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Synthesis of oligopeptides: Boc or H-[L-Leu-L-Leu-dAA]n-OMe.
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Experimental Section

General. Optical rotations [a]p were measured with a Jasco DIP-316 polarimeter using a 0.5 or
1.0 dm cell. Circular dichroism spectra (CD) were measured with a Jasco J-720W
spectropolarimeter using 1.0 mm path length cell. Infrared spectra (IR) were recorded on a Jasco
FT/IR-420 spectrometer for conventional measurement (KBr), and the solution (CDCI;) method
using 0.1 mm path length of NaCl cell. 'H NMR spectra were determined at 400 or 500 MHz
(Varian Unity). FAB-MS spectra were taken on a Jeol JMS-SX 102 spectrometer. Chromatographic
enantiomeric excess (ee) determinations were performed on Jasco HPLC instrument (Chiralcel OD
column, Chiralpack AD column). Amino acids (R,R)-Acsc’™ (b) and (S,5)-Acsc®™ (c) were
prepared from L- or D-dimethyl tartrate,>' and amino acids (1R,35)-Acsc®™ (d) and (1S,3S)-Acsc™

(e) were prepared from L-(—)-malic acid.>

General procedure for peptide-catalyzed asymmetric epoxidation of chalcone. THF (1 mL)
was added to the mixture of peptide catalyst (0.25 equiv) and chalcone (1.0 equiv) in a screw vial
equipped with a magnetic stirring bar. Urea-hydrogenperoxide (1.1 equiv) and DBU (5.6 equiv)
were added at 0 °C, and the mixture was gradually warmed to room temperature. After being
stirred for 24 h, the reaction mixture was diluted with EtOAc, and washed with saturated aqueous
NayS;0;. Then, organic layer was evaporated to give an oily residue, which was purified by flash

column chromatography on silica gel.

General procedure for the preparation of a,B-unsaturated enones (7a—e, g, h).>> 1N aqueous
NaOH or KOH solution (2.6 mL) was added to the stirred solution of ketone derivative (1.1 equiv),
aldehyde (1.0 equiv) in MeOH (8 mL) at °C.  After being stirred at room temperature for 24 h, the
solution was neutralized with 2N aqueous HCI, extracted with EtOAc, and dried over MgSOs,.
After removal of the solvent, the residue was purified by flash column chromatography on silica gel

(EtOAc/hexane) to give enones in 20— 76 % yields.
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Enone (7f).>'  trans-1-Phenylbut-2-en-1-ol (3.37 mmol) was prepared from PhMgBr and
trans-crotonaldehyde. Oxidation of the alcohol with MnO, (10 equiv) gave the ketone (53 %) as an

orange oil.  The spectroscopic data of 7f were identical with those of reported compound.®*

Boc-L-Leu-L-Leu-Aib-OMe (Aib-trimer; 9a).%
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC; 671 mg, Boc\”io(n\iuﬁ*ome
3.50 mmol), and 1-hydroxybenzotriazole hydrate (HOBt; 567 mg, 4.20 mmol)
were added to a stirred solution of carboxylic acid Boc-L-Leu-L-Leu-OH (1.20 g, 3.50 mmol) in
CH)CI, (18 mL) at 0 °C, and the solution was stirred for 30 min. Then, a solution of amine
H-Aib-OMe (410 mg, 3.50 mmol) in CH,Cl, (8 mL) was added. After being stirred at room
temperature for 48 h, the solution was diluted with EtOAc, washed with 3% aqueous HCIl, 5%
aqueous NaHCO;3, brine, and dried over MgSO,4. Removal of the solvent afforded a white solid,
which was purified by column chromatography on silica gel. The fraction eluted with 50% EtOAc
in hexane afforded trimer 9a (907 mg, 82%) as colorless crystals: mp 149—151 °C; [0]®p = -
68.4 ( 1.00, CHCl3); IR (CDCl3) 3434 (br), 2960, 1734, 1683, 1506, 1159 cm™; '"H NMR (400 MHz,
CDCls) 6 6.73 (br s, 1H), 6.41 (br d, J = 8.4 Hz, 1H), 4.81 (br s, 1H), 4.39 (m, 1H), 4.06 (m, 1H),
3.71 (s, 3H), 1.48—1.73 (m, 12H), 1.45 (s, 9H), 0.79—0.96 (m, 12H); HR-ESI(+)MS calcd for
CHyN306Na (M '+Na) 466.2888, found 466.2904.

Boc-L-Leu-L-Leu-{(R,R)-Acsc?°™}-OMe {(R,R)-trimer; 9b}.53
(R,R)-Trimer 9b was prepared from H-(R,R)-Acsc®™-OMe  and soc\éﬁgn\iu’fl oMe
Boc-L-Leu-L-Leu-OH in a manner similar to that described for the

preparation of 9a: 82% yield; colorless crystals; mp 105—107 °C; [a]*p= - 88.3 (c 1.02, CHCL);
IR (CDCls) 3431, 2960, 1742, 1698, 1683, 1507, 1456, 1369, 1237, 1162 cm™'; '"H NMR (400 MHz,
CDCl3) & 6.88 (br s, 1H), 6.47 (br d, J = 8.0 Hz, 1H), 4.80 (br s, 1H), 4.38 (m, 1H), 4.07 (m, 1H),
3.77—3.86 (m, 2H), 3.69 (s, 3H), 3.34 (s, 3H), 3.33 (s, 3H), 2.47 (dd, J = 8.4, 15.2 Hz, 1H), 2.40 (dd,
J=6.4, 14.4 Hz, 1H), 2.33 (dd, J = 6.8, 14.4 Hz, 1H), 2.00 (dd, J = 3.2, 13.6 Hz, 1H), 1.48—1.71 (m,

6H), 1.44 (s, 9H), 0.90—0.96 (m, 12H); HR-ESI(+)MS calcd for CogHasN30gNa (M+Na) 552.3255,
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found 552.3240.

Boc-L-Leu-L-Leu-{(S,S)-Acsc?®™}-OMe {(S,S)-trimer; 9c}.% veq, oMe
(S5,S)-Trimer 9c was prepared from H-(S,S)-Acsc®M-OMe  and BOC\NS\’(
Boc-L-Leu-L-Leu-OH in a manner similar to that described for the >\ ’
preparation of 9a: 85% yield; colorless crystals; mp 72—74 °C; [0]*p= - 31.2 (c 1.00, CHCL);
IR (CDCl3) 3432, 2983, 1743, 1683, 1506, 1455, 1436, 1369, 1162, 1105 cm™; "H NMR (400 MHz,
CDCls) & 6.86 (br s, 1H), 6.40 (br d, J = 8.0 Hz, 1H), 4.80 (br s, 1H), 4.38 (m, 1H), 4.07 (m, 1H),
3.88 (m, 1H), 3.81 (m, 1H), 3.70 (s, 3H), 3.36 (s, 3H), 3.34 (s, 3H), 2.50 (dd, J = 6.4, 14.8 Hz, 1H),
243 (dd, J =17.2, 14.2 Hz, 1H), 2.27 (dd, J = 6.8, 14.2 Hz, 1H), 1.99 (dd, J = 3.2, 13.6 Hz, 1H),
1.46—1.71 (m, 6H), 1.45 (s, 9H), 0.90—0.96 (m, 12H); HR-ESI(+)MS caled for CycH47N305Na
(M"+Na) 552.3255, found 552.3229.

Boc-L-Leu-L-Leu-{(1R,3S)-Acsc°™}-OMe {(1R,3S)-trimer; 9d}.
(1R,3S)-Trimer 9d was prepared from H-(1R,3S)-Acsc®™-OMe and BOC\QS\V(N\AQF
Boc-L-Leu-L-Leu-OH in a manner similar to that described for the

preparation of 9a: 82% vyield; colorless crystals; mp 109—111 °C; [a]*'b= - 81.8 (¢ 1.00, CHCL);
IR (CDCls) 3421, 2960, 1698, 1683, 1540, 1522, 1507, 1497, 1165, 1067 cm™'; "H NMR (400 MHz,
CDCls) 8 6.90 (br s, 1H), 6.51 (br d, J = 6.6 Hz, 1H), 4.90 (br s, 1H), 4.40 (m, 1H), 4.08 (m, 1H),
3.93 (m, 1H), 3.68 (s, 3H), 3.26 (s, 3H), 2.25—2.35 (m, 2H), 1.45—2.14 (m, 10H), 1.44 (s, 9H),
0.90—0.95 (m, 12H); FAB(+)MS m/z 523 (M'+Na); HR-ESI(+)MS calcd for CysHysN307Na (M'+
Na] 522.3150, found 522.3124.

Boc-L-Leu-L-Leu-{(1S,3S)-Acsc®™}-OMe  {(1S,3S)-trimer;  9e}. ove
(1S,35)-Trimer 9e was prepared from H-(1S,3S)-Acsc®™-OMe and BOC\HSWOTN% Qr
Boc-L-Leu-L-Leu-OH in a manner similar to that described for the >\
preparation of 9a: 84% yield; colorless crystals; mp 137—139 °C; [a]*’b= - 76.6 (c 1.00, CHCL);
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IR (CDCls) 3433, 3363, 2961, 2935, 2872, 1736, 1684, 1498, 1369, 1163, 1100 cm™'; "H NMR (400
MHz, CDCls) § 6.97 (br s, 1H), 6.48 (br d, J = 6.9 Hz, 1H), 4.92 (br s, 1H), 4.38 (m, 1H), 3.97—4.08
(m, 2H), 3.70 (s, 3H), 3.29 (s, 3H), 2.24—2.38 (m, 3H), 1.46—2.06 (m, 9H), 1.45 (s, 9H),
0.89—0.96 (m, 12H); FAB(H)MS m/z 523 (M'+Na); HR-ESI(H)MS caled for CasHysN3O;Na
(M'+Na) 522.3150, found 522.3131.

