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General Procedures. Commercial solvents and reagents were used without further purification, 

with the exception of THF, which was dried by filtration through alumina according to the 

procedure of Grubbs.1 Solution-phase reactions were monitored by thin-layer chromatography 

(TLC) and carried out on 250 μm silica gel polyester plates on fluorescent silica gel with UV 

visualization. Column chromatography was performed on 40–63 μm silica gel using flash 

chromatography. Solvents were removed by rotary evaporation. Residual solvents were removed 

under vacuum (< 0.01 mmHg). Precipitated and recrystallized products were dried either under 

vacuum (< 0.01 mmHg) or by air suction through a filter funnel. High resolution mass spectra 

were obtained by electrospray ionization (ESI) on a Waters Micromass LCT Premier (instrument 

variation σ < 5 ppm). NMR spectra were recorded using a 500 MHz Bruker AVANCETM, 600 

MHz Bruker AVANCETM spectrometers and Varian 800 MHz Unity InovaTM spectrometer. 

Chemical shifts are reported in parts per million (ppm) on the δ scale. 1H spectra NMR were 

referenced with TMS (δ = 0.00 ppm) and 13C NMR NMR spectra were referenced either with 

TMS (δ = 0.00 ppm) or with DMSO-d6 (δ = 39.53 ppm). 

1 Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Trimmers, F. J. Organometallics 1996, 15, 1518-
1520. 
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Synthetic Scheme (continued) 
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Representative synthetic procedures for the synthesis of the 

compound 1a – 1f: Artificial β-sheet 1d. 
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          HCTU/
          2,4,6-collidine (5 equiv.)
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3 4d

 

Amide 4d. A 500-mL, three-necked, round-bottomed flask equipped with a nitrogen inlet 

adapter, a glass stopper, a rubber septum, and a magnetic stirring bar was charged with aniline 32 

(2.7 g, 9.5 mmol) and DMF (100 mL). The apparatus was evacuated and flushed with nitrogen (3 

times). A solution of Cbz-Ala-OH (2.4 g, 10.8 mmol) and HCTU (4.7 g, 11.4 mmol) in DMF 

(100 mL) was added to the stirred solution through syringe, followed by 2,4,6-collidine (6.3 mL, 

48 mmol). The pale yellow solution was left under nitrogen for 24 h, then concentrated under 

vacuum. The residue was dissolved in dichloromethane (200 mL), and the solution was washed 1 

M HCl (3 × ca. 100 mL), saturated aqueous NaHCO3 (3 × ca. 100 mL), water (3 × ca. 100 mL), 

dried over MgSO4, filtered and concentrated to give 4.8 g (98%) of 4d as a white solid. The 

compound was used without further purification.  

                                                 
2 Tsai, J. H.; Waldman, A-S.; Nowick, J. S. Bioorg. Med. Chem, 1999, 7, 29-38. 
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Amine 5d. A 500-mL, three-necked, round-bottomed flask equipped with a nitrogen inlet 

adapter, a glass stopper, a gas stopper, a gas inlet adapter fitted with a hydrogen balloon, and a 

magnetic stirring bar was charged with 250 mL of tetrahydrofuran, 100 mL of methanol, and 

amide 4d (4.6 g, 9.5 mmol). 10% Pd/C (0.5 g) was added to the reaction mixture under the 

nitrogen flow. The flask was evacuated and filled with hydrogen and then maintained under the 

hydrogen atmosphere for 4.5 h. The reaction mixture was filtered through celite, the celite was 

washed with ethyl acetate (100 mL), and the combined solution was concentrated under vacuum 

yielding 3.6 g (109%) of amine 5d as a fluffy white solid, which was used without further 

purification. An analytical sample was further dried under high vacuum. 
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Ester 6d. A solution of the amide 5d (3.30 g, 9.40 mmol) and 2,4,6-collidine (2.50 mL, 19.0 

mmol) in dichloromethane (250 mL) was cooled to 0° C with an ice-bath. Ethyl chlorooxoacetate 

