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1. General Methods, Instruments Details and Materials

General: Commercially available N-Boc-(D)-Leu-OH, 1-hydroxybenzotriazole (HOBt), O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU), 2-(1H-
benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU), O-(benzotriazol-1-yl)-
N,N,N,"N’-tetramethyluronium terafluoroborate (TBTU) were all used as obtained from GL
Biochem (Shanghai), N-(3-Dimethylaminopropyl)-N -ethylcarbodiimide hydrochloride (EDC-HCI),
N-Boc-(D)-Tyr(Me)-OH was obtained from Aldrich. D- (+)- Xylose 98+% was acquired from
Lancaster. All others reagents obtained from commercial suppliers were used without further
purification unless otherwise noted. Dichloromethane (DCM) and piperidine were dried and
distiled over calcium hydride.1‘2 Tetrahydrofuran (THF) was dried and distilled over
sodium/benzophenone.1' 2 N,N-Diisopropylethylamine (DIEA) was dried and distilled over calcium
hydride, and the redistilled over ninhydrin.1’2 Analytical thin-layer chromatography was performed
on E. Merck silica gel 60 Fus4 plates. Compound that were not UV-active were visualized by
dipping the plates in a ninhydrin or cerium ammonium molybdate solution and heating. Silica gel
Flash chromatography was performed using E. Merck silica gel (type 60SDS, 230-400 mesh).
Solvent mixture for chromatography is reported as v/v ratios. High Performance Liquid
Chromatography (HPLC) purification was carried out on PHENOMENEX CUROSIL B 5u (250 mm
X 4.6 mm x 5 ym) column and KROMASIL 100 Sl (250 mm x 4.6 mm x 5 ym) column. Proton
nuclear magnetic resonance (1H NMR) spectra were recorded on Bruker WM-250 MHz, Varian
Mercury-300 MHz or Bruker AMX-500 MHz spectrometers. Chemical shifts were reported in parts
per million (ppm, ) relative to tetramethylsilane (& 0.00), or deuterium chloroform (3 7.26). "H
NMR splitting patterns are designated as singlet (s), doublet (d), triplet (), quadruplet (q) or
pentuplet (p). All first-order splitting patterns were assigned on the basis of the appearance of the
multiplet. Splitting patterns that could not be easily interpreted are designated as multiplet (m) or
broad (br). Carbon nuclear magnetic resonance (13C NMR) spectra were recorded on a Bruker
WM-250 MHz spectrometer, Varian Mercury-300 MHz or Bruker AMX-500 MHz spectrometers.
Carbon resonances were assigned using distortion less enhancement by polarization transfer
(DEPT) spectra obtained with phase angles of 135. Chemical lonization (Cl) mass spectra were
recorded on a Finnigan Trace mass spectrometer. Fast Atom Bombardement (FAB) mass
spectra were recorded on a MS Micromass Autospec mass spectrometer. Electrospray (ESI-

TOF) mass spectra were recorded on a Bruker BIOTOF Il mass spectrometer.
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'H NMR Assignments of Cyclic Peptide. The signal of the 'H NMR spectra of the peptide in
CDCI; were identified from the corresponding double-quantum-filed 2D COSY (2QF-COSY),
TOCSY and or NOESY and ROESY spectra acquired at the indicated concentrations and
temperatures. Mixing times (~250 ms or 400 ms) were not optimized. Spectra were also obtained

on a Bruker AMX-500 MHz spectrometer.

