 h. The reaction mixture was diluted with CH»Cl, (20 mL) and washed with 10% citric acid solution
(20 mL) and saturated NaHCOs solution (20 ml), dried over MgSOsa, filtered and concentrated under
reduced pressure. The residue was purified by column chromatography (SiO,, CH.Cl,/MeOH
95:5—9:1) to give Chz-Leu-Ala-Gly-Ala-Tyr-OMe (34 mg, 75 umol) as a white solid. The pentapeptide
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was dissolved in anhydrous MeOH (2.05 mL), 10 wt% Pd/C (7.5 mg, 20 wt%) was added and the
reaction flask was evacuated, filled with nitrogen, evacuated, and placed under an atmosphere of
hydrogen (balloon). The reaction mixture was stirred at room temperature for 6 h, placed under nitrogen
and filtered through a plug of Celite, which was washed with MeOH. The filtrate was concentrated in
vacuo and the residue re-dissolved in water. After freeze-drying 137 was obtained as a white solid
(22 mg, 43 umol) in 43% yield over all steps. mp 106-107 °C; *H NMR (700 MHz, DMSO-d6) 81 ppm
8.22 (d, J=7.8 Hz, 1H, NH), 8.17 (t, J = 6.0 Hz, 1H, NH), 8.14 (br. s, 1H, OH), 7.87 (d, J = 7.9 Hz, 1H,
NH), 6.96 (d, J = 8.7 Hz, 2H, ArH), 6.63 (d, J = 8.7 Hz, 2H, ArH), 4.31 (dt, J = 5.9, 5.5 Hz, 1H, CHa-
Tyr), 4.28 (quint, J = 7.3 Hz, 1H, CHo-Ala), 4.23 (dd, J=14.9, 7.2 Hz, 1H, CHa-Leu), 3.66 (d,
J=6.1Hz, 2H, CH.Gly), 3.54 (s, 3H, OCHj3), 3.16 (dd, J=9.5, 5.1 Hz, 1H, CHa-Ala), 2.86 (dd,
J=13.7,6.2 Hz, 1H, CHHp-Tyr), 2.79 (dd, J = 13.7, 8.7 Hz, 1H, CHHpB-Tyr), 1.70 (nonet, J = 6.7 Hz,
1H, CHy-Leu), 1.38 (ddd, J = 13.8, 9.0, 5.0 Hz, 1H, CHHp-Leu), 1.22-1.19 (m, 1H, CHHp-Leu), 1.14
(d, J=7.3 Hz, 3H, CH3p-Ala), 1.14 (d, J = 7.3 Hz, 3H, CHsB-Ala), 0.85 (d, J = 6.7 Hz, 3H, CH33-Leu),
0.81 (d, J = 6.7 Hz, 3H, CHs8-Leu). N.B. Three protic NH signals not observed; *C NMR (126 MHz,
DMSO-d6) dc ppm 175.3 (C=0), 172.6 (C=0), 172.2 (C=0), 171.9 (C=0), 168.2 (C=0), 156.0 (C),
130.0 (CH), 127.0 (C), 115.1 (CH), 54.0 (CH, a-Tyr), 52.9 (CH, a-Ala), 51.8 (OCHs), 48.1 (CH, a-
Leu), 47.7 (CH, a-Ala), 43.8 (CH., B-Leu), 41.9 (CH, Gly), 35.9 (CHz, B-Tyr), 24.0 (CH, y-Leu), 23.3
(CHs, 6-Leu), 21.7 (CHs, 8-Leu), 18.3 (CHas, B-Ala), 18.2 (CHs, B-Ala); vmax (neat) = 3291, 2957, 1738,
1644, 1515, 1447, 1368, 1221, 1172, 829 cm™!; MS (ESI*) m/z 508 [M+H]*, 530 [M+Na]*; HRMS
(ESI*) calcd. for C24Ha7NsNaO7 [M+Na]* 530.2585, found 530.2589; [a]3* +31.3 (c 0.02, MeOH).

H-Leu-Ala-GOx-Ala-Tyr-OMe (138)

