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Scheme S1. Additional inhibitors for the structure—activity relationship study. Potencies are given as ICsg
values or inhibition (%) at the highest tested concentration (given in brackets)
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Scheme S2. Synthesis of thioamide building blocks

<« NH  HNR, Pr,NEt, < NH N
HOBt, EDC H TFA O H
OH —_— N. —_— - N.
BocHN CH,Cl,, 0°C toRT  BOCHN R CH,Cl,, RT  FsC7 O™ *HaN R
(e} (e}
S$27; R= iPr S833; R= iPr
$28; R= cyclopropyl S34; R= cyclopropyl
S$29; R= cyclobutyl S$35; R= cyclobutyl
S$30; R= cyclopentyl S$36; R= cyclopentyl
S$31; R= adamant-1-yl S$37; R= adamant-1-yl

MeO MeO

 NH  PrNH,, PrNEt, NH NH
: HOB, EDC S TFA, TIPS, i 7
S OH —_— = N _ i H N
BocHN™ " CH,Cly, 0°C toRT  BOCHN™ Y’ Ch,Clp RT FiC7 0 +H3N/\g/ T/
o o}
40

S39

Scheme S3. Synthesis of tryptophan building blocks
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Scheme S22. Synthesis of thiourea inhibitors 48 and 49
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Figure S1. Concentration—response curves for SIRT5 inhibition of representative compounds using (A) Ac-
LGKglu-AMC or (B) Ac-LGKsuc-AMC as substrate, respectively.
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Figure S2. Co-crystal structures of 29:zSIRT5.The
four protein chains (chain A to D) per asymmetric unit, one of which comprised an indistinguishable mixture
of peptidyl-thioimidate and bicyclic intermediate. 2F,-F. electron density (o= 1.0) is shown for the
intermediate ligand of each protein chain. SIRTS is represented as green cartoon with amino acids of interest
in stick style, while the intermediates are shown in white cpk colored stick representation.
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Figure S3. Progression curves and data fitting for SIRT5 inhibition by compound 10 and V.
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Figure S4. Western blot analysis of whole cell lysates after Et-29 treatment or mitochondrial enrichment. (A)
Effects of Et-29 on lysine glutarylation and malonylation in HEK293T WT and crSIRT5KO cells (whole cell
lysates). (B) Analysis of lysine succinylation and glutarylation in mitochondria enriched fractions of HEK293T
WT and crSIRT5KO cells (Mito=mitochondrial fraction, Cyt=cytosolic fraction, WCI=Whole cell lysate). Anti-
UQCRSF1 was used to analyze mitochondrial enrichment.

To assess the effect of Et-29 in cells, we treated HEK293T WT and CRISPR/Cas9 SIRT5 knock out
(crSIRT5KO) whole cell lysates, analyzing for changes in lysine glutarylation and succinylation levels.
However, we observed no significant changes in the levels of either glutarylation or succinylation (Fig. S4A).
Interestingly, no significant difference could be observed between untreated WT and crSIRT5KO cells either.
Since succinyl and glutaryl modification of lysines are found on many mitochondrial proteins, we
hypothesized that a larger difference in acylation levels between WT and crSIRT5KO cells could be
detectable when analyzing this fraction—potentially making this a more suitable assay for evaluation of Et-
29. However, mitochondrial enrichment of WT and crSIRT5KO cells did not show any significant changes in
acylation levels between the cell lines either (Fig S4B).
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Figure S5. Western blot analysis of whole cell lysates after Et-29, MaINAC or GSKi treatments. (A) Effects
of Et-29 on lysine malonylation in HEK293T WT and crSIRT5KO cells. (B) Effects of MaINAC and GSKi on
lysine malonylation in HEK293T WT and crSIRT5KO cells (initial experiment, one sample of the triplicate
loaded). (C) Effects of GSKi on lysine malonylation in HEK293T WT and crSIRT5KO cells (initial experiment,
all samples of the triplicate loaded). (D) Effects of GSKi on lysine malonylation in HEK293T WT and
crSIRT5KO cells (second experiment, all samples of the triplicate loaded).
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Since our initial efforts were unable to detect any significant differences in glutarylation or succinylation
between WT and crSIRT5KO cells, we turned our attention to lysine malonylation, which is also regulated by
SIRTS. We treated cells with Et-29 and analyzed whole cell lysates for changes in malonyl-lysine levels. The
results showed no significant changes in malonylation, nor were there any differences between the two cell
lines (Figure S5A). A recent report by Kulkarni et al. have demonstrated that treating cells with an acylating
reagent, Malonyl-NAC (MaINAC, Figure S5B), could considerably increase lysine malonylation in cells."
Additionally, they showed a similar effect when treating cells with a fatty acid synthase inhibitor (orlistat),
which leads to increased availability of malonyl-CoA, the acyl donor in lysine malonylation. Inspired by this
study, we hypothesized that increasing the on-rate of acylation by using MalNAC (obtained from Jordan L.
Meier’s lab) or the fatty acid synthase inhibitor GSK2194059 (GSKi, Figure S5B, Sigma-Aldrich, #SML1259-
5MG) would increase our chances of observing changes in acylation levels between WT and crSIRT5KO
cells. In our initial assay, both treatment with MaINAC and GSKi increased malonylation significantly in both
cell lines (Figure S5B). However, no significant difference in malonylation was observed between the two cell
lines, except when treated with a low concentration of GSKi (Figure S5C). Although these results were
promising, the levels of malonylation upon GSKi treatment turned out to be considerably variable. In
subsequent assays only minor or no apparent increase in malonylation could be observed (one example,
Figure S5D, compare with Figure S5C).

The variability in cell culture acylation response and lack of observable changes between WT and
crSIRT5KO cells prevented accurate evaluation of the effect of Et-29 on SIRT5 regulated acylation in cells.
Furthermore, western blot quantification of complete lanes is not an accurate representation of acylation.
Consequently, probing specific SIRT5 targets or utilizing quantitative proteomics to measure changes in
acylation may be more suitable assays to evaluate the effect of SIRT5 inhibitors, including prodrugs like Et-
29.
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Table S1. Kinetic parameters and dissociation constants for slow-binding inhibitors 29 and 49 derived from

rate inhibition assays.

10 29 49

ko (min™) 0.053 + 0.0050 0.0080 + 0.0098 0.0042 + 0.0051

k; (min™) 0.050 + 0.003 0.32 +0.08 0.41+0.08

K1 (M) 0.23+0.10 1.5+0.8 0.62+0.19

K (uM) ~0.022 ~0.037 ~0.006
Table S2. Data collection and refinement statistics

zSirt5/ zSirt5/ hSirt5/
10-ADPr-1'-thioimidate = 29-ADPr-1'-thioimidate = 29-ADPr-1'-thioimidate

Space group C2 P2, P1

Unit cell constants (A; °)

Resolution® (A)

Unique reflections
Multiplicity
Completeness (%)
Rimeas (%)

CC1/2 (%)

sl

Protein atoms
Ligand atoms

Solvent atoms

Resolution (A)

Rcryst/Rfree[bYC] (%)
Average B-factors (A%

protein
ligands

solvent
RMSD bond lengths
RMSD bond angles

116.5/38.3/75.6;

90.0/122.5/90.0
50.00-1.95

(2.00-1.95)
20704 (1518)
4.1 (4.1)

99.1 (99.2)
21.3 (156.5)
98.9 (46.3)
6.8 (1.1)
2088
80
177

49.11-1.95
(2.00-1.95)

19.5/24.2

26.8
20.4

34.4

0.016
20

64.9/113.6/72.3;

90.0/103.2/90.0

50.00-2.40

(2.50-2.40)

38453 (4467)

3.8 (3.8)
96.2 (97.3)
25.2 (170.2)
98.9 (51.7)
6.1(0.9)
8579
400
193

48.41-2.40
(2.46-2.40)

25.3/30.5

53.5
49.3

442

0.013
20

40.3/56.0/123.0;

97.4/99.3/90.5
43.77-1.32

(1.40-1.32)
227669 (35569)
2.0 (1.9)

91.5 (88.1)
5.9 (95.9)
99.9 (72.3)
6.8 (1.1)
8501
640
1244

43.77-1.32
(1.35-1.32)

16.0/20.9

20.5
17.4

40.3

0.031
29

BT values in parentheses refer to outermost shell.

o] g _ ZllIFobsl=k|Feaicll
cryst — X |Fopsl

. |Fops| is the observed and |F...| the calculated structure factor amplitude.

' Riee Was calculated from 5% (zSirt5 complexes) or 1.1% (hSirt5 complex) of reflections omitted from

refinement.
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General experimentals

All reagents and solvents were of analytical grade and used without further purification as obtained from
commercial suppliers. Anhydrous solvents were obtained from a PureSolv-system. Reactions were
conducted under an atmosphere of argon or nitrogen whenever anhydrous solvents were used. All reactions
were monitored by thin-layer chromatography (TLC) using silica gel coated plates (analytical SiO,-60, F-
254). TLC plates were visualized under UV light and by dipping in either (a) a solution of potassium
permanganate (10 g/L), potassium carbonate (67 g/L) and sodium hydroxide (0.83 g/L) in water, (b) a
solution of ninhydrin (3 g/L) in 3% acetic acid in water (v/v), or (c) a solution of molybdato-phosphoric acid
(12.5 g/L) and cerium(IV)sulfate (5 g/L) in 3% conc. sulfuric acid in water (v/v) followed by heating with a
heat gun. Vacuum liquid chromatography (VLC) was performed with silica gel 60 (particle size 15—40 pym).
After column chromatography, appropriate fractions were pooled and dried at high vacuum (<2 mbar) for at
least 12 hours to give obtained products in high purity (>95%) unless otherwise stated. Evaporation of
solvents was carried out under reduced pressure at a temperature below 40 °C. UPLC-MS analyses were
performed on a Phenomenex Kinetex column (1.7 ym, 50%2.10 mm) using a Waters Acquity ultra high—
performance liquid chromatography (UPLC) system. Gradient A with eluent | (0.1% HCOOH in H,0) and
eluent Il (0.1% HCOOH in MeCN) rising linearly from 0% to 95% of Il during ¢t = 0.00-5.20 min was applied
at a flow rate of 0.6 mL/min. Preparative reversed-phase HPLC purification was performed on a C18
Phenomenex Luna column (5 um, 100 A, 25020 mm) using an Agilent 1260 LC system equipped with a
diode array UV detector and an evaporative light scattering detector (ELSD). Gradient B with eluent llI
(H2O/MeCN/TFA, 95:5:0.1) and eluent IV (0.1% TFA in MeCN) rising linearly from 0% to 95% of IV during ¢ =
5-45 min, then isocratically at 95% during t = 45-50 min was applied at a flow rate of 20 mL/min; or 0% to
95% of IV during t = 5-65 min, then isocratically at 95% during = 65—70 min was applied at a flow rate of 20
mL/min. Analytical HPLC was performed on a C18 phenomenex Luna column (3 um, 100 A, 150x4.60 mm)
using an Agilent 1100 series system equipped with a diode array UV detector. Gradient C using eluent llI
and eluent IV, rising linearly from 0% to 95% of IV during f = 5-35 min was applied at a flow rate of
1 mL/min. High-resolution mass spectrometry (HRMS) measurements were recorded either on a maXis G3
quadrupole time-of-flight (TOF) mass spectrometer (Bruker Daltonics, Bremen, Germany) equipped with an
electrospray (ESI) source or on an Agilent 1290 UHPLC equipped with a diode array detector and coupled to
Agilent 6550 QTOF mass spectrometer operated in positive electrospray or on a Bruker Solarix WR by either
matrix assisted laser desorption/ionization, or electrospray ionization (ESI). Nuclear magnetic resonance
(NMR) spectra were recorded either on a Bruker Avance Il HD equipped with a cryogenically cooled probe
("H NMR and C NMR recorded at 600 and 151 MHz, respectively), a Bruker Avance Ill ("H NMR, "°C NMR
and "°F NMR recorded at 400, 101, and 377 MHz, respectively), or a Bruker Ascend 400 MHz (‘"H NMR and
*C NMR recorded at 400 and 101 MHz, respectively). All spectra were recorded at 298 K unless otherwise
stated. Chemical shifts are reported in ppm relative to deuterated solvent as internal standard (6y DMSO-ds
2.50 ppm; 6c DMSO-ds 39.52 ppm; 6y CDCl; 7.26 ppm; 6c CDCl; 77.16 ppm; 6y Methanol-d, 3.31 ppm; ¢
Methanol-d; 49.0 ppm). Assignments of NMR spectra are based on 2D correlation spectroscopy (COSY,
HSQC, and HMBC spectra). Melting point measurements were performed on a Stanford Research Systems
DigiMelt MPA161 apparatus.
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Synthesis of compounds 1-50, V, Et-29, and S1-S88

General solid phase peptide synthesis procedure (SPPS)

The peptides were synthesized on a ChemMatrix resin using a rink amide linker by standard solid-phase
peptide synthesis. The resin loading was determined spectrophotometrically, quantifying the amount of Fmoc
released upon cleavage of a small sample.”” Each elongation step was performed by applying the relevant
amino acid (3 equiv.), HATU (2.9 equiv.) and iPr,NEt (6 equiv.). Fmoc-deprotection was performed by
treatment with DMF/piperidine (4:1 (v/v), 4.0 mL; 2 min then 15 min), followed by washing with DMF
(3%4.0 mL) and CH,CI;, (3x4.0 mL). The reaction progress of each elongeation was evaluated by Kaiser’s
tests.

General procedure for global deprotection and cleavage from resin

Peptides were cleaved from the resin by CH,Cl/TFA/TIPS (1:1:0.05 (v/v/v), 2.0 mL; 2x1 hour), the resulting
crude was purified by preparative reversed-phase HPLC, and yields were determined based on resin
loading.

General procedure for on-resin acylation

The relevant acid (3 equiv.) and HATU (2.9 equiv.) or Cbz-OSuc (3 equiv.) were dissolved in DMF
(2.0 mL/0.1 mmol resin) and iProNEt (6 equiv.) was added. The solution was added to the fritted syringe
containing the resin bound dipeptide and the reaction mixture was agitated for 2 hours. After washing with
DMF (3x4.0 mL) and CH.CI, (3x4.0 mL) the reaction progress was evaluated with a Kaiser’s test. If the
Kaiser’s test indicated presence of unreacted amine, the acylation procedure was repeated.

General procedure for on-resin sulfonamide formation

The relevant sulfonyl chloride (3 equiv.) and iPr,NEt (6 equiv.) were dissolved in DMF (2.0 mL/0.1 mmol
resin) and added to the fritted syringe containing the resin-bound dipeptide and the reaction mixture was
agitated overnight. After washing with DMF (3%4.0 mL) and CH,CI;, (3%x4.0 mL) the reaction progress was
evaluated with a Kaiser’s test. If the Kaiser’s test indicated presence of unreacted amine, the sulfonamide
formation procedure was repeated.

General procedure for on-resin urea formation

The relevant amine (1.5 equiv.) and iPr,NEt (1.5 equiv.) were added dropwise to a solution of p-
nitrophenylchloroformate in anhydrous CH,Cl, (15 mL) at 0°C. The reaction mixture was stirred for 30
minutes at ambient temperature and was then concentrated under reduced pressure. The resulting crude
residue and iPr,NEt (3 equiv.) were dissolved in DMF (2 mL/0.1 mmol resin), added to the fritted syringe
containing the resin bound dipeptide, and the reaction mixture was agitated overnight. After washing with
DMF (3x4.0 mL) and CH.CI, (3x4.0 mL) the reaction progress was evaluated with a Kaiser’s test. If the
Kaiser’s test indicated presence of unreacted amine, the urea formation procedure was repeated.

General procedure for on-resin Teoc deprotection

A solution of TBAF trihydrate (4 equiv.) in DMF (2.0 mL/0.1 mmol resin) was added to the fritted syringe
containing the resin bound dipeptide and the reaction mixture was agitated for 2 hours. The procedure was
repeated and the resin was then washed with DMF (3x4.0 mL) and CH,Cl, (3x4.0 mL).

General on-resin thiouea formation procedure

A solution of HCI-B-alanine t-butyl ester (2 equiv.) and iPr,NEt (3 equiv.) in CH.Cl, (3.0 mL) was added
dropwise over 5 minutes to a solution of compound S47 (2 equiv.) in CH,CI, (1.5 mL) at 0°C. The reaction
mixture was concentrated under reduced pressure and the resulting crude residue and iPr,NEt (2 equiv.)
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were dissolved in DMF (2.0 mL/0.1 mmol resin), added to the fritted syringe containing the resin bound
dipeptide and the reaction mixture was agitated overnight. After washing with DMF (3x4.0 mL) and CH,Cl,
(3%4.0 mL) the reaction progress was evaluated with a Kaiser’s test. If the Kaiser’s test indicated presence of
unreacted amine, the thiourea formation procedure was repeated.

N%-((Benzyloxy)carbonyl)-N°-(5-(tert-butoxy)-5-oxopentanethioyl)-L-lysine (S24).
s o A solution of DCC (3.91 g, 18.9 mmol) in anhydrous DMF (12.0 mL) was
HNWOk added to a solution of N-hydroxysuccinimide (2.18 g, 18.9 mmol) and mono
t-butyl glutarate (3.9 g, 21 mmol) in anhydrous DMF (12.0 mL). The solution
was stirred at ambient temperature for 3.5 hours and solids were filtered off.
L oH The filtrate was added to a solution of Cbz-Lys-OH (4.47 g, 16.0 mmol) and
©/\0 N i iProNEt (8.0 mL, 45.9 mmol) and the mixture was stirred at ambient
temperature overnight. The reaction was acidified with ag. HCI (1 M, 50 mL)
and extracted with EtOAc (4x75 mL). The combined organic phases were washed with brine (3x75 mL) and
dried over Na,SO, and was then concentrated under reduced pressure. Column chromatography (1.
0—51.5% CH3;OH and 0.25% AcOH in CH,Cl,/MeCN (1:1), 2. 055% CH3;OH and 0.25% AcOH in
CH,CI,/MeCN (1:1), 3. 0>7% CH3OH and 0.25% AcOH in CH,Cl,/MeCN (1:1)) of the crude residue afforded
a clear oil, tentatively assigned as Cbz-Lys(5-O-t-butyl glutaryl)-OH (3.82 g, UPLC-MS [M+H]", m/z 451.1;
[M+H]", C23H3sN,0;" Caled 451.2). The clear oil (3.82 g) and Lawesson’s reagent (3.42 g, 8.46 mmol) were
dissolved in anhydrous THF (22 mL) and the reaction mixture was stirred under N, atmosphere at ambient
temperature. After 2 hours the solvent was removedand the crude residue was purified by column
chromatography (1. 0—52% CH30OH and 0.25% AcOH in CH,Cl,, 2. 0—52% CH3;OH and 0.25% AcOH in
CH.Cly, 3. 50—»75% EtOAc and 0.25% AcOH in heptane, 4. 50—-75% EtOAc and 0.25% AcOH in heptane)
affording the desired thioamide $24 (2.37 g, 32% from Cbz-Lys-OH), as a dark green oil. TLC (4% CH3;OH,
0.25% AcOH in CH,Cl,): Ry = 0.29. 'H NMR (600 MHz, DMSO-ds) & 12.55 (s, 1H, COzH), 9.90 (t, J = 5.3 Hz,
1H, NHg1ys), 7.53 (d, J = 8.0 Hz, 1H, NHqys), 7.42—7.26 (m, 5H, Harcpz), 5.03 (s, 2H, CHacpy), 3.92 (ddd, J =
9.6, 7.9, 4.6 Hz, 1H, Hqyys), 3.51-3.39 (m, 2H, H¢yys), 2.55-2.51 (m, 2H, CH»(CH;),CO,tBu, overlap with
solvent peak), 2.18 (t, J = 7.5 Hz, 2H, CH,CO.tBu), 1.86 (p, J = 7.5 Hz, 2H, CH,CH,CO,tBu), 1.76-1.65 (m,
1H, Hgysa), 1.64-1.46 (m, 3H, Hg s 8, Hs1ys), 1.39 (s, 11H, C(CHs)s, Hy Lys). C NMR (151 MHz, DMSO-de)
6 202.7 (C=S), 173.9 (COyys), 171.8 (CO,tBu), 156.1 (COcp,), 137.0 (Clarcrz), 128.3 (C3archz, CHarchz),
127.8 (Clarcrz), 127.7 (C2archzs COarchz), 79.5 (C(CHs)s), 65.4 (CHachy), 53.7 (Couys), 44.9 (Cerys), 43.8
(CH5(CH2),CO,tBu), 33.76 (CH,CO,tBu), 30.4 (Cgys), 27.8 (C(CHs)s), 26.7 (CsLys), 24.3 (CH,CH,CO,tBu),
23.1 (Cyys)- UPLC-MS tz 2.09 min, m/z 467.2 (IM+H]", C3H3sN,06S" Calcd 467.2); HRMS m/z 467.2216

(IM+H]",C23H35N,06S™ Caled 467.2210).

N°-(5-(tert-Butoxy)-5-oxopentanoyl)-N*-(((9H-fluoren-9-yl)methoxy)carbonyl)-L-lysine (S25).

0 0 Method 1—DCC (126 mg, 0.61 mmol) was added to a solution of N-

wok hydroxysuccinimide (70 mg, 0.61 mmol) and mono t-butyl glutarate in
anhydrous DMF (3.0 mL). The solution was stirred at ambient
temperature for 2 hours and solids were filtered off and the filtrate

HN

O i oH (6.0 mL) was used without further purification. The filtrate (3.0 mL) was
. ° N I added to a solution of Fmoc-Lys-OH (155 mg, 0.42 mmol) and iProNEt
O (0.22 mL, 1.26 mmol) and the mixture was stirred at ambient

temperature overnight. The reaction was acidified with aq. HCI (1 M, 5

mL) and H,O (15 mL) and extracted with EtOAc (3x50 mL). The
combined organic phases were washed with brine (3x75 mL) and dried over Na,SO, and was then
concentrated under reduced pressure. The crude residue was purified by column chromatography (0—1%
MeOH and 0.25% AcOH in CH.Cl,) affording the desired amide $25 (104 mg, 46%) as a slightly yellow oil.
Method 2—N-Hydroxysuccinimide (968 mg, 8.41 mmol) and DIC (1.31 mL, 8.40 mmol) was added to a
solution of mono t-butyl glutarate (1.70 g, 9.01 mmol) in anhydrous DMF (15 mL) and stirred at ambient
temperature. After stirring for 3 hours, the mixture was filtered and the filtrate added to a suspension of N°-
Fmoc-lysine (2.25 g, 6.10 mmol) in anhydrous DMF (20 mL) and iProNEt (3.0 mL, 17.2 mmol) at ambient
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temperature. After stirring for 2.5 hours, 10% brine (20 mL) was added to the resulting yellow solution, and
the reaction mixture was stirred for 15 min. aq. HCI (1 M, 15 mL) was added and the solution extracted with
EtOAc (4x100 mL). The combined organic phases were washed with 10% brine (2x100 mL), dried over
MgSQ,, the precipitate filtered off and the filtrate was concentrated under reduced pressure. The residue
was suspended in EtOAc—heptane (25 mL, 60:40), resulting in formation of a white precipitate. The
suspension was filtered and the filtrate was concentrated under reduced pressure. The crude residue was
was purified by column chromatography (50% MeCN in CH,Cl,, then 0—510% MeOH and 0.25% AcOH in
MeCN/CH,CI, (50:50)). The appropriate fractions were pooled, and excess AcOH was removed by
coevaporations: toluene/MeCN (1:1, 3x10 mL) and MeCN (3x10 mL), affording the desired amide S25
(2.23 g, 68%) as a white solid. TLC (5% MeOH and 0.25% AcOH in CH,Cl,): R = 0.2. "H NMR (DMSO-dg) &
12.56 (br s, 1H, CO.H), 7.89 (d, J = 7.5, 2H, H4rmoc, H5Fmoc), 7.77 (t, J = 5.6, 1H, NH¢ ), 7.73 (d, J = 7.5,
2H, H1emoe, H8rmoc), 7.59 (d, J = 8.0, 1H, NHqyys), 7.42 (t, J = 7.4, 2H, H3pmoe, HBFmoc), 7.37-7.28 (m, 2H,
H2emoc, H7Emoc), 4.31—4.25 (m, 2H, CHz emocas H9emoc), 4.25—4.18 (m, 1H, CHzemocs), 3.90 (ddd, J = 9.6, 7.9,
4.6, 1H, Hquys), 3.02 (q, J = 6.4, 2H, Hgyys), 2.16 (t, J = 7.4, 2H, CH.CO,tBu), 2.06 (t, J = 7.4, 2H,
CH»(CH3),CO,tBu), 1.76-1.53 (m, 4H, Hgys, CH.CH,CO,LtBu), 1.45-1.24 (m, 13H, Hy1ys, Hsys, C(CHs)s).
C NMR (DMSO-dg) & 174.0 (COzH), 172.0 (CO.tBu), 171.3 (NH.CO), 156.1 (COfmoc), 143.9
(C8armoc/C9akmoc), 143.8 (C8apmoc/C9aFmoc), 140.73 (C4apmoc,C4bemoc), 140.71 (C4armoc,C4bemoc), 127.6
(C3emoc,COEmoc), 1271 (C2Fmoc;C7emoc)s  125.30  (C1emoc/C8rmoc),  125.28  (Clemoo/C8emoc),  120.12
(C4Fmoc/CBFmoc), 120.10 (C4Fmoc/CBFmoc), 79.5 (C(CHa)s), 65.6 (CHzrmoc), 53.8 (Carys), 46.7 (Cmoc), 38.2
(Ceys), 34.3 (CH2(CH2),CO,tBu), 34.2 (CH,CO,tBu), 30.5 (CgLys), 28.7 (Csys), 27.8 (C(CHs)s), 23.1 (Cy ys),
20.8 (CH,CH,CO,tBu). Trace amounts (<3%) of diisopropylurea could be detected. UPLC-MS {z 2.20 min,
mlz 539.3 ([IM+H]", C3oH3gN,0;" Caled 539.3); HRMS m/z 539.2759 ([M+H]", C3oH3gN,O;" Calcd 539.2752).

N°-(5-(tert-Butoxy)-5-oxopentanethioyl)-N*-(((9H-fluoren-9-yl)methoxy)carbonyl)-L-lysine (S26).
s o Method 1—Amide $25 (41.5 mg, 0.08 mmol) and Lawesson’s reagent
HNka (28.4 mg, 0.07 mmol) was dissolved in anhydrous THF (2.5 mL) and
stirred at ambient temperature. The reaction was followed by TLC, and
after 2 hours the solvent was removed. The crude residue was purified

O i oH by column chromatography (0.5% MeOH, 0.25% AcOH in CH,CI,)
. o N affording the desired thioamide $26 (18.5 mg, 43%) as a dark oil.
O © Method 2—Amide S25 (1.33 g, 2.48 mmol) was dissolved in anhydrous

toluene (50 mL) and heated to 80 °C. Lawesson's reagent (128 mg, 127

mg, 142 mg and 111 mg, 1.25 mmol total) was added after 0, 45, 75
and 105 min, respectively. After stirring for a total of 2 hours, the reaction mixture was allowed to reach
ambient temperature and was concentrated under reduced pressure. The crude residue was purified by
column chromatography (0—-3% MeOH and 0.25% AcOH in CH,Cl,), to afford desired thioamide S26 (171
mg, 12%) and a byproduct tentatively assigned as the corresponding thioamide thiocarboxylic acid (66 mg,
5%, UPLC-MS m/z 571.2 ([M+H]", C30H39N205S," Calcd 571.2)). TLC (5% MeOH and 0.25% AcOH in
CH,Clp): Rr = 0.25. 'H NMR (CDCl3) & 7.89-7.80 (m, 1H, NHe ys), 7.76 (d, J = 7.3, 2H, H4Fmoc, H5Fmoc), 7.64—
7.53 (m, 2H, H1emoe, H8kmoc), 7.39 (t, J = 7.3, 2H, H3emoc, HBemoc), 7-30 (td, J = 7.4, 1.2, 2H, H2¢moc, H7Emoc)s
5.54 (d, J = 8.0, 1H, NHqys), 4.57-4.34 (m, 3H, Harys, CH2Fmoc), 4.21 (t, J = 6.9, 1H, H9emec), 3.73-3.56 (m,
2H, Heys), 2.66 (t, J = 7.3, 2H, CH,(CH,),CO,tBu), 2.26 (t, J = 7.1, 2H, CH,CO,tBu), 2.09-1.97 (m, 2H,
CH,CH,CO,tBu), 1.97-1.85 (m, 1H, Hgysa), 1.85-1.56 (m, 3H, Hgiys, Hsuys), 1.56—1.34 (m, 11H, H, s,
C(CHs)s). ®C NMR (CDCl3) & 204.5 (NHCS), 175.2 (COzH), 173.9 (COutBu), 156.3 (COfmoc), 143.9
(C8akrmoc/C9aEmoc), 143.7 (C8armoc/C9aFmoc), 141.4 (C4armoc; C4brmoc), 127.9 (C3emocs CBEmac), 127.2 (C2emoc,
C7¢moc), 125.2 (C1Emoc;C8rmoc), 120.2 (C4Fmoc,CBFmoc), 81.5 (C(CHs)s), 67.3 (CHzpmoc), 53.5 (Coys), 47.2
(C9moc), 45.8 (CH2(CH,),CO,tBu), 45.6 (CqLys), 34.3 (CHLCO,tBu), 31.9 (Cgys), 28.2 (C(CH3)s), 27.1 (Cs ys),
24.9 (CH,CH,CO,tBu), 22.4 (C,Lys). Trace amounts (<5%) of diisopropylurea could be detected. UPLC-MS
tr 2.44 min, m/z 555.3 ([M+H]", C30H39N,0S" Calcd 555.3); HRMS m/z 555.2534 ([M+H]", C30H3gN,06S"
Calcd 555.2524).
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tert-Butyl (S)-(3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)carbamate (S27).
Boc-Trp-OH (1.09 g, 3.58 mmol), HOBt (729 mg, 5.40 mmol), /PrNH, (0.61 mL,
7.10 mmol) and iPr,NEt (0.61 mL, 3.50 mmol) were dissolved in anhydrous CH,Cl, (12
< _NH mL) and cooled to 0 °C. EDC (1.03 g, 5.37 mmol) was added and the reaction mixture
>L i H was stirred at 0°C for 5 minutes and was then stirred overnight at ambient temperature.
o N j/ The reaction mixture was concentrated under reduced pressure and the crude residue
was dissolved in EtOAc (150 mL) and washed with agq. KHSO,4 (5%, 3x100 mL),
saturated aq. NaHCO; (3%x100 mL), and brine (2x100 mL). The organic phase was
dried over Na,SO, and concentrated under reduced pressure, affording the desired amide S27 as a
colorless solid (1.25 g, >99%), which was used without further purification."H NMR (600 MHz, DMSO-dg) &
10.79 (s, 1H, NHjngole), 7.63 (d, J = 7.7 Hz, 1H, CO,NH), 7.57 (d, J = 7.9 Hz, 1H, H4n40), 7.31 (d, J = 8.0
Hz, 1H, H7ngote), 7.10 (d, J = 2.3 Hz, 1H, H2,q01), 7.04 (ddd, J = 8.0, 6.9, 1.2 Hz, 1H, H6/q01), 6.96 (t, J= 7.4
Hz, 1H, H5hq0le), 6.61 (d, J = 8.4 Hz, 1H, NHq1rp), 4.12 (td, J = 8.6, 5.4 Hz, 1H, Hqyp), 3.86-3.76 (m, 1H,
CH,‘Pr), 3.00 (mABx, J = 145, 54 HZ, 1H, HB,Trp,A)a 2.88 (mABx, J = 145, 8.7 HZ, 1H, HB,Trp,B)a 1.31 (S, 9H,
C(CHa)3), 1.03 (d, J = 6.6 Hz, 3H, CHs,pa), 0.96 (d, J = 6.6 Hz, 3H, CHs p5). °C NMR (151 MHz, DMSO-dj)
0 171.2 (COryp), 155.5 (COpgoc), 136.5 (C7aingoie), 127.9 (C3aingoe), 124.0 (C2ingore), 121.2 (CBingote), 119.0
(C4ingore), 118.5 (CSingote), 111.7 (C7indote), 110.6 (C3ingole), 78.4 (C(CHj3)3), 55.6 (Cq1rp), 40.8 (CHper), 28.6
(C(QH3)3), 28.5 (CBYTTP)’ 22.7 ((CH3)2'ipr). UPLC-MS tR 2.00 min, m/z 346.2 ([M+H]+, C19H28N303+ Calcd

346.2).

tert-Butyl (S)-(1-(cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamate (S28).
By the method described for compound $27, the title compound was synthesized
using Boc-Trp-OH (308 mg, 1.01 mmol), HOBt (210 mg, 1.55 mmol),
< NH cyclopropylamine (0.11 mL, 1.59 mmol), iPr,NEt (0.35 mL, 2.01 mmol), anhydrous
>L i H CH.CI, (7.0 mL), and EDC (292 mg, 1.52 mmol) affording the desired amide $28
o N W (277 mg, 80%) as a colorless solid, which was used without further purification. TLC
(3% CH3OH in CH.Cl,): Ry = 0.4. '"H NMR (600 MHz, DMSO-ds) 5 10.79 (s, 1H,
NHingole), 7-92 (d, J = 4.2 Hz, 1H, CO1,NH), 7.57 (d, J = 7.9 Hz, 1H, H4hq0e), 7.31 (d, J
= 8.0 Hz, 1H, H7ngoie), 7.09 (d, J = 2.3 Hz, 1H, H2,q01e), 7.05 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H6/g01e), 6.96 (t, J
= 7.4 Hz, 1H, H5nqole), 6.63 (d, J = 8.2 Hz, 1H, NHq 1), 4.10 (td, J = 8.5, 5.4 Hz, 1H, Hy1rp), 2.99 (Magx, J =
145, 5.4 Hz, 1H, HB,Trp,A)a 2.87 (mABx, J= 145, 8.7 Hz, 1H, HB,Trp,B)a 2.64-2.56 (m, 1H, H1Cyclopropyl)a 1.31 (S,
9H, C(CHa)s), 0.65-0.48 (M, 2H, H2¢yciopropyl), 0.43-0.25 (M, 2H, H3¢,ciopropy)- | C NMR (151 MHz, DMSO-ds)
0 173.0 (COryp), 155.0 (COpgoc), 136.0 (C7aingoie), 127.4 (C3aingore), 123.6 (C2ingote), 120.8 (CHjngote), 118.5
(C4ingote), 118.1 (C5ingote), 111.2 (C7indote), 110.1 (C3indole)s 77.9 (C(CH3)3), 54.9 (Cq1rp), 28.2 (C(CHs)s), 27.9
(Cp1rp)s 22.3 (Cleyctopropyl)s 5-7 (C2cyciopropyl)s 55 (C3cyciopropyl)- UPLC-MS tr 1.79 min, m/z 344.1 ([M+H]",
C19H26N303" Caled 344.2); HRMS m/z 366.1784 ([M+Na]",C1gH,25N30sNa” Calcd 366.1788). In accordance

with previously reported data.”!

tert-Butyl (S)-(1-(cyclobutylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamate (S29).
By the method described for compound S27, the title compound was synthesized
using Boc-Trp-OH (998 mg, 3.28 mmol), HOBt (665 mg, 4.92 mmol), cyclobutylamine
NH (0.42 mL, 4.92 mmol), iPr,NEt (1.14 mL, 6.56 mmol), anhydrous CH,Cl, (24 mL), and

>L i \H EDC (942.9 mg, 4.92 mmol) affording the desired amide S29 (1.16 g, >99%), which
o H N\Q was used without further purification. TLC (3% CH3;OH in CH.Cl,): R = 0.35. "H NMR
O (600 MHz, DMSO-dg) 8 10.8 (s, 1H, NHingole), 8.06 (d, J = 7.8 Hz, 1H, CO+,NH), 7.57

(d, J =7.9 Hz, 1H, H4},q0ie), 7.31 (d, J = 8.0 Hz, 1H, H7hq0ie), 7.09 (d, J = 2.3 Hz, 1H,
H2Ind0|e)v 708—702 (m, 1H, H6Indole)a 696 (t, J=74 HZ, 1H, H5Indole)7 662 (d, J= 84 HZ, 1H, NHG,Trp)a 4.24—
4.08 (m, 2H, Ha'Trp, CHCycIobutyI)y 3.01 (mABx, J= 145, 53 HZ, 1H, HB,Trp,A)a 2.88 (mABx, J = 145, 8.7 HZ, 1H,
HB,Trp,B)a 2.16-2.03 (m, 2H, H2Cyclobutyl)a 1.88 (p, J =97 HZ, 1H, H4CyclobutyI,A)1 1.79 (p, J =98 HZ, 1H,
Hacysonuyis), 1.65-1.52 (M, 2H, H3cyamuy)s 1.31 (5, 9H, C(CHa)s). °C NMR (151 MHz, DMSO-ds) & 171.1
(COryp), 155.5 (COpgoc), 136.5 (C7a1ndole), 127.9 (C3aindole), 124.0 (C2ingole), 121.2 (CBingote), 119.0 (C4ingole)s
118.6 (CBincoe), 111.7 (CTingor) 110.6 (C3ingoe), 78.4 (C(CHs)s), 55.4 (Carrp)s 44.4 (Cloycopuy) 30.7
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(C2Cyclobutyl); 30.5 (C4Cyc|obutyl), 28.6 (C(QH3)3), 28.5 (CB,TFP)! 15.1 (CBCycIobutyI)- UPLC-MS tr 1.99 min, mlz
358.2 ([M+H]", Co0H2sN303" Caled 358.2); HRMS m/z 380.1941 ([M+Na]",Co0H27N3O3Na” Caled 380.1945).

tert-Butyl (S)-(1-(cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamate (S30)."!
By the method described for compound S27, the title compound was synthesized
using Boc-Trp-OH (952 mg, 3.13 mmol), HOBt (634 mg, 4.69 mmol),
NH cyclopentylamine (0.46 mL, 4.69 mmol), iProNEt (1.09 mL, 6.26 mmol), anhydrous
ﬁ\ i § CH.CI, (24 mL), EDC (899.5 mg, 4.69 mmol). The crude product was purified by
0" °N \Q column chromatography (0—>3% CH3;OH in CH,Cl,), affording the desired amide S30
(1.15 g, 99%) as a colorless solid.TLC (3% CH3OH in CH,Cl,): R = 0.35. 'H NMR
(600 MHz, DMSO-ds) & 10.84-10.75 (m, 1H, NHjqoe), 7.71 (d, J = 7.3 Hz, 1H,
CO+pNH), 7.57 (d, J = 7.9 Hz, 1H, H4nqoie), 7.31 (d, J = 8.0 Hz, 1H, H7ng0ie), 7.10 (d, J = 2.3 Hz, 1H, H2hq0le),
7.08-7.02 (m, 1H, H6ngoe), 6.97 (t, J = 7.4 Hz, 1H, H5,nq0ie), 6.61 (d, J = 8.4 Hz, 1H, NHq 1), 4.15 (td, J =
8.5, 54 Hz, 1H, Hu,Trp)a 3.97 (p, J =6.8 Hz, 1H, CHCyCIopentyI)y 3.00 (mABx, J= 145, 5.3 Hz, 1H, HB,Trp,A)a 2.89
(maex, J = 14.5, 8.6 Hz, 1H, Hg1pp), 1.82-1.66 (M, 2H, H2¢yq0penty), 1.66-1.52 (m, 2H, H3cyciopenty), 1.53—
1.22 (m, 13H, Hdcyciopentyls H5cycopenty, C(CHa)s). °C NMR (151 MHz, DMSO) & 171.2 (COryp), 155.0 (COgoc),
136.0 (C7aindole), 127.4 (C3aindole), 123.6 (C2ingole); 120.8 (CBingote), 118.5 (C4ingoe), 118.1 (C5jngore), 111.2
(C7Indole)y 110.1 (C3Indole)y 77.9 (Q(CH3)3)1 55.0 (Ca,Trp)1 50.2 (C1Cyclopentyl)a 32.2 (C2Cyclopentyl)a 32.0 (C5Cyclopentyl)a
28.1 (C(CHs)s), 28.0 (Cp1rp)s 23.5 (C3cyciopentyl)s 23-4 (Clcyciopenty))- UPLC-MS tg 1.97 min, m/z 372.2 (M+H]",
C21H30N303+ Calcd 3722)

((S)-1-((Adamantan-1-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)-tert-butyl-carbamate (S31).
By the method described for compound $27, the title compound was synthesized
using Boc-Trp-OH (203 mg, 0.67 mmol), HOBt (137 mg, 1.01 mmol),
< NH adamantylamine (154 mg, 1.02 mmol), iPr,NEt (0.34 mL, 1.95 mmol), anhydrous
>L i H CH.CI, (7 mL), and EDC (192 mg, 1.00 mmol) affording the desired amide S31
o N Q (286 mg, 69%) as a colorless solid, which was used without further purification. H
NMR (600 MHz, DMSO-ds) & 10.78 (s, 1H, NHngoe), 7.57 (d, J = 7.9 Hz, 1H,
H4hdole), 7.31 (d, J = 8.0 Hz, 1H, H7ng0te), 7.15 (s, 1H, CO+,NH), 7.10 (d, J = 2.3 Hz,
1H, H2hg01e), 7.05 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H6/nq01e), 6.96 (t, J = 7.4 Hz, 1H, H5n40ie), 6.60—-6.51 (m, 1H,
Nch,Trp), 413 (td, J= 85, 5.2 Hz, 1H, ch,Trp)y 3.01 (mABx, J=14.7,54 Hz, 1H, HB,Trp,A)a 2.87 (mABx, J= 146,
8.6 HZ, 1H, HB,Trp,B)a 2.03-1.97 (m, 3H, H3Adaa H5Aday H7Ada)a 1.93-1.86 (m, 6H, H2Ada, H8Adaa HgAda)a 1.65-
1.57 (m, 6H, H4aga, HBada, H10aga), 1.32 (s, 9H, C(CHa)s). °C NMR (151 MHz, DMSO-ds) 8 170.9 (COryp),
155.0 (COpgoc), 136.0 (C7aindole), 127.5 (C3aindole), 123.5 (C2ingote); 120.7 (CBingole), 118.6 (C4ingote), 118.1
(Cbingote), 111.2 (C7ingote), 110.2 (C3ingoe), 78.0 (C(CHs)s), 55.4 (Cyrp), 50.7 (Clada), 40.9 (C3pda; Cbadas
C7hda)s 36.0 (C2ada, C8ada, C9ada), 28.8 (C4ada, C6ada, C10a4a), 28.1 (C(CHs)3), 28.0 (Cp1rp). UPLC-MS 15 2.43
min, m/z 438.2 ([M+H]", CyH3sN303" Calcd 438.3); HRMS m/z 438.2745 ([M+H]",Cp6H3sN3O3" Calcd

438.2751). Ada=adamant-1-yl.

tert-Butyl ((S)-3-(1H-indol-3-yl)-1-(((S)-1-methoxy-3-phenylpropan-2-yl)amino)-1-oxopropan-2-
yl)carbamate (S32).
By the method described for compound S27, the title compound was synthesized
using Boc-Trp-OH (219 mg, 0.72 mmol), HOBt (148 mg, 1.09 mmol), (S)-(+)-1-

NH Methoxy-3-phenyl-2-propylamine hydrochloride (224 mg, 1.11 mmol), Pr,NEt
j\ j\ H\)O (0.25 mL, 1.43 mmol), anhydrous CH,CI, (56 mL), and EDC (208 mg, 1.09 mmol)
"N H affording the desired amide S32 (310 mg, 69%) as a colorless solid, which was

© \© used without further purification. 'H NMR (600 MHz, DMSO-dg) 6 10.78 (s, 1H,

NHindole), 7.74 (d, J = 8.5 Hz, 1H, COr,NH), 7.54 (d, J = 7.9 Hz, 1H, H4n40e), 7.32

(d, J = 8.0 Hz, 1H, H7Indole)a 7.29-7.15 (m, 5H, th), 7.10-7.01 (m, 2H, H2\ndole,

Hb6ingole), 7.01-6.94 (m, 1H, H5n40e), 6.65 (d, J = 8.4 Hz, 1H, NHq1rp), 4.15 (td, J = 8.6, 5.2 Hz, 1H, Hq1rp),
4.10-4.00 (m, 1H, CO7,NHCH), 3.26-3.13 (m, 5H, CH,OCHj3), 2.95 (magx, J = 14.6, 5.3 Hz, 1H, Hg1rp ),
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2.84 (mABx, J= 147, 8.8 Hz, 1H, HB,Trp,B)v 2.78 (mABx, J = 137, 6.0 Hz, 1H, CHCHZ'APh), 2.69 (mABx, J =
13.7, 8.0 Hz, 1H, CHCH,Ph), 1.32 (s, 9H, C(CHs)s). °C NMR (151 MHz, DMSO-dg) & 171.5 (COry), 155.0
(COcbz), 138.6 (C1pp), 136.0 (C7angoe), 129.2 (C2pn, C6pp), 128.1 (C3ppn, C5pp), 127.4 (C3aingoe), 126.0
(C4pn), 123.5 (C2ingoie), 120.8 (Cingole), 118.4 (CBingore), 118.1 (CBingote) 111.2 (C7indote), 110.1 (C3indote), 78.0
(C(CHa)s), 73.1 (CH,OCH3), 58.2 (CH,OCH3), 55.4 (Cq1rp), 49.8 (COT,NHCH), 36.7 (CH,Ph), 28.1 (C(CHa)s),
27.9 (Cg1rp). UPLC-MS tg 2.19 min, m/z 452.2 ([M+H]", CysH34N30," Calcd 452.3); HRMS m/z 474.2356
(IM+Na]",CH33N304Na’ Calcd 474.2363).