(1.05 mL, 9.40 mmol) was slowly added to the stirred solution over 15 min. The solution was 

left stired for an extra 15 minutes and washed 1 M HCl (ca. 250 mL), saturated aqueous 

NaHCO3 (ca. 250 mL), and water (ca. 250 mL). The solution was dried over MgSO4, filtered and 

concentrated to give 4.07 g (96%) of 6d as a white solid, which was used without further 

purification. An analytical sample was recrystallized from the ethanol. 
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Amide 7d. Butylamine (5.0 mL, 54 mmol) was added in one portion to a solution of the ester 6d

(4.07 g, 9.00 mmol) in ethanol (150 mL). After 10 minutes a white precipitate formed. The 

precipitate was filtered and dried to yield 3.70 g (86%) of amide 7d as a white solid. 
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7d 8d

Salt 8d. Amide 7d (3.70 g, 7.37 mmol) was dissolved in a mixture of dichloromethane (100 

mL), trifluoroacetic acid (100 mL) and trisopropylsilane (0.5 mL). After 0.5 h, the solution was 

concentrated and the residue triturated with the diethyl ether to yield 3.55 g (92%) of salt 8d as a 

white powder. 
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Oxazolidinone 9d.  A solution of oxazolidinone 143,4 (1.7 g, 6.1 mmol), HCTU (2.8 g, 6.7 

mmol), and 2,4,6-collidine (2.0 mL, 15.2 mmol) in dimethylformamide (50 mL) was added to a 

solution of 8d (3.0 g, 6.1 mmol) and 2,4,6-collidine (2.0 mL, 15 mmol) in dimethylformamide 

(50 mL). After 6 h, the reaction mixture, was poured into 700 mL ice-water, and the resulting 

precipitate was filtered and washed with water (200 mL). Upon drying, 3.20 g (83%) of 

reasonably pure (90% purity) compound 9d was isolated. Further purification was achieved 

using column chromatography (4:1 chloroform:i-Pr-OH) yielding 2.1 g (54%)5 of pure 9d as a 

white solid.

3 Olsen, R. K.; Ramasamy, K. J. Org. Chem. 1985, 50, 2264-2271.  
4 14 was synthesized according to the procedure: Tantry, S. J.; Kantaraju.; Suresh Babu, V. V. Tetrahedron Lett. 
2002, 43, 9461-9462. 
5 The low yield is due to compound loss while trying to purify 9d with different solvent system. 
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Salt 10d. A 5.6 M solution of dimethylamine in ethanol (15 mL, 84 mmol) was added to a stirred 

mixture of 9d (1.5 g, 2.2 mmol) and ethanol (100 mL). The mixture was warmed to form a 

homogeneous solution, and the solution was stirred for 0.5 h and then concentrated under 

vacuum. The white residue was dissolved in a deprotection cocktail (100 mL, 5:5:1 

TFA:DCM:H2O) and the resulting solution was left to react for 1 h. The solution was 

concentrated under vacuum and the residue was triturated with diethyl ether to afford 1.59 g 

(101%) of 10d as a white powder, which was used in the next step without purification. An 

analytical sample was purified by RP-HPLC (C18 column, gradient 20% CH3CN - 90% H2O to 

90% CH3CN - 10% H2O).
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Salt 12d. A solution of 10d (0.52 g, 0.80 mmol), HCTU (0.39 g, 0.94 mmol), and 2,4,6-collidine 

(1.0 mL, 7.6 mmol) in DMF (50 mL) was stirred at room temperature for 1.5 h and then 

concentrated under vacuum to form a brown oil. The oil was triturated with water and dried 

under vacuum. Purification by column chromatography (9:1 chloroform-isopropanol) yielded 

0.33 g (55%) of 11d as a white solid, which was deprotected for 0.5 h with cleavage cocktail 

