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A. Molecular Modeling

Templates For C” - C? Distances And Overlays

Templates for ideal type | p-turns™? and for y-turns® were obtained from standard torsion angles. A standard
template for overlays with an a-helix was obtained from Discovery Studio 2.5%, and a p-sheet template for
overlays was obtained by p -sheet builder.
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Procedure For Overlays

The contracted and extended Cﬁ- Cﬂ distances of compound 1 were obtained by rotation of the bonds (red
arrows shown below). The possible secondary structures mimicked by compound 1 were obtained by
comparing the values between the Cﬁ- Cﬂdistances for compound 1 against the distances in common
secondary structures shown in table 1. After identifying possible secondary structures that compound 1 can
mimic, the model of compound 1 was overlayed with the model of the secondary structure. Free rotation about
the bonds was allowed to give a good matching of the Cﬂ atoms on compound 1 with the secondary structure.
The overlays for compounds 2, 3 and 4 were also obtained in a similar way.

Procedures For Calculating Energy Barriers

Reaction path calculations were performed at the B3LYP level of theory with the 6-31G(d’) basis set. Full
geometry optimizations were performed for each fragment and stationary points were verified by frequency
calculations and water solvation calculations. All B3LYP calculations were performed using Gaussian 03°.

The energy barriers for rotation of the bonds (red arrows) in compound 1 were calculated on fragments 1A and
1B. The energy barrier for the whole structure was calculated by combination of the results for the fragments.
The energy barriers for compounds 3 and 4 were also obtained in a similar way. For compound 2, the whole
structure was used for the calculation.

rotation about only  H H
these bonds alter
the CP - CP rotation rotation
separations | for this bond for this bond

: HoN VHN

E> R'-g 7 g R
N—N
1 1A 1B

Procedure For Quenched Molecular Dynamics Studies

NAMD® was used for the molecular simulations performed in this work (compounds 1, 2, 3, 4). Explicit atom
representations were used throughout the study. The protein structure files (PSF) for all the peptidomimetics
were built using Discovery Studio 2.5 (Accelrys Inc) using the CHARMmM force field.*

Quenched molecular dynamics simulations were performed using the CHARMmMm force field as implemented in
Discovery Studio 2.5. All four molecules were modeled as neutral compounds in a dielectric continuum of 80
(simulating H,O). Thus, the starting conformers were minimized using 3000 steps of conjugate gradient. The
minimized structures were then subjected to heating, equilibration, and dynamics simulation. Throughout, the
equations of motions were integrated using the Verlet algorithm with a time step 1 fs. Each peptidomimetic was
heated to 1000 K over 10 ps and equilibrated for another 10 ps at 1000 K, then molecular dynamics runs were
performed for a total time of 600 ps with trajectories saved every 1 ps. The resulting 600 structures were
thoroughly minimized using 1000 steps of SD followed by 3000 steps of conjugate gradient. Structures with
energies less than 0.3 (compound 1 and 3) and 1.0 (compound 4) kcal mol™ relative to the global minimum were
selected for further analysis.

The VMD’ package was again used to display, overlay, and classify the selected structures into conformational
groups. The best clustering was obtained using a grouping method based on calculation of RMS deviation of a
subset of atoms, in this study these were the c“- and Cﬁ- atoms. Thus, threshold cutoff values 0.3 A were

selected to obtain families with reasonable homogeneity. The lowest energy conformation from each family
was considered to be a typical representative of the family as a whole.
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B. General Methods for Syntheses

All reactions were carried out under an atmosphere of dry nitrogen. Glassware was oven-dried prior to use.
Unless otherwise indicted, common reagents or materials were obtained from commercial source and used
without further purification. All a-amino acids used were of the L-configuration, except where otherwise
indicated. Triethylamine (TEA) was obtained anhydrous by distillation over calcium hydride and tetrahydrofuran
(THF) was distilled over sodium metal and benzophenone. Acetonitrile, dichloromethane, methanol and diethyl
ether were dried by a Mbraun solvent drying system.

Flash column chromatography was performed using silica gel 60 (230-400 mesh). Analytical thin layer
chromatography (TLC) was carried out on Merck silica gel plates with QF-254 indicator and visualized by UV.
Optical rotations were measured on Jasco DIP-360 digital polarimeter. "H and "*C NMR spectra were recorded
on a Varian 300 (300 MHz "H; 75 MHz "C) or Varian 500 (500 MHz "H; 125 MHz '*C) spectrometer at room
temperature. Chemical shifts were reported in ppm relative to the residual CDCl; (8 7.27 ppm 'H; & 77.0 ppm
3C), CDsOD (8 3.31 ppm 'H; 6 49.86 ppm '°C), or d®-DMSO (& 2.49 ppm 'H; & 39.5 ppm "*C). NMR chemical
shifts were expressed in ppm relative to internal solvent peaks, and coupling constants were measured in Hz.
(br = broad)

C. Preparation of Oxadiazole-based Mimics
General Procedure for Compounds 5a-g

Boc-protected L-amino acid methyl ester (1.0 equiv) was dissolved in ethanol (0.4 M) and hydrazine
monohydrate (3.0 equiv) was added in one portion. The reaction mixture was vigorously stirred at 25 °C for 12
h. The solvents were removed in vacuo and the crude amino acid hydrazide product 5a-g was used in the next
step without further purification.

Scheme S1. Synthesis of compounds 5a-g.
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Compound 5a was prepared from Boc-Gly-OMe (3.78 g, 20.0 mmol) as a white solid.
'H NMR (300 MHz, CDCl3)  7.77 (s, 1H), 5.33 (s, 1H), 3.89 (br, 2H), 3.78 (d, 2H, J = 6.0 Hz), 1.42 (s, 9H)
*C NMR (125 MHz, CDCl3) § 170.3, 156.1, 80.5, 43.1, 28.3
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1
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Preparation of Compound 5b

5b
Compound 5b was prepared from Boc-lle-OMe (3.68 g, 15.0 mmol) as a white solid.

"H NMR (300 MHz, CDCl3) 8 7.70 (br, 1H), 5.15 (d, 1H, J = 8.6 Hz), 4.02-3.30 (m, 3H), 1.82 (br, 1H), 1.60-1.27
(m, 10H), 1.18-1.01 (m, 1H), 1.00-0.75 (m, 6H)

3C NMR (75 MHz, CDCl;) 6 172.4, 155.8, 80.1, 57.9, 37.0, 28.3, 24.8, 15.5, 11.2

"H NMR of 5b
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3C NMR of 5b

Preparation of Compound 5c¢

o)
BocHN\:)J\NHNHz

NHBoc

5¢c
Compound 5¢ was prepared from Boc-Lys(Boc)-OMe (5.41 g, 15.0 mmol) as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.94 (s, 1H), 5.31 (d, 1H, J = 7.5 Hz), 4.70 (br, 1H), 4.13-3.61 (m, 3H), 3.13-2.96
(m, 2H), 1.83-1.71 (m, 1H), 1.67-1.55 (m, 1H), 1.51-1.24 (m, 22H)

'3C NMR (125 MHz, CDCl;) 6 172.8, 156.2, 155.7, 80.1, 79.1, 53.0, 39.8, 31.9, 29.6, 28.4, 28.3, 22.5



"H NMR of 5¢

Preparation of Compound 5d

LA I

3C NMR of 5¢
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(0]
BocHN\:)J\N'_”\IH2

: O'Bu

5d
Compound 5d was prepared from Boc-Tyr('Bu)-OMe (5.27 g, 15 .0 mmol) as a white solid.

"H NMR (500 MHz, CDCl5) & 7.48 (br, 1H), 7.04 (d, 2H, J = 6.9 Hz), 6.88 (d, 2H, J = 8.5 Hz), 5.16 (d, 1H, J= 7.5
Hz), 4.34-4.18 (m, 1H), 3.75-3.65 (m, 2H), 3.05-2.84 (m, 2H), 1.36 (s, 9H), 1.29 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 172.0, 155.4, 154.3, 131.2, 129.6, 124.3, 80.2, 78.4, 54.6, 37.8, 28.8, 28.2

"H NMR of 5d
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3C NMR of 5d

Preparation of Compound 5e

O
BOCHN\:)LNHNHZ

SOBu
5e
Compound 5e was prepared from Boc-Ser('Bu)-OMe (4.13 g, 15.0 mmol) as a white solid.

"H NMR (300 MHz, CDCl3) & 7.74 (br, 1H), 5.35 (br, 1H), 4.15 (br, 1H), 3.88-3.49 (m, 3H), 3.35 (dd, 1H, J = 7.0,
8.7 Hz), 1.41 (s, 9H), 1.13 (s, 9H)

3C NMR (125 MHz, CDCl5) 6 171.5, 155.4, 80.2, 73.9, 61.5, 53.6, 28.3, 27.3
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Preparation of Compound 5f

3C NMR of 5e
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&mHN:[fKNHNH
2
BuO

5f
Compound 5f was prepared from Boc-Thr('Bu)-OMe (2.89 g, 10.0 mmol) as a white solid.

"H NMR (300 MHz, CDCl3) & 7.91 (br, 1H), 5.54 (br, 1H), 4.20-3.99 (m, 2H), 3.86 (br, 2H), 1.41 (s, 9H), 1.19 (s,
9H), 1.01 (d, 3H, J = 6.0 Hz)

"H NMR of 5f

Preparation of Compound 5g
| 0]
/N¢J\NHNH2

S0Bu
59

To a solution of H-Ser('Bu)-OMe (1.06 g, 5.0 mmol) in 16.0 mL CH3;OH was added acetic acid to adjust the pH
(~4.0). To this solution was slowly added 37 % formaldehyde solution (4.0 mL, 50.0 mmol), and then NaCNBH3;
(471.3 mg, 7.5 mmol) while stirring. The reaction mixture was stirred at 25 °C for 10 h. The solvents were
removed under reduced pressure. The residue was washed with sat. NaHCO; and extracted with CH,Cl,. The
CH,Cl, solution was dried with Na,SO,4 and concentrated to dryness. Flash chromatography with
EtOAc/hexanes mixtures (20 % to 30 %) afforded pure N, N-dimethyl-Ser('Bu)-OMe as colorless oil (761.3 mg,
75 %). Compound 5g was then prepared from N, N-dimethyl-Ser('Bu)-OMe (1.62 g, 8.0 mmol) using a
procedure similar to that described for compounds 5a-f. Compound 5g was obtained as a white solid and used
in the next step without further purification.

"H NMR (500 MHz, CDCls) 8 8.13 (br, 1H), 3.80 (br, 2H), 3.75 (dd, 1H, J = 4.3, 9.8 Hz), 3.58 (dd, 1H, J = 6.1, 9.8
Hz), 3.03 (dd, 1H, J = 4.3, 6.1 Hz), 2.33 (s, 6H), 1.14 (s, 9H)
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3C NMR (125 MHz, CDCls) 6 172.3, 73.2, 68.5, 59.6, 42.8, 27.7
MS (APCI, m/z) calcd for CgH,2N30, (M+H)" 204.2, found 204.0

'H NMR of 5g

T
180 160 140 120 100 80 60 40 20 ppm

3C NMR of 5g
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General Procedure for Compounds 6a-t

The Cbz protected amino acid (1.0 equiv) was dissolved in dry CH3CN (0.50 M). 1-Hydroxybenzotriazole
(HOBLt) (1.1 equiv) was added in one portion followed by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
(1.1 equiv). The mixture was stirred at 25 °C for ~ 1h (until all of the acid was converted to the activated form).
The resulting mixture was then slowly added to a solution of protected amino acid hydrazide 5a-g (1.0 equiv) in
dry CH3CN (0.50 M). The reaction mixture was vigorously stirred at 25 °C for 8 h. The solvent was removed
under reduced pressure and the residue was washed with H,O (30.0 mL), 1N HCI (30.0 mL), saturated NaHCO3
(30.0 mL) and brine (30.0 mL). The solid crude product was dried in vacuo and used in the next step directly.
To a stirred solution of this diacyl hydrazide intermediate in dry THF (0.10 M), PPh3 (2.0 equiv), I, (2.0 equiv)
and Et3;N (4.0 equiv) were added at 0 °C. The cooling bath was removed after 30 min and stirring was
continued at 25 °C for 4-6 h. Water (30.0 mL) was added and the resulting mixture was stirred for 1 h. The
organic phase was separated and dried with Na,SO,4 and concentrated in vacuo. The residue was purified by
flash chromatography with EtOAc/hexanes mixtures to provide pure compounds 6a-t.

Scheme S2. Synthesis of compounds 6a-t.
(i) Cbz-amino acid
o EDC, HOB, X NHCbz
MeCN, 25 °C, 12 h Ov/(
X\)J\NHNH - > R1'\\B\< / R2
51' 2 (i) PPhg, 15, EtsN N—N
R THF,0-25°C,10h
5a-f X =NHBoc 6a-q X =NHBoc
5g X =NMe, 6r-t X =NMe,
Preparation of Compound 6a
NHBoc
t
O'Bu N=N
/7 \

(0]
CbzHN NHBoc
6a

Compound 6a was prepared from 5¢ (4.75 g, 13.2 mmol) and Cbz-Ser('Bu)-OH (3.89 g, 13.2 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 5.27 g (64 %) 6a as a white solid.

"H NMR (500 MHz, CDCl3) § 7.40-7.27 (m, 5H), 5.76 (d, 1H, J = 7.8 Hz), 5.19-5.07 (m, 4H), 4.96 (br, 1H), 4.59
(br, 1H), 3.82-3.76 (m, 1H), 3.69 (dd, 1H, J = 3.9, 9.2 Hz), 3.12-3.02 (m, 2H), 1.96-1.74 (m, 2H), 1.56-1.30 (m,
22H), 1.07 (s, 9H)

3C NMR (75 MHz, CDCl;) 6 167.0, 165.6, 156.0, 155.8, 155.0, 136.0, 128.6, 128.3, 128.2, 80.4, 79.2, 73.9,
67.3,62.4,48.7, 46.9, 40.0, 33.4, 29.4, 28.4, 28.3, 27.2, 22.3

MS (ESI, m/z) calcd for C31H49NsNaOg (M+Na)* 642.3, found 642
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Preparation of Compound 6b

NHBoc
o
BuO

N—N

! »\\
(0]

CbzHN NHBoc

6b

Compound 6b was prepared from 5¢ (3.48 g, 14.2 mmol) and Cbz-Glu(O'Bu)-OH (5.40 g, 14.2 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 4.52 g (48 %) 6b as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.40-7.29 (m, 5H), 5.65 (br, 1H), 5.27-5.05 (m, 4H), 4.97 (br, 1H), 4.64 (br, 1H),
3.09 (br, 2H), 2.45-2.21 (m, 3H), 1.18-1.08 (m, 1H), 1.58-1.33 (m, 31H)

3C NMR (125 MHz, CDCl3) 8 171.7, 167.3, 166.2, 156.1, 155.7, 155.1, 135.9, 128.5, 128.3, 128.1, 81.0, 80.4,
79.1,67.3,47.4,47.0, 39.9, 33.4, 31.1, 29.4, 28.4, 28.3, 28.0, 22.3

MS (ESI, m/z) calcd for Cs3Hs1NsNaOg (M+Na)" 684.36, found 684

8 7 6 5 4 3 2 1 ppm

"H NMR of 6b
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Preparation of Compound 6¢

NHBoc

BuO
N—N
7\

@)
CbzHN NHBoc

6¢c

Compound 6¢ was prepared from 5¢ (4.66 g, 12.9 mmol) and Cbz-Asp(O'Bu)-OH*DCHA (6.53 g, 12.9 mmol).
Flash chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 3.32 g (40 %) 6c as a white solid.

"H NMR (300 MHz, CDCl3) 8 7.39-7.26 (m, 5H), 6.02 (d, 1H, J = 7.8 Hz), 5.39-5.28 (m, 1H), 5.21-5.06 (m, 3H),
4.95 (br, 1H), 4.61 (br, 1H), 3.12-2.84 (m, 4H), 1.95-1.73 (m, 2H), 1.53-1.27 (m, 31H)

3C NMR (75 MHz, CDCl;) 6 169.2, 167.3, 165.8, 156.0, 155.6, 155.0, 135.9, 128.5, 128.3, 128.2, 82.1, 80.4,
79.1,67.3,47.0, 44.5, 40.0, 38.2, 33.4, 29.4, 28.4, 28.2, 27.9, 22.3

MS (ESI, m/z) calcd for C32HsoNsOg (M+H)" 648.36, found 648
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Preparation of Compound 6d
O'Bu
NHBoc

N—N
1\
(0]
CbzHN NHBoc

6d

Compound 6d was prepared from 5¢ (4.70 g, 13.0 mmol) and Cbz-Tyr(‘Bu)-OH (4.84 g, 13.0 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 3.70 g (41 %) 6d as a white solid.

"H NMR (300 MHz, CDCls3) § 7.39-7.26 (m, 5H), 6.94 (d, 2H, J = 8.5 Hz), 6.84 (d, 2H, J = 8.5 Hz), 5.48 (d, 1H, J
= 8.0 Hz), 5.36-5.21 (m, 1H), 5.20-5.00 (m, 3H), 4.97-4.84 (m, 1H), 4.66 (br, 1H), 3.25-2.96 (m, 4H), 1.90-1.66
(m, 2H), 1.52-1.19 (m, 31H)

3C NMR (75 MHz, CDCl3) & 167.1, 166.1, 156.1, 155.4, 155.0, 154.6, 135.9, 132.1, 129.7, 128.5, 128.3, 128.1,
124.3, 80.4, 79.1, 78.5, 67.2, 48.9, 47.0, 40.0, 39.0, 33.3, 29.4, 28.8, 28.4, 28.3, 22.3

MS (MALDI, m/z) calcd for C3;Hs3NsNaOg (M+Na)* 718.38, found 718

8 7 6 5 4 3 2 1 ppm

"H NMR of 6d
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3C NMR of 6d

Preparation of Compound 6e

6e

Compound 6e was prepared from 5b (3.51 g, 14.3 mmol) and Cbz-Ser('Bu)-OH (4.22 g, 14.3 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 5.42 g (75 %) 6e as a white solid.

"H NMR (500 MHz, CDCl3) § 7.40-7.27 (m, 5H), 5.74 (d, 1H, J = 8.8 Hz), 5.23-5.06 (m, 4H), 4.96-4.88 (m, 1H),
3.83-3.75 (m, 1H), 3.68 (dd, 1H, J = 3.9, 9.1 Hz), 1.89 (br, 1H), 1.48-1.35 (m, 10H), 1.21-1.10 (m, 1H), 1.06 (s,
9H), 0.93-0.80 (m, 6H)

3C NMR (75 MHz, CDCl3) & 175.3, 174.3, 163.6, 162.9, 141.9, 133.7, 133.4, 133.4, 80.5, 73.5, 66.4, 61.2, 49.1,
45.8, 35.2,23.4,22.2,19.7, 8.8, 4.8

MS (ESI, m/z) calcd for CosHaoN4sNaOg (M+Na)* 527.28, found 527



S20

"H NMR of 6e
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Preparation of Compound 6f
BocHN

N—-N
7\

(@]
CbzHN NHBoc

6f

Compound 6f was prepared from 5a (3.37 g, 17.8 mmol) and Cbz-Lys(Boc)-OH (6.78 g, 17.8 mmol). Flash
chromatography (1:3 to 1:1 EtOAc/Hexanes) afforded 5.57 g (59%) 6f as a white solid.

"H NMR (500 MHz, CDCl3) & 7.34-7.18 (m, 5H), 6.04 (br, 1H), 5.54 (br, 1H), 5.10-4.94 (m, 3H), 4.73 (br, 1H),
4.50-4.30 (br, 2H), 3.03 (br, 2H), 1.96-1.75 (m, 2H), 1.53-1.20 (m, 22H)

3C NMR (75 MHz, CDCl;) 6 167.1, 164.4, 156.1, 155.9, 155.4, 135.9, 128.4, 128.2, 128.1, 80.4, 79.1, 67.1,
47.5, 39.8, 35.7, 32.8, 29.3, 28.3, 28.2, 22.3

MS (ESI, m/z) calcd for CasH3gNsNaO; (M+Na)* 556.27, found 556

8 7 6 5 4 3 2 1 ppm

"H NMR of 6f
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Preparation of Compound 6g

3C NMR of 6f

BuO

t
N=N O'Bu
7\

O
CbzHN NHBoc

6g

20 ppm

Compound 6g was prepared from 5e (4.13 g, 15.0 mmol) and Cbz-Asp(O'Bu)-OH*DCHA (7.57 g, 15.0 mmol).
Flash chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 3.80 g (45 %) 6g as a white solid.

"H NMR (300 MHz, CDCl3) § 7.36-7.25 (m, 5H), 6.01 (d, 1H, J = 9.2 Hz), 5.46 (d, 1H J = 8.7 Hz), 5.38-5.28 (m,
1H), 5.16-4.98 (m, 3H), 3.78-3.67 (m, 1H), 3.62 (dd, 1H, J = 4.0, 9.2 Hz), 3.03-2.81 (m, 2H), 1.47-1.29 (m, 18H),

1.04 (s, 9H)

3C NMR (75 MHz, CDCl;) 6 169.1, 166.2, 165.6, 155.5, 155.0, 135.9, 128.2, 128.1, 128.0, 82.0, 80.2, 73.7,
67.2,62.2,48.2,44.4, 38.0, 28.2, 27.8, 27.1

MS (ESI, m/z) calcd for CsHa3N4Og (M+H)" 563.3, found 563
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Preparation of Compound 6h
O'Bu

(0]
CbzHN NHBoc

6h

Compound 6h was prepared from 5e (2.34 g, 8.5 mmol) and Cbz-Tyr('Bu)-OH*DCHA (4.70 g, 8.5 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 4.20 g (81%) 6h as a white solid.

"H NMR (500 MHz, CDCl5) § 7.35-7.26 (m, 5H), 6.95-6.88 (m, 2H), 6.86-6.81 (m, 2H), 5.50-5.37 (m, 2H),
5.33-5.25 (m, 1H), 5.10-5.00 (m, 3H), 3.73 (br, 1H), 3.64 (dd, 1H, J = 4.0, 9.2 Hz), 3.26-3.02 (m, 2H), 1.43 (s,
9H), 1.28 (s, 9H), 1.07 (s, 9H)

3C NMR (125 MHz, CDCl;) 6 166.1, 165.8, 155.4, 155.1, 154.6, 136.0, 129.8, 129.5, 128.5, 128.2, 128.0,
124.1, 80.4, 78.4, 73.8, 67.1, 62.3, 48.8, 48.2, 38.8, 28.8, 28.2, 27.2

MS (ESI, m/z) calcd for Cs3HssN4sNaO; (M+Na)" 633.33, found 633

"H NMR of 6h
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Preparation of Compound 6i

BuO
N O'Bu

CbzHN NHBoc

6i

Compound 6i was prepared from 5e (3.99 g, 14.5 mmol) and Cbz-Glu(O'Bu)-OH (4.89 g, 14.5 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 7.02 g (48 %) 6i as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.36-7.26 (m, 5H), 5.45 (br, 2H), 5.15-5.02 (m, 4H), 3.80-3.70 (br, 1H), 3.65 (dd,
1H, J = 3.8, 9.1 Hz), 2.41-2.17 (m, 3H), 2.16-2.05 (m, 1H), 1.49-1.32 (m, 18H), 1.07 (s, 9H)

3C NMR (125 MHz, CDCl5) 6 171.6, 166.2, 166.0, 155.6, 155.1, 135.9, 128.5, 128.2, 128.1, 80.9, 80.4, 73.7,
67.2,62.5, 48.3, 47.3, 31.1, 28.6, 28.2, 28.0, 27.2

MS (ESI, m/z) calcd for CyoHs4NsNaOg (M+Na)* 599.3, found 599
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Preparation of Compound 6j
BocHN

N-N O\tB“

N

@)
CbzHN NHBoc
6]

Compound 6j was prepared from 5e (3.71 g, 13.5 mmol) and Cbz-Lys(Boc)-OH (4.55 g, 13.5 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 5.0 g (60%) 6j as a white solid.

"H NMR (500 MHz, CDCl3) § 7.39-7.26 (m, 5H), 5.50 (br, 2H), 5.15-4.97 (m, 4H), 4.59 (br, 1H), 3.74 (br, 1H),
3.65 (dd, 1H, J = 3.9, 9.1 Hz), 3.06 (br, 2H), 1.99-1.75 (m, 2H), 1.54-1.28 (m, 22H), 1,06 (s, 9H)

3C NMR (75 MHz, CDCl;) 6 166.5, 166.1, 156.0, 155.7, 155.2, 135.9, 128.5, 128.2, 128.1, 80.4, 79.2, 73.8,
67.2,62.5,48.3, 47.5, 39.9, 33.2, 29.4, 28.4, 28.2, 27.2, 22.2

MS (ESI, m/z) calcd for C31H49NsNaOg (M+Na)* 642.3, found 642

'H NMR of 6j
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Preparation of Compound 6k
O'Bu

BuO
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CbzHN NHBoc

6k

Compound 6k was prepared from 5d (4.43 g, 12.6 mmol) and Cbz-Asp(O'Bu)-OH*DCHA (6.36 g, 12.6 mmol).
Flash chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 3.40 g (42%) 6k as a white solid.