(S)-2-Amino-3-(1H-indol-3-yl)-N-isopropylpropanamide-TFA salt (S33).

TFA (5.0 mL, 65.29 mmol) was added to a solution of compound $27 (905 mg,
2.03 mmol) in CH,CI; (8 mL). The reaction was stirred at ambient temperature for 1
< NH hour and was then concentrated under reduced pressure. Excess TFA was
§ removed by coevaporations: CH.Cl,/toluene (1:1, 2x100 mL),
FsC” O "H3N j/ CH,Cly/heptane/CH3;0H (1:1:0.06, 2x100 mL) and CH,CI,/CH3;OH (1:0.06, 100 mL)
© affording the desired TFA salt S33 (723 mg, 99%) as a colorless solid, which was
used without further purification. 'H NMR (400 MHz, Methanol-d,) & 7.62 (dt, J =
7.9, 1.0 Hz, 1H, H4 ng0e), 7.37 (dt, J = 8.2, 1.0 Hz, 1H, H7ng0te), 7.18 (s, 1H, H2ng0e), 7.13 (ddd, J = 8.2, 7.0,
1.2 Hz, 1H, H6nqoie), 7.05 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, H5,nq0ie), 3.97 (t, J = 7.4 Hz, 1H, Hq1rp), 3.86 (p, J =
6.6 Hz, 1H, CHpy), 3.36-3.28 (m, 2H, Hg 1 a, Overlap with solvent peak), 3.22 (magx, J = 14.4, 7.2 Hz, 1H,
Hp.1rp.8),1.09 (d, J = 6.5 Hz, 3H, CHs p.4), 0.85 (d, J = 6.6 Hz, 3H, CHsp,5). "°C NMR (101 MHz, Methanol-dy)
0 169.1 (COTrp), 163.1 (q, J =343 Hz, COTFA)a 138.2 (C7a|ndo|e), 128.4 (CBaIndoIe)a 1254 (CZ.ndme), 122.8
(CBindole), 120.2 (C5ingole), 119.1 (Clingole), 118.3 (g, J = 293.6 Hz, CF3), 112.5 (C7ngote), 108.3 (C3ingoie), 55.4
(Catrp), 42.9 (CHpy), 28.9 (Cp1ip), 22.4 (CH3jpra), 22.0 (CHsprg). UPLC-MS tz 1.22 min, m/z 246.1 ([M+H]",

C14H20N3O" Caled 246.1); HRMS m/z 246.1599 ([M+H]",C14H20N30" Calcd 246.1601).

(S)-2-Amino-N-cyclopropyl-3-(1H-indol-3-yl)propanamide-TFA salt (S34).

By the method described for compound 833, the titte compound was synthesized
using TFA (2.6 mL, 33.95 mmol), $28 (243 mg, 0.70 mmol), and CH,Cl, (3.6 mL)
«_NH affording the desired TFA salt $34 (250 mg, 99%) as a colorless solid, which was
i H used without further purification. H NMR (600 MHz, DMSO-dg) 6 11.04 (d, J = 2.5
W Hz, 1H, NHingore), 8.52 (d, J = 4.1 Hz, 1H, CO,NH), 8.15 (s, 3H, NH3), 7.61 (dd, J
° =7.9, 1.0 Hz, 1H, H4n40e), 7.36 (dt, J = 8.2, 0.9 Hz, 1H, H7 ng0e), 7.17 (d, J = 2.4
Hz, 1H, H2\,q0e), 7.09 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, HB6/ng0e), 7.00 (ddd, J = 7.9,
6.9, 1.0 HZ, 1H, H5Indo|e)a 3.88-3.79 (m, 1H, Ha,Trp)a 3.17 (mABx, J= 147, 6.5 HZ, 1H, HBYTTPYA)’ 3.09 (mABx, J=
14.7, 7.4 Hz, 1H, Hgppe), 2.61 (tq, J = 7.7, 3.9 Hz, 1H, H1cycopropy), 0.67-0.55 (M, 2H, H2¢yciopropyi), 0.41—
0.23 (m, 2H, H3cydiopropyl)- C NMR (151 MHz, DMSO-ds) & 169.4 (COrrp), 158.2 (q, J = 32.2 Hz, COrea),
136.2 (C7a|ndo|e), 127.0 (CBaIndole)v 124.7 (C2|ndo|e), 1211 (CGIndole)a 118.4 (C4Indolev C5Indole)7 116.9 (q, J =
298.0 Hz, CF3), 111.5 (C7indole), 106.9 (C3ingote), 52.8 (Ca,1rp), 27.2 (Cp1ip), 22.3 (Ceyclopropyl)s 54 (C2cyciopropyls

C3cyclopropyl)- UPLC-MS t5 0.85 min, m/z 244.1 (IM+H]", C14H1sN3O" Calcd 244.1).

(S)-2-Amino-N-cyclobutyl-3-(1H-indol-3-yl)propanamide-TFA salt (S35).
By the method described for compound S33, the title compound was synthesized
using TFA (5.8 mL, 75.7 mmol), $29 (1.16 g, 3.25 mmol), and anhydrous CH,Cl,
NH (20 mL) affording the desired TFA salt S35 (1.16 mg, 97%) as an off-white solid,
H which was used without further purification. TLC (4% CH3;OH in CH,Cl,): Ry = 0.45.
FsC” ~O" "H3N \O 'H NMR (600 MHz, DMSO-dg) & 11.05 (d, J = 2.5 Hz, 1H, NHnqoi), 8.68 (d, J = 7.7
° Hz, 1H, COrpNH), 8.13 (s, 3H, NH3), 7.60 (d, J = 7.9 Hz, 1H, H4hq0ie), 7.36 (d, J =
8.1 Hz, 1H, H7hq0ie), 7.17 (d, J = 2.4 Hz, 1H, H2/n40e), 7.08 (ddd, J = 8.1, 6.9, 1.2
HZ, 1H, H6Indole)a 7.00 (ddd, J= 80, 70, 1.0 HZ, 1H, H5Indo|e)a 417 (h, J=8.1 HZ, 1H, H1Cyclobuty|)a 3.85 (t, J=
6.9 Hz, 1H, ch,Trp)v 3.17 (mABx, J= 146, 6.5 Hz, 1H, HB,Trp,A)a 3.11 (mABx, J= 147, 7.3 Hz, 1H, HB,Trp,B)a 2.19—-
2.10 (m, 1H, H2Cyc|0butyI,A)a 2.10-2.00 (m, 1H, H2CyclobutyI,B)a 1.93-1.83 (m, 1H, H4CyclobutyI,A)y 1.77-1.67 (m, 1H,
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H4cyciobutyis), 1.64—1.55 (M, 2H, H3cyaobuty)- C NMR (151 MHz, DMSO) & 167.2 (COryp), 158.1 (q, J = 31.0
Hz, COtra), 136.2 (C7angoe), 127.1 (C3aindoi), 124.8 (C2ingoe), 121.1 (CBingoie), 118.41 (Chingoi), 118.39
(C5indote), 117.3 (g, J = 300.2 Hz, CF3), 111.4 (C7ngote), 106.9 (C3indote)s 52.9 (Ca1rp)s 44.0 (Cleyciobutyr), 29-90
(C2Cyclobutyl); 29.85 (C4Cyclobutyl)a 27.3 (CBYTTP)i 147 (C3Cyclobutyl)- UPLC-MS tR 1.09 min, mi/z 258.1 ([M+H]+,
C15H21N3O" Caled 258.2); HRMS m/z 258.1599 ([M+H]",C5H20N3O" Caled 258.1601).

(S)-2-Amino-N-cyclopentyl-3-(1H-indol-3-yl)propanamide-TFA salt (S36).
By the method described for compound S33, the title compound was synthesized
using TFA (5.5 mL, 71.8 mmol), S30 (ALA27, 1.07 g, 2.89 mmol), and CH.Cl,
NH (10 mL) affording the desired TFA salt $36 (1.08 g, 97%) as an off-white solid,

i H which was used without further purification. 'H NMR (600 MHz, DMSO-ds) &
FaC” 0" *HoN D 11.04 (s, 1H, NHingoie), 8.31 (d, J = 7.2 Hz, 1H, COr,,NH), 8.14 (s, 3H, NH3), 7.61
© (dd, J = 7.7, 1.1 Hz, 1H, H4ngoe), 7.36 (dt, J = 8.2, 0.9 Hz, 1H, H7nao), 7.18 (d, J

= 2.4 Hz, 1H, H2140ie), 7.09 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, Hb6/nq0ie), 7.00 (ddd, J =
7.9, 70, 1.0 HZ, 1H, H5Indole)7 4.01-3.93 (m, 1H, H1Cyclopenty|)a 3.88 (t, J=71 HZ, 1H, ch,Trp)y 3.16 (mABx, J=
146, 6.9 Hz, 1H, HB,Trp,A)a 3.10 (mABx, J=14.6,7.3 Hz, 1H, HB,Trp,B)a 1.82-1.74 (m, 1H, H2CyclopentyI,A)a 1.68—
1.34 (m, 6H! H2CyclopentyI,Ba H3Cyclopentyla H4Cyclopentyla HSCycIopentyI,A)a 1.20-1.11 (m! 1Ha H5CyclopentyI,B)- 130 NMR
(151 MHz, DMSO) & 167.6 (COry), 158.0 (q, J = 30.8 Hz, CO1ra), 136.2 (C7andoe), 127.1 (C3mndoe), 124.7
(C2indote)s 121.1 (Cbindote), 118.41 (Clingote), 118.36 (CSingoe), 117.3 (g, J = 300.7 Hz, CF3), 111.4 (C7ingole),
107.0 (C3indole), 52.9 (Cq1rp), 50.5 (Clcyciopentyl), 31.97 (C2cyciopentyt)s 31.94 (Chcyciopenty), 27.3 (Cp1rp), 23.4
(C3cyaiopentyl)s 23.3 (Cheyaopentyl)- UPLC-MS tr 1.17 min, m/z 272.2 (IM+H]", C1sH22N30" Calcd 272.2).

(S)-N-(Adamantan-1-yl)-2-amino-3-(1H-indol-3-yl)propanamide-TFA salt (S37).
By the method described for compound S$33, the title compound was
synthesized using TFA (2.6 mL, 33.95 mmol), 831 (248 mg, 0.57 mmol), and
< NH CH.CI, (3.6 mL) affording the desired TFA salt 837 (253 mg, 99%) as a
H colorless solid, which was used without further purification. 'H NMR (600 MHz,
@ DMSO-dg) 6 11.03 (d, J = 2.5 Hz, 1H, NHjngole), 8.04 (s, 3H, NH3), 7.81 (s, 1H,
CO1pNH), 7.67 (d, J = 7.9 Hz, 1H, H4ng0e), 7.37 (d, J = 8.1 Hz, 1H, H7hg0le),
7.19 (d, J = 2.4 Hz, 1H, H2\n40e), 7.12—7.05 (M, 1H, H6}rq0ie), 7.01 (t, J = 7.4 Hz,
1H, H5Indo|e)v 3.97-3.86 (m, 1H, Ha,Trp)y 3.16 (mABx, J= 146, 6.4 HZ, 1H, HB,Trp,A)a 3.07 (mABx, J= 146, 7.7
HZ; 1H1 HB,Trp,B)a 2.04-1.95 (ma 3H1 H3Adamantyly H5Adamantyla H7Adamantyl)1 1.86 (br S, 6H1 H2Adamantyly H8Adamantyla
H9agamanty), 1.64—1.55 (M, 6H, H4agamantyl, HBadamantyl H10adamanty). C NMR (151 MHz, DMSO-ds) 5 167.3
(COTrp), 158.0 (q, J =311 HZ, COTFA),136.2 (C7a|ndo|e), 127 1 (C3a|ndo|e), 124.8 (C2Indole)a 1211 (C6Indole)a
118.6 (C4ingole), 118.3 (Chingote), 117.2 (q, J = 300.3 Hz, CF3), 111.4 (C7ngore), 107.1 (C3indote), 53.0 (Carrp),
51.3 (C1Adamantyl)v 40.7 (C3Adamantyla C5Adamantyl1 C7Adamantyl), 35.9 (CzAdamantyla C8Adamantyl1 CgAdamantyI)a 28.7
(CAngamantyl, CBadamantyls C10adamantyl), 27.4 (Cgrp). UPLC-MS tg 1.55 min, m/z 338.2 ([IM+H]", C2iH2sN;O"
Calcd 338.2); HRMS m/z 338.2223 ([M+H]",C21H2sN30" Calcd 338.2227).

(S)-2-Amino-3-(1H-indol-3-yl)-N-((S)-1-methoxy-3-phenylpropan-2-yl)propanamide-TFA salt (S38).
By the method described for compound 833, the title compound was
synthesized using TFA (2.6 mL, 33.95 mmol), $32 (276 mg, 0.61 mmol), and

NH CH.CI, (3.6 mL) affording the desired TFA salt S38 (295 mg, >99%) as a
j\ H\j colorless solid, which was used without further purification. '"H NMR (600

; MHz, DMSO-dg) & 11.05 (d, J = 2.4 Hz, 1H, NHingoe), 8.50 (d, J = 8.2 Hz, 1H,

° \© COrNH), 8.10 (s, 3H, NH3), 7.67 (dd, J = 7.9, 1.1 Hz, 1H, Hdingoe), 7.37 (dt, J
= 81, 0.9 Hz, 1H, H7Indole)7 7.32-7.26 (m, 2H, H2Ar,Ph7 H6Aryph), 7.25-7.17 (m,

4H, H3AI’,Ph1 H4Ar,th H5Ar,Pha H2Indole)a 7.09 (ddd, J = 81, 69, 1.2 HZ, 1H,

H61naoie), 7.01 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, H5yn0e), 4.09-4.00 (m, 1H, CO,NHCH), 3.99-3.92 (m, 1H,
Ha,Trp)y 3.23-3.05 (m, 7H, CHzoCH3, HBYTFP)’ 2.80 (mABx, J=13.7,6.7 Hz, 1H, PhCHz_A), 2.73 (mABx, J= 137,
7.3 Hz, 1H, PhCHyg). °C NMR (151 MHz, DMSO-ds) 5 168.3 (COryp), 157.7 (q, J = 30.4 Hz, COrga), 138.3
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(C1pn), 136.3 (C7aingoe), 129.1 (C2pn, CBpr), 128.3 (C3pn, C5pp), 127.1 (C3aindoe), 126.2 (C4pn), 124.9
(C2indote), 121.1 (CBincoie), 118.4 (Chingoie), 118.4 (C5ingoie), 117.4 (q, J = 301.3 Hz, CF3),111.5 (C7\ngoie), 106.9
(C3indote), 72.4 (CH,OCH3), 58.2 (CH,OCH3), 52.7 (Carp), 50.5 (CO7,NHCH), 36.5 (CH,Ph), 27.6 (Cg1rp).
UPLC-MS tz 1.38 min, m/z 352.1 ([M+H]", CyHxN3O," Calcd 352.2); HRMS m/z 352.2016
(IM+H]",C21H26N30," Calcd 352.2020).

tert-Butyl (R)-(3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)carbamate (S39).
By the method described for compound $27, the title compound was synthesized using
Boc-D-Trp-OH (202 mg, 0.66 mmol), HOBt (141 mg, 1.04 mmol), /PrNH; (0.11 mL,
< NH 1.28 mmol), iProNEt (0.17 mL, 0.98 mmol), CH,Cl, (4.0 mL), and EDC (193 mg, 1.0
>L i = A mmol) affording the desired amide S39 (197 mg, 86%) as a colorless solid, which was
0 H/ﬁ( T/ used without further purification. TLC (50% EtOAc in heptane): R; = 0.4. "H NMR (600
© MHz, DMSO-dg) 8 10.79 (s, 1H, NHindole), 7.64 (d, J = 7.7 Hz, 1H, CO+NH), 7.57 (d, J
= 7.9 Hz, 1H, H4hg0), 7.31 (d, J = 8.1 Hz, 1H, H7n40e), 7.10 (d, J = 2.3 Hz, 1H,
H2Ind0|e)v 7.07-7.01 (m, 1H, H6Ind0|e), 6.96 (t, J=T74 HZ, 1H, H5Indo|e), 6.61 (d, J=84 HZ, 1H, NH(I,TI’p)y 413
(td, J = 8.5, 5.3 Hz, 1H, Hq 1), 3.90-3.74 (m, 1H, CHpp), 3.01 (magx, J = 14.5, 5.4 Hz, 1H, Hg1rpa), 2.89
(magx, J = 14.5, 8.7 Hz, 1H, Hg1rps), 1.32 (s, 9H, C(CH3)3), 1.03 (d, J = 6.6 Hz, 3H, CH3pra), 0.97 (d, J=6.5
Hz, 3H, CHsprs). °C NMR (151 MHz, DMSO-dg) 5 170.7 (COrrp), 155.0 (COpqc), 136.0 (C7aingore), 127.4
(C3aingoie); 123.6 (C2ingole), 120.8 (CBindote), 118.5 (C4ingote)s 118.1 (CSingote), 111.2 (C71ndole), 110.1 (C3ingote),
77.9 (C(CHj3)3), 55.1 (Cq1rp), 40.4 (CHjpr), 28.1 (C(CHs)s), 28.0 (Cg1ip), 22.27 (CHsjpra), 22.25 (CHsjprp).
UPLC-MS tz 2.00 min, m/z 346.3 ([M+H]", CygHN3O3" Calcd 364.2); HRMS m/z 346.2130

(IM+H]",C1oH2sN305" Calcd 346.2125).

(R)-2-Amino-3-(1H-indol-3-yl)-N-isopropylpropanamide-TFA salt (S40).
TFA (4.0 mL, 52.1 mmol) and TIPS (250 pL, 1.20 mmol) were added to a solution of
S$39 (82 mg, 0.24 mmol) in CH,Cl, (6.0 mL). The reaction mixture was stirred at
 NH  ambient temperature for 2 hours and was then concentrated under reduced
o] s pressure. The excess TFA was removed by coevaporations: CH,Cl,/toluene (1:1,
F3C)k0' +H3N/WOT T/ 3x30 mL), CH.Cly/heptane (1:1, 2x30 mL), and CH.Cl, (30 mL), affording the
desired TFA salt S40 (120 mg, >99%) as an off-white solid, which was used without
further purification. 'H NMR (600 MHz, DMSO-ds) 8 11.05 (s, 1H, NHingoe), 8.27 (d,
J =7.2 Hz, 1H, CO7,NH), 8.24-8.05 (br s, 3H, NH3), 7.63 (d, J = 7.9 Hz, 1H, H4nq0e), 7.36 (dd, J = 8.0, 1.0
Hz, 1H, H7ngoie), 7-19 (d, J = 2.4 Hz, 1H, H21401e), 7.08 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, H6/q01e), 7.00 (ddd, J =
8.0, 7.0, 1.0 Hz, 1H, H5ng0ie), 3.86 (t, J = 7.1 Hz, 1H, NHq1rp), 3.85-3.76 (m, 1H, CHjpr), 3.17 (Magx, J = 14.5,
6.7 HZ, 1H, HB,Trp,A)a 3.09 (mABx, J= 145, 7.5 HZ, 1H, HB,Trp,B)a 1.06 (d, J=6.6 HZ, 3H, CH3yipr,A), 0.89 (d, J=
6.6 Hz, 3H, CHaps). °C NMR (151 MHz, DMSO) & 167.30 (COry), 158.1 (g, J = 30.0 Hz, COrra), 136.2
(C7aingole)s 127.1 (C3aindoie), 124.8 (C2ingote); 121.1 (CBindole), 118.42 (C4ingote); 118.36 (CSingoie), 117.3 (9, J =
300.5 Hz, CF3), 111.4 (C7ingole), 107.1 (C3ingote), 52.9 (Cq1rp), 40.9 (CHppr), 27.4 (Cg1rp), 22.1 (CHspra), 21.9
(CH3prg). UPLC-MS tz 1.24 min, m/z 246.3 ([M+H]", C14HyN3;O" Calcd 246.2); HRMS m/z 246.1600

(IM+H]",C14H20N30" Calcd 246.1601).

tert-Butyl (S)-(1-(isopropylamino)-1-oxopropan-2-yl)carbamate (S41).[4]

o By the method described for compound S27, the title compound was synthesized using
XOJLNJ}(H Boc-Ala-OH (201 mg, 1.06 mmol), HOBt (289 mg, 2.14 mmol), iPrNH; (0.20 mL, 2.33
H 9 T/ mmol), iPr,NEt (0.40 mL, 2.30 mmol), CH,ClI, (6.0 mL), and EDC (408 mg, 2.13 mmol)
affording the desired amide S41 (122 mg, 50%) as a colorless solid, which was used
without further purification. TLC (50% EtOAc in heptane): R; = 0.3. 'H NMR (600 MHz,
CDC|3) 0 5.87 (S, 1H, NquA|a), 4.95 (S, 1H, COA|3NH), 4.18-3.96 (m, 2H, Ha,AIa, CH,‘pr), 1.45 (S, gH, C(CH3)3),
1.33 (d, J=7.1 Hz, 3H, Hgaa), 1.15 (d, J = 4.3 Hz, 3H, CH3pra), 1.14 (d, J = 4.4 Hz, 3H, CH3pr8). C NMR
(151 MHz, CDCl3) 6 171.7 (COpja), 155.7 (COgoc), 80.3 (C(CHj3)3), 50.3 (Cqai), 41.6 (CHper), 28.5 (C(CH3)3),

22.8 (CH3’ipr), 18.3 (CB,AIa)- UPLC-MS tr 1.69 min, miz 231.2 ([M+H]+, C11H23N203+ Calcd 231 2)
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tert-Butyl (S)-(2-(isopropylamino)-2-oxo-1-phenylethyl)carbamate (S42).
By the method described for compound S27, the title compound was synthesized using
N°-Boc-phenylglycine (203 mg, 0.81 mmol), HOBt (218 mg, 1.61 mmol), iPrNH, (0.15
>L i H mL, 1.75 mmol), iPr,NEt (0.20 mL, 1.15 mmol), CH,Cl, (4.0 mL), EDC (312 mg, 1.62
N j/ mmol) affording the desired amide S42 (189 mg, 80%) as a colorless solid, which was
© used without further purification. TLC (50% EtOAc in heptane): R; = 0.6. 'H NMR (600
MHz, CDCl3) 6 7.38-7.29 (m, 5H, Harpng), 5.78 (s, 1H, NHqpng), 5.37 (s, 1H, COppgNH),
5.04 (s, 1H, Hapng), 4.12-4.00 (m, 1H, CHp), 1.41 (s, 9H, C(CHj3)3), 1.15 (d, J = 6.5 Hz, 3H, CH3p.a), 1.03
(d, J = 6.5 Hz, 3H CHgp). °C NMR (151 MHz, CDCl3) 6 169.2 (COprg), 155.3 (COgoc), 138.8 (C1arphg),
129.2 (C2pn, C6pn), 128.4 (C4pn), 127.4 (C3pn, C5pn), 80.1 (C(CHs)s), 58.8 (Cypng), 42.1 (CHpy), 28.5

(C(CH3)3), 22.8 (CH3pra), 22.6 (CH3 jprp)-

(S)-2-Amino-N-isopropylpropanamide-TFA salt (S43).
o " By the method described for compound S40, the title compound was synthesized
F3C)k0' +H3N/H(NT/ using TFA (4.0 mL, 52.2 mmol), S41 (113 mg, 0.49 mmol), TIPS (250 pL,
o} 1.20 mmol), and CH,Cl, (3.0 mL) affording the desired TFA salt S43 (134 mg,
>99%) as an off-white solid, which was used without further purification. 'H NMR
(600 MHz, DMSO-dg) 6 8.23 (d, J = 7.5 Hz, 1H, COaNH), 8.06 (s, 3H, NH3), 3.92—
3.80 (m, 1H, CHpy), 3.76-3.69 (m, 1H, Hqaw), 1.31 (d, J = 7.0 Hz, 3H, Hgaw), 1.09 (d, J = 6.6 Hz, 3H,
CHapra), 1.07 (d, J = 6.5 Hz, 3H, CHsprs). °C NMR (151 MHz, DMSO) & 168.3 (COas), 157.9 (q, J = 30.2
Hz, CO+ra), 117.3 (q, J = 300.6 Hz, CF37rp), 48.2 (Cqaia), 40.8 (CHpr), 22.14 (CH3pra), 22.12 (CHsprg),
17.26 (Cpan). Triisopropylsilane (6%) could be detected as an impurity. HRMS m/z 131.1179

(IM+H]",CsH15N,O" Calcd 131.1179).

(S)-2-Amino-N-isopropyl-2-phenylacetamide-TFA salt (S44).
By the method described for compound S33, the title compound was synthesized
using TFA (2.0 mL, 26.1 mmol), S42 (189 mg, 0.65 mmol), and CH,CI, (3.0 mL)
g H affording the desired TFA salt S44 (206 mg, >99%) as a colorless solid, which was
FaC™ "O" "HN j/ used without further purification. "H NMR (600 MHz, DMSO-dg) & 8.66 (s, 3H, NH3),
© 8.45 (d, J = 7.6 Hz, 1H, COpngNH), 7.53-7.48 (m, 2H, H2pn, H6py), 7.47-7.37 (m, 3H,
H3Pha H4Pha H5ph), 4.85 (S, 1H, Ha‘Phg), 3.89-3.79 (m, 1H, CH,’pr), 1.10 (d, J=6.6 HZ, 3H, CH3y,‘Pr'A), 0.94 (d, J
= 6.5 Hz, 3H, CHsp.5). °C NMR (151 MHz, DMSO-dg) 8 166.1 (COpng), 158.1 (q, J = 30.9 Hz, COr¢a), 134.3
(C1pp), 129.1 (C4pp), 128.8 (C2pn, C6pn), 127.6 (C3ph, CSpn), 117.3 (q, J = 300.2 Hz, CF31ra), 55.5 (Capng),
411 (CH,‘pr), 22.0 (CHS,iPr,A)a 21.9 (CHS,iPr,B)- UPLC-MS tr 1.43 min, m/z 193.1 ([M+H]+, C11H17N20+ Calcd
193.1); HRMS m/z 193.1334 ([M+H]",C4,H:7N,O" Calcd 193.1335).

O

(S)-N-Isopropylpyrrolidine-2-carboxamide-TFA salt (S45).
9y Boc-Pro-OH (201 mg, 0.93 mmol), HOBt (191 mg, 1.41 mmol), /iPrNH, (0.16 mL,
i QWNW/ 1.86 mmol) and iPr,NEt (0.24 mL, 1.38 mmol) were dissolved in anhydrous CH,Cl,
FiC” 700 Ha o (4.0 mL) and cooled to 0 °C. EDC (270 mg, 1.41 mmol) was added and the reaction
mixture was stirred at 0°C for 5 minutes and was then stirred overnight at ambient
temperature. The reaction mixture was diluted with EtOAc (50 mL) and washed with
aq. KHSO4 (5%, 3x50 mL), saturated ag. NaHCO3; (3%x50 mL), and brine (2x50 mL). The organic phase was
dried over Na,SO,4 and was then concentrated under reduced pressure, affording a colorless solid (140 mg).
TFA (2.0 mL, 26.1 mmol) was added to a solution of the colorless solid (140 mg) in CH,Cl, (3.0 mL). The
reaction mixture was stirred at ambient temperature for 35 minutes and was then concentrated under
reduced pressure. The excess TFA was removed by coevaporations: CH,Cl,/toluene (1:1, 2x40 mL),
CH,CI,/MeCN (1:1, 40 mL), CH,Cly/heptane (1:1, 40 mL) and CH,CI, (40 mL) affording the desired TFA salt
S$45 (157 mg, >99%) as a colorless solid, which was used without further purification. 'H NMR (600 MHz,
CDCl3) 6 10.95 (s, 1H, NHg proa), 7.88—7.60 (m, 2H, NHq pro g, COpoNH), 4.63—4.50 (m, 1H, Hqpro), 4.05-3.92
(m, 1H, CHpey), 3.51-3.33 (m, 2H, Hspro), 2.51-2.38 (m, 1H, Hgpron), 2.14—1.93 (m, 3H, Hgpro, Hypro), 1.15
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(d, J = 6.5 Hz, 3H, CH3 pr4), 1.14 (d, J = 6.7 Hz, 3H, CHsps). °C NMR (151 MHz, CDCl3) & 167.6 (COpy),
161.9 (q, J = 36.9 Hz, COra), 116.3 (q, J = 291.1 Hz, CF3), 59.7 (Cupro), 46.7 (Cspro), 42.7 (CHpr), 30.5
(CB,Pro)a 24.7 (CV,PI'O)! 22.2 (CH3,,'pr,A), 22.0 (CH3,,'pr,B). UPLC-MS tr 0.45 min, m/z 157 1 ([M+H]+, C3H17N20+
Calcd 157.1); HRMS m/z 157.1335 ([M+H]",CgH;N,O" Calcd 157.1335).

(S)-5-((6-((2-(1H-Indol-3-yl)ethyl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (1).
s o DIC (11.5 pL, 0.07 mmol) was added to a solution of the carboxylic acid $24
HNWOH (31 mg, 0.07 mmol) and HOBt (13 mg, 0.08 mmol) in anhydrous CHCl,
(6.0 mL). The reaction mixture was stirred at ambient temperature for 15
minutes after which tryptamine (13 mg, 0.08 mmol) was added. After one
i H hour the reaction mixture was diluted with EtOAc (50 mL) and washed with
@AO N aqg. HCI (2 M, 2x50 mL), and brine (2x50 mL). The organic phase was dried
© “u over NaSO, and concentrated under reduced pressure. Column
chromatography (0—1.25% CH3;OH in CH,CI,) of the crude residue afforded
a clear oil (30 mg), tentatively assigned as tert-butyl-(S)-5-((6-((2-(1H-indol-3-
yl)ethyl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoate (UPLC-MS tz 2.41 min, m/z 609.3; [M+H]", Ca3H4sN4OsS™ Calcd 609.3), which was used
without further purification. TFA (2.0 mL, 26.1 mmol) was added to a solution of the clear oil (30 mg) in
anhydrous CH.Cl, (3.0 mL). The mixture was stirred for 1.5 hours and was then concentrated under reduced
pressure. Preparative reversed-phase HPLC purification of the crude residue afforded the desired carboxylic
acid 1 (14 mg, 37% from S24), as a colorless fluffy material after liophilization. 'H NMR (600 MHz, DMSO-ds)
6 10.79 (d, J = 2.4 Hz, 1H, NHingoie), 9.91 (t, J = 5.4 Hz, 1H, NH¢s), 7.97 (t, J = 5.7 Hz, 1H, CO_xsNH), 7.54
(d, J=79 HZ, 1H, H4Indole)a 7.48-7.19 (m, 7H, HAr,CbZ: NHG,Lys: H7Indo|e)1 7.13 (d, J=23 HZ, 1H, H2Indo|e)a
7.08-7.03 (M, 1H, HBindole), 7.00—6.95 (m, 1H, H5nq0ie), 5.08—4.97 (m, 2H, CH,cb,), 3.99-3.90 (m, 1H, Hqys,
overlap with residual water), 3.50-3.40 (m, 1H, H, ), 3.40-3.26 (m, 2H, CO_,sNHCH>), 2.81 (t, J = 7.5 Hz,
2H, CO_sNHCH,CH,), 2.53 (t, J = 7.5 Hz, 2H, CH,(CH,),CO,H), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p,
J = 7.5 Hz, 2H, CH,CH,COzH), 1.66—1.44 (m, 4H, Hgys, Hs1ys), 1.36-1.21 (m, 2H, H,1ys). °C NMR (151
MHz, DMSO-d6) & 202.8 (C=S), 174.1 (CO.H), 171.7 (COyys), 156.0 (COcp,), 137.1 (Clarces), 136.3
(C7aingole), 128.4 (C3arcbzs Cbdarchz), 127.8 (Clarcoz), 127.7 (C2arcbz, CBarchz), 127.2 (C3ajngole), 122.7
(C2indole), 120.9 (CBindole), 118.3 (C4indole), 118.2 (CBindote), 111.7 (C3indote), 111.4 (C7ngote), 65.4 (CHz cp2), 54.7
(Cays), 45.1 (CeLys), 43.9 (CH2(CH2),CO,H), 39.4 (COsNHCH, overlap with solvent peak), 32.7 (CH,CO,H),
31.7 (CpLys), 26.9 (CsLys), 25.2 (COLsNHCH,CH>), 24.3 (CH,CH,CO,H), 23.1 (Cyys)- UPLC-MS fg 2.25 min,
mlz 553.4 ([M+H]", CuH3/N40sS™ Calcd 553.2); HRMS m/z 553.2481 ([M+H]", CuoH37N40sS™ Calcd
553.2479).

5-(((S)-6-((Adamantan-1-yl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (3).

s o The carboxylic acid $24 (79 mg, 0.17 mmol), HOBt (36 mg, 0.26 mmol), 1-
adamantylamine (52 mg, 0.34 mmol) and /Pr,NEt (0.10 mL, 0.57 mmol) were

" o dissolved in anhydrous CH,Cl, (4.0 mL) and cooled to 0°C. EDC (41 mg,

0.21 mmol) was added and the reaction mixture was stirred at 0°C for 10

i H minutes and was then stirred overnight at ambient temperature. The reaction
@”O N @ mixture was diluted with EtOAc (40 mL) and washed with aq. KHSO, (5%,
© 2x40 mL), saturated aq. NaHCO; (4x40 mL), and brine (2x40 mL). The

organic phase was dried over Na,SO, and was then concentrated under
reduced pressure. The residue was dissolved in in anhydrous CH,Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol)
was added. The mixture was stirred at ambient temperature for 40 minutes and was then concentrated under
reduced pressure. Preparative reversed-phase HPLC purification of the crude residue afforded the desired
carboxylic acid 3 (26 mg, 29% from S24), as a colorless fluffy material after lyophilization. 'H NMR (600
MHz, DMSO-dg) & 12.03 (br s, 1H, CO,H), 9.90 (t, J = 5.4 Hz, 1H, NH¢ ), 7.41-7.27 (m, 5H, Harcbz), 7.22
(s, TH, NHagamanty), 7.16 (d, J = 8.3 Hz, 1H, NHqys), 5.02 (s, 2H, CHacp,), 3.96-3.83 (m, 1H, Hqyys), 3.50—
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3.40 (m, J = 6.5 Hz, 2H, H¢ys), 2.55-2.50 (m, 2H, CH»(CH,),CO,H, overlap with solvent peak), 2.20 (t, J =
7.5 Hz, 2H, CﬂzCOzH), 1.99 (S, 3H, H3Adamantyla H5Adamantyla H7Adamantyl)y 1.94-1.80 (m, 8H, H2Adamantyla
H8Adamantyl1 HgAdamantyIv CﬂZCHZCOZH)1 1.66-1.43 (m, 1OH7 H4Adamantyla H6Adamantyl1 H10Adamantyla HB,Lys; HB,Lys)a
1.36-1.20 (M, 2H, Hy,s). °C NMR (151 MHz, DMSO-ds) & 202.7 (C=S), 174.0 (CO,H), 170.9 (CO\s), 155.7
(COcbz), 137.1 (Clarcoz), 128.3 (C3archzs Charcoz)s 127.7 (Carcoz), 127.6 (C2archzs CBarcoz), 65.3 (CHzob2),
54.8 (Ca,Lys)a 50.7 (C1Adamantyl)y 45.0 (Ce,Lys)a 439 (QHZ(CHZ)ZCOZH)a 409 (C3Adamantylv C5Adamantyla C7Adamantyl)a
360 (C2Adamantyla C8Adamantylv CgAdamantyl)a 32.7 (QHZCOZH), 321 (CB,Lys)a 288 (C4Adamantyl1 C6Adamantyla
C10agamantyl), 26.9 (Csiys), 24.2 (CHoCH,COLH), 22.9 (Cy1ys). UPLC-MS tr 2.22 min, m/z 544.2 ([M+H]',
C2oH42N305S™ Caled 544.3); HRMS m/z 544.2846 (IM+H]", CogH42N305S™ Caled 544.2840).

(S)-5-((6-(Benzo[d]thiazol-5-ylamino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (4).

s o By the method described for compound 3, the title compound was
synthesized using carboxylic acid $24 (27 mg, 0.06 mmol), HOBt (17 mg,
0.12 mmol), 1,3-benzothiazol-5-amine (18 mg, 0.12 mmol), iPr,NEt (0.10 mL,
0.57 mmol), CH,Cl, (4.0 mL), and EDC (23 mg, 0.12 mmol), followed by

L H N anhydrous CH)CI; (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
©/\° N \C[ > desired carboxylic acid 4 (4 mg, 12% from S$24), as a colorless fluffy material
© s after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.03 (br s, 1H, CO3H),
10.27 (s, 1H, COLNH), 9.92 (s, 1H, NH¢ys), 9.37 (s, 1H, H2gw), 8.48 (d, J =
2.0 Hz, 1H, H4gw), 8.07 (d, J = 8.7 Hz, 1H, H7gw), 7.66-7.57 (m, 2H, H6gn, NHqyys), 7.43-7.12 (m, 5H,
Harcbz), 5.04 (s, 2H, CHacpy), 4.23—4.12 (m, 1H, Hqyys), 3.53-3.44 (m, 2H, H, s, overlap with residual water),
2.56-2.52 (m, 2H, CHy(CH,),CO.H, overlap with solvent peak), 2.19 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.86 (p, J
= 7.5 Hz, 2H, CH,CH,CO,H), 1.78-1.50 (m, 4H, Hgys, Hs1ys), 1.50-1.31 (M, 2H, Hy1,e). °C NMR (151 MHz,
DMSO-ds) 6 202.8 (C=S), 174.1 (CO,H), 171.4 (CO.ys), 157.0 (COct,), 156.1 (C2g), 153.6 (C3agn), 137.5
(C5gth), 137.0 (Clarcpz), 128.4, (C3arcbzs Charcpz), 128.0 (C7agw), 127.8 (Clarchbz), 127.7 (C2arcbz, CBar,cbz)s
122.8 (C7sw), 118.6 (C6gn), 113.3 (Cdgm), 65.9 (CHacpz), 55.9 (Calys), 45.4 (Ceys), 44.3 (CH2(CH,),COH),
33.1 (CH,CO2H), 32.0 (CgLys), 27.3 (Csys), 24.7 (CH,CHL,COZH), 23.7 (Cy 1ys)- C NMR (151 MHz, DMSO) &
202.8,174.1,171.4, 157.0, 156.1, 153.6, 137.5, 137.0, 128.4, 128.0, 127.8, 127.7, 122.4, 118.1, 112.9, 65.5,
55.5, 45.0, 43.9, 40.4, 32.7, 31.5, 26.9, 24.3, 23.2. UPLC-MS tz 1.78 min, m/z 541.1 ([M-H]", C26H29N4O5S,"
Calcd 541.2); HRMS m/z 543.1737 ([IM+H]", Co6H3:N4OsS, Calcd 543.1730). Bth=1,3-benzothiazol-5-yl

HN OH

(S)-5-((5-(((Benzyloxy)carbonyl)amino)-6-((naphthalen-1-ylmethyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (5).

s o By the method described for compound 3, the title compound was
synthesized using carboxylic acid $24 (52 mg, 0.11 mmol), HOBt (17 mg,
0.13 mmol), naphthalen-1-yl-methaneamine (20 pL, 0.14 mmol), iPr,NEt
(40 pL, 0.23 mmol), anhydrous CH,CI, (4.0 mL), and EDC (33 mg, 0.17

g H mmol), followed by anhydrous CH,Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol)
©/\° N O affording the desired carboxylic acid 5 (15 mg, 24% from S$24), as a colorless
fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.03 (br

s, 1H, COzH), 9.90 (t, J = 5.3 Hz, 1H, NH ), 8.44 (t, J = 5.7 Hz, 1H,
COyysNH), 8.06—7.99 (m, 1H, H8napn), 7.98—7.92 (m, 1H, H5napn, 7.85 (dd, J = 6.9, 2.5 Hz, 1H, H4naph), 7.59—
7.25 (m, 1OH, H2Napha H3Napha H6Napha H7Naphv HAT,Cva NHaqus), 5.03 (S, 2H, CHZ,CbZ)y 4.81-4.66 (m, 2H,
CHyNaph), 4.04 (id, J = 8.6, 5.2 Hz, 1H, Hgus), 3.50-3.35 (m, 2H, H.s), 2.55-2.51 (m, 2H,
CH2(CH;).CO,H), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.71-1.43 (m,
4H, Hgiys, Hays), 1.39-1.22 (m, 2H, Hy1ys). C NMR (151 MHz, DMSO-dg) & 202.7 (C=S), 174.0 (CO,H),
171.9 (COyys), 156.0 (COcpz), 137.0 (Clarcor), 134.4 (Clnapn), 133.2 (Cdanapn), 130.8 (C8anapn), 128.4
(C5Naph), 128.3 (C3arcbzs CAarchz), 127.73 (C4archz), 127.65 (C2archz, CBar,cbz), 127.5 (CAnapn), 126.1 (COnaph)s
125.8 (C7naph), 125.4 (C3napn), 125.2 (C2Naph), 123.4 (C8naph), 65.4 (CHa cbz), 54.7 (Coys), 45.0 (Cerys), 43.8
(CH5(CH2),CO,H), 32.7 (CH2CO3H), 31.6 (Cp Lys), 26.8 (CsLys), 24.2 (CH,CH,CO,H), 23.1 (C, ys). UPLC-MS

HN OH
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tz 2.03 min, m/z 550.2 (IM+H]", C3oHssN30sS" Caled 550.2); HRMS m/z 550.2376 ([M+H]", CoHasN30sS*
Calcd 550.2370).