Boc-L-Leu-L-Leu-Aib-OH {Aib-trimer acid; 9a-CO2H}>® 1IN aqueous
NaOH (9 mL) was added to a stirred solution of 9a (2.00 g, 4.509 mmol) in soc—y T Hfiuﬁr%
MeOH (40 mL) at 0°C. After being stirred at room temperature for 12 h, the
solution was acidified with 1IN aqueous HCI, and then, MeOH was evaporated. The aqueous phase
was extracted with EtOAc, and dried over Na,SO,;. Removal of the solvent afforded a white solid,
which was purified by column chromatography on silica gel. The fraction eluted with 10% MeOH
in CHCl; gave Aib-trimer acid 9a-CO2H (1.80 g, 93%) as colorless crystals: mp 92—95 °C; [a]*°p =
- 58.4 (c 1.01, CHCl3); IR (KBr) 3309 (br), 3072, 2958, 2872, 1691, 1654, 1527, 1170 cm™; 'H
NMR (400 MHz, CDCls) 6 7.08 (br s, 1H), 6.96 (br d, J = 8.0 Hz, 1H), 4.99 (br s, 1H), 4.52 (m, 1H),
4.12 (m, 1H), 1.48—1.70 (m, 12H), 1.44 (s, 9H), 0.90—0.95 (m, 12H); HR-ESI(+)MS calcd for
C,1H30N30¢Na (M'+Na) 452.2731, found 452.2750.

Boc-L-Leu-L-Leu-{(R,R)-Acsc?™}-OH {(R,R)-trimer acid; 9b-CO2H}.*S veo,  one
(R,R)-Trimer acid 9b-CO2H was prepared from 9b in a manner similar to that Boc\é}(“ﬁf : on
described for the preparation of 9a-CO2H: 88% yield; colorless crystals; mp ’ \F ’
81—83°C; [a]®p= - 75.0 (c 1.00, CHCL); IR (CDCl3) 3316, 3072, 2958, 2935, 2872, 1693, 1652,
1526, 1367 cm™; '"H NMR (400 MHz, CDCl3) 8 7.18 (br s, 1H), 6.91 (br s, 1H), 5.00 (br s, 1H), 4.40
(m, 1H), 4.12 (m, 1H), 3.81—3.86 (m, 2H), 3.36 (s, 3H), 3.35 (s, 3H), 2.50—2.56 (m, 2H), 2.36 (dd,
J = 6.0, 14.8 Hz, 1H), 2.06 (m, 1H), 1.50—1.66 (m, 6H), 1.44 (s, 9H), 0.89—0.95 (m, 12H);

HR-ESI(+)MS caled for CosHysN3OsNa (M*+Na) 538.3099, found 538.3110.

Boc-L-Leu-L-Leu-{(S,S)-Acsc?™}-OH {(S,S)-trimer acid; 9c-CO2H}.> Jj\( MeQ  OMe
Boc—N

36 Ho>\o



(S,5)-Trimer acid 9c-CO2H was prepared from 9C in a manner similar to that described for the
preparation of 9a-CO2H: quantitative; colorless crystals; mp 76—77 °C; [0]*pb= - 30.0 (c 1.01,
CHCL); IR (KBr) 3317 (br), 3071, 2958, 2935, 1693, 1651, 1526, 1367, 1170, 1118 cm™'; 'H NMR
(400 MHz, CDCl3) & 7.12 (br s, 1H), 6.93 (br s, 1H), 5.00 (br s, 1H), 4.42 (m, 1H), 4.10 (m, 1H),
3.89 (m, 1H), 3.83 (m, 1H), 3.36 (s, 3H), 3.35 (s, 3H), 2.60 (dd, J = 6.4, 14.4 Hz, 1H), 2.44 (dd, J =
7.2, 14.0 Hz, 1H), 2.28 (dd, J = 6.0, 14.0 Hz, 1H), 2.07 (dd, J = 3.2, 14.4 Hz, 1H), 1.45—1.66 (m,
6H), 1.44 (s, 9H), 0.90—0.95 (m, 12H); HR-ESI(+)MS calcd for C»5sH45N3;0sNa (M "+Na) 538.3099,
found 538.3101.

Boc-L-Leu-L-Leu-{(1R,3S)-Acsc®°™}-OH {(1R,3S)-trimer acid;
9d-CO2H}. (1R,3S)-Trimer acid 9d-CO2H was prepared from 9d in a BOC\NS\(NQLQT
manner similar to that described for the preparation of 9a-CO2H: 89% yield; ° 7\
colorless crystals; mp 85—88 °C; [(x]26D= - 61.9 (c 1.00, CHCI3); IR (CDCls) 3308, 2958, 2872,
1695, 1651, 1526, 1367, 1170 cm™; "H NMR (400 MHz, CDCl3) § 7.17 (br s, 1H), 6.83 (brd, J = 8.8
Hz, 1H), 4.95 (br s, 1H), 4.40 (m, 1H), 4.11 (m, 1H), 3.95 (m, 1H), 3.27 (s, 3H), 2.44 (dd, J = 6.0,
14.4 Hz, 1H), 2.20—2.31 (m, 2H), 2.00—2.10 (m, 3H), 1.87 (m, 1H), 1.50—1.70 (m, 5H), 1.44 (s,
9H), 0.90—0.95 (m, 12H); FAB(+)MS m/z 509 (M'+Na); HR-ESI(+)MS calcd for C,4H43N30,Na
(M'+Na): 508.2993, found 508.3005.

Boc-L-Leu-L-Leu-{(1S,3S)-Acsc®™}-OH {(1S,3S)-trimer acid; 9e-CO2H}. \S\( ove

N ”*%

\F

crystals; mp 91—94 °C; [0]»= - 52.2 (¢ 1.02, CHCly); IR (CDCls) 3317, 3072, 2959, 2935,

(1S,3S)-Trimer acid 9e-CO2H was prepared from 9e in a manner similar to eoc

that described for the preparation of 9a-COZ2H: quantitative; colorless

2872, 1692, 1649, 1527, 1367, 1170, 1105 cm’’; '"H NMR (400 MHz, CDCls) § 7.35 (br s, 1H), 6.52
(br d, J = 6.8 Hz, 1H), 4.83 (br s, 1H), 4.41 (m, 1H), 4.14 (m. 1H), 4.06 (m, 1H), 3.40 (s, 3H), 2.63
(dd, J = 4.4, 14.8 Hz, 1H), 2.08—2.36 (m, SH), 1.48—1.73 (m, 6H), 1.44 (s, 9H), 0.91—0.96 (m,
12H); FAB(+)MS m/z 509 (M'+Na); HR-ESI(+)MS caled for CosH43N30;Na (M'+Na) 508.2993,
found 508.2990.
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Boc-[L-Leu-L-Leu-Aib],-OMe {Aib-hexamer; 1a}. Concentrated HCI
(3.6 mL) was added to a solution of 9a (1.14 g, 2.57 mmol) in THF (10 mL) Bocgj\gnﬂnﬁzom
at 0 °C, and the whole was stirred at room temperature for 12 h. Then, the >\
solution was neutralized with 5% aqueous NaHCO;3, extracted with EtOAc, and dried over MgSOs.
Removal of the solvent afforded a crude amine 9a-NH2 (686 mg, 78%), which was used without
further purification. A mixture of EDC (421 mg, 2.20 mmol), HOBt (297 mg, 2.20 mmol), and
carboxylic acid 9a-CO2H (944 mg, 2.20 mmol) in CH,Cl, (13 mL) was stirred at 0 °C for 30 min,
then, a solution of amine 9a-NH2 (686 mg, 2.00 mmol) in CH,Cl, (8 mL) was added. After being
stirred at room temperature for 48 h, the solution was diluted with EtOAc, washed with 3% aqueous
HCI, 5% aqueous NaHCO;3, brine, and dried over MgSO4.  After removal of the solvent, the residue
was purified by column chromatography on silica gel (66% EtOAc in hexane) to give Aib-hexamer
la (1.43 g, 95%) as colorless crystals: mp 196—198 °C; [a]b= - 22.8 (c 1.01, CHCL); IR
(CDCls) 3430 (br), 3332, 3019, 2965, 1733, 1699, 1669, 1524, 1428, 1046 cm™'; 'H NMR (500 MHz,
CDCls) & 7.42 (br d, J = 6.8 Hz, 1H), 7.38 (br s, 1H), 6.20 (br d, J = 4.2 Hz, 1H), 7.11 (br s, 1H),
6.48 (br s, 1H), 4.95 (br s, 1H), 4.39 (m, 1H), 4.18 (m, 1H), 3.91—3.97 (m, 2H), 3.68 (s, 3H),
1.42—1.82 (m, 24H), 1.50 (s, 9H), 0.86—1.00 (m, 24H); FAB(+)MS m/z 778 (M'+Na);
HR-ESI(+)MS calcd for C3sH70NsOoNa (M +Na) 777.5096, found 777.5132.
Boc-[L-Leu-L-Leu-{(R,R)-Acsc®M}]-OMe  {(R,R)-hexamer;  1b}. veo,  ome
(R,R)-Hexamer 1b was prepared from 9b-NH2 and 9b-CO2H in a manner Bocgﬁgﬁ(nﬂuﬁ OMe
similar to that described for the preparation of la: 68% yield; colorless ) ”
crystals; mp 167—169 °C; [a]*'p= - 22.8 (¢ 1.00, CHCl3); IR (CDCls) 3431, 3335, 2960, 1733,
1698, 1669, 1524, 1508, 1488, 1158, 1120 cm™'; 'H NMR (500 MHz, CDCl3) & 7.43 (br s, 1H),
7.31—7.32 (m, 2H), 7.26 (br s, 1H), 6.47 (br s, 1H), 4.96 (br s, 1H), 4.36 (m, 1H), 4.22 (m, 1H),
3.87—3.95 (m, 4H), 3.77—3.83 (m, 2H), 3.69 (s, 3H), 3.33—3.36 (m, 9H), 3.26 (s, 3H), 3.01 (dd, J
=5.6,11.6 Hz, 1H), 2.88 (dd, J = 6.0, 11,6 Hz, 1H), 2.64 (dd, J = 6.0, 11.6 Hz, 1H), 2.53 (dd, J = 6.0,
11.6 Hz, 1H), 2.21 (dd, J = 6.0, 11.6 Hz, 1H), 2.07 (dd, J = 3.2, 13.2 Hz, 1H), 1.91—1.99 (m, 2H),
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1.64—1.83 (m, 12H), 1.52 (s, 9H), 0.85—1.00 (m, 24H);: FAB(+)MS m/z 950 (M'+Na);
HR-ESI(H)MS caled for C46Hs2NgO13Na (M*+Na) 949.5832, found 949.5817.