oH To a solution of Chz-Leu-Ala-GOx-Ala-Tyr(Bn)-
” OMe (752 mg, 0.99 mmol, 1.0 equiv) in anhydrous
by 0 Hy @ P MeOH (10 mL) was added 10 wt% Pd/C (75 mg,
HN@ N%N%N\EQJ\N ©CO,Me 10 wt%) and the reaction flask was evacuated, filled
o s> H : H with nitrogen, evacuated, and placed under an
138 © atmosphere of H, (balloon). The reaction mixture
was stirred at room temperature for 16 h, placed under N and filtered through a plug of Celite, which
was washed with MeOH. The filtrate was concentrated in vacuo to give 138 as a white solid (502 mg,
0.94 mmol, 95%). mp 116-118 °C; 'H NMR (700 MHz, DMSO-d6) &+ ppm 8.63 (d, J = 8.0 Hz, 1H,
NH), 8.30 (d, J = 8.4 Hz, 1H, NH), 8.00 (t, J = 6.2 Hz, 1H, NH), 6.97 (d, J = 8.7 Hz, 2H, ArH), 6.66 (d,
J = 8.7 Hz, 2H, ArH), 4.43-4.39 (m, 1H, CHa-Tyr), 4.37 (quint, J = 7.2 Hz, 1H, CHa-Ala), 4.28 (d,
J = 6.5 Hz, 1H, OCHH-0x), 4.18 (d, J = 6.5 Hz, 1H, OCHH-Ox), 4.11 (d, J = 6.5 Hz, 1H, OCHH-OX),
3.96 (d, J = 6.5 Hz, 1H, OCHH-Ox), 3.66 (dd, J=38.1, 6.9 Hz, CHa-Leu), 3.59 (s, 3H, OCHj3), 3.39 (dd,
J =13.6, 6.6 Hz, 1H, CHHGOx), 3.31 (dd, J = 13.6, 5.6 Hz, 1H, CHHGOx), 3.29 (q, J = 7.2 Hz, 1H,
CHa-Ala), 2.95 (dd, J = 13.8, 5.3 Hz, 1H, CHHp-Tyr), 2.85 (dd, J = 13.8, 9.5 Hz, 1H, CHHp-Tyr), 1.68
(nonet, J = 6.7 Hz, 1H, CHy-Leu), 1.53 (ddd, J = 14.2, 7.8, 6.5 Hz, 1H, CHHp-Leu), 1.46-1.42 (m, 1H,
CHHB-Leu), 1.24 (d, J = 7.2 Hz, 3H, CHap-Ala), 1.06 (d, J = 7.2 Hz, 3H, CHsB-Ala), 0.89 (d, J = 6.7 Hz,
3H, CHsd-Leu), 0.87 (d, J = 6.7 Hz, 3H, CH35-Leu). N.B. Four protic NH/OH signals not observed; **C
NMR (126 MHz, DMSO-d6) 6c ppm 175.6 (C=0), 172.5 (C=0), 172.0 (C=0), 170.0 (C=0), 156.0 (C),
130.0 (CH), 127.1 (C), 115.0 (CH), 78.0 (OCHy,), 77.7 (OCHy), 59.6 (C, Ox), 53.2 (CH, a-Tyr), 51.8
(OCHs), 51.6 (CH, a-Ala), 51.2 (CH, a-Leu), 48.4 (CH, a-Ala), 42.7 (CH2, GOX), 41.1 (CH, B-Leu),
35.7 (CHz, B-Tyr), 23.6 (CHs, y-Leu), 22.8 (CHs, 8-Leu), 22.0 (CHas, 6-Leu), 20.5 (CHs, B-Ala), 18.5
(CHs, B-Ala); vmax (neat) = 3271, 2956, 2874, 1739, 1649, 1514, 1441, 1368, 1223, 1174, 967, 830 cm~
1 MS (ESI*) m/z 536 [M+H]*, 558 [M+Na]*; HRMS (ESI*) calcd. for C26H42NsO7 [M+H]* 536.3079,
found 536.3071; [a]3* —5.1 (c 0.20, MeOH).
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3. Kinetic measurement of the cyclization reaction

HPLC measurements were conducted on an Agilent 1260 Infinity analytical HPLC system on an Agilent
Eclipse Plus C18 column (5.0 um, 4.6 x 150 mm) with a flow rate of 1.0 mL/min (solvent A: 0.1% TFA
in water; solvent B: 0.1% TFA in MeCN; gradient: 0-3 min, 3% B; 3—14 min, 3-20% B; 14-20 min,
20% B; 20—41 min, 20-50% B; 4143 min, 50-100% B; 43-45 min, 100% B).

To separate 20 mL vials were added linear precursor 6 or 7 (10 pmol, 1.0 equiv) and anhydrous DMF
(10 mL). At this time a 500 pL sample was withdrawn to determine the initial value by analytical HPLC
before DEPBT (20 pmol, 2.0 equiv) and DIPEA (20 umol, 2.0 equiv) were added to the solution. At
designated time points, 500 uL of reaction mixture was taken and diluted with 200 pL distilled water.
10 pL of these samples were directly injected into the analytical HPLC. Further samples were taken
after 05,1, 2, 3,4, 5,6, 7,8, 10, 26, 30, 34, 50 and 74 h and treated in the same manner. Signals for
linear precursors 6 or 7 and cyclic peptides 8 or 9 as well as dimer 42 were integrated at 280 nm.

To check the accuracy of the integration at 280 nm, calibration curves for the linear and cyclic oxetane
modified peptide 7 and 9 were measured by injecting 10 pL of stock solutions of known concentration.
UV signals at 280 nm were integrated and the resulting areas plotted against the amount of injected
compound in nmol. Linear fitting gave equations shown below for each compound. The obtained data
show that conversions obtained from sole integration of the peaks at 280 nm are in accordance with
yields obtained from the calibrations curves. The same was assumed for the parent system (compound
6 and 8). Conversions were calculated from initial integral of linear precursor determined before addition
of coupling reagent and led to 49% for cyclic peptide 8, 11% for the dimer 42 and 83% for cyclic oxetane
modified peptide 9. Conversion obtained for the dimer was divided by two due to two Trp-residues in
the structure. Retention times of linear precursors and formed products was confirmed by LC-MS
(Bruker Amazon X) under the same HPLC conditions and injection of purified compounds.

Calibration curve for WLGOXG (7)
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Calibration curve for cyclic WLGOXG (9)
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Conversion of linear peptides 6 & 7 to cyclic peptides 8 & 9 and dimer 42 over 74 h
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UV and LC-MS traces (280 nm) of the cyclization toward oxetane modified peptide 9 over 74 h
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LC-MS trace (280 nm) of the cyclization reaction toward cyclic peptide 9 after 8 h
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UV and LC-MS traces (280 nm) of the cyclization reaction toward cyclic peptide 8 and cyclic dimer 42
over 74 h
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LC-MS trace (280 nm) of the cyclization reaction toward cyclic peptide 8 and cyclic dimer 42 after 8 h
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4. In vitro inhibition assay of aminopeptidase N with oxetane modified peptide 22 and parent
peptide 26

Peptide 26 was synthesised following a procedure by Piras et al.l'% using HCTU as coupling reagent and
NMM as base. Oxidation was performed by on-resin cyclization as described for the biotin labelled
compound. Analytical data were in accordance with the literature.