(S)-5-((6-(Benzhydrylamino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic
acid (6).
s o By the method described for compound 3, the title compound was
i~ Ao, synthesized using carboxylic acid $24 (45 mg, 0.10 mmol), HOBt (20 mg,
0.15 mmol), benzhydrylamine (33 pL, 0.19 mmol), Pr,NEt (0.10 mL,
0.57 mmol), anhydrous CH,Cl, (4.0 mL), and EDC (28 mg, 0.15 mmol),

i H O followed by anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol)
©/\0 N affording the desired carboxylic acid 6 (17 mg, 30% from $24), as a colorless
© ‘ fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.04 (br

s, 1H, COzH), 9.90 (t, J = 5.3 Hz, 1H, NH¢,), 8.78 (d, J = 8.5 Hz, 1H,

COLySNH), 7.46-7.14 (m, 16H, HAr,CbZa HAr,Bh, NHC(,Lys)a 6.09 (d, J=84 HZ, 1H,
CH(Ph)p), 5.02 (s, 2H, CHycp,), 4.22-4.07 (m, 1H, Hquys), 3.52-3.38 (m, 2H, H¢yys), 2.56-2.51 (m, 2H,
CH3(CH;),CO,H overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H,
CH,CH3;CO3H), 1.70-1.44 (m, 4H, Hpys, Hs1ys), 1.39-1.19 (m, 2H, H, 1ys). C NMR (151 MHz, DMSO-dg) &
202.7 (C=S), 174.0 (COzH), 171.3 (COyys), 155.9 (COcp;), 142.4 (Clargna), 142.2 (Clargng), 137.0 (Clarchs),
128.4 (CAr,Cbz/CAr,Bh)v 128.3 (CAr,Cbz/CAr,Bh)1 127.8 (CAr,Cbz/CAr,Bh)a 127.7 (CAr,Cbz/CAr,Bh)y 127.4 (CAr,Cbz/CAr,Bh)a
127.1 (Carco/Cargn), 127.0 (Carco/Cargn), 126.9 (Carco/Cargn), 65.4 (CHach,), 55.9 (CH(Ph)), 54.5 (Cqayys),
45.0 (CeLys), 43.9 (CHy(CH2)2.COzH), 32.7 (CH.CO,H), 31.7 (Cgys), 26.8 (Csys), 24.2 (CH,CH,CO,H), 23.0
(CyLys)- UPLC-MS tg 2.14 min, m/z 576.2 ([M+H]", Cs,H3sN3;0sS" Calcd 576.3); HRMS m/z 576.2533
(IM+H]", C32H3gN305S™ Calcd 576.2527). Bh=Benzhydryl

5-(((S)-6-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (10).
s o By the method described for compound 3, the title compound was
HNWOH synthesized using carboxylic acid $24 (56 mg, 0.12 mmol), HOBt (24 mg,
0.18 mmol), the TFA salt S33 (78 mg, 0.21 mmol), iPr,NEt (46 pL,
0.26 mmol), anhydrous CH,Cl, (4.0 mL), and EDC (35 mg, 0.18 mmol),
i Hﬂ J\ followed by anhydrous CH,Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol)
©/\O N A affordeding the desired carboxylic acid 10 (27 mg, 35% from $24), as a
© “NH colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-d5) &
6 12.03 (br s, 1H, CO2H), 10.78 (d, J = 2.4 Hz, 1H, NHynq0ie), 9.88 (t, J = 5.3 Hz,
1H, NH¢yys), 7.85 (d, J = 8.1 Hz, 1H, NHqyp), 7.65 (d, J = 7.7 Hz, 1H,
COmpNH), 7.55 (d, J = 7.9 Hz, 1H, H4\ng0ie), 7.42 (d, J = 7.9 Hz, 1H, NHqys),
739—721 (m, 6H, HAT,Cva H7Indo|e)a 710 (d, J= 2.2 HZ, 1H, H2Indole)a 704 (t, J=7.5 HZ, 1H, H6Indole)a 695 (t, J
= 7.3 Hz, 1H, H5pngole), 5.08-4.97 (m, 2H, CHzcpz), 4.50-4.41 (m, 1H, Hq1rp), 3.95 (td, J = 8.3, 5.1 Hz, 1H,
Havys), 3.82-3.71 (m, 1H, CHjp,), 3.43-3.38 (m, H s, Overlap with residual water), 3.06 (maex, J = 14.6, 6.1
Hz, 1H, HBYTFP,A)’ 2.96 (mABx, J= 146, 7.7 Hz, 1H, HB,Trp,B): 2.52 (t, J=17.5Hz, 2H, Cﬂz(CH2)2C02H OVGr'ap
with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.60-1.43 (m,
4H, Hgys, Hoys), 1.24 (M, 2H, Hy1,6), 0.99 (d, J = 6.6 Hz, 3H, CHg pra), 0.91 (d, J = 6.6 Hz, 3H, CH3pr5). '°C
NMR (151 MHz, DMSO-dg) 6 202.7 (C=S), 174.0 (CO;H), 171.4 (COLys), 170.0 (COryrp), 156.0 (COcp,), 137.0
(Clarcbz), 135.9 (C7aingoe), 128.3 (C3archz, Cbdarcoz), 127.8 (Cdarcvz), 127.6 (C2arcbz, COBarchz), 127.4
(C3aingote)s 123.5 (C2indole), 120.8 (CBindole), 118.5 (C4indote), 118.1 (CSindote), 111.1 (C7ingote), 109.8 (C3ingote)s
65.4 (CHacbz), 54.8 (Cqys), 53.3 (Ca,rp), 45.0 (CeLys), 43.8 (CH2(CH2),COzH), 40.4 (CHper), 32.6 (CH,COH),
31.5 (Cgys), 27.9 (Cpmip), 26.8 (Csys), 24.2 (CH,CHL,COZH), 23.0 (Cyys), 22.2 (CHsjpra), 22.1 (CHsprg).
UPLC-MS t; 1.94 min, m/z 638.4 ([M+H]", Cas3HuNsOeS™ Calcd 638.3); HRMS m/z 638.3013
(IM+H]",C33H44N50¢S™ Calcd 638.3007).
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5-(((S)-6-(((R)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (11).
s 0 By the method described for compound 3, the title compound was
iAo~ A, synthesized using carboxylic acid $24 (66 mg, 0.14 mmol), HOBt (32 mg,
0.24 mmol), TFA salt S40 (140 mg, 0.35 mmol), iPr,NEt (75 pL, 0.43 mmol),
anhydrous CH,Cl, (4.0 mL), and EDC (35 mg, 0.18 mmol), followed by
Py H 9 J\ anhydrous CH)CI; (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
@A 07N N desired carboxylic acid 11 (36 mg, 40% from S24), as a colorless fluffy
° “ NH material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.04 (br s, 1H,
CO.H), 10.74 (d, J = 2.4 Hz, 1H, NHingoe), 9.85 (t, J = 5.3 Hz, 1H, NH¢ys),
8.13 (d, J = 8.3 Hz, 1H, NHq1rp), 7.65-7.53 (m, 2H, CO7,NH, H4ngole), 7.42
(d, J = 7.3 Hz, 1H, NHqys), 7.38-7.21 (m, 6H, Harcbz, H7indote), 7.08 (d, J =
2.2 Hz, 1H, H2Ind0|e)v 7.06-7.00 (m, 1H, H6Indole)a 6.99-6.93 (m, 1H H5Indole)a 5.07-4.98 (m, 2H, CHZ,CbZ)a 4.42
(td, J = 8.7, 4.9 Hz, 1H, Hqy1rp), 3.97-3.89 (M, Hquys), 3.88-3.76 (m, 1H, CHpy), 3.58-3.28 (m, 2H, Hgys,
overlap with residual water), 3.15 (magx, J = 14.6, 4.9 Hz, 1H, Hg1pa), 2.89 (Masx, J = 14.6, 9.2 Hz, 1H,
Hg,trp,g), 2.57-2.51 (m, 2H, CH»(CH;),CO,H overlap with solvent peak), 2.21 (t, J = 7.5 Hz, 2H, CH,CO,H),
1.88 (p, J=7.5Hz, 2H, CﬂzCHzCOzH), 1.50-1.29 (m, 4H, HB,LySa HB,Lys)a 1.16-0.91 (m, 8H, Hv,LySa (CH3)2,/Pr).
C NMR (151 MHz, DMSO-dg) & 202.7 (C=S), 174.0 (CO,H), 171.7 (COLys), 170.0 (COryp), 156.1 (COcty),
136.9 (Clarcoz), 136.0 (C7aindoe), 128.3 (C3arcozs CHarcbz), 127.8 (Clarcpz), 127.6 (C2arcoz, Cbarcpz), 127.2
(C3aingote)s 123.5 (C2indole), 120.8 (CBindole), 118.4 (C4ingole), 118.1 (CSindote), 111.2 (C7ingote), 110.2 (C3ingote)s
65.4 (CHz,cuz), 54.7 (Carys), 53.5 (Caip), 44.9 (Cerys), 43.8 (CH,(CH,),CO,H), 40.4 (CHjpy), 32.6 (CHL,CO2H),
31.0 (Cpys), 27.7 (Cp1rp), 26.8 (CsLys), 24.2 (CH2CH,COLH), 22.7 (Cy1ys), 22.19 (CHsjpra), 22.17 (CHs prg).
UPLC-MS tz 1.93 min, m/z 638.4 ([M+H]", C33H44N5s0sS™ Calcd 638.3); HRMS m/z 638.3013 ([M+H]",
Ca3H44N506S™ Calcd 638.3007).

5-(((S)-5-(((Benzyloxy)carbonyl)amino)-6-((S)-2-(isopropylcarbamoyl)pyrrolidin-1-yl)-6-
oxohexyl)amino)-5-thioxopentanoic acid (12).
s o By the method described for compound 3, the title compound was
HNWOH synthesized using carboxylic acid $24 (48 mg, 0.10 mmol), HOBt (24 mg,
0.19 mmol), TFA salt S45 (78 mg, 0.22 mmol), iPr,NEt (54 pL, 0.31 mmol),
anhydrous CH,Cl, (4.0 mL), and EDC (35 mg, 0.18 mmol), followed by
i N? anhydrous CH)CI; (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
@ 07N )\ desired carboxylic acid 12 (36 mg, 63% from S24), as a colorless fluffy
° 5 N material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 9.89 (t, J=5.4
Hz, 1H, NH¢ ), 7.56 (d, J = 7.8 Hz, 1H, COpNH), 7.44 (d, J = 7.8 Hz, 1H,
NHqLys), 7.40-7.23 (m, 5H, Harcp,), 5.04-4.97 (m, 2H, CHycy,), 4.26-4.18
(m, 2H, Hqiys, Hapro, Overlap with residual water), 3.82-3.74 (m, 2H, CH;pp,, overlap with residual water),
3.68-3.51 (m, 2H, CHy5pro Overlap with residual water), 3.50-3.39 (m, 2H, H¢ ), 2.54 (t, J = 7.4 Hz, 2H,
Cﬂz(CHz)zCOzH), 2.20 (t, J=75 HZ, 2H, CﬂzCOzH), 2.06-1.45 (m, 1OH, HB,LySa CﬂzCHzCOzH, Hv,Pro: HB,PrOa
Hsiys), 1.44—1.31 (m, 2H, HyLys), 1.03 (d, J = 6.6 Hz, 3H, CHzpa), 1.01 (d, J = 6.5 Hz, 3H, CHgprg). " °C
NMR (151 MHz, DMSO-dg) & 202.8 (C=S), 174.0 (COzH), 170.44 (COyys), 170.35 (COpyr), 156.0 (COcpy),
137.1 (Clarcobz), 128.3 (C3arcbz, Charcbz), 127.8 (Clarchz), 127.7 (C2archz, CBarcbz), 65.4 (CHzcpz), 59.5
(Capro), 52.4 (Cqys), 46.8 (Cspro), 45.0 (Ceys), 43.9 (CH(CH,).CO,H), 40.3 (CHper), 32.6 (CH.CO,H), 30.5
(Cgpro), 29.1 (Cpys), 26.9 (Csys), 24.5 (Cypro), 24.2 (CH,CH,CO2H), 22.7 (Cy 1ys), 22.30 (CHapra), 22.28
(CH3,prg). UPLC-MS tr 1.77 min, m/z 549.4 (IM+H]", CyH41N4OsS™ Calcd 549.3); HRMS m/z 571.2567
(IM+Na]*,C27H4oN4O¢SNa’ Calcd 571.2561).

8§37



5-(((S)-5-(((Benzyloxy)carbonyl)amino)-6-(((S)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-6-
oxohexyl)amino)-5-thioxopentanoic acid (13).
s o By the method described for compound 3, the title compound was
HNWOH synthesized using carboxylic acid $24 (54 mg, 0.12 mmol), HOBt (27 mg,
0.20 mmol), TFA salt S43 (45 mg, 0.18 mmol), iPr,NEt (60 pL, 0.34 mmol),
anhydrous CH,Cl, (4.0 mL), and EDC (57 mg, 0.30 mmol), followed by
i H\)i J\ anhydrous CH)CI; (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
@ 0N N desired carboxylic acid 13 (31 mg, 51% from S24), as a colorless fluffy
© material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.02 (br s, 1H,
COzH), 9.90 (t, J = 5.3 Hz, 1H, NH,ys), 7.88 (d, J = 7.6 Hz, 1H, NHg a), 7.63
(d, J = 7.7 Hz, 1H, COaNH), 7.42 (d, J = 7.9 Hz, 1H, NHqys), 7.40-7.24 (m, 5H, Harcp,), 5.03 (s, 2H,
CHacbz), 4.19 (p, J = 7.1 Hz, 1H, Hqai), 3.96 (td, J = 8.4, 4.9 Hz, 1H, Hqyys), 3.80 (h, J = 6.7 Hz, 1H, CHpy),
3.49-3.35 (m, 2H, Hg s overlap with residual water), 2.53 (t, J = 7.5 Hz, 2H, CH»(CH;),CO,H overlap with
solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87 (p, J = 7.6 Hz, 2H, CH,CH,CO,H), 1.68-1.46 (m, 4H,
Hp.ys, Hoiys)s 1.39-1.24 (m, 2H, Hyye), 1.17 (d, J = 7.0 Hz, 3H, CHs aa), 1.06-0.99 (m, 6H, (CHa)zp,). °C
NMR (151 MHz, DMSO-ds) 6 202.7 (C=S), 174.0 (COzH), 171.4 (COyys), 171.0 (COala), 156.0 (COcs;), 137.0
(C1Ar,Cbz)y 128.3 (C3Ar,Cbz, CsAI’,CbZ)a 127.7 (C4Ar,Cbz)a 127.6 (CzAr,CbZa C6Ar,Cbz)1 65.4 (CHZ,CbZ)! 54.6 (Cu,Lys)a
48.0 (Cgaia), 45.0 (Ceys), 43.8 (CHy(CH,)2,CO,H), 40.6 (CHpy), 32.6 (CH2CO3H), 31.5 (CgLys), 26.8 (CsLys),
24.2 (QH2CH2C02H), 23.0 (Cv,LyS)a 22.3 (CH3,IPI',A)! 22.2 (CH3,iPr,B)7 18.4 (CH3,A|a). UPLC-MS tr 1.87 min, mlz
523.4 ([M+H]", C25H30N4O6S™ Calcd 523.3); HRMS m/z 523.2590 ([M+H]",C25H39N406S™ Calcd 523.2585).

5-(((S)-5-(((Benzyloxy)carbonyl)amino)-6-(((S)-2-(isopropylamino)-2-oxo-1-phenylethyl)amino)-6-
oxohexyl)amino)-5-thioxopentanoic acid (14).
s 0 By the method described for compound 3, the title compound was
i~ Ao, synthesized using carboxylic acid $24 (49 mg, 0.11 mmol), HOBt (26 mg,
0.19 mmol), TFA salt S44 (67 mg, 0.22 mmol), iProNEt (55 pL, 0.32 mmol),
anhydrous CH.Cl, (4.0 mL), and EDC (57 mg, 0.30 mmol), followed by
)CL H\)Ok J\ anhydrous CH,Cl; (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
©/\0 N A desired carboxylic acid 14 (29 mg, 43% from S24), as a colorless fluffy
© @ material after lyophilization. "H NMR (600 MHz, DMSO-dg) & 12.03 (br s, 1H,
CO2H), 9.90 (t, J = 5.4 Hz, 1H NHqys), 8.30 (d, J = 8.0 Hz, 1H, NHqpng), 8.16
(d, J=7.6 Hz, 1H, COppgNH), 7.53 (d, J = 8.3 Hz, 1H, NHqys), 7.44-7.21 (m,
10H, CHAr,Phga HAr,CbZ)y 5.39 (d, J=8.1 HZ, 1H, Hu,Phg)a 5.09-4.91 (m, 2H, CHZ,CbZ), 4.10 (td, J= 88, 49 HZ,
1H, Hauys), 3.87-3.74 (m, 1H, CHpy), 3.52-3.37 (m, 2H, H¢ys), 2.53 (t, J = 7.5 Hz, 2H, CH»(CH,),CO,H
overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.71—
1.45 (m, 4H, Hgys, Hsys), 1.39-1.22 (m, 2H, H, ), 1.08 (d, J = 6.5 Hz, 3H, CH3pra), 0.96 (d, J = 6.6 Hz,
3H, CHsprg). °C NMR (151 MHz, DMSO-dg) & 202.7 (C=S), 174.0 (COzH), 171.4 (COyys), 168.5 (COpny),
156.0 (COCbZ)1 138.9 (C1Ar,Phg)’ 137.0 (C1Ar,CbZ)a 128.3 (CAr,Phga CAF,CbZ)! 128.2 (CAr,Phga CAr,Cbz)y 127.7 (CAr,Phga
CAr,Cbz)y 127.6 (CAr,Phgy CAr,Cbz)1 127.3 (CAr,Phg1 CAF,CbZ)! 126.7 (CAr,Phga CAI’,CbZ)a 65.4 (CHZ,Cbz)1 55.9 (Ca,Phg)y 54.5
(Cays), 45.0 (Ceys), 43.8 (CH2(CH2),CO,H), 40.6 (CHper), 32.7 (CHL,CO,H), 31.5 (Cgys), 26.8 (Csys), 24.2
(QHZCHZCOZH), 23.0 (CVYLYS)’ 22.2 (CH3q,’pr,A), 221 (CH3ﬁ,‘pr,B). UPLC-MS tR 1.91 min, m/z 585.4 ([M+H]+,
C3oH41N40S™ Calcd 585.3); HRMS m/z 585.2747 (IM+H]",C3oH41N4,O6S™ Calcd 585.2741).

5-(((5S)-5-(((Benzyloxy)carbonyl)amino)-6-ox0-6-(thiochroman-4-ylamino)hexyl)amino)-5-
thioxopentanoic acid (S1).

s 0 By the method described for compound 3, the title compound was
synthesized using carboxylic acid $24 (50 mg, 0.11 mmol), HOBt (29 mg,
0.22 mmol), thiochroman-4-amine™™ (35 mg, 0.21 mmol), iProNEt (0.10 mL,
0.57 mmol), anhydrous CH,CI, (4.0 mL), and EDC (58 mg, 0.30 mmol),

o H\5> followed by anhydrous CH,Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol)
S

HN OH

affording a diasteroisomeric mixture (ratio =1:1 based on NMR and analytical
HPLC, termed | and Il when distinguishable in NMR assignment) of the
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desired carboxylic acid 81 (23 mg, 39% from S24), as a colorless fluffy material after lyophilization. 'H NMR
(600 MHz, DMSO-dg) 12.05 (br s, 1H, CO.H), 9.92 (t, J = 5.4 Hz, 1H, NH¢\,s), 8.44 (d, J = 8.3 Hz, 1H,,
COLySNH|), 8.34 (d, J=8.2 Hz, 1H||, COLySNH”), 7.42-7.25 (m, 6H, HAr,CbZ1 NHa,Lys)a 7.22-6.96 (m, 4H, HAr,Tc)a
5.09-4.92 (m, 3H, CHacp,, H4ve), 4.05-3.94 (M, 1H, Hqyys), 3.56-3.42 (m, 2H, H¢ s overlap with residual
water), 3.15-2.90 (m, 2H, H2+.), 2.57-2.51 (m, 2H, CHx(CH;),CO.H), 2.21 (t, J = 7.4 Hz, 2H, CH,CO,H),
2.15-1.95 (m, 2H, H3y), 1.88 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.68-1.47 (m, 4H, Hgys, HsLys), 1.41-1.21
(m, 2H Hyys). *C NMR (151 MHz, DMSO-dg) & 202.8 (C=S), 174.1 (COzH), 171.22 (COyys,), 171.18
(COLys,), 155.95 (COchy,), 155.91 (COchbzu), 137.1 (Clarcozi), 137.0 (Clarcozn), 133.74 (Cdarg,), 133.68
(C4aTc,“), 133.13 (CSaTCJ), 133.11 (CSaTC,”), 130.0 (C5Tc,l); 129.8 (C5TC,||)a 128.4 (C3Ar,Cbz, CSAr,Cbz), 127.80
(Clarcozy), 127.78 (Clarcozn), 127.72 (C2arcoz1, COarcozi)s 127.67 (C2arcozii, CBarcbzi), 127.6 (C81c), 126.3
(C7vcy), 126.2 (C71cu), 124.21 (C61c), 124.15 (COr1c 1), 65.41 (CHacpz,), 65.36 (CHacozi1), 54.7 (Coys,), 54.5
(Cavys), 45.6 (C4rc,), 45.5 (C4rc), 45.1 (Ceys), 43.9 (CH,(CH,),CO,H), 32.7 (CH,CO,H), 31.8 (CgLys,), 31.7
(Cg.ys), 28.7 (C31c), 26.9 (Csys), 24.3 (CH2CHL,COLH), 23.1 (Cy1ys), 22.70 (C21)), 22.65 (C2vcy). UPLC-MS
tr 2.05 min, m/z 558.2 ([M+H]", C2sH3sN305S;" Calcd 558.2); HRMS m/z 558.2096 ([M+H]", CygH36N305S,"
Calcd 558.2091). Tc=thiochroman-4-yl.

(S)-5-((6-((3-Aminophenyl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (S2).

s o By the method described for compound 3, the title compound was
synthesized using carboxylic acid $24 (50 mg, 0.11 mmol), HOBt (22 mg,
0.17 mmol), tert—butyl—(3—aminophenyl)carbamate[s] (45 mg, 0.21 mmol),
iPrNEt (0.10 mL, 0.57 mmol), anhydrous CH,ClI, (4.0 mL), and EDC (32 mg,
e H NH 0.17 mmol), followed by anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL,

> 209 mmol) affording the desired carboxylic acid $2 (15 mg, 23% from S24),
as a colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-
ds) 6 9.92 (t, J = 5.4 Hz, 1H, NH¢\ys), 9.85 (s, 1H, COLNH), 7.51 (d, J = 7.7 Hz, 1H, NHq,1ys), 7.43-6.83 (m,
8H, HAI’,CbZ! H6Aph, H5Aph, H4Aph), 6.49 (S, 1H, H2Aph), 5.03 (S, 2H, CHZ,Cbz)a 4.19-4.03 (m, 1H, Hg_LyS), 3.53-
3.37 (m, 2H, Hgyys), 2.565-2.50 (m, 2H, CH»(CH;),CO,H, overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H,
CH,COzH), 1.87 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.73—-1.48 (m, 4H, Hg\ys, HsLys), 1.49-1.27 (m, 2H,
HyLs). °C NMR (151 MHz, DMSO-ds) & 202.7 (C=S), 174.0 (COzH), 170.9 (CO,s), 156.0 (COcy), 139.7
(C1aPn/C3apn), 137.0 (Clarcoz), 129.2 (C5apn), 128.3 (C3arcors CBarcoz), 127.8 (C2arcoz Charchr, Carcra),
126.9 (C1apn/C3ppn), 111.8 (C6apn), 110.4 (C4apn), 107.6 (C2ppn), 65.4 (CH2chz), 55.3 (Cays), 44.9 (Ceuys),
43.8 (CH,(CH,),CO,H), 32.6 (CH2CO.H), 31.5 (CgLys), 26.8 (Csys), 24.2 (CH,CH,CO,H), 23.1 (C, 1ys). Peaks
for C2aph, C4apn, and C6apn, were broad and of low intensity in *C NMR, probably due to fast quadrupolar
relaxation via the nearby "*N-nuclei. UPLC-MS tg 1.43 min, m/z 501.2 ([M+H]", C2sH33N4OsS" Calcd 501.2);
HRMS m/z 501.2172 ([M+H]", C25H33N,0sS™ Calcd 501.2166). APh=3-aminophenyl.

HN OH

;
o

(S)-5-((6-(Benzo[d][1,3]dioxol-5-ylamino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (S3).

s o By the method described for compound 3, the title compound was synthesized
iAo~ A, using carboxylic acid $24 (40 mg, 0.09 mmol), HOBt (24 mg, 0.18 mmol), 3,4-
(methylenedioxy)aniline (25 mg, 0.18 mmol), iPr,NEt (0.10 mL, 0.57 mmol),
anhydrous CH,CIl; (4.0 mL), and EDC (34 mg, 0.18 mmol), followed by
i N o anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
@ 07N C[ \desired carboxylic acid $3 (11 mg, 24% from S24), as a colorless fluffy
© O material after lyophilization. 'H NMR (600 MHz, DMSO-ds) & 12.03 (br s, 1H,
CO,H), 9.99-9.85 (m, 2H, NH¢ s, COLNH), 7.52 (d, J = 7.9 Hz, 1H, NHqys), 7.43-7.15 (m, 6H, Harcos,
H4arpqg), 6.97 (dd, J = 8.4, 2.1 Hz, 1H, H6ar54), 6.84 (d, J = 8.4 Hz, 1H, H7argq4), 5.97 (d, J = 2.6 Hz, 2H,
H2gq), 5.03 (s, 2H, CHacpy), 4.11-4.02 (m, 1H, Hquys), 3.51-3.41 (m, 2H, H.ys), 2.54-2.51 (m, 2H,
CH3(CH;),CO,H overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87 (p, J = 7.5 Hz, 2H,
CH,CH,CO,H), 1.71-1.49 (M, 4H, Hgys, Hays), 1.44-1.26 (M, 2H, Hy1ys). °C NMR (151 MHz, DMSO-d) &
202.8 (C=S), 174.0 (CO,H), 170.6 (COLys), 156.0 (COcp;), 147.0 (C3aps/C7agy), 142.9 (C3apy/C7agy), 137.0
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(Clarcoz), 133.3 (C5gy), 128.3 (C3archz Charcoz), 127.8 (Clarcoz), 127.7 (C2arcozs CBarchz), 112.0 (C6gy),
108.0 (C7gq), 101.4 (C4gy), 100.9, (C2g4), 65.4 (CHychy), 55.3 (Cays), 44.9 (Ceys), 43.9 (CH2(CH,),CO,H),
32.6 (CH,COzH), 31.6 (Cglys), 26.8 (Csys), 24.2 (CH,CH,COZH), 23.1 (Cy1ys). UPLC-MS (& 1.84 min, m/z
530.2 ([M+H]", CsH3,N307S™ Calcd 530.2); HRMS m/z 530.1961 ([M+H]", C2sH3,N30;S" Calcd 530.1955);
HRMS m/z 552.1781 ([M+Na]’, CosH3:NsNaO,S" Calcd 552.1775). Bd= benzo[d][1,3]dioxol-5-yl.

(S)-5-((5-(((Benzyloxy)carbonyl)amino)-6-((1-(methylsulfonyl)piperidin-4-yl)amino)-6-oxohexyl)amino)-
5-thioxopentanoic acid (S4).

s o By the method described for compound 3, the title compound was synthesized
using carboxylic acid S24 (42 mg, 0.09 mmol), HOBt (25 mg, 0.19 mmol), 1-
(methylsulfonyl)piperidin-4-amine (33 mg, 0.19 mmol), iProNEt (0.10 mL, 0.57
mmol), anhydrous CH,Cl, (4.0 mL), and EDC (36 mg, 0.19 mmol), followed by
Py H anhydrous CH,Cl; (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
©/\O N \O o desired carboxylic acid S4 (21 mg, 40% from $24), as a colorless fluffy

© N-<_ material after lyophilization. "H NMR (600 MHz, DMSO-dg) & 12.04 (br s, 1H,
° COzH), 9.90 (t, J = 5.3 Hz, 1H, NH¢ ), 7.91 (d, J = 7.7 Hz, 1H, COL,sNH),
7.43-7.25 (m, 6H, Harcoz, NHqys), 5.02 (s, 2H, CHacb,), 3.95-3.90 (m, 1H, Hqyys), 3.72-3.62 (m, 1H, Hépygp),
3.54-3.40 (m, 4H, H¢iys, H2msp/HOMsp), 2.89-2.77 (m, 5H, SO,CHj, H2umep/Hbwsp), 2.55-2.51 (m, 2H,
CH3(CH;),CO,H, overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87 (p, J = 7.5 Hz, 2H,
CH,CH,CO;H), 1.83-1.75 (m, 2H, H3us/H5usp), 1.63=1.21 (M, 8H, Hgiye, Haryss Hytyss H3msp/H5msp). °C
NMR (151 MHz, DMSO-ds) 6 202.7 (C=S), 174.0 (COzH), 171.2 (COyys), 155.9 (COcp;), 137.0 (Clarcoy),
128.3 (C3arcbzs Cdarcobr), 127.7 (Clarcoy), 127.6 (C2arcoz, CBarchz), 65.31 (CHzcpr), 54.5 (Cauys), 45.01
(C2msp/CAmsp/CBumsp), 44.97 (C2msp/CAnsp/CBwmsp), 44.4 (CeLys/C2msp/COusp), 44.3 (CeLys/C2msp/CBusp), 43.9
(CH2(CH2),CO2H), 34.3 (SO,CH3), 32.6 (CH,CO,H), 31.8 (Cgys), 30.8 (C3msp/COmsp), 30.7 (C3msp/Chusp),
26.8 (CG,Lys)v 24.2 (QHZCHZCOZH), 23.0 (Cv,Lys)- UPLC-MS tR 1.61 min, m/z 571.2 ([M+H]+, C25H39N40782+
Caled 571.2); HRMS m/z 5712261 ([M+H]', CasH3N4,0;S," Caled 571.2255). Msp=1-
(methylsulfonyl)piperidin-4-yl.

HN OH

(S)-5-((5-(((Benzyloxy)carbonyl)amino)-6-o0x0-6-(pyridin-3-ylamino)hexyl)amino)-5-thioxopentanoic
acid (S5).
s o By the method described for compound 3, the title compound was synthesized
HNWOH using carboxylic acid S24 (66 mg, 0.14 mmol), HOBt (22 mg, 0.16 mmol), 3-
aminopyridine (17 mg, 0.18 mmol), /ProNEt (40 pL, 0.23 mmol), anhydrous
CH.CI; (4.0 mL), and EDC (41 mg, 0.21 mmol), followed by anhydrous CH,Cl,
s H (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the desired carboxylic acid
©/\0 N N S5 (13 mg, 19% from S24), as a colorless fluffy material after lyophilization. "H
© Z NMR (600 MHz, DMSO-ds) 6 12.05 (br s, 1H, CO,H), 10.48 (s, 1H, CO.NH),
9.92 (t, J = 5.3 Hz, 1H, NH¢1ys), 8.90 (s, 1H, H2yyridginy), 8.38 (dd, J = 4.9, 1.4 Hz, 1H, H6yriginy), 8.18 (d, J =
8.4 Hz, 1H, H4,yriginy1), 7.66 (d, J = 7.6 Hz, 1H, NHq ), 7.55 (dd, J = 8.5, 5.0 Hz, 1H, H5.yriginy), 7.44-7.13 (m,
5H, Harcbz), 5.07-5.00 (m, 2H, CHycp,), 4.20-4.08 (m, 1H, Hqys), 3.47 (m, 2H, Heyys), 2.54-2.51 (m, 2H,
CH3(CH;),CO,H overlap with solvent peak), 2.19 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.86 (p, J = 7.5 Hz, 2H,
CH,CH,CO3H), 1.77-1.29 (m, 6H, Hgys, HaLys, HyLys)- C NMR (151 MHz, DMSO-dg) & 202.8 (C=S), 174.0
(COzH), 171.9 (COyys), 156.1 (COcp;), 142.0 (C6pyridiny), 138.2 (C2pyridginy), 136.9 (Clarcobz), 136.3 (C3pyriding),
128.3 (C3arcbz, COarcoz), 127.7 (C4arcoz, C2arcbz, CBarchz), 124.8 (Chpyriding), 65.5 (CH2,cb2), 55.4 (Cays), 44.9
(Cerys), 43.9 (CH2(CH2),COzH), 32.6 (CH,CO,H), 31.2 (Cgrys), 26.8 (Csrys), 24.2 (CH.CH,CO.H), 23.1
(Cyuys)- UPLC-MS (r 1.46 min, m/z 487.2 (IM+H]", CxH31N4OsS" Calcd 487.2); HRMS miz 487.2015
(IM+H]", C24H34N,O5S™ Calcd 487.2010).
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tert-Butyl (S)-5-((5-(((benzyloxy)carbonyl)amino)-6-((3-hydroxyphenyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoate (S46).
s o Carboxylic acid $24 (64 mg, 0.14 mmol), HOBt (30 mg, 0.22 mmol), 3-
HNWOk aminophenol (30 mg, 0.27 mmol) and iProNEt (0.05 mL, 0.29 mmol) were
dissolved in anhydrous CH,CI, (4.0 mL) and cooled to 0°C. EDC (40 mg,
0.21 mmol) was added and the reaction mixture was stirred at 0°C for 10
L N oH minutes and was then stirred overnight at ambient temperature. The
©/\0 N i \©/ reaction mixture was diluted with EtOAc (40 mL) and washed with aq.
KHSO4 (5%, 3%x40 mL), saturated aq. NaHCO; (3%x40 mL), and brine (2x40
mL). The organic phase was dried over Na,SO4 and was then concentrated under reduced pressure. The
crude residue was purified by column chromatography (heptane/EtOAc, 1:1), affording the desired amide
S46 (34 mg, 44%) as a colorless solid. "H NMR (400 MHz, CDCls) & 7.93 (s, 1H, NHe¢ys), 7.41-7.28 (m, 5H,
HAr,CbZ)y 7.14 (t, J=79 HZ, 1H, HSHPh)! 6.64-6.55 (m, 1H, HGHPh)a 6.49 (d, J=8.6 HZ, 2H, H4th, H2th), 5.52
(d, J =8.2 Hz, 1H, NHqys), 5.13 (s, 2H, CHzc7), 4.63—4.50 (m, 1H, Hqyys), 3.73-3.55 (m, 2H, H, s overlap
with residual water), 2.68 (t, J = 7.3 Hz, 2H, CH,(CH,),CO.tBu), 2.25 (t, J = 7.0 Hz, 2H, CH,CO,H), 2.09-
1.96 (m, J = 7.1 Hz, 3H, CH,CH,CO,tBu, Hgiysa), 1.92-1.80 (m, 1H, Hg1yse), 1.79-1.63 (m, 2H, HyLys),
1.61-1.47 (m, 2H, Hsys), 1.43 (s, 9H, C(CHz)s). 3C NMR (101 MHz, CDCl3) 5 204.6 (C=S), 173.3 (CO,tBu),
171.1 (CO,ys), 156.3 (COcp;), 151.4 (Clupn), 146.6 (C3hpn), 136.2 (Clarchz), 130.3 (Cbhpn), 128.7 (C3arcoz
Cbarcbz), 128.4 (Clarcoz), 128.2 (C2arcbzs CBarchz), 113.8 (C6ppn), 111.9 (C4ppn), 108.7 (C24pn), 80.9
(C(CHa3)3), 67.3 (CHacpy), 53.8 (Couys), 45.8 (Cerys), 45.7 (CH2(CH,),CO,tBu), 34.2 (CH,CO,tBu), 32.5
(Cg.ys), 28.2 (C(CHs)3), 27.4 (CyLys), 24.9 (CH,CH,CO,tBu), 22.8 (Cs,ys). UPLC-MS tr 2.29 min, m/z 558.2
(IM+H]", C26H40N306S™ Calcd 558.3). HPh=hydroxyphen-3-yl.

(S)-5-((5-(((Benzyloxy)carbonyl)amino)-6-((3-hydroxyphenyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (S6).
s o t-Butyl ester 846 (33.8, 0.06 mmol) was dissolved in in anhydrous CH,Cl; (2.4
HNWOH mL) and TFA (1.6 mL, 20.9 mmol) was added. The mixture was stirred at
ambient temperature for 1 hour and was then concentrated under reduced
pressure. Excess TFA was removed by coevaporations: CH,Cl,/toluene (1:1,
i H oH 30 mL), CH.Cly/heptane (1:1, 30 mL) and CH.Cl/MeCN (1:1, 12 mL).
©/\0 N I \©/ Preparative reversed-phase HPLC purification of the crude residue afforded
the desired carboxylic acid S6 (8 mg, 27%), as a colorless fluffy material after
lyophilization. "H NMR (600 MHz, DMSO-dg) 5 9.94 (t, J = 5.3 Hz, 1H, NHeys), 7.90 (d, J = 7.3 Hz, 1H,
NHq,Lys), 7.40-7.27 (m, 5H, Harcpz), 7.07 (t, J = 8.0 Hz, 1H, H54pp), 6.52 (d, J = 8.2 Hz, 1H, H44pr/61pn), 6.36
(S, 1H, H2th), 6.27 (d, J=7.8 Hz, 1H, H4th/6th), 5.07 (S, 2H, CHZ,CbZ)a 4.24-4.16 (m, 1H, Hg_LyS), 3.60-3.38
(m, 2H, Hewys), 2.54 (t, J = 7.5 Hz, 2H, CH,(CH,).CO,H), 2.21 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.92-1.69 (m,
4H, CH,CH,CO2H, Hgiye), 1.67—1.54 (m, 2H, Hsys), 1.50-1.38 (m, 2H, H, ). °C NMR (151 MHz, DMSO-
ds) 0 202.8 (C=S), 174.0 (CO.H), 171.2 (COyys), 156.2 (COcp;), 151.2 (Clupn), 148.1 (C3npn), 136.9
(C1arcbz), 129.7 (C5ppn), 128.4 (C3arcbz: CAarcbz), 127.9 (C4arcoz), 127.8 (C2archz, Cbarchz), 112.5 (CBupn),
109.6 (C4upr), 107.7 (C2upn), 65.6 (CHzcpz), 54.1 (Cavys), 44.8 (Ceuys), 43.9 (CHy(CH),CO.H), 32.6
(CH2CO2H), 30.2 (Cgrys), 26.7 (Csys), 24.2 (CH,CH,CO2H), 23.0 (Cy1ys). UPLC-MS t& 1.75 min, m/z 502.2
(IM+H]", Cz5H32N306S™ Calcd 502.2); HRMS m/z 502.2012 ([M+H]", CasH3N306S™ Calcd 502.2006).
HPh=hydroxyphen-3-yl.
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(S)-5-((6-((2-(1H-Indol-3-yl)ethyl)amino)-5-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-
oxohexyl)amino)-5-thioxopentanoic acid (S7).
s o The carboxylic acid $26 (19 mg, 0.03 mmol) and HOBt (60 mg, 0.44 mmol)
iAo~ A, was dissolved in CH,Cl, (4.0 mL). DIC (5.7 pL, 0.04 mmol) was added and
the solution was stirred for 10 minutes before tryptamine (7 mg, 0.05 mmol)
was added. The reaction mixture was stirred at ambient temperature for 70
minutes and was then diluted with EtOAc (50 mL) and washed with 2 M HCI
hol (2x50 mL), and brine (2x50 mL). The organic phase was dried over
O “H  NaxSO, and concentrated in vacuo. Column chromatography (0—2%
CH3OH in CH.Cl,) of the crude residue afforded a clear oil (13 mg),
tentatively assigned as the t-butyl ester of 87 (UPLC-MS {g 2.68 min, m/z
697.2; [M+H]", C4oH4sN40sS™ Caled 697.3). The clear oil (11 mg) was dissolved in anhydrous CH,Cl, (2.0
mL) and TFA (1.3 mL, 17.0 mmol) was added. The mixture was stirred at ambient temperature for 1h and
was then concentrated under reduced pressure. Preparative reversed-phase HPLC purification of the crude
residue afforded the carboxylic acid 87 (3 mg, 16% from S26), as a colorless fluffy material after
liophilization. "H NMR (600 MHz, DMSO-ds) 5 12.03 (br s, 1H, COzH), 10.78 (d, J = 2.4 Hz, 1H, NHingoi),
9.92 (t, J = 5.3 Hz, 1H, NH¢ ), 7.97 (t, J = 5.7 Hz, 1H, CO.xNH), 7.89 (d, J = 7.6 Hz, 2H, H4rmoe, H5Fmoc),
7.74 (dd, J = 7.6, 4.4 Hz, 2H, H1gmoc, H8Fmoc), 7.54 (d, J = 7.9 Hz, 1H, H4qoe), 7.47—7.39 (m, 3H, H3gmoc,
HBFmoc, NHaLys), 7.37-7.27 (m, 3H, H2¢moc, H7Fmoc, H7indote), 7.13 (d, J = 2.2 Hz, 1H, H2ing0e), 7.05 (t, J = 7.5
Hz, 1H, H6Indo|e)a 6.97 (t, J=7.4 Hz, 1H, H5Ind0|e), 4.35-4.18 (m, 3H, CquFmQC, H9Fmoc), 3.93 (td, J=8.6, 5.1
Hz, 1H, Hqys), 3.51-3.24 (m, 4H, H¢ s, COLsNHCH,, overlap with residual water), 2.81 (t, J = 7.5 Hz, 2H,
CO.sNHCH,CH>), 2.56-2.51 (m, 2H, CH,(CH,),CO.H), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.95-1.81 (m,
2H, CH,CH,CO;H), 1.66-1.44 (M, 4H, Hgys, Hoys), 1.39-1.16 (M, 2H, Hy ). °C NMR (151 MHz, DMSO-
ds) & 202.7 (C=S), 174.0 (COzH), 171.7 (COys), 155.9 (COfmoc), 143.9 (C8armoc/C9armoc), 143.8
(C8armoc/C9akmoc), 140.7 (C4armoc, C4bemoc), 136.2 (C3aindole), 127.6 (C3 emocy COrmoc)s 127.2 (C7angore), 127.0
(C2mocs C7emoc)s 125.3 (C8emocy ClEmoc)s 122.6 (C2indole), 120.9 (CBingote)s 120.1 (C4emoc; CSemoc), 118.2
(CSindoles C4indote), 111.7 (C2indote), 111.3 (C7indote), 65.6 (CH2Fmoc), 54.6 (Cays), 46.7 (C9rmoc), 45.0 (Cerys),
43.8 (CH,(CH,),CO.H), 39.5 (CO.,sNHCH, overlap with solvent peak), 32.6 (CH,CO,H), 31.7 (CgLys), 26.9
(Cs.ys), 25.1 (COLsNHCH,CHy), 24.3 (CH,CH,CO.H), 23.1 (CyLys). UPLC-MS fg 2.23 min, m/z 641.2
(IM+H]", C3gH41N4O5S™ Calcd 641.3); HRMS m/z 641.2792 ([M+H]", C3sH41N40sS™ Calcd 641.2792).