"H NMR (300 MHz, CDCl3) 8 7.43-7.27 (m, 5H), 6.94 (d, 2H, J = 8.2 Hz), 6.86 (d, 2H, J = 8.2 Hz), 5.94 (br, 1H),
5.38-4.98 (m, 5H), 3.22-2.82 (m, 4H), 1.46-1.20 (m, 18H)

3C NMR (75 MHz, CDCl3) 6 169.3, 166.7, 165.8, 155.6, 154.7, 154.5, 135.9, 129.9, 129.8, 128.6, 128.3, 128.2,
124.2, 82.2,80.4, 78.4, 67.4, 48.3, 44.5, 39.1, 38.1, 28.8, 28.2, 27.9

MS (ESI, m/z) calcd for Ca4H47N4Og (M+H)" 639.3, found 639
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Preparation of Compound 6l

t
BocHN QBu
N—N X
/ »\\
0
CbzHN NHBoc

6l

Compound 61 was prepared from 5d (4.78 g, 13.6 mmol) and Cbz-Lys(Boc)-OH (5.17 g, 13.6 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 6.20 g (66 %) 6l as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.34-7.25 (m, 5H), 6.96 (d, 2H, J = 7.9 Hz), 6.84 (d, 2H, J = 7.9 Hz), 5.71 (br, 1H),
5.36-4.93 (m, 5H), 4.73 (br, 1H), 3.20-2.94 (m, 4H), 1.98-1.72 (m, 2H), 1.53-1.20 (m, 31H)

3C NMR (75 MHz, CDCl3) 6 166.0, 156.1, 155.7, 154.8, 154.4, 135.9, 130.1, 129.7, 128.5, 128.2, 128.1, 124.2,
80.3, 79.1, 78.5, 67.2, 48.4, 47.5, 39.8, 39.2, 33.0, 29.4, 28.7, 28.4, 28.2, 22.2

MS (ESI, m/z) calcd for C3;Hs3NsNaOg (M+Na)* 718.4, found 718
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Preparation of Compound 6m

(@]
CbzHN NHBoc

10m

Compound 6m was prepared from 5d (5.00 g, 14.2 mmol) and Cbz-Glu(O'Bu)-OH (4.80 g, 14.2 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 4.79 g (52 %) 6m as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.35-7.22 (m, 5H), 6.95 (d, 2H, J = 7.8 Hz), 6.84 (d, 2H, J = 7.8 Hz), 5.85 (br, 1H),
5.32 (br, 1H), 5.20 (br, 1H), 5.14-4.93 (m, 3H), 3.22-2.93 (m, 2H), 2.38-2.24 (m, 2H), 2.23-1.98 (m, 2H),
1.48-1.20 (m, 27H)

'3C NMR (75 MHz, CDCl3) 6 171.6, 166.6, 166.2, 155.6, 154.7, 154.3, 135.9, 130.1, 129.6, 128.4, 128.1, 128.0,
124.1, 80.9, 80.2, 78.3, 67.1, 48.3, 47.2, 39.0, 31.0, 28.7, 28.3, 28.1, 27.9

MS (ESI, m/z) calcd for C3sHssNsNaOg (M+Na)* 675.3, found 675
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Preparation of Compound 6n
O'Bu

O'Bu

~Z
=2

O
CbzHN NHBoc

6n

Compound 6n was prepared from 5d (5.00 g, 14.2 mmol) and Cbz-Ser('Bu)-OH (4.20 g, 14.2 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 3.75 g (43 %) 6n as a white solid.

"H NMR (300 MHz, CDCl3) § 7.40-7.26 (m, 5H), 6.95 (d, 2H, J = 8.3 Hz), 6.85 (d, 2H, J = 8.3 Hz), 5.72 (d, 1H, J
= 8.7 Hz), 5.28-4.98 (m, 5H), 3.78 (dd, 1H, J = 3.0, 9.2 Hz), 3.67 (dd, 1H, J = 3.9, 9.2 Hz), 3.23-2.98 (m, 2H),
1.48-1.19 (m, 18H), 1.08 (s, 9H)

3C NMR (75 MHz, CDCl3) 6 166.4, 165.6, 155.7, 154.7, 154.5, 136.0, 130.0, 129.8, 128.5, 128.3, 128.2, 124.2,
80.4, 78.4, 73.9, 67.3, 62.3, 48.6, 48.3, 39.1, 28.8, 28.2, 27.2

MS (ESI, m/z) calcd for C33HssNsNaO; (M+Na)* 633.3, found 633

8 7 6 5 4 3 2 1 ppm

"H NMR of 6n
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Preparation of Compound 60

t
N-N QB
(0]
BocHN NHCbz
6o

Compound 60 was prepared from 5a (0.38 g, 2.0 mmol) and Cbz-Ser('‘Bu)-OH (0.59 g, 2.0 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 0.36 g (40 %) 60 as a white solid.

"H NMR (500 MHz, CDCl3) § 7.36-7.24 (m, 5H), 5.95 (br, 1H), 5.58 (d, 1H, J = 8.8 Hz), 5.14-5.01 (m, 3H), 4.54
(d, 2H, J = 6.0 Hz), 3.77-3.70 (m, 1H), 3.64 (dd, 1H, J = 4.0, 9.1 Hz), 1.42 (s, 9H), 1.06 (s, 9H)

3C NMR (125 MHz, CDCl;) 6 166.2, 163.8, 156.0, 155.1, 135.9, 128.4, 128.1, 128.0, 80.2, 73.7, 67.1, 62.1,
48.1, 36.0, 28.1, 27.0

MS (ESI, m/z) calcd for Cx,H3NsNaOg (M+Na)* 471.2, found 471
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Preparation of Compound 6p
BocHN

(@] _
BocHN NHCbz

6p

Compound 6p was prepared from 5¢ (2.26 g, 6.3 mmol) and Cbz-lle-OH*DCHA (2.80 g, 6.3 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 2.26 g (61 %) 6p as a white solid.

"H NMR (500 MHz, CDCl3) & 7.39-7.26 (m, 5H), 5.60 (d, 1H, J = 8.5 Hz), 5.27 (d, 1H, J = 8.6 Hz), 5.14-5.03 (m,
2H), 5.02-4.84 (m, 2H), 4.63 (br, 1H), 3.13-3.00 (m, 2H), 2.00-1.73 (m, 3H), 1.55-1.30 (m, 23H), 1.21-1.10 (m,
1H), 0.94-0.80 (m, 6H)

3C NMR (125 MHz, CDCl5) 6 167.0, 166.1, 156.1, 155.8, 155.1, 135.9, 128.5, 128.2, 128.1, 80.3, 79.1, 67.2,
52.2,47.0, 39.9, 38.8, 33.2, 29.4, 28.4, 28.2, 24.9, 22.3, 15.1, 11.3

MS (ESI, m/z) calcd for C3oHsNsO7 (M+H)" 590.35, found 590

'H NMR of 6p
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Preparation of Compound 6q
NHBoc

tBUO— o
BocHN NHCbz
6q

Compound 6q was prepared from 5f (2.59 g, 8.9 mmol) and Cbz-Lys(Boc)-OH (3.48 g, 8.9 mmol). Flash
chromatography (1:4 to 3:7 EtOAc/Hexanes) afforded 3.42 g (60%) 6q as a white solid.

"H NMR (500 MHz, CDCl3) § 7.37-7.26 (m, 5H), 5.60-5.46 (m, 2H), 5.07 (s, 2H), 5.05-4.97 (m, 1H), 4.87 (dd,
1H, J = 1.5, 9.6 Hz), 4.63 (br, 1H), 4.10-3.95 (m, 1H), 3.14-2.95 (m, 2H), 1.98-1.77 (m, 2H), 1.53-1.30 (m, 22H),
1.21 (d, 3H, J = 6.1 Hz), 0.90 (s, 9H)

3C NMR (125 MHz, CDCl;) 6 166.4, 166.3, 156.1, 155.7, 155.1, 135.9, 128.5, 128.2, 128.1, 80.2, 79.1, 74.3,
68.0, 67.2, 53.2, 47.4, 39.8, 33.0, 29.4, 28.3, 28.2, 27.9, 22.3, 20.0

MS (ESI, m/z) calcd for C32Hs5,NsOg (M+H)" 634.38, found 634
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Preparation of Compound 6r
'BuO

(@)
CbzHN N—

6r

Compound 6r was prepared from 5g (1.42 g, 7.0 mmol) and Cbz-Asp(O'Bu)-OH*DCHA (3.53 g, 7.0 mmol).
Flash chromatography (1:4 to 1:1 EtOAc/Hexanes) afforded 1.51 g (44 %) 6r as a white solid.

"H NMR (500 MHz, CDCl3) § 7.38-7.26 (m, 5H), 6.15 (d, 1H, J = 9.2 Hz), 5.36 (dt, 1H, J = 5.2, 9.2 Hz), 5.11 (s,
2H), 4.03-3.96 (m, 1H), 3.84-3.70 (m, 2H), 3.00 (dt, 1H, J = 4.7, 16.6 Hz), 2.92 (dd, 1H, J = 5.4, 16.6 Hz), 2.25
(s, 6H), 1.38 (s, 9H), 1.11 (s, 9H)

'3C NMR (125 MHz, CDCl5) 6 169.0, 165.4, 164.8, 155.4, 135.9, 128.3, 128.1, 127.9, 81.8, 73.3, 67.0, 61.0,
60.8, 44.4, 41.9, 38.1, 27.8, 27.1

MS (ESI, m/z) calcd for CsHagN4Og (M+H)™ 491.29, found 491

8 7 6 5 4 3 2 1 ppm

"H NMR of 6r
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Preparation of Compound 6s
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Compound 6s was prepared from 5g (1.02 g, 5.0 mmol) and Cbz-Glu(O'Bu)-OH (1.69 g, 7.0 mmol). Flash
chromatography (1:4 to 1:1 EtOAc/Hexanes) afforded 1.02 g (40 %) 6s as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.33-7.17 (m, 5H), 5.86-5.75 (m, 1H), 5.12-4.97 (m, 3H), 3.99-3.91 (m, 1H),
3.79-3.65 (m, 2H), 2.36-2.14 (m, 9H), 2.12-2.02 (m, 1H), 1.35 (s, 9H), 1.07 (s, 9H)

'3C NMR (125 MHz, CDCl3) 8 171.5, 165.9, 164.9, 155.6, 135.9, 128.3, 128.0, 127.9, 80.7, 73.3, 67.0, 61.1,
60.8,47.2,42.1, 31.0, 28.4, 27.8, 27.2

MS (ESI, m/z) calcd for CysH41N4Og (M+H)" 505.30, found 505
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Preparation of Compound 6t
O'Bu

6t

Compound 6t was prepared from 5g (2.66 g, 7.0 mmol) and Cbz-Tyr('‘Bu)-OH (2.60 g, 7.0 mmol). Flash
chromatography (1:4 to 1:1 EtOAc/Hexanes) afforded 2.72 g (72 %) 6t as a white solid.

"H NMR (500 MHz, CDCl5) & 7.30-7.14 (m, 5H), 6.98-6.90 (m, 2H), 6.80 (d, 2H, J = 8.0 Hz), 6.22-6.13 (m, 1H),
5.33-5.23 (m, 1H), 5.06-4.94 (m, 2H), 3.99-3.90 (m, 1H), 3.80-3.66 (m, 2H), 3.26-3.07 (m, 2H), 2.18 (s, 6H),
1.25 (s, 9H), 1.09 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 165.8, 164.3, 155.2, 154.1, 135.8, 129.6, 129.4, 128.0, 127.7, 127.6, 123.7, 77.8,
73.0, 66.5, 60.7, 60.5, 48.6, 41.7, 38.4, 28.4, 26.9

MS (ESI, m/z) calcd for C3oH43N4Os (M+H)" 539.32, found 539
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General Procedure for Compounds 7a-t

A solution of Cbz protected oxadiazole 6a-t (1.0 equiv) in dry methanol (0.10 M) was stirred vigorously with 10
% Pd/C (0.1 equiv) under a H, atmosphere for 12 h at 25 °C until the reaction was complete. Filtration and
evaporation of the solvent in vacuo yielded the crude product and it was used directly in the next step. The
amine residue (1.0 equiv) and Boc-Inp-OH (1.0 equiv) were dissolved in dry CH,Cl; (0.15 M).
N-methylmorpholine (2.1 equiv) was added to the above solution followed by HOBt (1.1 equiv) and EDC (1.1
equiv). The resulting solution was stirred at 25 °C for 12h. The reaction mixture was washed with H,O (30.0
mL), 1N HCI (30.0 mL), saturated NaHCO; (30.0 mL) and brine (30.0 mL). The organic layer was separated
and dried with Na,SO, and concentrated to dryness to afford the crude product. Flash chromatography with
EtOAc/hexanes mixtures provided pure compounds 7a-t.

Scheme S3. Synthesis of monovalent compounds 7a-t.
Boc
X NHCbz (i) Hp, Pd/C
\\(Ov/k MeOH, 25 °C, 24 h
IR R 2
R Nen (i) Boc-Inp-OH o

EDC, HOBL, NMM \\( %RZ'
CH,Cl,, 25°C,12h R A

6a-q X =NHBoc 7a-q X =NHBoc

6r-t X =NMe, 7r-t X =NMe,
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Preparation of Compound 7a

NHBoc
t
O'Bu N=N
BocN S/Q »\\
(@)
NH NHBoc
0]
7a

Compound 7a was prepared from (4.83 g, 7.8 mmol) of 6a. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 3.78 g (70 %) 7a as a white solid.

"H NMR (500 MHz, CDCl3) & 6.59 (d, 1H, J = 8.2 Hz), 5.42-5.36 (m, 1H), 5.22 (d, 1H, J = 8.5 Hz), 4.98-4.89 (m,
1H), 4.65 (br, 1H), 4.10 (br, 2H), 3.78 (dd, 1H, J = 3.2, 9.4 Hz), 3.15-2.94 (dd, 1H, J = 3.9, 9.4 Hz), 3.12-2.99 (m,
2H), 2.81-2.65 (br, 2H), 2.39-2.30 (m, 1H), 1.94-1.75 (m, 4H), 1.70-1.57 (m, 2H), 1.51-1.31 (m, 31H), 1.06 (s,
9H)

3C NMR (125 MHz, CDCl3) 6 174.2, 167.1, 165.4, 156.1, 155.0, 154.6, 80.3, 80.0, 79.6, 79.1, 73.8, 62.1, 46.9,
46.5, 42.9, 39.9, 33.2, 29.4, 28.4, 28.4, 28.3, 28.2, 27.2, 22.3

MS (ESI, m/z) calcd for C34HgoNsNaOg (M+Na)* 719.43, found 719

"H NMR of 7a
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Preparation of Compound 7b
NHBoc

BocN

7b

Compound 7b was prepared from (4.43 g, 6.7 mmol) of 6b. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 3.83 g (77 %) 7b as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.77 (br, 1H), 5.32-5.23 (m, 2H), 4.98-4.89 (m, 1H), 4.70 (br, 1H), 4.09 (br, 2H),
3.12-3.01 (m, 2H), 2.72 (br, 2H), 2.41-2.17 (m, 4H), 2.12-2.02 (m, 1H), 1.96-1.74 (m, 4H), 1.69-1.55 (m, 2H),
1.52-1.32 (m, 40H)

3C NMR (125 MHz, CDCl3) § 174.4, 172.2, 167.3, 166.4, 156.1, 155.1, 154.6, 81.2, 80.4, 79.6, 79.1, 47.1, 45.3,
42.9, 39.9, 33.2, 31.2, 29.4, 28.5, 28.4, 28.4, 28.3, 28.3, 28.0, 22.3

MS (ESI, m/z) calcd for C3sHe2NsNaO+g (M+Na)" 761.44, found 761
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Preparation of Compound 7¢

NHBoc

t

BuO 0

N—N
BocN / »\\
o
NH NHBoc
o

7c

Compound 7c¢ was prepared from (3.27 g, 5.0 mmol) of 6¢. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 2.60 g (71 %) 7c¢ as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.95 (br, 1H), 5.66-5.58 (m, 1H), 5.24-5.13 (m, 1H), 5.03-4.93 (m, 1H), 4.73-4.63
(m, 1H), 4.25-4.05 (br, 2H), 3.16-3.06 (m, 2H), 3.06-2.97 (m, 1H), 2.88 (ddd, 1H, J = 2.3, 5.2, 16.5 Hz), 2.78 (br,
2H), 2.35 (it, 1H, J = 3.7, 11.5 Hz), 2.00-1.79 (m, 4H), 1.73-1.62 (m, 2H), 1.57-1.36 (m, 40H)

3C NMR (125 MHz, CDCl3) & 174.0, 169.6, 167.4, 165.6, 156.1, 155.0, 154.6, 82.3, 80.4, 79.6, 79.2, 47.0, 43.0,
42.2, 40.0, 37.6, 33.4, 33.2, 29.4, 28.4, 28.3, 28.3, 28.0, 22.3, 22.2

MS (ESI, m/z) calcd for C3sHeoNsNaO+o (M+Na)* 747.43, found 747

8 7 6 5 4 3 2 1 ppm
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Preparation of Compound 7d

O'Bu
NHBoc
N—N
BocN / »\\
(@)
NH NHBoc
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7d

Compound 7d was prepared from (3.66 g, 5.3 mmol) of 6d. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 3.80 g (93 %) 7d as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.92 (d, 2H, J = 8.5 Hz), 6.85 (d, 2H, J = 8.5 Hz), 6.34 (d, 1H, J = 8.2 Hz),
5.58-5.51 (m, 1H), 5.22 (d, 1H, J = 8.5 Hz), 4.96- 4.86 (m, 1H), 4.69 (br, 1H), 4.05 (br, 2H), 3.21 (dd, 1H, J = 6.2,
14.0 Hz), 3.15-3.01 (m, 3H), 2.74-2.60 (br, 2H), 2.21 (tt, 1H, J = 3.7, 11.5 Hz), 1.91-1.60 (m, 4H), 1.60-1.30 (m,
33H), 1.28 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 174.0, 171.2, 167.3, 166.2, 156.1, 155.1, 154.6, 129.8, 129.7, 124.3, 80.4, 79.2,
78.6,47.0, 45.5, 42.9, 39.9, 38.7, 33.1, 29.4, 28.8, 28.6, 28.4, 28.4, 28.3, 28.1, 22.3

MS (ESI, m/z) calcd for C4HgsNsNaOg (M+Na)" 795.96, found 795
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Preparation of Compound 7e

Te

Compound 7e was prepared from (5.26 g, 10.4 mmol) of 6e. Flash chromatography (3:7 to 1:1
EtOAc/Hexanes) afforded 4.80 g (78 %) 7e as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.53 (d, 1H, J = 8.6 Hz), 5.44 (dt, 1H, J = 3.5, 8.6 Hz), 5.18 (d, 1H, J = 9.2 Hz),
4.98-4.90 (m, 1H), 4.14 (br, 2H), 3.81 (dd, 1H, J = 2.6, 9.2 Hz), 3.66 (dd, 1H, J = 3.7, 9.2 Hz), 2.78 (br, 2H), 2.37
(tt, 1H, J = 3.7, 11.5 Hz), 1.97-1.61 (m, 5H), 1.51-1.38 (m, 19H), 1.24-1.13 (m, 1H), 1.10 (s, 9H), 0.95-0.87 (m,
6H)

3C NMR (125 MHz, CDCl3) 6 174.1, 166.5, 165.2, 155.1, 154.6, 80.3, 79.6, 73.8, 62.3, 51.6, 46.5, 43.0, 38.9,
28.5,28.4, 28.3, 28.2, 27.2, 25.0, 15.1, 11.3

MS (ESI, m/z) calcd for CoHs1NsNaO; (M+Na)" 604.37, found 604
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Preparation of Compound 7f
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Compound 7f was prepared from (5.41 g, 10.1 mmol) of 6f. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 5.10 g (83 %) 7f as a white solid.

"H NMR (300MHz, CDCl3) 8 6.80 (d, 1H, J = 7.8 Hz), 5.44 (br, 1H), 5.35-5.21 (m, 1H), 4.71 (br, 1H), 4.49 (d, 2H,
J =5.9 Hz), 4.07 (br, 2H), 3.14-2.96 (m, 2H), 2.80-2.60 (m, 2H), 2.40-2.24 (m, 1H), 2.01-1.56 (m, 6H), 1.54-1.25
(m, 31H)

3C NMR (75MHz, CDCls) 6 174.5, 167.2, 164.5, 156.2, 155.5, 154.6, 80.5, 79.6, 79.2, 77.2, 45.2, 42.9, 39.8,
35.8, 33.0, 29.3, 28.5, 28.4, 28.4, 28.2, 22.2

MS (ESI, m/z) calcd for CooHsoNsNaOg (M+Na)" 633.36, found 633
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Preparation of Compound 7g
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Compound 7g was prepared from (3.62 g, 6.4 mmol) of 6g. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 3.50 g (84 %) 7g as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.91-6.82 (m, 1H), 5.58 (dt, 1H, J = 4.9, 8.8 Hz), 5.43 (d, 1H, J = 8.8 Hz), 5.06 (br,
1H), 4.10 (br, 2H), 3.80-3.71 (m, 1H), 3.65 (dd, 1H, J = 4.1, 9.2 Hz), 2.97 (dt, 1H, J = 4.5, 16.5 Hz), 2.82 (ddd,
1H, J = 2.6, 5.2, 16.5 Hz), 2.73 (br, 2H), 2.33-2.25 (m, 1H), 1.87-1.76 (m, 2H), 1.68-1.57 (m, 2H), 1.42 (br, 18H),
1.39 (s, 9H), 1.08 (s, 9H)

'3C NMR (125 MHz, CDCl;) 6 173.8, 169.6, 166.3, 165.5, 155.1, 154.6, 82.2, 80.4, 79.6, 73.8, 62.3, 48.2, 43.0,
42.2, 37.6, 28.4, 28.4, 28.3, 28.2, 27.9, 27.2

MS (ESI, m/z) calcd for C31Hs3NsNaOg (M+Na)" 662.37, found 662

'H NMR of 7g
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Compound 7h was prepared from (4.12 g, 6.7 mmol) of 6h. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 3.70 g (80 %) 7h as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.92-6.81 (m, 4H), 6.15 (d, 1H, J = 8.4 Hz), 5.59-5.53(m, 1H), 5.43 (d, 1H, J = 8.4
Hz), 5.11-5.02 (m, 1H), 4.04 (br, 2H), 3.80-3.72 (m, 1H), 3.23 (dd, 1H, J = 6.0, 14.1 Hz), 3.09 (dd, 1H, J = 6.5,

14.1 Hz), 2.67 (dd, 1H, J = 4.1, 9.3 Hz), 2.19 (tt, 1H, J = 3.7, 11.5 Hz), 1.75-1.47 (m, 4H), 1.43 (s, 9H), 1.42 (s,
9H), 1.28 (s, 9H), 1.10 (s, 9H)

'3C NMR (125 MHz, CDCl;) 6 173.8, 166.3, 165.9, 155.1, 154.6, 154.5, 129.8, 129.6, 124.2, 80.5, 79.6, 78.5,
73.9,62.4,48.2,46.4, 42.9, 38.5, 28.8, 28.6, 28.4, 28.3, 28.1, 27.2

MS (ESI, m/z) calcd for C3sHs7NsNaOg (M+Na)* 710.41, found 710
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Preparation of Compound 7i

7i

Compound 7i was prepared from (7.02 g, 12.2 mmol) of 6i. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 8.30 g (82 %) 7i as a white solid.

"H NMR (500 MHz, CDCl5) § 6.62 (d, 1H, J = 8.0 Hz), 5.46 (d, 1H, J = 8.5 Hz), 5.35-5.26(m, 1H), 5.06 (br, 1H),
4.09 (br, 2H), 3.78-3.70 (br, 1H), 3.65 (dd, 1H, J = 4.0, 9.2 Hz), 2.71 (br, 2H), 2.38-2.15 (m, 4H), 2.11-2.01 (m,
1H), 1.83-1.74 (m, 2H), 1.68-1.54 (m, 2H), 1.49-1.31 (m, 27H), 1.07 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 174.5, 172.3, 166.5, 155.4, 154.9, 81.4, 80.7, 79.8, 74.1, 62.8, 48.5, 45.4, 43.2,
31.4, 28.7, 28.7, 28.6, 28.5, 28.3, 27.5

MS (ESI, m/z) calcd for Cs;HssNsNaOg (M+Na)* 676.39, found 676

"H NMR of 7i
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Compound 7j was prepared from (6.54 g, 10.6 mmol) of 6j. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 5.60 g (77 %) 7j as a white solid.

"H NMR (500 MHz, CDCl5) § 7.20 (d, 1H, J = 7.6 Hz), 5.59 (d, 1H, J = 8.5 Hz), 5.32-5.19(m, 1H), 4.99 (br, 1H),
4.84 (br, 1H), 4.01 (br, 2H), 3.73-3.55 (m, 2H), 3.05-2.87 (m, 2H), 2.62 (br, 2H), 2.33-2.21 (m, 1H), 1.90-1.50
(m, 6H), 1.49-1.23 (m, 31H), 1.01 (s, 9H)

3C NMR (125 MHz, CDCl;) 6 174.5, 166.9, 166.0, 156.0, 155.1, 154.4, 80.2, 79.3, 78.8, 73.7, 62.3, 48.1, 44.9,
42.6, 39.8, 33.0, 29.1, 28.5, 28.3, 28.2, 28.1, 28.0, 27.1, 22.1

MS (ESI, m/z) calcd for C34HgoNsNaOg (M+Na)* 719.43, found 719
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Preparation of Compound 7k

O'Bu
t
BuO 0
N—N
BocN t/« »\\
(@]
NH NHBoc
0]
7k

Compound 7k was prepared from (3.35 g, 5.2 mmol) of 6k. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 2.80 g (74 %) 7k as a white solid.