Boc-[L-Leu-L-Leu-{(S,S)-Acsc®M}],-OMe {(S,S)-hexamer; 1c}. veo, owe

(S,5)-Hexamer 1c was prepared from 9c-NH2 and 9c-COZH in a manner Boc&iﬁ\iujs oMe
similar to that described for the preparation of la: 68% yield; colorless ) >\ 02

crystals; mp 150—152 °C; [0]**p = + 4.1 (¢ 1.04, CHCL3); IR (CDCls) 3333, 2959, 2901, 2826, 1741,
1670, 1522, 1508, 1159, 1051 cm™; "H NMR (400 MHz, CDCl3) & 7.23—7.35 (m, 4H), 6.70 (br s,
1H), 4.87 (br s, 1H), 4.35 (q, J = 7.6, 1H), 4.21 (m, 1H), 4.00 (m, 1H), 3.90—4.00 (m, 2H),
3.67—3.84 (m, 6H), 3.31—3.36 (m, 12H), 2.92 (dd, J = 7.6, 14.0 Hz, 1H), 2.65 (dd, J = 8.0, 14.0 Hz,
1H), 2.58 (dd, J = 6.8, 13.6 Hz, 1H), 2.42 (dd, J = 6.4, 13.6 Hz, 1H), 2.30 (dd, J = 6.8, 14.0 Hz, 1H),
2.13 (dd, J=7.2, 14.0 Hz, 1H), 1.98 (dd, J = 6.8, 14.0 Hz, 1H), 1.91 (m, 1H), 1.60—1.80 (m, 12H),
1.49 (s, 9H), 0.85—1.00 (m, 24H); FAB()MS m/z 950 (M'+Na); HR-ESI(+)MS calcd for

C46H82N6013Na (M++Na) 9495832, found 949.5806.

Boc-[L-Leu-L-Leu-{(1R,3S)-Acsc®™}].--OMe  {(1R,3S)-hexamer; 1d}. “geo :
(1R,3S)-Hexamer 1d was prepared from 9d-NH2 and 9d-CO2H in a manner BOCES\!)(H%E%}ZOMB
similar to that described for the preparation of la: 67% yield; colorless >\
crystals; mp 184—186 °C; [a]’’b= - 1.5 (c 1.01, CHCls); IR (CDCls) 3431, 3335, 2960, 1732,
1716, 1698, 1669, 1540, 1522, 1456, 1159 cm™'; 'TH NMR (500 MHz, CDCl3) & 7.41 (br s, 1H), 7.34
(brs, 2H), 7.30 (br d, J = 6.0 Hz, 1H), 6.47 (br d, J = 3.9 Hz, 1H), 4.92 (br s, 1H), 4.39 (q, J = 8.2 Hz,
1H), 4.20 (q, J = 6.4 Hz, 1H), 3.89—3.96 (m, 4H), 3.68 (s, 3H), 3.26 (s, 3H), 3.18 (s, 3H),
2.84—2.89 (m, 2H), 1.63—2.33 (m, 22H), 1.50 (s, 9H), 0.86—1.00 (m, 24H); FAB(+)MS m/z 890
(M™+Na); HR-ESI(+)MS calcd for C44H75NsONa (M'+Na) 889.5612, found 889.5653.

Boc-[L-Leu-L-Leu-{(1S,3S)-Acsc®™}],.-OMe  {(1S,3S)-hexamer;  1e}. qj\( owe
H Q //,,SS
(1S,3S)-Hexamer le was prepared from 9e-NH2 and 9e-CO2H in a manner BO%H T N%H oM
>\ 2

similar to that described for the preparation of la: 63% yield; colorless
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crystals; mp 208—210 °C; [o]'b= - 10.2 (¢ 1.00, CHCls); IR (CDCLs) 3431 (br), 3332, 2961,
1698, 1667, 1526, 1468, 1369, 1256 cm™; "H NMR (500 MHz, CDCl3) & 7.49 (br s, 1H), 7.32 (br d,
J=5.5Hz, 1H), 7.18 (br s, 1H), 6.55 (br s, 1H), 5.00 (d, J = 8.5 Hz, 1H), 4.33 (q, J = 8.0 Hz, 1H),
4.19 (m, 1H), 4.41—3.97 (m, 3H), 3.90 (m, 1H), 3.68 (s, 3H), 3.28 (s, 3H), 3.27(s, 3H), 2.77 (m, 1H),
2.54 (dd, J = 6.6 Hz, 14.4 Hz, 1H), 2.45 (dd, J = 6.6 Hz, 14.4 Hz, 1H), 2.38 (dd, J = 5.3 Hz, 14.4 Hz,
1H), 2.25 (m, 1H), 2.11—2.17 (m, 2H), 1.99 (dd, J = 8.0 Hz, 14.2 Hz, 1H), 1.63—1.96 (m, 16H),
1.51 (s, 9H), 0.86—1.00 (m, 24H); FAB(+)MS m/z 890 (M'+Na); HR-ESI(H)MS calcd for
CusH7sNO1 Na (M™+Na) 889.5612, found 889.5621.

H-[L-Leu-L-Leu-Aib],-OMe {Aib-hexamer amine; 4a}. Concentrated HCI

(2 mL) was added to a solution of 9a (632 mg, 0.838 mmol) in THF (7 mL) at 0 H&HQN%OME
°C and the solution was stirred at room temperature for 24 h. Then, the solution >\

was neutralized with 5% aqueous NaHCO;, extracted with EtOAc, and dried over MgSQO,.  After
removal of the solvent, the residue was purified by column chromatography on silica gel (10%
MeOH in CHCI;) to give Aib-hexamer amine 4a (407 mg, 74%) as colorless crystals: mp
169—171 °C; [0]*p = - 43.8 (¢ 1.00, CHCl); IR (CDCl3) 3327 (br), 2960, 2872, 1733, 1669,
1540, 1522, 1508, 1157 cm™'; "H NMR (400 MHz, CDCl3) & 7.95 (br s, 1H), 7.42 (br d, J = 8.2 Hz,
1H), 7.18 (br d, J = 6.4 Hz, 1H), 7.06 (br s, 1H), 6.55 (br s, 1H), 4.37 (m, 1H), 4.19 (m, 1H), 3.96 (m,
1H), 3.69 (s, 3H), 3.40 (dd, J = 3.6, 10.4 Hz, 1H), 1.56—1.82 (m, 12H), 1.52—1.53 (m, 6H), 1.48 (s,
3H), 1.42 (s, 3H), 0.86—1.01 (m, 24H); FAB(+)MS m/z 677 (M'+Na); HR-ESI(+)MS calcd for
C33HgNgO7Na (M +Na) 677.4572, found 677.4602.

H-[L-Leu-L-Leu-{(R,R)-Acsc®M}],-OMe  {(R,R)-hexamer amine; 4b}. MeQ_  OMe
(R,R)-Hexamer amine 4b was prepared from 1b in a manner similar to that HES\I(HY?L';’QV}OW
described for the preparation of 4a: 70% yield; colorless crystals; mp ’ \F -
156—158 °C; [0]*'p = - 61.2 (¢ 1.00, CHCl); IR (CDCl3) 3334 (br), 2960, 2935, 2873, 1734,
1668, 1523, 1467, 1105 cm™; 'H NMR (400 MHz, CDCls) & 7.88 (br s, 1H), 7.24—7.22 (m, 2H),
7.19 (br d, J = 8.4 Hz, 1H), 6.80 (br s, 1H), 4.36 (m, 1H), 4.19 (m, 1H), 4.04 (m, 1H), 3.79—3.90 (m,
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5H), 3.70 (s, 3H), 3.41 (dd, J = 3.6, 9.6 Hz, 1H), 3.35 (s, 6H), 3.33 (s, 3H), 3.31 (s, 3H), 2.68—2.78
(m, 2H), 2.58 (m, 1H), 2.27 (m, 1H), 2.16—2.22 (m, 2H), 2.04 (m, 1H), 1.96 (m, 1H), 1.60—1.81 (m,
12H), 0.87—0.99 (m, 24H); FAB(+)MS m/z 850 (M'+Na); HR-ESI(+)MS calcd for C4;H7sNgO;Na
(M™+Na) 849.5308, found 849.5275.

H-[L-Leu-L-Leu-{(S,S)-Acsc®M}],-OMe  {(S,S)-hexamer amine; 4c}. \i( “fo e

(S,5)-Hexamer amine 4c¢ was prepared from 1C in a manner similar to that HJ[H I H\;)J\H%}ZOM'&
described for the preparation of 4a: 81% vyield; colorless foam; [a]*p = + 3.6 >\
(c 0.58, CHCls); IR (neat) 3311 (br), 2956, 2871, 1741, 1651, 1537, 1468, 1106 cm™; "H NMR (400
MHz, CDCls) 6 7.81 (br s, 1H), 7.35 (br d, J = 8.0 Hz, 1H), 7.26—7.30 (m, 2H), 6.94 (br s, 1H), 4.36
(m, 1H), 4.21 (m, 1H), 3.86—3.98 (m, 2H), 3.72—3.84 (m, 6H), 3.67 (s, 3H), 3.39 (s, 3H), 3.35 (s,
3H), 3.34 (s, 3H), 3.31 (s, 3H), 2.88 (m, 1H), 2.50—2.60 (m, 2H), 2.27 (m, 1H), 2.12 (m, 1H), 1.98
(m, 1H), 1.54—1.82 (m, 14H), 0.85—1.00 (m, 24H); FAB(+)MS m/z 850 (M +Na); HR-ESI(+)MS
caled for C4H74NgO1;Na (M'+Na) 849.5308, found 849.5274.