A
e

5-(((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)Jamino)-5-(((benzyloxy)carbonyl)amino)-6-
oxohexyl)amino)-5-thioxopentanoic acid (7).
s o The title compound was synthesized from Fmoc-Trp-OH and S24 by the
HN)WKOH general procedures for SPSS and global deprotection and cleavage from
resin, affording the desired carboxylic acid 7 (5 mg, 11% based on resin
loading), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz,
i Hﬂ DMSO-dg) & 12.03 (br s, 1H, CO,H), 10.78 (d, J = 2.5 Hz, 1H, NHnqoe), 9.89
@AO NUY M (tJ=53Hz, 1H, NH,.y), 7.84 (d, J = 8.0 Hz, TH, NHagy), 7.58 (d, J = 7.9
“u Hz, 1H, H4ingoie), 7.48-7.19 (m, 8H, NHq1ys, Harcoz, H7indole; CONHza), 7.12
6 (d, J=23 HZ, 1H, H2Indole)7 7.07-7.01 (m, 2H, H6Indolev CONHZ’B), 6.98-6.92
(m, 1H, H5)hg0e), 5.08-4.95 (m, 2H, CHycp,), 4.48 (id, J = 7.9, 5.5 Hz, 1H,
Ha,mp), 3.95 (td, J = 8.8, 5.0 Hz, 1H, Hqys), 3.60-3.33 (m, 2H, H, s, overlap with residual water), 3.11 (magx,
J= 147, 54 HZ, 1H, HB,Trp,A): 2.98 (mABx, J= 147, 7.9 HZ, 1H, HB,Trp,B)a 2.56-2.51 (m, 2H, Cﬂz(CHz)zCOQH
overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.67—
1.37 (m, 4H, Hgys, Hsys), 1.33—-1.11 (m, 2H, HyLys). ®C NMR (151 MHz, DMSO-dg) & 202.7 (C=S), 174.0
(COzH), 173.2 (COryp), 171.5 (COyys), 156.0 (COcpy), 137.0 (Clarchz), 136.0 (C7aIndoe), 128.3 (C3arcoz,
Cbarcbz), 127.74 (Clarchz), 127.65 (C2archz, CBarcbz), 127.4 (C3aindole), 123.5 (C2ingote), 120.8 (CBingole), 118.5
(C4indole), 118.2 (Cbingote)s 111.2 (C7ingote), 109.9 (C3indote), 65.4 (CHacpz), 54.8 (Coys), 53.0 (Carrp), 45.0
(Cerys), 43.8 (CHy(CH2),CO.H), 32.6 (CH,COzH), 315 (Cgurys), 27.7 (Cpmp), 26.8 (Csuys), 24.2
(CH,CH,COH), 23.0 (CyLys). UPLC-MS tg 1.76 min, m/z 596.4 (IM+H]", C30H33Ns06S" Calcd 596.3); HRMS
mlz 596.2543 ([M+H]",C3H3sN50¢S™ Calcd 596.2537).
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(S)-5-((6-((2-Amino-2-oxoethyl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-
thioxopentanoic acid (8).
s o The title compound was synthesized from Fmoc-Gly-OH and S24 by the
HNWOH general procedures for SPPS and global deprotection and cleavage from
resin, affording the desired carboxylic acid 8 (1 mg, 10% based on resin
loading), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz,
i HJOK DMSO-ds) 8 12.03 (s, 1H, CO,H), 9.90 (t, J = 5.3 Hz, 1H, NH, ), 8.09 (t, J =
@0 i NH; 5.7 Hz, 1H, NHqay), 7.48 (d, J = 7.6 Hz, 1H, NHqye), 7.42-7.26 (m, 5H,
Harcbz), 7.18 (s, 1H, CONH,,), 7.06 (s, 1H, CONH,g), 5.07-4.98 (m, 2H,
CHacp), 3.96 (td, J = 8.4, 5.2 Hz, 1H, Hqys), 3.70-3.57 (m, 2H, Hqayy), 3.49-3.39 (m, J = 6.8 Hz, 2H, Hgys,
overlap with residual water), 2.52 (t, J = 7.5 Hz, 2H, CH,(CH;),CO,H, overlap with solvent peak), 2.20 (t, J =
7.5 Hz, 2H, CH,CO,H), 1.87 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.72-1.61 (m, 1H, Hgysa), 1.60-1.45 (m,
3H, Hgyse, HoLys), 1.42—-1.20 (m, 2H, Hy ). 3C NMR (151 MHz, DMSO-d) 8 202.8 (C=S), 174.1 (COzH),
172.1 (COLys), 170.8 (COgyy), 156.2 (COcp), 136.9 (C1archz), 128.4 (C3archz, Carcoz), 127.8 (Clarcey), 127.7
(C2archz, CBarchz), 65.5 (CHachy), 54.7 (Carys), 45.0 (Cerys), 43.85 (CHy(CH2),CO.H), 41.9 (Cqqy), 32.7
(CH2CO2H), 31.3 (Cgys), 26.8 (CsLys), 24.3 (CH2CH,CO2H), 23.0 (Cy1ys). UPLC-MS tr 1.64 min, m/z 467.1
(IM+H]", C21H3N406S™ Calcd 467.2); HRMS m/z 467.1968 ([M+H]",C21H3/N4O6S™ Calcd 467.1959).

(S)-5-((6-Amino-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (2).
s o The title compound was isolated as a by-product in the synthesis of
compound 8, by the general procedures for SPPS and global deprotection

" o and cleavage from resin, affording carboxylic acid 2 (1 mg, 10% based on

resin loading), as a colorless fluffy material after Iyophilization. 'H NMR (600

i NH, MHz, DMSO-ds) 6 12.02 (br s, 1H, CO.H), 9.92 (t, J = 5.4 Hz, 1H, NH¢ys),
@”O N 7.40-7.21 (M, 7H, Harcozs NHys, CONHj 4), 7.00-6.93 (s, 1H, CONH,g), 5.02

(s, 2H, CHachz), 3.90 (td, J = 8.8, 4.9 Hz, 1H, Hqys), 3.50-3.38 (M, 2H, Hc(ys),
2.52 (t, J = 7.5 Hz, 2H, CH,(CH,),CO,H, overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87
(p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.68—1.45 (m, 4H, Hg1ys, Ha1ys), 1.40-1.19 (m, 2H, H,1ys). °C NMR (151
MHz, DMSO-ds) 5 202.8 (C=S), 174.1 (CO,H), 173.9 (COyys), 155.9 (COcpz), 137.1 (C1arcbz), 128.3 (C3ar bz,
C5Ar,Cbz)v 127.74 (C4Ar,Cbz)v 127.65 (C2Ar,CbZa C6Ar,Cbz)1 65.3 (CHZ,CbZ)7 54.4 (Cu,Lys)’ 45.0 (Ce,Lys)1 43.9
(CH2(CH,),CO2H), 32.7 (CH,CO,H), 31.6 (Cpys), 26.8 (Cs1ys), 24.3 (CH,CH,CO,H), 23.1 (Cy1ys). UPLC-MS
tr 1.62 min, m/z 410.2 ([M+H]", C4gH2sN305S™ Calcd 410.2); HRMS m/z 410.1750 ([M+H]",C19H2sN305S™
Calcd 410.1744).

5-(((S)-6-(((S)-1-amino-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)Jamino)-5-(((benzyloxy)carbonyl)amino)-
6-oxohexyl)amino)-5-thioxopentanoic acid (9).

s o The title compound was synthesized from Fmoc-Tyr(tBu)-OH and S24 by
the general procedures for SPPS and global deprotection and cleavage from
resin, affording the desired carboxylic acid 9 (3 mg, 27% base on resin
loading), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz,

ji Hﬂ DMSO-ds) 8 12.02 (s, 1H, CO,H), 9.89 (t, J = 5.3 Hz, 1H, NH, ), 9.12 (s,
@”O N Y M 1H, OHry), 7.75 (d, J = 8.2 Hz, 1H, NHax), 7.46-7.22 (m, 7H, Harcem
\©\ NHq,ys, CONHz4), 7.08-6.92 (m, 3H, CONH2g, H2ar1yr, HBAr1yr), 6.68—6.55

OH (m, 2H, H3Ar,Tyrv H5Ar,Tyr), 5.09-4.96 (m, 2H, CHZ,CbZ)a 4.35 (td, J= 83, 5.2

Hz, 1H, Hq1yr), 3.96-3.87 (m, 1H, Hqys, overlap with residual water), 3.48-3.36 (m, 2H, H¢ s, overlap with
residual Water), 2.86 (mABx, J= 139, 5.2 Hz, 1H, HB,Tyr,A)1 2.71 (mABx, J = 139, 8.4 Hz, 1H, HB,Tyr,B)a 2.55—
2.51 (m, 2H, CH,(CH;),CO,H, overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87 (p, J=7.5
Hz, 2H, CH,CH,COzH), 1.62-1.41 (m, 4H, Hgrys, Harys), 1.35-1.15 (m, 2H, H,1,s). °C NMR (151 MHz,
DMSO-dg) 6 202.7 (C=S), 174.0 (CO;H), 172.8 (COry), 171.4 (COLys), 155.9 (COc), 155.7 (C4aryr), 136.9
(Clarcoz), 130.1 (C2artyr, CBartyr), 128.3 (C3archz, Cdarcohr), 127.8 (Clarchz), 127.67 (Clartyr), 127.65
(C2archz, Cbarchz), 114.8 (C3artyr, Chartyr), 65.5 (CHzchr), 54.8 (Carys), 53.8 (Coryr), 45.0 (Cerys), 43.8
(CH2(CH2),CO2H), 36.8 (Cgr1yr), 32.7 (CHCOzH), 31.5 (Cpuys), 26.8 (Csrys), 24.2 (CH,CH,CO,H), 23.0

i~ Aoy
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(Cyiys)- UPLC-MS tr 1.74 min, miz 573.2 (IM+H]", CzHyN4O;" Caled 573.2); HRMS miz 573.2387
(IM+H]",C2sHs7N4O/S" Calcd 573.2377).

5-(((S)-6-(((S)-1-(((S)-1-Amino-1-oxo0-3-phenylpropan-2-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-2-
yl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (15).
s o The title compound was synthesized from Fmoc-Phe-OH, Fmoc-Trp-OH,
and S24 by the general procedures for SPPS and global deprotection and

HNWOH

cleavage from resin, affording the desired carboxylic acid 15 (4 mg, 10%
base on resin loading), as a colorless fluffy material after lyophilization. 'H
i Hﬂ xi, NMR (600 MHz, DMSO-dg) & 12.04 (br s, 1H, COzH), 10.77 (s, 1H,
@”O YN NHingole), 9-89 (t, J = 5.4 Hz, 1H, NH,,), 7.97-7.88 (m, 2H, NHqp,
A\\H NHpne), 7.53 (d, J = 7.9 Hz, 1H, H4ngoe), 7.38-7.13 (M, 13H, NHqyys,
B CONHz, Harcbz, CHarphes H7indole), 7.12—7.01 (m, 3H, CONH;, H24oke,
H6indole), 6.96 (1, J = 7.4 Hz, 1H, H5ng0e), 5.06—4.95 (m, 2H, CHycpz),
4.53-4.46 (M, 1H, Hoyp), 4.43 (td, J = 8.1, 5.3 Hz, 1H, Hupne), 3.94 (td, J = 8.8, 4.9 Hz, 1H, Hqyys), 3.36 (m,
2H, Hgys, overlap with residual water), 3.06 (masx, J = 14.9, 5.0 Hz, 1H, Hg1pa), 2.98 (Magx, J = 13.9, 5.3
Hz, 1H, HB,Phe,A)a 2.92 (mABx, J= 149, 8.5 Hz, 1H, HBYTTPYB)7 2.82 (mAB)(, J= 139, 8.4 Hz, 1H, HB,PhE,B)! 2.52 (t,
J =7.5 Hz, 2H, CHy(CH,),CO.H, overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p, J =
7.5 Hz, 2H, CH,CH,CO,H), 1.55-1.35 (m, 4H, Hgyys, Hoys), 1.33=1.11 (M, 2H, Hy,1,). °C NMR (151 MHz,
DMSO-dg) 6 202.7 (C=S), 174.1 (CO.H), 172.6 (CONH,), 171.9 (CO,ys), 171.0 (COryp), 156.0 (COcy,), 137.7
(C56arphe), 137.0 (Clarchz), 136.0 (C7aingore), 129.2 (C58/62arphe), 128.3 (C59/61arphe), 128.0 (C3archzs
C5arcbz), 127.8 (C4arcpz), 127.7 (C2arcbz CBarchbz), 127.3 (C3aindole), 126.2 (C60arphe), 123.5 (C2ingote), 120.8
(CBingole), 118.3 (C4ingoie), 118.2 (Cbindole), 111.2 (C7indote), 109.8 (C3indote), 65.5 (CHachz), 54.7 (Cays), 53.7
(Caphe)s 53.4 (Carrp), 45.1 (Ceys), 43.9 (CH2(CH2)2.CO2H), 37.5 (Cgpne), 32.7 (CHCO,H), 31.6 (Cgyys), 27.5
(Cp1rp), 26.8 (Csiys), 24.3 (CH,CH,COoH), 23.1 (Cyrys). UPLC-MS tg 2.12 min, m/z 743.1 ([M+H]",

C39H47NgO;S™ Calcd 743.3); HRMS m/z 765.3044 ([M+Na]”, CagH4sNsO7SNa” Calcd 765.3041).

5-(((S)-5-(((Benzyloxy)carbonyl)amino)-6-(((S)-1-(((S)-1,4-diamino-1,4-dioxobutan-2-yl)amino)-3-(1H-
indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (16).
s o The title compound was synthesized from Fmoc-Asn(Trt)-OH, Fmoc-Trp-
HNWOH OH, and S24by the general procedures for SPPS and global deprotection
NH, and cleavage from resin, affording the desired carboxylic acid 16 (11 mg,
31% base on resin loading), as a colorless fluffy material after
i HQOk J¢3H2 lyophilization. "H NMR (600 MHz, DMSO-ds) & 12.04 (br s, 1H, CO,H),
@0 Y N 10.78 (d, J = 2.4 Hz, 1H, NHingoe), 9.89 (t, J = 5.4 Hz, 1H, NH ), 8.09 (d,
Z \H J=7.9Hz, 1H, NHgasn), 8.03 (d, J = 7.4 Hz, 1H, NHq 1), 7.56 (d, J = 7.9
6 HZ; 1Ha H4Indo|e)a 7.43-7.21 (ma 8H7 NHG,Ly81 HAr,CbZa H7Indole1 CONHZ,V,AST‘I,A)a
7.16 (d, J = 23 HZ, 1H, H2Indole)a 7.08-7.00 (m, 2H, H6Indolea
CONH_ g asna), 6.99-6.89 (m, 2H, CONH,qasn8 Hb5indole), 6.84 (s, 1H, CONHzy asng), 5.08-4.96 (m, 2H,
CHacbz), 4.54-4.41 (m, 2H, Hqp, Haasn), 3.95 (td, J = 8.6, 4.7 Hz, 1H, Hqys), 3.60-3.29 (m, 2H, Heys,
overlap with residual water), 3.15 (magx, J = 14.8, 4.9 Hz, 1H, Hg1pa), 2.97 (Masx, J = 14.9, 8.8 Hz, 1H,
Hgtp), 2.56-2.41 (m, 4H, CHy(CH;),CO2H, Hgasn Overlap with solvent peak), 2.21 (t, J = 7.5 Hz, 2H,
CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.62—-1.41 (m, 4H, Hg\ys, HsLys), 1.32-1.14 (m, 2H,
Hy.Lys)- C NMR (151 MHz, DMSO-ds) & 202.7 (C=S), 174.1 (COzH), 172.7 (CONH,qasn), 172.2 (COLys),
171.7 (CONHzyAsn), 171.1 (CO1yp), 156.0 (COcp;), 136.9 (Clarcpbz), 136.0 (C7a1ndole), 128.3 (C3ar.cbzy CHar,cbz),
127.8 (C4Ar,Cbz)1 127.7 (C2Ar,Cb21 C6Ar,Cbz)v 127.3 (CBaIndoIe)a 123.6 (C2Indole)a 120.8 (C6Indole)a 118.3 (C4Indole)a
118.2 (Cbingote), 111.2 (C7ingole), 109.8 (C3indole), 65.5 (CHachz), 54.7 (Cays), 53.7 (Corp), 49.6 (Consn), 45.1
(Ceys), 43.9 (CH5(CH,),CO.H), 36.8 (Cgasn), 32.7 (CH2CO.H), 31.4 (Cgys), 27.3 (Cprrp), 26.8 (Csys), 24.3
(CH2CH,COH), 23.1 (Cy 1ys). UPLC-MS tg 1.82 min, m/z 710.0 ([M+H]", C34H44N;OgS" Calcd : 710.3); HRMS
mlz 732.2786 ([M+Na]’, C34H43N;0sSNa’ Calcd 732.2786).
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5-(((S)-5-(((Benzyloxy)carbonyl)amino)-6-(((S)-1-(((S)-1,4-diamino-1-oxobutan-2-yl)amino)-3-(1H-indol-
3-yl)-1-oxopropan-2-yl)Jamino)-6-oxohexyl)amino)-5-thioxopentanoic acid-TFA salt (17).
s o The title compound was synthesized from N°-Fmoc,N'-Boc-2,4-

HNWOH o diaminobutanoic acid, Fmoc-Trp-OH, and S24 by the general

N _O)LCH procedures for SPPS and global deprotection and cleavage from

resin, affording the desired carboxylic acid 17 (4 mg, 10% base

i H\)Ok Ji(NHz on resin loading), as a colorless fluffy material after lyophilization.
@0 LYY "H NMR (600 MHz, DMSO-dg) & 12.07 (br s, 1H, CO,H), 10.82 (s,
NH 1H, NHingole), 9.98-9.88 (m, 1H, NH¢ ), 8.19 (d, J = 8.1 Hz, 1H,

B NHpap), 7.96 (d, J = 7.4 Hz, 1H, NHqryp), 7.80-7.66 (m, 3H,

NHs35pab), 7.56 (d, J = 8.0 Hz, 1H, H4hg0), 7.45-7.17 (m, 9H,
Nch,LySa HAr,CbZ, H7Indolea CONHZ), 714 (S, 1H, H2Indo|e)a 705 (t, J=7.8 HZ, 1H, H6Ind0le)7 696 (t, J=77 HZ,
1H, H5ngole), 5.12-4.91 (m, 2H, CHycpz), 4.61-4.46 (m, 1H, Hq1rp), 4.34—4.23 (m, 1H, Hqpab), 4.00-3.88 (m,
1H, Hquys), 3.70-3.22 (m, 2H, H¢ s overlap with residual water), 3.15 (magx, J = 15.0, 4.8 Hz, 1H, Hg1pa),
3.00 (mABx, J = 150, 8.7 HZ, 1H, HB,Trp,B)a 2.85-2.70 (m, 2H, Hv,Dab)v 2.58-2.47 (m, 2H, Cﬂz(CHz)zCOzH
overlap with solvent peak), 2.20 (t, J = 7.6 Hz, 2H, CH,CO,H), 2.04—1.73 (m, 4H, Hgpap, CH2CH,CO,H),
1.62-1.35 (M, 4H, Hgys, Ha1ys), 1.35-1.12 (m, 2H, Hy1,). °C NMR (151 MHz, DMSO-dg) & 202.7 (C=S),
174.1 (CO2H), 172.3 (CONHy), 172.0 (COyys), 171.6 (COryp), 156.0 (COcp), 136.9 (Clarcoz), 136.0 (C7aingole),
128.4 (C3arcbz, Cbarcpz), 127.8 (Clarchz), 127.8 (C2archz, CBarcbz), 127.3 (C3aindole), 123.6 (C2ingoie), 120.9
(CBindole), 118.4 (C4ingole), 118.2 (CSingote), 111.3 (C7indote), 109.7 (C3indole), 65.5 (CHzcb2), 54.7 (Cqrys), 53.5
(Catrp)s 50.1 (Cqpab), 45.1 (Ceys), 43.9 (CH2(CH2),CO.H), 36.2 (Cy pab), 32.7 (CH,COzH), 31.5 (Cgys), 30.0
(Cgpab), 27.4 (Cg1rp), 26.8 (Csrys), 24.3 (CH2CH,CO2H), 23.1 (Cy1ys). UPLC-MS g 1.66 min, m/z 696.1
(IM+H]", C34H46N;0,S™ Calcd 696.3); HRMS m/z 696.3178 ([M+H]", Ca4H4sN;0;S™ Calcd 696.3174).

5-(((S)-5-(((Benzyloxy)carbonyl)amino)-6-(((S)-1-(((S)-1,5-diamino-1,5-dioxopentan-2-yl)amino)-3-(1H-
indol-3-yl)-1-oxopropan-2-yl)Jamino)-6-oxohexyl)amino)-5-thioxopentanoic acid (S8).
s o The title compound was synthesized from Fmoc-GIn(Trt)-OH, Fmoc-Trp-
HN o OH, and S24 by the general procedures for SPPS and global
o._NH, deprotection and cleavage from resin, affording the desired carboxylic
acid S8 (6 mg, 17% base on resin loading), as a colorless fluffy material
Py N\)k NH, after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.04 (br s, 1H,
@”O T N CO,H), 10.79 (d, J = 2.4 Hz, 1H, NHingoe), 9.89 (t, J = 5.4 Hz, TH, NH, ),
N 8.02-7.91 (m, 2H, NHq1p, NHoon), 7.57 (d, J = 7.9 Hz, 1H, H4hgole).
B 7.45-7.17 (ma 9H1 NHG,LySa HAr,CbZa H7Indo|ev CONH2,0{,GIn,A; CONHZG,GIn,A),
714 (d, J = 2.4 HZ, 1H, H2Indo|e)a 708—700 (m, 2H, H6|nd0|91
CONH2,0{,GIn,B)a 6.96 (t, J=74 HZ, 1H, H5Indole)a 6.74 (S, 1H, CONHZ,B,G“’],B)y 5.07-4.95 (m, 2H, CHZ,CbZ)a 4.54
(td, J = 8.1, 4.9 Hz, 1H, Hq1yp), 4.17 (td, J = 8.1, 5.3 Hz, 1H, Hoain), 3.97-3.89 (m, 1H, Hqys), 3.44-3.37 (m,
2H, HgyLys), 3.17 (mABx, J= 148, 4.8 HZ, 1H, HB,Trp,A)a 2.99 (mABx, J= 149, 8.7 HZ, 1H, HB,Trp,B)a 2.53 (t, J=
7.5 Hz, 2H, CHy(CH,),CO.H, overlap with solvent peak), 2.21 (t, J = 7.5 Hz, 2H, CH,CO,H), 2.07 (t, J = 8.2
Hz, 2H, Hyain), 1.88 (p, J = 7.4 Hz, 3H, CH,CH,CO,H, Hggina), 1.79-1.70 (m, 1H, Hgcing), 1.62—1.40 (m, 4H,
HgLys, Hoys), 1.31-1.14 (m, 2H, Hy ). C NMR (151 MHz, DMSO-dg) 5 202.7 (C=S), 174.1 (CO,H), 173.7
(CONHz5,6in), 173.1 (COgin), 172.0 (COyys), 171.1 (COryp), 156.0 (COchy), 136.9 (Clarchz), 136.0 (C7andole),
128.3 (C3arcbz, Cbarcbz), 127.8 (Clarchz), 127.7 (C2archz, CBarcbz), 127.3 (C3aindoe), 123.6 (C2ingoie), 120.8
(CBindole), 118.4 (Cbingoie), 118.2 (C4ingote), 111.2 (C7indote), 109.9 (C3indole), 65.5 (CHzcb2), 54.8 (Cqys), 53.5
(Carp)s 52.2 (Caain), 45.0 (Ceys), 43.9 (CH2(CH2),COzH), 32.7 (CH,CO2H), 31.5 (Cgys), 31.4 (Cyain), 28.0
(Cpain), 27.4 (Cprrp), 26.8 (Csrys), 24.3 (CH2CH,COZH), 23.1 (Cy1ys). UPLC-MS tr 1.83 min, m/z 724.1
(IM+H]", C3sH46N;0sS™ Calcd 724.3); HRMS m/z 746.2944 ([IM+Na]’, C3sH4sN,OgSNa” Caled 746.2943).
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5-(((S)-6-(((S)-1-(((S)-1-Amino-4-methyl-1-oxopentan-2-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-2-
yl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (S9).
s o The title compound was synthesized from Fmoc-lle-OH, Fmoc-Trp-OH,
w and S24by the general procedures for SPPS and global deprotection and
cleavage from resin, affording the desired carboxylic acid 89 (7 mg, 21%
N A
S

HN OH

base on resin loading), as a colorless fluffy material after lyophilization. 'H
i 9 NH, NMR (600 MHz, DMSO-ds) & 12.03 (br s, 1H, CO,H), 10.79 (d, J = 2.5
@”O N N Hz, TH, NHindoie), 9.88 (t, J = 5.3 Hz, TH, NH¢,s), 8.00 (d, J = 7.9 Hz, 1H,
“N\H NHg1rp), 7.84 (d, J = 8.3 Hz, 1H, NHqey), 7.56 (d, J = 7.9 Hz, 1H,
B H4Ind0|e)v 7.44-7.19 (m, 7H, Nch,LySa HAI’,CbZ! H7Indo|e)a 7.16-7.07 (m, 2H,
CONHZ, H2Indole)a 7.07-7.00 (m, 1H, H6Ind0|e), 7.00-6.87 (m, 2H, H5|nd0|91
CONHy), 5.11-4.92 (m, 2H, CHzcpz), 4.55 (td, J = 8.1, 5.3 Hz, 1H, Hq1rp), 4.27-4.17 (M, 1H, HqLeu), 3.95 (td,
J=8.6,5.0 Hz, 1H, Hqyys), 3.44-3.37 (m, 2H, H¢ s overlap with residual water), 3.14 (magx, J = 14.8, 5.3 Hz,
1H, HB,Trp,A)a 2.97 (mABx, J = 148, 8.3 HZ, 1H, HB,Trp,B)a 2.58-2.46 (m, 2H, Cﬂz(CHz)zCOQH overlap with
solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.87 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.61-1.39 (m, 7H,
Hg Lys, Hs,Lys, HpLeu, Hyteu), 1.32-1.14 (m, 2H, H, ), 0.85 (d, J = 6.6 Hz, 3H, CH35,6u4), 0.81 (d, J = 6.5 Hz,
3H, CHsgreus). “C NMR (151 MHz, DMSO-dg) 8 202.7 (C=S), 174.0 (CO.H), 173.9 (CONH,), 171.9 (COLys),
171.0 (COryp), 156.0 (COcpz), 136.9 (Clarchz), 136.0 (C7aingore), 128.3 (C3arcbzy Cbarchbz), 127.8 (Céarcpz),
127.7 (C2arcbz, CBarcpz), 127.3 (C3aindole), 123.5 (C2ingote); 120.8 (CBingole), 118.4 (Clingote), 118.2 (CSindole),
111.2 (C7ingote), 109.9 (C3ingote), 65.4 (CHacpz), 54.7 (Cauys), 53.3 (Carp), 50.9 (Cqreu), 45.0 (Cerys), 43.8
(CH2(CH2),COzH), 41.0 (Cyleu), 32.6 (CH.CO.H), 31.6 (Cguys), 27.2 (Cgmp), 26.9 (Csrys), 24.2
(CH2CH,COZH), 24.1 (Cgreu), 23.0 (CHspseun), 23.0 (Cyys), 21.6 (CH3516u8). UPLC-MS tz 1.81 min, m/z

709.1 ([M+H]", C3sH4oNsO7S™ Calcd 709.3); HRMS m/z 709.3389 ([M+H]", C3sH4oNsO7S™ Calcd 709.3378).

(5S,8S,11S)-8-((1H-Indol-3-yl)methyl)-11-carbamoyl-5-(4-(4-carboxybutanethioamido)butyl)-3,6,9-
trioxo-1-phenyl-2-oxa-4,7,10-triazatridecan-13-oic acid (S10).
s o The title compound was synthesized from Fmoc-Asp(tBu)-OH, Fmoc-Trp-
HNWOH OH, and S24 by the general procedures for SPPS and global
o deprotection and cleavage from resin, affording the desired carboxylic
acid 810 (8 mg, 24% base on resin loading), as a colorless fluffy material
i Hﬂ J;;’Hz after lyophilization. '"H NMR (600 MHz, DMSO-dg) & 12.16 (br s, 1H,
@”O T N CO,H), 10.79 (d, J = 2.4 Hz, 1H, NHingoe), 9.88 (t, J = 5.4 Hz, TH, NH, ),
Z \NH 8.10 (d, J = 8.0 Hz, 1H, NHagp), 8.00 (d, J = 7.5 Hz, 1H, NHq 1), 7.57 (d,
B J= 79 HZ, 1H, H4Indole)a 748—721 (m, 7H, NHG,Lys: HAr,CbZa H7Indole)a 718—
6.90 (m, 5H, CONHz, H2Indo|ea H6Indolea H5Indole)a 5.08-4.95 (m, 2H,
CHz.cbz), 4.56—4.41 (m, 2H, Ha1rp, Haasp), 3.97-3.90 (M, 1H, Hq 1ys), 3.46-3.37 (M, 2H, H¢yys), 3.15 (Magx, J =
148, 50 HZ, 1H, HB,Trp,A)a 2.98 (mABx, J = 148, 8.7 HZ, 1H, HB,Trp,B)a 2.66-2.43 (m, 4H, Cﬂz(CHQ)zCOzH,
Hgasp, Overlap with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H,
CH,CH,CO;H), 1.59-1.41 (m, 4H, Hg s, Ha1ys), 1.30-1.13 (m, 2H, H,1ys). °C NMR (151 MHz, DMSO-ds) &
202.7 (C=S), 174.1 (CH,CH,CO,H), 172.3 (CONH,), 172.1 (CO,ys), 171.9 (CO2Hasp), 171.3 (COxyp), 156.1
(COcpz), 136.9 (Clarcez), 136.0 (C7ajngoie), 128.4 (C3archzy Cbarcvz), 127.80 (Clarcez), 127.75 (C2archz,
C6arcbz), 127.3 (C3aindole)s 123.6 (C2indote), 120.9 (CBingote); 118.4 (Chindole), 118.2 (CSindote), 111.3 (C7ingote)s
109.8 (C3ingole), 65.5 (CH2.cbz), 54.8 (CoLys), 53.6 (Cotrp), 49.4 (Consp), 45.0 (Cerys), 43.9 (CH2(CH,),COH),
36.0 (Cgasp), 32.7 (CH2CO2Hthiogiutaryt), 31.4 (Cpys), 27.3 (Cp1rp), 26.8 (Csys), 24.3 (CH.CH,CO,H), 23.0
(CyLys)- UPLC-MS tz 1.89 min, m/z 711.1 ([M+H]", Cs4H43NsOsS" Calcd 711.3); HRMS m/z 733.2620
(IM+Na]*, C34H42N¢OgSNa” Calcd 733.2626).
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5-(((S)-6-(((S)-1-(((S)-1-Amino-1-oxopropan-2-yl)Jamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-5-thioxopentanoic acid (S11).
s o The title compound was synthesized from Fmoc-Ala-OH, Fmoc-Trp-OH,
and S24by the general procedures for SPPS and global deprotection and
cleavage from resin, affording the desired carboxylic acid $11 (2 mg, 6%
/Er base on resin loading), as a colorless fluffy material after lyophilization. 'H
§Ha NMR (600 MHz, DMSO-dg) & 12.03 (br s, 1H, CO,H), 10.80 (d, J = 2.5
\)k /'ﬁ(NH2 a _
Hz, 1H, NHingoe), 9.89 (t, J = 5.4 Hz, 1H, NH¢s), 7.95 (d, J = 7.8 Hz, 1H,
NHq1rp), 7.89 (d, J = 7.5 Hz, 1H, NHaja), 7.56 (d, J = 7.9 Hz, 1H, H4hq0le).
7.43-7.25 (m, 7H, NHG,LySa HAr,CbZa H7Ind0|e)v 7.20-7.12 (m, 2H, H2|nd0|91
CONHy), 7.04 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H6h40e), 6.99 (s, 1H,
CONH,), 6.98-6.93 (m, 1H, H5ndole), 5.09-4.94 (m, 2H, CHacp,), 4.53 (td, J = 8.1, 5.0 Hz, 1H, Hq1rp), 4.19 (p,
J =7.1Hz, 1H, Hgai), 3.94 (td, J = 8.7, 5.0 Hz, 1H, Hqys), 3.47-3.36 (m, 2H, H¢ys), 3.15 (Masx, J = 14.8,
5.0 HZ, 1H, HB,Trp,A)a 2.98 (mABx, J= 148, 8.4 HZ, 1H, HB,Trp,B)v 2.55-2.51 (m, 2H, Cﬂz(CHQ)QCOzH, OVGr'ap
with solvent peak), 2.20 (t, J = 7.5 Hz, 2H, CH,CO,H), 1.88 (p, J = 7.5 Hz, 2H, CH,CH,CO,H), 1.61-1.40 (m
4H, Hgys, Horys), 1.31=1.15 (m, 5H, Hy1ys, Hpam). °C NMR (151 MHz, DMSO-ds) 8 202.7 (C=S), 174.04
(COzH), 173.96 (CONH,), 171.9 (COyys), 170.8 (COry), 156.0 (COcp,), 137.0 (Clarchz), 136.0 (C7@ndos),
128.3 (C3arcbz, Cbarcbz), 127.8 (Clarchz), 127.7 (C2archz, CBarcbz), 127.4 (C3aindole), 123.6 (C2ingore), 120.8
(CBindote), 118.4 (C4ingoie), 118.2 (CSingote), 111.2 (C7indote), 109.8 (C3indole), 65.4 (CHzcpz), 54.8 (Cqys), 53.2
(Catrp), 48.0 (Cqmia), 45.0 (Ceys), 43.8 (CH2(CH2).CO,H), 32.7 (CH.COzH), 31.5 (Cgys), 27.3 (Cp1rp), 26.8
(CsLys), 24.2 (CH,CH,CO,H), 23.0 (Cyrys), 18.3 (Cpan). UPLC-MS tx 1.80 min, m/z 667.1 ([M+H]",
Ca3H43NgO;S™ Caled 667.3); HRMS m/z 667.2906 ([M+H]", Ca3H43NgO;S™ Calcd 667.2908).

Bis(benzotriazol-1-yl)methanethione (S47).m

s Benzotriazole (3.16 g, 26.7 mmol) was dissolved in CH,Cl, (30 mL) and cooled to 0 °C.
] I Thiophosgene (0.50 mL, 6.52 mmol) was added dropwise over 4 minutes and the reaction
N N mixture was stirred at 0 °C for 2 hours. The precipitate was filtered off and the filtrate was
@7 @ washed with saturated ag. NaHCO3; (3x100 mL). The organic phase was dried over Na,SO,
and was then concentrated under reduced pressure. The crude solid was recrystallized from
CHCI,, affording the desired compound S47 (1.62 g, 88%) as yellow micro-crystals. TLC (50% EtOAc in
heptane): Ry = 0.7. "H NMR (600 MHz, CDCl3)  8.27 (dt, J = 8.4, 1.0 Hz, 2H, H7g,), 8.22 (dt, J = 8.3, 1.0 Hz,
2H, H4gy), 7.73 (ddd, J = 8.3, 7.1, 1.0 Hz, 2H, H6g), 7.60 (ddd, J = 8.2, 7.1, 1.0 Hz, 2H, H5g,). °C NMR (151
MHz, CDCl3) & 168.9 (C=S), 147.0 (C3ag), 133.3 (C7ag), 130.7 (C6g), 127.1 (Cbgy), 121.2 (Chgy), 114.1

(C7g). mp 169.5 °C (lit® mp 170-172 °C). Bt=1-Benzotriazol

tert-Butyl 3-(1H-benzo[d][1,2,3]triazole-1-carbothioamido)propanoate (S48).
s o HCI-B-alanine t-butyl ester (389 mg, 2.14 mmol) and S47 (600 mg, 2.13 mmol) were
N. )J\N/\)kok dissolved in anhydrous CH,Cl, (20 mL). iPr,NEt (0.40 mL, 2.30 mmol) was added and
N H the bright yellow solution was stirred in ambient temperature overnight after which the
@ solution turned clear. The reaction mixture was concentrated under reduced pressure
and the crude residue was purified by column chromatography (0—10% EtOAc in
heptane) affording the desired compound S48 (365 mg, 56 %) as an off-white solid. TLC (25% EtOAc in
heptane): Ry = 0.4. "H NMR (600 MHz, CDCls) 8 9.62 (s, 1H, NH), 8.90 (d, J = 8.5 Hz, 1H, H7g), 8.09 (d, J =
8.3 Hz, 1H, H4g), 7.63 (t, J = 7.8 Hz, 1H, H6g), 7.47 (t, J = 7.7 Hz, 1H, H5g), 4.12 (q, J = 6.0 Hz, 2H,
CH,CH,CO,tBu), 2.74 (t, J = 6.0 Hz, 2H, CH,CO,tBu), 1.48 (s, 9H, C(CHs)s). °C NMR (151 MHz, CDCl3) &
174.7 (C=8S), 171.2 (CO,tBu), 147.2 (C3agi), 132.6 (C7ag), 130.4 (C6gi), 125.8 (C5g;), 120.4 (C4g), 116.2
(C7gt), 82.0 (C(CHj3)3), 40.6 (CH,CH,CO,tBu), 33.9 (CH,CO,tBu), 28.3 (C(CH3)3). UPLC-MS g 2.69 min, m/z
329.0 ([M+Na]’, C4H:gN4O,SNa” Calcd 329.1); HRMS m/z 329.1044 ([M+Na]’, C4H:gN4O,SNa” Calcd

329.1043). Bt=1-Benzotriazol
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Ethyl 3 (1H-benzo[d][1,2,3]triazole-1-carbothioamido)propanoate (S49).
s o A solution of HCI-B-alanine ethyl ester (275 mg, 1.79 mmol) and iPr,NEt (0.30 mL,
Ny~~~ 1.78 mmol) in anhydrous CH,Cl, (5 mL) was added dropwise to a solution of
N H compound S47 (500 mg, 1.78 mmol) in anhydrous CH,CI, (15 mL). The reaction
@7 mixture was stirred at ambient temperature overnight and then concentrated under
reduced pressure. The crude residue was purified by column chromatography
(0—>10% EtOAc in heptane), affording the desired compound $49 (300 mg, 60%) as a colorless solid. TLC
(25% EtOAc in heptane): R = 0.3. "H NMR (600 MHz, CDCl3) 5 9.60 (s, 1H, NH), 8.89 (dt, J = 8.5, 0.8 Hz,
1H, H7g), 8.09 (dt, J = 8.3, 0.9 Hz, 1H, H4g,), 7.63 (ddd, J = 8.3, 7.0, 1.0 Hz, 1H, H6g), 7.47 (ddd, J = 8.1,
7.0, 0.9 Hz, 1H, H5g,), 4.24—4.14 (m, 4H, CH,CH,CO,Et, CH,CH3), 2.84 (t, J = 6.1 Hz, 2H, CH,CO,Et), 1.28
(t, J = 7.2 Hz, 3H, CH,CHs). ®C NMR (151 MHz, CDCl3) & 174.7 (C=S), 172.0 (CO,Et), 147.2 (C3ag), 132.6
(C7ag), 130.4 (C6gt), 125.8 (C5gt), 120.4 (C4g), 116.1 (C7g), 61.3 (CH,CH3), 40.4 (CH,CH,CO,Et), 32.7
(CH,CO,Et), 14.3 (CH3). UPLC-MS tg 2.37 min, m/z 301.0 ([M+Na]*, C1,H,N,O,Na" Calcd 301.1); HRMS

mlz 279.0911 ([M+H]",C1,H15N,0,S" Calcd 279.0910). Bt=1-Benzotriazol

N’-((Benzyloxy)carbonyl)-N°-((3-(tert-butoxy)-3-oxopropyl)carbamothioyl)-L-lysine (S50).
s o Method 1—A solution of HCI-B-alanine t-butyl ester (66 mg, 0.36 mmol) and
HN)kN/\)kOk iPr,NEt (95 pL, 0.54 mmol) in anhydrous CH.Cl, (8.0 mL) was added
H dropwise over 5 minutes to a solution of compund S$47 (98 mg, 0.35 mmol)
in anhydrous CHCl, (4.0 mL) at 0 °C. The reaction mixture was stirred for
Py OH 15 minutes at at 0 °C and was then concentrated under reduced pressure.
@AO N The crude residue and Cbz-Lys-OH (58 mg, 0.21 mmol) were dissolved in
anhydrous DMF (2.0 mL). iPr,NEt (70 pL, 0.40 mmol) was added and the
mixture was stirred at ambient temperature overnight. The reaction mixture was concentrated under reduced
pressure and the crude residue was redissolved in EtOAc (25 mL) and washed with ag. HCI (1 M, 2x25 mL)
and brine (2x25 mL). The organic phase was dried over Na,SO, and concentrated under reduced pressure.
Preparative reversed-phase HPLC purification of the crude residue afforded the desired carboxlic acid S50
(33 mg, 34% from Cbz-Lys-OH), as a colorless fluffy material after lyophilization.
Method 2—Cbz-Lys-OH (546 mg, 1.95 mmol) and compound S48 (298 mg, 0.97 mmol) were suspended in
anhydrous DMF (30 mL). iPr,NEt (0.40 mL, 2.30 mmol) and the reaction mixture was stirred overnight at 40
°C after which the temperature of the reaction was increased to 60 °C and was stirred overnight. The
reaction mixture was concentrated under reduced pressure and the residue was dissolved in EtOAc (100
mL) and washed with aq. HCI (1 M, 2x100 mL) and brine (2x100 mL), dried over Na,SO4 and was then
concentrated under reduced pressure. The crude residue was purified by column chromatography (0—75%
EtOAc in heptane) affording the desired carboxylic acid S50 (251 mg, 55%) as a colorless solid. 'H NMR
(600 MHz, DMSO-dg) 6 7.61-7.46 (m, 2H, NHqyys, NHeys), 7.40-7.27 (m, 6H, Harcb,, NH(CH),CO,tBu),
5.03 (s, 2H, CHycpz), 3.96-3.88 (m, 1H, Hqyys), 3.55 (br s, 2H, CH,CH,CO,tBu), 3.32 (br s, 2H, He ), 2.45
(t, J=6.7 Hz, 2H, CH,CO,tBu), 1.73-1.63 (m, 1H, Hgysa), 1.63—1.53 (M, 1H, Hg s 8), 1.40 (s, 13H, C(CHs)s,
Hyus Hois): °C NMR (151 MHz, DMSO-ds) & 173.9 (CO,H), 170.9 (CO,tBu), 156.2 (COcp,), 137.0
(C1arcbz), 128.3 (C3arcbzs Charcbz), 127.8 (Clarchz), 127.7 (C2arcoz: CBarcbz), 80.0 (C(CHs3)3), 65.4 (CHa cpz),
53.8 (Cqyys), 43.4 (CeLys), 39.2 (CH,CH,CO,tBu, overlap with solvent peak), 34.8 (CH,CO,tBu), 30.5 (Cg ys),
28.3 (Cs,Lys), 27.8 (C(CHs3)3), 23.1 (Cy Lys). The peak for C=S was not visible in ¥C NMR, probably due to fast
quadrupolar relaxation via the nearby "“N-nuclei. UPLC-MS tr 2.26 min, m/z 468.3 ([M+H]+, CyoH34N306S™
Calcd 468.2); HRMS m/z 468.2158 ([M+H]",C2,H34N306S™ Calcd 468.2163).
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(5S,8S)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2-methyl-4,7-dioxo-14-thioxo-
3,6,13,15-tetraazaoctadecan-18-oic acid (29).
s o Carboxylic acid 850 (29 mg, 0.06 mmol), HOBt (14 mg, 0.10 mmol), TFA salt
M~ S33 (44 mg, 0.12 mmol) and iPr,NEt (48 pL, 0.28 mmol) were dissolved in
H anhydrous CH,ClI, (4.0 mL) and cooled to 0°C. EDC (19 mg, 0.10 mmol) was
added and the reaction mixture was stirred at 0°C for 20 minutes and was
i H\)(l J\ then stirred overnight at ambient temperature. The reaction mixture was
@ WYY N diluted with EtOAc (60 mL) and washed with aq. KHSO, (5%, 3x40 mL),
“n  Saturated aq. NaHCOg3; (3%x40 mL), and brine (2x40 mL). The organic phase
6 was dried over Na,SO, and was then concentrated under reduced pressure.
The residue was dissolved in in anhydrous CH,Cl; (2.4 mL) and TFA (1.6 mL,
20.9 mmol) was added. The mixture was stirred at ambient temperature for 50 minutes and was then
concentrated under reduced pressure. Preparative reversed-phase HPLC purification of the crude residue
afforded the desired carboxylic acid 29 (16 mg, 41% from $50), as a colorless fluffy material after
lyophilization. "H NMR (600 MHz, DMSO-ds) & 10.78 (d, J = 2.5 Hz, 1H, NHingo), 7.85 (d, J = 8.1 Hz, 1H,
NHg1rp), 7.65 (d, J = 7.7 Hz, 1H, CO+NH), 7.55 (d, J = 7.9 Hz, 1H, H4ngoe), 7.51-7.21 (m, 8H, Harcbz
H7Ind0|ea NHaquS, NHE,Lys)a 710 (S, 1H, H2Indole)7 704 (t, J=74 HZ, 1H, H6Indole)y 696 (t, J=74 HZ, 1H,
HSingote), 5.07—4.97 (m, 2H, CHa cb,), 4.52—-4.39 (M, 1H, Hq1rp), 3.94 (td, J = 8.4, 5.1 Hz, 1H, Hqys), 3.82-3.72
(m, 1H, CHp), 3.56 (br s, 2H, CH,CH,CO,H), 3.28 (br s, 2H, H¢\ys), 3.06 (masx, J = 14.6, 6.1 Hz, 1H,
HB,Trp,A)a 2.96 (mABx, J=146,7.7 Hz, 1H, HB,Trp,B)a 2.47 (t, J=6.7 Hz, 2H, CﬂzCOzH), 1.60-1.32 (m, 4H,
HgLys, HaLys), 1.31-1.13 (m, 2H, H, ), 1.00 (d, J = 6.6 Hz, 3H, CH3pra), 0.91 (d, J = 6.6 Hz, 3H, CH3 jp8).
C NMR (151 MHz, DMSO-ds) 5 182.6 (C=S), 173.1 (COzH), 171.5 (COyys), 170.0 (COryp), 156.0 (COcyy,),
137.0 (Clarcphz), 135.9 (C7aingole), 128.3 (C3arcozs Cbarchbz), 127.7 (C2archz, Clarcbz, CBarchz), 127.4
(C3aingote)s 123.5 (C2indole), 120.8 (CBindole), 118.5 (C4indote), 118.1 (CSindote), 111.1 (C7ingote), 109.8 (C3ingote)s
65.4 (CHz,cbz), 54.9 (Cqyys), 53.3 (Co1rp), 43.4 (CeLys), 40.38 (CHipy), 39.0 (CH,CH,CO,H overlap with solvent
peak), 33.7 (CH,CO2H), 31.6 (CgLys), 28.4 (Csys), 27.9 (Cp1rp), 22.9 (CyLys), 22.2 (CHapra), 22.1 (CH3 jpr ).
The peak for C=S was broad and of low intensity in C NMR, probably due to fast quadrupolar relaxation via
the nearby "*N-nuclei. UPLC-MS tz 1.91 min, m/z 639.3 ([M+H]", C3,H43NsOsS* Calcd 639.3); HRMS m/z
639.2965 ([M+H]", C3;H43NO6S™ Calcd 639.2959).