(100 mL, 1:1:0.05 TFA-CH2Cl2-triisopropylsilane). The solution was concentrated under vaccum 

and the residue triturated with diethyl ether to afford 0.25 g (76%) of 12d as a white solid. The 

compound was used in the next step without further purification. 
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Artificial β-sheet 1d. A mixture of 12d (0.070 g, 0.090 mmol), 15 (0.035 g, 0.091 mmol) and 

2,4,6-collidine (0.12 mL, 0.91 mmol) in dimethylformamide (10 mL) was allowed to react for 

3.5 h at room temperature. The solution was concentrated under vacuum and residue was 

partitioned between dichloromethane (50 mL) and water (50 mL). The water layer was washed 

extra dichloromethane (50 mL). The organic layers were combined and concentrated to give 

0.060g (64%) of 1d as a white powder, which was further purified by the recrystallization from 

acetonitrile (2 times), to yield 0.030 g (32%) of 1d as a white powder. 
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Spectroscopic DATA for the compound 1a
(10 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows 
Key NOEs assigned as intramolecular are represented with blue arrows 

Key data for amino acids.  

Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 
Aaa 5.15 8.57 8.4 

R1 = Leu1 5.51 8.52 7.7 
R2 = Leu2 5.09 8.24 9.7 
R3 = Ile 4.73 8.70 10.1
R4 = Val 4.49 8.05 9.4

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.92 ppm, t, (overlap)
pro-S: 2.18 ppm, td, (J1 = 11.5 Hz; J2 = 7.0 Hz) 
anisotropy = 0.74 ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.29 - 

Hydrazide Ar 10.67 7.7
Hydrazide Aaa 10.49    7.7

Bu-NH 9.62 5.5 
i-Pr-NH 8.00     8.1 

ESI MS m/z for C52H88N11O12 [M+H]+ calcd 1058.66, found 1058.51. 
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Spectroscopic DATA for the compound 1b
(6 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows 
Key NOEs assigned as intramolecular are represented with blue arrows 

Key data for amino acids. 

Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 
Aaa 5.16 8.67 9.1 

R1 = Leu1 5.53 8.47 8.0 
R2 = Leu2 5.02 8.25 9.7 
R3 = Leu3 5.01 8.68 10.4 
R4 = Val 4.46 8.04 8.7

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.92 ppm, t, (overlap)
pro-S: 2.18 ppm, td, (J1 = 11.5 Hz; J2 = 7.0 Hz) 
anisotropy = 0.74ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.28 - 

Hydrazide Ar 10.59 7.4
Hydrazide Aaa 10.44 7.4

Bu-NH 9.54 5.9 
i-Pr-NH 8.03 7.7 

ESI MS m/z for C52H88N11O12 [M+H]+ calcd 1058.66, found 1058.51. 