"H NMR (300MHz, CDCls) § 6.99-6.72 (m, 4H), 5.59-5.50 (m, 2H), 5.28-4.96(m, 2H), 4.11 (br, 2H), 3.23-2.90
(m, 3H), 2.87-2.88 (m, 3H), 2.35-2.21 (m, 1H), 1.86-1.52 (m, 4H), 1.48-1.32 (m, 27H), 1.29 (s, 9H)

3C NMR (75MHz, CDCls) 6 174.0, 169.8, 169.7, 166.9, 166.8, 165.7, 154.6, 129.9, 129.8, 124.2, 82.3, 80.4,
79.6, 78.5, 48.4, 43.0, 42.2, 39.3, 37.6, 28.8, 28.4, 28.4, 28.3, 28.2, 28.0

MS (ESI, m/z) calcd for C3;Hs,NsNaOg (M+Na)* 738.41, found 738

"H NMR of 7k
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Preparation of Compound 71
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Compound 71 was prepared from (5.96 g, 8.6 mmol) of 6l. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 5.20 g (78 %) 71 as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.97 (d, 2H, J = 8.3 Hz), 6.86 (d, 2H, J = 8.3 Hz), 6.54-6.41(br, 1H), 5.30-5.13 (m,
3H), 4.73 (t, 1H, J = 5.7 Hz), 4.10 (br, 2H), 3.20-2.98 (m, 4H), 2.71 (b, 2H), 2.34-2.24 (m, 1H), 1.92-1.69 (m,
4H), 1.51-1.20 (m, 40H)

3C NMR (125 MHz, CDCl3) 6 174.4, 166.8, 156.2, 154.8, 154.6, 154.5, 130.1, 129.7, 124.3, 80.4, 79.6, 79.1,
78.5,48.4,45.2,42.9, 39.9, 39.2, 33.1, 29.3, 28.8, 28.6, 28.4, 28.4, 28.3, 28.2, 22.2

MS (ESI, m/z) calcd for C4HesNsNaOg (M+Na)" 795.46, found 795
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Preparation of Compound 7m
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Compound 7m was prepared from (4.58 g, 7.0 mmol) of 6m. Flash chromatography (3:7 to 1:1
EtOAc/Hexanes) afforded 4.60 g (89 %) 7m as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.99 (d, 2H, J = 8.3 Hz), 6.89 (d, 2H, J = 8.3 Hz), 6.52 (d, 1H, J = 7.6 Hz),
5.32-5.18 (m, 2H), 5.11 (d, 1H, J = 8.4 Hz), 4.13 (br, 2H), 3.19 (dd, 1H, J = 6.5, 14.0 Hz), 3.13 (dd, 1H, J = 6.6,
14.0 Hz), 2.77 (br, 2H), 2.43-2.16 (m, 4H), 2.14-2.04 (m, 1H), 1.90-1.56 (m, 4H), 1.50-1.34 (m, 27H), 1.32 (s,
9H)

3C NMR (125 MHz, CDCl3) 6 174.3, 172.2, 166.7, 166.3, 154.7, 154.6, 154.6, 130.0, 129.8, 124.3, 81.3, 80.4,
79.6, 78.5, 48.4, 45.3, 43.0, 39.2, 34.6, 31.2, 28.8, 28.5, 28.4, 28.3, 28.2, 28.0

MS (ESI, m/z) calcd for CagHsgNsNaOg (M+Na)* 752.42, found 752
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Compound 7n was prepared from (3.63 g, 5.9 mmol) of 6n. Flash chromatography (3:7 to 1:1 EtOAc/Hexanes)
afforded 3.50 g (85 %) 7n as a white solid.

"H NMR (500 MHz, CDCls) § 6.96 (d, 2H, J = 8.4 Hz), 6.87 (d, 2H, J = 8.4 Hz), 6.35 (d, 1H, J = 8.3 Hz), 5.38 (dt,
1H, J = 3.5, 8.4 Hz), 5.25-5.15 (m, 1H), 5.04 (d, 1H, J = 8.3 Hz), 4.12 (br, 2H), 3.79 (dd, 1H, J = 2.7, 9.2 Hz),
3.63 (dd, 1H, J = 3.6, 9.2 Hz), 3.21-3.04 (m, 2H), 2.76 (t, 2H, J = 12.2 Hz), 2.32 (it, 1H, J = 3.7, 11.5 Hz),
1.86-1.76 (m, 2H), 1.71-1.54 (m, 2H), 1.44 (s, 9H), 1.38 (s, 9H), 1.29 (s, 9H), 1.09 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 174.2, 166.6, 165.4, 154.7, 154.6, 154.5, 130.0, 129.8, 124.2, 80.4, 79.6, 78.5,
73.9,62.1, 48.3, 46.5, 43.0, 39.2, 28.8, 28.5, 28.4, 28.3, 28.2, 27.3

MS (ESI, m/z) calcd for C3sHs7NsNaOg (M+Na)* 710.41, found 710
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Preparation of Compound 70

(0]
BocHN HN

70

Compound 70 was prepared from (0.36 g, 0.8 mmol) of 60. Flash chromatography (3:7 to 7:3 EtOAc/Hexanes)
afforded 0.31 g (74 %) 70 as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.61 (t, 1H, J = 5.4 Hz), 5.48 (d, 1H, J = 8.6 Hz), 5.07-4.99 (m, 1H), 4.62 (d, 2H, J =
5.4 Hz), 3.76 (dd, 1H, J = 3.2, 9.3 Hz), 3.66 (dd, 1H, J = 4.0, 9.3 Hz), 2.71 (br, 2H), 2.32 (tt, 1H, J = 3.7, 11.5
Hz), 1.84-1.74 (m, 2H), 1.69-1.57 (m, 2H), 1.41 (s, 18 H), 1.07 (s, 9H)

3C NMR (125 MHz, CDCl;) 6 174.6, 166.4, 163.8, 155.2, 154.6, 80.4, 79.6, 73.9, 62.2, 48.2, 42.8, 34.4, 28.4,
28.2,27.2

MS (ESI, m/z) calcd for CosHa3NsNaO; (M+Na)* 548.31, found 548
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Preparation of Compound 7p
BocHN

Compound 7p was prepared from (1.18 g, 1.9 mmol) of 6p. Flash chromatography (3:7 to 7:3 EtOAc/Hexanes)
afforded 1.16 g (92 %) 7p as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.65 (d, 1H, J = 7.2 Hz), 5.36 (d, 1H, J = 7.8 Hz), 5.30-5.21 (m, 1H), 4.93 (br, 1H),
4.69 (br, 1H), 4.08 (br, 2H), 3.13-2.99 (m, 2H), 2.70 (br, 2H), 2.32 (it, 1H, J = 3.7, 11.5 Hz), 1.99-1.70 (m, 5H),
1.69-1.55 (m, 2H), 1.54-1.29 (m, 32 H), 1.19-1.07 (m, 1H), 0.91-0.80 (m, 6H)

3C NMR (125 MHz, CDCl;) 6 174.3, 167.2, 166.3, 156.1, 155.1, 154.6, 80.3, 79.6, 79.1, 49.7, 47.0, 42.9, 39.9,
38.7, 33.1,29.4, 28.7, 28.4, 28.3, 28.2, 28.1, 25.0, 22.3, 15.1, 11.3

MS (ESI, m/z) calcd for Ca3HssNsNaOg (M+Na)" 689.42, found 689
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Preparation of Compound 7q
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Compound 7q was prepared from (1.70 g, 2.7 mmol) of 6q. Flash chromatography (3:7 to 7:3 EtOAc/Hexanes)
afforded 1.35 g (70 %) 7q as a white solid.
'H NMR (500 MHz, CDCl3) § 6.47 (d, 1H, J = 8.5 Hz), 5.49 (d, 1H, J = 9.5 Hz), 5.33-5.22 (m, 1H), 4.86 (dd, 1H, J
=1.7, 9.5 Hz), 4.70-4.60 (m, 1H), 4.22-3.96 (m, 3H), 3.13-2.98 (m, 2H), 2.70 (br, 2H), 2.29 (tt, 1H, J =3.7, 11.5

Hz), 1.98-1.86 (m, 2H), 1.85-1.71 (m, 2H), 1.69-1.55 (m, 2 H), 1.54-1.21 (m, 31H), 1.22 (d, 3H, J = 6.2 Hz), 0.92
(s, 9H)

'3C NMR (125 MHz, CDCl;) 6 174.2, 166.6, 166.5, 156.1, 155.7, 154.6, 80.3, 79.6, 79.1, 74.4, 68.1, 53.3, 45.1,
42.9, 39.9, 33.2, 29.3, 28.7, 28.5, 28.4, 28.4, 28.3, 28.0, 22.3, 20.1

MS (ESI, m/z) calcd for C3sHg2NsNaOg (M+Na)* 733.45, found 733

'H NMR of 7q
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Compound 7r was prepared from (0.93 g, 2.6 mmol) of 6r. Flash chromatography (1:19 MeOH/CHClI,)
afforded 1.21 g (82 %) 7r as a white solid.

"H NMR (500 MHz, CDCls) § 6.91 (d, 1H, J = 8.8 Hz), 5.55 (dt, 1H, J = 5.0, 8.8 Hz), 4.16-3.92 (m, 3H), 3.80-3.66
(m, 2H), 2.96 (ddd, 1H, J = 1.5, 4.7, 16.6 Hz), 2.83 (dd, 1H, J = 5.1, 16.6 Hz), 2.71 (br, 2H), 2.28 (tt, 1H, J = 3.7,
11.5 Hz), 2.23 (s, 6H), 1.84-1.72 (m, 2H), 1.66-1.54 (m, 2H), 1.45-1.28 (m, 18H), 1.09 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 173.9, 169.6, 165.4, 165.0, 154.5, 82.1, 79.5, 73.4, 61.2, 61.0, 60.8, 42.9, 42.3,
42.3,42.1,37.7, 28.3, 27.9, 27.2

MS (ESI, m/z) calcd for CsHsoNsO7 (M+H)" 568.73, found 568
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Preparation of Compound 7s

BocN

7s

Compound 7s was prepared from (0.44 g, 1.2 mmol) of 6s. Flash chromatography (1:19 to 1:9 MeOH/CH,Cl,)
afforded 0.62 g (89 %) 7s as a white solid.

'H NMR (500 MHz, CDCl3) 8 6.74 (br, 1H), 5.32 (dt, 1H, J = 4.9, 8.2 Hz), 4.20-3.90 (m, 3H), 3.82-3.67 (m, 2H),
2.70 (br, 2H), 2.37-2.15 (m, 10H), 2.13-2.01 (m, 1H), 1.78 (br, 2H), 1.67-1.54 (m, 2H), 1.42-1.35 (m, 18H), 1.09
(s, 9H)

3C NMR (125 MHz, CDCl3) 6 174.2, 172.0, 166.2, 165.1, 154.5, 81.1, 79.5, 73.4, 61.2, 60.9, 45.3, 42.9, 42.2,
42.2,31.1, 28.4, 28.3, 28.2, 28.0, 27.3

MS (ESI, m/z) calcd for CyHs,NsO7 (M+H)" 582.39, found 582
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Compound 7t was prepared from (1.54 g, 3.8 mmol) of 6t. Flash chromatography (2:98 to 3:97 MeOH/CH,CI;)
afforded 1.65 g (71 %) 7t as a white solid.

"H NMR (500 MHz, CDCl3) 8 6.96-6.75 (m, 4H), 6.36 (b, 1H), 5.65-5.51 (m, 1H), 4.20-3.88 (m, 3H), 3.86-3.66
(m, 2H), 3.21 (dd, 1H, J = 5.8, 13.6 Hz), 3.08 (dd, 1H, J = 5.7, 13.6 Hz), 2.66 (br, 2H), 2.30-2.16 (m, 7H),
1.75-1.61 (m, 2H), 1.60-1.46 (m, 2H), 1.40 (s, 9H), 1.26 (s, 9H), 1.12 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 173.8, 166.0, 165.1, 154.6, 154.5, 129.8, 129.5, 124.1, 79.5, 78.4, 73.5, 61.2,
61.0, 60.9, 46.5, 42.8, 42.2, 38.7, 38.6, 28.7, 28.3, 27.3

MS (ESI, m/z) calcd for C33Hs4NsOg (M+H)* 616.41, found 616
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General Procedure for Compounds 1a-f

The compound 1a-f was treated with 50% TFA/CH,CI, at 25 °C for 16 h. Evaporating solvent under nitrogen
afforded the desired product 1a-f.
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Scheme S4. Synthesis of monovalent compounds 1a-f.

Boc H
N N
50 % TFA
CH,Cl,
BocHN o HN™ X ———>»  HoN HN™ o
\\« W/{RZ 25 °C, 16 h ‘\\(07/{ .
h : 1 \ R
R N-N R N-N
7a-f 1a-f
Preparation of Compound 1a
NH,
OH N—N
HN S/( »\\\‘\
(@)
NH NH,
0]
1a

Compound 1a was prepared from 7a (32.30 mg, 0.046 mmol). 1a was obtained as a colorless amorphous solid
(quant., 3TFA salt).

"H NMR (500 MHz, CD;0D) § 5.18 (dd, 1H, J = 5.5, 5.5 Hz), 4.73 (dd, 1H, J = 6.0, 8.0 Hz), 3.94 (dd, 1H, J = 5.0,
11.0 Hz), 3.90 (dd, 1H, J = 2.5, 8.0 Hz), 3.39-3.36 (m, 2H), 2.98 (t, 2H, J = 12.0 Hz), 2.87 (t, 2H, J = 8.0 Hz),
2.64 (tt, 1H, J = 4.0, 11.0 Hz), 2.12-2.03 (m, 2H), 2.02-1.97 (m, 2H), 1.89-1.78 (m, 2H), 1.69-1.61 (m, 2H),
1.49-1.42 (m, 2H)

'3C NMR (125 MHz, CDs;0D) 6 177.02, 168.99, 165.50, 63.63, 50.71, 50.57, 48.64, 45.06, 41.34, 41.03, 32.83,
28.72, 27.39, 27.36, 23.79 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C1sH29NgO3 (M+H)" 341.43, found 341.22
optical rotation [a]p'*® =-12.6 (c = 3.79 in MeOH)
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Preparation of Compound 1b

NH,
HOOC
N—N
HN 1/« »\\\x‘
O
NH NH,
O

1b

Compound 1b was prepared from 7b (30.40 mg, 0.041 mmol). 1b was obtained as a colorless amorphous solid
(quant., 3TFA salt).

"H NMR (500 MHz, CD3;0D) & 5.22 (dd, 1H, J = 5.5, 9.0 Hz), 4.76 (dd, 1H, J = 6.0, 8.0 Hz), 3.43-3.39 (m, 2H),
3.05-2.98 (m, 2H), 2.91 (t, 2H, J = 7.5 Hz), 2.63 (tt, 1H, J = 4.0, 11.0 Hz), 2.46 (t, 2H, J = 7.0 Hz), 2.35-2.28 (m,
1H), 2.19-2.12 (m, 1H), 2.11-2.06 (m, 2H), 2.04-1.99 (m, 2H), 1.95-1.81 (m, 2H), 1.72-1.64 (m, 2H), 1.52-1.45
(m, 2H)

3C NMR (125 MHz, CD;0D) 6 176.96, 176.70, 170.06, 165.46, 50.71, 48.64, 47.42, 45.04, 41.41, 41.03, 32.84,
31.47, 29.16, 28.72, 27.45, 27.27, 23.81 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for Cy7H31NgQO,4 (M+H)* 383.24, found 383.23
optical rotation [a]p'*® = -16.6 (c = 3.46 in MeOH)

'"H NMR of 1b
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Compound 1¢ was prepared from 7¢ (30.70 mg, 0.042 mmol). 1¢ was obtained as a colorless amorphous solid
(quant., 3TFA salt).

"H NMR (500 MHz, CD30D) 6 5.56 (dd, 1H, J = 6.0, 6.0 Hz), 4.83 (dd, 1H, J = 7.5, 7.5 Hz), 3.48-3.45 (m, 2H),
3.18 (ddd, 1H, J = 3.0, 6.5, 17.5 Hz), 3.10-3.07 (m, 2H), 3.05-3.04 (m, 1H), 2.97 (t, 7.5 Hz), 2.66 (tt, 1H, J = 4.0,
11.5 Hz), 2.19-2.11 (m, 2H), 2.08-2.04 (m, 2H), 1.97-1.88 (m, 2H), 1.78-1.70 (m, 2H), 1.56-1.51 (m, 2H)

3C NMR (125 MHz, CD;0D) 6 176.69, 173.71, 169.69, 165.45, 50.71, 48.63, 48.60, 45.00, 41.29, 41.03, 38.02,
32.87, 28.68, 27.39, 27.21, 23.74 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C1gH29NsO4 (M+H)" 369.22, found 369.22
optical rotation [a]p**® = 0.4 (¢ = 3.60 in MeOH)
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Preparation of Compound 1d

oH NH,

1d

Compound 1d was prepared from 7d (36.50 mg, 0.047 mmol). 1d was obtained as a yellowish amorphous solid
(quant., 3TFA salt).

"H NMR (500 MHz, CD30D) & 7.08 (d, 2H, J = 8.5 Hz), 6.74 (d, 2H, J = 8.5 Hz), 5.40 (dd, 1H, J = 7.0, 9.5 Hz),
4.79 (dd, 1H, J = 7.5 Hz), 3.43 (ddd, 1H, J = 3.5, 13.0 Hz), 3.36-3.34 (m, 1H), 3.29 (dt, 1H, J = 6.5, 6.5 Hz), 3.16
(dt, 1H, J = 9.5, 9.5 Hz), 3.06-2.99 (m, 2H), 2.97 (t, 2H, J = 7.5 Hz), 2.61 (tt, 1H, J = 3.5, 10.5 Hz), 2.12-2.05 (m,
2H), 1.99-1.96 (m, 1H), 1.91-1.81 (m, 2H), 1.78-1.70 (m, 3H), 1.50-1.42 (m, 2H)

3C NMR (125 MHz, CDs;0D) 6 174.33, 168.01, 162.96, 156.28, 129.97, 126.45, 114.98, 50.71, 50.05, 46.33,
42.66, 38.90, 38.75, 37.04, 30.55, 26.43, 25.23, 24.76, 21.54 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for Cy1H33NgO3 (M+H)" 417.52, found 417.25
optical rotation [o]p'®* =-7.9 (¢ = 4.16 in MeOH)

"H NMR of 1d
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Compound 1e was prepared from 7e (30.00 mg, 0.052 mmol). 1e was obtained as a colorless amorphous solid
(quant., 2TFA salt).

"H NMR (500 MHz, CD30D) § 5.27 (dd, 1H, J = 5.5, 5.5 Hz), 4.76 (d, 1H, J = 55.0 Hz), 4.02-3.97 (m, 2H),
3.49-3.46 (m, 2H), 3.38 (s, 3H), 3.08 (td, 2H, J = 3.0, 7.5 Hz), 2.73 (tt, 1H, J = 4.0, 10.5 Hz), 2.19-2.13 (m, 1H),
2.09-2.06 (m, 2H), 1.99-1.87 (m, 2H), 1.63-1.57 (m, 1H), 1.41-1.32 (m, 1H), 1.05 (t, 3H, J = 7.5 Hz), 1.01 (d, 3H,
J=7.0 Hz)

3C NMR (125 MHz, CDs;0D) 6 176.95, 168.92, 164.85, 63.56, 53.14, 50.50, 45.06, 45.05, 41.30, 39.46, 27.42,
27.40, 27.36, 15.13, 12.42

MS (ESI, m/z) calcd for C15H2sNsO3 (M+H)* 326.22, found 326.30
optical rotation [a]p?*" = -23.7 (c = 1.205 in MeOH)
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3C NMR of 1e

Preparation of Compound 1f

HoN
N-N
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1f

Compound 1f was prepared from 7f (29.90 mg, 0.049 mmol). 1f was obtained as a yellowish amorphous solid
(quant., 3TFA salt).

"H NMR (500 MHz, CD;0D) 6 5.23 (dd, 1H, J = 5.5, 9.0 Hz), 4.50 (s, 2H), 3.50-3.38 (m, 2H), 3.11-3.04 (m, 2H),
2.97 (t, 2H, J = 7.5 Hz), 2.69 (tt, 1H, J = 4.0, 11.0 Hz), 2.15-2.10 (m, 1H), 2.09-2.04 (m, 2H), 2.03-1.98 (m, 1H),
1.96-1.90 (m, 2H), 1.79-1.72 (m, 2H), 1.62-1.48 (m, 2H)

'3C NMR (125 MHz, CDs;0D) 6 176.86, 170.09, 163.28, 50.71, 47.55, 45.06, 41.43, 41.20, 35.85, 33.50, 28.79,
27.42, 27.33, 24.48 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C14H2;NgO, (M+H)" 311.22, found 311.22
optical rotation [a]p**® =-19.8 (¢ = 3.72 in MeOH)

"H NMR of 1f
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D. Preparation of Diyne-based Mimics
General Procedure for Compound 8a-h

To a solution of Boc-L-amino acid (1.0 equiv) in dichloromethane (0.24 M) were added HOBt (1.1 equiv) and
EDC (1.2 equiv) at 0 °C. The solution was stirred at 0 °C for 15 min and then N,O-dimethylhydroxylamine
hydrochloride salt (1.15 equiv) and N-methyl morpholine (1.2 equiv) were added. The reaction mixture was
stirred at 25 °C for 14 h. After the solvent was removed under vacuum, the resulting residue was partitioned
between 1N HCI (aq.) and EtOAc. The phases were separated and the organic layer was washed with 1N HCI
(aqg.), followed by saturated NaHCOj3; and brine, and then dried over MgSOQO,. After completely removing the
solvent, the Weinreb’s amides 8a-d, f-h were purified by flash chromatography.

For compound 8e, the obtained Boc-Tyr-Weinreb amide was used for next step without further purification. To
a solution of Boc-Tyr-Weinreb amide (1.0 equiv) in DMF (0.25 M) was added imidazole (3.0 equiv) and
TBDPS-CI (1.7 equiv) at 0 °C. The reaction mixture was stirred at 25 °C for 18 h. The reaction mixture was
diluted with H,O and extracted with EtOAc. The combined organic phases were dried over MgSQ,. After
completely removing the solvent, the 8e was purified by flash chromatography.

Scheme S5. Synthesis of compounds 8a-h.
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MeNH(OMe)HCI, EDC
HOBt, NMM o
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A

CH2C|2, 0to 25 °C, 14 h Y I
R

8a-h

Preparation of Compound 8a
O
BocHN._J .o
Y |

8a

Compound 8a was prepared from Boc-Leu-OH (9.00 g, 38.9 mmol). Flash chromatography (1:4
EtOAc/Hexanes) afforded 10.7 g (quant.) 8a as a white solid.

"H NMR (500 MHz, CDCl3) § 5.04 (d, 1H, J = 14.0 Hz), 4.72 (br, 1H), 3.78 (s, 3H), 3.19 (s, 3H), 1.76-1.66 (m,
2H), 1.42 (br, 10H), 0.96 (d, J = 11.0 Hz), 0.92 (d, J = 11.0 Hz)

*C NMR (125 MHz, CDCls) 6 173.85, 155.61, 79.40, 61.54, 48.92, 42.04, 32.08, 28.32, 24.69, 23.32, 21.54
MS (ESI, m/z) calcd for Cq3H2;N204 (M+H)" 275.20, found 275.20

"H NMR of 8a



S85
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Preparation of Compound 8b
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Compound 8b was prepared from Boc-Phe-OH (4.00 g, 15.0 mmol). Flash chromatography (1:5
EtOAc/Hexanes) afforded 4.65 g (quant.) 8b as a yellowish oil.

'H NMR (500 MHz, CDCls) 6 7.27 (t, 2H, J = 7.5 Hz), 7.20 (t, 1H, J = 7.5 Hz), 7.26 (d, 2H, J = 7.0), 5.17 (d, 1H, J
=7.0 Hz), 4.94 (br, 1H), 3.64 (s, 3H), 3.15 (s, 3H), 3.04 (dd, 1H, J = 4.5, 13.5 Hz), 2.86 (dd, 1H, J = 7.0, 13.0
Hz), 1.37 (s, 9H)

3C NMR (125 MHz, CDCls) 6 172.18, 155.07, 136.50, 129.37, 128.25, 126.66, 79.47, 61.48, 51.42, 38.74,
31.96, 28.23 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C1sH2sN20,4 (M+H)" 309.18, found 309.17
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Preparation of Compound 8c
O

BocHNJ)J\N,O\
I

8c

Compound 5¢ was prepared from Boc-lle-OH (5.00 g, 21.6 mmol). Flash chromatography (1:3 EtOAc/Hexanes)
afforded 5.93 g (quant.) 5¢ as a colorless oil.

"H NMR (500 MHz, CDCl3) 8 5.11 (d, 1H, J = 10.0 Hz), 4.61 (br, 1H), 3.78 (s, 3H), 3.22 (s, 3H), 1.75-1.69 (m,
2H), 1.59-1.51 (m, 1H), 1.43 (s, 9H), 0.92 (d, 3H, J = 6.5 Hz), 0.89 (t, 3H, J = 8.5 Hz)

3C NMR (125 MHz, CDCls) 6 172.89, 155.52, 79.12, 61.32, 53.94, 37.80, 31.60, 28.13, 24.07, 15.27, 11.12
MS (ESI, m/z) calcd for C13H27N,O4 (M+H)* 275.20, found 275.19

8 7 6 5 4 3 2 1 ppm

"H NMR of 8c
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Preparation of Compound 8d

0
BooHN. I\ 0
=

NHBoc
8d

Compound 8d was prepared from Boc-Lys(Boc)-OH (5.00 g, 14.4 mmol). Flash chromatography (1:3
EtOAc/Hexanes) afforded 5.40 g (96 %) 8d as a colorless oil.

"H NMR (500 MHz, CDCl3) § 5.21 (d, 1H, J = 8.5 Hz), 4.66 (br, 1H), 4.63 (br, 1H), 3.77 (s, 3H), 3.20 (s, 3H),
3.15-3.09 (m, 2H), 1.75-1.68 (m, 2H), 1.58-1.49 (m, 2H), 1.44 (s, 18H), 1.42-1.37 (m, 2H)

3C NMR (125 MHz, CDCl3) 6 172.97, 155.91, 155.56, 79.42, 78.83, 61.49, 49.96, 40.12, 32.46, 31.94, 29.24,
28.31, 28.25, 22.42 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C1gH3sN306 (M+H)" 390.26, found 390.27
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Preparation of Compound 8e

(i) MeNH(OMe)HCI, EDC
HOBt, NMM

0 0
CH,Cl,, 010 25 °C, 14 h
BooHN L, 220 . BooHN._JL .0
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(i) TBDPS-CI, imidazole

/©/ DMF, 0 to 25 °C Q/
HO TBDPSO
8e

Compound 8e was prepared from Boc-Tyr-OH (3.1 g, 11.0 mmol). Flash chromatography (1:6 EtOAc/Hexanes)
afforded 2.5 g (71 % over 2 steps) 8e as a white solid.