For the determination of ICso values of oxetane modified peptide 22 and parent peptide 26, a protocol
published by Piras et al.*% was followed using L-leucine-p-nitroanilide as substrate and microsomal
aminopeptidase from porcine kidney (pAPN, Sigma Aldrich) (18 units/mg protein). ICso values were
calculated by following the formation of p-nitroaniline. Formation of p-nitroaniline was monitored by
measurement of the UV absorption at 405 nm on a Hidex Sense plate reader. The assay was performed
in a 96-well plate in PBS buffer (pH 7.2, 1.47 mM KH2PQOj4, 7.8 mM Na;HPO4, 137 mM NaCl, 2.7 mM
KCI, 1.8 mM CaCl,, 1.8 mM MgCl,) at 37 °C with a total volume of 100 uL. Bestatin hydrochloride
was used as positive control. Peptides were used in gradient concentrations between 2.5 UM and 3.5
mM, and bestatin in concentrations between 50 nM and 25 uM. The peptides were incubated with the
enzyme (1.0 pg/mL) for 5 min. before a solution of L-leucine-p-nitroanilide was added with a final
concentration of 250 uM. The plate was incubated at 37 °C for 1 hour before the p-nitroaniline was
detected. ICso was defined as the concentration that led to 50% of maximal pAPN catalytic activity. For
the calculation of the ICso values log of the concentration was plotted against the UV absorption in
GraphPad Prism 5 using nonlinear regression (variable slope (four parameters) with interpolation) for
analysis.

Figure S1. Inhibition of APN by oxetane modified peptide 22. The shown data are the average of two
independent experiments performed in duplicate. Error bars are displaying standard deviations.
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Figure S2. Inhibition of APN by native peptide 26. The shown data are the average of two independent
experiments performed in duplicate and triplicate, respectively. Error bars are displaying standard
deviations.
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5. NMR analysis of pentapeptides 137 and 138

Figure S3. 'H-'H TOCSY spectrum collected with a mixing time of 70 ms (red) and *H-'*H NOESY
spectrum collected with a mixing time of 250 ms (green) are shown for peptide 137. Peak assignments
are annotated on the spectrum.
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Figure S4. 'H-'H TOCSY spectrum collected with a mixing time of 70 ms (red) and *H-'*H NOESY
spectrum collected with a mixing time of 250 ms (green) are shown for peptide 138. Peak assignments
are annotated on the spectrum.
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6. NMR analysis of cyclic pentapeptides 13 and 25

Figure S5. Overlay of 1D *H spectra of peptide 25 and 13 at concentrations ranging from 2-60 mM. No
significant chemical shift changes were observed, indicating that the peptide does not have a propensity
to self-associate within this concentration range.
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Figure S6. 'H-'H TOCSY spectrum collected with a mixing time of 70 ms (red) and *H-'*H NOESY
spectrum collected with a mixing time of 250 ms (green) are shown for peptide 25. Peak assignments

are annotated on the spectrum.
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Figure S7. 'H-'H TOCSY spectrum collected with a mixing time of 70 ms (red) and *H-'*H NOESY
spectrum collected with a mixing time of 250 ms (green) are shown for peptide 13. Peak assignments
are annotated on the spectrum.
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Figure S8. NOE-buildup curves for 4 inter-residue NOE peaks observed in 25 at mixing times ranging
from 100-800 ms. All peak volumes were normalised to that of the Tyr aryl proton NOE peaks before
plotting.
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Table S1. Inter-residue NOE observed in cyclic pentapeptides measured in DMSO-dg at 25 °C.

Peptide NOE Intensity
25 3Gly NH-2Ala Ha Weak
3Gly Hal-4Ala NH Weak
1Leu NH-5Tyr NH Strong
1Leu NH-5Tyr HB1 Medium
1Leu NH-5Tyr HB2 Medium
1Leu NH-5Tyr Ha Weak
3Gly Ho2-4Ala NH Weak
3Gly NH-5Tyr NH Medium
13 3Gly NH-5Tyr NH Medium
4Ala Ho-1Leu NH Weak
4Ala Ho-5Tyr OH Strong
3Gly NH-4Ala Ha Weak
3Gly HOX-4Ala Ha Weak
3Gly HOX-4Ala NH Weak
Table S2.
Parameter 25 13
Root mean squared deviations from All inter-residue 0.04 £0.05 0.25+0.75
experimental distance restraints (A) Strong 0.04 2.63
Medium 0.12+0.03 0.06
Weak 0.00+0.01 0.00 £0.01
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7. Molecular dynamics simulations

To obtain insights into the effect of the oxetane ring on the structure of the cyclic peptides we carried
out molecular dynamics (MD) computer simulations with NMR restraints of cLAGAY (25) and the
OMCP cLAGOXAY (13) in DMSO.

Model Building

Starting coordinates of the peptides were generated using the Avogadro program version 1.1.0.112121 The
peptides were built assuming a linear conformation (¢, w and @ backbone dihedral angles were set to
180°) and uncharged ends. The peptides were then cyclised and, for peptide 13, the C=0 oxetane
substitution was made. This was followed by a steepest descents energy minimisation in Avogadro using
the Universal Force Field,*™ which generated the starting structure of each cyclic peptide for subsequent
MD simulation in Gromacs 5.1.4.1% Input topology files for Gromacs were generated using the Gromacs
pdb2gmx tool after first modifying the residue database to include oxetane-substituted residues.
Following a short simulation in the NVT ensemble in vacuum in Gromacs (see below) each structure
was solvated with a pre-equilibrated box 425 or 428 DMSO molecules, which was sufficient to ensure
that the protein was not interacting with its periodic image.

Forcefield Parameters

MD simulations were carried out using the CHARMMZ27 forcefield for proteins®** and DMSO[®! with
modified parameters for the oxetane ring that were parameterised and are provided in detail in our
previous work.!