2. Synthesis of 4-amine-3-hydroxycyclofurane-2-carboxilic acid (y-Ahf-OH).

(2R,3R,4 S)-4-azido-3-(benzyloxy)-2-(dimethoxymethyl)tetrahydrofuran (7): A solution of
compound (2R,3R,4S)-4-azido-2-dimethoxymethyl-3-hydroxytetrahydrofuran (5)3 (1.20 g, 5.91
mmol) in dry THF (60 mL), was treated with NaH (60% dispersion in mineral oil, 244 mg, 6.1
mmol). After stirring for 10 minutes, tetrabutylammonium iodide (1.13 g, 3.0 mmol) and benzyl
bromide (0.76 mL, 6.3 mmol) were added and the mixture was stirred under Argon atmosphere
for 3 h. After quenching with water, the THF was removed and the resulting aqueous solution was
washed with Et,O, and CH,Cl,. The combined organic layers were dried over Na,SO,4 anhydrous,
filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography (30% Ethyl acetate/hexanes), to give compound 7 as a beige oil. [1.30 g, 75%,
Rs= 58% (30% Ethyl acetate/hexanes)l}c. 'H NMR (250.13 MHz, CDCl3) &: 7.43 — 7.27 (m, 5H),
4.60 (d, J = 4.8 Hz, 1.6H), 4.35 (d, J = 6.2 Hz, 1H), 4.07 — 3.87 (m, 5H), 3.44 (d, J = 3.9 Hz, 6H).
MS (CI*) [m/z(%)]: 234 (27), 204 (8), 128 (39), 107 (89). HRMS [MH]" calculated for C;2HgN30,
234.12425, found 234.12471. IR (Film): 2935, 2833, 2104, 1099 cm™.
(2R,3R,4S)-4-azido-3-(benzyloxy)tetrahydrofuran-2-carbaldehyde: A solution of acetal 7
(10.71 g, 36.55 mmol) in a TFA-water mixture (9:1, 49 mL) was stirred at rt for 3 h. Water (100
mL) and dichloromethane (100 mL) were added, the organic phase was separated, and washed
with NaHCO; (sat.) and brine. The organic layers were dried over Na,SO, anhydrous, filtered and
concentrated under reduced pressure to give the wished aldehyde that was used without further
purification. [9.02 g, 100%, R¢= 39% (30% Ethyl acetate/hexanes)]. 'H NMR (250.13 MHz, CDCl3)
5:9.62 (d, J= 0.9 Hz, 1H), 7.52 — 7.17 (m, 8H), 4.75 — 4.40 (m, 3H), 4.35 (s, 1H), 4.27 — 3.80 (m,
7H). MS (CI') [m/z(%)]: 248 (7), 220 (46), 133 (22), 107 (100). HRMS [MH]" calculated for
C12H14N3035 248.10352, found 248.10408.