"H NMR (500 MHz, CDCl3) 8 7.71 (d, 4H, J = 7.0 Hz), 7.43 (dd, 2H, J = 7.5, 7.5 Hz), 7.36 (dd, 4H, J = 7.5, 7.5
Hz), 6.89 (d, 2H, J = 8.0 Hz), 6.68 (d, 2H, 8.5 Hz), 5.09 (d, 1H, J = 8.5 Hz), 4.86-4.84 (m, 1H), 3.54 (s, 3H), 3.09
(s, 3H), 2.90 (dd, 1H, J = 6.5, 13.5 Hz), 1.39 (s, 9H), 1.09 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 172.46, 155.15, 154.44, 135.53, 132.98, 130.20, 129.86, 128.98, 127.74, 119.56,
79.52,61.42, 51.49, 38.16, 31.98, 28.34, 26.53, 19.47

MS (ESI, m/z) calcd for C3,H42N2NaOsSi (M+Na)® 585.28, found 585.26

8 7 6 5 4 3 2 1 0 ppm

"H NMR of 8e
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Compound 8f was prepared from Boc-Trp(Boc)-OH (3.00 g, 9.9 mmol). Flash chromatography (1:7
EtOAc/Hexanes) afforded 3.30 g (quant.) 8f as a white solid.

'H NMR (500 MHz, CDCl3) 8 8.11 (br, 1H), 7.53 (d, 1H, J = 7.5 Hz), 7.44 (s, 1H), 7.30 (t, 1H, J = 7.5 Hz), 7.23 (t,

1H, 8.0 Hz), 5.30 (d, 1H, J = 7.5 Hz), 5.01-4.96 (m, 1H), 3.71 (s, 3H), 3.17 (s 3H), 3.17-3.15 (m, 1H), 3.02 (dd,
1H, J = 6.5, 14.0 Hz), 1.67 (s, 9H), 1.41 (s, 9H)

'3C NMR (125 MHz, CDCl3) 6 172.03, 155.16, 149.62, 135.29, 130.65, 124.30, 123.95, 122.41, 118.76, 115.49,
115.19, 83.42, 79.58, 61.62, 50.42, 32.10, 28.29, 28.18, 27.71 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C3H34N3O0g (M+H)" 448.24, found 448.25
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Preparation of Compound 8g
O
BooHN I\ .0
=

J

HN

A

BocN NHBoc

8g
Boc-Arg(Boc),-OH was prepared from H-Orn-OH- HCI according to the literature procedure.®®

Compound 8g was prepared from Boc-Arg(Boc),-OH (3.10 g, 6.5 mmol). Flash chromatography (1:3 to 1:2
EtOAc/Hexanes) afforded 3.38 g (68 %) 8g as a white solid.

"H NMR (500 MHz, CDCl3) & 8.33 (s, 1H), 5.23 (d, 1H, J = 9.0 Hz), 4.69 (br, 1H), 3.77 (s, 3H), 3.43 (td, 2H, J =
3.5, 10.0 Hz), 3.21 (s, 3H), 1.80-1.74 (m, 1H), 1.69-1.52 (m, 3H), 1.52 (s, 9H), 1.51 (s, 9H), 1.45 (s, 9H)

3C NMR (125 MHz, CDCl;) 6 172.69, 163.58, 156.14, 155.50, 153.23, 83.05, 79.64, 79.22, 61.60, 50.11, 40.33,
32.04, 30.07, 28.33, 28.27, 28.04, 25.12 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C3H44N5Og (M+H)* 518.32, found 518.34

'H NMR of 8g
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Compound 8h was prepared from Boc-Ser(‘Bu)-OH (3.50 g, 13.4 mmol). Flash chromatography (1:9
EtOAc/Hexanes) afforded 4.06 g (quant.) 8h as a colorless oil.

"H NMR (500 MHz, CDCl3) § 5.35 (d, 1H, J = 9.0 Hz), 4.77 (br, 1H), 3.77 (s, 3H), 3.61 (dd, 1H, J = 5.0, 9.0 Hz),
3.55 (dd, 1H, J = 5.0, 8.5 Hz), 3.22 (s, 3H), 1.44 (s, 9H), 1.14 (s, 9H)

3C NMR (125 MHz, CDCls) 6 171.06, 155.41, 79.43, 73.36, 61.97, 61.35, 51.19, 32.08, 28.26, 27.23 (107.25 is
noise from NMR.)

MS (ESI, m/z) calcd for C14H29N205 (M+H)" 305.21, found 305.20



"H NMR of 8h

10—

180 160 140 120 100 80 60 40 20 pPpm

3C NMR of 8h

S95



S96
General Procedure for Compounds 9a-h

The alkynes 9a-h were prepared by a procedure previously described in detail '*'2. The Weinreb’s amide (1.0
equiv) was dissolved in dry ether (0.15 M) and cooled to 0 °C under N, (g). A solution of LiAIH (1.1 equiv, 1.0 M
in Et,0) was added via syringe over a period of 20 min. The resulting reaction mixture was stirred at 0 °C for 1 h
and then quenched by dropwise addition of 5% KHSO, (aq.). The phases were separated and the aqueous
phase was extracted with ether. The combined organic phases were dried over MgSQ,, and then the solvent
was removed to get the amino aldehyde, which was used immediately for next step without further purification.

To a solution of TsN; (1.3 equiv) in dry MeCN (0.1 M) were added K,COj; (3.0 equiv) and dimethyl
2-oxopropylphosphonate (1.3 equiv), and was stirred at 25 °C for 2 hours. The amino acid aldehyde obtained
above was dissolved in MeOH (0.37 M) and this solution was added into the reaction mixture all in once. The
resulting solution was stirred at 25 °C for 18 hours before the solvent was removed. The residue was
partitioned between ether and water. The layers were separated and the aqueous phase was extracted with
ether. The combined organic phases were dried over MgSQO,. After completely removing the solvent, the amino
alkynes 9a-h were purified by flash chromatography.

Scheme S6. Synthesis of compounds 9a-h.
O o ) y
BocHN\_)J\N/Q\ (i) LiAlH4, Et,0,0°C, 1 h _ BOCHN/
rRe | i O O >
8a-h )J\/P(OMe)z , TsNg, K,CO5 ot

MeCN, MeOH, 25 °C, 18 h

Preparation of Compound 9a
H

BocHN /

Y

Compound 9a was prepared from 8a amide (3.90 g, 18.1 mmol). Flash chromatography (1:6 EtOAc/Hexanes)
afforded 2.57 g (67 %) 9a as a white solid.

"H NMR (500 MHz, CDCls) & 4.52(br, 1H), 4.30 (br, 1H), 2.11 (d, 1H, J = 3.0 Hz), 1.70-1.62 (m, 1H), 1.38 (t, 2H,
J =7.5Hz), 1.30 (s, 9H), 0.80 (d, 3H, J = 5.0 Hz), 0.79 (d, 3H, J = 5.0 Hz)

3C NMR (500 MHz, CDCl;) 8 154.78, 83.82, 79.79, 70.77, 45.09, 41.20, 28.35, 24.95, 22.70, 21.85
MS (ESI, m/z) calcd for Cq3H2;N204 (M+H)" 212.17, found 212.16
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Preparation of Compound 9b
H
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C

Compound 9b was prepared from 8b amide (4.00 g, 13.0 mmol). Flash chromatography (1:5 EtOAc/Hexanes)
afforded 2.07 g (65 %) 9b as a white solid.

"H NMR (500 MHz, CDCly) § 7.34-7.25 (m, 5H), 4.70 (br, 2H), 3.02-3.00 (m, 1H), 2.95 (dd, 1H, J = 7.0, 13.5 Hz),
2.29 (s, 1H), 1.45 (s, 9H)

3C NMR (125 MHz, CDCls) 6 154.56, 136.29, 129.78, 128.28, 126.88, 82.74, 80.00, 72.15, 43.80, 41.66, 28.30
(107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C1sHxoNO, (M+H)* 246.15, found 246.14

"H NMR of 9b
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Preparation of Compound 9c

9c

Compound 9c¢ was prepared from 8¢ (5.00 g, 18.2 mmol). Flash chromatography (1:9 EtOAc/Hexanes) afforded
2.41 g (63 %) 9¢ as a colorless oil.

"H NMR (500 MHz, CDCl3) & 4.77 (br, 1H), 4.44 (br, 1H), 2.24 (s, 1H), 1.65 (br, 1H), 1.55-1.49 (m, 1H), 1.45 (s,
9H) 1.28-1.19 (m, 1H), 0.97 (d, 3H, J = 7.0 Hz), 0.94 (t, 3H, J = 8.5 Hz)

*C NMR (125 MHz, CDCls) 6 154.84, 81.72, 79.73, 71.91, 47.24, 39.17, 28.33, 25.98, 14.31, 11.51
MS (ESI, m/z) calcd for C1,HNO, (M+H)* 212.16, found 212.16
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Preparation of Compound 9d

H

BocHN /

NHBoc
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Compound 9d was prepared from 8d (5.20 g, 13.4 mmol). Flash chromatography (1:9 EtOAc/Hexanes)
afforded 2.18 g (51 %) 9d as a white solid.

"H NMR (500 MHz, CDCl3) 8 4.74 (br, 1H), 4.56 (br, 1H), 4.39 (br, 1H), 3.14-3.12 (m, 2H), 2.26 (s, 1H),
1.72-1.63 (m, 2H), 1.55-1.45 (m, 4H), 1.45 (s, 9H), 1.44 (s, 9H)

3C NMR (125 MHz, CDCls) 6 155.99, 154.82, 83.39, 79.92, 79.09, 71.07, 42.53, 40.26, 35.70, 29.51, 28.41,
28.34, 22.69 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for Cq7H31N2O4 (M+H)" 327.23, found 327.20

"H NMR of 9d
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3C NMR of 9d
Preparation of Compound 9e
H

BocHN/

: OTBDPS

9e

Compound 9e was prepared from 8e (2.5 g, 4.4 mmol). Flash chromatography (3:97 EtOAc/Hexanes) afforded
1.50 g (67 %) 9e as a yellowish oil.

'H NMR (500 MHz, CDCl3) 8 7.72 (d, 4H, J = 8.0 Hz), 7.43 (dd, 2H, J = 7.0, 15.0 Hz), 7.39 (dd, 4H, J = 8.5, 8.5
Hz), 6.99 (d, 2H, J = 8.5 Hz), 6.71 (d, 2H, 8.5 Hz), 4.63 (br, 1H), 4.59 (br, 1H), 2.86 (dd, 1H, J = 5.0, 14.0 Hz),
2.81(dd, 1HJ =7.0, 13.5 Hz), 2.23 (s, 1H), 1.42 (s, 9H), 1.11 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 154.50, 154.45, 135.42, 135.41, 134.75, 132.86, 130.43, 129.77, 129.38, 128.70,
127.65, 127.53, 119.41, 82.86, 79.74, 71.93, 43.73, 40.69, 28.23, 26.45, 19.35 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for C31H3;NNaOsSi (M+Na)* 522.71, found 522.20
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Preparation of Compound 9f

H

BocHN\v/égz/

N
Boc

of

Compound 9f was prepared from 8f (3.20 g, 7.2 mmol). Flash chromatography (1:9 EtOAc/Hexanes) afforded
1.90 g (77 %) 9f as a white solid.

"H NMR (500 MHz, CDCl5) & 8.13 (br, 1H), 7.63 (d, 1H, J = 6.5 Hz), 7.55 (s, 1H), 7.33 (t, 1H, J = 8.5 Hz), 7.25 (t,
1H, 8.5 Hz), 4.85 (br, 1H), 4.79 (br, 1H), 3.10 (d, 2H, J = 6.5 Hz), 2.29 (s, 1H), 1.68 (s, 9H), 1.44 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 154.60, 149.66, 135.23, 130.73, 124.32, 124.32, 122.43, 119.21, 115.36, 115.13,
83.52, 82.96, 79.96, 71.96, 42.97, 31.35, 28.27, 28.17 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for Cy,HaN,O4 (M+H)" 385.21, found 385.21

"H NMR of of
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3C NMR of of
Preparation of Compound 9g
H

BocHN._Z

,

BocN)\

9

Compound 9g was prepared from 8g (1.86 g, 3.6 mmol). Flash chromatography (1:9 EtOAc/Hexanes) afforded
0.50 g (31 %) 9g as a colorless oil.

"H NMR (500 MHz, CDCls) § 8.34 (s, 1H), 4.86 (d, 1H, J = 6.5 Hz), 4.44 (br, 1H), 3.46-3.44 (m, 2H), 2.28 (s, 1H),
1.73-1.70 (m, 4H), 1.50 (s, 9H), 1.49 (s, 9H), 1.44 (s, 9H)

'3C NMR (125 MHz, CDCl;) 6 163.47, 156.08, 154.68, 153.20, 83.03, 79.88, 79.50, 79.18, 71.35, 42.43, 40.24,
33.08, 28.26, 28.21, 27.98, 25.29 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for Cy,H3gN4Og (M+H)" 455.29, found 455.23

NHBoc
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Preparation of Compound 9h
H

BocHN/

SoBu
9h

Compound 9h was prepared from 8h (2.30 g, 9.2 mmol). Flash chromatography (1:9 EtOAc/Hexanes) afforded
1.50 g (68 %) 9h as a colorless solid.

"H NMR (500 MHz, CDCl3) & 5.03 (br, 1H), 4.49 (br, 1H), 3.49 (br, 2H), 2.24 (s, 1H), 1.45 (s, 9H), 1.20 (s, 9H

3C NMR (125 MHz, CDCls) 6 154.93, 82.11, 79.87, 73.50, 70.60, 63.84, 43.38, 28.31, 27.39 (107.25 is noise
from NMR.)

MS (ESI, m/z) calcd for C13H24NO3 (M+H)* 242.18, found 242.18

"H NMR of 9h
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3C NMR of 9h

General Procedure for Compounds 10a-c

To a solution of the amino acid alkyne (1.0 equiv) in anhydrous THF (0.37 M) was added "BulLi (2.0 equiv, 2.5 M
in hexane) at -78 °C under N, (g). After stirring for 1h, bromine (1.0 equiv) was added dropwise to the solution of
the lithium acetylide. The reaction mixture was stirred at -78 °C under N, (g) for 2 h. The mixture was then
quenched by adding saturated Na,S,0; (aq.) and allowed to heat up to 25 °C. The reaction mixture was
extracted with diethyl ether. The combined ether fractions were washed with brine, dried over MgSO, and then
concentrated under vacuum. The compounds 10a-c were purified by Flash chromatography.

Scheme S7. Synthesis of compounds 10a-c.
BocHN Bro, "Buli BocHN
— - ———Br
R? THF, -78°C, 2 h R1
9a,c, h 10a-c

Preparation of Compound 10a
Br

BocHN__Z

10a
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Compound 10a was prepared from 9a (1.50 g, 7.1 mmol). Flash chromatography (3:97 EtOAc/Hexanes)
afforded 2.01 g (98 %) 10a as a white solid.

"H NMR (500 MHz, CDCl3) 6 4.65 (br, 1H), 4.49-4.46 (m, 1H), 1.82-1.73 (m, 1H), 1.53-1.50 (m, 2H), 1.45 (s,
9H), 0.94 (d, 3H, J = 5.5 Hz), 0.93 (d, 3H, J = 5.5 Hz)

3C NMR (125 MHz, CDCl3) 6 154.72, 113.78, 79.95, 45.16, 42.33, 28.36, 24.99, 22.67, 21.91

"H NMR of 10a
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Preparation of Compound 10b

10b

Compound 10b was prepared from 9b (0.68 g, 3.2 mmol). Flash chromatography (1:19 EtOAc/Hexanes)
afforded 0.88 g (94 %) 10b as a yellowish solid.

"H NMR (500 MHz, CDCl3) & 4.80 (d, 1H, J = 3.0 Hz), 4.45 (dd, 1H, J = 5.0, 8.5 Hz), 1.64-1.60 (m, 1H),
1.53-1.46 (m, 1H), 1.44 (s, 9H), 1.26-1.17 (m, 1H), 0.94 (d, 3H, J = 6.5 Hz), 0.92 (t, 3H, J = 8.0 Hz)

3C NMR (125 MHz, CDCls) 6 154.75, 79.85, 78.11, 48.39, 42.86, 39.54, 28.31, 25.99, 14.48, 11.49 (107.25 is
noise from NMR.)
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Preparation of Compound 10c
Br

BocHN/

SOtBu
10c

Compound 10c was prepared from 9h (0.40 g, 1.7 mmol). Flash chromatography (1:9 EtOAc/Hexanes)
afforded 0.45 g (84 %) 10c as a yellowish solid.

"H NMR (500 MHz, CDCl3) § 5.02 (br, 1H), 4.51 (br, 1H), 3.47 (br, 2H), 1.45 (s, 9H), 1.20 (s, 9H)

3C NMR (125 MHz, CDCls) 6 154.86, 79.95, 78.38, 73.61, 63.85, 44.50, 42.18, 28.31, 27.40 (107.25 is noise
from NMR.)

"H NMR of 10¢
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3C NMR of 10¢
General Procedure for Compounds 11a-f

To a solution of 9b, d-g (1.0 equiv) in MeOH (0.72 M) were added CuCl (0.1 equiv), NH,OH-H,O (0.95 equiv)
and ethyl amine (25.0 equiv) at 0 °C under N; (g). A THF solution of 10a-c (1.2 equiv) was added dropwise to
the reaction mixture at 0 °C over 1 h. After adding the THF solution, the mixture was stirred at 0 °C for 2 h. The
mixture was then quenched by added H,O and extracted with diethyl ether. The combined ether fractions were
dried over MgSO, and then concentrated under vacuum. The compounds 11a-f were purified by Flash
chromatography. "

For compound 11d’, to a solution of 11d (1.0 equiv) in THF (0.082 M) was added TBAF (1.2 equiv) at 0 °C. After
stirring at 0 °C for 15 min, the reaction mixture was warmed to 25 °C and then stirred for 45 min. The reaction
mixture was diluted with H,O and extracted with EtOAc. The combined organic phases were dried over MgSO,.
After completely removing the solvent, the 11d’ was purified by flash chromatography.

Scheme S8. Synthesis of compounds 11a-f.
CuCl, EtNH,
BocHN NHBoc NH,OH<HCI BocHN NHBoc
— _— — /
R Br + _—< —_— \ =
R’ R2 MeOH/THF R R2
0°C,3h

10a-c 9b, d-g 11a-f
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Preparation of Compound 11a
BocHN NHBoc

= O

11a

Compound 11a was prepared from 10a (0.26 g, 0.88 mmol) and 9b (0.18 g, 0.73 mmol). Flash chromatography
(1:19 to 1:9 EtOAc/Hexanes) afforded 0.31g (94 %) 11a as a white solid.

"H NMR (500 MHz, CDCl3) § 7.33 (t, 2H, J = 7.5 Hz), 7.29-7.24 (m, 3H), 4.76 (br, 1H), 4.69 (br, 1H), 4.62 (br,
1H), 4.52 (br, 1H), 3.00-2.98 (m, 1H), 2.94 (dd, 1H, J = 7.0, 13.5 Hz), 1.81-1.73 (m, 1H), 1.52 (dd, 2H, J = 7.5,
7.5 Hz), 1.45 (s, 9H), 1.42 (s, 9H), 0.94 (d, 3H, J = 6.5 Hz), 0.93 (d, 3H, J = 5.5 Hz)

3C NMR (125 MHz, CDCl;) 6 154.61, 154.44, 135.93, 129.70, 128.41, 126.99, 80.15, 80.04, 78.84, 77.44,
68.31, 66.91, 44.96, 44.37, 41.84, 28.32, 28.27, 24.97, 22.63, 21.85 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for Cy7H3sN2NaO,4 (M+Na)* 477.27, found 477.34

"H NMR of 11a
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Preparation of Compound 11b

BocHN NHBoc
N = —
. )
N
Boc
11b

Compound 11a was prepared from 10a (0.27 g, 0.94 mmol) and 9f (0.30 g, 0.78 mmol). Flash chromatography
(1:9 EtOAc/Hexanes) afforded 0.39 g (84 %) 11a as a white solid.

'H NMR (500 MHz, CDCl3) 6 8.13 (br, 1H), 7.59 (d, 1H. J = 8.0 Hz), 7.52 (br, 1H), 7.32 (t, 1H, J = 7.0 Hz), 7.25
(t, 1H, J = 8.0 Hz), 4.85 (br, 1H), 4.79 (br, 1H), 4,61 (br, 1H), 4.50 (br, 1H), 3.09 (d, 2H, 6.0 Hz), 1.79-1.72 (m,
1H), 1.68 (s, 9H), 1.51 (dd, 2H, J = 7.5, 7.5 Hz), 1.45 (s, 9H), 1.43 (s, 9H), 0.94 (d, 3H, 7.0 Hz), 0.92 (d, 3H, 6.5
Hz)

3C NMR (125 MHz, CDCl3) 6 154.56, 154.47, 149.55, 135.25, 130.51, 124.34, 124.34, 122.46, 119.12, 115.09,
115.03, 83.48, 80.06, 79.90, 78.78, 77.63, 68.10, 66.82, 44.89, 43.51, 41.71, 31.36, 28.26, 28.22, 28.13, 24.89,
22.61,21.74

MS (MALDI, m/z) calcd for C34Hs7N3NaOg (M+Na)* 616.34, found 616.40



k. An I
o s 4 s - pom
"H NMR of 11b
% 16 0 10 e @ @& 2 emxe

S116



S117
3C NMR of 11b

Preparation of Compound 11c
BocHN, /NHBoc

T

NHBoc

11c

Compound 11¢ was prepared from 10b (0.25 g, 0.85 mmol) and 9d (0.23 g, 0.70 mmol). Flash chromatography
(1:19 EtOAc/Hexanes) afforded 0.27 g (71 %) 11c as a colorless oil.

"H NMR (500 MHz, CDCl3) & 4.73 (br, 2H), 4.55 (br, 1H), 4.49 (br, 2H), 3.14-3.12 (m, 2H), 1.69-1.61 (m, 3H),
1.54-1.45 (m, 5H), 1.28-1.20 (m, 1H), 0.97 (d, 3H, J = 6.5 Hz), 0.92 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDCl5) 6 156.02, 154.71, 154.71, 80.12, 80.01, 80.01, 79.14, 77.71, 67.97, 67.36, 47.95,
43.14, 40.21, 39.70, 35.66, 29.53, 28.42, 28.33, 28.33, 26.04, 22.74, 14.60, 11.50 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for CogHagNsNaOg (M+Na)* 558.35, found 558.17

"H NMR of 11¢
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BC NMR of 11¢

Preparation of Compound 11d

BocHN /NHBoc
J \—@OTBDPS
/
11d

Compound 11d was prepared from 10b (0.12 g, 0.41 mmol) and 9e (0.17 g, 0.34 mmol). Flash chromatography
(1:19 EtOAc/Hexanes) afforded 0.18 g (74 %) 11d as a yellowish solid.

"H NMR (500 MHz, CDCl3)  7.72 (d, 4H, J = 7.0 Hz), 7.43 (dd, 2H, J = 7.5, 7.5 Hz), 7.37 (dd, 4H, J = 7.5, 7.5
Hz), 6.97 (d, 2H, J = 8.5 Hz), 6.71 (d, 2H, J = 9.0 Hz), 4.73 (d, 1H, J = 8.5 Hz), 4.65 (br, 1H), 4.61 (br, 1H), 4.50
(br, 1H), 2.88-2.83 (m, 1H), 2.81 (dd, 1H, J = 6.5, 13.5 Hz), 1.68-1.62 (m, 1H), 1.53-1.46 (m, 1H), 1.46 (s, 9H),
1.41 (s, 9H), 1.27-1.19 (m, 1H), 1.10 (s, 9H), 0.95 (d, 3H, J = 6.0 Hz), 0.93 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDCls) § 154.71, 154.62, 154.41, 135.49, 132.89, 130.42, 129.84, 128.31, 127.71, 119.61,
79.99, 79.99, 77.34, 77.34, 68.09, 67.97, 47.90, 44.34, 40.76, 39.68, 28.31, 28.26, 26.49, 26.00, 19.3, 14.56,
11.49 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for C43HssN2NaO5sSi (M+Na)*™ 731.39, found 731.40
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3C NMR of 11d

Preparation of Compound 11d’

BocHN /N HBoc

0

11d’

Compound 11d’ was prepared from 11d (94.50 mg, 0.13 mmol). Flash chromatography (1:5 EtOAc/Hexanes)
afforded (57.10 mg, 91 %) 11d’ as a yellowish solid.

"H NMR (500 MHz, CDCl5) 8 7.11 (d, 2H, J = 8.0 Hz), 6.79 (d, 2H, J = 8.5 Hz), 5.59 (br, 1H), 4.78 (d, 1H, J = 8.0
Hz), 4.72 (br, 2H), 4.50 (br, 1H), 2.94-2.89 (m, 1H), 2.87 (dd, 1H, J = 6.5, 13.0 Hz), 1.67-1.64 (m, 1H), 1.54-1.46
(m, 1H), 1.46 (s, 9H), 1.43 (s, 9H), 1.27-1.18 (m, 1H), 0.96 (d, 3H, J = 7.0 Hz), 0.92 (d, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDCl;) 6 155.23, 154.89, 154.69, 130.75, 127.45, 115.37, 80.34, 80.21, 77.13, 77.13,
68.24, 68.00, 47.96, 44.68, 40.91, 39.65, 28.31, 28.27, 25.97, 14.57, 11.45 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for C;H3sN,NaOs (M+Na)* 493.27, found 493.33

}

"H NMR of 11d’
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3C NMR of 11d’
Preparation of Compound 11e

BocHN,, /NHBoc
L \_L
y NH
/ J—NHBoc
BocN
11e

Compound 11e was prepared from 10b (0.11 g, 0.4 mmol) and 9g (0.15 g, 0.33 mmol). Flash chromatography
(1:19 to 1:5 % EtOAc/Hexanes) afforded 0.21 g (95 %) 11e as a yellowish solid.