Simulation Parameters

Energy minimization and MD simulations were carried out using the Gromacs simulation package
version 5.1.4.18%1 The initial structures were relaxed by performing 50000 steps of MD simulation in the
NVT ensemble in vacuum at 300 K. The final structures were then solvated with DMSO and the system
was subjected to 50000 steps of steepest descents energy minimization. This was followed by 100000
steps of simulation at 300 K in the NVT ensemble and 50000 steps of simulation at 300 K and 1 bar in
the NPT ensemble to equilibrate the temperature and density of the system respectively. To overcome
the issue of kinetic trapping in local minima and to enhance the sampling of conformational space, each
peptide was then simulated for 100 ns at 500 K in the NVT ensemble. Cluster analysis (see below) was
performed on the resultant trajectory to group peptide conformations according to their structural
similarity. The central structure of the top five most populated clusters (which accounted for > 99.9%
of the total population) was then used as the starting configuration for five independent 100 ns
simulations of each peptide at 300 K and 1 bar in the NPT ensemble. Accordingly, each peptide was
simulated for a total simulation time of 500 ns.

In all MD simulations, all bonds were constrained using the LINCS algorithm!®! and a simulation
timestep of 2 fs was used. Periodic boundary conditions were applied in all directions. Lennard-Jones
interactions were cutoff at 1.0 nm. Electrostatic interactions were handled using the particle mesh Ewald
approach with a real-space cutoff of 1.0 nm. The temperature was controlled using velocity rescaling
with a stochastic termwith a time constant of 0.1 psf*”! and the pressure was isotropically maintained at
1 bar using the Parrinello-Rahman barostat with time constant 2.0 ps and compressibility 4.5 x 10-° bar
1 18191 Atomic coordinates were saved every 20 ps for all analysis except the cluster analysis, which was
performed on snapshots spaced 40 ps apart to avoid computer memory issues.

To improve the quality of our models of 25 and 13 in DMSO, selected NOE distances from the NMR

experiments (see Table S1) were incorporated as distance restraints in the MD simulations. The Gromacs

implementation follows that of Torda et al., whereby time-averaged distance restraints are used.20.2

Time-averaged distance restraints provide a better approximation of the physical nature of the NOE
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(which may reflect an averaging of multiple conformations) as they enable an atom to satisfy seemingly
incompatible distance restraints on average by moving between multiple positions.?2! If the time-
averaged distance between two atoms exceeds the NOE upper bound a harmonic restoring force (the
strength of which is controlled by the corresponding force constant for the restraint) will pull the atoms
back towards each other. Based on the analysis of the NMR experiments described above, the distance
ranges and force constants were 1.8-2.7 A and 2000 kJ mol* nm? , for strong restraints, 1.8-3.3 A and
1500 kJ mol* nm? for medium restraints and 1.8-5.0 A and 1000 kJ mol* for weak restraints. The time
constant for the distance restraints running average was 10 ps.

Assessment of convergence and sampling

Cluster analysis was used to identify distinct peptide conformations from the trajectories. We used the
algorithm proposed by Daura et al. whereby the root mean square deviation (RMSD) of atom positions
between all pairs of structures is determined.?? For each structure the number of other structures for
which the RMSD of the backbone atoms was < 0.05 nm (neighbor conformations) was calculated. The
structure with the highest number of neighbors was taken as the center of a cluster and together with its
neighbors formed the first cluster. All these structures were eliminated from the pool of structures and
the process repeated to find new clusters until the pool of structures was empty. In this way, each
structure belonged to only one cluster. To assess whether the sampling was adequate in our simulations,
we calculated the number of clusters as a function of the total simulation time (i.e. the independent
trajectories were joined together). A total of 5 clusters are identified for the parent cyclic peptide 25,
and no new structures are found after the third independent simulation (after approx. 250 ns total
simulation time, Figure S9a). On the other hand, only 4 clusters are identified for the OMCP 13, and it
also takes three independent simulations (and approx. 200 ns total simulation time) for the number of
new structures to converge (see Figure S9b). The relative population of each cluster with increasing
simulation time is shown in Figure S10. It can be seen that the cluster populations have converged with
the last 180 ns of simulation essentially contributing no new structural information.

Figure S9. Number of clusters over time as the five independent 100 ns simulations are added to the
trajectory for (a) the parent cyclic peptide 25 and (b) the OMCP peptide 13.
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Figure S10. Population (% of total) of each cluster as the 5 independent 100 ns simulations are added
to the trajectory for (a) the parent cyclic peptide 25 and (b) the OMCP 13. Data are overlaid going from
the lightest shade of blue 0-20 ns to the darkest shade of blue 0-500 ns.
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Simulation Results

Cluster Analysis

Representative structures of the three most populated clusters of 25 and 13 are shown in Figure S11. For
both 13 and 25, the three most populated clusters represent > 99.9% of all conformations sampled. Ten
representative structures from Cluster 1 (the most populated cluster) of both peptides were overlaid,
showing the range of conformations explored by the side chains during the simulations. It is noted that
the strong NOE restraint in 13 restricts the mobility of the Tyr side chain compared to 25. Oxetane
introduction facilitates an inversion of the amide bond between Ala4 and Tyr5, which allows the

structure to be stabilised by an intra-peptide hydrogen bond across the macrocycle (see main paper and
below).
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Figure S11. Snapshots of the central structure of each of the three most populated clusters. LHS: 25,
with carbon atoms colored cyan; RHS: 13 with carbon atoms colored green.
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Hydrogen bonding

Analysis of the MD simulations was carried out on the entire 500 ns trajectory. Hydrogen bonds were
identified using geometric criteria whereby a hydrogen bond is said to exist if the donor---acceptor
distance < 3.5 A and the angle donor-hydrogen---acceptor < 35°. On average both peptides form
approximately five hydrogen bonds in total, with 25 forming five peptide-solvent hydrogen bonds and
13 forming four peptide-solvent hydrogen bonds and one intra-peptide hydrogen bond (Table S3). The
percentage occupancy of all intra-peptide hydrogen bonds is given in Table S4. As mentioned above,
intra-peptide hydrogen-bonding is negligible in the parent cyclic peptide 25; however in the OMCP 13
there is on average approximately one intra-peptide hydrogen bond between the NH group of Leul and
the O atom of Ala4, which may contribute to the rigidity of the macrocycle.