(2R,3R,4S)-methyl 4-azido-3-(benzyloxy)tetrahydrofuran-2-carboxylate (8): A solution of
(2R,3R,4S5)-4-azido-3-(benzyloxy)tetrahydrofuran-2-carbaldehyde (9.0 mg, 36.43 mmol) in
acetonitrile (100 mL) was treated with N-bromosuccinimide (32.0 g, 182.1 mmol), K.CO; (25.0 g,
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182.1 mmol) and MeOH (40 mL). The mixture was stirred in the dark for 24 h and then the yellow
solution was treated with Na,S,0s. The acid 8 was extracted with a hexane/ether mixture (1:1)
and the combined organic layers were washed with brine, dried over Na,SO, anhydrous, filtered
and concentrated under reduced pressure to provide compound 8 after purification by flash
chromatography (10% Ethyl acetate/hexanes) as a light beige oil. [9.10 g, 91%, Rs= 37% (10%
ethyl acetate/hexane)]. 'H NMR (250.13 MHz, CDCl3) o: 7.45 — 7.27 (m, 5H), 4.66 (q, J = 11.8
Hz, 2H), 4.53 (d, J = 2.5 Hz, 1H), 4.28 — 4.11 (m, 2H), 4.10 — 4.00 (m, 2H), 3.79 (s, 3H). MS
(FAB®) [m/z(%)]: 300 (MNa®), (25), 278 (MH"), (31), 154 (97), 137. HRMS [MH]" calculated for
C13H416N30, is 278.11408, found 278.11329.
(2R,3R,4S)-4-azido-3-(benzyloxy)tetrahydrofuran-2-carboxylic acid (9): A solution of ester 8
(79.0 mg, 0.28 mmol) in a methanol/water mixture (3:1, 8 mL) was treated with LiOH-H,O (60.0
mg, 1.43 mmol) at 0°C. The solution was stirred at this temperature for 10 min and then at rt for 5
h. After removal of the solvent, the residue was diluted with water, washed with CH,Cl,, and the
aqueous solution was acidified to pH 3. The residue was extracted with CH,Cl, and the combined
organic layers were dried over Na,SO, anhydrous and concentrated under reduced pressure, to
gave the acid 9 as a light yellow oil. [73 mg, 100%, Rs= 10% (30% Ethyl acetate/hexanes)]. 'H
NMR (250.13 MHz, CDCl3) 6: 7.38 — 7.25 (m, 5H), 4.67 (d, J= 11.9 Hz, 1H), 4.57 (d, J = 11.9 Hz,
1H), 4.47 (d, J = 2.0 Hz, 1H), 4.12 (dd, J = 4.7 Hz, 9.0, 1H), 3.96 (s, 1H), 3.84 (dd, J = 2.5 Hz,
9.0, 1H), 3.76 (s, 3H), 3.49 (s, 1H). *C NMR (126 MHz, CDCl3) & 172.11(CO), 137.51 (C), 128.61
(CH), 128.06 (CH), 127.88 (CH), 89.86 (CH), 81.94 (CH), 75.59 (CH,), 71.86 (CH,), 57.31 (CH),
52.46 (CHg). MS (ESI-TOF") [m/z(%)]: 286.18 (MNa®), 69.23 (MH"). HRMS [MH]" calculated for
C12H413N304 286.0796, found 286.0798. IR (Film): 2924, 2106, 1626, 1412, 1263, 1092 cm™.
(2R,3R,4S)-methyl 4-amino-3-(benzyloxy)tetrahydrofuran-2-carboxylate: A solution of methyl
ester 8 (5.08 g, 18.33 mmol) in dry THF (50 mL) was treated with triphenylphosphine (6.70 g,
25.67 mmol) and the resulting mixture was stirred during 3 h. After the addition of water (5.6 mL)
the resulting mixture was refluxed for 1h. The solvent was concentrated under reduced pressure
and the residue was purified by flash chromatography (4% MeOH/CH,CI,) to give 1.88 g of the
wished amine. [1.88 g, 41%, R;= 29% (4% MeOH/CH.Cl,)]. "H NMR (500 MHz, CDCl;) &: 7.38 —
7.25 (m, 5H), 4.67 (d, J = 11.9 Hz, 1H), 4.57 (d, J = 11.9 Hz, 1H), 4.47 (d, J = 2.0 Hz, 1H), 4.12
(dd, J = 4.7 Hz, 9.0 Hz, 1H), 3.96 (s, 1H), 3.84 (dd, J = 2.5 Hz, 9.0 Hz, 1H), 3.76 (s, 3H), 3.49 (s,
1H). MS (ESI-TOF") [m/z(%)]: 374 (MNa®), 355 (MH'). HRMS [MH]" calculated for
Ci3H4sN1Na 0O, 374.1586, found 374.1574. IR (Film): 3367, 2945, 2833, 1670, 1541, 1456, 1271,
1219, 1095, 1028 cm’™.
(2R,3R,4S)-methyl-3-(benzyloxy)-4-(tert-butoxycarbonylamino)tetrahydrofuran-2-
carboxylate (4): To a solution of (2R,3R,4S)-methyl-4-amino-3-(benzyloxy)tetrahydrofuran-2-
carboxylate (0.337 mg, 1.34 mmol) in dry dioxane (50 mL) was added DIEA (0.26 mL, 1.5 mmol),