"H NMR (500 MHz, CDCl3) 8 8.35 (t, 1H, J = 4.5 Hz), 4.88 (d, 1H, J = 7.5 Hz), 4.76 (d, 1H, J = 13.5 Hz), 4.51 (br,
2H), 3.44 (br, 2H), 1.71-1.67 (m, 7H), 1.54-1.51 (m, 1H), 1.51 (s, 9H), 1.50 (s, 9H), 1.44 (s, 18H), 1.30-1.15 (m,
1H), 0.96 (d, 3H, J = 6.5 Hz), 0.93 (d, 1H, J = 7.5 Hz)

3C NMR (125 MHz, CDCl;) 6 163.42, 156.08, 154.66, 154.58, 153.18, 83.05, 83.05, 79.99, 79.88, 79.18, 79.18,
67.86, 67.43, 47.82, 42.99, 40.14, 39.59, 32.94, 28.24, 28.18, 27.97, 27.97, 25.94, 25.38, 14.51, 11.43

MS (MALDI, m/z) calcd for C34Hs;NsNaOg (M+Na)" 686.41, found 686.43
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Preparation of Compound 11f
BocHN /NHBoc

tBuO—"

NHBoc
11f

Compound 11f was prepared from 10¢ (0.16 g, 0.51 mmol) and 9d (0.14 g, 0.43 mmol). Flash chromatography
(1:19 EtOAc/Hexanes) afforded 0.18 g (73 %) 11f as a yellowish oil.

"H NMR (500 MHz, CDCl3) 8 5.05 (br, 1H), 4.84 (d, 1H, J = 8.0 Hz), 4.64 (br, 1H), 4.54 (br, 1H), 4.46-4.40 (m,
1H), 3.45 (d, 2H, J = 4.5 Hz), 3.11-3.07 (m, 1H), 1.67-1.59 (m, 2H), 1.49-1.42 (br, 31H), 1.17 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 155.96, 154.74, 154.69, 79.95, 78.99, 78.99, 77.66, 77.11, 73.63, 67.38, 66.68,
63.71, 43.93, 43.00, 40.13, 35.54, 29.42, 28.35, 28.25, 28.25, 27.33, 22.66 (107.25 is noise from NMR.)

MS (MALDI, m/z) calcd for C3oHs1N3NaO; (M+Na)" 588.36, found 588.41

"H NMR of 11f
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3C NMR of 11f
General Procedure for Compounds 2a-f

The compounds 11a-f were treated with 50% TFA/CH,CI, at 0 °C for 3-5 h. Evaporating solvent under nitrogen
afforded the desired product 2a-f.

Scheme S9. Synthesis of compounds 2a-f.
50 % TFA
BocHN NHBoc  CH.CI, HoN NH,
R' R? 0°C,35h R R2
11a-f 2a-f
Preparation of Compound 2a
: HZN\ = = {NHZ :
2a

Compound 2a was prepared from 11a (10.0 mg, 0.022 mmol). 2a was obtained as a yellowish amorphous solid
(90 %, 2TFA salt).
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"H NMR (500 MHz, CD30D) & 7.31-7.23 (m, 5H), 4.45 (dd, 1H, J = 5.5, 9.5 Hz), 4.20 (dd, 1H, J = 5.5, 10.5 Hz),
3.15 (dd, 1H, J = 5.5, 13.5 Hz), 2.99 (dd, 1H, J = 9.5, 13.5 Hz), 1.76-1.71 (m, 1H), 1.71-1.85 (m, 1H), 1.57-1.52
(m, 1H), 0.94 (d, 3H, J = 6.5 Hz), 0.89 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CD;0D) 6 136.36, 131.40, 130.81, 129.80, 77.11, 76.67, 72.48, 71.82, 46.55, 43.95, 43.71,
41.01, 27.26, 24.01, 22.32 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for Cy7H23N2 (M+H)" 255.19, found 255.21
optical rotation [a]p'%® = +63.7 (¢ = 0.96 in MeOH)

"H NMR of 2a
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Preparation of Compound 2b
HoN NH
SN
- o
N
H
2b

Compound 2b was prepared from 11b (9.50 mg, 0.016 mmol). 2b was obtained as a yellowish amorphous solid
(87 %, 2TFA salt).

"H NMR (500 MHz, CDs0D) 8 7.57 (d, 1H, J = 8.0 Hz), 7.35 (d, 1H. J = 8.5 Hz), 7.20 (s, 1H), 7.10 (dd, 1H, J =
9.5, 9.5 Hz), 7.02 (dd, 1H, J = 8.0 Hz), 4.51 (dd, 1H, 7.5, 8.5 Hz), 4.22 (dd, 1H, J = 5.0, 10.5 Hz), 3.31-3.29 (m,
2H), 1.79-1.74 (m, 1H), 1.74-1,67 (m, 1H), 1.60-1.54 (m, 1H), 0.97 (d, 3H, J = 9.0 Hz), 0.92 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDs;0D) 6 136.79, 126.89, 124.07, 121.46, 118.83, 117.66, 111.18, 106.63, 75.34, 74.52,
69.79, 69.66, 43.85, 41.69, 41.48, 29.22, 24.95, 21.78, 20.00 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C1gH24N3 (M+H)" 294.20, found 294.21
optical rotation [a]p'®® = +34.8 (¢ = 0.72 in MeOH)
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Preparation of Compound 2¢

HZN», /NH2
— - \—\_\
/ NH,
2c

Compound 2¢ was prepared from 11¢c (4.80 mg, 0.009 mmol). 2¢ was obtained as a yellowish amorphous solid
(quant., 3TFA salt).

"H NMR (500 MHz, CD;0D) 8 4.28 (d, 2H, J = 3.5 Hz), 4.27 (d, 2H, J = 10.5 Hz), 2.92 (t, 2H, J = 8.0 Hz),
1.90-1.80 (m, 3H), 1.73-1.66 (m, 2H), 1.53-1.44 (m, 2H), 1.35-1.27 (m, 2H), 1.04 (d, 3H, J = 6.5 Hz), 0.95 (t, 3H,
J =10.5 Hz)

'3C NMR (125 MHz, CDs;0D) 6 76.31, 75.45, 72.55, 71.85, 44.89, 40.95, 39.75, 34.42, 28.56, 28.15, 24.26,
24.26, 14.81, 12.22

MS (ESI, m/z) calcd for Cy4H26N3 (M+H)" 236.21, found 236.22
optical rotation [a]p'®® = +32.6 (¢ = 0.21 in MeOH)

8 7 6 5 4 3 2 1 -0 ppm

"H NMR of 2¢
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Preparation of Compound 2d

HoN NH
Al

LT
/
2d

Compound 2d was prepared from 11d (10.0 mg, 0.013 mmol). 2d was obtained as a yellowish amorphous solid
(93 %, 2TFA salt).

"H NMR (500 MHz, CD30D) & 7.05 (d, 2H, J = 8.5 Hz), 6.71 (d, 2H, J = 8.5 Hz), 4.38 (dd, 1H, J = 5.5, 9.0 Hz),
4.23 (d, 1H, J = 5.0 Hz), 3.04 (dd, 1H, J = 5.5, 13.5 Hz), 2.91 (dd, 1H, J = 9.5, 13.5 Hz), 1.83-1.78 (m, 1H),
1.83-1.78 (m, 1H), 1.47 (m, 1H), 1.30 (m, 1H), 1.00 (d, 3H, J = 7.0 Hz), 0.92 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CD;0D) 6 156.98, 130.21, 124.46, 115.20, 74.40, 73.19, 70.50, 70.08, 44.49, 44.49, 38.03,
37.61, 26.03, 12.66, 10.11 (107.25 is noise from NMR.)

MS (ESI, m/z) calcd for Cq7H23N20 (M+H)* 271.18, found 271.19
optical rotation [a]p'®® = +40.2 (c = 0.60 in MeOH)
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Preparation of Compound 2e

HoN. /NH2
/S T \_L
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Compound 2e was prepared from 11e (9.80 mg, 0.015 mmol). 2e was obtained as a yellowish amorphous solid
(93 %, 3TFA salt).

"H NMR (500 MHz, CD30D) & 4.31 (dd, 1H, J = 5.5, 9.0 Hz), 4.27 (d, 1H, J = 4.5 Hz), 3.22 (t, 2H, J = 7.0 Hz),
1.94-1.87 (m, 1H), 1.86-1.80 (m, 2H), 1.79-1.66 (m, 2H), 1.50-1.44 (m, 1H), 1.36-1.25 (m, 1H), 1.03 (d, 3H, J =
6.5 Hz), 0.95 (t, 3H, J = 10.5)

3C NMR (125 MHz, CDs;0D) 6 157.32, 74.04, 73.40, 70.39, 69.82, 42.65, 40.07, 37.62, 37.62, 29.96, 26.04,
24.63, 12.68, 10.11

MS (ESI, m/z) calcd for C14H26N5 (M+H)" 264.39, found 264.23
optical rotation [a]p'%* = +8.7 (c = 0.84 in MeOH)

"H NMR of 2e
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Compound 2f was prepared from 11f (10.30 mg, 0.018 mmol). 2f was obtained as a yellowish amorphous solid
(90%, 3TFA salt).

"H NMR (500 MHz, CD;0D) & 4.24 (dd, 1H, J = 1.5, 2.0 Hz), 4.22 (d, 1H, J = 5.0 Hz), 3.80 (dd, 1H, J = 4.5, 11.5
Hz), 3.66 (dd, 1H, J = 6.5, 11.5 Hz), 2.88 (t, 2H, J = 7.5 Hz), 1.87-1.75 (m, 2H), 1.68-1.62 (m, 2H), 1.58-1.52 (m,
1H), 1.50-1.45 (m, 1H)

3C NMR (125 MHz, CD;0D) § 76.56, 75.25, 72.10, 71.91, 63.56, 47.05, 44.98, 41.10, 34.57, 28.70, 24.40
(107.25 is noise from NMR.)

MS (ESI, m/z) calcd for C11HxN3O (M+H)* 210.16, found 210.17
optical rotation [a]p'®" = +1.4 (c = 0.85 in MeOH)



8 7 6 5 4 3 2 1 ppm

"H NMR of 2f

3C NMR of 2f

S133



S134

E. Preparation of Kinked Bistriazole Mimics

Procedure for Compound 12

To a suspension of 3-bromo-5-iodobenzoic acid (40.00 g, 122.35 mmol) in thionyl chloride (150 mL) was added
DMF (0.40 mL) slowly at 25 °C under nitrogen. The mixture was stirred at 80 °C for 9 h under nitrogen. The
thionyl chloride was distilled away to give a brown solid. The resulting brown solid was dissolved in
dichloromethane (200 mL), and EtsN (50 mL) and N-Boc-piperazine (23.48 g, 126.00 mmol) were added slowly.
The mixture was stirred for 11 h at 25 °C. The reaction mixture was poured into water, extracted with EtOAc
and dried over MgSO,4. The crude product was recrystallized from 95% EtOH to give 12 (51.83 g, 86%) as a
pale yellowish solid.

Scheme S$10. Synthesis of compound 12.

Br | (i) SOCl,, DMF  Br l
80°C,9h
(i) HN NBoc

0~ “OH N 07 N
EtsN, CH,Cly _NBoc
25°C, 11 h

12

"H NMR (500 MHz, CDCl3)  7.93 (t, 1H, J = 1.8 Hz), 7.66 (t, 1H, J = 1.5 Hz), 7.50 (t, 1H, J = 1.8 Hz), 3.75-3.35
(m, 8H), 1.47 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 167.0, 154.4, 141.0, 138.7, 134.4, 129.3, 123.2, 94.6, 80.5, 47.5, 43.4 (br), 42.1,
28.3

MS (ESI) calcd for C1gH20BrIN,O5 (M+H)™ 494.98, found 494.97

i . 1
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ieo 9 8 7 6 S a 3 2 1 o -1

"H NMR of 12
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Procedure for Compound 13

To a solution of Pd(PPh;).Cl; (0.14 g, 0.20 mmol) and Cul (0.038 g, 0.20 mmol) in THF (200 mL) was added
EtsN (11.0 mL), 12 (19.81 g, 40.00 mmol) and trimethylsilyl-acetylene (6.8 mL, 48 mmol) under nitrogen. The
mixture was stirred at 25 °C for 1 h. After evaporation of solvent under reduced pressure, the crude product was
purified by flash chromatography eluting with EtOAc/hexane (1:3) to give 13 (17.42 g, 94%) as a pale yellowish
solid.

Scheme S11. Synthesis of compound 13.

=—TMS >
Br ! 1 mol% Pd(PPhy),Cl,  B' =
1 mol% Cul, NEt;

-
’

o /\ THF, 25°C, 1 h o N/\

N
bNBoc k/NBoc

12 13

"H NMR (500 MHz, CDCl3)  7.67 (t, 1H, J = 1.5 Hz), 7.49 (t, 1H, J = 1.8 Hz), 7.39 (t, 1H, J = 1.3 Hz), 3.75-3.35
(m, 8H), 1.48 (s, 9H), 0.25 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 168.0, 154.5, 137.2, 135.8, 130.0, 128.8, 125.5, 122.4, 102.2, 97.4, 80.5, 47.5,
43.7 (br), 42.1, 28.3, -0.27

MS (ESI) calcd for Cp1H29BrN,O3Si (M+H)" 465.12, found 465.12
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Procedure for Compound 14

To a solution of 13 in THF (250 mL) under nitrogen was added Pd(PPh3).Cl; (1.14 g, 1.62 mmol), Cul (0.31 g,
1.62 mmol), Et3N (25.2 mL, 180 mmol) and triisopropylsilyl-acetylene (21.8 mL, 97.4 mmol). The mixture was
stirred at 70 °C for 12 h under nitrogen. After this time, the solvent was evaporated, and the mixture was filtered
through a plug of silica eluting with EtOAc/hexane (1:20) followed by EtOAc/hexane (1:3). The eluant was
washed with 0.5 M EDTA solution and the solvent was evaporated to give the crude coupled product with
triisopropylsilylacetylene (46.1 g) as a yellow foam. To a solution of the intermediate coupling product in MeOH
(300 mL) was added 1 N NaOH (0.30 mL). The reaction mixture was stirred at 25 °C for 18 h. After this time, the
solvent was evaporated, and the resulting residue was purified by flash chromatography eluting with
hexane/EtOAc (10:1) followed by hexane/EtOAc (1:3) to give 14 (39.61 g, 99%) as a yellow solid.
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Scheme S12. Synthesis of compound 14.

Br = 1 mol% Pd(PPhg),Cl, R =
1 mol% Cul

EtsN, THF, 25°C, 1 h

(i) NaOH, MeOH

N 0" N
Q\IBOC 25°C, 18 h @BOC

13 14

0]

"H NMR (500 MHz, CDCl3) § 7.63 (t, 1H, J = 1.5 Hz), 7.47 (t, 1H, J = 1.5 Hz), 7.41 (t, 1H, J = 1.5 Hz), 3.75-3.35
(m, 8H), 3.13 (s, 1H), 1.47 (s, 9H), 1.12 (s, 18H), 1.11 (s, 3H)

3C NMR (125 MHz, CDCl3) 6 168.7, 154.5, 136.5, 136.0, 130.7, 129.8, 124.6, 122.9, 104.7, 93.3, 81.8, 80.4,
78.9,47.4,43.5 (br), 42.1, 28.3, 18.6, 11.2

MS (ESI) calcd for Ca9H4oN203Si (M+H)* 495.30, found 495.30

T T T T T T T T T T 1
2 8 rd 6 5 a 3 2 a -0 -

"H NMR of 14
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General Procedure for Synthesis of 15a-e.

Amino ester azides were prepared from the corresponding amino esters following the procedure reported
previously by Lundquist and Pelletier.’* In general, a solution of sodium azide (10.0 equiv to amino ester) was
dissolved in a 1:1 mixture of H,O and CH,Cl; (to give a 3M solution of sodium azide) and cooled in an ice bath.
Triflic anhydride (2.0 equiv) was added over 5 min and the solution was then stirred at 0 °C for 2 h. The CH,Cl,
phase was separated, and the aqueous portion was extracted twice with CH,Cl,. The organic phases were
combined, washed once with saturated Na,CO3, and the solution was used without further purification. The
amino ester (1.0 equiv) was suspended in a solution of H,O and CH3OH (1:2, 0.1 M in amino ester) and K,CO3
(1.5 equiv), and CuSO,- 5H,0 (0.1 equiv), were added. The CH,ClI; solution of triflyl azide prepared above was
added in one portion, and the mixture was stirred at 25 °C for 16 h. The organic solvents were removed under
reduced pressure, and the resulting aqueous solution was saturated with NaCl. This solution was extracted four
times with ethyl acetate, the solvent was removed under reduced pressure, and the azido ester was purified by
a short silica column.

To a solution of 14 (1.0 equiv) and azido acid (1.3 equiv) in THF (3.5 mL/1.0 mmol 14) and H,O (3.5 mL/1.0
mmol 14) was added Cu powder (1.0 equiv) and CuSO, (0.1 equiv., 1 N aqueous solution). The mixture was
stirred at 25 °C for 24-48 h. The reaction mixture was filtered through a plug of Celite and washed with EtOAc.
The organic layer was washed with 3% EDTA solution, and dried (MgSQ,) to afford a crude product as a white
solid. To a solution of the triazole product in THF (4.0 mL/1.0 mmol 3) at 0 °C was added TBAF (1.5 equiv, 1.0 M
in THF) slowly. The mixture was stirred at 0 °C for 10 min, poured into brine, extracted with EtOAc, and dried
(Na,S0O,) to give a crude product. The crude product was purified by flash chromatography over silica eluting
with EtOAc/hexane to yield 15.

Scheme S13. Synthesis of compound 15a-e.



S139
(i) NS\/COZR1

TIPS R2 \ N=N \/002R1
X Z Cu, CuSO,, THFH,0 <N
25°C, 24-48 h R

>

(i) TBAF, THF, 0 °C, 10 min
o) N/\ 0 N/\
_NBoc NBoc

14 15a-e

Preparation of Compound15a

N=N  cO,Me
AN N~/

5
N
H

O~ N
Q\IBOC

15a

Compound 15a was prepared from (9.89 g, 20.0 mmol) of 14. Flash chromatography (1:1 to 3:1
EtOAc/Hexane) afforded 10.95 g (94 % over two steps) 15a as a pale green solid.

'H NMR (500 MHz, CDCls) 6 8.44 (s, 1H), 7.90 (s, 1H), 7.82 (s, 1H), 7.75 (s, 1H), 7.47 (d, 1H, J = 8.0 Hz), 7.44
(s, 1H), 7.33 (d, 1H, J =8.0 Hz), 7.19 (t, 1H, J = 7.5 Hz), 7.10 (t, 2H, J = 7.3 Hz), 6.77 (s, 1H), 5.72 (t, 1H,J=7.0
Hz), 3.79 (s, 3H), 3.76-3.35 (m, 10H), 3.15 (s, 1H), 1.48 (s, 9H)

3C NMR (125 MHz, CDCl;) 5169.1, 168.8, 154.5, 145.6, 136.3, 136.0, 131.3, 130.4, 129.8, 126.7, 124.4, 123.3,
123.2,122.4,120.7, 119.8, 117.9, 111.5, 108.5, 82.2, 80.4, 78.7, 63.3, 53.2, 47.5, 43.6 (br), 42.1, 28.9, 28.3

MS (ESI) calcd for C3,H34NgOsNa (M+Na)* 605.25, found 605.37
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Compound 15b was prepared from (9.89 g, 20.0 mmol) of 14. Flash chromatography (1:1 to 3:1
EtOAc/Hexane) afforded 11.92 g (99 % over two steps) 15b as a yellow solid.

"H NMR (500 MHz, CDCls) § 7.97 (s, 1H), 7.87 (s, 1H), 7.77 (s, 1H), 7.45 (s, 1H), 6.86 (d, 2H, J = 8.0 Hz), 6.69
(d, 2H, J = 8.0 Hz), 5.51 (t, 1H, J = 7.0 Hz), 3.80-3.35 (m, 11H), 3.15 (s, 1H), 1.47 (s, 9H), 1.44 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 169.5, 167.5, 156.2, 155.0, 145.8, 136.4, 131.6, 130.8, 130.4, 130.2, 126.0,
124.7,123.7, 120.9, 116.0, 84.2, 82.4, 80.9, 79.1, 65.2, 47.8, 43.9 (br), 42.4, 28.6, 28.1

MS (ESI) calcd for C33HaoN5Os (M+H)" 602.30, found 602.33

M L uJM LJLL,

T T T T T T T T
1z 11 10 L a 7 6 s

"H NMR of 15b
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Compound 15c was prepared from (6.43 g, 13.0 mmol) of 14. Flash chromatography (1:1 EtOAc/Hexane)
afforded 6.17 g (71 % over two steps) 15¢ as a white solid.

'H NMR (500 MHz, CDCl3) & 8.07 (s, 1H), 8.05 (s, 1H), 7.91 (t, 1H, J = 1.5 Hz), 7.47 (t, 1H, J = 1.5 Hz),
7 36-7.26 (m, 5H), 5.40 (dd, 1H, J =10.0, 5.0 Hz), 5.08 (d, 1H, J = 12.5 Hz), 5.03 (d, 1H, J = 12.5 Hz), 4.80 (br,

H), 3.80 (s, 3H), 3.75-3.35 (m, 8H), 3.20-3.14 (m, 3H), 2.26-2.12 (m, 2H), 1.57-1.45 (m, 2H), 1.45 (s, 9H),
1 30-1.20 (m, 2H)
(

3C NMR (125 MHz, CDCl3) 6 169.0, 156.4, 154.4, 146.1, 136.4, 136.3, 131.2, 130.4, 129.9, 128.4, 128.0,
127.9, 124.4, 123.3, 119.8, 82.1, 80.3, 78.8, 66.5, 62.7, 53.1, 47.5, 43.6 (br), 42.0, 40.1, 32.2, 29.1, 28.2, 22.6

MS (ESI) calcd for C35Ha3NgO7 (M+H)" 659.32, found 659.36
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Compound 15d was prepared from (4.94 g, 10.0 mmol) 14. Flash chromatography (1:3 EtOAc/Hexane)
afforded 5.12 g (93 % over two steps) 15d as a white solid.

"H NMR (500 MHz, CDCl3) & 8.05 (s, 1H), 8.04 (t, 1H, J = 1.5 Hz), 7.90 (t, 1H, J = 1.5 Hz), 7.47 (t, 1H, J = 1.5
Hz), 5.40 (dd, 1H, J = 9.0, 7.0 Hz), 3.75-3.35 (m, 8H), 3.16 (s, 1H), 2.02-1.99 (m, 2H), 1.48 (s, 9H), 1.47 (s, 9H),
1.41-1.34 (m, 1H), 0.99 (d, 3H, J = 6.5 Hz), 0.94 (d, 3H, J = 7.0 Hz)

3C NMR (125 MHz, CDCl3) 6 169.1, 168.3, 154.5, 146.0, 136.4, 131.5, 130.4, 129.8, 124.5, 123.3, 119.4, 83.6,
82.2,80.4, 78.6, 62.0, 47.5, 43.6 (br), 42.1, 41.8, 28.3, 27.8, 24.7, 22.7, 22.5, 21.3

MS (ESl) calcd for C30H42N505 (M'l'H)Jr 55232, found 552.34

"H NMR of 15d
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Compound 15e was prepared from (7.42 g, 15.0 mmol) of 14. Flash chromatography (1:1 EtOAc/Hexane)
afforded 8.77 g (94 % over two steps) 15e as a white solid.

'H NMR (500 MHz, CDCI3) & 8.05 (s, 1H), 8.03 (t, 1H, J = 1.8 Hz), 7.90 (t, 1H, J = 1.5 Hz), 7.47 (t, 1H, J= 1.5

Hz), 5.40 (dd, 1H, J = 10.0, 5.0 Hz), 3.77-3.35 (m, 8H), 3.16 (s, 1H), 2.57-2.50 (m, 1H), 2.25-2.14 (m, 2H), 1.48
(s, 9H), 1.47 (s, 9H), 1.42 (s, 9H)

3C NMR (125 MHz, CDCl3) 6 170.9, 169.1, 167.4, 154.5, 146.2, 136.4, 131.4, 130.4, 129.9, 124.5, 123.4,
119.8, 83.8, 82.2, 81.3, 80.4, 78.7, 62.6, 47.5, 43.5 (br), 42.1, 31.0, 28.3, 28.04, 28.00, 27.9

MS (ESI) calcd for CasHagNsO7 (M+H)* 624.34, found 624.35
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General Procedure for Synthesis of 16a, 16c-f, 16h-l and 16m-o.

To a solution of 15 (1.0 equiv) and azide (1.3 equiv) in THF (5.0 mL/1.0 mmol 15) and H,O (5.0 mL/1.0 mmol
15) was added Cu powder (1 equiv) and CuSO4 (0.1 equiv, 1 N aqueous solution). The mixture was stirred at 25
°C for 24-48 h. The reaction mixture was filtered through a plug of Celite and washed with EtOAc. The organic
layer was washed with 3% EDTA solution, and dried (MgSQO,) to afford a crude product as a white solid. The
crude product was purified by flash chromatography over silica eluting with EtOAc/hexane to yield 16a, c-f, h-l
and m-o as a white solid or pale yellow solid.

General Procedure for Synthesis of 16b, 16g and 16j-I.

To a solution of 15 (1.0 equiv) and azide (1.3 equiv) in THF (5.0 mL/1.0 mmol 15) and H,O (5.0 mL/1.0 mmol
15) was added Cu powder (1 equiv) and CuSO4 (0.1 equiv, 1 N aqueous solution). The mixture was stirred at 25
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°C for 24-48 h. The reaction mixture was filtered through a plug of Celite and washed with EtOAc. The organic
layer was washed with 3% EDTA solution, and dried (MgSQO,) to afford a crude product as a white solid. The
crude product was purified by flash chromatography over silica eluting with EtOAc/hexane to yield bistriazole as
a white solid or pale yellow solid. To a solution of the above bistriazole product (1.0 equiv) and Boc,O (1.2
equiv) in MeOH (0.05 M) at 0 °C was added 10% Pd/C (0.1 equiv) slowly. The mixture was stirred at 25 °C
under 1 atm H; for 24 h and filtered through Celite. The crude product was purified by flash chromatography
over silica eluting with EtOAc/hexane to yield 16b, g and j-l1 as a white solid or pale yellow solid.