Table S3. Average number of peptide-solvent and intra-peptide hydrogen bonds formed by 25 and 13
in DMSO.

Peptide Number of intra-peptide Number of peptide-solvent Total number of
hydrogen bonds hydrogen bonds hydrogen bonds
25 0.002 5.034 5.036
13 0.966 4.029 4.995
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Table S4. Occupancy of intra-peptide hydrogen bonds for 25 and 13 in DMSO.

Peptide Donor Atom Acceptor Atom % Occupancy

25 Gly3N LeulO 0.02
13 LeulN Ala40 86.30
Gly3N Ala40 0.03
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9.’H NMR and *C NMR spectra

Boc-Pro-Tyr(Bn)-OBn (27)

'H NMR (600 MHz, DMSO-d6 @ 373 K)
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NO,-GOx-Pro-Tyr(Bn)-OBn (28)

'H NMR (500 MHz, CDCls)
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Boc-Ala-GOx-Pro-Tyr(Bn)-OBn (29)

'H NMR (500 MHz, CDCls)
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Cbz-Leu-Ala-GOx-Pro-Tyr(Bn)-OBn (30)

'H NMR (500 MHz, CDCls)
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H-Leu-Ala-GOx-Pro-Tyr-OH (1)
'H NMR (500 MHz, CD3;0D)
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Cyclo(Leu-Ala-GOx-Pro-Tyr) (4)
'H NMR (500 MHz, CD3;0D)
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Boc-Gly-Pro-Tyr(Bn)-OBn (31)

'H NMR (500 MHz, CDCls)
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Boc-Ala-Gly-Pro-Tyr(Bn)-OBn (32)

'H NMR (500 MHz, CDCls)
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Cbz-Leu-Ala-Gly-Pro-Tyr(Bn)-OBn (33)
'H NMR (600 MHz, DMSO-ds @ 373 K)
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H-Leu-Ala-Gly-Pro-Tyr-OH (3)

'H NMR (600 MHz, DMSO-ds @ 373 K)
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Cyclo(Leu-Ala-Gly-Pro-Tyr) (5)
'H NMR (500 MHz, CD3;0D)
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Boc-Leu-GOx-Gly-OBn (34)
'H NMR (500 MHz, CDCls)
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Cbz-Trp-Leu-GOx-Gly-OBn (35)

'H NMR (500 MHz, CDCls)
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H-Trp-Leu-GOx-Gly-OH (7)
'H NMR (500 MHz, D0)
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Cyclo(Trp-Leu-GOx-Gly) (9)

'H NMR (500 MHz, DMSO-d6)
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Cbz-D-Pro-Leu-GOx-Gly-OBn (36)

'H NMR (600 MHz, DMSO-d6 @ 373 K)
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H-D-Pro-Leu-GOx-Gly-OH (37)

'H NMR (500 MHz, D,0)
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Cyclo(D-Pro-Leu-GOx-Gly) (10)
'H NMR (500 MHz, CD3;0D)
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Cbz-Asp(tBu)-Leu-GOx-Gly-OBn (38)

'H NMR (500 MHz, CDCls)
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H-Asp(tBu)-Leu-GOx-Gly-OBn (39)
'H NMR (500 MHz, CD3;0D)
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Cyclo(Asp(tBu)-Leu-GOx-Gly) (11)
'H NMR (500 MHz, DMSO-d6)
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Boc-Leu-Gly-Gly-OBn (40)
'H NMR (500 MHz, CDCls)

60
£€6'0
£6'0
S6'0

STT
o1 ”
LT v
8¥'T
6v'T
0S'T
15°7
6T
[Ans
¥9'T
S9'T
99'T
69'T

16
[
v6'€
s6'€
16°€
86'€
00t
10
%0
0
80
60
m
ay
€Ty
80'
60's =
55/

S0,
€L
9L
T€L

T€L
wL
€L
ve'L
ve'L
S€L
LEL

f

.

cocl,
\‘/

i

e

=009

=00'6
Bo01
Fo0°C

0°T

0’1
Rooe

£8L0
=00

B160
2990
F00S

3.5

f1 (ppm)

13C NMR (126 MHz, CDCl)

6617 —
s0'€z "
98z
ob'8c —

6607 ~_
SETY
80°er

b8'ES —
L9 —

85'08 —

Nv.wmﬁ
No.wNﬁ Wm
S.'8¢T

£E'GET —

0€'9ST —

SS'69T
TL69T V
6V ELT —

__-cocl,
70

T T
100 90

110

T T
170 160

T
180

f1 (ppm)

S132



Cbz-Trp-Leu-Gly-Gly-OBn (41)
'H NMR (500 MHz, CDsCN)
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H-Trp-Leu-Gly-Gly-OH (6)
'H NMR (500 MHz, D0)
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Cyclo(Trp-Leu-Gly-Gly) (8)

'H NMR (500 MHz, DMSO-d6)
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Cyclo(Trp-Leu-Gly-Gly-Trp-Leu-Gly-Gly) (42)
'H NMR (500 MHz, CD3;0D)
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Cbz-D-Pro-Leu-Gly-Gly-OBn (43)

'H NMR (600 MHz, DMSO-d6 @ 373 K)
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H-D-Pro-Leu-Gly-Gly-OH (44)

'H NMR (500 MHz, D,0)
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Cyclo(D-Pro-Leu-Gly-Gly-D-Pro-Leu-Gly-Gly) (45)

'H NMR (500 MHz, DMSO-d6)
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Cbz-Asp(tBu)-Leu-Gly-Gly-OBn (46)