(5R,88S)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2-methyl-4,7-dioxo-14-thioxo-
3,6,13,15-tetraazaoctadecan-18-oic acid (S12).

s 0 By the method described for compound 29, the title compound was
HNJKN/\)k(DH synthesized using carboxylic acid S50 (24 mg, 0.05 mmol), HOBt (11 mg,
H 0.08 mmol), TFA salt S40 (35 mg, 0.1 mmol), iPr,NEt (26 pL, 0.15 mmol),
anhydrous CH,Cl, (4.0 mL), and EDC (18 mg, 0.09 mmol), followed by
i H ? J\ anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
©/\O N N desired carboxylic acid $12 (13 mg, 41% from $50), as a colorless fluffy
° “Nwu  Material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.25 (br s, 1H,
CO,H), 10.75 (d, J = 2.4 Hz, 1H, NHingoie), 8.13 (d, J = 8.4 Hz, 1H, NHq 1),
7.62—7.54 (m, 2H COpNH, H4jngoie), 7.42 (d, J = 7.3 Hz, 2H, NHqys), 7.39—
7.24 (m, 7H, HAr,CbZa H7|nd0|91 NHE,LyS)a 7.08 (d, J=23 HZ, 1H, H2Indo|e)a 7.07-7.01 (m, 1H, H6Ind0|e)v 6.99-6.93
(m, 1H, H5indole), 5.12—4.92 (M, 2H, CHacp,), 4.41 (td, J = 8.8, 4.9 Hz, 1H, Hq 1), 3.98-3.88 (m, 1H, Hqys),
3.88-3.78 (m, 1H, CHp,), 3.66-3.50 (m, 2H, CH,CH,CO,H overlap with residual water), 3.35-3.07 (m, 4H,
HeLys, Hp,mp.a OVerlap with residual water), 2.88 (magx, J = 14.6, 9.3 Hz, 1H, Hg1pp), 2.48 (t, J = 6.8 Hz, 2H,
CH>CO3H overlap with solvent peak), 1.40-1.24 (m, 4H, Hg\ys, Hs1ys), 1.14-0.86 (m, 8H, Hy s, (CHa)z ).
C NMR (151 MHz, DMSO-dg) 8 182.2 (C=S), 173.1 (CO,H), 171.7 (COLys), 170.0 (COryp), 156.1 (COcty),
136.9 (Clarcoz), 136.0 (C7aindoe), 128.3 (C3arcozs Carcbz), 127.8 (Clarcnz), 127.7 (C2arcoz, CBarcpz), 127.2
(C3aindoe)s 123.5 (C2ingole), 120.8 (Cbingote)s 118.4 (C4indole), 118.1 (CSindote), 110.15 (C3indole), 65.4 (CH2 cb2),
54.8 (Cquys), 53.5 (Cop), 43.4 (Cerys), 40.5 (CHpyr), 39.1 (CH,CH,CO,H overlap with solvent peak), 33.7
(CH.CO2H), 31.1 (Cp Lys), 28.4 (CsLys), 27.7 (Cp1rp), 22.7 (Cyys), 22.2 (CHs pr). The peak for C=S was broad
and of low intensity in ¥C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei.
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UPLC-MS tr 1.90 min, miz 639.4 (IM+H]', CsHiNeOsS® Calcd 639.3); HRMS miz 639.2966
(IM+H]",Ca2H4sNsO6S " Calcd 639.2959).

(S)-5-((3-Aminophenyl)carbamoyl)-3-oxo-1-phenyl-11-thioxo-2-oxa-4,10,12-triazapentadecan-15-oic
acid (S13).
s o By the method described for compound 29, the title compound was
iAoy Synthesized using carboxylic acid 8§50 (42 mg, 0.09 mmol), HOBt (18 mg,
H 0.13 mmol), ftert-butyl (3—aminophenyl)carbamate[e] (37 mg, 0.18 mmol),
iProNEt (31 pL, 0.18 mmol), anhydrous CH,CI, (4.0 mL), and EDC (28 mg,
L H NH, 0.15 mmol), followed by anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL,
©/\0 N \©/ 20.9 mmol) affording the desired carboxylic acid $13 (22 mg, 41% from S50),
as a colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-
de) o 10.07 (S, 1H, COLySNH), 7.64-7.03 (m, 11H, HAr,CbZa HGAPha H5aph, H2Aph, Nch,LySa NHE,LySa
NH(CH;),CO,H), 6.74 (d, J = 7.8 Hz, 1H, H4apn), 5.03 (s, 2H, CHycp,), 4.15-4.06 (m, 1H, Hqys), 3.55 (s, 2H,
CH>CH3;CO3H), 3.33 (s, 2H, H¢yys), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H overlap with solvent peak), 1.72-1.55
(m, 2H, Hgys), 1.53—-1.23 (m, 4H, H, 1ys, Hs 1ys)- C NMR (151 MHz, DMSO-dg) & 182.2 (C=S), 173.1 (CO,H),
171.3 (COLys), 156.1 (COcpz), 139.9 (C1apn), 138.5 (C3apn), 137.0 (Clarchz), 129.7 (C5apn), 128.3 (C3arche,
Cbarcbz), 127.8 (Clarcbz), 127.7 (C2arcbz, CBarchz), 114.5 (C4ppn/6apn), 114.2 (C4apn/Bapn), 110.3 (C2pph), 65.4
(CHa,cbz), 55.5 (CqLys), 43.4 (Cerys), 39.5 (CH,CH,CO,H overlap with solvent peak), 33.6 (CH,CO,H), 31.5
(CgLys), 28.5 (Cs1ys), 23.1 (Cy Lys). The peak for C=S was broad and of low intensity in 3C NMR, probably due
to fast quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS tx 1.33 min, m/z 502.3 (IM+H]",
C24H3:N505S" Caled 502.2); HRMS m/z 502.2124 ([M+H]", Cu4H3N505S™ Caled 502.2119). APh=3-
aminophenyl

(S)-5-((3-Hydroxyphenyl)carbamoyl)-3-oxo-1-phenyl-11-thioxo-2-oxa-4,10,12-triazapentadecan-15-oic
acid (S14).

s 0 By the method described for compound 29, the title compound was
HNT N oy Synthesized using carboxylic acid $50 (46 mg, 0.10 mmol), HOBt (21 mg, 0.15
H mmol), 3-aminophenol (22 mg, 0.20 mmol), iPr,NEt (34 pL, 0.20 mmol),
anhydrous CH,Cl, (4.0 mL), and EDC (29 mg, 0.15 mmol), followed by

L H oH anhydrous CH,Cl;, (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the desired
@AO N \©/ carboxylic acid $14 (15 mg, 30% from $50), as a colorless fluffy material after

© lyophilization. '"H NMR (600 MHz, DMSO-dg) & 7.91 (d, J = 7.2 Hz, 1H,
NHG,LyS)1 7.52 (S, 1H, NngLyS), 7.40-7.29 (m, 6H, HAr,CbZa NH(CH2)2COQH), 7.13 (t, J=8.0 Hz, 1H, H5th), 6.62
(d, J = 8.1 Hz, 1H, H4py), 6.45 (s, 1H, H2yp), 6.38 (d, J = 8.0 Hz, 1H, H6ypn), 5.07 (s, 2H, CHycp,), 4.25—
4.14 (m, 1H, Hqyys), 3.56 (br s, 2H, CH,CH,CO,H), 3.36 (br s, 2H, Heyys), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H
overlap with solvent peak), 1.89-1.69 (m, 2H, Hgys), 1.57-1.30 (M, 4H, H,1ys, Ha1ys). °C NMR (151 MHz,
DMSO-dg) 6 182.5 (C=S), 173.1 (COzH), 171.2 (COyys), 156.2 (COcp;), 151.2 (C1upn), 146.3 (C3hpn), 136.8
(C1arcbz), 129.8 (C5ppn), 128.4 (C3arcbzs CAarcbz), 127.8 (C2arcbz, CBarcbz), 127.4 (Clarchz), 113.5 (Clupn),
111.0 (C6upn), 108.8 (C24pn), 65.6 (CHzcpr), 54.1 (Cauys), 43.3 (Cerys), 39.5 (CH,CH,CO,H overlap with
solvent peak), 33.6 (CH.CO,H), 30.3 (Cpys), 28.3 (Csys), 22.9 (CyLys)- The peak for C=S was broad and of
low intensity in ¥C NMR, probably due to fast quadrupolar relaxation via the nearby "N-nuclei. UPLC-MS tg
1.74 min, m/z 503.4 ([M+H]", C2H3iN406S" Calcd 503.2); HRMS m/z 503.1964 ([M+H]", C24H31N406S"
Calcd 503.1959). HPh=hydroxyphen-3-yl
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(S)-5-(Benzhydrylcarbamoyl)-3-oxo-1-phenyl-11-thioxo-2-oxa-4,10,12-triazapentadecan-15-oic acid
(S15).

s o By the method described for compound 29, the title compound was
HN)kN/\)k(DH synthesized using carboxylic acid S50 (40 mg, 0.09 mmol), HOBt (18 mg,

H 0.13 mmol), benzhydrylamine (30 pL, 0.17 mmol), iPr,NEt (30 pL, 0.17 mmol),

anhydrous CH,Cl; (4.0 mL), and EDC (26 mg, 0.13 mmol) followed by

i H O anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording the
@AO N desired carboxylic acid S15 (25 mg, 49% from S50), as a colorless fluffy
© O material after lyophilization. '"H NMR (600 MHz, DMSO-ds) 5 8.78 (d, J = 8.4

Hz, 1H, COL,NH), 7.69-6.86 (M, 17H, Harcoz, Harsn, NHeys, NH(CH2),CO,H),
6.09 (d, J = 8.4 Hz, 1H, CH(Ph),), 5.02 (s, 2H, CHzcv,), 4.20—-4.05 (m, 1H, NHqys), 3.55 (s, 2H, Heys), 3.32
(br s, 2H, CH,CH,CO,H overlap with residual water), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H), 1.70-1.50 (m, 2H,
Hpys), 1.50-1.37 (m, 2H, Hsys), 1.37-1.16 (m, 2H, Hyys). *C NMR (151 MHz, DMSO-ds) 5 182.3 (C=S),
173.1 (CO2H), 171.3 (COyys), 155.9 (COcpy), 142.4 (Clargna), 142.2 (Clargng), 137.0 (Clarcez), 128.3
(CAr,Cbz/CAr,Bh)v 127.7 (CAr,Cbz/CAr,Bh)1 127.4 (CAr,Cbz/CAr,Bh), 1271 (CAr,Cbz/CAr,Bh)1 126.9 (CAr,Cbz/CAr,Bh)a 65.3
(CHa,cbz), 55.9 (CH(Ph),), 54.5 (Cqys), 43.4 (CeLys), 39.2 (CH,CH,CO,H overlap with solvent peak), 33.7
(CH2CO,H), 31.8 (Cglys), 28.4 (Csys), 23.0 (Cy1ys). The peak for C=S was broad and of low intensity in "°C
NMR, probably due to fast quadrupolar relaxation via the nearby "N-nuclei. UPLC-MS tg 2.05 min, m/z
577.4 (IM+H]", C31H3;N,05S™ Calcd 577.2); HRMS m/z 577.2485 ([M+H]",Cs;H3;N,O5S™ Calcd 577.2479).
Bh=Benzhydryl

(5S)-3-Oxo0-1-phenyl-5-(thiochroman-4-ylcarbamoyl)-11-thioxo-2-oxa-4,10,12-triazapentadecan-15-oic
acid (V).

s o By the method described for compound 29, the title compound was
HNJKN/\)kOH synthesized using carboxylic acid $50 (59 mg, 0.13 mmol), HOBt (28 mg, 0.21
H mmol), thiochroman-4-amine (39 mg, 0.24 mmol), iPr,NEt (44 pL, 0.25 mmol),

anhydrous CH.Cl, (4.0 mL), and EDC (36 mg, 0.19 mmol), followed by
i N anhydrous CH.Cl, (2.4 mL) and TFA (1.6 mL, 20.9 mmol) affording a
©/\O N I l diastereomeric mixture (ratio =3:2 based on NMR and analytical HPLC,
termed | and Il when distinguishable in NMR assignment) of the desired
carboxylic acid V (40 mg, 49% from S§50), as a colorless fluffy material after lyophilization. 'H NMR (600
MHz, DMSO-ds) 6 8.43 (d, J = 8.3 Hz, 1H,, CO.sNH)), 8.33 (d, J = 8.3 Hz, 1H;;, COLsNHy), 7.56-7.41 (m,
1H, NHg 1ys), 7.42-7.27 (m, 7H, Harcoz, NHays, NH(CH,)2,CO,H), 7.23-7.00 (m, 4H, Har1c), 5.12-4.88 (m, 3H,
CHz,cbz, H41c), 4.05-3.93 (m, 1H, Hqyys, overlap with residual water), 3.55 (br s, 2H, CH,CH,CO,H, overlap
with residual water), 3.31 (br s, 2H, He ), 3.12-2.93 (m, 2H, H2y), 2.47 (t, J = 6.8 Hz, 2H, CH,CO,H), 2.16—
1.92 (m, 2H, H3r), 1.66—1.51 (M, 2H, Hgys), 1.50-1.39 (M, 2H, Hsys), 1.38-1.20 (M, 2H, H, ). °C NMR
(151 MHz, DMSO-dg) & 182.4 (C=S), 173.1 (COzH), 171.2 (COyys), 155.9 (COc,), 137.1 (Clarchzi), 137.0
(C1Ar,Cbz,II)1 133.7 (C4a'|'c), 133.1 (C8aTC), 130.0 (CSTCJ), 129.7 (CSTC,”)v 128.3 (C3Ar,Cb21 C5Ar,Cbz)y 127.74
(Clarchz), 127.65 (C2arcbz, Cbarchz), 127.5 (C81cy), 127.1 (C8v¢y), 126.2 (C71cu), 126.1 (C7+c 1), 124.2
(C6rc,), 124.1 (C61c), 65.3 (CHachz), 54.8 (Cays), 54.6 (Cauys), 45.5 (C4rcy), 45.4 (C4rcu), 43.5 (Cerys), 39.0
(CH2CH,CO,H overlap with solvent peak), 33.7 (CH,CO.H), 31.8 (Cgys), 28.7 (C31c), 28.4 (Cs1ys), 23.0
(CyLys), 22.6 (C21c). The peak for C=S was broad and of low intensity in ®C NMR, probably due to fast
quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS tg 1.96 min, m/z 559.3 (IM+H]", Co7H3sN405S,"
Calcd 559.2); HRMS m/z 559.2049 ([IM+H]",C27H3sN405S;" Caled 559.2043). Te=thiochroman-4-yl

(5S)-3,11-Dioxo-1-phenyl-5-(thiochroman-4-ylcarbamoyl)-2-oxa-4,10,12-triazapentadecan-15-oic acid
(S16).

o o The title compound was isolated as a by-product in the synthesis of compound
HNJKN/\)kOH V, affording a diastereomeric mixture (ratio =3:2 based on NMR and analytical
H HPLC, termed | and Il when distinguishable in NMR assignment) of carboxylic

acid 816 (7 mg, 10% from S50) as colorless fluffy materials after lyophilization.
? H\QQ 'H NMR (600 MHz, DMSO-dg) & 12.15 (br s, 1H, CO,H), 8.42 (d, J = 8.3 Hz,
S
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1H), COysNH)), 8.32 (d, J = 8.3 Hz, 1Hy, COLysNH,)), 7.44-7.27 (m, 6H, Harcbz, NHa1ys), 7.24-6.94 (m, 4H,
CHartc), 6.00-5.69 (m, 2H, NH(CH),CO,H, NHc\ys), 5.24-4.73 (m, 3H, CHycpy, Hrc), 4.04-3.90 (m, 1H,
Halys), 3:22-3.12 (m, 2H, CH,CH,CO,H), 3.11-2.96 (m, 2H, H21.), 2.96-2.86 (m, 2H, Hc,s), 2.31 (t, J = 6.5
Hz, 2H, CH,CO,H), 2.16-1.92 (m, 2H, H3+.), 1.64—1.49 (m, 2H, Hgys), 1.39-1.18 (M, 4H, Hs1ys, Hyiys). °C
NMR (151 MHz, DMSO-ds) & 173.4 (CO,H), 171.2 (COyys), 157.9 (NHCONH), 155.9 (COgp,), 137.1
(Clarcpz), 133.7 (Cdarc), 133.1 (C8are), 130.0 (C5re), 129.7 (C5rey), 128.3 (C3arcozs Charcez), 127.7
(C2arcbzs Charcoz, Cbarcpz), 127.5 (C81gy), 127.1 (C8rcp), 126.1 (C7+c), 124.1 (Cbro), 65.3 (CHachy), 54.6
(Calys), 45.4 (Cdrc), 39.0 (C.1,s overlap with solvent peak), 35.3 (CH,CH,CO,H), 35.0 (CH,CO,H), 31.7
(Cpiys)s 29.7 (Csiys), 28.7 (C31c), 22.9 (Cyrys), 22.6 (C27). UPLC-MS tg 1.88 min, m/z 543.4 ([M+H]",
C27H35N406S™ Calcd 543.2); HRMS m/z 543.2278 ([M+H]",C,7H3sN406S™ Calcd 543.2272). Te=thiochroman-
4-yl|

Benzyl tert-butyl ((S)-6-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-6-
oxohexane-1,5-diyl)dicarbamate (S51).
o Cbz-Lys(Boc)-OH (922 mg, 2.42 mmol), HOBt (497 mg, 3.68 mmol), TFA salt
HNkOk 8§33 (1.3 g, 3.63 mmol) and /ProNEt (0.90 mL, 5.17 mmol) were dissolved in
anhydrous CH,Cl, (14 mL) and cooled to 0 °C. EDC (703 mg, 3.67 mmol) was
added and the reaction mixture was stirred at 0°C for 5 minutes and was then
i H\)(i J\ stirred overnight at ambient temperature. The reaction mixture was diluted
©/\° N : N with EtOAc (100 mL) and washed with aq. KHSO4 (5%, 3%x100 mL), saturated
© “nu - ag. NaHCOg; (3x100 mL), and brine (2x100 mL). The organic phase was dried
6 over Na,SO, and was then concentrated under reduced pressure. The crude
residue was purified by column chromatography (0—5% CH3;OH in CH,CI,),
affording the desired amide S51 (1.18 g, 80%) as a colorless solid. TLC (5% CH3OH in CH,Cl): Ry = 0.4. H
NMR (600 MHz, Methanol-ds) & 7.58 (d, J = 7.9 Hz, 1H, H4nq0e), 7.38-7.25 (m, 6H, Harcbz, H7 indote), 7-11—
7.06 (m, 2H, H2Indo|e: H6Indo|e)a 7.01 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, H5Ind0|e), 5.12-4.95 (m, 2H, CH2,CbZ), 4.57
(t, J = 7.0 Hz, 1H, Hq1rp), 4.01-3.91 (m, 1H, Hqyys), 3.92-3.82 (m, 1H, CHpp,), 3.25 (magx, J = 14.5, 6.7 Hz,
1H, Hgtipa), 3.16 (Masx, J = 14.5, 7.3 Hz, 1H, Hg1pe), 3.00-2.91 (M, 2H, H¢\ys), 1.67-1.49 (m, 2H, Hgyys),
1.42 (s, 11H, C(CHa)s, Hs 1ys), 1.29-1.13 (m, 2H, H, 1ys), 1.01 (d, J = 6.6 Hz, 3H, CH3pra), 0.92 (d, J = 6.6 Hz,
3H, CHs prg). "°C NMR (151 MHz, Methanol-d,) & 174.6 (COLys), 172.5 (COryp), 158.8 (COcsy), 158.6 (COgoc),
138.0 (Clarcoz, C7aindole)s 129.5 (C3archzs Cdarchz), 129.1 (Clarcez), 128.9 (C2arcoz, Cbarcrz), 128.8
(C3aingote); 124.6 (C2indole), 122.5 (CBindole), 119.9 (CHindote), 119.5 (Chingote), 112.3 (C7ingote), 110.8 (C3ingote)s
79.9 (C(CHs)s3), 67.8 (CHzchz), 57.1 (Cays), 55.6 (Catip), 42.6 (CHipr), 40.9 (Ce Lys), 32.4 (CpLys), 30.6 (Csrys),
28.8 (C(CHs)3), 28.7 (Cp1rp), 23.9 (CyLys), 22.5 (CHzjpra), 22.3 (CH3jprg). UPLC-MS tz 2.22 min, m/z 608.5
(IM+H]", Ca3H46N506" Calcd 608.3); HRMS m/z 608.3441 ([M+H]",Ca3H4sNs06" Calcd 608.3443).

Benzyl ((S)-1-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-6-amino-1-oxohexan-
2-yl)carbamate-TFA salt (S52).

o TFA (4.0 mL, 52.2 mmol) was added to a solution of carbamate $51 (910 mg,

M 1.50 mmol) in CH,Cl, (6 mL). The mixture was stirred at ambient temperature

for 45 minutes. Excess TFA was removed by coevaporations: CH,Cl,/toluene

(1:1, 2x100 mL), CHyCly/heptane (1:1, 3x100 mL), CH,Cl, (100 mL) and

i H\)(i J\ toluene (100 mL). The crude residue was dissolved in CH;OH (1 mL) and

©/\O N : N triturated with ice-cold diethyl ether (50 mL), affording the desired TFA salt

© “NH  S52 (849 mg, 91%), as a colorless solid. 'H NMR (600 MHz, DMSO-d;) ©

6 10.81 (d, J = 2.5 Hz, 1H, NHingole), 7.86 (d, J = 8.1 Hz, 1H, NHq 1), 7.76-7.59

(m, 4H, COp,NH, NH3), 7.56 (d, J = 7.9 Hz, 1H, H4nqoe), 7.44 (d, J = 7.9 Hz,

1H, NHq,1ys), 7.38-7.24 (m, 6H, Harcbz, H7ingole), 7.11 (d, J = 2.3 Hz, 1H, H2jhg0i), 7.04 (ddd, J = 8.1, 7.0, 1.1

Hz, 1H, H6ngole), 6.99-6.92 (m, 1H, H5/nq0ie), 5.06—4.97 (m, 2H, CHacp), 4.46 (td, J = 7.8, 6.0 Hz, 1H, Hq 1rp),

3.95 (td, J = 8.5, 5.1 Hz, 1H, Hq1ys), 3.82-3.72 (m, 1H, CHpy), 3.06 (Masx, J = 14.6, 6.0 Hz, 1H, Hg1rpa), 2.97

(mABx, J= 146, 7.7 Hz, 1H, HB,Trp,B)a 2.70 (t, J=7.6 Hz, 2H, HE,LyS)y 1.59-1.40 (m, 4H, HB,LySa Hﬁ,Lys)y 1.30-

1.17 (m, 2H, Hy1,s), 1.00 (d, J = 6.6 Hz, 3H, CH3 p4), 0.91 (d, J = 6.6 Hz, 3H, CHz pr5). °C NMR (151 MHz,
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DMSO-ds) 5 171.4 (COLs), 170.0 (COryp), 157.9 (q, J = 30.5 Hz, COrea), 156.0 (COcsz), 136.9 (Carcoz),
136.0 (C7andoe), 128.3 (C3arcoss CBarcos), 127.8 (Charcos) 127.7 (C2arcoz COarcrz), 127.4 (C3anane), 123.5
(C2|ndole)y 120.8 (C6Indo|e), 120.3 (Cslndole)a 118.5 (C4Indole)v 117.3 (q, J = 300.7 HZ, CFB,TFA)a 111.1 (C7Indole)a
109.8 (C3ingoie), 65.5 (CHz,c52), 54.7 (Cays), 53.3 (Carp), 40.3 (CHar), 38.6 (Cerys), 31.2 (Cpiye)s 27.9 (Conys),
26.6 (CBYTTP)i 22.2 (Cv,LySa CHgy,‘Pr’A), 221 (CHS,iPr,B)- UPLC-MS tr 1.77 min, m/z 508.2 ([M+H]+, C28H33N504+
Calcd 508.3); HRMS m/z 508.2913 ([M+H]",C,sH3sNs0,4" Calcd 508.2918).

Benzyl ((S)-1-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-6-ethanethioamido-
1-oxohexan-2-yl)carbamate (18).
s Ethyl dithioacetate (7.5 pL, 0.07 mmol) was added to a solution of TFA salt
HN){ $§52 (35 mg, 0.06 mmol) and iPr,NEt (15 L, 0.09 mmol) in anhydrous CH,Cl,
(2 mL). The reaction mixture was for 4 hours at ambient temperature and was
then concentrated under reduced pressure. Preparative reversed-phase
i H\)Ok J\ HPLC purification of the crude residue afforded the desired thioamide 18 (11.5
@A 0N =N mg, 36%), as a colorless fluffy material after lyophilization. H NMR (600 MHz,
© “u DMSO-dg) 610.79 (d, J = 2.4 Hz, 1H, NHingoe), 9.91 (t, J = 5.3 Hz, 1H, NH¢ys),
6 7.86 (d, J = 8.1 Hz, 1H, NHq 1), 7.65 (d, J = 7.7 Hz, 1H, CO+,NH), 7.56 (d, J
=79 HZ, 1H, H4Ind0le)7 7.45-7.22 (m, 7H, NHO{,LySa HAr,CbZ; H7Indole)a 7.10 (d, J=
2.3 Hz, 1H, H2hg0e), 7.04 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, H6\ng0e), 6.96 (td, J = 7.4, 6.9, 1.0 Hz, 1H, H5/h40le),
5.08-4.98 (m, 2H, CHacpy), 4.45 (td, J = 7.8, 6.1 Hz, 1H, Hqy1rp), 3.95 (td, J = 8.5, 5.1 Hz, 1H, Hqys), 3.82—
3.72 (m, 1H, CHjp,), 3.40 (id, J = 7.2, 5.2 Hz, 2H, H, s, overlap with residual water), 3.06 (maex, J = 14.5, 6.1
Hz, 1H, Hg1pa), 2.96 (Masx, J = 14.6, 7.6 Hz, 1H, Hg 1), 2.37 (s, 3H, CSCH3), 1.61-1.41 (m, 4H, Hgys,
Hsiys), 1.36-1.16 (m, 2H, H, ), 1.00 (d, J = 6.6 Hz, 3H, CH3pra), 0.91 (d, J = 6.6 Hz, 3H, CH3 ). c
NMR (151 MHz, DMSO-dg) 6198.7 (C=S), 171.4 (CO.s), 170.0 (COryp), 156.0 (COcp,), 137.0 (Clarchy),
135.9 (C7aingoie), 128.3 (C3archbzs CHarcoz), 127.8 (Clarcbz), 127.6 (C2arcbz CBarcbz), 127.4 (C3angoe), 123.5
(C2indole), 120.8 (CBindole), 118.5 (C4indole), 118.1 (CBindote), 111.1 (C7ndote), 109.8 (C3ingote), 65.4 (CHz cp,), 54.8
(Cays), 53.3 (Carrp), 45.3 (CeLys), 40.4 (CHpr), 32.8 (CSCH3), 31.6 (Cpys), 27.9 (Cp1rp), 26.9 (Csys), 23.0
(CVYLYS)’ 22.2 (CHS,iPr,A), 221 (CH3,,'pr,B). UPLC-MS tr 1.90 min, m/z 566.1 ([M+H]+, C30H40N504S+ Calcd
566.3); HRMS m/z 566.2794 ([M+H]", C41Hs:NgOg" Calcd 566.2796).

Ethyl-(5S,8S)-5-((1H-indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2-methyl-4,7-dioxo-14-thioxo-
3,6,13,15-tetraazaoctadecan-18-oate (Et-29).

s o TFA salt S52 (49 mg, 0.08 mmol), S$49 (25 mg, 0.09 mmol), and iPr,NEt
J /\)k ~. (20 pL, 0.11 mmol) were dissolved in anhydrous DMF (4.0 mL) and the
H mixture was stirred at ambient temperature overnight. The reaction mixture
was concentrated under reduced pressure. Preparative reversed-phase
i H\)Ok J\ HPLC purification of crude residue afforded the desired ethyl ester Et-129
©/\0 N I N (30 mg, 58% from S52), as a colorless fluffy material after lyophilization. 'H
ZN\H NMR (600 MHz, DMSO-dg) 6 10.79 (s, 1H, NHjgoe), 7.86 (d, J = 8.1 Hz,
6 1H, H4ingote), 7.66 (d, J = 7.7 Hz, 1H, NHq1rp), 7.60—-7.22 (m, 10H, NH¢ s,
COTrpNH, NH(CH2)2COZH, NHG,LySa HAI’,CbZ! H7Indole)a 711 (d, J= 23 HZ, 1H,
H2ndole), 7.04 (ddd, J = 8.0, 6.9, 1.1 Hz, 1H, H6n40e), 7.00—6.93 (m, 1H,
H5indole), 5.07—4.98 (m, 2H, CHacy,), 4.45 (id, J = 7.8, 6.1 Hz, 1H, Hqy 1), 4.06 (q, J = 7.1 Hz, 2H, CH,CHj3),
3.95 (td, J = 8.6, 5.2 Hz, 1H, Hqyys), 3.83-3.73 (m, 1H, CHjp), 3.59 (br s, 2H, CH,CH,CO,Et, overlap with
residual Water), 3.28 (br s, 2H, He,Lys)y 3.06 (mABx, J=14.6, 6.1 Hz, 1H, HB,Trp,A)a 2.97 (mABx, J=14.6,7.7 Hz,
1H, Hg 1), 2.55 (t, J = 6.7 Hz, 2H, CH,CO,H), 1.61-1.33 (m, 4H, Hgys, Hs1ys), 1.18 (t, J = 7.1 Hz, 5H,
HyLys, CH2CHs), 1.00 (d, J = 6.6 Hz, 3H, CHapa), 0.91 (d, J = 6.5 Hz, 3H, CH3p5). °C NMR (151 MHz,
DMSO-dg) 6 171.5 (CO,Et), 171.5 (COyys), 170.0 (COryp), 156.0 (COcpy), 137.0 (Clarcbz), 136.0 (C7aingole),
128.3 (C3arcbz, Cbarcpz), 127.8 (Clarchz), 127.7 (C2archz, CBarcbz), 127.4 (C3aindole), 123.5 (C2ingore), 120.8
(CBindole), 118.5 (C4indole), 118.1 (CSindote), 111.1 (C71ndote), 109.8 (C3indote), 65.4 (CHz cpz), 59.9 (CH,CH3), 54.9
(Cays), 53.3 (Camip), 43.5 (Ceys), 40.4 (CHppr), 33.6 (CH,CO2H), 31.6 (CpLys), 28.4 (Cs,1ys), 27.9 (Cp1rp), 22.9
(CyLys), 22.2 (CH3pra), 22.1 (CHs,prg), 14.1 (CH,CHs). The peak for C=S was not visible in "°C NMR,
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probably due to fast quadrupolar relaxation via the nearby "“N-nuclei. UPLC-MS t& 2.01 min, m/z 667.2
(IM+H]", C34H47NgO6S™ Calcd 667.3); HRMS m/z 689.3100 ([M+Na]",C34H4sNsOsSNa* Calcd 689.3092).

(((S)-6-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)carbamothioyl)glycine (19).
s A solution of HCI-glycine t-butyl ester (27 mg, 0.16 mmol) and iProNEt (43 pL,
HNANWOH 0.24 mmol) in anhydrous CH,CI, (4.0 mL) was added dropwise over 6 minutes
H 95 to a solution of compound $47 (46 mg, 0.16 mmol) in anhydrous CH,Cl; (2.0
mL) at 0 °C. The reaction mixture was stirred for 35 minutes at ambient
i H\)CL J\ temperature and then additional HCI-glycine t-butyl ester (5 mg, 0.03 mmol)
©/\0 N I N was added. After stirring for an additional 5 minutes the reaction mixture was
“Nu concentrated under reduced pressure. The crude residue and TFA salt $52
6 (51 mg, 0.08 mmol) was dissolved in anhydrous DMF (2.0 mL). iPr,NEt (29
pL, 0.17 mmol) was added and the mixture was stirred at ambient
temperature overnight. The reaction mixture was concentrated under reduced pressure and the crude
residue was redissolved in EtOAc (50 mL) and washed with H,O (2x50 mL), saturated ag. NaHCO3 (2x50
mL), aq. HCI (1 M, 2x50 mL), and brine (2x50 mL). The organic phase was dried over Na,SO, and
concentrated under reduced pressure. The crude residue was dissolved in anhydrous CHCl, (3.0 mL) and
TIPS (0.20 mL, 0.98 mmol) and TFA (1.0 mL, 13.0 mmol) were added. The mixture was stirred at ambient
temperature for 2 hours and was then concentrated under reduced pressure. Excess TFA was removed by
coevaporations: CH,Cl,/toluene (1:1, 3x10 mL), CH.Cl,/heptane (1:1, 2x10 mL) and CH,Cl, (10 mL).
Preparative reversed-phase HPLC purification of the crude residue afforded the desired carboxylic acid 19
(18 mg, 34% from TFA salt $52), as a colorless fluffy material after lyophilization. '"H NMR (600 MHz,
DMSO-ds) & 12.54 (s, 1H, CO,H), 10.79 (s, 1H, NHingole), 7.86 (d, J = 8.2 Hz, 1H, NHq1rp), 7.78-7.62 (m, 2H,
NHe ys, COmpNH), 7.56 (d, J = 7.9 Hz, 1H, H4\nq0e), 7.52—-7.18 (m, 8H, NHCH,CO2H, NHq 1ys, Har.coz, H7 ingole),
7.10 (d, J = 2.4 Hz, 1H, H2|p40e), 7.04 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, Hb6ng0e), 7.01—6.91 (m, 1H, H5ng0ie),
5.07-4.98 (m, 2H, CHyc,), 4.45 (td, J = 7.8, 6.1 Hz, 1H, Ho 1), 4.14 (s, 2H, CH,CO3H), 3.94 (td, J = 8.5, 5.1
Hz, 1H, Ha,Lys)a 3.83-3.72 (m, 1H, CH,’pr), 3.32 (br S, 2H, HE,LyS)! 3.06 (mABx, J = 146, 6.0 Hz, 1H, HBYTFP,A)’
2.96 (magx, J = 14.6, 7.7 Hz, 1H, Hg1rp8), 1.61-1.35 (M, 4H, Hgys, Hoys), 1.34-1.13 (m, 2H, H,,s), 1.00 (d,
J = 6.6 Hz, 3H, CHzpa), 0.91 (d, J = 6.5 Hz, 3H, CH3p5). °C NMR (151 MHz, DMSO-ds) 8 171.5 (COLys),
171.4 (COzH), 170.0 (CO1yp), 156.0 (COcpz), 137.0 (Clarchz), 135.9 (C7aindole), 128.3 (C3archz, CHar.cbz),
127.8 (Clarchz), 127.7 (C2arcbz, CBarcbz), 127.4 (C3aingote)s 123.5 (C2indole), 120.8 (CBindole), 118.5 (C4indole),
118.1 (Cbindote), 111.1 (C7ingote), 109.8 (C3ingote), 65.4 (CH2chz), 54.9 (Coys), 53.3 (Cotrp), 45.4 (Coayy), 43.7
(Ceys), 40.4 (CHipr), 31.6 (Cgys), 28.4 (Csys), 27.9 (Cprp), 22.9 (Cyys), 22.2 (CH3pra), 22.1 (CH3prg). The
peak for C=S was not visible in °C NMR, probably due to fast quadrupolar relaxation via the nearby "N-
nuclei. UPLC-MS tz 1.94 min, m/z 625.3 ([M+H]", C3H41NgOgS" Calcd 625.3); HRMS m/z 625.2810 ([M+H]",
C31H41NgOgS™ Calcd 625.2803).