Scheme S14. Synthesis of compound 16a-o.
N=N.  CO,R! Nz CO,R* R'0,C.  N=N N=N  CO,R!
X x N\/ R3 N x N\/
R2 R3 R2
CU, CUSO4, THF/Hzo
0 N/\ 25 OC, 24-48 h [9) N/\
NBoc K/NBOC
15a-e 16a-0
Preparation of Compound 16a
BuO,C.  N=N N=N  cOo,Me
2 N _ N\__/ 2
0 T
N
H
O~ N

Compound 16a was prepared from (2.11 g, 3.6 mmol) of 15a. Flash chromatography (3:1 EtOAc/Hexane)
afforded 3.02 g (99 %) 16a as a yellowish solid.

"H NMR (500 MHz, CD50D) 8 8.44 (d, 1H, J = 3.0 Hz), 8.34 (d, 1H, J = 11.0 Hz), 8.21 (d, 1H, J = 9.5 Hz), 7.79
(s, 1H), 7.71 (s, 1H), 7.44 (d, 1H, J = 7.5 Hz), 7.27 (d, 1H, J = 8.0 Hz), 7.04 (t, 1H, J = 7.5 Hz), 6.98-6.95 (m,
3H), 6.89 (s, 1H), 6.62 (d, 2H, J = 8.5 Hz), 5.80-5.77 (m, 1H), 5.55 (dd, 1H, J = 9.5, 6.0 Hz), 3.81-3.67 (m, 15H),
1.45 (s, 9H), 1.42 (s, 9H)

3C NMR (125 MHz, CDs;0D) & 171.7, 170.3, 168.8, 157.7, 156.2, 147.2, 138.1, 137.8, 133.0, 131.2, 128.2,
127.4, 125.0, 124.79, 124.76, 124.5, 123.5, 123.2, 122.6, 120.1, 118.8, 116.3, 112.4, 109.3, 84.5, 81.6, 66.5,
65.2, 53.6, 44.8, 43.2, 38.2, 29.3, 28.6, 28.0

MS (MALDI) calcd for Cy4sHs2NgOg (M+H)* 846.39, found 846.39
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Compound 16b was prepared from (1.11 g, 1.9 mmol) of 15a. Flash chromatography (9:1 EtOAc/Hexane)
afforded 1.23 g (74 % over two steps) 16b as a white solid.

"H NMR (500 MHz, CDs0OD) 6 8.53 (s, 1H), 8.36 (s, 1H), 8.27 (s, 1H), 7.84 (s, 1H), 7.72 (s, 1H), 7.45 (d, 1H, J =
8.0 Hz), 7.27 (d, 1H, J = 8.5 Hz), 7.21 (s, 1H), 7.04 (t, 1H, J = 7.5 Hz), 6.96 (t, 1H, J = 7.3 Hz), 6.90 (s, 1H),
5.80-5.77 (m, 1H), 5.49-5.46 (m, 1H), 3.77-3.38 (m, 16H), 2.98 (t, 2H, J = 6.5), 2.31-2.23 (m, 2H), 1.45 (s, 9H),
1.34 (s, 9H), 1.33-1.14 (m, 4H)

3C NMR (125 MHz, CDCl3) 6 171.6, 170.6, 170.4, 158.4, 156.2, 147.6, 138.1, 137.8, 132.9, 129.4, 128.8,
128.6, 128.1, 125.0, 124.8, 124.5, 123.5, 122.9, 122.6, 120.1, 118.8, 112.4, 109.3, 81.6, 79.8, 67.2, 65.1, 64.2,
53.6, 45.0 (br), 43.2, 40.7, 32.5, 30.1, 29.3, 28.7, 28.6, 24.0

MS (MALDI) calcd for CysHs7N19Og (M+H)" 869.43, found 869.13

"H NMR of 16b
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Compound 16c was prepared from (2.04 g, 3.5 mmol) of 15a. Flash chromatography (2:1 to 3:1
EtOAc/Hexane) afforded 2.58 g (93 %) 16c as a yellowish solid.

"H NMR (500 MHz, CDCl3) 6 8.38 (s, 1H), 8.27 (d, 1H, J = 5.0 Hz), 8.10 (s, 1H), 7.93 (s, 1H), 7.89 (s, 1H), 7.77
(s, 1H), 7.51 (d, 1H, J = 7.5 Hz), 7.35 (d, 1H, J = 8.0 Hz), 7.18 (t, 1H, J = 7.5 Hz), 7.12 (t, 1H, J = 7.5 Hz), 6.81
(s, 1H), 5.76-5.73 (m, 1H), 5.41 (dd, 1H, J = 9.5, 6.0 Hz), 3.79 (s, 3H), 3.75-3.35 (m, 10H), 2.05-2.01 (m, 1H),
1.49 (s, 9H), 1.48 (s, 9H), 1.47-1.37 (m, 2H), 0.99 (d, 3H, J = 3.3 Hz), 0.95 (d, 3H, J = 3.3 Hz)

3C NMR (125 MHz, CDCl3) 6 169.8, 168.9, 168.8, 168.3, 154.5, 146.5, 146.3, 136.7, 136.0, 131.6, 131.5,
126.7, 124.0, 123.8, 123.2, 122.4, 120.7, 119.8, 119.7, 118.0, 111.5, 108.7, 83.6, 80.3, 63.4, 62.1, 53.2, 47.6,
43.7 (br), 42.1, 41.6, 29.0, 28.3, 27.9, 24.7, 22.6, 21.3

MS (MALDI) calcd for CyoHs4NgO7 (M+H)" 796.41, found 796.20
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Compound 16d was prepared from (2.62 g, 4.5 mmol) of 15a. Flash chromatography (1:1 EtOAc/Hexane)
afforded 3.52 g (90 %) 16d as a white solid.

"H NMR (300 MHz, CD30D) 8 8.56 (s, 1H), 8.37 (s, 1H), 8.28 (s, 1H), 7.86 (s, 1H), 7.74 (s, 1H), 7.45 (d, 1H,
7.8 Hz), 7.28 (d, 1H, J = 8.4 Hz), 7.05 (t, 1H, J = 7.4 Hz), 6.97 (t, 1H, J = 7.4 Hz), 6.90 (s, 1H), 5.80 (dd, 1H,
9.3, 5.4 Hz), 5.47 (dd, 1H, J = 9.9, 5.4 Hz), 3.79 (s, 3H), 3.78-3.40 (m, 10H), 2.61-2.38 (m, 2H), 2.45 (t, 2H,
6.9 Hz), 1.47 (s, 9H), 1.46 (s, 9H), 1.41 (s, 9H)

3C NMR (75 MHz, CDCl3) 6 171.7, 170.6, 169.2, 167.7, 155.0, 146.5, 146.0, 137.1, 136.7, 131.9, 131.9, 127.0,
123.9, 123.6, 123.4, 123.3, 122.3, 121.9, 121.5, 118.9, 117.6, 111.3, 108.2, 83.5, 80.9, 80.5, 64.0, 62.9, 52.4,
43.7 (br), 42.1, 30.9, 28.2, 27 .4, 27.1, 27.0, 26.9

MS (MALDI) calcd for Cy4sHsgNgOg (M+2H)" 869.44, found 869.42
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Compound 16e was prepared from (2.04 g, 3.5 mmol) of 15a. Flash chromatography (100 % EtOAc) afforded
2.14 g (93 %) 16e as a white solid.

"H NMR (500 MHz, CD50D) & 9.53 (s, 1H), 8.30 (d, 1H, J = 4.0 Hz), 8.19 (d, 1H, J = 5.0 Hz), 7.80 (s, 1H), 7.68
(s, 1H), 7.44 (d, 1H, J = 8.0 Hz), 7.26 (d, 1H, J = 8.5 Hz), 7.02 (t, 1H, J = 7.5 Hz), 6.95 (t, 1H, J = 7.5 Hz), 6.87
(s, 1H), 5.75 (dd, 1H, J = 9.5, 5.0 Hz), 5.66 (dd, 1H, J = 6.0, 3.5 Hz), 4.36 (dd, 1H, J = 12.0, 5.5 Hz), 4.14 (dd,
1H, J = 12.5, 3.5 Hz), 3.77 (s, 3H), 3.75 (s, 3H), 3.74-3.38 (m, 10H), 1.44 (s, 9H)

3C NMR (125 MHz, CDCl3) & 171.6, 170.4, 169.1, 156.2, 147.2, 147.1, 138.1, 137.8, 133.0, 132.9, 128.2,
125.0, 124.9, 124.5, 123.7, 123.4, 122.6, 120.1, 118.8, 112.5, 109.4, 81.6, 66.3, 65.1, 62.8, 53.62, 53.61, 42.4
(br), 43.2, 29.3, 28.6

MS (MALDI) calcd for CagHaaNeOs (M+H)* 728.32, found 728.32
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Compound 16f was prepared from (2.11 g, 3.5 mmol) of 15b. Flash chromatography (2:1 to 3:1
EtOAc/Hexane) afforded 2.50 g (88 %) 16f as a white solid.

"H NMR (500 MHz, CD;0D) & 8.64 (t, 1H, J = 1.5 Hz), 8.51 (s, 1H), 8.38 (t, 1H, J = 1.5 Hz), 7.88 (s, 1H), 7.83 (t,
1H, J = 1.5 Hz), 6.96 (d, 2H, J = 8.5 Hz), 6.63 (d, 2H, J = 8.5 Hz), 5.57 (dd, 1H, J = 10.0, 6.0 Hz), 5.44 (dd, 1H, J
= 11.0, 5.5 Hz), 3.77-3.38 (m, 10H), 2.28-2.22 (m, 1H), 2.10-2.04 (m, 1H), 1.47 (s, 9H), 1.46 (s, 9H), 1.43 (s,
9H), 1.42-1.39 (m, 1H), 0.98 (d, 3H, J = 6.5 Hz), 0.94 (d, 3H, J = 5.0 Hz)

3C NMR (125 MHz, CD3;0D & 171.7, 169.6, 168.8, 157.7, 156.2, 147.5, 147.2, 138.3, 133.2, 131.2, 127.4,
125.0, 124.5, 123.2, 122.8, 116.4, 84.5, 84.4, 81.7, 66.6, 63.5, 44.0 (br), 43.3, 41.6, 38.3, 28.6, 28.11, 28.09,
26.1, 23.0, 21.5

MS (MALDI) calcd for C43HssNgOgNa (M+Na)* 837.43, found 837.57
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Compound 16g was prepared from (2.41 g, 4.0 mmol) of 15b. Flash chromatography (1:1 EtOAc/Hexane)
afforded 2.76 g (85 % over two steps) 16g as a white solid.

"H NMR (500 MHz, CDCl3) 8 8.33 (s, 1H), 8.13 (s, 1H), 8.08 (s, 1H), 7.90 (s, 1H), 7.84 (s, 1H), 7.12 (d, 2H, J =
8.0 Hz), 7.06 (d, 2H, J = 8.0 Hz), 5.50 (t, 1H, J = 7.3 Hz), 5.40 (dd, 1H, J = 9.0, 5.0 Hz), 4.60 (s, 1H), 3.78 (s,
6H), 3.75-3.38 (m, 10H), 3.07 (br, 2H), 2.25-2.13 (m, 2H), 1.53-1.23 (m, 40H)

3C NMR (125 MHz, CDCl3) 6 169.7, 169.1, 167.0, 155.9, 154.4, 151.5, 150.3, 146.8, 146.3, 136.7, 132.2,
131.5, 131.4, 129.9, 124.0, 123.8, 123.7, 121.5, 120.2, 119.8, 84.0, 83.5, 80.2, 64.6, 62.7, 53.1, 47.6, 43.5 (br),
42.1, 39.8, 38.3, 32.4, 29.2, 28.28, 28.26, 27.7, 27.6, 22.8

MS (MALDI) calcd for CsoHesNgO12 (M+H)" 888.46, found 888.44



T v —
10 8 6 a

'H NMR of 16g

L Tl |

Ll

T T T T T T T T T T T
180 160 140 120 100 80

3C NMR of 16g

Preparation of Compound 16h

T T T
60 40

T
20

S157



S158

07N

NBoc
16h

Compound 16h was prepared from (2.49 g, 4.0 mmol) of 15e. Flash chromatography (1:1 EtOAc/Hexane)
afforded 3.24 g (91 %) 16h as a white solid.

"H NMR (500 MHz, CD50D) & 8.60 (s, 1H), 8.50 (s, 1H), 8.37 (s, 1H), 7.88 (s, 1H), 7.83 (s, 1H), 6.97 (d, 2H, J =
8.0 Hz), 6.63 (d, 2H, J = 8.0 Hz), 5.57 (dd, 1H, J = 10.0, 6.5 Hz), 5.48 (dd, 1H, J = 9.5, 5.5 Hz), 3.77-3.39 (m
10H), 2.60-2.56 (m, 1H), 2.49-2.42 (m, 1H), 2.26 (m, 2H), 1.47 (s, 9H), 1.46 (s, 9H), 1.43 (s, 9H), 1.42 (s, 9H)

3C NMR (125 MHz, CDs;0D) & 172.9, 171.8, 168.9, 168.8, 157.7, 156.2, 147.6, 147.2, 138.3, 133.2, 133.1,
131.2, 127.4, 125.0, 124.6, 124.5, 123.3, 123.1, 116.4, 84.7, 84.5, 82.1, 81.7, 66.6, 64.1, 44.4 (br), 43.3, 38.3,
32.1, 28.6, 28.32, 28.25, 28.12, 28.10

MS (MALD') calcd for C46H63N3010 (l\/l"'H)Jr 88747, found 887.38
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Compound 16i was prepared from (1.81 g, 3.0 mmol) of 15b. Flash chromatography (EtOAc) afforded 1.48 g

(67 %) 16i as a white solid.

"H NMR (500 MHz, CD;0D) & 8.64 (s, 1H), 8.52 (s, 1H), 8.39 (s, 1H), 7.89 (s, 1H), 7.84 (s, 1H), 6.97 (d, 2H, J =
8.0 Hz), 6.63 (d, 2H, J = 8.5 Hz), 5.71 (dd, 1H, J = 6.5, 4.0 Hz), 5.57 (dd, 1H, J = 9.5, 6.0 Hz), 4.38 (dd, 1H, J =

12.0, 6.5 Hz), 4.16 (dd, 1H, J = 12.0, 3.0 Hz), 3.82 (s, 3H), 3.79-3.39 (m, 10H), 1.46 (s, 9H), 1.44 (s, 9H)

3C NMR (125 MHz, CDs;0D) & 171.8, 169.1, 168.8, 157.7, 156.2, 147.3, 147.2, 138.3, 133.2, 133.1, 131.2,
127.4, 125.0, 124.55, 124.49, 123.8, 123.3, 116.3, 84.6, 81.6, 66.6, 66.4, 62.8, 53.6, 44.5 (br), 43.3, 38.3, 28.6,

28.1

MS (MALDI) calcd for Ca7Ha7NsOs (M+H)* 747.35, found 747.26
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Compound 16j was prepared from (2.66 g, 4.3 mmol) of 16¢c. Flash chromatography (3:1 EtOAc/Hexane)
afforded 3.25 g (91 % over two steps) 16j as a white solid.

"H NMR (500 MHz, CDCl3) & 8.39 (s, 1H), 8.14 (s, 2H), 7.91 (s, 2H), 5.44-5.40 (m, 2H), 4.56 (br, 1 H), 3.80 (s,
3H), 3.78-3.40 (m, 8H), 3.08 (br, 2H), 2.34-2.26 (m, 1H), 2.21-2.17 (m, 1H), 2.08-1.98 (m, 2H), 1.54-1.24 (m,
32H), 0.98 (d, 3H, J = 6.5 Hz), 0.94 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDCl3) 6 169.8, 169.1, 168.3, 155.9, 154.5, 146.9, 146.7, 136.8, 131.7, 131.5, 124.0,
123.9, 123.8, 119.8, 119.6, 83.5, 80.3, 79.2, 62.8, 62.0, 53.1, 47.7, 43.6 (br), 42.1, 41.7, 39.9, 32.5, 29.3, 28.3,
27.9,24.7,22.8,22.6,21.3

MS (MALDI) calcd for CyoHesNgOg (M+H)" 838.48, found 838.45
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Compound 16k was prepared from (2.31 g, 3.5 mmol) of 15c. Flash chromatography (9:1 EtOAc/Hexane)
afforded 1.15 g (69 % over two steps) 16k as a white solid.

"H NMR (500 MHz, CD;0D) 8 8.61 (s, 1H), 8.60 (s, 1H), 8.34 (s, 1H), 7.85 (s, 2H), 5.72-5.70 (m, 1H), 5.44 (dd,
1H, J = 9.0, 5.5 Hz), 4.38 (dd, 1H, J = 12.0, 6.0 Hz), 4.17 (d, 1H, J = 9.5 Hz), 3.82 (s, 3H), 3.78 (s, 3H),
3.77-3.42 (m, 8H), 3.00 (t, 2H, J = 6.5 Hz), 2.37-2.25 (m, 2H), 1.58-1.19 (m, 22H)

3C NMR (125 MHz, CDCl3) 6 171.6, 170.7, 169.1, 158.4, 156.2, 147.6, 147.3, 138.2, 133.1, 132.9, 125.0,

124.5, 124.4, 123.7, 122.9, 81.6, 79.8, 66.3, 64.2, 62.8, 53.6, 44.4 (br), 43.3, 40.8, 32.5, 30.2, 28.8, 28.7, 28.6,
241

MS (MALDI) calcd for CasHs2NgO1o (M+H)" 770.38, found 770.29
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Compound 16l was prepared from (2.67 g, 4.1 mmol) of 16¢c. Flash chromatography (3:1 EtOAc/Hexane)
afforded 3.10 g (96 % over two steps) 16l as a white solid.

"H NMR (500 MHz, CDCls) 8 8.39 (s, 1H), 8.24 (s, 1H), 8.14 (s, 1H), 7.92 (s, 2H), 5.42 (dd, 1H, J = 10.0, 5.0 Hz),
5.18 (d, 1H, J = 8.5 Hz), 4.54 (br, 1 H), 3.81 (s, 3H), 3.80-3.42 (m, 8H), 3.10-3.07 (m, 2H), 2.31-2.04 (m, 3H),
1.63-1.26 (m, 33H), 1.05 (d, 3H, J = 6.5 Hz), 0.91 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDCl3) 6 169.8, 169.1, 167.8, 155.9, 154.5, 146.9, 146.5, 136.8, 131.8, 131.5, 124.0,

123.9, 123.8, 119.9, 119.7, 83.6, 80.3, 68.4, 62.8, 53.1, 47.6, 43.4 (br), 42.1, 39.9, 38.8, 32.5, 29.3, 28.3, 27.9,
25.1,22.8, 15.5, 10.8

MS (MALDI) calcd for CyoHesNgOg (M+H)* 838.48, found 838.43
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Compound 16m was prepared from (1.65 g, 3.0 mmol) of 16d. Flash chromatography (3:1 EtOAc/Hexane)
afforded 1.94 g (93 %) 16m as a white solid.

"H NMR (500 MHz, CD;0D) 6 8.86 (s, 1H), 8.64 (s, 1H), 8.42 (s, 1H), 7.89 (s, 2H), 5.71 (dd, 1H, J = 6.0, 3.5 Hz),
5.45 (dd, 1H, J = 10.5, 5.0 Hz), 4.38 (dd, 1H, J = 12.0, 6.0 Hz), 4.16 (dd, 1H, J = 12.0, 3.0 Hz), 3.82 (s, 3H),
3.81-3.45 (m, 8H), 2.29-2.22 (m, 1H), 2.10-2.04 (m, 1H), 1.47 (s, 9H), 1.46 (s, 9H), 1.46-1.34 (m, 1H), 0.98 (d,
3H, J = 6.5 Hz), 0.95 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDCl3) 6 171.7, 169.6, 169.0, 156.2, 147.5, 147.2, 138.2, 133.1, 133.0, 125.0, 124.5,
124.4, 123.8, 122.9, 84.4, 81.6, 66.3, 63.5, 62.8, 53.6, 44.5 (br), 43.2, 41.5, 28.6, 28.1, 26.0, 23.0, 21.5

MS (ESI) calcd for C34HagNgOg (M+H)" 697.37, found 697.39
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Compound 16n was prepared from (2.49 g, 4.0 mmol) of 15e. Flash chromatography (1:1 EtOAc/Hexane)
afforded 3.07 g (92 %) 16n as a white solid.

"H NMR (500 MHz, CD30D) 6 8.66 (s, 1H), 8.62 (s, 1H), 8.44 (s, 1H), 7.90 (s, 2H), 5.50-5.44 (m, 2H), 3.82-3.45
(m, 8H), 2.60-2.55 (m, 1H), 2.48-2.44 (m, 1H), 2.27-2.22 (m, 3H), 2.10-2.04 (m, 1H), 1.48 (s, 9H), 1.47 (s, 9H),
1.46 (s, 9H), 1.42 (s, 9H), 1.41-1.34 (m, 1H), 0.98 (d, 3H, J = 6.5 Hz), 0.95 (d, 3H, J = 7.0 Hz)

3C NMR (125 MHz, CDCl3) 6 172.9, 171.8, 169.6, 168.9, 156.2, 147.7, 147.6, 138.4, 133.2, 133.1, 125.0,

124.6, 123.1, 122.9, 84.7, 84.5, 82.1, 81.7, 64.1, 63.5, 44.8 (br), 43.3, 41.6, 32.1, 28.6, 28.32, 28.27, 28.12,
28.11, 26.1, 23.0, 21.5

MS (MALDI) calcd for CazHssNsO10 (M+H)* 837.49, found 837.42
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Compound 160 was prepared from (2.49 g, 4.0 mmol) of 15e. Flash chromatography (3:1 EtOAc/Hexane to
EtOAc) afforded 2.87 g (93 %) 160 as a white solid.

'H NMR (500 MHz, CDs0D) & 8.62 (s, 1H), 8.60 (s, 1H), 8.38 (s, 1H), 7.87 (s, 2H), 5.70 (dd, 1H, J = 6.0, 3.5 Hz),
5.48 (dd, 1H, J = 10.0, 5.5 Hz), 4.49 (dd, 1H, J = 12.0, 6.0 Hz), 4.17 (dd, 1H, J = 11.5, 3.0 Hz), 3.82 (s, 3H),
3.81-3.45 (m, 8H), 2.60-2.55 (m, 1H), 2.50-2.43 (m, 1H), 2.27 (t, 2H, J = 7.3 Hz), 1.47 (s, 9H), 1.45 (s, 9H), 1.42
(s, 9H)

3C NMR (125 MHz, CDCl3) 6 172.8, 171.7, 169.1, 168.9, 156.2, 147.7, 147.4, 138.3, 133.2, 133.0, 125.0,
124.6, 124.5, 123.8, 123.1, 84.7, 82.1, 81.6, 66.3, 64.1, 62.9, 53.6, 44.5 (br), 43.3, 32.2, 28.6, 28.3, 28.2, 28.1

MS (ESI) calcd for C43HesNgOg (M+H)" 769.39, found 769.36
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General Procedure for Deprotection of Monomers 3a-e and m.
The compounds 3a-e and m were treated with 50% TFA/CH,CI, at 25 °C for 16 h. Evaporating solvent under

nitrogen afforded the desired product 3a-e and m.

Scheme S15. Synthesis of compound 3a-e and m.



RY0,C.  N=N N=N_ CO,R" R*0,C  N=N N=N.  CO,R!
N _ N NN N—/ °
Z — = %
RS R? 50 % TFA R3 R2
CH.Cls
—_—
25°C, 16 h
07N 07N
NBoc NH
16a-e, m 3a-e, m
Preparation of Compound 3a
HO,C.  N=N N=N  co,Me
N N~/
HO T@
b
07 N

Compound 3a was prepared from 16a (33.90 mg, 0.035 mmol). 3a was obtained as a gray amorphous solid
(quant., TFA salt).

"H NMR (500 MHz, CD;0D) & 8.38 (d, 1H, J = 4.0 Hz), 8.35 (d, 1H, J = 13.5 Hz), 8.13 (ddd, 1H, J = 1.5, 13.5
Hz), 7.81 (s, 1H), 7.77 (s, 1H), 7.41 (dd, 1H, J = 5.5, 8.0 Hz), 7.24 (d, 1H, J = 8.0 Hz), 7.02-6.99 (m, 1H),
6.95-6.93 (m, 1H), 6.90 (d, 2H, J = 13.0 Hz), 6.87 (d, 1H, J = 2.0 Hz), 6.56 (d, 2H, J = 8.5 Hz), 5.78 (dd, 1H, J =
5.5,9.5 Hz), 5.62 (dd, 1H, J = 4.5, 10.5 Hz), 3.93-3.67 (m, 4H), 3.55 (dd, 1H, J = 4.5, 14.5 Hz), 3.42 (dd, 1H, J =
1.5, 10.5 Hz), 3.31-3.21 (m, 6H)

3C NMR (125 MHz, CD;0D) & 172.50, 172.15, 171.31, 158.45, 147.96, 147.85, 138.70, 137.91, 133.93,
133.90, 133.89, 131.93, 129.05, 128.56, 126.30, 125.71, 125.67, 125.44, 124.36, 123.53, 120.96, 119.68,
117.23, 113.34, 110.24, 67.10, 66.07, 54.50, 54.50, 45.20, 39.10, 30.18 (107.25 is noise from NMR.)

MS (MALDI) calcd for CagHssNgOg (M+H)" 690.28, found 690.34
optical rotation [a]p*** = -68.7 (c = 0.362 in MeOH)
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C NMR of 3a
Preparation of Compound 3b
MeO,C_~ N=N N=N_ co,m
o N _ =~ N—/ e

N
H

H,N
07N
g

3b

Compound 3b was prepared from 16b (33.90 mg, 0.039 mmol). 3b was obtained as a purple amorphous solid
(quant., 2TFA salt).