'H NMR (500 MHz, CDCls)
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H-Asp(tBu)-Leu-Gly-Gly-OBn (47)
'H NMR (500 MHz, CD3;0D)
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Cyclo(Asp(tBu)-Leu-GOx-Gly) (48)
'H NMR (500 MHz, CD3;0D)
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Boc-AOx-(R)-CH(Me)Ph (49)

'H NMR (500 MHz, CDCls)
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Boc-AOx-Gly-OBn (50)

'H NMR (500 MHz, CDCls)
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Boc-Leu-AOx-Gly-OBn (51)
'H NMR (500 MHz, CDCls)
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Cbz-Trp-Leu-AOx-Gly-OBn (52)

'H NMR (500 MHz, CDCls)
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H-Trp-Leu-AOx-Gly-OH (53)
'H NMR (500 MHz, CD3;0D)
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13C NMR (126 MHz, CD30D)
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Cyclo(Trp-Leu-AOx-Gly) (12)
'H NMR (500 MHz, CD3;0D)
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13C NMR (126 MHz, CD30D)
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Boc-Leu-Ala-Gly-OBn (55)
'H NMR (500 MHz, CDCls)
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Cbz-Trp-Leu-Ala-Gly-OBn (56)
'H NMR (500 MHz, CD3;0D)
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H-Trp-Leu-Ala-Gly-OH (57)
'H NMR (500 MHz, D-0)
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Cyclo(Trp-Leu-Ala-Gly) (58)

'H NMR (500 MHz, DMSO-d6)
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13C NMR (500 MHz, DMSO-d6)

TETIT —

TI9TZ~_
99577 —
oUSYe—
50592 "

810°6€ —

§85°eb —

16660~
EE0HS ~_
PHT'9S ~_

T8€°60T —
WP TIT —

160°811 —
A
820'Te1 7,
soreer
0v0° 221 —

LLO9ET —

0bL°69T

€65°TLT ”
6L TUT —
9sLeLT 7

DMSO-dé
e

Ll

R

S152



NO,-GOx-Ala-OBn (59)
'H NMR (400 MHz, CDCIs)

Jun05-2017 S aSc0mamams

SR119 N
PROTON.w CDCI3 /opt/topspin3.5pl2 SR1 3

oa® Yo
g e

BT H HOODROVOT PPN M =
= Q@O Y Y0000
BUHBW F¥FFFTE T I

o @ o=
8 3 85
< 3 33

(I

g
&
T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
13C NMR (101 MHz, CDCls)
Jun05-2017 i QABLBRT cgg®eey @ © N
SR119 g SRENR RREERS §& & o %
C13APTlong.w ¢DCI3 /opt/topspin3.5pl2 SR131 | {2~ S\ | | |
"lcney,
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 0 90 0 70 60 50 40 30 20 10 0
f1 (ppm)

S153



Boc-Ala-GOx-Ala-OBn (60)
'H NMR (400 MHz, CDCls)
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Boc-Leu-Ala-GOx-Ala-OBn (61)

'H NMR (400 MHz, CDCls)
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Cbz-Tyr(Bn)-Leu-Ala-GOx-Ala-OBn (62)

'H NMR (400 MHz, CDCls)
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H-Tyr-Leu-Ala-GOx-Ala-OH (63)
'H NMR (400 MHz, CD3;0D)
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Boc-Tyr(Bn)-Leu-OBn (64)
'H NMR (400 MHz, CDCls)
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Boc-Ala-Tyr(Bn)-Leu-OBn (65)
'H NMR (400 MHz, CDCls)
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NO,-GOx-Ala-Tyr(Bn)-Leu-OBn (66)

'H NMR (400 MHz, CDCls)
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Cbz-Ala-GOx-Ala-Tyr(Bn)-Leu-OBn (67)

'H NMR (400 MHz, CDCls)
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H-Ala-GOx-Ala-Tyr-Leu-OH (68)
'H NMR (400 MHz, CD3;0D)
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Boc-Ala-Tyr(Bn)-OBn (69)
'H NMR (400 MHz, CDCls)
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O2:N-GOx-Ala-Tyr(Bn)-OBn (70)

'H NMR (400 MHz, CDCls)
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Boc-Ala-GOx-Ala-Tyr(Bn)-OBn (71)

'H NMR (400 MHz, CDCls)
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Cbz-Leu-Ala-GOx-Ala-Tyr(Bn)-OBn (72)

'H NMR (400 MHz, CDs0D)
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H-Leu-Ala-GOx-Ala-Tyr-OH (73)
'H NMR (400 MHz, CD3;0D)
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Fmoc-Ala-OCumyl (74)

'H NMR (400 MHz, CDCls)

asN
81—

091"
6L'T~
81"

6T
:..%/
TP\

9~

€Y F
[l
1344

SES~
9’

o
o
IN
SR19

PROTON.w CDCI3 /opt/topsp!

Aug30-2017;
SR165a

—

(0] Ph
FmocHNJ\H/ 7<
(@]

74

A

Fooe

0°€
0°€

< <
Pt

1.0 0.5 0.0 -0.5 -1.0

1.5

2.5 2.0

3.0

45 4.0 3.5
f1 (ppm)

5.5 5.0

6.0

6.5

7.0

8.0 7.5

8.5

9.0

13C NMR (101 MHz, CDCl5)

96'8T —

€287~
€6'87 "
88'TE

Ly —
¥1°0§ —

9029 —

+8'9L
9TLL W
8¥'LL

97'€8 —

60°0CT
£EVTT
6V vCT
a4}

18'9CT
>

8TLTT
Sy
T8°LCT
YEBCT
05°'8CT
Il
S6'EvT N

SObbT
oTsTd,

0£'SST

69°TLT

C13APTlong.w CDCI3 /op}/topspin3.5pIR SR1

Aug30-2017
SR165a

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S168



O2:N-GOx-Ala-OCumyl (75)
'H NMR (400 MHz, CDCls)
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Cbz-GOx-Ala-OCumyl (76)
'H NMR (400 MHz, CDCls)
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Boc-Leu-Ala-OBn (77)