H-[L-Leu-L-Leu-{(1R,3S)-Acsc°M}].-OMe {(1R,3S)-hexamer amine; 4d}. MeQ,
(1R,3S)-Hexamer amine 4d was prepared from 1d in a manner similar to that H%\IS\H/H\;/TLNZ%}OMe
described for the preparation of 4a: 74% yield; colorless crystals; mp s 3\” o
158—160 °C; [0]**p = - 22.9 (c 1.00, CHCls); IR (CDCls) 3334 (br), 2960, 2872, 1732, 1669,
1521, 1508, 1456, 1216, 1098 cm™; '"H NMR (400 MHz, CDCl;) & 7.88 (br d, J = 4.0 Hz, 1H),
7.30—7.32 (m, 2H), 7.23 (br s, 1H), 6.59 (br s, 1H), 4.39 (m, 1H), 4.19 (m, 1H), 3.92—3.99 (m, 3H),
3.68 (s, 3H), 3.39 (dd, J = 3.2, 13.2 Hz, 1H), 3.26 (s, 3H), 3.23 (s, 3H), 2.77 (dd, J = 6.4, 13.6 Hz,
1H), 2.69 (dd, J = 5.6, 14.8 Hz, 1H), 1.54—2.28 (m, 22H), 0.86—1.01 (m, 24H); FAB(+))MS m/z
768 (M++H); HR-ESI(+)MS calcd for C39H70NgO9Na (M++Na) 789.5096, found 789.5117.

H-[L-Leu-L-Leu-{(1S,3S)-AcscM}],-OMe {(1S,3S)-hexamer amine; 4e}.

;OMe
. . . HJ\ //,_SS
(1S,3S)-Hexamer amine 4e was prepared from 1e in a manner similar to that "N~y OMe
H H H
o >\ Ol2

described for the preparation of 4a: 93% yield; colorless crystals; mp
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168—170 °C; [0]®p = - 70.4 (c 1.00, CHCly); IR (CDCl3) 3337 (br), 2960, 2872, 1733, 1668,
1521, 1508, 1217, 1099 cm™'; '"H NMR (400 MHz, CDCl5) & 7.86 (br d, J = 6.0 Hz, 1H), 7.44 (br d, J
= 6.0 Hz, 1H), 7.20 (br s, 1H), 7.14 (br d, J = 8.0 Hz, 1H), 7.01 (br s, 1H), 4.31 (m, 1H), 4.14—4.19
(m, 2H), 3.71—4.02 (m, 2H), 3.70 (s, 3H), 3.40 (dd, J = 4.0, 10.0 Hz, 1H), 3.30 (s, 3H), 3.28 (s, 3H),
2.35—2.50 (m, 3H), 2.04—2.21 (m, 4H), 1.58—1.91 (m, 16H), 0.88—0.97 (m, 24H); FAB(+)MS
m/z 768 (M'+H); HR-ESI(+)MS calcd for C39H;¢NsOoNa (M'+Na) 789.5096, found 789.5113.

Boc-[L-Leu-L-Leu-Aib];-OMe {Aib-nonamer; 2a}. A solution of EDC
(121 mg, 0.630 mmol), HOBt (85 mg, 0.630 mmol), carboxylic acid Boc?ujﬁ(“;ku%we
9a-CO2H (270 mg, 0.630 mmol), and amine 4a (344 mg, 0.525 mmol) in ° >\ o
CH,CI, (14 mL) was stirred at room temperature for 48 h. Then, the solution was diluted with
EtOAc, washed with 3% aqueous HCI, 5% aqueous NaHCOj3, brine, and dried over MgSQO,. After
removal of the solvent, the residue was purified by column chromatography on silica gel (65%
EtOAc in hexane) to give Aib-nonamer 2a (343 mg, 61%) as colorless crystals: mp 215—217 °C;
[a]*p = - 22.5 (c 1.03, CHCL); IR (CDCls) 3429, 3315, 3019, 2961, 2872, 1710, 1699, 1659,
1530, 1215 cm™; "H NMR (500 MHz, CDCl3) 8 7.72 (br d, J = 4.0 Hz, 1H), 7.55 (br d, J = 6.0 Hz,
1H), 7.50 (br s, 1H), 7.41 (br s, 1H), 7.36 (br d, J = 4.0 Hz, 1H), 7.27 (br d, J = 4.8 Hz, 1H), 7.21 (br
s, 1H), 6.58 (br s, 1H), 5.09 (br s, 1H), 4.39 (m, 1H), 4.17 (m, 1H), 3.91—4.03 (m, 4H), 3.68 (s, 3H),
1.47—1.91 (m, 45H), 0.86—1.01 (m, 36H); HR-ESI(+)MS calcd for CssHooNgO;;Na (M '+Na)
1088.7305, found 1088.7307.

Boc-[L-Leu-L-Leu-{(R,R)-Acsc?™}]5;-OMe  {(R,R)-nonamer;  2b}. Meq,  OMe
(o} ,:*R
FAS}(H\AN ‘ OMe
H o z H

Ol3

(R,R)-Nonamer 2b was prepared from 4b and 9b-CO2H in a manner similar soc
to that described for the preparation of 2a: 90% yield; colorless crystals; mp

178—180 °C; [0]*'p= - 13.3 (c 0.80, CHCL;); IR (CDCl3) 3430, 3316, 2826, 1698, 1655, 1532,
1158, 1121 cm™; "H NMR (400 MHz, CDCl3) 8 7.67 (br d, J = 4.4 Hz, 1H), 7.63 (br s, 1H), 7.51 (br
d, J=4.0 Hz, 1H), 7.49 (brs, 1H), 7.44 (br s, 1H), 7.35 (br d, J = 4.8 Hz, 1H), 7.33 (br d, J = 6.4 Hz,
1H), 6.52 (br d, J = 2.4 Hz, 1H), 5.05 (br s, 1H), 4.35 (m, 1H), 4.20 (m, 1H), 3.89—4.04 (m, 7H),
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3.76—3.83 (m, 3H), 3.69 (s, 3H), 3.31—3.39 (m, 15H), 3.25 (s, 3H), 3.18 (dd, J = 4.0, 12.0 Hz, 1H),
3.00 (dd, J = 5.2, 12.0 Hz, 1H), 2.91 (dd, J = 6.0, 11.2 Hz, 1H), 2.84 (dd, J = 5.2, 11.2 Hz, 1H), 2.66
(dd, J=5.6, 11.6 Hz, 1H), 2.60 (dd, J = 6.0, 12.4 Hz, 1H), 2.15—2.23 (m, 2H), 1.45—2.00 (m, 22H),
1.52 (s, 9H), 0.85—1.00 (m, 36H); HR-ESI(*)MS caled for CeeH17NgO1sNa (M +Na) 1346.8409,
found 1346.8453.

Boc-[L-Leu-L-Leu-{(S,S)-Acsc®M}]-OMe {(S,S)-nonamer; 2c}. veo,  owe
Bocgg\'fn\il\;fb OMe
Hoo U F ol
that described for the preparation of 2a: 85% yield; colorless crystals; mp \%

(S,5)-Nonamer 2c was prepared from 4c¢ and 9¢c-COZ2H in a manner similar to

102—104 °C; [a]*p = + 22.8 (¢ 1.00, CHCL3); IR (CDCl3) 3325, 2959, 2901, 2826, 1661, 1525,
1508, 1159, 1106 cm™; 'H NMR (400 MHz, CDCl;) & 7.68 (br d, J = 5.2 Hz, 1H), 7.34—7.45 (m,
6H), 6.83 (br s, 1H), 5.02 (br s, 1H), 4.32 (m, 1H), 4.18 (m, 1H), 3.93—4.10 (m, 4H), 3.68—3.85 (m,
9H), 3.32—3.38 (m, 18H), 3.00 (dd, J = 4.0, 12.0 Hz, 1H), 2.65—2.80 (m, 3H), 1.47—2.40 (m, 26H),
1.50 (s, 9H), 0.85—1.02 (m, 36H); HR-ESI(+)MS calcd for CesH117NoO1sNa (M +Na) 1346.8409,
found 1346.8427.

Boc-[L-Leu-L-Leu-{(1R,3S)-Acsc®™}]:-OMe  {(1R,3S)-nonamer; 2d}. Veo
(1R,3S)-Nonamer 2d was prepared from 4d and 9d-CO2H in a manner BOCFVS\WH\__)OL,}%OW
similar to that described for the preparation of 2a: 82% yield; colorless s :\FH e
crystals; mp 228—230 °C; [o]*’p=+ 5.0 (¢ 1.00, CHCl3); IR (CDCls) 3430, 3316, 2960, 2872, 1698,
1654, 1531, 1508, 1257, 1159 cm™; 'H NMR (500 MHz, CDCl3) & 7.70 (br d, J = 4.7 Hz, 1H), 7.57
(br s, 1H), 7.53 (br s, 1H), 7.50 (br d, J = 5.6 Hz, 1H), 7.46 (br s, 1H), 7.42 (br d, J = 8.2 Hz, 1H),
7.36 (brd, J=5.8 Hz, 1H), 6.52 (br d, J=3.4 Hz, 1H), 5.00 (br s, 1H), 4.37 (m, 1H), 3.90—4.27 (m,
8H), 3.68 (s, 3H), 3.26 (s, 3H), 3.24 (s, 3H), 3.20 (s, 3H), 3.02 (dd, J = 6.7, 14.6 Hz, 1H), 2.89 (dd, J
=6.7, 13.9 Hz, 1H), 2.86 (dd, J = 6.2, 14.6 Hz, 1H), 2.15—2.47 (m, 4H), 1.56—2.06 (m, 29H), 1.51
(s, 9H), 0.85—1.01 (m, 36H); FAB(+MS m/z 1257 (M'+Na); HR-ESI(+)MS calcd for
Ce3H111NoOsNa (M +Na) 1256.8092, found 1256.8142.
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Boc-[L-Leu-L-Leu-{(1S,35)-Acsc®™}]-OMe  {(1S,3S)-nonamer;  2e}. Jj\( ome

(15,35)-Nonamer 2e was prepared from 4e and 9e-CO2ZH in a manner similar socry N\/m

\F

234—236 °C; [a]"b =+ 5.6 (¢ 1.00, CHCls); IR (CDCls) 3429 (br), 3317, 2961, 2937, 2872, 1658,

to that described for the preparation of 2a: 81% yield; colorless crystals; mp

1258, 1159 cm™'; '"H NMR (500 MHz, CDCl;) & 7.64 (br s, 1H), 7.59 (br d, J = 5.1 Hz, 1H), 7.56 (br
s, 1H), 7.45 (br d, J = 5.1 Hz, 1H), 7.39 (br d, J = 7.7 Hz, 1H), 7.31 (br d, J = 6.2 Hz, 1H), 7.28 (br s,
1H), 6.58 (br s, 1H), 5.17 (br s, 1H), 3.90—4.33 (m, 9H), 3.68 (s, 3H), 3.29 (s, 3H), 3.28 (s, 3H),
3.27 (s, 3H), 2.74—2.89 (m, 3H), 2.51—2.59 (m, 2H), 2.37 (dd, J = 5.1 Hz, 14.1 Hz, 1H),
2.12—2.28 (m, 3H), 1.54—1.98 (m, 27H), 1.53 (s, 9H), 0.85—1.01 (m, 36H); FAB(+)MS m/z 1257
(M"+Na); HR-ESI(+)MS calcd for Cg3H; 11 NoO;sNa (M +Na) 1256.8092, found 1256.8141.