"H NMR (500 MHz, CD30D) 6 8.58 (d, 1H, J = 1.0 Hz), 8.41 (d, 1H, J = 1.0 Hz), 8.29-8.28 (m, 1H), 7.91 (s, 1H),
7.79 (s, 1H), 7.42 (d, 1H, J = 7.5 Hz), 7.25 (d, 1H, J = 8.0 Hz), 7.02 (dd, 1H, J= 7.0, 7.0 Hz), 6.94 (dd, 1H, J = 8.0
Hz), 6.89 (s, 1H), 5.81 (dd, 1H, J = 5.5, 10.0 Hz), 5.54 (dd, 1H, J = 5.0, 10.0 Hz), 3.94-3.79 (m, 4H), 3.78 (s, 3H),
3.77 (s, 3H), 3.30-3.22 (m, 4H), 2.86 (t, 2H, J = 8.0 Hz), 2.41-2.27 (m, 2H), 1.71-1.61 (m, 2H), 1.46-1,38 (m,
2H), 1.33-1.25 (m, 2H)

3C NMR (125 MHz, CD;0D) & 172.50, 172.50, 171.32, 148.46, 147.95, 138.73, 138.07, 133.99, 133.92,
130.26, 129.06, 126.30, 125.68, 125.49, 124.39, 124.00, 123.50, 120.94, 110.67, 113.33, 110.23, 66.09, 64.86,
54.54, 54.54, 54.50, 45.20, 41.15, 33.13, 30.22, 28.66, 24.69 (107.25 is noise from NMR.)

MS (MALDI) calcd for CasHaiN1oOs (M+H)* 669.75, found 669.37
optical rotation [a]p*** = -8.3 (¢ = 0.603 in MeOH)
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Preparation of Compound 3c

HO,C. ~ N=N N=N_ cO,Me

>JN/ A
TQ
N
H

3c

Compound 3¢ was prepared from 16¢ (34.50 mg, 0.043 mmol). 3¢ was obtained with as a gray amorphous
solid (quant., TFA salt).

"H NMR (500 MHz, CD;0D) § 8.58 (d, 1H, J = 2.5 Hz), 8.39 (d, 1H, J = 6.0 Hz), 8.23 (ddd, 1H, J = 1.5, 6.0 Hz),
7.91 (s, 1H) 7.81 (s, 1H), 7.45 (d, 1H, J = 8.0 Hz), 7.26 (d, 1H, J = 8.0 Hz), 7.02 (dd, 1H, J= 7.0, 8.0 Hz), 6.95
(dd, 1H, J = 7.0, 7.0 Hz), 6.88 (s, 1H), 5.80 (dd, 1H, J = 5.5, 13.5 Hz), 5.51 (dd, 1H, J = 5.5, 11.0 Hz), 3.94-3.68
(m, 4H), 3.27 (s, 3H), 3.32-3.23 (m, 6H), 2.30-2.23 (m, 1H), 2.13-2.08 (m, 1H), 1.37-1.32 (m, 1H), 0.97 (d, 3H, J
= 6.5 Hz), 0.92 (d, 3H, J = 7.0 Hz)

3C NMR (125 MHz, CD;0D) 6 172.99, 172.51, 171.32, 148.26, 147.96, 138.71, 137.97, 133.95, 133.93, 129.04,
126.35, 125.69, 125.47, 125.44, 124.35, 123.81, 123.50, 120.94, 119.68, 113.33, 110.23, 66.06, 63.76, 54.50,
45.21,42.45, 30.21, 26.93, 23.91, 22.23 (107.25 is noise from NMR.)

MS (MALDI) calcd for CazHssNgOs (M+H)" 640.30, found 640.35
optical rotation [a]p*** = 0.3 (¢ = 1.050 in MeOH)
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"H NMR of 3¢

200 180 160 140 120 100 80 60 40 20 ppm

SC NMR of 3¢
Preparation of Compound 3d

HO,C.  N=N N=N  co,Me

\

HO,C |

OUH
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3d

Compound 3d was prepared from 16d (32.70 mg, 0.038 mmol). 3d was obtained with as a gray amorphous
solid (quant., TFA salt).

"H NMR (500 MHz, CD;0D) 6 8.51 (d, 1H, J = 3.0 Hz), 8.35 (t, 1H, J = 4.5 Hz), 8.20-8.19 (m, 1H), 7.87 (s, 1H)
7.77 (s, 1H), 7.40 (d, 1H, J = 8.5 Hz), 7.24 (d, 1H, J = 8.0 Hz), 7.00 (dd, 1H, J= 8.0, 8.0 Hz), 6.92 (dd, 1H, J =
8.0, 8.0 Hz), 6.87 (s, 1H), 5.78 (dd, 1H, J = 5.5, 10.0 Hz), 5.54 (dd, 1H, J = 5.5, 11.5 Hz), 3.92-3.66 (m, 4H),
3.76 (s, 3H), 3.29-2.37 (m, 4H), 3.22-3.21 (m, 2H) 2.69-2.61 (m, 1H), 2.50-2.43 (m, 1H), 2.28 (t, 2H, J = 6.5 Hz)

3C NMR (125 MHz, CD;0D) 6 176.38, 175.02, 172.50, 171.36, 148.32, 147.94, 138.70, 137.91, 133.88, 133.88,
129.04, 129.04, 126.36, 125.70, 125.49, 124.35, 124.08, 123.53, 120.96, 119.70, 113.35, 110.25, 66.05, 64.40,
54.52, 54.52, 45.23, 31.70, 30.20, 29.14 (107.25 is noise from NMR.)

MS (MALDI) calcd for C3,H34NgO7 (M+H)" 656.26, found 656.30
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3C NMR of 3d
Preparation of Compound 3e
MeO,C. ~ N=N N=N_ co,Me
jN = =~ N\{
HO =\E@
N
H
07 N
L_NH
3e

Compound 3e was prepared from 16e (29.70 mg, 0.041 mmol). 3e was obtained as a gray amorphous solid
(quant., TFA salt).

"H NMR (500 MHz, CD;0D) 8 8.61 (s, 1H), 8.41 (d, 1H, J = 6.5 Hz), 8.24 (ddd, 1H, J = 1.5, 6.5 Hz), 7.93 (s, 1H)
7.82 (s, 1H), 7.45 (d, 1H, J = 8.0 Hz), 7.29 (d, 1H, J = 8.0 Hz), 7.06 (dd, 1H, J= 8.0, 8.0 Hz), 6.98 (dd, 1H, J =
7.5,7.5Hz), 6.92 (d, 1H, J = 2.0 Hz), 5.82 (dd, 1H, J = 5.5, 14.5 Hz), 5.72 (dd, 1H, J = 3.5, 6.0 Hz), 4.39 (dd, 1H,
J =5.5,12.0 Hz), 4.15 (dd, 1H, J = 3.5, 12.0 Hz), 3.97-3.36 (m, 4H), 3.83 (s, 3H) 3.81 (s, 3H), 3.30 (m, 5H)

3C NMR (125 MHz, CD;0D) 6 172.53, 171.36, 170.03, 148.03, 147.94, 138.72, 137.94, 133.95, 133.88, 129.06,
129.06, 126.31, 125.69, 125.45, 124.67, 124.39, 123.54, 120.96, 119.69, 113.36, 110.25, 67.21, 66. 07, 63.69,
54.51, 54.51, 50.71, 45.26, 30.20 (107.25 is noise from NMR.)

MS (MALDI) calcd for Cs1H34NgOg (M+H)" 628.26, found 628.31
optical rotation [a]p?** = 8.5 (¢ = 1.875 in MeOH)
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Preparation of Compound 3m

Compound 3m was prepared from 16m (31.20 mg, 0.045 mmol). 3m was obtained as a white amorphous solid
(quant., TFA salt).

"H NMR (500 MHz, CD;OD) 6 8.72 (d, 2H, J = 3.5 Hz), 8.48 (t, 1H, J = 1.5 Hz), 8.02 (d, 2H, J = 1.5 Hz), 5.76
(dd, 1H, J = 6.0, 3.5 Hz), 5.58 (dd, 1H, J = 11.0, 4.5 Hz), 4.43 (dd, 1H, J = 12.0, 6.0 Hz), 4.20 (dd, 1H, J = 12.0,
3.5 Hz), 3.88-4.04 (br, 3H), 3.87 (s, 3H), 3.36-3.42 (br, 1H), 2.31-2.39 (m, 1H), 2.15-2.22 (m, 1H), 1.38-1.46 (m,
1H), 1.03 (d, 3H, J = 6.5 Hz), 0.99 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CD3;0D) 6 172.9, 172.6, 169.9, 148.3, 148.1, 138.1, 134.1, 134.0, 126.4, 125.5, 125.4,
124.7,123.9, 67.2, 62.8, 63.7, 54.5, 54.4, 45.3, 42.5, 26.9, 23.9, 22.2

MS (MALDI) calcd for CasH32NgOg (M+H)" 541.20, found 541.27
optical rotation [a]p?*? = 2.9 (¢ = 3.51 in MeOH)
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F. Preparation of Linear Bistriazole Mimics

General Procedure for Compounds 17a-c

Amino acid azides were prepared from the corresponding amino acids following the procedure reported
previously by Lundquist and Pelletier."* In general, to an ice-cooled solution of NaN; in CH,Cl./water (0.70 M,
10.0 equiv) was added triflic anhydride (2.0 equiv), drop-wise, over 10 minutes. The reaction mixture was
allowed to warm to room temperature and vigorously stirred at 25 °C for 6 h. The organic layer was separated,
the aqueous layer was extracted with CH,Cl, twice, and the organic phases were combined. The combined
phases were washed with saturated Na,CO; twice, and then dried over Na,SO, to yield TfN3 in solution.

To a solution of L-amino acid (1.0 equiv) in methanol (0.20 M) was added freshly prepared triflic azide (2.0
equiv) solution, K;COj3; (2.0 equiv), and CuSO4*5H,0 (1.0 mol %). The reaction mixture was stirred at 25 °C for
12 h after which time the solvents were removed under vacuum. The product residue was suspended in water
(100 mL) and extracted with EtOAc (3 x 100 mL). The organic phases were combined, dried over Na,SO,, and
then concentrated under reduced pressure.

The crude azido-acid was then dissolved in CH,Cl, (0.2 M) and cooled to 0 °C. To this solution was added
HOBt (1.1 equiv), and EDC (1.1 equiv), and the resulting mixture was stirred at 0 °C for 20 minutes.
Boc-piperazine (1.1 equiv), and N-methylmorpholine (2.0 equiv) were subsequently added. The reaction
mixture was allowed to warm to 25 °C while stirring for 12 h. The solvents were removed under reduced
pressure, and the resulting product residue was dissolved in EtOAc (0.20 M), and extracted with equal volumes
of 5 % HCI, water, 5 % Na,COj;, water, and then brine. The organic phase was dried over Na,SO,,
concentrated under vacuum, and purified by flash chromatography.

Scheme S16. Synthesis of compound 17a-c.
1 (l) TfNa, K2003, CUSO4'5H20
R CH,Cly, MeOH, H,0, 25 °C, 12h  R! O\lsoc
OH » N
HZNJ\W (ii) EDC, HOBY, NMM Ns)\[f
o Boc-piperazine, CH,Cl, 0o

0to25°C12h

HO
(\NBoc
K?Jyw
0]

17a

Compound 17a was prepared from L-Tyr (9.05 g, 50.0 mmol). The crude product was purified on silica gel (1:3
EtOAc/Hexanes) to afford 3.91 g (21%) as a white foam.

10,15
d.

17a-c

Preparation of Compound 17a

Spectral data matched that previously reporte

Preparation of Compound 17b
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O\IBOC

o)
17b

Compound 17b was prepared from L-lle (6.6 g, 50.0 mmol). The crude product was purified by column
chromatography on silica gel (1:2 EtOAc/Hexanes) to afford 7.0 g (43 %) as a white solid.
Spectral data matched that previously reported.’®

Procedure and preparation of Compound 17c

(\NBOC
VL
(6]

17¢c

Compound 17¢c was prepared from L-Leu (6.6 g, 50.0 mmol). The crude product was purified by column
chromatography on silica (1:3 EtOAc/Hexanes) to afford 12.9 g (80 %) as a white solid.

'H NMR (300 MHz, CDCl3) &: 3.90-3.95 (m, 1H), 3.75-3.69 (m, br, 1H), 3.56-3.36 (m, br, 8H), 1.85-1.75 (m,
1H), 1.62-1.52 (m, 1H under water peak), 1.47 (s, 9H), 0.97 (app dd, 6H, J = 10.0, J = 6.0 Hz)

*C NMR (125 MHz, CDCls) 8: 169.0, 154.6, 80.7, 57.1, 45.6, 42.2, 39.6, 28.5, 25.2, 23.1, 22.0
MS (ESI, m/z) calcd for C1gH25N504 (M+H)" 326.2, found 326.2
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Preparation of Compound 18a

To an ice bath-cooled suspension of tert-butyl protected L-Tyrosine (15.6 g, 86.0 mmol 1.0 equiv) and LiBH,4
(2.0 equiv) in THF (0.70 M) was added TMSCI (4.0 equiv), drop-wise, over 10 minutes. The reaction mixture
was then allowed to warm to 25 °C and stirred at 25 °C for 16 h. After this time, methanol was added to quench
the reaction. The reaction mixture was concentrated under reduced pressure and the resulting product residue
was dissolved in 14 % NaOH and extracted with CH,Cl,. The organic phases were combined, dried over
Na,SO,, and then concentrated under vacuum. The crude amino alcohol was used directly.

To an ice-cooled solution of NaN; in CH,Cl,/water (0.70 M, 1.0 equiv) was added triflic anhydride (5.0 equiv),
drop-wise, over 10 minutes. The reaction mixture was allowed to warm to room temperature and vigorously
stirred at 25 °C for 6 h. The organic layer was separated, the aqueous layer was extracted with CH,ClI, twice,
and the organic phases were combined. The combined phases were washed with saturated Na,COj3, and then
dried over Na,SO, to yield TfN3 in solution.

The TfN3 solution was added to a solution of amino alcohol (1.0 equiv) in water and methanol and vigorously
stirred at 25 °C for 12 h. The solvent was removed in vacuo, the resulting aqueous slurry was diluted with water
(0.25 M), the pH was adjusted to 6 with 12 N HCI, and extracted three times with an equal volume of ethyl
acetate. The organic phases were combined, dried over Na,SO,, concentrated under reduced pressure. The
azido alcohol product was purified on silica gel (5:1 EtOAc/hexanes) to afford 3.4 g (21 %) as a yellow oil.

Scheme S17. Synthesis of compound 18a.
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BuO ¢
(i) LiBH,4, TMSCI BuO
THF, 25 °C, 16h
HoN OH (i) TiN3, K,CO3, CuSO, OH
3 CH3OH, H,0, 25 °C, 12h N
18a

Spectral data for the compounds obtained matched that previously reported. '

Preparation of Compound 18b

To an ice-cooled solution of NaN3 (5.85 g, 90.0 mmol) in CH,Cl, (4.0 M) and water (7.0 M) was added triflic
anhydride (3.0 mL, 18 mmol), drop-wise, over 10 minutes. The reaction mixture was vigorously stirred at 0 °C
for 2.5 hours after which time, the layers were separated. The aqueous layer was extracted twice with 10 mL
CH,Cl;, and the combined organic phases were washed with 10 mL saturated sodium carbonate, brine and
then dried over Na,SOy to yield TfN3 in solution.

Commercially obtained S-Leucineol (0.47 g, 4.0 mmol) was dissolved in CHyCl, (10 mL) and
4-Dimethylaminopyridine (0.28g, 0.6 equiv) was added. To this solution was added the solution of triflic azide
followed by a catalytic amount of copper sulfate (0.4 mL, 1M solution). The reaction was allowed to stir at 25 °C
for 16 hours overnight. A 5% aqueous solution of citric acid (30 mL) was added to the reaction and the phases
were separated. The aqueous phase was back-extracted with 15 mL CH,Cl,. The organic phases were
combined and washed with 20 mL each of saturated sodium bicarbonate solution and brine. The organic phase
was dried with sodium sulfate, decanted and concentrated under reduced pressure. The crude product was
purified by column chromatography using CH,Cl, as eluant to yield the azido alcohol (0.35 g, 59 %) as a pale
yellow oil.

Scheme S18. Synthesis of compound 18b.

TfN3, DMAP, CuSQ,

OH CH,Cly, 25°C, 16h N OH
3

18b

HoN

"H NMR (500 MHz, CDCl3) &: 3.65 (d, 1H, J = 8.5 Hz), 3.52-3.44 (m, 2H), 3.04 (s, b, 1H), 1.73 (sept, 1H, J = 7.0
Hz), 1.42-1.35 (m, 1H), 1.26-1.20 (m, 1H), 0.91 (app dd, 6H, J = 7.0 Hz, J = 1.5 Hz)

*C NMR (125 MHz, CDCls) : 65.6, 62.6, 39.4, 25.0, 23.0, 22.0
MS (ESI, m/z) calcd for CgH13N3O (M+Li)" 150.2, found 150.1
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Procedure and preparation for Compound 19

To a solution of 4-bromobenzaldehyde (9.25 g, 50.0 mmol, 1.0 equiv) in tetramethylethylenediamine (50 mL,
1.0 M) was added sodium tetrachloropalladate(ll) (70.4 mg, 0.25 mmol, 0.50 mol%),
2-(di-tert-butylphosphine)-1-phenylindole (169 mg, 0.5 mmol, 1 mol%), copper(l) iodide (95.3 mg, 0.50 mmol,
1.0 mol%), and propargyl alcohol (5.80 mL, 100.0 mmol, 2.0 equiv). The reaction flask was equipped with a
reflux condenser and the reaction mixture was stirred under an inert atmosphere at 80 °C for 12 h. After this
time, the reaction was quenched by addition of water, extracted with diethyl ether (3 x 150 mL), dried over
Na,SO,, and concentrated under vacuum. The crude product was purified via column chromatography on silica
gel (2:3 EtOAC/ hexanes) to afford 6.7 g (84 %) of 19 as a white solid. "’

Scheme S19. Synthesis of compound 19.

/O = HO /O
Br—<: :>—’ > —
Na,[PdCl,], L, Cul

TMEDA, 80 °C, 12 h

(L = 2-(di-tert-butylphosphine)-1-phenylindole) 19
"H NMR (500 MHz, CDCl3) 8: 10.00 (s, 1H), 7.83 (d, 2H, J = 14.0 Hz), 7.58 (d, 2H, J = 14.0 Hz), 4.54 (s, 2H),
1.87 (s, br, 1H)
*C NMR (125 MHz, CDCl3) 8: 191.5, 135.6, 132.1, 129.5, 128.8, 91.2, 84.7, 51.5
MS (ESI, m/z) calcd for C1oHgO, (M+H)" 161.0, found 161.0

"H NMR of 19
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Procedure and preparation for Compound 20

To a solution of dimethyl 2-oxopropylphosphonate in acetonitrile (1.2 equiv, 0.25 M) was added
4-toluenesulfonyl azide (1.2 equiv), and K,COs; (3.0 equiv). The reaction mixture was stirred at 25 °C for 2 h
(forming dimethyl 1-diazo-2-oxopropylphosphonate in situ). At the end of the reaction time, a solution of 19 in
methanol (0.35 M, 1.0 equiv) was added in one portion and the resulting solution was stirred at 25 °C for 12 h.
The reaction mixture was diluted with Et,O, washed with 5 % NaHCO;, dried over Na,SO,4, and concentrated
under vacuum. The crude product was purified by column chromatography on silica (1:4 EtOAC/hexanes). The
reaction was repeated in different scales to yield 8.3 g (75 %) of 19 as a white solid.

Scheme S20. Synthesis of compound 20.

1
P(OMe),
TsN3, K;,CO /2
::: MeCN, MeOH \—/
25°C,12h
19 20

"H NMR (300 MHz, CDCl3) &: 7.46-7.35 (m, 4H), 4.51 (s, 2H), 3.17 (s, 1H), 1.69 (s, 1H)
3C NMR (75 MHz, CDCl,) : 132.2, 131.7, 123.1, 122.3, 89.3, 85.3, 83.3, 79.1, 51.7
MS (ESI, m/z) calcd for C11HsO (M+Li)* 163.0, found 163.0
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General Procedure for Compounds 21a-c

To a solution of 20 (1.0 equiv) and 17a-c (1.0 equiv) in 90 % THF/H,O (0.30 M) was added powdered copper
(1.0 equiv), and CuSQO4*5H,0 (0.10 equiv in 1 N solution) in one portion. The reaction mixture was stirred at 25
°C for 12 h. The reaction was then diluted with ethyl acetate, and filtered through Celite to remove the copper.
The Celite was washed with copious amounts of ethyl acetate. The product was extracted with 25 % NH,OH, 2
% EDTA solution and then brine. The organic phase was separated, dried over Na,SO,4, and concentrated
under reduced pressure. The crude triazole product was then purified by column chromatography on silica
using a mixture of ethyl acetate and hexanes as eluant.

Scheme S21. Synthesis of compound 21a-c.

HO 1oac HO )\W
*5H
_ N\ CeCuSOsSRG \%Q_fw 0
— THF(aq), 25 °C, 12 h N=N
20 21a-c

Preparation of Compound 21a

HO
(\NBoc
HO SN N
= N‘—N 0
21a

Compound 21a was prepared from 19 (1.0 g, 6.41 mmol) and 17a (2.08 g, 6.41 mmol). The coupled product
was purified by column chromatography on silica gel (2:1 EtOAc:Hexanes) to afford 1.91 g (62 %) as a white
foam.

"H NMR (500 MHz, CDCl3) &: 8.26 (s, 1H), 7.79 (d, 2H, J = 14.0 Hz), 7.48 (d, 2H, J = 14.0 Hz), 7.03 (d, 2H, J =
14.0 Hz), 6.77 (d, 2H, J = 14.0 Hz), 6.10 (s, 1H), 5.92 (dd, J = 15.0, 11.0 Hz), 4.52 (d, 2H, J = 10.5 Hz),
3.59-3.37 (m, 4H), 3.32-3.10 (m, 6H), 2.96-2.85 (m, 1H), 2.02 (t, 1H, J = 10.0 Hz), 1.43 (s, 9H)

3C NMR (125 MHz, CDCl;) 6: 166.5, 156.3, 154.6, 147.4, 132.4, 130.5, 130.2, 125.8, 125.7, 122.7, 119.8,
116.1, 88.7, 85.3, 81.0, 60.4, 51.6, 46.0, 42.4, 39.3, 28.5

MS (MALDI, m/z) calcd for Ca9H33Ns05 (M+H)™ 532.2, found 532.1
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BC NMR of 21a

Preparation of Compound 21b

”O;Q_fw
NN O

21b

Compound 21b was prepared from 19 (1.0 g, 6.41 mmol) and 17b (1.57 g, 6.41 mmol). The crude product was
purified on a silica gel column (2:3 EtOAc:Hexanes) to afford 1.92 g (75 %) as a white solid.

'H NMR (500 MHz, CDCl3) &: 8.14 (s, 1H), 7.81 (d, 2H, J = 13.5 Hz), 7.49 (d, 2H, J = 14.0 Hz), 5.46 (d, 1H, J =
18.0 Hz), 4.51 (d, 2H, J = 10.0 Hz), 3.81-3.45 (m, 6H), 3.34-3.15 (m, 2H), 2.49-2.37 (m, 1H), 1.85-1.72 (m, 1H),
1.45 (s, 9H), 1.15-1.06 (m, 1H), 1.03 (d, 3H, J = 11.0 Hz), 0.85 (t, 3H, J = 12.0 Hz)

3C NMR (125 MHz, CDCl;) o: 166.8, 154.5, 147.7, 132.3, 130.6, 125.7, 122.5, 118.9, 88.4, 85.6, 80.8, 63.6,
51.8, 46.3, 42.5, 38.2, 28.5, 24.7, 15.9, 10.6

MS (MALDI, m/z) calcd for CogHasNsOs (M+H)* 482.3, found 482.2.

"H NMR of 21b
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Preparation of Compound 21c
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21c

Compound 21c was prepared from 19 (1.0 g, 6.41 mmol) and 17¢ (1.57 g, 6.41 mmol). The crude product was
purified by column chromatography on silica gel (2:3 EtOAc: Hexanes) to afford 1.64 g (64 %) as a white solid.

$192

"H NMR (500 MHz, CDCl3) &: 8.11 (s, 1H), 7.81 (d, 2H, J = 8.5 Hz), 7.48 (d, 2H, J = 8.5 Hz), 5.84 (dd, 1H, J =

9.5, 6.0 Hz), 4.53 (s, 2H), 3.80-3.71 (m, 2H), 3.64-3.45 (m, 4H), 3.32-3.14 (m, 2H), 2.12-2.04 (m, 1H), 2.00-1.91

(m, 1H), 1.47 (s, 9H), 1.42-1.36 (m, 1H), 1.02 (d, 3H, J = 6.5 Hz), 0.93 (d, 3H, J = 6.5 Hz)

'3C NMR (125 MHz, CDCl;) o: 166.8, 154.5, 147.6, 132.2, 130.5, 125.7, 122.5, 119.0, 88.4, 85.5, 80.8, 57.8,

51.7, 45.9, 42.5, 42.0, 28.5, 24.7, 22.9, 21.9
MS (MALDI, m/z) calcd for CogHasNsOs (M+H)* 482.3, found 482.2
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3C NMR of 21¢
General Procedure for Compounds 22a-c

Preparation of terminal alkynes followed the procedures reported by Yang et. al. and Godt et. al. *" To a
solution of 22a-c (1.0 equiv) in diethyl ether (0.05 M) was added powdered KOH (10.0 equiv), and MnO; (20.0
equiv). The reaction mixture was vigorously stirred at 25 °C and monitored by TLC until complete. The reaction
mixture was diluted, filtered through Celite, and the Celite was washed with copious amounts of ethyl acetate.
The solvents were removed under reduced pressure and the resulting crude product was purified by column
chromatography using a mixture of ethyl acetate in hexanes as eluant.

Scheme S22. Synthesis of compound 22a-c.

- @Boc R @\IBOC
HO ; N)\gN MnO, KOH @_['}‘)\WN
- N:

N=N Et,0, 25 °C, 3 h

21a-c 22a-c

Preparation of Compound 22a

HO
NBoc
()
_ /N
_ N N o
22a

Compound 22a was prepared from 21a (1.91 g, 3.17 mmol) as described above, however, due to poor solubility
of 21a in diethyl ether, THF was used as the reaction solvent. The crude product was purified by flash
chromatography on silica using (1:1 EtOAc:Hexanes) to afford 0.352 g (19 %) as a white solid.