(5S,8S,16R)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2,16-dimethyl-4,7-dioxo-14-
thioxo-3,6,13,15-tetraazaoctadecan-18-oic acid (27).

s - 0O By the method described for compound 19, the title compound was
P /E\)kOH synthesized using tert-butyl-(R)-3-aminobutanoate (26 mg, 0.19 mmol),
H iProNEt (14 yL, 0.08 mmol), anhydrous CH,CI; (4.0 mL), and compound S47
(46 mg, 0.16 mmol) in anhydrous CH.Cl, (2.0 mL), then TFA salt S52
i Hﬂ J\ (52 mg, 0.08 mmol), anhydrous DMF (2.0 mL), and iPr,NEt (29 L,
@”O TN 0.17 mmol), then anhydrous CH,Cl, (3.0 mL), TIPS (0.20 mL, 0.98 mmol)
“n  and TFA (1.0 mL, 13.0 mmol) affording the desired carboxylic acid 27 (20
6 mg, 37% from $52), as a colorless fluffy material after lyophilization. "H NMR
(600 MHz, DMSO-dg) & 12.18 (br s, 1H, CO,H), 10.79 (d, J = 2.5 Hz, 1H,
NHingote), 7.85 (d, J = 8.0 Hz, 1H, NHq1rp), 7.65 (d, J = 7.7 Hz, 1H, CO+p,NH),
7.55 (d, J = 7.9 Hz, 1H, H4hg0ie), 7.46—7.15 (m, 9H, NH¢ s, C(=S)NHCH, NHq,ys, Har.coz, H7indote), 7.10 (d, J
= 2.4 Hz, 1H, H2jn40e), 7.04 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, H6ng0ie), 6.99—6.93 (M, 1H, H5ng0te), 5.07—4.98 (m,
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2H, CHzcpy,), 4.60-4.38 (m, 2H, Hg1p, CHCHL,CO2H), 4.15-3.46 (m, 2H, Hqys, CHipr, Overlap with residual
Water), 3.27 (br S, 2H, HgyLys), 3.06 (mABx, J= 146, 6.1 HZ, 1H, HBYTTPYA)' 2.96 (mABx, J= 146, 7.7 HZ, 1H,
HB,Trp,B)a 2.55 (mABx, J= 156, 53 HZ, 1H, CﬂzYAC02H), 2.34 (mABx, J= 156, 7.5 HZ, 1H, CﬂZ,BCOZH)a 1.59-
1.33 (m, 4H, Hgys, Hays), 1.31-1.08 (m, 5H, H, s, CH3CHCH,), 1.00 (d, J = 6.6 Hz, 3H, CH3pra), 0.91 (d, J
= 6.5 Hz, 3H, CHs,p5). °C NMR (151 MHz, DMSO-ds) 8 172.6 (CO2H), 171.5 (COLys), 170.0 (COryp), 156.0
(COcsz), 137.0 (Clarchbz), 135.9 (C7aindoie), 128.3 (C3arcbzs CHarchz)s 127.8 (Clarcbz), 127.7 (C2arcbz, CBar cbz)s
127.4 (C3ajgore), 123.5 (C2ingote), 120.8 (CBingole), 118.5 (Chingote), 118.1 (C5ingote)s 111.1 (C7ngote), 109.8
(C3indole), 65.4 (CHacpz), 54.9 (Cauys), 53.3 (Corp), 46.1 (CHCH,CO.H), 43.4 (C¢1ys), 40.4 (CHpy), 40.2
(CH2CO2H), 31.6 (Cgurys), 28.4 (Csuys), 27.9 (Cprrp), 22.9 (Cyuys), 22.2 (CHsjpra), 22.1 (CHgjprg), 19.8
(CH3CHCH,). The peak for C=S was not visible in C NMR, probably due to fast quadrupolar relaxation via
the nearby "*N-nuclei. UPLC-MS tg 1.97 min, m/z 653.3 ([M+H]", C33HssNsOsS* Calcd 653.3); HRMS m/z
653.3125 ([M+H]", C33H4sNOsS™ Calcd 653.3116).

(5S,8S5,16S)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2,16-dimethyl-4,7-dioxo-14-
thioxo-3,6,13,15-tetraazaoctadecan-18-oic acid (28).
s o By the method described for compound 19, the title compound was
NJKN/'\)kOH synthesized using tert-butyl-(S)-3-aminobutanoate (26 mg, 0.19 mmol) and
H iProNEt (14 pL, 0.08 mmol), anhydrous CH,Cl, (4.0 mL), compound S47
(45 mg, 0.16 mmol) in anhydrous CH,CIl, (2.0 mL), then TFA salt S52
i Hﬂ J_ (50mg, 008 mmol), anhydrous DMF (2.0 mL), and /PrNEt (28 uL,
@AO TN 0.16 mmol), then anhydrous CH.Cl, (3.0 mL), TIPS (0.20 mL, 0.98 mmol),
“ \H and TFA (1.0 mL, 13.0 mmol) affording the desired carboxylic acid 28 (20
6 mg, 38% from $52), as a colorless fluffy material after lyophilization. "H NMR
(600 MHz, DMSO-dg) & 12.17 (s, 1H, CO,H), 10.79 (d, J = 2.5 Hz, 1H,
NHingote), 7.86 (d, J = 8.1 Hz, 1H, NHq1rp), 7.65 (d, J = 7.7 Hz, 1H, CO+,NH),
7.55 (d, J = 7.9 Hz, 1H, H4ng0ie), 7.47-7.14 (m, 9H, NH¢ s, C(=S)NHCH, NHq,ys, Har.coz, H7indote), 7.10 (d, J
=23 HZ, 1H, H2Ind0|e), 7.04 (ddd, J= 81, 69, 1.1 HZ, 1H, H6Indo|e)1 6.95 (t, J=76 HZ, 1H, H5Ind0|e)v 5.08-
4.97 (m, 2H, CH3cp;), 4.60—-4.40 (m, 2H, Hq1p, CHCH,CO,H, overlap with residual water), 3.98-3.91 (m, 1H,
HaLys, Overlap with residual water), 3.83-3.72 (m, 1H, CHp,, overlap with residual water), 3.27 (br s, 2H,
HE,Lys)a 3.06 (mABx, J= 146, 6.1 Hz, 1H, HBYTTPYA)7 2.96 (mABx, J=146,7.7 Hz, 1H, HB,Trp,B)v 2.55 (mABx, J=
15.6, 5.4 Hz, 1H, CH,ACO,H), 2.34 (maex, J = 15.6, 7.5 Hz, 1H, CH,gCO,H), 1.61-1.33 (m, 4H, Hgys,
Hsiys), 1.31-1.10 (m, 5H, H, 1y, CH;CHCH,), 1.00 (d, J = 6.6 Hz, 3H, CH3pra), 0.91 (d, J = 6.5 Hz, 3H,
CHsprg). °C NMR (151 MHz, DMSO-dg) 5 172.6 (CO,H), 171.5 (COLys), 170.0 (COryp), 156.0 (COcy,), 137.0
(Clarcbz), 135.9 (C7aingoe), 128.3 (C3archz, Cbdarcoz), 127.8 (Clarcvz), 127.7 (C2arcbz, COBarchz), 127.4
(C3aingote)s 123.5 (C2indole), 120.8 (CBindole), 118.5 (C4indote), 118.1 (CSindote), 111.1 (C7ingote), 109.8 (C3ingote)s
65.4 (CHazcpz), 54.9 (Cays), 53.3 (Cap), 46.1 (CHCH,CO2H), 43.4 (Ceuys), 40.4 (CHppr), 40.2 (CH,CO2H),
31.6 (Cp,ys), 28.4 (Csys), 27.9 (Cpmip), 22.9 (Cy Lys), 22.2 (CHajpra), 22.1 (CHgprg), 19.8 (CH3CHCHy). The
peak for C=S was not visible in 3C NMR, probably due to fast quadrupolar relaxation via the nearby N-
nuclei. UPLC-MS tg 2.02 min, m/z 653.3 ([M+H]", C33H4sNsOsS" Calcd 653.3); HRMS m/z 653.3127 ([M+H]",
C33H45N6068+ Calcd 653.31 16)

(5S,8S)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2-methyl-4,7,14-trioxo-3,6,13,15-
tetraazaoctadecan-18-oic acid (21).

A solution of HCI-B-alanine t-butyl ester (96 mg, 0.53 mmol) and /ProNEt (136
pL, 0.78 mmol) in anhydrous CH,CI, (5 mL) was added dropwise over 15
minutes to a solution of p-nitrophenyl chloroformate (260 mg, 1.29 mmol) in
anhydrous CH,CI, (4 mL) at 0 °C. The reaction mixture was stirred at 0 °C

)’L /\)’LOH
H
i HJ.L J\ for 10 minutes and was then stirred at ambient temperature. After 1 hour and
©/\0 N =N 20 minutes the reaction mixture was concentrated under reduced pressure.
o
gr\m

O o

Column chromatography (0—-20% EtOAc in heptane) of the crude residue,
afforded the a off-white solid (148 mg), tentatively assigned as fert-butyl 3-
(((4-nitrophenoxy)carbonyl)amino)propanoate (UPLC-MS {z 2.12 min, m/z
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255.1; [M+H-tBu]*, C1oH11N,Og" Calcd 255.1 ), which was used without further purification. The off-white solid
(58 mg) was dissolved in DMF (2.0 mL) and was added to a mixture of TFA salt $52 (51 mg, 0.08 mmol) and
iPraNEt (30 pL, 0.17 mmol) in DMF (2.0 mL). The reaction mixture was stirred at ambient temperature for 1.5
hours and was then concentrated under reduced pressure. The residue was redissolved in EtOAc (50 mL)
and washed with aq. NaOH (1 M, 5x50 mL) and brine (2x50 mL). The organic phase was dried over Na,;SO,
and concentrated under reduced pressure. The crude residue was dissolved in CH,Cl, (3.6 mL) and TFA
(2.4 mL, 31.3 mmol) was added. The reaction mixture was stirred at ambient temperature for 50 minutes and
was then concentrated under reduced pressure. Excess TFA was removed by coevaporations:
CHyCly/toluene (1:1, 50 mL), CH,Cl,/heptane (1:1, 50 mL) and CH,CI,/MeCN (1:1, 10 mL). Preparative
reversed-phase HPLC purification of the crude residue afforded the desired carboxylic acid 21 (21 mg, 40%
from 852), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.16 (br s, 1H,
CO;H), 10.81 (d, J = 2.5 Hz, 1H, NHigoe), 7.84 (d, J = 8.1 Hz, 1H, NHq 1), 7.65 (d, J = 7.7 Hz, 1H,
COmpNH), 7.56 (d, J = 7.9 Hz, 1H, H4\ngoie), 7.47-7.18 (m, 7H, NHqys, Harcozs H7 ingole), 7.10 (d, J = 2.4 Hz,
1H, H2hg0le), 7.04 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, H6/nq01e), 6.99-6.92 (m, 1H, H5/ng0ie), 5.92 (t, J = 5.5 Hz, 1H,
NHeys), 5.84 (t, J = 6.0 Hz, 1H, NH(CH;),CO,H), 5.10-4.97 (m, 2H, CH,cy,), 4.45 (td, J = 8.0, 6.0 Hz, 1H,
Ho 1), 3.91 (td, J = 8.4, 5.2 Hz, 1H, Hqys), 3.83-3.72 (m, 1H, CHppr), 3.22-3.14 (m, 2H, CH,CH,CO,H), 3.07
(mABx, J= 146, 59 HZ, 1H, HBYTTPYA)7 2.96 (mABx, J= 146, 7.8 HZ, 1H, HB,Trp,B)a 2.93-2.84 (m, 2H, HEyLys), 2.32
(t, J = 6.6 Hz, 2H, CH,CO,H), 1.56-1.39 (m, 2H, Hgys), 1.32-1.09 (m, 4H, Hy1ys, Hs1ys), 1.00 (d, J = 6.6 Hz,
3H, CHspra), 0.92 (d, J = 6.6 Hz, 3H, CHsps). °C NMR (151 MHz, DMSO-ds) 5 173.4 (CO.H), 171.5
(COLys), 170.0 (COryp), 157.9 (NHCONH), 156.0 (COcp;), 136.9 (Clarchz), 136.0 (C7aindoie), 128.3 (C3arcoz,
Cbarcbz), 127.8 (Clarchz), 127.7 (C2arc02: CBarcoz), 127.4 (C3aindole), 123.5 (C2ingote), 120.8 (CBjngole), 118.5
(C4indote), 118.1 (Cbingote)s 111.1 (C7ingote), 109.9 (C3indote), 65.4 (CHzcpz), 55.0 (Cqys), 53.3 (Carp), 40.4
(CHjpr), 38.9 (C¢Lys, Overlap with solvent peak), 35.4 (CH,CH,CO,H), 35.0 (CH,CO,H), 31.5 (Cgys), 29.7
(Csys), 27.8 (Cprrp), 22-8 (Cyys), 22.2 (CHajpra), 22.1 (CHs,prg). UPLC-MS tg 2.05 min, m/z 623.1 (M+H]",
CaoH43NgO;" Caled 623.3); HRMS m/z 645.3006 ([M+Na]”, Ca,H42NgO;Na" Calcd 645.3007).

(5S,8S)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2-methyl-4,7,14-trioxo-15-oxa-3,6,13-
triazaoctadecan-18-oic acid (23).
o o A solution of fert-butyl-3-hydroxypropanoate (78 uL, 0.53 mmol) and N-
N methylmorpholine (175 pL, 1.59 mmol) in anhydrous CH,Cl, (5 mL) was
added dropwise over 15 minutes to a solution of p-nitrophenyl chloroformate
(267 mg, 1.33 mmol) in anhydrous CH,CI, (4.0 mL) at 0 °C. The reaction
i HJ.L J\ mixture was stirred at 0 °C for 10 minutes and was then stirred at ambient
©/\0 N N temperature. After 1 hour, H,O (9 mL) was added to the reaction mixture and
© g’w the aqueous phase was extracted with CH,Cl, (4x10 mL). The organic phase
was dried over Na,SO, and concentrated under reduced pressure. Column
chromatography (0—>10% EtOAc in heptane) of the crude residue, afforded a
clear oil (185 mg), tentatively assigned as tert-butyl 3-(((4-
nitrophenoxy)carbonyl)oxy)propanoate (UPLC-MS tz 2.33 min, m/z 256.2; [M+H-tBu]", C10HNO;" Calcd
256.0), which was used without further purification. The clear oil (68 mg) was dissolved in DMF (2.0 mL) and
was added to a mixture of TFA salt $52 (50 mg, 0.08 mmol) and iProNEt (30 pL, 0.17 mmol) in DMF (2.0
mL). The reaction mixture was stirred at ambient temperature for 1.5 hours and was then concentrated under
reduced pressure. The residue was redissolved in EtOAc (50 mL) and washed with ag. NaOH (1 M, 5x50
mL) and brine (2x50 mL). The organic phase was dried over Na,SO, and concentrated under reduced
pressure. The crude residue was dissolved in CH.Cl, (3.6 mL) and TFA (2.4 mL, 31.3 mmol) was added.
The reaction mixture was stirred at ambient temperature for 45 minutes and was then concentrated under
reduced pressure. Preparative reversed-phase HPLC purification of the crude residue afforded the desired
carboxylic acid 23 (21 mg, 43% from S52), as a colorless fluffy material after lyophilization. '"H NMR (600
MHz, DMSO-dg) & 12.25 (br s, 1H, CO,H), 10.78 (s, 1H, NHingole), 7.84 (d, J = 8.1 Hz, 1H, NHq 1), 7.64 (d, J
= 7.7 Hz, 1H, CO7pNH), 7.56 (d, J = 7.9 Hz, 1H, H4ng0i), 7.46—-7.19 (M, 7H, NHqys, Harcoz, H7 indote), 7.12—
7.07 (M, 2H, H2ndole; NHe1ys), 7.04 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, HBngole), 6.99-6.93 (M, 1H, H51h40ie), 5.09—
4.97 (m, 2H, CHycp;), 4.45 (1d, J = 7.9, 6.0 Hz, 1H, Hq 1), 4.10 (t, J = 6.2 Hz, 2H, CH,CH,CO,H), 3.92 (td, J
= 84, 5.1 HZ, 1H, Ha,Lys)a 3.84-3.71 (m, 1H, CH,P,—), 3.06 (mABx, J= 146, 6.0 HZ, 1H, HB,Trp,B): 2.96 (mABx, J=
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14.6, 7.7 Hz, 1H, Hg 1rp8), 2.93-2.81 (M, 2H, H¢ys), 2.53-2.47 (m, 2H, CH,CO,H overlap with solvent peak),
1.56-1.38 (m, 2H, Hgys), 1.38-1.10 (m, 4H, H, s, Hs1ys), 1.00 (d, J = 6.6 Hz, 3H, CH3pra), 0.91 (d, J = 6.6
Hz, 3H, CHsprg). '°C NMR (151 MHz, DMSO-ds) & 172.2 (CO,H), 171.5 (COyys), 170.0 (COryp), 155.99
(COcpz), 155.96 (CO5(CH;),COzH), 136.9 (Clarcoz), 136.0 (C7aindole), 128.3 (C3arcozs CHdarcoz), 127.8
(Clarchbz), 127.7 (C2arcbzy CBarcbz), 127.4 (C3anndole)s 123.5 (C2indole); 120.8 (CBingote), 118.5 (Cingore), 118.1
(C5ingote)s 111.1 (C7ingote), 109.9 (C3ingote), 65.4 (CHa,cpz), 59.8 (CH2CH,COLH), 55.0 (Cqyiys), 53.3 (Co1rp), 40.4
(CHier), 39.8 (C¢Lys, overlap with solvent peak), 34.0 (CH,CO,H), 31.5 (Cgys), 29.1 (CsLys), 27.8 (Cp1rp), 22.7
(CVYLYS)’ 22.2 (CH3,iPr,A); 221 (CH3_,‘erB). UPLC-MS tR 2.06 min, m/z 624.1 ([M+H]+, C32H42N50g+ Calcd 6243),
HRMS m/z 624.3023 ([M+H]", C3,H42N50g" Calcd 624.3028).

2-(trimethylsilyl)ethyl hydrazinecarboxylate (S53).
A solution of 4-nitrophenyl 2-(trimethylsilyl)ethyl carbonate (10.0 g, 35.4 mmol) in anhydrous

i S\i/ THF was added dropwise to a solution of hydrazine hydrate (10 mL, 174.0 mmol) in
HN 07N anhydrous THF with 4 A molecular sieves over 15 minutes. The reaction mixture was stirred
NH,

at ambient temperature for 2 hours and was the concentrated under reduced pressure. The
crude residue was redissolved in EtOAc (200 mL) and washed with ag. NaOH (2 M, 9x200 mL) and brine
(2%x100 mL). The organic phase was dried over Na,SO,4 and was then concentrated under reduced pressure,
affording the desired hydrazide $53™ (5.3 g, 85%) as a clear oil which was used without further purification.
TLC (50% EtOAc in heptane): R; = 0.2. "H NMR (600 MHz, DMSO-ds) & 8.01 (s, 1H, NH;NH), 4.09-4.01 (m,
2H, OCHy), 3.97 (s, 2H, NHy), 0.91 (t, J = 8.4 Hz, 2H, OCH,CH,), 0.02 (s, 9H, Si(CHs)3). "°C NMR (151 MHz,
DMSO-ds) & 158.4 (C=0), 61.7 (OCHy), 17.5 (OCH,CHy), —1.5 (Si(CH3)s3).

Dibenzyl-N,N-dibenzyl-L-glutamate (S54).['"
L-Glutamic acid (10.05 g, 68.3 mmol), K,CO3; (47.04 g, 340 mmol), NaOH (5.48 g,
(© 137 mmol), and Nal (10.7 g, 71.4 mmol) were dissolved in H,O (120 mL). The
oL 0 mixture was heated to reflux and BnBr (40 mL, 340 mmol) was added dropwise over
40 minutes. After 1 hour, the mixture was allowed to reach ambient temperature and
? \/@ the phases were separated. The aqueous phase was extracted with Et,0
N © (2x100 mL) and the combined organic phases were dried over Na,SO, and
©) o concentrated under reduced pressure. The crude product was purified by column
chromatography (0—88% EtOAc in heptane) affording the desired ester $54 (20.4 g,
59%), as a clear oil. TLC (20% EtOAc in heptane): R; = 0.4. 'H NMR (600 MHz,
CDC|3) 6 7.60-7.23 (m, 20H, HAr,Bn)a 5.37-5.32 (mABx, J =122 Hz, 1H, CHZ,O—Bn,cx,GIu,A)a 5.27-5.19 (mABx, J=
12.2 HZ, 1H, CHZ,O—Bn,a,GIu,B)a 5.11-5.01 (m, 2H, CHZ,O—Bn,é,GIu)a 3.97 (mABx, J =137 HZ, 2H, CHZ,N_Bn'A), 3.59
(mABx, J =13.8 Hz, 2H, CHZ,N—Bn,B)v 3.50 (t, J=7.8 Hz, 1H, HUYG“J), 2.64-2.54 (m, 1H, Hv,GIu,A)a 2.49-2.39 (m,
1H, Hyeu,g), 2.25-2.08 (m, 2H, Hg aw)- ®C NMR (151 MHz, CDCI3) 6 173.0 (COs6u), 172.3 (COq ), 139.2
(C1Ar,N—Bn,A, C‘lAr,N—Bn,B), 136.0 (C1Ar,O—Bn,A)a 135.9 (C1Ar,O—Bn,B)1 129.0 (CAr,O—Bn/CAr,N—Bn)a 128.7 (CAr,O—Bn/CAr,N—Bn)a
128.7 (CAr,O—Bn/CAr,N—Bn)1 128.6 (CAr,O—Bn/CAr,N—Bn)1 128.5 (CAr,O—Bn/CAr,N—Bn)1 128.5 (CAr,O—Bn/CAr,N—Bn)a 128.4 (CAr,O—
Bn/CAr,N—Bn)v 1283 (CAr,O—Bn/CAr,N—Bn), 127.2 (CAr,O—Bn/CAr,N—Bn)a 664 (CHZ,O—Bn,B,GIu)1 663 (CHZ,O—Bn,a,GIu)1 596
(Cg_Gm), 54 4 (CHZ,N—BH,Av CHZ’N_Bn'B), 30.7 (Cv,GIu)a 24 .2 (CB,GIU)- UPLC-MS tR 2.83 min, m/z 508.3 ([M+H]+,

Ca3H33NO," Calcd 508.2).

Benzyl-(S)-2-(dibenzylamino)-5-hydroxypentanoate (S55)./""

OH Benzyl ester S54 (4.6 g, 8.1 mmol) was dissolved in THF (40 mL) and cooled to —10

°C. Then DIBAI-H (1 M in heptane, 24.3 mmol) was added dropwise over 30 min. H,O

? \/@ (2.9 mL) was added and the reaction mixture was stirred at 0 °C for 30 min. Na,SO,

N ° (2.4 g) was added, the solids were filtered and the filtrate was concentrated under
©) © reduced pressure. The crude product was purified by column chromatography
(0—»40% EtOAc in heptane), affording the desired alcohol $55 (3.11 g, 95%), as a

colorless oil. "H NMR (400 MHz, CDCls) & 7.08-7.31 (m, 15H, Harngn Haro.8n), 5.14 (Magx, J = 12.2 Hz, 1H,
CHZ,Ar,O—Bn,A)a 5.03 (mABx, J=12.2 Hz, 1H, CHZ,Ar,O—Bn,B)a 3.80 (mABx, J=13.8 Hz, 2H, CHZ,Ar,N—Bn,A)a 3.41 (mABx,
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J=13.8 Hz, 2H, CHoarnang), 3.32 (t, J = 6.4 Hz, 2H, CH,OH), 3.27 (t, J = 7.5 Hz, 1H, CHCO,Bn), 1.75-1.64
(m, 2H, CH,CH,OH), 1.63-1.50 (m, 1H, CH2A(CH,).0H), 1.41-1.27 (m, 1H, CH,5(CH,),0H). *C NMR (101
MHz, CDCl3) 3 172.9 (CO2Bn), 139.5 (C1arnana, Clarnans) 136.1 (Claro.80a), 129.0 (Carnan/Carnvan), 128.7
(CAr,N—Bn/CAr,N—Bn)a 128.60 (CAr,N—Bn/CAr,N—Bn)a 128.55 (CAr,N—Bn/CAr,N—Bn)a 128.4 (CAr,N—Bn/CAr,N—Bn)1 128.3 (CAr,N—
Bn/Carnen), 127.1 (Carngn/Carnen), 127.0 (Carncgn/Carn-gn), 66.1 (CH2 Ar0.8n), 62.3 (CHCO2Bn), 60.7 (CH,OH),
54.6 (CHZ,AF,N—BH,A7 CH2,Ar,N—Bn,B)a 294 (QHQ(CHz)ZoH), 25.8 (QH2CH20H) UPLC-MS tR 2.54 min, m/z 404.3
(IM+H]", C26H30NO3" Calcd 404.5).

2-(Trimethylsilyl)ethyl (S)-2-(5-(benzyloxy)-4-(dibenzylamino)-5-oxopentylidene)hydrazine-1-
carboxylate (S56).
o P A solution of anhydrous DMSO (3.3 mL, 46.2 mmol) in anhydrous CH.Cl, (22 mL)
/\/s| was slowly added to a solution of oxalyl-chloride (2.0 mL, 24.1 mmol) in anhydrous
CHCI; (45 mL) at -78 °C. The mixture was stirred for 15 min, and then a solution of
alcohol 8§55 (7.8 g, 19.3 mmol) in anhydrous CH,CI, (12 mL) was slowly added. After
\/@ stirring for 15 min, anhydrous NEt; (6.5 mL, 46.6 mmol) was added and the mixture
was stirred at =78 °C for 15 min. Additional NEt; (6.5 mL, 46.6 mmol) was added,
and the reaction was stirred at 0 °C for 15 min. HO (60 mL) was added, and the
reaction mixture was allowed to reach ambient temperature. The phases were
separated, and the aqueous phase was extracted with CH,Cl, (3%x75 mL). The
combined organic phases were washed with aq. HCI (1 M, 2x250 mL), saturated ag. NaHCO3; (250 mL), and
brine (250 mL). The organic phase was dried over Na,SO4 and concentrated under reduced pressure
affording a yellow oil (7.5 g), tentatively assigned as the corresponding aldehyde of S55 (benzyl-(S)-2-
(dibenzylamino)-5-oxopentanoate)'” (UPLC-MS tg 2.69 min, m/z 402.4; [M+H]", CsH2sNO5" Calcd 402.5).
The yellow oil (5.0 g) and hydrazide S53 (4.4 g, 24.8 mmol) was dissolved in anhydrous THF (25 mL). The
reaction mixture was stirred at ambient temperature overnight and was then concentrated under reduced
pressure. The crude residue was purified by column chromatography (0—40% EtOAc in heptane), affording
the desired hydrazone S56 (5.5 g, 78% from S$55), as a yellow oil. 'H NMR (400 MHz, CDCl3) 6 7.20-7.39
(m, 15H, HAr,O—Bna HAr,N—Bn)v 6.75 (br S, 1H, CH=NNH), 5.30-5.20 (m, 1H, CHZ,Ar,O—Bn,A)a 5.21-5.09 (m, 1H,
CHZ,Ar,O—Bn,A)a 4.34-4.18 (m, 2H, CHQCHQSI(CH3)3), 3.84 (m, 2H, CHZ,Ar,N—Bn,A)a 3.50 (m, 2H, CH2,Ar,N—Bn,B)7 3.34—
3.28 (m, 1H, CHCO2Bn), 2.49-2.34 (m, 1H, CH,ACH=NNH), 2.28-2.14 (m, 1H, CH,gCH=NNH), 1.91 (m
2H, CH,CHCO,Bn), 1.22-0.95 (m, 2H, CH,Si(CHs)s), 0.02 (s, 9H, Si(CHs)s). °C NMR (101 MHz, CDCl3) &
172.3/171.2 (CO,Bn)*, 153.9 (COrteoc), 146.9 (CH=NNH), 139.3/139.0 (C1arn-en/Clarnsn)*, 136.0/135.8
(C1Ar,O—Bn), 129.1 (CAr,O—Bn/CAr,N—Bn)a 128.9 (CAr,O—Bn/CAr,N—Bn)1 128.8 (CAr,O—Bn/CAr,N—Bn)a 128.72 (CAr,O—Bn/CAr,N—Bn)a
128.71 (Car,0.80/Carnen), 128.63 (Car.08n/Carncsn), 127.61 (Car0.80/Carnen), 128.51 (Caro08n/Carnen), 128.48
(Car080/Carnen), 128.4 (Carosn/Carnen), 127.4/127.2 (Caro8n/Carnen)’, 66.6/66.3 (CHzarosn)", 64.2
(CH,CH,Si(CH3)3)*, 60.2/59.9 (CHCO,BN)*, 54.8/54.5 (CHu ArnBnas CH2Arneng)*, 28.7 (CH,CH=NNH), 26.5
(CH,CHCO2BN), 17.9/17.8 (CH,Si(CH3)3)*, —-1.4 (Si(CH3);). EtOAc (3%) could be detected as an impurity.
Peaks for COreoc and CH=NNH were broad and of low intensity in '°C NMR, probably due to fast
quadrupolar relaxation via the nearby "N-nuclei. *Rotamers gave rise to splitting of signals and line
broadening of (CH,CH,Si(CHj3)3) in ®C NMR. UPLC-MS tg 2.99 min, m/z 560.2 (IM+H]", C33H42N30,Si*
Calcd 560.8).

1-(tert-butyl)-2-(2-(trimethylsilyl)ethyl)-(S)-1-(5-(benzyloxy)-4-(dibenzylamino)-5-oxopentyl)hydrazine-
1,2-dicarboxylate (S57).
O P Hydrazone 856 (5.5 g, 9.8 mmol) was dissolved in CH;OH (100 mL) and
/\/SI acidified by AcOH (10.8 mL, 176.4 mmol), then NaCNBHj; (2.5 g, 39.2 mmol)
was added. After stirring for 2h at ambient temperature the reaction was poured
into saturated aq. NaHCO3 (150 mL) and extracted with CH,Cl, (3x100 mL). The
organic phase was dried over Na,SO, and concentrated under reduced
pressure, affording a residue, tentatively assigned as 2-(trimethylsilyl)ethyl (S)-2-
(5-(benzyloxy)-4-(dibenzylamino)-5-oxopentyl)hydrazine-1-carboxylate ~ (UPLC-
MS tr 3.00 min, m/z 562.2; [M+H]", C3,H44N30,Si* Calcd 562.8), which was used
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without further purification. The crude residue, Boc,O (4.3 g, 19.6 mmol) and DMAP (cat.) were dissolved in
CH.CIl, (100 mL). The reaction mixture was stirred at ambient temperature overnight and was then
concentrated under reduced pressure. The crude residue was purified by column chromatography (0—60%
EtOAc in heptane), affording the desired carbamate S57 (5.5 g, 85% from $56), as a clear oil. 'H NMR (400
MHz, CDC|3) 0 7.47-7.10 (m, 15H, HAr,N—Bna HAr,O—Bn), 5.22 (mABx, J=12.2 Hz, 1H, CHZ,O—Bn,A)a 5.11 (mABx, J=
12.2 Hz, 1H, CHz05n5), 4.19-4.11 (m, 2H, CH,CH,Si(CH3)3), 3.86 (magx, J = 13.9 Hz, 2H, CH; ngna), 3.48
(mABx, J=13.9 Hz, 2H, CHZ,N_Bn’B), 3.39-3.23 (m, 3H, Hu,AzaIySn HB,AzaIys)y 1.78-1.62 (m, 3H, HB,AzaIys,Aa Hv,AzaIys)a
1.37 (s, 10H, Hgazayse, C(CH3)3), 1.01-0.92 (m, 2H, CH,Si(CHj3)3), 0.00 (s, 9H, Si(CHzs)s). C NMR (101
MHz, CDCl3) & 172.7 (COqazalys), 156.5 (COgoc), 155.3 (COrenc), 139.6 (Clarn-gn), 136.1 (Clar0en), 128.9
(CAI',O—BFI/CAI',N—BFI)’ 128.7 (CAr,O—Bn/CAr,N—Bn)a 128.6 (CAr,O—Bn/CAr,N—Bn)a 128.44 (CAr,O—Bn/CAr,N—Bn)a 128.35 (CAr,O—
Bn/Carngn), 127.10 (Car,0-80/Carnen), 81.4 (C(CH3)3), 66.1 (CHz 0.8n), 64.2 (CH2CH,Si(CHa)s), 60.7 (Coazalys),
54.6 (CHanen), 49.8 (Csazays), 28.3 (C(CHs)s), 26.6 (Cgazays), 24.3 (Cyazays), 17.8 (CH2Si(CH3)3), —1.4
(Si(CHa)s). Peaks for COgoe, COteoc, C(CHa)s, CHoCH,Si(CH3)s, Coazalys, @and Cs azalys Were broad and of low
intensity *Rotamers gave rise to splitting of signals and line broadening of (CH,CH,Si(CHj3)3) in C NMR. in
'3C NMR, probably due to rotamers and fast quadrupolar relaxation via the nearby "*N-nuclei. UPLC-MS tg
3.23 min, m/z 662.1 ([M+H]", C37H5:N30¢6Si" Calcd 662.9).

(S)-2-Amino-5-(2,2,11,11-tetramethyl-6,9-dioxo-5,10-dioxa-7,8-diaza-2-siladodecan-8-yl)pentanoic acid
(S58).

o | Palladium on carbon (300 mg) was added to a solution of benzyl ester §57 in CH;0H

N)ko/\/s( (80 mL) and the reaction was stirred under H, at ambient temperature overnight. The

o N reaction mixture was filtered through celite, and the filtrate was concentrated under

X E reduced pressure, affording the desired amino acid S$58 (1.25 g, >99%), as a

o colorless solid. 'H NMR (400 MHz, Methanol-d;) & 4.28-4.15 (m, 2H,

HoN CﬂzCHle(CH:’,):@), 3.58 (t, J=6.0 Hz, 1H, Ha,AzaIys)a 3.47 (br S, 2H, HG,AzaIys)a 2.01-

© 1.76 (m, 2H, Hgazays), 1.76—-1.57 (m, 2H, Hy azays), 1.46 (s, 9H, C(CHa)s), 1.07-0.97

(m, 2H, SiCH,), 0.06 (s, 9H, Si(CHs)s). °C NMR (101 MHz, Methanol-d,) & 174.2

(COq,pzalys), 158.8 (COgqc), 157.1 (COreoc), 82.3 (C(CH3)3), 65.2/64.9 (CH,CH,Si(CH3)3)*, 55.9 (Cq azalys), 51.1

(Cs.azalys), 30.2/29.4 (Cgpzanys)*, 28.7/28.5 (C(CHa)s)*, 25.0/24.5 (Cyazays)*, 18.7 (CH,Si(CH3)s), -1.5

(SI(CH3)3) Peaks for COBoc, COTeoc, Q(CH3)3, 9H2CHQSI(CH3)3, and CB,AzaIys were broad and of low intensity

in °C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei. *Rotamers gave rise to

splitting of signals in "°C NMR UPLC-MS tg 1.57 min, m/z 392.2 ([M+H]", C1gH33N306Si* Calcd 392.6);
HRMS m/z 392.2206 ([M+H]",C16H34N30¢Si* Calcd 392.2211).

H

(S)-2-(((Benzyloxy)carbonyl)amino)-5-(2,2,11,11-tetramethyl-6,9-dioxo-5,10-dioxa-7,8-diaza-2-
siladodecan-8-yl)pentanoic acid (S59).

o | NaHCO; (1.1 g, 12.9 mmol) was added to a solution of amino acid S58
M ~_USiC 758 mg, 1.94 mmol) in H,O/Dioxane (1:1, 20 mL). The pH of the mixture was
HN™ SO
0. N adjusted with ag. NaOH to pH 9 and the reaction mixture was stirred at
X I ambient temperature overnight. The reaction mixture was concentrated under
o}

Py oH reduced pressure and the resulting suspension was acidified to pH 2 with aq.
©/\0 N I HCI and extracted with EtOAc (4x75 mL). The combined organic phases were

washed with brine (2x50 mL), dried over Na,SO, and concentrated under

reduced pressure. The crude residue was purified by column chromatography
(0— 3.5% CH30H and 0.25% AcOH in CH,CIl,) affording the desired carboxylic acid $59 (1.06 g, >99%), as
a clear oil. TLC (5% CH3;OH and 0.25% AcOH in CH,Cl,): R; = 0.4. "H NMR (600 MHz, DMSO-dg) 5 12.58 (s,
1H, COzH), 9.19 (d, J = 9.3 Hz, 1H, N(CO,tBu)NH), 7.47 (d, J = 8.0 Hz, 1H, NHgazays), 7.41-7.24 (m, 5H,
Harcbz), 5.06—4.98 (m, 2H, CHycp), 4.09 (br s, 2H, CH,CH,Si(CHs)s), 3.92 (br s, 1H, Hoazays), 3.32 (br s, 2H,
Hﬁ,AzaIys)a 1.71 (br S, 1H, HB,AzaIyS,A)a 1.61-1.29 (m, 12H, HB,AzaIys,Ba Hv,AzaIys, C(CH3)3), 0.97-0.88 (m, 2H,
CH,Si(CH3)3), 0.02 (d, J = 8.1 Hz, 9H, Si(CHs)s). °C NMR (151 MHz, DMSO-dg) & 173.9 (CO,H), 156.1
(COcpz), 155.9/155.8 (COpgyc)*, 155.0/154.5 (COreoc)®, 137.0 (Clarcpz), 128.3 (C3arcoz Cbarchz), 127.8
(Clarchz), 127.7 (C2arcbzs CObarchz), 80.1/79.6 (C(CHs)s)*, 65.4 (CHacp,), 62.9/62.6 (CH,CH,Si(CH3)s)*,
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53.7/53.4 (Coazalys)*, 49.0/47.8 (Cspzalys)”, 27.8 (Cp.azalys, C(CHa)s), 23.7 (Cy.azalys), 17.3 (CH.Si(CH3)s), —1.45
(Si(CHs)3). "H NMR (400 MHz, 340 K, DMSO-ds) 5 8.96 (s, 1H, N(CO.tBu)NH), 7.40-7.27 (m, 5H, Harcbz),
7.20 (br s, 1H, NHq azalys), 5.05 (s, 2H, CHa cy,), 4.16—-4.07 (m, 2H, CH,CH,Si(CHs)s), 3.96 (td, J = 8.5, 4.6 Hz,
1H, Ha,AzaIys), 3.42-3.23 (m, 2H, HéyAza|y5), 1.82-1.66 (m, 1H, HB,AzaIys,A)a 1.66—1.46 (m, 3H, HB_AZQWS’B, Hv,AzaIys)a
1.39 (s, 9H, C(CHjs)3), 1.00-0.90 (m, 2H, CH,Si(CH3)3), 0.03 (s, 9H, Si(CHs)s). "°C NMR (101 MHz, 340 K,
DMSO-ds) d 174.6 (CO,H), 156.9 (COcp,), 138.1 (Clarcbz), 129.2 (C3arcbz, CHarchz), 128.6 (C4archz), 128.5
(C2arcbz, CBarchz), 80.8 (C(CHs)s), 66.4 (CHz,cp,), 63.6 (CH2CH,Si(CHs)s), 54.8 (Caazalys), 29.1 (Cp azalys), 28.9
(C(CHa3)3), 24.7 (Cyazalys), 18.4 (CH2Si(CHa)s), —0.5 (Si(CHs)s). *Rotamers gave rise to splitting of signals.
Peaks for COgoe, COreoc, @and Csazays Were broad and of low intensity in °C NMR, probably due to fast
quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS tr 2.32 min, m/z 524.5 ([M-H]", Co4H3sN30gSi
Calcd 524.2); HRMS m/z 548.2396 ([M+Na]",C,4H39N30gSiNa* Calcd 548.2399).

tert-Butyl 1-((S)-5-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-4-
(((benzyloxy)carbonyl)amino)-5-oxopentyl)hydrazine-1-carboxylate (S60).

NH, Carboxylic acid $59 (503 mg, 0.96 mmol), HOBt (259 mg, 1.90 mmol), TFA
XOTN salt 833 (691 mg, 1.90 mmol) and iPr,NEt (0.50 mL, 2.87 mmol) were
0© dissolved in anhydrous CH,Cl, (8.0 mL) and cooled to 0 °C. EDC (374 mg,

L H\)CL J\ 1.95 mmol) was added and the reaction mixture was stirred at 0°C for 5
©/\O N 5 £ N minutes and was then stirred overnight at ambient temperature. The reaction
“NnH mixture was diluted with EtOAc (100 mL) and washed with ag. KHSO4 (5%,
3x75 mL), saturated aq. NaHCO; (3x75 mL), and brine (2x75 mL). The
organic phase was dried over Na,SO, and was then concentrated under
reduced pressure. Column chromatography (0—-2% CH3;OH in CH,CI,) of the crude residue afforded a
colorless solid (618 mg), tentatively assigned as the Teoc-protected derivative of compound S$60 (UPLC-MS
tr 2.62 min, m/z 753.2; [M+H]", C3gHs;NgOgSi* Calcd 753.4), which was used without further purification. The
colorless solid (618 mg) and TBAF (1 M in THF, 2.5 mL, 2.50 mmol) were dissolved in THF and stirred at 50
°C for 1 hour and the reaction mixture was then allowed to reach ambient temperature. Excess TBAF was
removed by the addition of CaCO3; (959 mg, 9.59 mmol), DOWEX Monosphere 650C resin (2.83 g) and
CH3;OH (6 mL) and the mixture was stirred overnight at ambient temperature. Additional CaCO; (2.06 g,
20.60 mmol), DOWEX Monosphere 650C resin (3.49 g) and CH;OH (8 mL) was added."" After stirring at
ambient temperature for an additional 4 hours the reaction mixture was filtered through celite and the filtrate
was concentrated under reduced pressure. The crude residue was purified by column chromatography
(0—>5% CH3;0H in CH,CI,), affording the desired hydrazine S60 (309 mg, 62%), as a colorless solid. TLC
(5% CH3OH in CH,Cl,): Ry = 0.4. "H NMR (600 MHz, CDCl3) & 8.44 (s, 1H, NHingow), 7.63 (d, J = 7.9 Hz, 1H,
H4Ind0|e)v 741-7.27 (m, 6H, HAr,CbZa H7Indole), 7.19-7.13 (m, 1H, H6Indo|e)1 7.13-7.07 (m, 1H, H5Indole)a 7.01 (d, J
= 2.3 Hz, 1H, H2/ngote), 6.93 (br s, 1H, NHq 1), 5.90 (br s, 1H, COr,NH), 5.76 (d, J = 6.4 Hz, 1H, NHg azalys),
5.10-4.93 (m, 2H, CHacp,), 4.68-4.57 (m, 1H, Hq1rp), 4.22-4.12 (M, 1H, Haazays), 3.99-3.86 (m, 1H, CHppy),
3.34 (t, J=5.7Hz, 2H, HéyAza|y5), 3.28 (mABx, J=14.9, 6.1 Hz, 1H, HB,Trp,A)y 3.16 (mABx, J= 148, 7.3 Hz, 1H,
Hp 1), 1.77-1.31 (m, 14H, Hg azays, Hyazalys, C(CHas)s), 0.96 (d, J = 6.6 Hz, 3H, CH3pra), 0.92 (d, J = 6.6 Hz,
3H, CHsprg). °C NMR (151 MHz, CDCl3) 8 171.6 (COazays), 170.1 (COrp), 156.7 (COgoc), 156.6 (COchy,),
136.34 (C1archz), 136.28 (C7aingote), 128.7 (C3ar.cbzs CHar.cbz), 128.4 (C4arcbz), 128.2 (C24r.co25 CBarcbz), 127.5
(C3aindoie)s 123.4 (C2indole), 122.4 (CBindole), 119.8 (CBindote)s 118.9 (Cindoe), 111.4 (C7indole), 110.7 (C3ingole),
81.3 (C(CH3)3), 67.2 (CHacpz), 55.3 (Coazalys), 54.0 (Co1rp), 49.2 (Coazays), 41.6 (CHipr), 29.4 (Cp azays), 28.5
(C(QH3)3), 28.0 (CB,Trp)a 23.9 (Cv,AzaIys)a 22.5 (CH31,'pr’A), 22.3 (CH31,'pr’B). UPLC-MS tR 2.08 min, m/z 609.2
(IM+H]", C3,H4sNgO6" Caled 609.3); HRMS m/z 609.3394 ([M+H]", C3,H4sNgOg" Calcd 609.3395).
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5-(2-((S)-5-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-4-
(((benzyloxy)carbonyl)amino)-5-oxopentyl)hydrazinyl)-5-oxopentanoic acid (20).
o o HATU (97 mg, 0.25 mmol), mono t-butyl glutarate (38 mg, 0.20 mmol), and
inso~Agy  Pr2NEt (0.10 mL, 0.57 mmol) were dissolved in anhydrous CHCl (1.5 mL).
HN After stirring for 15 miuntes at ambient temperature, a solution of hydrazine
$60 (62 mg, 0.10 mmol) in CH,CI; (3.0 mL) was added. The reaction mixture
i H\)Ok J\ was stirred at ambient temperature overnight and was then concentrated
©/\° N TN under reduced pressure. The residue was redissolved in EtOAc (60 mL) and
© “NH washed with HCI (0.1 M, 2x40 mL), saturated aq. NaHCO3 (2x40 mL), and
B brine (2x40 mL). The organic phase was dried over Na,SO, and
concentrated under reduced pressure. The crude residue was dissolved in
CH.CI; (3.6 mL) and TFA (2.4 mL, 31.3 mmol) was added. The reaction
mixture was stirred at ambient temperature for 45 minutes and was then concentrated under reduced
pressure. Preparative reversed-phase HPLC purification of the crude residue afforded the desired carboxylic
acid 20 (12 mg, 11% from S60), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-
ds) 8 12.07 (br s, 1H, CO,H), 10.80 (d, J = 2.4 Hz, 1H, NHjngoe), 10.11 (br s, 1H, CHo,NHNH or CH,NHNH),
7.87 (d, J=8.0 Hz, 1H, NHq1rp), 7.68 (d, J = 7.6 Hz, 1H, CO+,NH), 7.56 (d, J = 7.9 Hz, 1H, H4hq0le), 7.44 (d,
J=8.0 Hz, 1H, Nch,AzaIys)v 7.40-7.21 (m, 6H, HAr,CbL H7Indole)7 7.10 (d, J=24 Hz, 1H, H2Indole)a 7.07-7.01 (m,
1H1 H6Indo|e)v 695 (t, J= 73 HZ, 1H, H5Indo|e), 507—498 (m, 2H, CHZ,Cbz); 452—440 (m, 1H, Hu,Trp)1 397 (td,
J=8.5,4.8 Hz, 1H, Ha,AzaIys)a 3.83-3.70 (m, 1H, CH,‘Pr), 3.05 (mABx, J= 145, 6.1 Hz, 1H, HBYTTPYA)’ 2.97 (mABx,
J=14.6, 7.5 Hz, 1H, Hg1pg), 2.86-2.70 (M, 2H, Hs azays), 2.22 (t, J = 7.4 Hz, 2H, CH,CO,H), 2.14 (t, J=7.5
HZ, 2H, Cﬂz(CHQ)QCOzH), 1.73 (p, J=74 HZ, 2H, CﬂzCHzCOQH), 1.65-1.38 (m, 4H, HB,AzaySn Hv,AzaIys)a 0.99
(d, J = 6.6 Hz, 3H, CHa,pa), 0.90 (d, J = 6.6 Hz, 3H, CHspg). °C NMR (151 MHz, DMSO-ds) & 174.0
(COzH), 171.3 (COpzays), 170.7 (NHNHCOpzays), 170.0 (COryp), 156.0 (COcpy), 136.9 (Clarchz), 136.0
(C7aingole), 128.3 (C3arcbzs Cbdarchz), 127.8 (Clarchz), 127.7 (C2arcbz, CBarcpz), 127.4 (C3aingole), 123.5
(C2indote), 120.8 (CBingole), 118.5 (C4ingote), 118.1 (CSindote)s 111.1 (C71ndole), 109.8 (C3indote), 65.5 (CH2 cbz), 54.5
(Coazalys), 53.4 (Carip), 50.0 (Csazalys), 40.4 (CHjpr), 32.8 (CH,CO,H), 32.3 (CH2(CH2)2CO,H), 29.0 (Cp azalys),
28.0 (Cp1rp), 22.3 (Cy azalys), 22.2 (CH3pra), 22.1 (CH3 e ), 20.3 (CH.CH,CO,H). UPLC-MS (g 1.68 min, m/z
623.1 ([M+H]", C3,H43NsO;" Calcd 623.3); HRMS m/z 623.3186 ([M+H]", C3,H43NsO;" Calcd 623.3188).