under argon. After 20 minutes, a solution of Boc,O (0.33 mg, 1.5 mmol) in dry dioxane (10 mL)
was added drop wise to the stirred solution. After completing the addition of Boc,O, the solution
was stirred for 2 h and the solvent concentrated under reduced pressure. The resulting residue
was dissolved in dichloromethane and the solution washed with water and brine, dried over
Na,SO, anhydrous, filtered and concentrated under reduced pressure to give a residue that was
purified by flash chromatography (60% Ethyl acetate/hexanes) to provide 320 mg of the
compound 4 as a white foam. [320 mg, 68%, R;= 77% (60% Ethyl acetate/hexanes)]. 'H NMR
(250,13 MHz, CDCl,) &: 7.61 (d, J = 8.7 Hz, 1H), 7.47 — 7.17 (m, 13H), 5.25 (br, 1H), 4.94 — 4.54
(m, 7H), 4.53 — 3.91 (m, 12H), 3.78 (d, J = 12.3 Hz, 3H), 1.53 — 1.19 (m, 13H). MS (ESI-TOF")
[m/z(%)]: 374 (MNa"), 352 (MH"). HRMS [MH]" calculated for CgH,sN;Na;Og 351.1586, found
374.1574. IR (Film): 3390, 2956, 2925, 2854, 1716, 1674, 1520, 1456, 1367, 1265, 1095 cm™.
(2R,3R,4S)-3-(benzyloxy)-4-(tert-butoxycarbonylamino)tetrahydrofuran-2-carboxylic acid: A
solution of 4 (320.0 mg, 0.91 mmol) in a methanol/water mixture (3:1, 8 mL) was treated with
LiOH-H>0 (191.0 mg, 4.56 mmol) at 0°C. The solution was stirred 10 min at this temperature and
then at rt 5 h. After removal of the solvent, the residue was diluted with water, washed with
CH.CIl, and the resulting aqueous solution was acidified to pH 3. The acid was extracted with
CH.Cl, and the combined organic layers were dried over Na,SO, anhydrous and concentrated
under reduced pressure, to give wished acid as a light yellow oil. [211 mg, 71%, R;= 60% (4%
MeOH/CH,Cl»)]. "H NMR (250.13 MHz, CDCl3) &: 7.56 — 7.19 (m, 5H), 7.10 (d, J = 5.3 Hz, 0.5 H),
6.30 (d, J = 6.6 Hz, 0.5 H), 4.86 — 4.55 (m, 2H), 4.32 (t, J = 8.3 Hz, 2H), 4.08 (m, 2H), 1.48 (s,
4H). MS (FAB*) [m/z(%)]: 337 (MH"). HRMS [MH]" calculated for C4;H,3N;Na;Og is 360.1424,
found 360.1418.

3. Cyclic Peptide Synthesis.

Boc-D-Leu-L-y-Ahf(Bn)-OMe (10a): A 0°C cooled solution of Boc-D-Leu-OH (321.0 mg, 1.39
mmol) in dry THF (5 mL) was treated with HOBt (58.0 mg, 0.43 mmol) and DIC (0.068 mL, 0.43
mmol). After 10 min., a solution of the azide 9 (100.0 mg, 0.36 mmol) in dry THF (5mL) was
added dropwise to the resulting stirred solution. The solution was cooled at -78°C, stirred for 10
minutes at this temperature and then PBu3 (0.090 mL, 0.36 mmol) was added. After stirring at this
temperature for 5 h, the solution was concentrated under reduced pressure, and the residue
dissolved with CHCl,, poured into a separation funnel and washed with HCI (5%). The organic
layer was dried over Na,SO, anhydrous, filtered and concentrated under reduced pressure. The
resulting yellow oil was purified by flash chromatography (6% MeOH/CH,CI,) to give 164 mg of
compound 10a. [164 mg, 98%, Ry;= 53% (4% MeOH/CH.CI,)]. 'H NMR (250.13 MHz, CDCl,) &:
7.31 (m, 5H), 6.81 (d, J = 6.9 Hz, 0.5H), 4.90 (d, J = 7.0 Hz, 0.5H), 4.78 (d, J = 11.8 Hz, 1H), 4.68
(d, J=11.8 Hz, 1H), 4.48 (s, 2H), 4.26 — 3.91 (m, 3H), 3.77 (s, 2H), 1.80 — 1.06 (m, 13H), 0.91 (d,



J = 0.93 Hz, 6H). MS (ESI-TOF*) [m/z(%)]: 487 (MNa®), 465 (MH"), 409, 338. HRMS [MH]"
calculated for C,4H37N-O7 465.2595, found 465.2595.