'H NMR (400 MHz, CDCls)
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Boc-Tyr(Bn)-Leu-Ala-OBn (78)
'H NMR (400 MHz, CDCls)
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Cbz-GOx-Ala-Tyr(Bn)-Leu-Ala-OBn (79)

'H NMR (400 MHz, CDs0D)

S8°0

COUVYHNYTOTNHNPWNMHTOVMHNROINM AN O

TOMOMONNQOONNOLOOYINNWLTY MM~ 00®

R R R R R R R RN Y N R e R S B R R R R k=R -]
PV A A

e
STy
JAn4

T SN TN eem——

o
@
<
\
//l/

QRN 0Mm 0
Lenns ¥
*F S F

CbzHN

[°hd

TS
/)

N gy
“—oo®
518 15 15

8T'S

589

dmYNSRENG
TOMMMANNA—®Q
NGRS
Eﬁﬁﬁ?§s14
//

PROTON.w MeOD /opt/!

Sep05-2017
SR169

F- o009
N 00

00°€
M 00T
7 007

oot
Foot
oot

£ oo

Koot
0071
F oo

v 00T

E 00T

Foov

EF 00T

F 00T

Tc.mﬁ

0.0 -0.5 -1.0

0.5

2.0 1.5 1.0

2.5

3.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5
f1 (ppm)

9.0

13C NMR (101 MHz, CD;0OD)

9TLT ~
oot

s0'ce M
e —

8956

yAN44
9€'8y
LS8y
6L'8Y

00°6¢
16
£b'6b
6560
v9'6v
wes —
8€'ES s

SET9—

89'29
86'£9 V
66'0L "

06'6Z
£0°08 >

303
eg'get
£e6eT
se6et
6621
65621

2'0€T \
£bTET

08'8ET —

N
SR169 BERR
C13APTlong.w MeQP~gpt/topspin3ippl2 SR1 4

Sep06-2017

__-Cp;0D

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S173



H-GOx-Ala-Tyr-Leu-Ala-OH (80)
'H NMR (400 MHz, CD3;0D)
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Cyclo(Ala-GOx-Ala-Tyr-Leu) (13)
'H NMR (400 MHz, CD3;0D)
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Boc-Gly-Ala-Tyr(Bn)-Leu-OBn (81)

'H NMR (400 MHz, CDCls)
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Cbz-Ala-Gly-Ala-Tyr(Bn)-Leu-OBn (82)

'H NMR (400 MHz, DMSO-d6)
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H-Ala-Gly-Ala-Tyr-Leu-OH (83)
'H NMR (400 MHz, D0)
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Boc-Gly-Ala-Tyr(Bn)-OBn (84)
'H NMR (400 MHz, CDCls)
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Boc-Ala-Gly-Ala-Tyr(Bn)-OBn (85)
'H NMR (400 MHz, DMSO-d6)
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Cbz-Leu-Ala-Gly-Ala-Tyr(Bn)-OBn (86)

'H NMR (400 MHz, DMSO-d6)
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H-Leu-Ala-Gly-Ala-Tyr-OH (87)
'H NMR (400 MHz, DMSO-d6)
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Cyclo(Ala-Gly-Ala-Tyr-Leu) (25)
'H NMR (400 MHz, CD3;0D)
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Boc-Sar-Ala-Tyr(Bn)-OBn (88)

'H NMR (500 MHz, CDCls)
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Boc-Ala-Sar-Ala-Tyr(Bn)-OBn (89)

'H NMR (500 MHz, DMSO-d6 @ 373 K)
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Cbz-Leu-Ala-Sar-Ala-Tyr(Bn)-OBn (90)
'H NMR (500 MHz, DMSO-d6 @ 373 K)
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PTOLT~_
€€ELT—
TH0TT~
691°CC—
scree "

£09°SE —

STy o —
89T vh ~_
L69°LY
059°0S ”
aTEs

L9T°€S V

25059 —
v8y'59
87769 —

Syt

$66°9CT
€9T°LCT
§09°22T
959°L¢T
989°£TT

99%°62T —

Y9T'SET
LLST9ET V
ssgoeT

TST'SST —
906°9ST —

786991

95€°0LT /
688°0LT %
0LETLT —F
meéz \

DMSO-d6
e

170 160 150 140 130 120 110

180

S186



H-Leu-Ala-Sar-Ala-Tyr-OH (91)
'H NMR (500 MHz, DMSO-d6 @ 373 K)
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Cyclo(Leu-Ala-Sar-Ala-Tyr) (92)
'H NMR (500 MHz, CD3;0D)
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Boc-Gly-w[CSNH]Ala-Tyr(Bn)-OBn (93)
'H NMR (400 MHz, CDCls)
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Boc-Ala-Gly-w[CSNH]Ala-Tyr(Bn)-OBn (94)

'H NMR (400 MHz, CDCls)
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Cbz-Leu-Ala-Gly-w[CSNH]Ala-Tyr(Bn)-OBn (95)

'H NMR (400 MHz, CDCls)
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Cbz-Leu-Ala-NHCH,CH2-Ala-Tyr(Bn)-OBn (96)

'H NMR (400 MHz, CDs0D)
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H-Leu-Ala-NHCH,CH,-Ala-Tyr-OH (97)

'H NMR (400 MHz, CDs0D)
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Cyclo(Leu-Ala-NHCH,CHz-Ala-Tyr) - TFA (98)

'H NMR (500 MHz, CDs0D)
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Boc-Ala-NHCH,CH(Me).-Ala-Tyr(Bn)-OBn (99)

'H NMR (500 MHz, CDCls)
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Cbz-Leu-Ala-NHCH,CH(Me).-Ala-Tyr(Bn)-OBn (100)

'H NMR (500 MHz, CDCls)
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H-Leu-Ala-NHCH,;CH(Me),-Ala-Tyr-OH (101)