(5S,8S)-5-((1H-Indol-3-yl)methyl)-8-(((benzyloxy)carbonyl)amino)-2-methyl-4,7,14-trioxo-3,6,12,13,15-
pentaazaoctadecan-18-oic acid (22).

o o The off-white solid tentatively assigned as tert-butyl 3-(((4-
HNJKN/\)Q)H nitrophenoxy)carbonyl)amino)propanoate (prepared as described in the
AN, synthesis of compound 21, 65 mg), hydrazine $60 (50 mg, 0.08 mmol) and
iProNEt (43 pL, 0.25 mmol) were dissolved in DMF (4.0 mL). The reaction
i H\)Ok J\ mixture was stirred at 50 °C overnight and additional tert-butyl 3-(((4-
©/\° N TN nitrophenoxy)carbonyl)amino)propanoate (31 mg) was added. After stirring
© “NH  at 50 °C overnight the reaction mixture was concentrated under reduced
B pressure. The residue was redissolved in EtOAc and washed with aq. NaOH
(1 M, 4x50 mL) and brine (2x50 mL). The organic phase was dried over
Na,SO, and concentrated under reduced pressure. The crude residue was
dissolved in CH,CI, (6 mL) and TFA (4.0 mL, 52.2 mmol) was added. The reaction mixture was stirred at
ambient temperature for 1 hour and was then concentrated under reduced pressure. Excess TFA was
removed by coevaporations: CH,Cly/heptane (1:1, 100 mL) and CH,CIl,/MeCN (1:1, 12 mL). Preparative
reversed-phase HPLC purification of the crude residue afforded the desired carboxylic acid 22 (17 mg, 33%
from $60), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 10.81 (d, J = 2.5
Hz, 1H, NHingole), 7.89 (d, J = 8.0 Hz, 1H, NHq1rp), 7.69 (d, J = 7.7 Hz, 1H, CO,NH), 7.56 (d, J = 7.9 Hz, 1H,
H4\ngoie), 7.47 (d, J = 8.1 Hz, 1H, NHqazays), 7.42-7.21 (m, 6H, Harcoz, H7ingoie), 7.10 (d, J = 2.4 Hz, 1H,
H2Ind0|e)v 7.04 (ddd, J= 81, 69, 1.2 HZ, 1H, H6Indole)a 6.99-6.92 (m, 1H, H5Ind0|e)v 5.03 (S, 2H, CHZ,CbZ), 4.51-
4.40 (m, 1H, Hq1rp), 3.99 (td, J = 8.3, 4.4 Hz, 1H, Hqyazays), 3.83-3.70 (m, 1H, CHpy), 3.32-3.27 (m, 2H,
CH,CH,CO,H), 3.14-2.74 (m, 4H, Hg1p, Hsazays), 2.40 (t, J = 6.7 Hz, 2H, CH,CO,H), 1.69-1.43 (m, 4H,
Hg azalys, Hyazalys), 0.99 (d, J = 6.6 Hz, 3H, CHzpra), 0.89 (d, J = 6.6 Hz, 3H, CHsp5). "°C NMR (151 MHz,
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DMSO-ds) & 172.9 (COzH), 171.2 (COpzays), 169.9 (COry), 156.6 (NHNHCONH), 156.0 (COcp,), 136.9
(C1larcbz), 136.0 (C7aingoe), 128.4 (C3archz, Cbdarcoz), 127.8 (Clarcvz), 127.7 (C2arcbz, CBarchz), 127.4
(C3angoie); 123.5 (C2ingole), 120.8 (CBindote), 118.5 (C4ingote)s 118.1 (CSingote), 111.2 (C71ndole), 109.7 (C3ingote),
65.5 (CHzcbz), 54.3 (Coazays), 53.4 (Camp), 49.8 (Csazays), 40.4 (CHpr), 35.5 (CH,CH,CO,H), 34.3
(QHZCOZH), 28.8 (CBYAZBWS)’ 28.0 (CBYTTP)’ 22.2 (CH3_,‘pryA), 221 (CH3,,'pr,B), 21.2 (Cv,AzaIys overlap with solvent
peak). The peak for NHNHCONH was broad and of low intensity in ¥C NMR, probably due to fast
quadrupolar relaxation via the nearby '*N-nuclei. UPLC-MS tz 1.68 min, m/z 624.1 ([M+H]*, C3H4:N;O;"
Calcd 624.3); HRMS m/z 624.3137 ([M+H]", C31H4,N;0;" Calcd 624.3140).

1-Ethyl-5-(2-(trimethylsilyl)ethyl) 2,2-difluoropentanedioate (S61).

o o | Ethyl bromodifluoroacetate (338 pL, 2.64 mmol), 2-(trimethylsilyl)ethyl acrylate
/\OWO/\/S( (253 mg, 1.47 mmol) and copper powder (236 mg, 3.71 mmol) were heated at

FF 55 °C in THF (4.0 mL) under vigorous stirring. TMEDA (110 pL, 0.73 mmol) was
added to the reaction mixture, followed by addition of AcOH (75 pL, 1.31 mmol). The reaction mixture was
stirred vigorously at 55 °C for 1.5 hours and was then allowed to reach ambient temperature. Aq. ammonium
chloride (10%, 4.0 mL) and diethylether (3.0 mL) was added and the mixture was stirred at ambient
temperature for 30 minutes. The reaction mixture was filtered through celite and the aqueous phase was
extracted with diethylether (4x20 mL). The organic phase was washed with ammonium chloride (10%, 2x50
mL) and brine (50 mL) and was then dried over Na,SO, and concentrated under reduced pressure. The
crude residue was purified by column chromatography (0—10% EtOAc in heptane), affording the desired
ester $61 (306 mg, 70%) as a clear oil. TLC (25% EtOAc in heptane): R; = 0.6. 'H NMR (400 MHz, CDCl3) &
4.31(q, J = 7.1 Hz, 2H, CH;3CH,), 4.25-4.13 (m, 2H, CH,CH,Si(CH3)3), 2.60-2.32 (m, 4H, CF,CH,CH,), 1.34
(t, J = 7.2 Hz, 3H, CH3CH,), 1.04-0.92 (m, 2H, CH,Si(CHs)3), 0.03 (s, 9H, Si(CHs)s). °C NMR (101 MHz,
CDCl3) & 171.8 (CO2(CH;),Si(CH3)3), 163.9 (t, J = 32.6 Hz, CO,Et), 115.5 (t, J = 251 Hz, CF,), 63.4
(CH,CH,Si(CH3)3), 63.1 (CH3CH>), 30.0 (t, J = 24.0 Hz, CF,CH,), 26.9 (t, J = 4.7 Hz, CF,CH,CH,), 17.4
(CH,Si(CHa)s), 14.0 (CH3), —1.40 Si(CH3)s. '°F NMR (376 MHz, CDCl;) & -106.86 (t, J = 16.4 Hz, CFy).
UPLC-MS t;z 1.84 min, m/z 269.2 ([M+H-Et]", CyoH1oF204Si" Calcd 269.1); HRMS m/z 319.1149
(IM+H]",C12H22F ,04NaSi" Calcd 319.1148).

[12]

2,2-Difluoro-5-0x0-5-(2-(trimethylsilyl)ethoxy)pentanoic acid (S62).

o o Aq. LiOH (1 M, 0.54 mL, 0.54 mmol) was added to a solution of ester $S61 (160 mg,
Ho O/\/s( 0.54 mmol) in THF (2.0 mL) and the mixture was stirred at ambient temperature for
FF 2 hours. The reaction mixture was acidified to pH 2 with aq. HCI and diluted with

H,O to a final volume of 10 mL. The aqueous phase was extracted with CH,Cl, (4x10 mL) and the organic
phase was washed with brine (2x40 mL) and was then dried over Na,SO, and concentrated under reduced
pressure. The crude residue was purified by column chromatography (0—8% CH3;OH, 0.25% AcOH in
CHCl,), affording the desired carboxylic acid S62 (122 mg, 84 %) as a clear oil. TLC (5% CH30H, 0.25%
AcOH in CH,Cl,): Ry = 0.2. '"H NMR (600 MHz, CDCls) 8 4.25-4.14 (m, 2H, CH,CH,Si(CHs)3), 2.60-2.48 (m,
2H, CF,CH,CHy,), 2.48-2.34 (m, 2H, CF,CH,), 1.04-0.96 (m, 2H, CH,Si(CHs)s), 0.04 (s, 9H, Si(CHa)s). °C
NMR (151 MHz, CDCl3) 6 174.3 (CO,(CH;),Si(CH3)3), 169.4 (t, J = 32.4 Hz, CO,H), 117.22 (t, J = 250.6 Hz,
CF;), 65.3 (CH,CH,Si(CH3)3), 31.3 (t, J = 24.2 Hz, CF,CH,), 28.56 (t, J = 4.6 Hz, CF,CH,CH,), 18.8
(CH,Si(CHa)s), 0.00 (Si(CH3)3). "F NMR (376 MHz, CDCl3) & -106.80 (s, CF,). UPLC-MS tg 1.76 min, m/z
267.2 ([M-H]", CyoH:7F204Si” Calcd 267.1); HRMS m/z 291.0842 ([M+H]", CioH:sF,0,SiNa * Calcd
291.0835).
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2-(Trimethylsilyl)ethyl 5-(((S)-6-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-4,4-difluoro-5-oxopentanoate (S63).
o o | TFA salt 852 (52 mg, 0.08 mmol), HOBt (17 mg, 0.13 mmol), carboxylic
HNWO/\/S( acid S62 (34 mg, 0.12 mmol) and iPr,NEt (29 pL, 0.17 mmol) were
FF dissolved in anhydrous CH,Cl, (5 mL) and cooled to 0 °C. EDC (25 mg,
0.13 mmol) was added and the reaction mixture was stirred at 0°C for
i H\jl J\ 10 minutes and was then stirred overnight at ambient temperature. The
©/\0 N IR N reaction mixture was concentrated under reduced pressure and the
“NH residue was redissolved in EtOAc (60 mL) and washed with aq. KHSO,
6 (5%, 3%40 mL), saturated ag. NaHCO3; (3%x40 mL), and brine (2x40 mL).
The organic phase was dried over Na,SO,4 and was then concentrated
under reduced pressure. The residue was purified by column chromatography (0—-2% CH3;OH in CH,Cl,),
affording the desired fluorinated amide S$63 (39 mg, 62%) as a colorless solid. TLC (5% CH3;OH in CH,Cly):
R:=0.45. "H NMR (600 MHz, DMSO-ds) 5 10.78 (d, J = 2.4 Hz, 1H, NHindoe), 8.71 (t, J = 5.8 Hz, 1H, NHe Lys),
7.83 (d, J = 8.2 Hz, 1H, NHq 1), 7.64 (d, J = 7.7 Hz, 1H, CO,NH), 7.55 (d, J = 7.9 Hz, 1H, H4hq0le), 7.45—
7.21 (m, 7H, Harcoz, H7indotes NHays), 7.10 (d, J = 2.3 Hz, 1H, H2jnq06), 7.04 (ddd, J = 8.1, 7.0, 1.1 Hz, 1H,
H6indole), 7.00—-6.91 (M, 1H, H5ng0ie), 5.07—4.97 (M, 2H, CHycpz), 4.53—4.40 (m, 1H, Hq1rp), 4.14—4.08 (M, 2H,
CH>CHSi(CH3)3), 3.93 (td, J = 8.4, 5.0 Hz, 1H, Hqys), 3.83-3.71 (m, 1H, CHpp,), 3.09-3.01 (m, 3H, Hg1pa,
HE,Lys)a 2.96 (mAB)(, J = 146, 7.7 Hz, 1H, HB,Trp,A)a 2.41 (t, J=7.7 Hz, 2H, CF2CHQCﬂ2), 2.38-2.25 (m, 2H,
CF,CH,), 1.59-1.10 (m, 6H, Hgys, HyLys, Hspys), 1.02-0.88 (m, 8H, (CHs)zer, CH2Si(CHas)s), 0.02 (s, 9H,
Si(CHs)s). °C NMR (151 MHz, DMSO-ds) 5 171.5 (COLys), 171.2 (CO5(CH,),Si(CHs)s), 170.0 (COryp), 162.9
(t, J = 28.4 Hz, NH,,sCO), 156.0 (COcp,), 136.9 (Clarcbz), 135.9 (C7aIndoie), 128.3 (C3arcoz, Charcrz), 127.7
(Clarchz), 127.6 (C2arcbz, CBarcbz), 127.4 (C3aingoke), 123.5 (C2ingote)s 120.7 (CBingole), 118.5 (C4ingole), 118.1
(CSinaole), 117.4 (1, J = 251.3 Hz, CFy), 1111 (C7\ngole)s 109.8 (C3ingole), 65.4 (CHzcp,), 62.3
(CH2CH3Si(CH3)3), 54.9 (Cqys), 53.3 (Cotrp), 40.4 (CHppr), 38.6 (Ceys), 31.4 (Cprys), 29.2 (t, J = 24.2 Hz,
CF,CH,), 28.3 (Csys), 27.9 (Cgrrp), 26.5 (1, J = 4.5 Hz, CF,CH,CHy), 22.7 (Cy1ys), 22.2 (CHapra), 22.1
(CHsprg), 16.7 (CH2Si(CHs)s), —1.5 (Si(CHs)s). '°F NMR (376 MHz, DMSO-dg) & -105.62 (t, J = 17.0 Hz,
CF3). UPLC-MS tg 2.61 min, m/z 780.2 ([M+Na]’, CagHs3sNsF.O;SiNa™ Calcd 780.3); HRMS m/z 780.3580
(IM+Na]", C3gHs3NsF,0,SiNa” Calcd 780.3575).

5-(((S)-6-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-4,4-difluoro-5-oxopentanoic acid (24).

o o TBAF trihydrate (39 mg, 0.12 mmol) was added to a solution of trimethylsilyl
HNWOH ethyl ester $63 in THF (2.0 mL) and the mixture was stirred at ambient
FF temperature for 8 hours. Excess TBAF was removed by the addition of CaCO;

(53 mg, 0.53 mmol), DOWEX Monosphere resin (124 mg) and CH3;OH (0.50

g H\)i J\ mL) mixture was stirred at ambient temperature overnight.“” The suspension
©/\0 N I N was filtered through celite and the filtrate was concentrated under reduced
“H  pressure. Preparative reversed-phase HPLC purification of the crude residue

6 afforded the desired carboxylic acid 24 (16 mg, 60%), as a colorless fluffy

material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.35 (br s, 1H,

COzH), 10.78 (d, J = 2.5 Hz, 1H, NHingoie), 8.70 (t, J = 5.8 Hz, 1H, NH,s), 7.84 (d, J = 8.1 Hz, 1H, NHq 1),
7.64 (d, J = 7.7 Hz, 1H, COrNH), 7.55 (d, J = 7.9 Hz, 1H, H4ngoie), 7.46-7.21 (M, 7H, Harcoz, H7 indoles
NHauys), 7.10 (d, J = 2.3 Hz, 1H, H2j4q0¢), 7.04 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H, H6jng0e), 7.00-6.91 (m, 1H,
Hb5indole), 5.09-4.96 (m, 2H, CHax cp,), 4.45 (td, J = 7.8, 6.1 Hz, 1H, Ho 1), 3.93 (td, J = 8.5, 5.1 Hz, 1H, Hqys),
3.84-3.71 (m, 1H, CH,P,—), 3.10-3.01 (m, 3H, HB,Trp,Aa HE,LyS)y 2.96 (mAB)(, J= 146, 7.7 Hz, 1H, HB,Trp,B), 2.41-
2.22 (m, 4H, CF,CH,CH>), 1.60-1.30 (m, 4H, Hgys, Hs1ys), 1.30-1.12 (m, 2H, H, ), 1.00 (d, J = 6.6 Hz, 3H,
CHsjpra), 0.91 (d, J = 6.6 Hz, 3H, CHspr). C NMR (151 MHz, DMSO-dg) & 172.6 (CO,H), 171.5 (COuys),
170.0 (COryp), 163.0 (t, J = 28.7 Hz, NH,,sCO), 156.0 (COcp;), 136.9 (Clarchz), 136.0 (C7aindoe), 128.3
(C3Ar,Cva C5Ar,Cbz)1 127.8 (C4Ar,Cbz)1 127.7 (C2Ar,Cb27 C6Ar,Cbz)a 127.4 (C3alndole)a 123.5 (C2Indole)y 120.8 (C6Indole)a
118.5 (C4indote), 118.1 (CSingore), 117.5 (1, J = 251.1 Hz, CF3), 111.1 (C7\ndote), 109.8 (C3indote), 65.4 (CH2 cp2),
54.9 (Cquys), 53.3 (Cq1rp), 40.4 (CHjpr), 38.6 (Ceys), 31.4 (Cprys), 29.3 (t, J = 24.1 Hz, CF,CH>), 28.3 (C5ys),
27.9 (Cgmp), 26.4 (1, J = 4.5 Hz, CF,CH,CHy), 22.7 (Cyys), 22.2 (CH3pra), 22.1 (CH3prg). F NMR (376
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MHz, DMSO-ds) & —-74.74 (s, CF31ra), —106.38 (t, J = 16.7 Hz, CF,). UPLC-MS tg 2.08 min, m/z 658.2
(IM+H]", Ca3H42NsF,0;" Caled 658.3); HRMS m/z 658.3056 ([M+H]", Ca3H4NsF,0;" Calcd 658.3047).

5-(((S)-6-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-2,2-difluoro-5-oxopentanoic acid (S17).

o o TBAF trihydrate (601 mg, 1.90 mmol) was added to a solution of trimethylsilyl
HNWOH ethyl ester S61 (200 mg, 0.67 mmol) in THF (4.0 mL) and the mixture was
FF stirred at ambient temperature for 1.5 hours. Excess TBAF was removed by

the addition of CaCO; (412 mg, 4.11 mmol), DOWEX Monosphere resin
L H\)(i J\ (1.33 g) and CH30H (4.0 mL) mixture was stirred at ambient temperature
©/\O N T N overnight. The suspension was filtered through celite and the filtrate was
© N\ concentrated under reduced pressure.' Column chromatography (0->2%
B CH30H, 0.25% AcOH in CH,ClI,) of the crude residue afforded a clear oil (35
mg), tentatively assigned as 5-ethoxy-4,4-difluoro-5-oxopentanoic acid
(UPLC-MS tg 1.71 min, m/z 195.0; [M-H]", C;HgF,0O, Calcd 195.0), which
was used without further purification. The crude oil (35 mg), TFA salt $52 (74 mg, 0.12 mmol), HOBt (24 mg,
0.18 mmol) and /ProNEt (42 pL, 0.24 mmol) were dissolved in anhydrous CH,CI, (5 mL) and cooled to 0 °C.
EDC (36 mg, 0.19 mmol) was added and the reaction mixture was stirred at 0°C for 15 minutes and was
then stirred overnight at ambient temperature. The reaction mixture was concentrated under reduced
pressure and the residue was redissolved in EtOAc (60 mL) and washed with aq. KHSO, (5%, 3x40 mL),
saturated aq. NaHCO3; (3x40 mL), and brine (2x40 mL). The organic phase was dried over Na,SO, and was
then concentrated under reduced pressure. Column chromatography (0—3% CH3;OH in CH,Cl,) of the crude
residue afforded a white solid (74 mg), tentatively assigned as the ethyl ester of §17, which was used
without further purification. The white solid (40 mg) was dissolved in THF (1.3 mL) and aq. LiOH (1 M, 0.30
mL, 0.30 mmol) was added. The reaction mixture was stirred at ambient temperature for 1 hour and was
then concentrated under reduced pressure. Preparative reversed-phase HPLC purification of the crude
residue afforded the desired carboxylic acid $17 (17 mg, 40% from S52), as a colorless fluffy material after
lyophilization. '"H NMR (600 MHz, DMSO-ds) 5 10.79 (d, J = 2.4 Hz, 1H, NHingee), 7.90 (t, J = 5.6 Hz, 1H,
NHeys), 7.84 (d, J = 8.1 Hz, 1H, NHq1rp), 7.65 (d, J = 7.7 Hz, 1H, COxpNH), 7.56 (d, J = 7.9 Hz, 1H, H4\nq0le),
7.45-7.21 (m, 7H, Harcbz, H7ndole, NHays), 7.10 (d, J = 2.3 Hz, 1H, H2jhq06), 7.04 (ddd, J = 8.1, 6.9, 1.1 Hz,
1H, HBindote), 7.00-6.93 (m, 1H, H5nqoe), 5.08—4.97 (m, 2H, CHaycy,), 4.45 (td, J = 7.9, 6.0 Hz, 1H, Hq1rp),
3.93 (td, J = 8.4, 5.2 Hz, 1H, Hqyys, overlap with residual water), 3.82-3.73 (m, 1H, CHp,, overlap with
residual water), 3.06 (maex, J = 14.6, 6.0 Hz, 1H, Hg1rpa), 3.01-2.92 (m, 3H, Hg1mps, Helys), 2.35-2.21 (m,
4H, CF,CH,CHy), 1.57-1.40 (m, 2H, Hgys), 1.37-1.27 (m, 2H, Hs,ys), 1.26—-1.11 (m, 2H, H, ), 1.00 (d, J =
6.6 Hz, 3H, CHspra), 0.91 (d, J = 6.6 Hz, 3H, CH3p5). °C NMR (151 MHz, DMSO-ds) 5 171.5 (COL),
170.0 (COryp), 169.6 (NH¢sCO), 164.90 (t, J = 31.7 Hz, CO.H), 156.0 (COcp,), 137.0 (Clarchz), 136.0
(C7aingole), 128.3 (C3arcbzs Cbdarchz), 127.8 (Clarchz), 127.7 (C2arcbz, CBarcoz), 127.4 (C3aingole), 123.5
(C2indole), 120.8 (Cbingote), 118.5 (C4indole), 118.1 (CSingoe), 116.3 (t, J = 248.2 Hz, CF3), 111.1 (C7\ngole), 109.8
(C3indole), 65.4 (CHz chz), 54.9 (Coiys), 53.3 (Corp), 40.4 (CHier), 38.5 (Ce Lys), 31.5 (Cprys), 29.7 (t, J = 23.7 Hz,
CF,CHy), 28.7 (Cs.ys), 27.9 (Cp1rp), 27.37 (t, J = 4.0 Hz, CF,CH,CH,), 22.8 (Cy1ys), 22.2 (CH3jpra), 22.1
(CHsprg). °F NMR (376 MHz, DMSO-dg) 5 =75.30 (CF31¢), —106.45 (t, J = 16.7 Hz, CF;). UPLC-MS t& 1.91
min, m/z 658.2 ([IM+H]", Ca3H42F2NsO;" Caled 658.3); HRMS m/z 658.3055 ([M+H]", Ca3H4oF2NsO;" Caled
658.3047).

tert-Butyl 6-bromohexanoate (S64).
o DMAP (1.25 g, 0.01 mol) and {BuOH (48 mL, 0.51 mol) were added to a solution of 6-
BrMO bromohexanoic acid (20.05 g, 0.1 mol) in anhydrous CH,Cl, (350 mL) and the solution
was cooled to 0 °C. DCC (23.38 g, 0.11 mol) was added and the solution was stirred at
0 °C for 15 minutes and was then stirred at ambient temperature overnight. The reaction mixture was filtered
and the filtrate was partitioned with H,O. The organic phase was dried over Na,SO, and was then
concentrated under reduced pressure. The crude residue was purified by column chromatography (0—10%
EtOAc in heptane), affording desired ester S64 as a clear oil (12.25 g, 47%). TLC (10% EtOAc in heptane):
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R: = 0.3. "H NMR (600 MHz, CDCls) & 3.41 (t, J = 6.7 Hz, 2H, BrCH,), 2.23 (t, J = 7.4 Hz, 2H, CH,CO,tBu),
1.87 (p, J = 6.9 Hz, 2H, BrCH,CH,), 1.61 (p, J = 7.5 Hz, 2H, CH,CH,CO,tBu), 1.52—-1.39 (m, 11H,
BrCH,CH,CH,, C(CHa)s). °C NMR (151 MHz, CDCls) & 173.0 (CO,tBu), 80.3 (C(CHs)s), 35.5 (CH,CO,tBu),
33.7 (BrCHy,), 32.6 BrCH,CH,), 28.3 (C(CHj3)3), 27.8 (BrCH,CH,CH,), 24.4 (CH,CH,CO,tBu). In accordance
with previously reported data.!"

6-(tert-Butyl) 1,1-diethyl 1-acetamidohexane-1,1,6-tricarboxylate (S65).

o tert-Butyl 6-hexanoate (12.25g, 48.8 mmol) and Nal (14.72 g, 98.2 mmol) were suspended
in acetone (200 mL) and refluxed overnight. The reaction mixture was allowed to reach
ambient temperature and was then concentrated under reduced pressure. The residue
OY was dissolved in diethyl ether (200 mL) and washed with H,O (2x50 mL), sat. Na,S,03

HN (50 mL), and brine (50 mL). The organic phase was dried over Na,SO, and was then

concentrated under reduced pressure affording the a clear oil (11.8 g) tentively assigned
as tert-butyl 6-iodohexanoate (UPLC-MS tz 2.40 min, m/z 243.0; [M+H-tBu]", CeH1210,"
Calcd 242.9), which was used without further purification. NaH (1.45 g, 60% dispersion in mineral oil, 36.2
mmol) was added to a solution of diethyl acetamidomalonate (7.87 g, 36.2 mmol) in anhydrous DMF (20 mL)
at 0 °C. A solution of tert-butyl 6-iodohexanoate (11.84 g, 39.7 mmol) in anhydrous DMF (50 mL) was added
dropwise to the reaction mixture over and the mixture was stirred at 0 °C for 10 minutes and was then stirred
at ambient temperature overnight. The reaction mixture was diluted with diethyl ether (1.2 L) and was
washed with H,O (3x200 mL), ag. HCI (0.1 M, 200 mL), saturated aq. NaHCO3; (200 mL), and brine (200
mL). The organic phase was dried over NaSO4 and was then concentrated under reduced pressure. The
crude residue was purified by column chromatography (0—>30% EtOAc in heptane) affording the desired
ester 865 (11.13 g, 79 % from diethyl acetamidomalonate) as a clear oil. TLC (50% EtOAc in heptane): R¢ =
0.4. '"H NMR (600 MHz, CDCl5) 8 6.75 (s, 1H, NH), 4.23 (q, J = 7.1 Hz, 4H, CH,CHj3), 2.34-2.27 (m, 2H, Hg),
217 (t, J = 7.5 Hz, 2H, Hg), 2.02 (s, 3H, CH3acetyr), 1.59-1.50 (m, 2H, H), 1.43 (s, 9H, C(CHa)3), 1.35-1.27
(m, 2H, Hs), 1.25 (t, J = 7.1 Hz, 6H, CH,CH3), 1.15-1.06 (m, 2H, H,).
C NMR (151 MHz, CDCl3) & 173.1 (COtBu), 169.0 (COncety)), 168.3 (CO,Et), 80.2 (C(CHs)s), 66.7 (Cy),
62.6 (CH.CHs), 35.5 (Cg), 32.1 (Cy), 28.9 (Cs), 28.3 (C(CHs)s), 25.0 (Cy), 23.6 (C,), 23.2 (COCHs3), 14.1
(CH,CH3). UPLC-MS tg 2.23 min, m/z 410.2 ([M+Na]*, C4gH33sNO;Na" Calcd 410.2). In accordance with
previously reported data.!""

OtBu
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(S)-2-(((Benzyloxy)carbonyl)amino)-8-(tert-butoxy)-8-oxooctanoic acid (S66).
o LiCl (1.83 g, 43.3 mmol) and H,O (1.0 mL, 55.6 mmol) were added to a solution of
ok the ester $65 (11.13 g, 28.7 mmol) in DMSO (80 mL) and the mixture was stirred at
150 °C overnight. The reaction mixture was allowed to reach ambient temperature
and was extracted with diethyl ether (3x300 mL) and the organic phase was
I OH washed with H,O (2x200 mL) and brine (2x200 mL). The organic phase was dried
©/\O N over Na,SO, and was then concentrated under reduced pressure, affording an
orange oil (8.4 g). Ag. LIOH (1 M, 27 mL, 27.0 mmol) and H,O (38 mL, 2.11 mol)
were added to a solution of the orange oil (8.4 g) in EtOH (65 mL). After stirring in ambient temperature for 2
hours the mixture was concentrated under reduced pressure and the remaining aqueous phase was acidified
to pH 3 and extracted with EtOAc (3x100 mL). The organic phase was washed with brine (150 mL), dried
over Na,SO, and was then concentrated under reduced pressure, affording an off-white solid (7.28 g).
Aspergillus amino acylase-l (685 mg) and CoClg*6H,0 (136 mg, 0.57 mmol) were added to a solution of the
off-white solid (7.28 g) in aq. phosphate buffer (0.1 M, pH 7.2, 600 mL). The mixture was stirred at 37 °C
overnight and followed by 'H NMR until a 1:1 mixture of the acetamide (starting material, S65) and the amine
(product) was detected. The reaction mixture was concentrated under reduced pressure, to a final volume of
310 mL. A solution of Cbz-OSuc (3.29 g, 13.2 mmol) in 1,4-dioxane (155 mL) and NaHCO; (5.75g, 68.5
mmol) were added to 155 mL of the concentrated mixture and was stirred overnight under ambient
temperature. The pH of the mixture was adjusted from pH 8 to pH 9 with aq. NaOH and after stirring at
ambient temperature for 2 hours the reaction was acidified to pH 2 with aq. HCI and was then concentrated
under reduced pressure. The aqueous phase was extracted with EtOAc (3x400 mL) and the organic phase
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was dried over Na,SO, and was then concentrated under reduced pressure. The crude residue was purified
by column chromatography (0—5% CH3;OH in CH,Cl,, 0.25% AcOH), affording the desired carboxylic acid
$66 (2.19 g, 40% from S65), as a clear oil. TLC (5% CH3;OH, 0.25% AcOH in CH,Cl,): R = 0.5. 'H NMR
(600 MHz, DMSO-dg) & 7.55 (d, J = 8.0 Hz, 1H, NHqasy), 7.40—-7.26 (m, 5H, Harcbz), 5.03 (s, 2H, CHz cpz),
3.97-3.89 (m, 1H, Hgasu), 2.21-2.10 (m, 2H, Hgasu), 1.71-1.62 (m, 1H, Hg asua), 1.61-1.53 (m, 1H, Hg asug),
1.52-1.42 (m, 2H, Heas), 1.39 (s, 9H, C(CHs)s), 1.35-1.20 (m, 4H, Hyasu Hsass)- °C NMR (151 MHz,
DMSO-ds) & 174.0 (COpsu), 172.2 (CO,tBu), 156.2 (COchy), 137.1 (Clarcbz), 128.3 (C3arcbz, CHarchz), 127.8
(Clarcoz), 127.7 (C2archz, CBarcbr), 79.4 (C(CHa)s), 65.4 (CHacpz), 53.8 (Cansu), 34.7 (Crasu), 30.6 (Cpasu),
27.9 (CG,Asu)a 27.8 (C(QH3)3), 25.2 (CV,ASU)1 24 .4 (CE,ASU)- UPLC-MS tr X.Xx min, m/z 378.3 ([M-H]_, C20H23N06_
Calcd 378.2); HRMS m/z 402.1887 ([IM+Na]*, Co0H20NOgNa" Calcd 402.1887).

tert-Butyl (S)-8-(((S)-3-(1H-indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-7-
(((benzyloxy)carbonyl)amino)-8-oxooctanoate (S67).
o Carboxylic acid $66 (158 mg, 0.42 mmol), HOBt (115 mg, 0.85 mmol), TFA
oj< salt 833 (233 mg, 0.65 mmol) and iPr,NEt (0.20 mL, 1.15 mmol) were
dissolved in anhydrous CH,Cl, and cooled to 0 °C. EDC (120 mg, 0.63 mmol)
was added and the reaction mixture was stirred at 0°C for 5 minutes and was
L H\).k J\ then stirred overnight at ambient temperature. The reaction mixture was
@ 07N =N diluted with EtOAc (100 mL) and washed with aq. KHSO, (5%, 3x75 mL),
© “wu  saturated aq. NaHCO; (3x75 mL), and brine (2x75 mL). The organic phase
6 was dried over Na,SO, and was then concentrated under reduced pressure.
The crude residue was purified by column chromatography (0—2.5% CH;OH
in CH,Cly), affording the desired amide S67 (223 mg, 88%) as a colorless solid. H NMR (600 MHz, CDCl3) 6
8.24 (S, 1H, NHIndoIe)a 7.65 (d, J=79 HZ, 1H, H4Indole)a 7.42-7.29 (m, 6H, HAr,CbZa H7Indole)a 7.19 (t, J=73 HZ,
1H, HB6ngote), 7.12 (t, J = 7.5 Hz, 1H, H5ng0e), 7.02 (d, J = 2.3 Hz, 1H, H2}n40), 6.58 (d, J = 7.8 Hz, 1H,
NHg1rp), 5.74 (d, J = 7.8 Hz, 1H, CO,NH), 5.08-4.97 (m, 3H, CHzcpz, NHgasu), 4.68—4.53 (m, 1H, Hq 1),
4.05 (td, J=7.2, 5.4 Hz, 1H, Hgasu), 4.00-3.91 (m, 1H, CHpy), 3.30 (Mpsx, J = 14.6, 6.3 Hz, 1H, Hg 1rpa), 3.18
(mABx, J = 145, 7.3 Hz, 1H, HB,Trp,B)a 2.16 (t, J =74 Hz, 2H, H(,Asu), 1.73-1.40 (m, 14H, HB,ASUa HE’ASU,
C(CHs)s), 1.32-1.08 (m, 4H, Hy asu, Hsasu), 1.00 (d, 6.6 Hz, 3H, CHs pra), 0.95 (d, 6.6 Hz, 3H, CHs prp). °C
NMR (151 MHz, CDCl3) & 173.4 (CO.fBu), 171.4 (COpsy), 169.9 (COryp), 156.3 (COcpz), 136.4 (C7aindole)s
136.2 (C1archz), 128.8 (C3arcbzy Cbarcbz), 128.5 (C4archz), 128.3 (C2arcbzy CBarcbz), 127.6 (C3aingole), 123.1
(C2indole), 122.5 (CBingole), 120.0 (CSingote), 118.9 (C4ingote)s 111.5 (C7indote), 111.0 (C3ingole), 80.4 (C(CHj3)3),
67.3 (CHzcbz), 55.7 (Caasu), 54.1 (Co1rp), 41.7 (CHipr), 35.5 (Crasu), 32.2 (Cpasu), 28.7 (Csasu), 28.3 (C(CHs)s),
27.9 (Cg1rp), 25.0 (Cyasu), 24.8 (Ceasu), 22.6 (CHspra), 22.4 (CHsprg). UPLC-MS tz 2.87 min, m/z 607.2
(IM+H]", C34H47N4Og" Calcd 607.3).

(S)-8-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-7-
(((benzyloxy)carbonyl)amino)-8-oxooctanoic acid (S68).
o TFA (4.0 mL, 52.2 mmol) was added to a solution of t-butyl ester S67
(219 mg, 0.36 mmol) in CH,CI; (6 mL). The mixture was stirred at ambient
temperature for 3 hours, then TFA (1.0 mL, 13.1 mmol) was added. After
stirring for an additional 45 minutes the reaction mixture was concentrated
U H\)Ok J\ under reduced pressure. Excess TFA was removed by coevaporations:
@0 N =N CH,Cly/toluene (1:1, 3x100 mL), CH,Cl/heptane (1:1, 2x100 mL) and CH,Cl,
© BNH (2x100 mL), affording the desired carboxylic acid S68 (196 mg, 99%) as an

OH

off-white solid. '"H NMR (600 MHz, Methanol-d;) & 7.58 (d, J = 8.0 Hz, 1H,

H4Ind0|e)v 7.39-7.24 (m, 6H, HAr,CbZ; H7Indole)a 7.11-7.05 (m, 2H, H2Ind0lea
H61ngoie), 7.01 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, H5/,40), 5.11-4.96 (m, 2H, CHycpy), 4.57 (t, J = 7.0 Hz, 1H,
Hotrp)s 3.99-3.92 (M, 1H, Haas), 3.91-3.81 (m, 1H, CHp,), 3.25 (Mpagx, J = 14.6, 7.0 Hz, 1H, Hg1pa), 3.16
(mABx, J=145,7.0 Hz, 1H, HBYTTDYB)7 2.23 (t, J=7.5Hz, 2H, H(,Asu)a 1.67-1.46 (m, 4H, HB,Asu, HE,ASU)! 1.36—
1.14 (m, 4H, Hy asu, Hoasu), 1.02 (d, J = 6.6 Hz, 3H, CHsp;a), 0.93 (d, J = 6.6 Hz, 3H, CH3 pr5). °C NMR (151
MHz, Methanol-d,) 8 177.9 (CO,H), 174.6 (COps), 172.6 (COryp), 158.8 (COcpy), 138.1 (Clarchz), 138.0
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(C7aingole), 129.5 (C3ar,cozs COarchz), 129.1 (C4arcobz), 128.8 (C2arcozs CBarchz: C3aindole)s 124.6 (C2ingole), 122.5
(CBindole), 119.9 (CSingole), 119.4 (C4ingole), 112.3 (C7indole), 110.9 (C3jngole), 67.8 (CH2zchz), 57.1 (Cypsu), 55.6
(Catrp), 42.7 (CHpy), 35.1 (Cras) 326 (Cpas) 29.8 (Consu)s 28.7 (Cprp)s 26.3 (Cyass), 25.9 (Consa)y 22.4
(CH3ﬁ,‘pr,A), 22.3 (CHS,iPr,B)- UPLC-MS tg 1.91 min, m/z 551.1 ([M+H]+, C30H39N405+ Calcd 5513), HRMS m/z
551.2861 ([M+H]",C30H39N406" Calcd 551.2864).

3-((S)-8-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-7-
(((benzyloxy)carbonyl)amino)-8-oxooctanamido)propanoic acid (25).

o o Carboxylic acid $68 (52 mg, 0.09 mmol), HOBt (20 mg, 0.14 mmol), HCI-$-
alanine t-butyl ester (34 mg, 0.19 mmol) and /Pr,NEt (50 pL, 0.29 mmol) were
dissolved in anhydrous CH,CI;, (4.0 mL) and cooled to 0°C. EDC (28 mg, 0.14
mmol) was added and the reaction mixture was stirred at 0°C for 10 minutes

L H\)CL J\ and was then stirred overnight at ambient temperature. The reaction mixture
@ ONTYY W was diluted with EtOAC (60 mL) and washed with aq. KHSO, (5%, 3x50 mL),
BNH saturated aq. NaHCO; (3x50 mL), and brine (2x50 mL). The organic phase

OH

Iz

was dried over Na,SO, and was then concentrated under reduced pressure.