Boc-D-Leu-L-y-Ahf(Bn)-OH (10b): A 0°C cooled solution of Boc-D-Leu-L-y-Ahf(Bn)-OMe (10a)
(250 mg, 0.583 mmol) in MeOH:H,0 (3:1) (8 mL) was treated with LiOH (115 mg, 2.74 mmol) and
the solution was stirred at rt for 5 h. After the removal of the solvent, the residue was dissolved in
water, the solution was washed with CH.Cl, and then the aqueous solution was acidified to pH 3
with HCI (5%), and extracted with CH,Cl,. The combined organic layers were dried over Na,SO,
and concentrated under reduced pressure to give compound 10b as white foam that was not
further purified. [200.0 mg, 83%, R¢= 49% (20% MeOH/CH,CI,)]. '"H NMR (250.13 MHz, CDCl,) o:
7.25 (m, 5H), 5.40-3.40 (m, 6H), 2.56 (m, 1H), 1.70-1.00 (m, 12H), 0.86 (m, 6H). MS (ESI-TOF")
[m/z(%)]: 473 (MNa®), 452 (MH"), 395, 351. HRMS [MH]" calculated for Cx3H3sN,O; 452.2425,
found 452.2439. IR (Film): 3388, 2945, 2835, 1653, 1456, 1415, 1267, 1217, 1024 cm™.
Boc-D-Leu-L-y-Ahf(Bn)-OMe (10a): A solution of compound 4 (321.0 mg, 1.28 mmol) in
TFA/CH,CI, (1:1, 30 mL) was stirred at rt for 15 min. After removal the solvent, the residue was
dried under high vacuum for 3 h. The result TFA salt was dissolved in dry CH,Cl, (30 mL) was
successively treated with Boc-D-Leu-OH (323.0 mg, 1.40 mmol), HATU (0.53 g, 1.4 mmol) and
DIEA (0.9 mL, 5.11 mmol). After 2 h stirring at rt, the solution was poured into a separation funnel
and washed with HCI (5%) and NaHCOQOj; (sat. sol.). The organic layers were dried over Na,SOy,,
filtered and concentrated under reduced pressure, to provide a yellow oil that was purified by
flash chromatography (2-4% MeOH/CH.CI,) to give 534 mg of compound 10a as a white foam.
[534.0 mg, 90%, R;= 79% (4% MeOH/CH.Cl,)]. '"H NMR (250.13 MHz, CDCl3) &: 7.31 (m, 5H),
6.81 (d, J = 6.9 Hz, 0.5H), 4.90 (d, J = 7.0 Hz, 0.5H), 4.78 (d, J = 11.8 Hz, 1H), 4.68 (d, J= 11.8
Hz, 1H), 4.48 (s, 2H), 4.26 — 3.91 (m, 3H), 3.77 (s, 2H), 1.80 — 1.06 (m, 13H), 0.91 (d, J = 0.93
Hz, 6H). MS (ESI-TOF") [m/z(%)]: 487 (MNa*), 465 (MH"), 409, 338. HRMS [MH]" calculated for
C24H37N207 465.2595, found 465.2595.

Boc-D-Tyr(Me)-L-y-MeN-Acp-OFm (11): A solution of (1R,3S)-(9H-fluoren-9-yl)methyl-3-(tert-
butoxycarbonyl(methyl)aminocyclopentanecarboxylate [q(-Boc-L-""”N—Acp-OH]4 (355 g, 0.82
mmol) in a TFA/CH,Cl, mixture (1:1, 20 mL) was stirred at rt for 15 min. After removal the solvent,
the residue was dried under high vacuum for 3 h. The resulting TFA salt was dissolved in dry
CH.Cl, (830 mL), and Boc-D-Tyr(Me)-OH (260.0 mg, 0.90 mmol), HATU (0.34 g, 1.1 mmol) and
DIEA (0.6 mL, 3.26 mmol) were successively added. After 2 h stirring at rt, the solution was

poured into a separation funnel and washed with HCI (5%) and NaHCOj; (sat.). The organic

* For D-Boc—y-MeN-Acp-OH synthesis, see: a) Brea, R. J.; Amorin, M.; Castedo, L.; Granja, J. R. Angew. Chem. Int.
Ed. 2005, 44, 5710-5713. b) Reiriz, C.; Castedo, L.; Granja, J. R. J. Pept. Sci. 2008, 14, 241-249.