H-[L-Leu-L-Leu-Aib];-OMe {Aib-nonamer amine; 5a}. Aib-nonamer
amine 5a was prepared from 2a in a manner similar to that described for the HESWN\A %
preparation of 4a: 81% yield; colorless crystals; mp 245—247 °C; [o]*'p = -

26.9 (¢ 1.00, CHCl3); IR (CDCl3) 3313 (br), 2960, 2871, 1733, 1656, 1531, 1468, 1157 cm™; 'H
NMR (400 MHz, CDCl3) 6 7.73 (br d, J = 6.0 Hz, 1H), 7.55 (br d, J = 6.0 Hz, 1H), 7.48 (br d, J = 6.0
Hz, 1H), 7.38 (br s, 1H), 7.21—7.26 (m, 3H), 6.55 (br s, 1H), 4.36 (m, 1H), 4.15 (m, 1H), 4.02 (m,
1H), 3.92 (m, 2H), 3.68 (s, 3H), 3.41 (m, 1H), 1.40—1.81 (m, 36H), 0.85—1.03 (m, 36H);
FAB(+)MS m/z 989 (M'+Na); HR-ESI(+)MS calcd for C4HooNoO19 (M'+H) 966.6962, found

966.6960.

H-[L-Leu-L-Leu-{(R,R)-Acsc®M}]s-OMe  {(R,R)-nonamer amine; 5b}. Jj\’( MeQ,  OMe
HTN

o] /I'RR
(R,R)-Nonamer amine 5b was prepared from 2b in a manner similar to that L H\)LH ome
O X Ol3
described for the preparation of 4a: 82% yield; colorless crystals; mp >\

232—235 °C; [a]*p = - 25.1 (c 1.00, CHClL); IR (KBr) 3316 (br), 2960, 2936, 2872, 1734, 1657,
1531, 1467, 1120 cm™; "H NMR (400 MHz, CDCl3) & 8.02 (br d, J = 6.0 Hz, 1H), 7.69 (br d, J = 6.0
Hz, 1H), 7.62 (br s, 1H), 7.51 (br d, J = 6.4 Hz, 1H), 7.40 (br s, 1H), 7.31—7.35 (m, 2H), 6.67 (br s,
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1H), 4.34 (m, 1H), 4.18 (m, 1H), 3.76—3.94 (m, 9H), 3.70 (s, 3H), 3.43 (m, 1H), 3.31—3.36 (m,
18H), 3.18 (m, 1H), 2.65—2.94 (m, 4H), 2.14—2.24 (m, 4H), 1.56—2.00 (m, 21H), 0.85—1.02 (m,
36H); FAB(+)MS m/z 1247 (M'+Na); HR-ESI(+)MS calcd for C;H1090NoO6Na (M +Na) 1246.7884,
found 1246.7931.

H-[L-Leu-L-Leu-{(S,S)-Acsc®M}]-OMe  {(S,S)-nonamer amine; 5c}. MeQ  OMe
(S,5)-Nonamer amine 5C was prepared from 2C in a manner similar to that H&S\(HYEH%}OW
described for the preparation of 4a: 85% yield; colorless crystals; mp ° -\f o
64—66 °C; [0]*°p =+ 25.5 (¢ 1.01, CHCl3); IR (KBr) 3319 (br), 2957, 2871, 1742, 1655, 1535, 1467,
1106 cm™'; '"H NMR (400 MHz, CDCls) & 7.90 (br s, 1H), 7.72 (br d, J = 4.8 Hz, 1H), 7.48 (br d, J =
4.4 Hz, 1H), 7.26—7.38 (m, 4H), 7.13 (br s, 1H), 4.33 (m, 1H), 4.20 (m, 1H), 4.05 (m, 1H),
3.72—3.94 (m, 9H), 3.68 (s, 3H), 3.32—3.41 (m, 18H), 2.98 (m, 1H), 2.64—2.72 (m, 2H), 2.50 (m,
1H), 2.35 (dd, J = 7.2, 14.0 Hz, 1H), 1.58—2.27 (m, 15H), 0.85—1.05 (m, 36H); FAB(+)MS m/z
1247 (M"+Na); HR-ESI(+)MS) calcd for Cg;H09NgOsNa (M'+Na) 1246.7884, found 1246.7879.

H-[L-Leu-L-Leu-{(1R,3S)-Acsc®™}];-OMe  {(1R,3S)-nonamer amine; MeQ '
5d}. (IR,3S)-Nonamer amine 5d was prepared from 2d in a manner similar H{\Hg\gnfﬁ\%om
to that described for the preparation of 4a: 62% yield; colorless crystals; mp \%
240—242 °C; [0]*'p = + 4.4 (¢ 1.00, CHCl3); IR (CDCl3) 3421, 3316 (br), 2960, 2872, 1732, 1655,
1530, 1508, 1102 cm™; "H NMR (400 MHz, CDCl3) 8 7.70 (br d, J = 4.8 Hz, 1H), 7.57 (brd, J=5.2
Hz, 1H), 7.52 (br s, 1H), 7.45 (br s, 1H), 7.41 (br d, J= 8.0 Hz, 1H), 7.35 (br d, J = 6.0 Hz, 1H), 7.26
(br s, 1H), 6.46 (br s, 1H), 4.37 (m, 1H), 4.18 (m, 1H), 3.92—4.04 (m, 7H), 3.68 (s, 3H), 3.40 (m,
1H), 3.24—3.26 (s, 9H), 3.01 (dd, J = 6.8, 14.8 Hz, 1H), 2.89 (dd, J = 6.8, 14.4 Hz, 1H), 2.79 (dd, J
= 5.6, 14.4 Hz, 1H), 2.24—2.45 (m, 2H), 1.57—2.12 (m, 30H), 0.85—1.03 (m, 36H); FAB(+)MS
m/z 1135 (M™+H); HR-ESI(+)MS calcd for CsgH;03N9O13Na (M +Na) 1156.7568, found 1156.7613.

H-[L-Leu-L-Leu-{(1S,3S)-Acsc®™}];-OMe {(1S,3S)-nonamer amine; 5e}. Jj\'(
HTN

OMe
Ho g y
S
N ;
N \)I\H OMe
[¢] _\7\ OJ3

(1S,3S)-Nonamer amine 5e was prepared from 2e in a manner similar to that {
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described for the preparation of 4a: 69% yield; colorless crystals; mp 241—243 °C; [a]*p = - 6.1
(c 1.00, CHCly); IR (CDCl3) 3316 (br), 2960, 2936, 1654, 1532, 1508, 1101 cm™; 'H NMR (500
MHz, CDCl3) § 8.10 (br s, 1H), 7.60 (br d, J = 4.0 Hz, 1H), 7.53 (br s, 1H), 7.52 (br d, J = 5.2 Hz,
1H), 7.40 (br d, J = 7.2 Hz, 1H), 7.30 (br d, J = 6.4 Hz, 1H), 7.21 (br s, 1H), 6.89 (br s, 1H), 4.30 (m,
1H), 4.18 (m, 1H), 3.91—4.06 (m, 6H), 3.68 (s, 3H), 3.44 (m, 1H), 3.27—3.28 (m, 9H), 2.75—2.83
(m, 3H), 2.54 (dd, J = 6.8, 14.8 Hz, 1H), 2.35 (dd, J = 4.8 Hz, 14.4 Hz, 1H), 2.28 (dd, J = 7.6 Hz,
11.2 Hz, 1H), 1.57—2.17 (m, 29H), 0.85—1.02 (m, 36H); FAB(+)MS m/z 1135 (M'+H);
HR-ESI(+)MS caled for CsgH;03NgO3Na (M'+Na) 1156.7568, found 1156.7612.

Boc-[L-Leu-L-Leu-Aib],-OMe {Aib-dodecamer; 3a}. A solution of
EDC (46 mg, 0.238 mmol), HOBt (32 mg, 0.238 mmol), and carboxylic acid Boc{\é\gn\;i”%om
9a-CO2H (102 mg, 0.238 mmol) in CH,Cl, (4 mL) was stirred at 0 °C for
30 min. Then, a solution of amine 5a (115 mg, 0.119 mmol) in CH,Cl, (6 mL) was added. After
being stirred at room temperature for 48 h, the solution was diluted with EtOAc, washed with 3%
aqueous HCI, 5% aqueous NaHCOs3, brine, and dried over MgSQO,4.  After removal of the solvent,
the residue was purified by column chromatography on silica gel (65% EtOAc in hexane) to give
Aib-dodecamer 3a (129 mg, 79%) as colorless crystals: mp 250—252 °C; []®p= - 23.1 (c 1.00,
CHCl;); IR (CDCl3) 3310, 3019, 2962, 2871, 1698, 1654, 1428, 1215, 1046 cm™'; '"H NMR (400
MHz, CDCl;) 6 7.83 (br d, J = 5,0 Hz, 1H), 7.75 (br d, J = 5,0 Hz, 1H), 7.58 (br d, J = 8.2 Hz, 1H),
7.54 (br s, 1H), 7.48 (br s, 1H), 7.45 (br s, 1H), 7.26—7.38 (m, 4H), 6.62 (br s, 1H), 5.12 (br s, 1H),
3.90—4.38 (m, 6H), 3.68 (s, 3H), 1.63—2.00 (m, 24H), 1.57 (s, 9H), 1.48—1.54 (m, 24H),
0.86—1.02 (m, 48H); FAB(+)MS m/z 1400 (M'+Na); HR-ESI(+)MS calcd for CH;2sN1,0,5Na
(M"+Na) 1399.9514, found 1399.9518.