Supporting Information S. Levin and J. S. Nowick

S64



)r A( edi zar dy H
) aa A( edi zar dy H

Ar NH

HN- u B

Leu-3-NH
Aaa-NH
Leu-1-NH
Leu-2-NH 4

i-Pr-NH
Val-NH

6
3

Leu-1-

 Val 

Aaa-

Leu-3-
Leu-2-

i-Pr-CHO
M

e
M

e 2
N

-A
aa

 2 HC u B

Succinic

Succinic
Aaa 

Aaa 

Aaa Leu-2 
Leu-2 

Leu-1 H
2O nBu-

Aaa 
Leu-2 

nBu-Leu-1 
Leu-3 

Leu-3 

Leu-3 Me

Leu-1 MeLeu-2 Me
nBu-Me

Val Me
i-Pr-Me

Val 

M
e 2

N
N

N
N

N
N

H
2C

H
2C

H
2C

N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O M

e

H

H

H

H

H

H

H

H

H

H

H H
H

V
al

H

H
H

i-P
r2

i-P
r3

i-P
r1

N
M

e 2
N

N
N

N
N

C
H

2

C
H

2

C
H

2
N

O

O

O

O

O

O

O

N

O
N

N
N

B
u

O

O

O
OM

e

H

H

H

H

H

H

H

H

H

H

HH
H

Va
l

H

H
H

i-P
r2

i-P
r3

i-P
r1

N
N

N

O
O

H

H

H

H

H

i-P
r

H

H

i-P
r

H

H

N
N

M
e

O
O

H

H
A

A
A

H

H

O

M
e

M
e

M
e

H

i-P
r

H
H

N

O
H

α

αα

αβ

β

β

β

β

β
β

β

3
4

6

80
0 

M
H

z 
1 H

 N
M

R
 S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S65



80
0 

M
H

z 
1 H

 N
M

R
 S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

H
2O

Aaa 

Aaa 
Leu-2 

Leu-2 

Val 

nBu-

Aaa 

Leu-1 

Aaa 

Leu-2 

nBu-
Leu-1 

Leu-3 Leu-3 

Val Me

i-Pr-Me

Bu-Me

Leu-3 Me

Leu-1 Me

Leu-2 Me

M
e 2

N
N

N
N

N
N

H
2C

H
2C

H
2C

N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O M

e

H

H

H

H

H

H

H

H

H

H

H H
H

V
al

H

H
H

i-P
r2

i-P
r3

i-P
r1

N
M

e 2
N

N
N

N
N

C
H

2

C
H

2

C
H

2
N

O

O

O

O

O

O

O

N

O
N

N
N

B
u

O

O

O
OM

e

H

H

H

H

H

H

H

H

H

H

HH
H

Va
l

H

H
H

i-P
r2

i-P
r3

i-P
r1

N
N

N

O
O

H

H

H

H

H

i-P
r2

H

H

i-P
r3

H

H

N
N

M
e

O
O

H

H
A

aa
H

H

O

M
e

M
e

M
e

H

i-P
r1

H
H

N

O
H

α

αα

αβ

β

β

β

β

β
β

β

Supporting Information S. Levin and J. S. Nowick

S66



80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

1b

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

Leu3

Supporting Information S. Levin and J. S. Nowick

S67



80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

Supporting Information S. Levin and J. S. Nowick

S68



1b

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S69



80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

1b

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

Supporting Information S. Levin and J. S. Nowick

S70



1b

80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

Supporting Information S. Levin and J. S. Nowick

S71



1b

80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

Leu3

Supporting Information S. Levin and J. S. Nowick

S72



80
0 

M
H

z 
C

O
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
26

8 
K

 (-
5 

°C
), 

6 
m

M

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

Supporting Information S. Levin and J. S. Nowick

S73



H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M

Supporting Information S. Levin and J. S. Nowick

S74



H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M

Supporting Information S. Levin and J. S. Nowick

S75



80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M H

N
N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

Supporting Information S. Levin and J. S. Nowick

S76



H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M

Supporting Information S. Levin and J. S. Nowick

S77



80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

Supporting Information S. Levin and J. S. Nowick

S78



H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M

Supporting Information S. Levin and J. S. Nowick

S79



80
0 

M
H

z 
TO

C
S

Y 
S

pe
ct

ru
m

 o
f 1
b 

in
 C

D
C

l 3
50

 m
s 

m
ix

in
g 

tim
e

26
8 

K
 (-

5 
°C

), 
6 

m
M

H
N

N
H

OH
N

O
Me

O
N
H Val

H
N

O

O

Bu

H
N

O

H2C
H2C
H2C

O

Me2NN
H O

Leu1N
HO

Leu3

H
N

i-Pr

O H
N

Leu2

O

O

H

H H

HH

1b

Supporting Information S. Levin and J. S. Nowick

S80



80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

Le
u-

2 
/ V

al
 

   
 V

al
 

 /
Le

u-
2 

M
e

A
aa

 N
M

e/
i-P

r-
M

e

   
A

aa
 

 /
   

A
aa

 
   

 L
eu

-1
 

 /
   

 L
eu

-2
 

   
 i-

P
r-

N
H

 /
   

 A
aa

 N
M

e

   
   

A
aa

 N
H

 /
   

   
Le

u-
3 

   
 L

eu
-2

 N
H

/
   

 L
eu

-1
 

   
 L

eu
-3

 N
H

   
   