layers were dried over Na,SO,, filtered and concentrated under reduced pressure, to provide
yellow oil that was purified by flash chromatography (2-4% MeOH/CH.Cl,) to give 132 mg of
compound 11 as a white foam. [132.0 mg, 28%, Rs= 74% (4% MeOH/CH,Cl,)]. 'H NMR (250.13
MHz, CDCl3) &: 7.86 — 7.49 (m, 4H), 7.49 — 7.22 (m, 6H), 7.08 (t, J = 7.5 Hz, 2H), 6.80 (d, J= 8.5
Hz, 2H), 5.37 (t, J= 8.7 Hz, 8.7 Hz, 1H), 5.10 — 4.59 (m, 1H), 4.59 — 4.32 (m, 2H), 4.28 — 3.90 (m,
2H), 3.85 — 3.59 (m, 3H), 3.11 — 2.28 (m, 5H), 2.23 — 0.62 (m, 23H). MS (ESI-TOF*) [m/z(%)]:
1219, 917, 621 (MNa*), 599 (MH"), 543, 291. HRMS [MH]"* calculated for CssHs3N»0g 599.3115,
found 599.3116. IR (Film): 3421, 3053, 2956, 2927, 2850, 1732, 1712, 1637, 1512, 1450, 1265,
1171 cm™.

Boc-D—Leu-L-y-Ahf(Bn)-D-Tyr(Me)—L-y-MeN-Acp-OFm (13): A solution of the dipeptide 11 (133
mg, 0.22 mmol) in of TFA/ CH,Cl, (1:1, 30 mL) was stirred at rt for 15 min. After removal the
solvent, the residue was dried under high vacuum for 3 h. The resulting TFA salt was dissolved in
dry CHCl, (25 mL), and dipeptide 10b (98.0 mg, 0.22 mmol), HATU (91 mg, 0.24 mmol) and
DIEA (0.33 mL, 1.95 mmol) were successively added. After 5 h stirring at rt, the solution was
poured into a separation funnel and washed with HCI (5%) and NaHCOj; (sat.). The organic
layers were dried over Na,SQ,, filtered and concentrated under reduced pressure, to provide a
yellow oil that was purified by flash chromatography (1-2% MeOH/CH.Cl,) to give 187 mg of
tetrapeptide 13 as a white foam. [187.0 mg, 93%, R¢= 56% (4% MeOH/CH.Cl,)]. H NMR (250.13
MHz, CDClg) &: 7.76 (t, J = 6.0 Hz, 2H), 7.56 (d, J = 7.1 Hz, 3H), 7.48 — 7.20 (m, 16H), 7.09 (t, J =
8.4 Hz, 2H), 6.88 — 6.71 (m, 3H), 5.22 — 4.58 (m, 8H), 4.57 — 4.36 (m, 4H), 4.30 (dd, J = 2.5 Hz,
6.7 Hz, 2H), 4.25 — 3.57 (m, 13H), 3.20 — 2.09 (m, 12H), 2.09 — 0.53 (m, 49H). MS (ESI-TOF")
[m/z(%)]: 953 (MNa*), 931 (MH"), 734, 435. HRMS [MH]" calculated for Cs,Hs7N4O+o 931.4848,
found 931.4852. IR (Film): 3570, 3496, 2937, 2856, 2796, 1730, 1448, 1367, 1244, 1209, 1113
cm™.