Boc-[L-Leu-L-Leu-{(R,R)-Acsc®M}],-OMe  {(R,R)-dodecamer; 3b}.
(R,R)-Dodacamer 3b was prepared from 5b and 9b-CO2H in a manner BOCFS\WH\)OKN”' oMe
H (¢] 3 H Olg
similar to that described for the preparation of 3a: 82% yield (mixture of >\

Me and Et esters); colorless crystals; mp 244—246 °C; [a]*p= - 9.8 (¢ 1.00, CHCls); IR (CDCls)
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3312 (br), 3293, 2960, 2932, 2872, 1698, 1653, 1533, 1508, 1122 cm’'; 'H NMR (400 MHz, CDCl,)
8 7.69—7.80 (m, 4H), 7.38—7.53 (m, 6H), 6.80 (br s, 1H), 5.00 (br s, 1H), 3.77—4.34 (m, 16H),
3.70 (s, 3H), 3.26—3.37 (m, 24H), 2.60—3.21 (m, 8H), 1.66—2.24 (m, 32H), 1.51 (s, 9H),
0.85—1.03 (m, 48H); FAB(+)MS m/z 1745 (M*+Na); HR-ESI(+)MS caled for CsgH;s:N1202:Na
(M'+Na) 1744.0986, found 1744.0979.

Boc-[L-Leu-L-Leu-{(S,S)-Acsc®M}]-OMe  {(S,S)-dodecamer;
(S,S)-Dodacamer 3c was prepared from 5C and 9¢c-COZ2H in a manner similar BOC\NS\[( viL 2}
to that described for the preparation of 3a: 69% yield; colorless crystals; mp
122—124 °C; [0]*°p =+ 31.0 (¢ 1.00, CHCl3); IR (CDCl3) 3325, 2959, 2826, 1654, 1531, 1508, 1215,
1158, 1106 cm™; "H NMR (400 MHz, CDCl3) 8 7.72 (br s, 1H), 7.68 (d, J = 5,2 Hz, 1H), 7.57 ( brs,
1H), 7.33—7.54 (m, 7H), 6.78 (br s, 1H), 5.30 (br s, 1H), 3.70—4.34 (m, 16H), 3.67 (s, 3H),
3.25—3.39 (m, 24H), 1.57—3.10 (m, 40H), 1.51 (s, 9H), 0.85—1.04 (m, 48H); FAB(+)MS m/z 1745
(M"™+Na); HR-ESI(+)MS calcd for CgH;5:N12,0,3Na (M +Na) 1744.0986, found 1744.0926.

Boc-[L-Leu-L-Leu-{(1R,3S)-Acsc®™}],-OMe {(1R,3S)-dodecamer; 3d}.
(1R,3S)-Dodacamer 3d was prepared from 5d and 9d-CO2H in a manner Boc\HS\y(N\)LQ}
similar to that described for the preparation of 3a: 94% yield; colorless
crystals; mp 271—273 °C; [0]*'p= + 6.5 (¢ 1.00, CHCL;); IR (CDCls) 3311, 2960, 2872, 2825, 1653,
1532, 1105 cm™; '"H NMR (400 MHz, CDCl;) 8 7.79 (br d, J = 4.3 Hz, 1H), 7.74 (br d, J = 4.5 Hz,
1H), 7.66 (br s, 1H), 7.62 (br s, 1H), 7.53 (br s, 1H), 7.44—7.50 (m, 4H), 7.39 (br d, J = 5.6 Hz, 1H),
6.52 (brd, J=3.9 Hz, 1H), 4.99 (br s, 1H), 4.37 (m, 1H), 4.18 (m, 1H), 3.88—4.06 (m, 10H), 3.68 (s,
3H), 3.26 (s, 3H), 3.25 (s, 3H), 3.24 (s, 3H), 3.20 (s, 3H), 2.80—3.08 (m, 4H), 1.54—2.50 (m, 44H),
1.52 (s, 9H), 0.86—1.02 (m, 48H); FAB(+)MS m/z 1625 (M'+Na); HR-ESI(+)MS calcd for
CsoH 44N 1,019Na (M +Na) 1624.0563, found 1624.0559.

Boc-[L-Leu-L-Leu-{(1S,35)-Acsc®™}]--OMe  {(1S,3S)-dodecamer;  3e}. JjW ome
" \)k

(1S,3S)-Dodacamer 3e was prepared from 5e and 9e-CO2H in a manner BOC{H

\F
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similar to that described for the preparation of 3a: 90% yield; colorless crystals; mp 250—253 °C;
[a]*’b =+ 9.6 (¢ 1.00, CHCl); IR (CDCls) 3428 (br), 3315, 2960, 2937, 2871, 1654, 1533,1368,
1101 cm™; "H NMR (400 MHz, CDCl3) 8 7.81 (br s, 1H), 7.62—7.71 (m, 4H), 7.53 (br d, J = 7.3 Hz,
1H), 7.47 (br s, 1H), 7.29—7.33 (m, 3H), 7.08 (br s, 1H), 5.76 (br s, 1H), 4.28 (m, 1H), 4.19 (m, 1H),
3.90—4.17 (m, 10H), 3.67 (s, 3H), 3.25—3.28 (m, 12H), 1.61—2.90 (m, 48H), 1.53 (s, 9H),
0.85—1.02 (m, 48H); FAB(+)MS m/z 1625 (M'+Na); HR-ESI(+)MS calcd for CgH;44N1,019Na
(M'+Na) 1624.0563, found 1624.0547.

H-[L-Leu-L-Leu-Aib],-OMe {Aib-dodecamer amine; 6a}.
Aib-dodecamer amine 6a was prepared from 3a in a manner similar to that H&Sﬁ/n\,{&”%}OMe
described for the preparation of 4a: 89% vyield; colorless crystals; mp ’ \% -
249—251 °C; [a]*p = - 30.5 (c 1.01, CHCl;); IR (CDCl3) 3309 (br), 2960, 2871, 1732, 1654,
1533, 1468, 1386, 1365, 1288 cm™; 'H NMR (400 MHz, CDCl3) & 8.21 (br s, 1H), 7.81—7.83 (m,
2H), 7.65 (br s, 1H), 7.50—7.52 (m, 3H), 7.30—7.32 (m, 3H), 7.03 (br s, 1H), 4.32 (m, 1H), 4.13 (m,
1H), 4.00—4.08 (m, 2H), 3.89—3.93 (m, 3H), 3.68 (s, 3H), 3.44 (m, 1H), 1.38—2.00 (m, 48H),
0.85—1.03 (m, 48H); FAB(+)MS m/z 1300 (M +Na); HR-ESI(+)MS calcd for CesH;20N,013Na
(M'+Na) 1299.8990, found 1299.8949.

H-[L-Leu-L-Leu-{(R,R)-Acsc™}],-OMe {(R,R)-dodecamer amine; 6b}. wac, e
(R,R)-Dodecamer amine 6b was prepared from 3b in a manner similar to that H@Hiﬂom
described for the preparation of 4b: 73% yield (mixture of Me and Et esters); s -\FH o
colorless crystals; mp 249—251 °C; [a]*b= - 16.0 (c 1.00, CHCL); IR (CDCls) 3312 (br), 2959,
2936, 2872, 1654, 1535, 1508, 1122 cm™; '"H NMR (400 MHz, CDCl;) & 8.38 (br, 1H), 7.98 (br s,
1H), 7.85—7.88 (m, 3H), 7.76 (br s, 1H), 7.63 (br s, 1H), 7.57 (br s, 1H), 7.42 (br d, J = 3.2 Hz, 1H),
7.34—7.37 (m, 2H) 4.30 (m, 1H), 4.16 (m, 1H), 3.91—4.06 (m, 10H), 3.73—3.82 (m, 3H), 3.71 (s,
3H), 3.51 (m, 1H), 3.28—3.36 (m, 24H), 3.18 (dd, J = 8.0, 14.4 Hz, 1H), 3.08 (dd, J = 8.0, 15.2 Hz,
1H), 3.00 (dd, J = 6.8, 14.8 Hz, 1H), 2.83—2.90 (m, 2H), 2.64 (m, 1H), 2.39 (m, 1H), 1.65—2.24 (m,
32H), 1.03—0.86 (m, 48H); FAB(+)MS m/z 1645 (M'+Na); HR-ESI(+)MS calcd for
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Cs1H 22N 1,0, (M™+H) 1622.0642, found 1622.0564.

H-[L-Leu-L-Leu-{(S,S)-Acsc®M}],-OMe  {(S,S)-dodecamer amine; 6c}. Jj\'( Mo, e
(S,S)-Dodecamer amine 6C was prepared from 3C in a manner similar to that H{ﬂ I HV?LH T AOMe
described for the preparation of 4c: 67% yield; colorless crystals; mp \F

120—122 °C; [a]*p = + 31.7 (¢ 1.00, CHCl3); IR (KBr) 3316 (br), 2957, 2871, 2825, 1740, 1663,
1538, 1468, 1106 cm™; "H NMR (400 MHz, CDCl5) & 8.15 (br s, 1H), 7.73—7.80 (m, 2H), 7.62 (br s,
1H), 7.30—7.53 (m, 4H), 7.28—7.29 (m, 2H), 7.27 (br d, J = 4.4 Hz, 1H), 4.33 (m, 2H), 3.69—4.19
(m, 38H), 3.67 (s, 3H), 3.32—3.42 (m, 24H), 3.03 (m, 2H), 2.65—2.77 (m, 6H), 2.53 (m, 1H),
1.62—2.41 (m, 31H), 0.85—1.06 (m, 48H); FAB(+)MS m/z 1645 (M"+Na); HR-ESI(+)MS calcd for

Cs1H 22N 1,0, Na (M+Na) 1644.0461, found 1644.0382.