'H NMR (500 MHz, CDs0D)
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Cyclo(Leu-Ala-NHCH,CH(Me).-Ala-Tyr) (102)

'H NMR (500 MHz, CDs0D)
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Boc-pAla-Ala-Tyr(Bn)-OBn (103)
'H NMR (500 MHz, DMSO-d6)
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Boc-Ala-pAla-Ala-Tyr(Bn)-OBn (104)

'H NMR (500 MHz, CD.Cl,)
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Cbz-Leu-Ala-pAla-Ala-Tyr(Bn)-OBn (105)

'H NMR (500 MHz, DMSO-d6)
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H-Leu-Ala-pAla-Ala-Tyr-OH (106)
'H NMR (500 MHz, CD3;0D)
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Cyclo(Leu-Ala-pAla-Ala-Tyr) (107)
'H NMR (500 MHz, CD3;0D)
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Boc-Aib-Ala-Tyr(Bn)-OBn (108)

'H NMR (500 MHz, CDCls)
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Boc-Ala-Aib-Ala-Tyr(Bn)-OBn (109)

'H NMR (500 MHz, CDCls)
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Cbz-Leu-Ala-Aib-Ala-Tyr(Bn)-OBn (110)

'H NMR (500 MHz, CDCls)
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H-Leu-Ala-Aib-Ala-Tyr-OH (111)
'H NMR (500 MHz, CD3;0D)
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Cyclo(Leu-Ala-Gly-Aib-Tyr) (112)

'H NMR (400 MHz, CD;0D)
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Fmoc-Thr(tBu)-OCumyl (113)
'H NMR (500 MHz, CDCls)
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NO2-GOx-Thr(tBu)-OCumyl (114)

'H NMR (500 MHz, CDCls)
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Fmoc-Val-GOx-Thr(tBu)-OCumyl (115)

'H NMR (500 MHz, CDCls)
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Fmoc-Val-GOx-Thr(tBu)-Phe-OBn (116)

'H NMR (500 MHz, CDCls)
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Fmoc-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OBn (117)

'H NMR (500 MHz, CDCls)
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Cbz-Leu-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe-OBn (118)

'H NMR (500 MHz, CDCls)
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Phe-OH (119)

H-Leu-Tyr(tBu)-Val-GOx-Thr(tBu)
'H NMR (500 MHz, CD3;0D)
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Cyclo(Leu-Tyr(tBu)-Val-GOx-Thr(tBu)-Phe) (14)

'H NMR (500 MHz, CDs0D)
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Fmoc-Gly-OCumyl (120)
'H NMR (500 MHz, CDCls)
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O2N-GOx-Gly-OCumyl (121)
'H NMR (400 MHz, CDCls)
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Fmoc-GOx-Gly-OCumyl (122)
'H NMR (400 MHz, CDCls)
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Cyclo(Leu-GOx-Gly-Trp(Boc)) (18)
'H NMR (500 MHz, DMSO-d6)
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Fmoc-Arg(Pbf)-OCumyl (123)
'H NMR (400 MHz, CDCls)
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NO2-GOx-Arg(Pbf)-OCumyl (124)

'H NMR (400 MHz, CDCls)
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Fmoc-GOx-Arg(Pbf)-OCumyl (125)
'H NMR (600 MHz, CDCl; @ 323 K)
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Fmoc-GOx-Arg(Pbf)-Cys(Trt)-OtBu (126)

'H NMR (500 MHz, CDCls)
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Fmoc-Asn(Trt)-GOx-Arg(Pbf)-Cys(Trt)-OtBu (127)

'H NMR (500 MHz, CDCls)
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Fmoc-Cys(Trt)-Asn(Trt)-GOx-Arg(Pbf)-Cys(Trt)-OtBu (2)

'H NMR (500 MHz, CDCls)
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Cyclo(H-Cys-Asn-GOx-Arg-Cys-OH (22)

'H NMR (500 MHz, D,O @ 323 K)
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Fmoc-Cys(Trt)-OtBu (128)
'H NMR (400 MHz, CDCIs)
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NO2-GOx-Cys(Trt)-OtBu (129)
'H NMR (400 MHz, CDCls)
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Boc-Cys(Trt)-GOx-Cys(Trt)-OtBu (130)
'H NMR (600 MHz, CDCl; @ 323 K)
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Cyclo(Boc-Cys-GOx-Cys-OtBu) (23)
'H NMR (600 MHz, CDCl; @ 323 K)
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Fmoc-Pro-GOx-Cys(Trt)-OtBu (131)

'H NMR (600 MHz, toluene-d8 @ 353 K)
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Boc-Cys(Trt)-Pro-GOx-Cys(Trt)-OtBu (132)

'H NMR (600 MHz, CDCls)
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Cyclo(Boc-Cys-Pro-GOx-Cys-OtBu) (24)

'H NMR (400 MHz, CDCls)
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Fmoc-Gly-Cys(Trt)-OtBu (133)

'H NMR (400 MHz, CDCls)
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Fmoc-Pro-Gly-Cys(Trt)-OtBu (134)

'H NMR (600 MHz, toluene-d8 @ 353 K)
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13C NMR (151 MHz, toluene-d8 @ 353 K)
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Boc-Cys(Trt)-Pro-Gly-Cys(Trt)-OtBu (135)

'H NMR (600 MHz, CDCl; @ 313 K)
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13C NMR (151 MHz, CDCl; @ 313 K)
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Cyclo(Boc-Cys-Pro-Gly-Cys-OtBu) (136)
'H NMR (400 MHz, DMSO-d6)
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H-Leu-Ala-Gly-Ala-Tyr-OMe (137)

'H NMR (700 MHz, DMSO-d6) with water-suppression
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H-Leu-Ala-GOx-Ala-Tyr-OMe (138)

'H NMR (700 MHz, DMSO-d6) with water-suppression
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