cyclo[D-Leu-L-y-Ahf(Bn)-D-Tyr(Me)—L-y-MeN-Acp-] (15): A solution of Boc-D-Leu-y-Ahf(Bn)-D-
Tyr(Me)-y—L-MeN-Acp-OFm (13) (12.0 mg, 0.013 mmol) and piperidine (1mL) in CH,ClI, (4 mL) was
stirred at rt for 20 min. After removal of the solvent, the residue was dissolved in CH.Cl, and the
solution was washed with HCI (5%), dried over Na,SQ,, filtered and concentrated. The resulting
residue was dissolved in a TFA/CH,Cl, mixture (1:1, 4 mL) and stirred at rt for 20 min. After
removal of the solvent, the residue was dried under high vacuum for 3 h and used without further
purification. The linear peptide was dissolved in CH,Cl, (8.5 mL) and treated with TBTU (6.26 mg,
0.019 mmol) and DIEA (13 pL, 0.078 mmol). The resulting mixture was stirred at rt staring
material was not detected on ht MS. The mixture was diluted with CH.Cl,, poured into a
separation funnel and washed with HCI (5%) and NaHCOj; (sat. sol.). The organic layers were
dried over Na,SQ,, filtered and concentrated under reduced pressure, and the crude was purified
by HPLC (1-4% MeOH/CH,CI,, 30 min, silica gel) to give 8 mg of cyclic peptide 15 as a white



solid. [6.7 mg, 81%, Rr= 14% (1% MeOH/CH.Cl,)]. '"H NMR (500 MHz, CDCl3) &: 7.54 — 7.09 (m,
13H), 7.00 (d, J = 7.8 Hz, 2H), 6.74 (d, J = 7.9 Hz, 2H), 6.05 (d, J= 7.2 Hz, 1H), 5.74 (d, J= 8.6
Hz, 1H), 5.28 (s, 1H), 5.05 (s, 1H), 4.90 (m, 1H), 4.80 (d, J = 11.5 Hz, 1H), 4.57 (d, J = 11.5 Hz,
1H), 4.46 (s, 1H), 4.32 (d, J= 7.5 Hz, 1H), 4.28 — 4.07 (m, 4H), 3.96 (d, J=9.1 Hz, 1H), 3.73 (d, J
=13.0 Hz, 5H), 2.91 (t, J = 29.7 Hz, 1H), 2.84 — 2.67 (m, 4H), 2.61 (s, 1H), 2.36 — 2.07 (m, 3H),
2.05-1.81 (m, 6H), 1.81 — 1.35 (m, 26H), 1.34 — 1.06 (m, 21H), 0.94 — 0.71 (m, 14H). MS (ESI-
TOF") [m/z(%)]: 657 (MNa*), 635 (MH"), 323 (M2H**), HRMS [MH]" calculated for CssH,7N4O;
635.3435, found 635.3439. IR (Film): 3466, 3386, 3293, 2955, 1651, 1624, 1535, 1513, 1248,
1106 cm’™.

cyclo[D—Leu-L-y-Ahf-D-Tyr(Me)-L-y-MeN-Acp-] (16): A solution of cyclic peptide 15 (50 mg,
0.079 mmol) in MeOH (20 mL) was treated with Pd(OH), (20% Pd/C) (200 mg), under Hx(g)
atmosphere and the resulting suspension was stirred for 2 days. The mixture was filtered through
a celite path, and the organic layers were concentrated under reduced pressure. The resulting
crude was purified on reverse phase HPLC (10-30% ACN/H,0, 0.1% TFA) to provide 28.2 mg of
cyclic peptide 16 (66%). 'H NMR (500 MHz, CDCl;) &: 8.02 (s, 1H), 7.42 (s, 1H), 7.03 (d, J = 8.4
Hz, 2H), 6.73 (d, J = 8.5 Hz, 2H), 6.53 (brs, 1H), 4.98 (d, J = 7.9 Hz, 1H), 4.32 (d, J = 14.9 Hz,
2H), 4.15 (m, 3H), 4.03 (m, 2H), 3.68 (s, 3H), 2.90 (dd, J = 22.5 and 7.7 Hz, 1H), 2.80 (dd, J =
13.2 and 7.7 Hz, 1H), 2.72 (s, 1H), 2.69 (s, 3H), 2.29 (m, 1H), 2.16 (m, 1H), 0.81 (overlapped d, J
= 6.0 Hz, 6H). MS (ESI-TOF") [m/z(%)]: 1111 (2MNa*), 1089 (2MH"), 567 (MNa*), 567 (MH"),
457. HRMS [MH]" calculated for C,sH41N4O; 545.2967, found 545.2970. IR (Film): 3409, 3288,
3052, 1651, 1539, 1265 cm”".