H-[L-Leu-L-Leu-{(1R,3S)-Acsc®™}];-OMe  {(1R,3S)-dodecamer amine; veo,
6d}. (1R,3S)-Dodecamer amine 6d was prepared from 3d in a manner similar H{\Hig“\;k%we
to that described for the preparation of 4d: 60% yield; colorless crystals; mp >\
262—265 °C; [0]*'p = + 6.2 (¢ 1.00, CHCl;); IR (CDCl3) 3311 (br), 2960, 2872, 2826, 1653, 1532,
1103 cm™'; '"H NMR (400 MHz, CDCl;) & 8.08 (br s, 1H), 7.79 (br d, J = 3.2 Hz, 1H), 7.75 (br d, J =
3.2 Hz, 1H), 7.66 (br s, 1H), 7.58—7.59 (m, 2H), 7.52 (br s, 1H), 7.45—7.47 (m, 2H), 7.38 (br d, J =
4.8 Hz, 1H), 6.50 (br s, 1H), 4.36 (m, 1H), 4.11—4.16 (m, 2H), 3.94—4.02 (m, 5H), 3.68 (s, 3H),
3.41 (m, 1H), 3.24—3.26 (m, 12H), 2.78—3.05 (m, 4H), 1.57—2.50 (m, 44H), 0.87—1.04 (m, 48H);
FAB(+)MS m/z 1525 (M'+Na); HR-ESI(+)MS caled for C77H;36N;,017Na (M'+Na) 1524.0039,
found 1524.0089.

H-[L-Leu-L-Leu-{(1S,3S)-Acsc®™}];-OMe  {(1S,3S)-dodecamer amine; Jjw

6e}. (1S,3S)-Dodecamer amine 6e was prepared from 3e in a manner similar {

OMe
O S
H S
HTN N\_.)I\N OMe
I

243—245 °C; [a]*’p = + 7.8 (¢ 1.03, CHCL3); IR (CDCl) 3310 (br), 2959, 2935, 2871, 1653, 1540,

to that described for the preparation of 4e: 67% yield; colorless crystals; mp

1101 cm™; "H NMR (400 MHz, CDCl5) & 8.60 (br, 1H), 7.80—8.04 (m, 8H), 7.38 (br s, 1H), 7.10 (br
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s, 1H), 3.91—4.27 (m, 11H), 3.69 (s, 3H), 3.49 (m, 1H), 3.24—3.28 (m, 12H), 1.79—2.82 (m, 48H),
0.90—1.02 (m, 48H), FAB(+)MS m/z 1525 (M++Na); HR-ESI(+)MS calcd for C77H136N12017Na
(M*+Na) 1524.0039, found 1524.0087.

Following epoxides are known compounds. The spectroscopic data of these compounds are in
accordance with those of reported ones. The absolute configurations of epoxides were determined

by the comparison of the specific rotations with literature values.

(2R,3S)-trans-Epoxy-3-phenyl-1-phenylpropan-1-one  (8a). Colorless 0

~O
Ph/\:)l\ Ph

[o]p = + 182.2 (¢ 1.14, CHCI5)]; "H NMR (400MHz, CDCl3) & 8.00—8.02 (m, 2H), 7.36—7.62 (m,

crystals; [a]”p = - 215.1 (¢ 1.00, CHCls) [Lit..* another (2S,3R)-enantiomer,

8H), 4.29 (d, J = 1.6 Hz, 1H), 4.08 (d, J = 1.6 Hz, 1H). HPLC (DAICEL Chiralpak AD column,
4.6 mm¢ x 250 mm; 10% EtOH in hexane; flow rate, 1.0 mL/min): retention time (tr) = 19.1 min

(2R,3S-enantiomer, major), 26.4 min (2S,3R-enantiomer, minor).

(3R,4S)-trans-Epoxy-4-phenylbutan-2-one (8b). Colorless oil; [0]*p = - o)

~O
Ph/\:)J\ M

CDCl3) 6 7.35—7.40 (m, 3H), 7.27—7.29 (m, 2H), 4.00 (d, J = 1.6 Hz, 1H), 3.49 (d, J = 1.6 Hz,

e

64.6 (¢ 1.05, CHCly) [Lit,”> - 73.3 (c 1.00, CHCly)]; 'H NMR (400MHz,

1H), 2.19 (s, 3H). HPLC (DAICEL Chiralpak AD column, 4.6 mm¢ x 250 mm; 10% EtOH in
hexane; flow rate, 1.0 mL/min): tg = 8.3 min (2R,3S-enantiomer, major), 18.9 min

(2S,3R-enantiomer, minor).

(4R,5S5)-trans-Epoxy-2-methyl-5-phenylpentan-3-one  (8c). Colorless 0
crystals; [0]*p = - 149.8 (c 1.00, CHCL) [Lit.,* - 208 (c 1.0, CHCL:)]; 'H Ph ‘ iPr
NMR (400MHz, CDCl3) 67.28—7.40 (m, 5H), 3.92 (d, J = 2.0 Hz, 1H), 3.60 (d, J = 2.0 Hz, 1H),
1.17 (q, J = 5.2, 6H). HPLC (DAICEL Chiralpak AD column, 4.6 mm¢ x 250 mm; 5% EtOH in
hexane; flow rate, 0.7 mL/min): tg = 14.5 min (2R,3S-enantiomer, major), 25.4 min

(2S,3R-enantiomer, minor).
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(1S,2R)-trans-1,2-Epoxy-4,4-dimethyl-1-phenylpentan-3-one (8d). Colorless 59
crystals; [0]*, = - 158.1 (¢ 1.00, CHCL) [Lit.,”s - 194 (c 1, CHCL)]; 'H PhMtBu
NMR (400MHz, CDCl;) 87.30—7.39 (m, 5H), 3.86 (s, 2H), 1.24 (s, 9H). HPLC (DAICEL
Chiralpak AD column, 4.6 mm¢ x 250 mm; 5% EtOH in hexane; flow rate, 0.7 mL/min): tg = 15.0

min (2S,3R-enantiomer, minor), 20.8 min (2R,3S-enantiomer, major).

(2R,3S)-trans-Epoxy-3-phenyl-1-(2-furyl)propan-1-one  (8e). Colorless .0 o
crystals; [0]*p = - 190.0 (c 1.00, CHCL;) [Lit.,'” - 200 (c 1.0, CHCL)]; 'H i |
NMR (400MHz, CDCls) & 7.67 (m, 1H), 7.46 (d, J = 4.0 Hz, 1H), 6.59—6.60 (m, SH), 4.2 (m, 2H).
HPLC (DAICEL Chiralcel OD column, 4.6 mm¢ x 250 mm; 5% iPrOH in hexane; flow rate, 0.8

mL/min): tg = 25.0 min (2S,3R-enantiomer, minor), 26.4 min (2R,3S-enantiomer, major).

(2R,3S)-trans-Epoxy-3-methyl-1-phenylpropan-1-one  (8f). Colorless 59
crystals; [a]*p = - 5.5 (c 1.00, CHCL) [Lit.,'s - 10.0 (c 0.6, CHCL)]; 'H MeMPh
NMR (400MHz, CDCls) 68.01—8.26 (m, 2H), 7.61 (m, 1H), 7.48—7.52 (m, 1H), 3.97 (s, 1H), 3.23
(m, 1H), 1.52 (d, J = 4.4, 3H). HPLC (DAICEL Chiralcel OD column, 4.6 mm¢ x 250 mm; 5%
iPrOH in hexane; flow rate, 0.8 mL/min): tg = 9.1 min (2S,3S-enantiomer, minor), 9.8 min

(2R,3S-enantiomer, major).

(2R,3S)-trans-Epoxy-3-(4-chlorophenyl)-1-phenylpropan-1-one (89). o
/\\Q)J\
Thin yellow crystals; [a]*’p = - 214.4 (c 1.00, CH,CL) [Lit.,'” - 233 (¢ (a-cyph” > “ph
1.0, CH,Cl,)]; '"H NMR (400MHz, CDCl3) $7.99—8.01 (m, 2H), 7.61—7.65 (m, 2H), 7.48—7.52
(m, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 4.24 (d, J = 1.6 Hz, 1H), 4.06 (d, J = 1.6
Hz, 1H). HPLC (DAICEL Chiralcel OD column, 4.6 mm¢ x 250 mm; 2% iPrOH in hexane; flow

rate, 0.6 mL/min): tg = 39.9 min (2S,3R-enantiomer, minor), 43.2 min (2R,3S-enantiomer, major).

2R 3S)-t -E -3-(4-meth henyl)-1-phenyl -1-
(2R,38)-trans-Epoxy-3-(4-methoxyphenyl)-1-phenylpropan-1-one /{Q)OJ\
(4-OMe)Ph” 7 'Ph
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(8h). Thin yellow crystals; [a]*p = - 191.5 (c 1.00, CHCl;) [Lit.,'* another 2S,3R-enantiomer, +
131 (c 0.70, CHCl3)]; 'H NMR (400MHz, CDCl3) & 8.01 (d, J = 7.2 Hz, 2H), 7.62 (m, 1H),
7.47—7.52 (m, 2H), 7.30 (d, J = 8.8 Hz, 2H), 6.94—6.92 (m, 2H), 4.28 (d, J = 1.6 Hz, 1H), 4.03 (d,
J = 1.6 Hz, 1H), 3.83 (s, 3H). HPLC (DAICEL Chiralcel OD column, 4.6 mm¢ x 250 mm; 5%
iPrOH in hexane; flow rate, 0.8 mL/min): tg = 21.3 min (2S,3R-enantiomer, minor), 23.0 min

(2R,3S-enantiomer, major).
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Fig. S1. CD spectra of Boc-[L-Leu-L-Leu-dAA],-OMe (m = 2,3,4).
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CD spectra of Boc-{L-Leu-L-Leu-(1 S.35)-Acsc°’“}n-0|\.ﬂe in TFE solution (100 uM). (a) 1a-1e: hexamer (n = 2). (b) 2a-2e:
nonamer (n = 3). (c) 3a-3e: dodecamer (n = 4). Aib: a (green); (R,R)-Acsc®™M: b (sky blue); (S,5)-Acsc?M: ¢ (yellow);
(1R,35)-Acsc®™: d (dark blue); (15,35)-Acsc®™: e (red).
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Table S2. Selected torsion angle (°) for Boc-[L-Leu-L-Leu-(1S,3S)-Acsc”™]n-OMe 1e (m=2) and 2e (m=3), and
H-[L-Leu-L-Leu-(S,9)-Acsc*™],-OMe 6¢ determined by the X-ray crystallographic analysis.