Va
l-

   
 A

r N
H

 /
   

 L
eu

-2
 

   
 H

yd
ra

zi
de

 A
aa

 /
   

   
   

 A
aa

 

   
 L

eu
-1

 N
H

 /
   

   
   

 A
r-

6

E
X

S
YE

X
S

Y

E
X

S
Y

   
   

 B
u-

N
H

   
   

 L
eu

-3
 N

H

   
 H

yd
ra

zi
de

 A
aa

 /
   

   
 L

eu
-1

 N
H

Supporting Information S. Levin and J. S. Nowick

S81



80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

Supporting Information S. Levin and J. S. Nowick

S82



Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S83



80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

Supporting Information S. Levin and J. S. Nowick

S84



Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S85



   
 i-

Pr
 N

H
   

Le
u-

1 
M

e    
 i-

Pr
 N

H
 /

   
 A

aa
 N

M
e

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

Supporting Information S. Levin and J. S. Nowick

S86



   
 H

yd
ra

zi
de

 A
aa

 /
   

   
 L

eu
-1

 N
H

   
   

 n
-B

u-
N

H
   

   
 L

eu
-3

 N
H

   
 L

eu
-1

 N
H

 /
   

   
   

 A
r-6

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S87



   
 A

r N
H

 /
   

 L
eu

-2
 

   
   

A
aa

 N
H

 /
   

   
Le

u-
3 

   
 H

yd
ra

zi
de

 A
aa

 /
   

   
   

 A
aa

 
   

 L
eu

-2
 N

H
/

   
 L

eu
-1

 

   
 i-

Pr
-N

H
 /

   
 A

aa
 N

M
e

   
 L

eu
-3

 N
H

   
   

Va
l-

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

Supporting Information S. Levin and J. S. Nowick

S88



   
 V

al
 

Le
u-

2 
M

e

   
A

aa
 

   
A

aa
 

   
 L

eu
-1

 
   

 L
eu

-2
 

A
aa

 N
M

e/
i-P

r-M
e

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S89



80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

Le
u-

2 
/ V

al
 

Supporting Information S. Levin and J. S. Nowick

S90



Me2N
N

N
N

N
N

H2C
H2C
H2CN

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

H H

Val

H

HH

i-Pr2

i-Pr3 i-Pr1

NMe2
N

N
N

N
N

CH2

CH2

CH2 N

O

O

O

O

O

O

O

N

O
N

N
N

Bu
O

O

O
O
Me

H

H

H

H

H

H

H

H

H

H

H

HH

Val

H

H H

i-Pr2

i-Pr3i-Pr1

80
0 

M
H

z 
N

O
E

S
Y 

S
pe

ct
ru

m
 o

f 1
b 

in
 C

D
C

l 3
40

0 
m

s 
m

ix
in

g 
tim

e
26

8 
K

 (-
5 

°C
), 

6 
m

M

Supporting Information S. Levin and J. S. Nowick

S91



Spectroscopic DATA for the compound 1c
(8 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows 
Key NOEs assigned as intramolecular are represented with blue arrows 

Key data for amino acids. 

Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 
Aaa 5.17 8.37 broad 

R1 = Leu1 5.53 8.40 broad 
R2 = Ala2 5.06 8.42 broad 
R3 = Leu3 5.01 8.60 8.4 
R4 = Ala4l 4.68 8.00 broad 

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.94 ppm, t, (J = 12.2 Hz)
pro-S: 2.19 ppm, td, (J1 = 11.4 Hz; J2 = 7.0 Hz) 
anisotropy = 0.75ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.19 - 

Hydrazide Ar 10.71 broad
Hydrazide Aaa 10.50 broad

Bu-NH 9.50 broad 
i-Pr-NH 8.00 broad 

ESI MS m/z for C47H78N11O12 [M+H]+ calcd 988.58, found 988.45. 
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Spectroscopic DATA for the compound 1d
(20 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows 
Key NOEs assigned as intramolecular are represented with blue arrows 

Key data for amino acids. 

Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 
Aaa 5.16 8.67 8.7 

R1 = Leu1 5.54 8.39 8.0 
R2 = Leu2 4.94 8.31 9.2 
R3 = Leu3 4.97 8.69 10.0 
R4 = Ala 4.79 7.98 7.4

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.91 ppm, t, (overlap)
pro-S: 2.19 ppm, td, (J1 = 11.5 Hz; J2 = 7.0 Hz) 
anisotropy = 0.72ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.20 - 

Hydrazide Ar 10.57 7.4
Hydrazide Aaa 10.43 7.4

Bu-NH 9.62 broad 
i-Pr-NH 8.03 7.4 

ESI MS m/z for C50H84N11O12 [M+H]+ calcd 1030.63, found 1030.50. 
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Spectroscopic DATA for the compound 1e
(1 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows 
Key NOEs assigned as intramolecular are represented with blue arrows 
Dashed arrow represents an NOE that may arise from deviation from ideal β-sheet geometry or from an 
alternative conformer or oligomer. 

Key data for amino acids. 
Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 

Aaa 4.83 8.01 8.0 
R1 = Phe 5.94 8.66 7.7
R2 = Leu 5.06 8.23 9.7
R3 = Ile 4.72 8.78 9.7
R4 = Ala 4.81 7.93                           overlap

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.80 ppm, t, (overlap)
pro-S: 2.14 ppm, td, (J1 = 11.9 Hz; J2 = 7.0 Hz) 
anisotropy = 0.66ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.20 - 

Hydrazide Ar 10.69 7.4
Hydrazide Aaa 10.63 7.4

Bu-NH 9.65 broad 
i-Pr-NH 8.06 7.7 

ESI MS m/z for C53H82N11O12 [M+H]+ calcd 1064.61, found 1064.48. 
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Spectroscopic DATA for the compound 1f
(4 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows. 
Key NOEs assigned as intramolecular are represented with blue arrows. 

Key data for amino acids. 

Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 
Aaa 5.18 8.50 8.4 

R1 = Leu1 5.60 8.41 8.0 
R2 = Phe 5.13 8.55 9.7
R3 = Leu2 5.07 8.80 9.7 
R4 = Ala 4.60 8.06 overlap

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.94 ppm, t, (overlap)
pro-S: 2.18 ppm, td, (J1 = 11.2 Hz; J2 = 7.0 Hz) 
anisotropy = 0.76ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.09 - 

Hydrazide Ar 10.58 7.4
Hydrazide Aaa 10.40 7.4

Bu-NH 9.55 broad 
i-Pr-NH 8.06 overlap 

ESI MS m/z for C53H82N11O12 [M+H]+ calcd 1064.61, found 1064.48. 
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Spectroscopic DATA for the compound 2a
(3 mM, CDCl3 268K) 
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Key NOEs assigned as intermolecular are represented with red arrows. 
Key NOEs assigned as intramolecular are represented with blue arrows. 

Key data for amino acids. 
Amino acid Hα Shift ppm NH Shift ppm 3JNHα Hz 

Aaa 5.20 8.77 8.2 
R1 = Leu1 5.80 8.55 8.2 
R2 = Phe 5.20 9.20 9.8
R3 = Leu2 5.05 8.74 broad 
R4 = Ala 4.50 8.05 broad

Aminoadipic acid (Aaa) δ proton resonances. 
pro-R: 2.85 ppm, t, (J = 12.0 Hz) 
pro-S: 2.20 ppm, td, (J1 = 11.5 Hz; J2 = 7.0 Hz) 
anisotropy = 0.65ppm 

Key data for other NH protons. 
Proton NH Shift ppm J Hz 
Ar-NH 10.20 - 

Hydrazide Ar 10.45 broad
Hydrazide Aaa 10.33 broad

Bu-NH 9.53 broad 
i-Pr-NH 8.10 7.6 

ESI MS m/z for C53H80N11O12 [M+H]+ calcd 1062.60, found 1062.48. 
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