3. Van't Hoff Analysis of Dimerization.

The HPLC-purified cyclic peptide 16 was dissolved in dry CDCI; at concentration of 6.204, 3.490,
2.320, 1.320, 1.01, 0.700, 0.47 mM. 'H-NMR spectra of the resulting samples were acquired at
intervals of 10 K in the temperature range of 313-253 K. Single point determinations of Ka were
estimated at each temperature as described previously.5 Analysis of a plot of 1/T (K) vs In K,
afforded the values AH%gg= 39.03 KJ mol™ and AS%gs= -53.38 JK™ mol™.

log (Ka)
T

0.00% T T T T T T
s 0 0,001 0,002 0,003 0,004 0,005 0,008 0,007

17 Concentracion

5 Sanchez-Quesada J, Kim HS, Ghadiri MR. Angew. Chem. Int. Ed. 2001; 40: 2503-2506.
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PHENOMENEX CUROSIL B 5u (250 mm x 4.6 mm, micron) column. Gradient: 0% to 5%
MeOH/CH,Cl, in 30 min, 1.0 mL/min.
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PHENOMENEX CUROSIL B 5u (250 mm x 4.6 mm, micron) column. Gradient: 0% to 5%
MeOH/CH,Cl, in 30 min, 1.0 mL/min.
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in 10 min and 5% to 7% MeOH/CH,Cl, in 10 min, 1.0 mL/min.
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Atomic Cartesian coordinates for the stationary points calculated with

basis set [B3LYP/6-31G(d)]
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.033689
.669861
.742578
.500165
.478792
.281161
.339842
.760893
.631328
.424516
.463990
.991034
.532394
.882581
.615271
.100068
.704691
.931374
.940080
.517210
.970401
.190332
.033611
.139581
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.893125
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.896861
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.342451
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.520037
.530170
.181563
.633075
.997109
.566059
.535101
.677338
.504990
.731405
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.205852
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.356544
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.153830
.672814
.658548
.566834
.881036
.518410
.829206
.883376
.813399
.068627
.331004
.060258
.147131
.956966
.101079
.876893
.029496
.039272
.105410
.161976

588817
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011930
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900365
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.085348
.856811
.761569
.103689
.846228
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.221093
.303614
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.850543
.141312
.012961
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97 1 (<] 2.160185 -5.730251 0.200662
98 1 (<] 2.464138 -5.336141 -1.506370
99 1 (<] 5.260471 -1.815080 -1.686162
100 1 (<] 4.595910 -0.453565 -0.748302
101 1 (] 4.524036 -2.068981 -0.084539
102 1 (<] 2.055685 -1.306089 -3.347048
103 1 (<] 1.117025 0.733106 -2.790485
104 1 (<] 1.637468 0.360971 -1.159783
105 1 (<] 2.508699 2.505680 -2.920496
106 1 (<] 5.034026 1.091684 -2.153870
107 1 (<] 4.670157 1.900703 -3.672953
108 1 (<] 4.742790 -0.833028 -3.658109
109 1 (<] 3.500607 0.010031 -4.566758
110 1 (<] 0.478952 -0.310040 1.880298

Computed energies (atomic units) for the stationary points calculated
with basis set [B3LYP or M05-2X/6-31G+(d, p)] at the B3LYP/6-31G(d)
optimized geometries.

B3LYP MO05-2X
D16 -2746.5612213 | -2746.2017122
D:.16 -2746.5587887 | -2746.1986349

D..16 (dehydroxylated) | -2596.1142363 | -2595.8374995
D16 (dehydroxylated) | -2596.1167672 | -2595.8426094

Interaction energies (in kcal/mol) for dimers D. ;s and D, and the
analogous dehydroxylated.”

D16 D.16 D..16 (dehydroxylated) | D,16 (dehydroxylated)
-43.0 (3.6) | -43.9 (3.5) -31.5 (2.6) -33.2.(2.7)

“Single point calculations with the M05-2X/6-31+G(d,p) basis set at the B3LYP/6-31G(d) optimized
geometries. The energies were corrected for BSSE (values in parenthesis).