| |
° o0— | /

C7 /Cy /O
Cv2 CYZ/
. \ Cy : \ S
: : Y\ ; QP xL
0! i ; o Cp E o' Cp :
|| : \ xl o || byl ! || Coyl!
ci ¢ N ci ¢ N cd N
- \N% QB\C% A - \:\N/ a\c/iz Y e \:\N/ u\c/ G
PHO OV | | H | H [
: o H ﬂ ' ' o
Torsion Boc-[L-Leu-L-Leu-(15,35)-Acsc”" [,-OMe 1e Boc-[L-Leu-L-Leu-(15,3S)-Acsc”V];-OMe 2e H-[L-Leu- L-Leu-(S,5)-Acsc™V]4,-OMe 6¢
Angle Molecule A Molecule B Molecule C Molecule A Molecule B
®0 171.8 176.0 178.4 168.3 —-178.8 -
o1 —67.8 —68.3 —68.5 —65.0 -80.1 -
wl -16.3 -15.0 —-14.6 -34.5 —43.2 -12.0
ol 173.2 171.7 172.4 -177.9 -179.2 —-173.5
02 -57.9 -55.3 —62.2 -59.3 -56.2 -50.3
y2 -30.0 -32.0 -24.5 -50.0 —41.5 —44.8
®2 178.6 178.4 175.9 -177.8 -179.6 -176.4
03 —60.9 —61.7 -56.1 -54.3 -54.0 -57.7
y3 -33.0 -30.5 -38.4 -53.2 —47.4 —43.6
®3 179.2 175.1 178.5 —-173.5 —-178.6 -179.4
o4 -86.3 —-86.6 -77.3 —65.0 —62.7 -70.0
y4 -36.8 -354 -39.8 —44.2 —45.6 —40.8
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o4
05
y5
o5
06
Yo
6
o7
y7
o7
08
y8
o8
09
y9
®9
610
yl10
»l10
011
yll
oll
012
yl2
012

177.4
—-65.1
—42.3
174.1
-56.8
=37.7
—-165.5

178.7
-62.2
-39.6
179.8
523
39.5
177.3

177.6
-62.9
—40.8
175.9
56.5
38.0
175.0

-177.9
—66.7
—43.8
178.9
-55.1
—43.1

-173.4
=729
—45.3

-169.9
-85.3
-29.8

-174.2

51.7
323
172.4
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-174.4
-70.0
—34.7
176.7
-56.3
—44.4

-179.6
=723
—43.4

-173.4
—65.6
—48.5

-179.2

51.7
47.0
175.5

~179.1
-60.5
—45.5
-179.2
-58.1
-50.9
~175.2
~64.2
—45.4
~177.0
—61.6
—412
~179.5
-55.3
-41.9
~176.3
~78.2
-26.6
176.8
~78.5
-15.9
174.5
58.7
36.2
179.7



x1
X2
x3

x4
xS
x6

x7
x8
x9
x9
x10
x11
x12
x12°

—-85.8

-111.2

—-86.3
75.9
-80.7

—-178.9

-93.0
62.6

—62.5

-176.7

—-85.6
73.1
=71.1

-176.8

—84.5
79.6

—61.1
—-80.6
-97.7
71.4
-70.0
-173.4
-113.0
92.0

-175.6
-172.4
-84.4
80.4
-70.0
-160.5
-81.0
84.8
176.0
-86.4
-84.0
76.9

-178.5
-177.2
-93.7
76.8
-178.2
-58.0
—-89.1
973
-72.1
-179.9
-89.3
111.8

—66.9
-179.1
—-149.9

126.4

—61.1

—66.6
—148.5

118.7

179.0
-176.5
—-143.0

116.1

-65.0

—66.2
-124.8

99.7
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Fig. S2. Structures of Boc-protected Leu-heteropeptides 1e and 2e, and N-terminal free peptide
6¢ determined by the X-ray crystallographic analysis.

(a) Boc-[(Leu)-{(1S,3S)-Acsc®™} 1.-OMe (1e); hexamer

Water(b)
Mol. A [ )

Water(a)

Mol. B
Water(c)

Water(d)

% Disorder of Leu4’s
side chain




Table S2. Intra- and intermolecular H-bond parameters for
Boc-[L-Leu-L-Leu-{(1S,3S)-Acsc”™} 1,-OMe 1e.

Peptide Donor Acceptor Distance [A] Angle [°] Symmetry
D—H A D---A D—H:--A Operations
Mol. A (P) N3a-H O0a 3.01 157.3 X,Y,Z
N4a-H Ola 2.98 137.6 X,Y,Z
N5a-H Ola 3.01 158.6 X,Y,Z
Né6a-H 0O2a 3.02 163.8 X,Y,Z
Mol. B (P) N3b-H O0b 3.04 155.5 X,Y,Z
N4b-H Olb 2.95 135.2 X,Y,Z
N5b-H O1b 2.95 157.3 X,Y,Z
N6b-H 02b 3.02 164.7 X,Y,Z
Mol. C (P) N3c-H O0c 3.04 153.8 X,Y,Z
N4c-H Olc 2.98 131.7 X,Y,Z
NS5c-H Olc 3.12 161.4 X,Y,Z
N6c-H 0O2c 2.92 162.7 X,Y,Z
Nla-H O5a’ 2.99 165.3 -y.x-y,1/3+z
N2a-H O4da’ 2.99 167.3 -y.x-y,1/3+z
N2a’-H O4a 2.99 167.3 -x+y.-x,-1/3+z
Nla’-H O5a 2.99 165.3 -x+y.-x,-1/3+z
N1b-H o5b’ 2.86 157.1 1-y.x-y,1/3+z
N2b-H 04b’ 2.92 162.9 1-y.x-y,1/3+z
N2b’-H 0O4b 2.92 162.9 1-x+y.1-x,-1/3+z
N1b’-H O5b 2.86 157.1 1-x+y.1-x,-1/3+z
Nlc-H OS¢’ 2.90 153.6 1-y.14x-y,1/3+z
N2c-H O4c’ 3.02 165.4 1-y.14x-y,1/3+z
N2c¢’-H O4c 3.02 165.4 -x+y.1-x,-1/3+z
Nlc¢’-H O5c 2.90 153.6 -x+y.1-x,-1/3+z
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Table S3. Intra- and intermolecular H-bond parameters for
Boc-[L-Leu-L-Leu-{(1S,3S)-Acsc”™} :-OMe 2e.

Peptide Donor Acceptor Distance [4] Angle [°] Symmetry
D—H A D---A D—H---A Operations
Mol. A (P) N4a-H 0O0a 3.17 167.1 X,Y,Z
NS5a-H Ola 2.80 167.8 X,Y,Z
N6a-H 0O2a 3.04 164.0 X,y,Z
N7a-H O3a 3.07 149.4 X,Y,Z
N8a-H O4a 2.92 154.1 X,Y,Z
N9a-H O5a 2.98 159.4 X,Y,Z
Mol. B (P) N4b-H Olb 3.05 117.3 X,Y,Z
N5b-H Olb 3.09 161.0 X,Y,Z
N6b-H 02b 2.92 164.7 X,Y,Z
N8b-H 0O4b 2.99 156.6 X,Y,Z
NO9b-H O5b 2.98 170.7 X,Y,Z
Nla-H 08a’ 2.83 169.9 X,-1+y,z
Nla’-H O8a 2.83 169.9 X,-1+y,z
Ow(a’)-H O7a 2.83 160.5 X, 1+y,z
Ow(b’)-H O6a 2.93 158.7 x,1+y,z
Ow(b”)-H OMb6a 2.92 153.1 2-x,1/2+y,1/2-z
NI1b’-H O7b 2.90 140.1 X,-1+y,z
N1b-H o7v’ 2.90 140.1 X,1+y,z
N3b-H Ow(d’) 2.95 154.9 X,1+y,z
N3b’-H Ow(d) 2.95 154.9 X,-1+y,z
Ow(a)-H O7a’ 2.83 160.5 X,-1+y,z
Ow(b)-H O6a’ 2.93 158.7 X,-1+y,z
Ow(b)-H OMé6a’ 2.92 153.1 2-X,-1/2+y,1/2-z

The distances of N7b ---O3b (3.41 A) and N4b --- O0b (3.88 A) are too long for intramolecular
H-bonds. The distance of N4a - O0a (3.17 A) is a bit long for an intramolecular H-bond. W:

water, OM: OMe group of cyclic amino acids.
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Table S4. Intra- and intermolecular H-bond parameters for
H-[L-Leu-L-Leu-{(S,S)-Acsc*“™}1,-OMe 6c.

Peptide Donor Acceptor Distance [4] Angle [°] Symmetry
D—H A D---A D—H---A Operations
P N4-H 01 2.92 119.6 X,Y,Z
N5-H o1 2.92 164.8 X,Y,Z
N6-H 02 2.90 170.1 X,Y,Z
N7-H 03 3.18 160.4 X,Y,Z
N8-H 04 2.86 166.5 X,Y,Z
N9-H 05 3.05 163.4 X,Y,Z
NI11-H o7 2.90 145.2 X,Y,Z
NI12-H 08 3.14 137.8 X,Y,Z
N2’-H 011 2.89 124.6 X,y,-1+z
N2-H o1r 2.89 124.6 Xy, 1+z
N2-H OpwMmF 3.06 91.0 X,Y,Z
N3-H Obpmr 2.81 172.9 X,Y,Z

The distance of N7 -+ O3 (3.18 A) is a bit long for an intramolecular H-bond, and that of N10 --- O6
(3.30 A) is too long for an intramolecular H-bond. W: water, OM: OMe group of cyclic amino
acids. The side chain of the Leu* residue was disordered, and one DMF molecule existed, but was

disordered at two positions.
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