"H NMR (500 MHz, CDCl3) 8: 8.26 (s, 1H), 7.81 (d, 2H, J = 14.0 Hz), 7.55 (d, 2H, J = 14.0 Hz), 7.06, (d, 2H, J =
14.0 Hz), 6.77 (d, 2H, J = 14.0 Hz), 5.94 (dd, 1H, J = 16.0, 10.0 Hz), 5.47 (s, 1H), 3.58-3.40 (m, 4H), 3.40-3.20
(m, 5H), 3.13 (s, 1H), 2.98-2.88 (m, 1H), 1.43 (s, 9H)

3C NMR (125 MHz, CDs;0D) 6: 168.3, 158.1, 156.1, 147.8, 133.6, 132.0, 131.8, 126.9, 126.6, 123.6, 122.4,
116.6, 84.1, 81.7, 78.6, 61.8, 46.8, 43.4, 39.1, 28.6

MS (ESI, m/z) calcd for CysH31NsO4 (M+H)* 502.2, found 502.2
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Preparation of Compound 22b

NBoc
KNQ
/N
N O

N:
22b

Compound 22b was prepared from 21b (1.92 g, 3.98 mmol) and the crude product was purified by flash
chromatography on silica gel (2:3 EtOAc/Hexanes) to afford 1.1 g (60 %) as a white solid.

'H NMR (500 MHz, CDCl3) &: 8.14 (s, 1H), 7.81 (d, 2H, J = 14.5 Hz), 7.53 (d, 2H, J = 14.0 Hz), 5.46 (d, 1H, J =
18.0 Hz), 3.80-3.62 (m, 3H), 3.59-3.42 (m, 3H), 3.31-3.14 (m, 2H), 3.12 (s, 1H), 2.49-2.35 (m, 1H), 1.44 (s, 9H),
1.18-1.05 (m, 1H), 1.02 (d, 3H, J = 11.0 Hz), 0.84 (t, 3H, J = 12.0 Hz)

3C NMR (125 MHz, CDCl;) o: 166.8, 154.4, 147.5, 132.7, 130.9, 125.6, 121.9, 118.9, 83.6, 80.7, 78.1, 77 .4,
63.5, 46.2, 42.4, 38.2, 28.4, 24.6, 15.8, 10.6

MS (MALDI, m/z) calcd for CysH33NsO3 Formula (M+H)" 452.3, found 452.2

"H NMR of 22b
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Preparation of Compound 22¢

NBoc
N(\\)
/N
NN O

22c

Compound 22¢ was prepared from 21¢ (1.64 g, 3.17 mmol) and purified by column chromatography (2:3
EtOAc/Hexanes) to afford 1.13 g (73 %) as a white solid.

"H NMR (300 MHz, CDCl3) § 8.13 (s, 1H), 7.85 (d, 2H, J = 8.6 Hz), 7.58 (d, 2H, J = 8.5 Hz), 7.26 (m, 6H), 5.87
(m, 1H), 3.60 (M, 8H), 2.39 (s, 4H), 2.04 (m, 2H), 1.49 (s, 9H), 1.00 (m, 6H)

'3C NMR (300 MHz, CDCl3) 6 154.37, 147.43, 137.90, 132.67, 130.80, 129.09, 129.08, 128.26, 125.52, 125.33,
121.82, 118.91, 83.48, 80.62, 78.05, 57.70, 45.83, 42.37, 41.90, 28.36, 24.60, 22.79, 21.80, 21.52

MS (MALDI, m/z) calcd for Ca5H33NsO5 (M+H)™ 452.3, found 452.2
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General Procedure for Compounds 23a-e

To a solution of 22a-c (1.0 equiv) and 18a-b (1.0 equiv) in 90 % THF/H,O (0.30 M) was added powdered copper
(1.0 equiv), and CuSQO,4*5H,0 (0.10 equiv in 1 N solution) in one portion. The reaction mixture was vigorously
stirred at 25 °C for 12 h. The reaction mixture was then diluted with ethyl acetate, and filtered through Celite to
remove the copper. The Celite was washed with copious amounts of ethyl acetate. The product was extracted
with 25 % NH,OH, 2 % EDTA solution and then brine. The organic phase was separated, dried over Na,SO,,
and concentrated under reduced pressure. The crude click product was then purified by column
chromatography on silica using a mixture of ethyl acetate and hexanes as eluant.

Scheme S23. Synthesis of compound 23a-e.
1 NBoc 2 1 NBoc
R @ 18a-b, Cu powder HO R R N(\\)
/‘\W CuS0,4+5H,0 AN N)\W

25°C,12h

22a-c 23a-e
19 - 73% 26 - 60%

HO
/k (\NBOC
A, Ao
N:N NﬁN

23a

Compound 23a was prepared from 22a (62.0 mg, 0.12 mmol) and 18b (36 mg, 0.25 mmol). The crude product
was purified on silica gel (1:1 to 4:1 EtOAc/Hexanes) to afford 50.5 mg (63 %) of the desired product as a white
solid.

"H NMR (500 MHz, CD;0D) &: 8.62 (s, 1H), 8.47 (s, 1H), 7.92 (s, 4H), 7.10 (d, 2H, J = 8.5 Hz), 6.74 (d, 2H, J =
8.5 Hz), 6.14 (t, 1H, J = 8.0 Hz), 4.82-4.75 (m, 1H), 3.95-3.86 (m, 2H), 3.64-3.55 (m, 1H), 3.53-3.47 (m, 2H),
3.46-3.34 (m, 4H), 3.27-3.14 (m, 2H), 2.86-2.77 (m, 1H), 1.74-1.66 (m, 1H), 1.42 (s, 9H), 1.39-1.31 (m, 1H),
0.97 (d, 3H, J = 6.5 Hz), 0.89 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDs;0D) 6: 168.2, 158.0, 156.0, 148.2, 148.0, 131.8, 131.7, 131.4, 127.2, 127.1, 126.9,
122.0, 121.7, 116.5, 81.7, 65.6, 63.7, 61.8, 43.3, 40.9, 28.5, 25.8, 23.3, 21.9

MS (ESI, m/z) calcd for C34H44NsOs (M+H)" 645.3, found 645.3

Preparation of Compound 23a
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3C NMR of 23a

Preparation of Compound 23b

/k NBoc

23b

Compound 23b was prepared from 22¢ (90.0 mg, 0.20 mmol) and 18b (29.0 mg, 0.20 mmol). The crude click
product was purified by flash chromatography on silica gel using a gradient from 1:3 to 2:1 ethyl acetate in
hexanes to afford 60.5 mg (65 %) as a white solid.

"H NMR (500 MHz, CDCls) &: 8.12 (s, 1H), 7.88 (d, 2H, J = 8.5 Hz), 7.83 (app d, 3H, J = 8.0 Hz), 5.84 (dd, 1H, J
=10.5, 8.0 Hz), 4.71-4.67 (m, 1H), 4.09-3.98 (m, 2H), 3.78-3.70 (m, 2H), 3.62-3.43 (m, 4H), 3.32-3.13 (m, 2H),
2.86 (s, br, 1H), 2.12-1.94 (m, 3H), 1.74-1.68 (m, 1H), 1.49-1.38 (m, 1H), 1.45 (s, 9H), 1.01 (d, 3H, J = 6.5 Hz),
0.96 (d, 3H, J = 6.5 Hz), 0.92 (app dd, 6H, J = 10.5, 7.0 Hz)

3C NMR (125 MHz, CDCl3) 6: 166.9, 154.5, 147.8, 146.6, 130.3, 130.1, 126.1, 126.0, 120.0, 118.9, 80.7, 65.2,
62.5, 57.9, 45.9, 42.5, 41.9, 39.8, 28.4, 24.7, 24.6, 23.0, 22.9, 21.9, 21.9

MS (ESI, m/z) calcd for C31H46NsO4 (M+H)" 595.4, found 595.4

"H NMR of 23b
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23c

Compound 23c was prepared from 22¢ (565.0 mg, 1.4 mmol) and 18a (354.0 mg, 1.4 mmol). Purification by
silica gel chromatography (4:1 EtOAc/Hexanes) afforded 23c (247 mg, 27 %) as a white solid.

"H NMR (500 MHz, CDCl3) 8: 8.10 (s, 1H), 7.87 (d, 2H, J = 8.0 Hz), 7.78 (d, 2H, J = 8.5 Hz), 7.54 (s, 1H), 6.99
(d, 2H, J = 8.5 Hz), 6.89 (d, 2H, J = 8.5 Hz), 5.83 (dd, 1H, J = 9.5, 6.0 Hz), 4.72-4.66 (m, 1H), 4.20-4.08 (m, 2H),
3.80-3.71 (m, 2H), 3.62-3.44 (m, 4H), 3.30-3.16 (m, 4H), 2.78 (app t, 1H, J = 6 Hz), 2.12-2.04 (m, 1H), 2.02-1.94
(m, 1H), 1.45 (s, 9H), 1.29 (s, 9H), 1.01 (d, 3H, J = 6.5 Hz), 0.93 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDCl;) 6: 166.8, 154.4, 154.3, 147.7, 146.2, 131.5, 130.2, 130.0, 129.5, 126.0, 125.9,
124.5, 120.8, 118.8, 80.6, 78.6, 65.8, 63.8, 57.8, 45.9, 42.4, 41.8, 37.1, 28.8, 28.4, 24.7, 22.8, 21.8

MS (MALDI, m/z) calcd for C3sHs2NgOs (M+H)* 701.4, found 701.3

Preparation of Compound 23c
‘BuO
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Preparation of Compound 23d

/K NBoc
LN 7

- 0
N\N N/N

23d

Compound 23d was prepared from 22b (152.0 mg, 0.34 mmol) and 18b (48.0 mg, 0.34 mmol). Purification of
the crude product by column chromatography on silica using a gradient from 1:3 to 2:1 ethyl acetate in hexanes
afforded 23d (159.0 mg, 79 %) as a white solid.

"H NMR (500 MHz, CDCl3) 8: 8.17 (s, 1H), 7.88 (d, 2H, J = 7.0 Hz), 7.83 (app d, 3H, J = 6.0 Hz), 5.74 (d, 1H, J =
11.0 Hz), 4.72-4.67 (m, 1H), 4.10-4.04 (m, 1H), 4.02-3.98 (m, 1H), 3.80-3.62 (m, 3H), 3.58-3.45 (m, 3H),
3.35-3.15 (m, 2H), 2.93-2.82 (m, br, 1H), 2.52-2.42 (m, br, 1H), 2.06-1.98 (m, 1H), 1.74-1.67 (m, 1H), 1.67-1.64
(m, 2H), 1.45 (s, 9H), 1.19-1.10 (m, 1H), 1.04 (d, 3H, J = 6.5 Hz), 0.96 (d, 3H, J = 6.5 Hz), 0.91 (d, 3H, J = 6.5
Hz), 0.86 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDCl3) 6: 166.8, 154.5, 147.9, 146.6, 130.4, 130.1, 126.1, 126.0, 120.0, 118.8, 80.7, 65.1,
63.6, 62.4, 46.3, 42.4, 39.9, 38.1, 28.4, 24.6, 23.0, 21.9, 15.8, 10.6

MS (ESI, m/z) calcd for C31H46NsO4 (M+H)" 595.4, found 595.3
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Sample: Boc LI €13
File: xp

Pulse Sequence: s2pul

Solvent: cdecl3d
Ambient temperature
Operator: schaefer

mmmmmmmmmmmm
INOVA-500 "imowaS0O" =& o @om@aa=<ssF @O O

mmmmmmmmmmmm

125.892

erHEecw®wn 0 w@mewadwo
nnnnnnnnnnnn

——126.016

Relax, delay 1,000 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

Width 30165.9 Hz

1024 repetitiens

OBSERVE C13, 125.6705571 MHz
DECOUPLE H1, 439.7855857 MHz
Power 43 dB H
continuously on -
HALTZ-16 modulated 3
DATA PROCESSING

39.749

Line breadening 0.5 Hz
FT size 131072
Total time 1 hr, 18 min, 50 sec

154.373
146,513
129,950
119.907
118.654

147,780
130.261

.972

37

166.720

"um..... Wyl

o

e m m o n " A ke d L e
L Ll W Li ¥

220 200 180 160 140 120 100 80 60 40 20 0 ppm

3C NMR of 23d

Preparation of Compound 23e
‘BuO

\©\ (NBOC
HO\/-:\N /E(N\)
N=p NaN

23e

Compound 23e was prepared from 22b (540.0 mg, 0.78 mmol) and 18a (336.0 mg, 0.78 mmol). Purification of
the crude product on silica (4:1 EtOAc/Hexanes) afforded 23e (529 mg, 60 %) as a white solid.

"H NMR (500 MHz, CDCl3) 8: 8.16 (s, 1H), 7.86 (d, 2H, J = 8.5 Hz), 7.74 (d, 2H, J = 8.0 Hz), 7.52 (s, 1H), 6.98
(d, 2H, J = 8.5 Hz), 5.46 (d, 1H, J = 10.5 Hz), 4.71-4.66 (m, 1H), 3.80-3.60 (m, 3H), 3.58-3.40 (m, 3H), 3.32-3.07
(m, 5H), 2.50-2.40 (m, 1H), 1.44 (s, 9H), 1.28 (s, 9H), 1.16-1.10 (m, 1H), 1.08-1.02 (m, 1H), 1.03 (d, 3H, J = 7.0
Hz), 0.86 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDCl;) 6: 166.8, 154.4, 154.3, 147.8, 146.3, 131.5, 130.2, 130.0, 129.5, 126.0, 125.9,
124.4,120.8, 118.7, 80.6, 78.6, 77.4, 65.8, 63.8, 63.5, 46.2, 42.4, 38.0, 37.1, 28.8, 28.4, 24.6, 15.8, 10.5

MS (MALDI, m/z) calcd for C3sHs2NgOs (M+H)* 701.4, found 701.3
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General Procedure for Compounds 4a-e

To the compounds 23a-e was added 4 M HCl/dioxane (40.0 equiv) at 0 °C. The reaction mixture was allowed to
warm to room temperature and vigorously stirred at 25 °C for 16 h. The solvents were removed under reduced
pressure. The residue was dissolved in a minimum amount of MeOH, and then precipitated with ether.
Removing solvent under reduced pressure afforded the desired product 4a-e.

Scheme S24. Synthesis of compound 4a-e.
NBoc
v O
HO_A )\WN 4 M HCl/dioxane
o= )= ~
| - _ | O y
N\N N’N

0t025°C, 16 h

23a-e

NH
r (O
N:N NiN

4a-e

Preparation of Compound 4a

/k HO (NH

4a

Compound 4a was prepared from 23a (30.0 mg, 0.047 mmol). 4a was obtained as a white amorphous solid
(quant., HCI salt).

"H NMR (500 MHz, CD;0D) &: 8.74 (s, 1H), 8.71 (s, 1H), 7.97 (d, 2H, J = 8.0 Hz), 7.96 (d, 2H, J = 8.5 Hz), 7.13
(d, 1H, J = 8.0 Hz), 6.75 (d, 1H, J= 8.5 Hz), 6.22 (dd, 1H, J = 7.5 Hz), 4.88-4.84 (m, 1H), 3.93 (d, 2H, J = 6.0 Hz),
3.83 (br, 3H), 3.67 (br, 1H), 3.53 (dd, 1H, J = 7.5, 12.5 Hz), 3.43 (dd, 1H, J = 7.0, 12.5 Hz), 3.18 (br, 1H), 3.06
(br, 2H), 2.69 (br, 1H), 2.04 (ddd, 1H, J = 5.0, 10.5, 15.0 Hz), 1.76 (ddd, 1H, J = 4.5, 8.5, 14.0 Hz), 1.44-1.36 (m,
1H), 1.00 (d, 3H, J = 6.5 Hz), 0.93 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDs;OD) 6: 168.3, 158.1, 147.7, 146.8, 132.0, 131.8, 129.8, 217.6, 127.4, 126.8, 123.1,
122.7, 116.6, 65.4, 64.9, 61.7, 44.3, 43.8, 40.6, 40.2, 38.9, 38.9, 25.8, 23.2, 22.0

MS (MALDI, m/z) calcd for CygH37NgO5 (M+H)" 545.30, found 545.42
optical rotation [o]p'®® =-5.1 (¢ = 2.55 in MeOH)
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Preparation of Compound 4b

//L\ NH
HoA h@
N 7N

N=p N=N

4b

Compound 4b was prepared from 23b (12.0 mg, 0.020 mmol). 4b was obtained as a white amorphous solid (58
%, HCI salt).

"H NMR (500 MHz, CD30D) &: 8.60 (s, 1H), 8.49 (s, 1H), 7.95 (d, 4H, J = 3.0 Hz), 6.04 (dd, 1H, J = 5.0, 10.0
Hz), 4.81-4.77 (m, 1H), 4.04 (br, 2H), 3.94-3.87 (m, 4H), 3.50 (br, 2H), 3.36 (br, 1H), 3.17 (br, 3H), 2,26 (ddd,
1H, J = 5.5, 10.5, 14.5 Hz), 2.05-1.97 (m, 2H), 1.72 (ddd, 1H, 4.5, 9.0, 14.0 Hz), 1.45-1.34 (m, 2H), 1.04 (d, 3H,
J = 6.5 Hz), 0.99 (d, 3H, J = 6.5 Hz), 0.96 (d, 3H, J = 6.5 Hz), 0.91 (d, 3H, J = 6.5 Hz)

'3C NMR (125 MHz, CDs;OD) 6: 168.6, 148.6, 148.0, 131.8, 131.4, 127.2, 127.2, 121.9, 121.9, 65.6, 63.8, 59.6,
44.5, 44.3, 43.9, 41.6, 40.9, 40.3, 26.1, 25.9, 23.3, 23.1, 21.9, 21.8

MS (MALDI, m/z) calcd for CsHagNgO, (M+H)" 495.32, found 495.31
optical rotation [a]p'®® = +47.3 (¢ = 0.62 in MeOH)

4 3 2 1 0 ppm
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Preparation of Compound 4c

4c

Compound 4c was prepared from 23c¢ (30.0 mg, 0.043 mmol). 4c was obtained as a white amorphous solid (92
%, HCI salt).

"H NMR (500 MHz, CD50D) &: 8.71 (br, 2H), 8.00 (d, 2H, J = 8.0 Hz), 7.89 (d, 2H, J = 7.5 Hz), 6.98 (d, 2H, J =
8.5 Hz), 6.66 (d, 2H, J = 8.0 Hz), 6.09 (dd, 1H, J = 4.0, 10.0 Hz), 4.08-4.01 (m, 4H), 3.74 (br, 2H), 3.39 (br, 1H),
3.27 (br, 1H), 3.26 (d, 1H, J = 6.0 Hz), 3.20 (d, 2H, J = 4.0 Hz), 3.17 (d, 1H, J = 9.5 Hz), 2.28 (ddd, 1H, J = 4.5,
10.5, 14.5 Hz), 1.98 (br, 1H), 1.42 (br, 1H), 1.04 (d, 3H, J = 6.5 Hz), 0.95 (d, 3H, J = 6.5 Hz)

3C NMR (125 MHz, CDs;OD) 6: 168.6, 157.6, 147.7, 145.7, 132.5, 131.1, 128.2, 128.1, 127.8, 127.5, 124.4,
123.0, 116.4, 69.1, 64.2, 60.0, 44.5, 44.3, 43.8, 41.5, 40.3, 37.3, 26.1, 23.1, 21.8

MS (MALDI, m/z) calcd for CpgHs7NgO3 (M+H)" 545.30, found 545.32
optical rotation [a]p?"? = -40.2 (¢ = 2.30 in MeOH)
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Preparation of Compound 4d

/k NH

4d

Compound 4d was prepared from 23d (30.0 mg, 0.050 mmol). 4d was obtained as a colorless amorphous solid
(quant., HCI salt).

"H NMR (500 MHz, CD;0D) &: 8.89 (s, 1H), 8.70 (s, 1H), 8.03 (d, 2H, J = 8.5 Hz), 7.96 (d, 2H, J = 8.0 Hz), 5.82
(d, 1H, J = 10.0 Hz), 4.13 (br, 2H), 3.98 (br, 1H), 3.95 (d, 2H, J = 5.5 Hz), 3.86 (br, 1H), 3.36 (br, 1H), 3.27 (br,
1H), 3.20 (br, 1H), 3.14 (br, 1H), 2.53 (br, 1H), 2.06 (ddd, 1H, J = 5.5, 10.5, 15.0 Hz), 1.78 (ddd, 1H, J = 4.5, 8.5,
13.5 Hz), 1.43-1.40 (m, 1H), 1.23-1.18 (m, 1H), 1.15-1.13 (m, 1H), 1.09 (d, 3H, J = 6.5 Hz), 1.00 (d, 3H, J = 6.5
Hz), 0.93 (d, 3H, J = 6.5 Hz), 0.90 (t, 3H, J = 7.5 Hz)

3C NMR (125 MHz, CDs;OD) 6: 168.2, 147.9, 146.0, 132.6, 128.2, 127.9, 127.6, 124.2, 122.5, 65.8, 65.2, 64.9,
44.8, 44.3, 44.2, 40.4, 40.3, 39.0, 25.8, 25.7, 23.2, 22.0, 15.7, 11.0

MS (MALDI, m/z) calcd for CsHagNgO, (M+H)" 495.32, found 495.37
optical rotation [a]p?*® = +68.9 (¢ = 2.676 in MeOH)

9 8 7 6 5 4 3 2 1 -0 ppm

"H NMR of 4d
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Compound 4e was prepared from 23e (35.0 mg, 0.050 mmol). 4e was obtained as a white amorphous solid
(quant., HCI salt).

"H NMR (500 MHz, CD;0D) &: 8.72 (br, 1H), 8.67 (s, 1H), 8.00 (d, 2H, J = 8.5 Hz), 7.88 (d, 2H. J = 8.5 Hz), 6.98
(d, 2H, J = 8.5 Hz), 6.66 (d, 2H, J = 8.5 Hz), 5.81 (d, 1H, J = 10.0 Hz), 4.92 (br, 1H), 4.12 (br, 2H), 4.05-4.03 (m,
2H), 4.02-3.97 (m, 1H), 3.86-3.82 (m, 1H), 3.26-3.21 (m, 3H), 3.19 (dd, 2H, J = 9.0, 13.5 Hz), 3.12 (br, 1H), 2.53
(br, 1H), 1.21-1.11 (m, 2H), 1.09 (d, 3H, J = 6.5 Hz), 0.90 (t, 3H, J = 7.5 Hz)

3C NMR (75 MHz, CD3;0D) o: 168.3, 157.5, 148.1, 146.1, 132.3, 131.0, 129.0, 128.2, 127.7, 127.4, 124.1,
122.1, 116.4, 68.7, 64.8, 64.2, 44.7, 44.3, 44.1, 40.2, 39.0, 37.4, 25.7, 15.7, 10.9

MS (MALDI, m/z) calcd for CpgHs7NgO3 (M+H)" 545.30, found 545.35
optical rotation [a]p**® =-18.9 (c = 2.94 in MeOH)

Preparation of Compound 4e
HO
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G. Outline Of Data Reported From The MLSMR

Data from first pass assays alone that appears on PubChem gives indications regarding possible applicability of
the compound designs; some of this information is available for the compounds presented here. An assay for
the protein-protein interactions involving the Bcl-2 family proteins Mcl-1 and Bid (PubChem Assay ID, AID,
1021) showed some activities for compounds 1f (PubChem Structure ID, SID, 24708217) and 3e (SID
24707927). Another active compound, the peptidomimetic with scaffold A where R' = n-butyl, R? = Lys (SID,
24708065) shown below, was detected in a related study, also dealing with interactions between Bcl-2 proteins,
but this time Bcl-XL with Bim (AID 2129). Compound 16a (SID 24707900) was identified as active in a
high-throughput screening assay (AID 1899) to identify inhibitors of the hepatitis C virus core protein
dimerization. However, all this data is from first-pass assays so no concrete conclusions can be drawn.

NH,
W
N —\
N=p N  NH
g

A; R" = n-butyl, R? = Lys

In some other cases, hits from first pass assays have been selected for confirmatory screens and that data has
been released to PubChem. Two assays identified small molecules that inhibited the PB1-domain interaction of
MEKS5 with either native or a Lys-Ala mutant of MEKK2. Peptidomimetics 3a (SID 24708115), 3b (SID
24708166) and two mimics derived from scaffold B (R' = Leu, R = Trp, SID 24707989 and also R' = lle, R® =
Trp, SID 24708162) were active in the assay with the native MEKK2 protein (AID 1531). Compound 3b was
also active in the assay using a Lys-Ala mutant of MEKK2 (AID 1530). In confirmation assays, compound 3b
showed inhibition of MEKS5 with MEK Kinase 2 (WT, AID 1897) with an ECs, value of 5.51 uM. For the inhibition
of MEK5 with MEK Kinase 2 (Lys-Ala mutant, AID 1895) the compound was active with an ECsovalue of 4.44

uM.
HN HN
N=N z N N=N g N

B; R"=Leu, R2=Trp B;R'=lle, RZ2=Trp

Peptidomimetics A and B were also assembled into bivalent forms via attachment to a 1,3,5-triazine ring, '*'°

and these “bivalent mimics” were also submitted to the NIH Molecular Libraries Small Molecule Repository for
screening. These bivalent mimics could span two hot-spots in protein-protein interactions, and they might be
expected to generate more hits than the monovalent compounds. The data emerging on PubChem indicates
this may be so. For example, the assay to identify inhibitors of the interaction between Mcl-1 and Bid identified
only two monomeric peptidomimetics as active in the initial high-throughput screen (see above) but the same
assay assay identified 23 active “bivalent” compounds. Eight of these bivalents were confirmed as active in the
dose-response confirmation assay (AID 1418), and the most promising of these compounds, SID 24833217
shown below, was reported to have an I1Cs value of 0.63 mM.
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Heterobivalent compound of scaffold B
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