The residue was dissolved in in anhydrous CH,ClI, (3.0 mL) and TFA (2.0 mL,
26.1 mmol) was added. The mixture was stirred at ambient temperature for 35 minutes and was then
concentrated under reduced pressure. Preparative reversed-phase HPLC purification of the crude residue
afforded the desired carboxylic acid 25 (15 mg, 30% from S68), as a colorless fluffy material after
lyophilization. '"H NMR (600 MHz, DMSO-dg) 8 12.17 (br s, 1H, CO,H), 10.79 (d, J = 2.4 Hz, 1H, NHngoke),
7.92-7.77 (m, 2H, NHq1rp, NH(CH;),CO,H), 7.64 (d, J = 7.7 Hz, 1H, CO1NH), 7.55 (d, J = 7.9 Hz, 1H,
H4nqore), 7.41 (d, J = 7.8 Hz, 1H, NHqasu), 7.39-7.22 (m, 6H, Harcbz, H7ingote), 7.10 (d, J = 2.3 Hz, 1H,
H2Ind0|e)v 7.07-7.01 (m, 1H, H6Indo|e)1 6.95 (t, J=7.4Hz, 1H, H5Indo|e)a 5.08-4.97 (m, 2H, CHZ,Cbz)a 4.45 (td, J=
7.9, 6.1 Hz, 1H, Hqy 1), 3.92 (td, J = 8.4, 5.3 Hz, 1H, Hgasu), 3.83-3.70 (m, 1H, CHpy), 3.22 (td, J = 6.9, 5.4
Hz, 2H, CﬂzCHzCOzH), 3.06 (mABx, J= 146, 6.0 Hz, 1H, HB,Trp,A)a 2.96 (mABx, J=146,738 Hz, 1H, HB,Trp,B)a
2.36 (t, J = 7.0 Hz, 2H, CH,CO,H), 2.01 (t, J = 7.5 Hz, 2H, Hyasu), 1.57-1.33 (m, 4H, Hg asu, Heasu), 1.28-1.09
(M, 4H, Hyasu, Hoase), 1.00 (d, J = 6.6 Hz, 3H, CHajpa), 0.91 (d, J = 6.6 Hz, 3H, CHsp5). °C NMR (151
MHz, DMSO-dg) & 172.9 (CO.H), 172.2 (CO¢asu), 171.5 (COgpsu), 170.0 (COqrp), 156.0 (COcyp,), 137.0
(C1larcbz), 136.0 (C7aingoe), 128.3 (C3archz, Cbdarcoz), 127.8 (Clarcvz), 127.7 (C2arcbz, COBarchz), 127.4
(C3angoie); 123.5 (C2ingole), 120.8 (CBindote), 118.5 (C4ingote)s 118.1 (CSingote), 111.1 (C71ndole), 109.9 (C3ingote),
65.4 (CHzcpz), 55.0 (Coasu), 53.3 (Camrp), 40.4 (CHppr), 35.2 (Cgasu), 34.7 (CH,CH,CO2H), 34.0 (CH,COH),
31.8 (Cpasu), 28.3 (Cs.asu)s 27.9 (Cp1rp)s 25.1 (Cyasus Censu)s 22.2 (CHspra), 22.1 (CH3prg). UPLC-MS tz 1.81
min, m/z 622.2 ([M+H]", Ca3HuNsO;" Caled 622.3); HRMS m/z 622.3232 ([M+H]", Cs3HiNsO;" Calcd
622.3235).

N5-((S)-6-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-Z-yI)amino)-5-

(((benzyloxy)carbonyl)amino)-6-oxohexy|)-Nz-((benzyloxy)carbonyl)-L-gIutamine (26).
o o TFA salt 8§52 (48 mg, 0.08 mmol), HOBt (16 mg, 0.12 mmol), Cbz-L-
HNWOH Glu-OMe (35 mg, 0.12 mmol) and iProNEt (20 pL, 0.11 mmol) were
HN o\/© dissolved in anhydrous CH,Cl, (4.0 mL) and cooled to 0 °C. EDC
Tof (22 mg, 0.12 mmol) was added and the reaction mixture was stirred at
i “\ji J\ 0°C for 15 minutes and was then stirred overnight at ambient
©/\° N I N temperature. The reaction mixture was concentrated under reduced
Z\NH pressure and the residue was redissolved in EtOAc (50 mL) and
B washed with aq. KHSO,4 (5%, 3x50 mL), saturated aq. NaHCO3 (3%50
mL), and brine (2x50 mL). The organic phase was dried over Na,SO4
and was then concentrated under reduced pressure, affording a colorless solid (57 mg). The colorless solid
(33 mg) was dissolved in THF (1.3 mL) and aqg. LiOH (1 M, 0.20 mL, 0.20 mmol) was added. The reaction
mixture was stirred at ambient temperature for 75 minutes and was then concentrated under reduced
pressure. Preparative reversed-phase HPLC purification of the crude residue afforded the desired carboxylic
acid 26 (3 mg, 9% from S$52), as a colorless fluffy material after lyophilization. "H NMR (600 MHz, DMSO-ds)
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5 12.58 (br s, 1H, CO,H), 10.79 (s, 1H, NHingoi), 7.83 (d, J = 8.1 Hz, 1H, NHqarsp), 7.77 (t, J = 5.6 Hz, 1H,
NHeys), 7.64 (d, J = 7.7 Hz, 1H, COr,NH), 7.60-7.52 (m, 2H, H4nd0le, NHaa1), 7.47-7.18 (m, 12H, Harcoz.clus
HAr,CbZ,LySa H7Indo|ea NHG,LyS)1 710 (d, J=23 HZ, 1H, H2Ind0|e)v 7.07-7.00 (m, 1H, H6Indole)a 6.99-6.92 (m, 1H,
H5Ind0|e)v 5.10-4.96 (m, 4H, CHZ,Cbz,GIUa CHZ,CbZ,LyS)a 4 .45 (td, J = 79, 6.1 HZ, 1H, Ha,Trp)a 3.99-3.88 (m, 2H,
HaLys, Hocw), 3.81-3.73 (m, 1H, CHp,, overlap with residual water), 3.06 (masx, J = 14.6, 6.0 Hz, 1H, Hg 1p.A),
3.01-2.90 (M, 3H, Hg1pe, Herys) 2.15 (t, J = 7.7 Hz, 2H, Hyw), 2.03-2.91 (m, 1H, Hgeua), 1.81-1.69 (m,
1H, Hpgug), 1.56-1.39 (m, 2H, Hg,ys), 1.36-1.09 (M, 4H, Hy e, Hoys), 0.99 (d, J = 6.6 Hz, 3H, CHy ), 0.91
(d, J = 6.6 Hz, 3H, CHaprs). °C NMR (151 MHz, DMSO-ds) & 173.6 (CO.H), 171.5 (COLys), 171.0 (COp,c1),
170.0 (COrp), 156.1 (COchbatys), 156.0 (COgbzci), 136.96 (Clarchziys): 136.95 (Clarcozc) 136.0 (C7ango),
128.3 (C3Ar,Cb21 C5Ar,Cbz,Lys; C:-)’Ar,Cbz,GIua C5Ar,Cbz,GIu)y 127.78 (C4Ar,Cbz,Lys)a 127.75 (C4AI’,CbZ,G|U)v 127.69 (C2Ar,CbZa
C6Ar,Cbz,Lys)a 127.65 (C2Ar,CbZ,G|U1 CGAr,Cbz,GIu)a 127.4 (Csalndole)y 123.5 (C2Indole), 120.8 (C6Indole)v 118.5 (C4Indole)a
118.1 (CBingoie), 1111 (CTindoie), 109.8 (C3indoie), 65.42 (CHachziys), 65.38 (CHacozai)s 55.0 (Cays), 53.5
(Caci), 53.3 (Catrp), 40.4 (CHpy), 38.4 (Cerye), 31.7 (Cyou) 31.5 (Cprys) 28.8 (Coiys), 27.8 (Cprp), 26.8
(CBYG|U)’ 22.8 (CVYLYS)’ 22.2 (CHS,iPr,A), 221 (CH31,'pr’B). UPLC-MS tR 1.96 min, mlz 771.2 ([M+H]+, C41H51N609+
Calcd 771.3); HRMS m/z 771.3706 ([M+H]", C41Hs:NgOg" Calcd 771.3712).

N4-((S)-6-(((S)-3-(1 H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)Jamino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexy|)-Nz-((benzyloxy)carbonyl)-L-asparagine (S18).

o By the method described for compound 26, the title compound was

o HN)ko synthesized using TFA salt 852 (50 mg, 0.08 mmol), HOBt (17 mg,
HN){ \\\\\ H(OH«© 0.13 mmol), Cbz-L-Asp-OMe (36 mg, 0.13 mmol), Pr,NEt (20 uL,
Io! 0.11 mmol), anhydrous CH,Cl, (4.0 mL), and EDC (23 mg, 0.12 mmol),

affording a colorless solid (47 mg). Then the colorless solid (29 mg), THF
) H\)i J\ (1.3 mL), and aq. LiOH (1 M, 0.20 mL, 0.20 mmol) affording the desired
©/\O N =N carboxylic acid S18 (6 mg, 9% from S52), as a colorless fluffy material
© BNH after lyophilization. 'H NMR (600 MHz, DMSO-ds) & 12.64 (br s, 1H,
CO,H), 10.79 (s, 1H, NHindole), 7.88-7.79 (m, 2H, NHq1rp, NHe1ys), 7.65 (d,
J=7.7 Hz, 1H, COxNH), 7.55 (d, J = 7.9 Hz, 1H, H4ngole), 7.48-7.17 (m,
13H, NHQYASp, NHG,LySa HAr,CbZ,LySa HAI’,CbZ,ASpy H7Indole)7 7.10 (d, J=23 HZ, 1H, H2Indo|e)a 7.07-7.00 (m, 1H,
HBngote), 6.95 (t, J = 7.4 Hz, 1H, H5ng0ie), 5.08—4.97 (m, 4H, CH2 cuz1ys, CHacozasp), 4.50—4.41 (M, 1H, Hq1rp),
4.40-4.30 (m, 1H, Hqasp), 3.92 (td, J = 8.4, 5.2 Hz, 1H, Hqys), 3.84-3.70 (m, 1H, CHjp(), 3.06 (maex, J = 14.6,
6.0 Hz, 1H, Hg1rpa), 3.01-2.87 (M, 3H, Hg 1rp8, Heys), 2.59-2.53 (M, 1H, Hg aspa), 2.47-2.40 (M, 1H, Hg asp ),
1.58-1.39 (m, 2H, Hgys), 1.36-1.10 (m, 4H, Hyys, Hs1ys), 0.99 (d, J = 6.6 Hz, 3H, CH3p4), 0.91 (d, J = 6.6
Hz, 3H, CHspp). °C NMR (151 MHz, DMSO-dg) 8 173.1 (CO,H), 171.5 (COLs), 170.0 (COryp), 168.8
(COyasp), 156.0 (COchyziys), 155.8 (COchzasp), 136.9 (Clarcoziyss Clarcozasp), 136.0 (C7aingoe), 128.33
(C3Ar,Cva C5Ar,Cbz,Lys)a 128.31 (C3Ar,Cbz,Aspa C5Ar,Cbz,Asp)a 127.8 (C4Ar,Cbz,Asp1 C4Ar,Cbz)1 127.7 (C2Ar,Cbz,Aspa
CGAr,Cbz,Asm C2Ar,Cb21 C6Ar,Cbz,Lys)v 127.4 (C3alndole)a 123.5 (C2Indole)1 120.8 (CGIndoIe)y 118.5 (C4Indole)1 118.1
(CSingote), 111.1 (C71ngole), 109.8 (C3ingote), 65.44 (CHacuziys), 65.39 (CHachzasp), 54.9 (Carys), 53.3 (Comrp)s
50.7 (Caasp), 40.4 (CHipr), 38.5 (CeLys), 37.0 (Cpoasp), 31.5 (CpLys), 28.7 (CsLys), 27.9 (Cp.1rp), 22.8 (Cy 1ys), 22.2
(CH3pra), 22.1 (CHs prg). UPLC-MS tg 1.96 min, m/z 757.1 (IM+H]", C4oH4NsOo" Calcd 757.3); HRMS m/z
757.3550 ([M+H]", C40H49NeOg" Calcd 757.3556).

4-(((S)-6-(((S)-3-(1H-Indol-3-yl)-1-(isopropylamino)-1-oxopropan-2-yl)amino)-5-
(((benzyloxy)carbonyl)amino)-6-oxohexyl)amino)-2-methyl-4-oxo-2-phenylbutanoic acid (S19).
TFA salt $52 (27 mg, 0.04 mmol) and 3-methyl-3-phenyldihydrofuran-2,5-
dione (5 mg, 0.03 mmol) were dissolved in anhydrous DMF (2.0 mL) and
cooled to 0 °C. iPr,NEt (9.5 pL, 0.05 mmol) was added and the reaction
mixture was stirred at 0 °C for 2 hours and was then concentrated under
reduced pressure. Preparative reversed-phase HPLC purification of the crude
o) o) residue afforded the desired carboxylic acid $19 (3 mg, 14% from 3-methyl-3-
J\ phenyldihydrofuran-2,5-dione), as a colorless fluffy material after

o)kN N\:)kN
@ "o /? lyophilization. 'H NMR (600 MHz, DMSO-ds) & 12.44 (br s, 1H, CO;H), 10.79
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(s, TH, NHindole), 7.89-7.75 (m, 2H, NHq 1, NHe1ys), 7.66 (d, J = 7.8 Hz, 1H, COrNH), 7.55 (d, J = 7.9 Hz,
1H, H4Indole)a 7.46-7.15 (m, 13H, Nch,LySa HAr,Phy HAT,Cva H7Indo|e)a 7.10 (d, J=23 HZ, 1H, H2Indole)a 7.04 (t, J=
7.6 Hz, 1H, H6jhgole), 6.95 (t, J = 7.4 Hz, 1H, H5nq0ie), 5.10-4.97 (m, 2H, CHycpz), 4.51-4.40 (m, 1H, Hq1rp),
3.97-3.85 (m, 1H, Hqys, overlap with residual water), 3.83-3.71 (m, 1H, CHjp,, overlap with residual water),
3.12-2.85 (m, 5H, Hg1mp, Helys, NHeysCOCHsa), 2.70-2.63 (m, 1H, NH,<COCH,g), 1.56—-1.38 (m, 5H,
CH3CCO2H, Hgyys), 1.34—1.06 (m, 4H, Hy s, Hs1ys), 0.99 (dd, J = 6.7, 2.1 Hz, 3H CH3pra), 0.90 (d, J = 6.6
Hz, 3H, CHz pr CHa,prs). '°C NMR (151 MHz, DMSO-ds) 5 176.0 (CO2H), 171.5 (COLys), 170.0 (COryp), 169.8
(NH¢ ,sCO), 156.0 (COcpzys), 143.9 (C1pn), 136.9 (Clarchy), 136.0 (C7aIndole), 128.3 (C3arcbz, CHarchz), 128.2
(C2pp, C6pn), 127.8 (Clarcobz), 127.7 (C2arcoz: CBarchbz), 127.4 (C3aindore), 126.5 (C4arpn), 125.7 (C3pn, Cben),
123.5 (C2ngoke)s 120.8 (CBindole), 118.5 (C4indole), 118.1 (Chingole), 111.1 (C7indote)s 109.8 (C3ingote), 65.4
(CHa,cbz), 54.9 (Cqys), 53.3 (Cqmip), 47.9 (PhCCO,H), 43.8 (NH¢,sCOCH,), 40.4 (CH;pp/), 38.2 (Ceys), 31.5
(Cg.ys), 28.7 (Cs.ys), 27.9 (Cp.1rp), 23.7 (CH3CCO,H), 22.8 (Cy 1ys), 22.2 (CH3pra), 22.1 (CH3 jprg). UPLC-MS
tr 1.97 min, m/z 698.2 (IM+H]", C39H4sN50;" Calcd 698.3); HRMS m/z 698.3545 ([IM+H]", C39H4sN50;" Calcd
698.3548).

Benzyl tert-butyl ((S)-6-(((S)-1-(cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-
oxohexane-1,5-diyl)dicarbamate (S69).
o Cbz-Lys(Boc)-OH (100 mg, 0.26 mmol), HOBt (54 mg, 0.40 mmol), TFA salt
HNkOk of 834 (141 mg, 0.39 mmol), and iPr,NEt (90 pL, 0.52 mmol) were dissolved
in anhydrous CH,Cl, (5 mL) and cooled to 0 °C. EDC (77 mg, 0.40 mmol)
was added and the reaction mixture was stirred at 0°C for 5 minutes and was
i H\)Ok /A then stirred overnight at ambient temperature. The reaction mixture was
©/\0 N I : N concentrated under reduced pressure and the residue was redissolved in
“\H  EtOAc (50 mL) and washed with ag. KHSO4 (5%, 3%x50 mL), saturated aq.
6 NaHCO; (3x50 mL), and brine (2x50 mL). The crude residue was purified by
column chromatography (0—4% CH3;OH in CH,CI,) affording the desired
amide S69 (145 mg, 90%) as a colorless solid. TLC (5% CH3;OH in CH,Cl,): Rs = 0.4. H NMR (600 MHz,
DMSO-ds) 6 10.79 (d, J = 2.4 Hz, 1H, NHingoe), 7.90 (d, J = 4.3 Hz, 1H, COx,NH), 7.85 (d, J = 8.1 Hz, 1H,
NHq 1), 7.54 (d, J = 7.9 Hz, 1H, H4ng0ie), 7.43-7.22 (m, 7TH, Harcbz, H7 ingoles NHays), 7.08 (d, J = 2.4 Hz, 1H,
H2Ind0|e)v 7.07-7.01 (m, 1H, H6Ind0|e)v 7.00-6.92 (m, 1H, H5Ind0|e)v 6.73 (t, J=57 HZ, 1H, NH&,LyS)y 5.09-4.89
(m, 2H, CHzcrr), 4.49-4.37 (M, 1H, Hq 1), 3.92 (td, J = 8.4, 4.9 Hz, 1H, Hq1ys), 3.05 (Mmagx, J = 14.6, 6.0 Hz,
1H, HB,Trp,A)a 2.95 (mABx, J = 146, 7.7 Hz, 1H, HB,Trp,B)a 2.91-2.79 (m, 2H, HE,LyS)! 2.60-2.53 (m, 1H,
H1cyciopropyt), 1.58—1.08 (m, 16H, Hgys, C(CH3)s, Hyys, Hapys), 0.62-0.48 (m, 2H, H2¢yqiopropyr), 0.36-0.21 (m,
2H, H2¢yc0propy)- °C NMR (151 MHz, DMSO-dg) 8 172.2 (COrp), 171.5 (COLy), 156.0 (COc,), 155.5
(COgoc), 136.9 (C1archz), 135.9 (C7anndole), 128.3 (C3ar.coz: CHarcbz), 127.8 (Cdarcbz), 127.7 (C2arcbz, CBar cbz)s
127.3 (C3aindole), 123.5 (C2ingote); 120.8 (CBindore), 118.4 (Chingole), 118.1 (Chingote)s 111.1 (C7ngore), 109.8
(C3indgote), 77.3 (C(CHa)s), 65.4 (CHzcbz), 54.9 (Cqys), 53.1 (Ca ), 39.3 (Cerys Overlap with solvent peak),
31.5 (CpLys), 29.2 (Csys), 28.3 (C(CH3)3), 27.8 (Cp1rp), 22.7 (CyLys), 22.2 (Clcyciopropyt)s 5-52 (C2¢yciopropyi), 5.46
(C3cyciopropyl)- UPLC-MS tg 2.18 min, m/z 606.2 ([M+H]", C33H44NsOs" Calcd 606.3); HRMS m/z 628.3098
(IM+Na]",Ca3H43NsO¢Na” Calcd 628.3106).

Benzyl tert-butyl ((S)-6-(((S)-1-((adamantan-1-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-
oxohexane-1,5-diyl)dicarbamate (S70).

o By the method described for compound S69, the title compound was
HN)ko/k synthesized using Cbz-Lys(Boc)-OH (100 mg, 0.26 mmol), HOBt (56 mg,
0.42 mmol), TFA salt 837 (178 mg, 0.39 mmol), iPr,NEt (90 uL, 0.52 mmol),
anhydrous CH,CI, (56 mL), and EDC (77 mg, 0.40 mmol). The crude residue
i H\)CL @ was purified by column chromatography (0—3% CH3;OH in CH,Cl,) affording
©/\O N N the desired amide S70 (166 mg, 90%) as a colorless solid. TLC (5% CH3;OH
© “NH in CH,Cl,): Ry = 0.5. "H NMR (600 MHz, CDCls) 8 8.47 (s, 1H, NHindole), 7.66
(d, J=79 HZ, 1H, H4Indo|e)a 7.39-7.27 (m, 6H, HAr,CbZa H7Ind0|e), 717 (t, J=
7.5 HZ, 1H, H6Ind0|e)v 7.11 (t, J=T74 HZ, 1H, H5Indole)7 7.03 (S, 1H, H2Ind0|e)v
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6.91 (br s, 1H, NHq 1), 5.43 (br s, 1H, NHays), 5.05 (s, 2H, CHa,cpy), 4.68-4.57 (m, 1H, Ho1), 4.15-4.01 (m,
1H, Ha,Lys)a 3.27 (mABx, J= 148, 6.6 Hz, 1H, HB,Trp,A)a 3.17 (mABx, J= 147, 7.3 Hz, 1H, HB,Trp,B)a 3.01 (t, J=
6.9 HZ, 2H, HE,LyS)a 2.07-1.93 (m, 3H, H3Adaa H5Adaa H7Ada)7 1.81 (br S, 6H, H2Adaa H8Adaa H9Ada)v 1.70-1.50 (m,
8H, H4pga, HBada, H10aga, Hpys), 1.43 (s, 11H, C(CHa)s, Hyys), 1.20-1.08 (m, 2H, Hy1y6). °C NMR (151 MHz,
CDCl5) & 172.0 (COyy), 170.4 (COryp), 156.6 (COcps), 156.4 (COgoc). 136.4 (Clarcoz C7@mgoi), 128.7
(C3Ar,Cva C5Ar,Cbz)1 128.4 (C4Ar,Cbz)1 128.3 (C2Ar,Cb27 C6Ar,Cbz)a 127.5 (C3alndole)a 123.4 (C2Indole)y 122.4 (C6Indole)a
119.9 (C5pnote), 119.0 (CAingore), 111.5 (C7hncote), 110.8 (C3indore). 79.7 (C(CHs)s), 67.2 (CHa.c0z), 55.4 (Caye),
54.5 (Catrp), 52.7 (Claga), 41.2 (C3adar CBadar CThca)s 40.1 (Cerys), 36.3 (C2adar CBhadar Chca)s 31.8 (Cpiye),
29.7 (Cs1ys), 29.5 (CAga, CBada, C10ada), 28.6 (C(CHa)s), 28.1 (Cp1rp), 22.2 (Cy1ys). UPLC-MS tg 2.50 min,
mlz 700.3 ([M+H]", C4HssNsOg" Calcd 700.4); HRMS m/z 722.3872 ([M+Na]’,C4Hs3sNsOgNa® Calcd
722.3888). Ada=adamant-1-yl

Benzyl tert-butyl ((S)-6-(((S)-3-(1H-indol-3-yl)-1-(((S)-1-methoxy-3-phenylpropan-2-yl)amino)-1-
oxopropan-2-yl)Jamino)-6-oxohexane-1,5-diyl)dicarbamate (S71).

By the method described for compound S$69, the title compound was
synthesized using Cbz-Lys(Boc)-OH (101 mg, 0.26 mmol), HOBt (58 mg,

o}
Ak

0.40 mmol), TFA salt S38 (185 mg, 0.39 mmol), Pr,NEt (90 pL,

0.52 mmol), anhydrous CH,Cl, (5.0 mL), and EDC (77 mg, 0.40 mmol).

i H\j\ The crude residue was purified by column chromatography (0—2.5%

@ ° N I N 3 CH3OH in CH,Cl,) affording the desired amide $71 (96 mg, 51%) as a

“hH > colorless solid. '"H NMR (600 MHz, DMSO-dg) 8 10.79 (d, J = 2.5 Hz, 1H,

NHingoie), 7.87 (d, J = 8.1 Hz, 1H, NHqty), 7.81 (d, J = 8.3 Hz, 1H,

COmpNH), 7.54 (d, J = 7.9 Hz, 1H, H4.40), 7.40-7.12 (m, 11H, Harcbz,

th, H7Indole)a 7.10 (d, J=23 HZ, 1H, H2Indo|e)a 7.04 (ddd, J= 81, 69, 1.2 HZ, 1H, H6Indole)a 6.98-6.93 (m, 1H,

H5ind0ie), 6.74 (t, J = 5.7 Hz, 1H, NHc 1s), 5.07—4.96 (m, 2H, CHy cvy), 4.57-4.44 (m, 1H, Hq 1), 4.05-3.88 (m,

2H, Hqys, CO7pNHCH), 3.17 (s, 3H, CH,OCHj3), 3.11-3.05 (m, 2H, CH,OCH3), 3.03 (magx, J = 14.6, 6.3 Hz,

1H, HB,Trp,A): 2.93 (mABx, J= 147, 7.5 Hz, 1H, HBYTFPYB)7 2.90-2.79 (m, J=6.5Hz, 2H, HEyLys), 2.74 (mABx, J=

13.9, 6.1 Hz, 1H, CHCH, APh), 2.63 (magx, J = 13.9, 8.0 Hz, 1H, CHCH,gPh), 1.36 (s, 15H, C(CH3)s, Hg ys,

HyLys Haiys) °C NMR (151 MHz, DMSO-dg) 8 171.5 (COLys), 170.7 (COrp), 155.9 (COchz), 155.5 (COgoc),

138.5 (C1ppn), 137.0 (Clarchz), 136.0 (C7aingoie), 129.0 (C2pn, C6pn), 128.3 (C3pn, C5pn), 128.1 (C3arcbz

C5arcbz), 127.73 (Clarchz), 127.67 (C2archz, CBarchz), 127.4 (C3aingore), 126.0 (C4pp), 123.5 (C2pndole), 120.7

(CBindole), 118.4 (C4ingole), 118.1 (C5ingote)s 111.1 (C7ngote), 109.8 (C3ingote), 77.3 (C(CH3)3), 72.8 (CH,OCH3),

65.4 (CHzcp), 58.1 (CH,OCHj3), 54.8 (Cquys), 53.4 (Carrp), 49.8 (COmpNHCH), 39.4 (C.L,s overlap with

solvent peak), 36.6 (CHCH,Ph), 31.6 (CgLys), 29.2 (Cs.ys), 28.3 (C(CHa)s), 27.9 (Cp1ip), 22.8 (CyLys)- UPLC-

MS tg 249 min, m/z 7143 (IM+H]", C4Hs:NsO;" Caled 714.4); HRMS m/z 736.3663
(IM+Na]",C40Hs:NsO;Na" Calcd 736.3681).

Benzyl ((S)-6-amino-1-(((S)-1-(cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-1-
oxohexan-2-yl)carbamate-TFA salt (S72).

o TFA (1.25 mL, 16.3 mmol) was added to a solution of carbamate S69
NH,* _OJKCFS (115 mg, 0.19 mmol) and TIPS (0.25 mL, 1.22 mmol) in anhydrous CH,Cl,
(3.5 mL). The reaction mixture was stirred at ambient temperature for 45
minutes and was then concentrated under reduced pressure. Excess TFA
i H\)(l /A was removed with by coevaporations: CH,Cly/tolune (1:1, 2x25 mL),
@ 07N = N” CH,Cly/heptane (1:1, 2x25 mL) and CH;OH /CH,Cl, (10 mL) affording the
© “H crude TFA salt 8§72 (97 mg, 83%) as an off-white solid, which was used
without further purification. "H NMR (600 MHz, DMSO-ds) & 10.83 (d, J=2.4
Hz, 1H, NHingoe), 7.95 (d, J = 4.3 Hz, 1H, CO+,NH), 7.89 (d, J = 8.0 Hz, 1H,
NHq 1), 7.74 (br s, 3H, NH3), 7.55 (d, J = 7.9 Hz, 1H, H4/ng0ie), 7.50-7.18 (M, 7H, Harcbz, H7indotle; NHaLys),
7.10 (d, J = 2.3 Hz, 1H, H2n40i), 7.05 (t, J = 7.4 Hz, 1H, HBnq0re), 6.96 (t, J = 7.4 Hz, 1H, H5/hg01e), 5.08—4.95
(m, 2H, CHzcb,), 4.49-4.38 (m, 1H, Hg1rp), 3.95 (td, J = 8.5, 5.1 Hz, 1H, Hqys), 3.06 (Maex, J = 14.6, 6.0 Hz,
1H, Hg1p,a), 2.96 (Magx, J = 14.6, 7.8 Hz, 1H, Hg1pg), 2.77-2.66 (M, 2H, Heys), 2.57 (td, J = 7.3, 3.7 Hz, 1H,
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H oyelopropyt)s 1-59—1.41 (m, 4H, Hg 1y, HaLys), 1.31=1.15 (m, 2H, Hy1,c), 0.62-0.48 (M, 2H, H20,ci0pr0py), 0.36—
0.22 (m, 2H, H3cyciopropy)- °C NMR (151 MHz, DMSO-dg) & 172.2 (COryp), 171.4 (COLye), 158.2 (q, J = 31.9
Hz, CO1ea), 156.0 (COcpz), 136.9 (C1arcoz), 136.0 (C7aIndoke), 128.4 (C3arcoz, CBarcoz), 127.8 (Charcnz), 127.7
(C2Ar,Cva C6Ar,Cbz)1 127.4 (CBaIndoIe), 123.5 (C2Indole)1 120.8 (C6Indole)a 118.5 (C4Indole)v 118.1 (Cslndole)a 117.9 (q,
J=297.8 HZ, CF3,TFA)1 111.2 (C7Indole)a 109.7 (C3Indole), 65.5 (CHZ,Cbz)y 54.7 (Cq‘Lys), 53.2 (Ca,Trp)y 38.6 (Cs,Lys)a
31.2 (Cpuys), 27.8 (Cprrp), 26.6 (Caiys), 22.3 (Cloyciopropyl)s 5-53 (C2cyciopropyl)s 547 (C2cyctopropy). UPLC-MS tg
1.75 min, m/z 506.2 (IM+H]", CH3sN50," Calcd 506.3); HRMS m/z 506.2754 ([M+H]",C,sH36Ns04" Calcd
506.2762).

Benzyl ((S)-1-(((S)-1-((adamantan-1-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)Jamino)-6-amino-1-
oxohexan-2-yl)carbamate-TFA salt (S73).
o By the method described for compound S72, the title compound was
OJKCFS synthesized using TFA (1.0 mL, 13.1 mmol), carbamate S70 (129 mg,
0.19 mmol), TIPS (0.15 mL, 0.73 mmol), and anhydrous CH,CI, (2.1 mL)
affording the desired TFA salt 873 (141 mg, >99%) as an off-white solid,
1 HJ‘L @ which was used without further purification. 'H NMR (600 MHz, DMSO-dg) &
@”O N N 10.81 (d, J = 2.4 Hz, 1H, NHinae), 7.81 (d, J = 8.1 Hz, 1H, NHa ), 7.69 (s,
© Z\H 3H, NHj3), 7.57 (d, J = 8.0 Hz, 1H, H4nqoi), 7.44 (d, J = 7.9 Hz, 1H, NHqys),
7.39-7.28 (m, 6H, Harcoz H7ingole), 7.23 (s, 1H, COtpNH), 7.11 (d, J = 2.3
Hz, 1H, H2n40e), 7.05 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, HBng0ie), 6.98—6.92 (m,
1H, HSingote), 5.07-4.98 (m, 2H, CHycp,), 4.48 (td, J = 7.9, 5.9 Hz, 1H, Hq1rp), 3.97-3.91 (m, 1H, Hqys), 3.06
(mABx, J= 147, 5.9 Hz, 1H, HBYTTPYA)7 2.95 (mABx, J= 146, 7.8 Hz, 1H, HB,Trp,B), 2.70 (t, J=7.4Hz, 2H, HgyLys),
2.02-1.92 (m, 3H, H3ada, H5Ada, H7Ada)a 1.91-1.80 (m, 6H, H2Adaa H8Aday HgAda)a 1.65-1.39 (m, 12H, H4 ada,
H6aga, H10ada, HgLys, HaLys), 1.30— 1.16 (m, 2H, Hy1ys). °C NMR (151 MHz, DMSO-dg) 5 171.3 (COyys), 170.2
(COrpp), 157.9 (q, J =30.5 Hz, CO+pa), 156.0 (COcpz), 136.9 (Clarcpz), 135.9 (C7aingoe), 128.4 (C3archzs
Cbarcbz), 127.8 (Clarchz), 127.7 (C2arc0z: CBarchz), 127.5 (C3anndoke), 123.5 (C2ingote), 120.8 (CBingole), 118.6
(C5indole), 118.1 (Céingote), 117.3 (q, J = 300.0 Hz, CF31ea), 111.1 (C7indole), 109.9 (C3ingote)s 65.5 (CHa cbz),
54.7 (Cauys), 53.5 (Cq1rp), 50.8 (C1aga), 40.8 (C3adas C5ada, C7ada), 38.6 (Ceys), 36.0 (C2ada, C8adar C9ada),
31.2 (Cgys), 28.8 (C4ada, C6ada, C10ada), 27.9 (Cp1rp), 26.6 (Cs,1ys), 22.3 (CyLys). UPLC-MS tz 2.06 min, m/z
600.2 ([M+H]", CasH4NsO4 Calcd 600.4); HRMS m/z 600.3537 ([M+H]",C3sH4NsO4" Calcd 600.3544).
Ada=adamant-1-yl

NH3* -

Benzyl ((S)-1-(((S)-3-(1H-indol-3-yl)-1-(((S)-1-methoxy-3-phenylpropan-2-yl)Jamino)-1-oxopropan-2-
yl)amino)-6-amino-1-oxohexan-2-yl)carbamate-TFA salt (S74).

o By the method described for compound S72, the title compound was
A synthesized using TFA (0.75 mL, 9.79 mmol), carbamate S71 (67 mg,
0.09 mmol), TIPS (0.15 mL, 0.73 mmol), and anhydrous CH,Cl, (2.1 mL)
affording the desired TFA salt S74 (60 mg, 89%) as an off-white solid,
)y H i which was used without further purification. 'H NMR (600 MHz, DMSO-ds)
@AO N = N 5 10.82 (d, J = 2.6 Hz, 1H, NHingole), 7.94—7.84 (m, 2H, NHq 115, CO7pNH),
© = NHO\ 7.69 (s, 3H, NHs), 7.55 (d, J = 7.9 Hz, 1H, H4nq0e), 7.44-7.13 (m, 12H,
B HAr,CbZ, HAr,Mppv H7Indole, NHG,LyS)v 7.11 (d, J=23 HZ, 1H, H2Indo|e)1 7.08—
7.02 (m, 1H, H6nqoe), 6.96 (t, J = 7.5 Hz, 1H, H5n40ie), 5.07—4.98 (m, 2H,
CHa b)), 4.57-4.46 (m, 1H, Hq1p), 4.05-3.92 (M, 2H, Hqys, COTp,NHCH), 3.17 (s, 3H, OCH3), 3.10-2.91 (m,
4H, CH,OCHs, Hg1rp), 2.79-2.59 (m, 4H, H¢ys, CHCH,Ph), 1.56-1.38 (m, 4H, Hgys, HsLys), 1.29-1.15 (m,
2H, Hy 1ys). C NMR (151 MHz, DMSO-dg) & 171.4 (COLys), 170.8 (COryp), 157.9 (q, J = 31.2 Hz, COrra),
156.0 (COcp;), 138.5 (Clarmpe), 136.9 (Clarchz), 136.0 (C7aingote), 129.1 (C2armpp, COArMpp): 128.3 (C3arMpps
CSarmpp), 128.1 (C3arcbz, Cbarchz), 127.8 (Clarcopz), 127.7 (C2archzs CBarchz), 127.4 (C3aingoe), 126.0
(Clarmpp), 123.5 (C2indote), 120.8 (Cbindole), 118.4 (C4ingole), 118.1 (CSindole), 117.3 (q, J = 301.8 Hz, CF31ra),
111.2 (C71ndote), 109.7 (C3indoie), 72.8 (CH,OCHa), 65.5 (CHa cp,), 58.2 (OCHs3), 54.6 (Cqys), 53.4 (Cq1rp), 49.8
(COmpNHCH), 38.7 (C¢ Lys), 36.6 (CHCH,Ph), 31.3 (CgLys), 28.0 (Cp1rp), 26.6 (Csys), 22.3 (CyLys). UPLC-MS
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tr 1.98 min, m/z 614.2 ([M+H]", C3sH44NsOs  Calcd 614.3); HRMS m/z 614.3325 ([M+H]",C3sH44NsO05" Calcd
614.3337). Mpp=(S)-(1-methoxy-3-phenylpropan-2-yl)

(S)-5-(((S)-1-(Cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamoyl)-3-oxo-1-phenyl-11-
thioxo-2-oxa-4,10,12-triazapentadecan-15-oic acid (45).
s o TFA salt 872 (50 mg, 0.08 mmol), compound S48 (30 mg, 0.10 mmol), and
N iProNEt (28 pL, 0.16 mmol) were dissolved in anhydrous DMF (2.0 mL) and
H the mixture was stirred at ambient temperature overnight. The reaction
mixture was concentrated under reduced pressure and the residue was
i H\).i /A redissolved in EtOAc (50 mL) and washed with H,O (2x50 mL), saturated aq.
@0 NN NaHCO; (2x50 mL), ag. HCI (1 M, 2x50 mL), and brine (2x50 mL). The
“ H  organic phase was dried over Na,SO, and concentrated under reduced
6 pressure. The crude residue was dissolved in CH,ClI; (3.0 mL) and TIPS (0.20
mL, 0.98 mmol) and TFA (1.0 mL, 13.0 mmol) were added. The mixture was
stirred at ambient temperature for 2 hours and was then concentrated under reduced pressure. Preparative
reversed-phase HPLC purification of the crude residue afforded the desired carboxylic acid 45 (32 mg, 62%
from S72), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 12.23 (br s, 1H,
CO,H), 10.79 (d, J = 2.4 Hz, 1H, NHinqoie), 8.02-7.81 (m, 2H, COr,NH, NHq1rp), 7.62-7.19 (m, 10H, NH¢ s,
NH(CH2)2C02H, NHG,Ly51 HAr,CbZ, H7Indoley H4Indole)a 7.09 (d, J =23 HZ, 1H, H2Indo|e)v 7.07-7.01 (m, 1H,
H6indole), 6.96 (t, J = 7.4 Hz, 1H, H5/ng0ie), 5.08—-4.97 (m, 2H, CHycpz), 4.48-4.38 (m, 2H, Hq1rp, Overlap with
residual water), 4.00-3.90 (m, 2H, Hq,s, overlap with residual water), 3.56 (br s, 2H, CH,CH,CO,H), 3.29 (br
S, 2H, HE,Lys)a 3.05 (mABx, J= 146, 6.0 Hz, 1H, HBYTTP,A)' 2.95 (mABx, J= 146, 7.7 Hz, 1H, HB,Trp,B)a 2.60-2.52
(m, TH, Hlcyciopropyt), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H, overlap with solvent peak), 1.62—1.32 (m, 4H, Hgys,
Hsys), 1.32=1.10 (m, 2H, Hy1ys), 0.61-0.48 (M, 2H, H2¢,ciopropyt)s 0.35-0.17 (M, 2H, H3cyciopropyl)- C NMR
(151 MHz, DMSO-dg) 8 173.1 (CO2H), 172.2 (CO1yp), 171.5 (COyys), 156.0 (COcp;), 137.0 (Clarcoz), 135.9
(C7aingole), 128.3 (C3arcbzs Cdarchz), 127.8 (Clarchz), 127.7 (C2arcbz, CBarcoz), 127.4 (C3aingole), 123.5
(C2indole), 120.8 (CBindole), 118.5 (C4indole), 118.1 (CBindote), 111.2 (C7ndote), 109.7 (C3ingote), 65.4 (CHz cp2), 54.9
(Calys), 53.2 (Cqrp), 43.5 (Ceuys), 39.2 (CH,CH,CO,H overlap with solvent peak), 33.7 (CH,CO.H), 31.6
(CB,Lys)a 28.4 (CG,Lys), 27.8 (CB,Trp)a 22.9 (Cv,Lys)v 22.3 (C1Cyclopropyl)a 5.53 (C2Cyclopropyl)1 5.48 (C3Cyclopr0py|)- The
peak for C=S was not visible in 3C NMR, probably due to fast quadrupolar relaxation via the nearby N-
nuclei. UPLC-MS tz 1.98 min, m/z 637.2 ([M+H]", C3,H41NgOgS™ Calcd 637.3); HRMS m/z 637.2810 ([M+H]",
C32H41NgO6S" Calcd 637.2803).

(4S,75,10S)-7-((1H-Indol-3-yl)methyl)-4-benzyl-10-(((benzyloxy)carbonyl)amino)-6,9-dioxo-16-thioxo-2-
oxa-5,8,15,17-tetraazaicosan-20-oic acid (46).

s o By the method described for compound 45, the title compound was

synthesized using TFA salt S74 (45 mg, 0.06 mmol), compound S48

A /\)J\OH
H (23 mg, 0.07 mmol), iPr,NEt (22 pL, 0.13 mmol), and anhydrous DMF
(2.0 mL), followed by anhydrous CH.Cl, (3.0 mL), TIPS (0.20 mL,
j\ H\)OJ\ 0.98 mmol), and TFA (1.0 mL, 13.0 mmol) affording the desired
©/\O N 7 N )i carboxylic acid 46 (6 mg, 13% from S74), as a colorless fluffy material
© " after lyophilization. 'H NMR (600 MHz, DMSO-dg) & 12.23 (br s, 1H,
6 COgH), 10.79 (d, J = 2.5 Hz, 1H, NHjgoe), 7.89 (d, J = 8.1 Hz, 1H,
NHg1rp), 7.82 (d, J = 8.3 Hz, 1H, COr,NH), 7.54 (d, J = 7.9 Hz, 1H,
H4Ind0|e)v 7.48 (br S, 1H, NHE,LyS)a 7.42-7.12 (m, 13H, NH(CH2)2C02H,
Nch,LySa HAT,Cva HAr,Mppv H7Ind0le)a 7.10 (d, J=24 HZ, 1H, H2Indole)a 7.04 (ddd, J= 81, 69, 1.2 HZ, 1H, H6Indo|e)a
6.99-6.92 (m, 1H, HS5ngoie), 5.07—4.97 (m, 2H, CHcv,), 4.57—4.43 (m, 1H, Hqp), 4.03-3.92 (M, 2H, Hqyys,
CO+pNHCH), 3.56 (br s, 2H, CH,CH,CO,H overlap with residual water), 3.29 (br s, 2H, H¢ ), 3.17 (s, 3H,
CHzoCﬂ3), 3.10-3.05 (m, 2H, CﬂzOCH;;), 3.03 (mABx, J= 146, 6.2 HZ, 1H, HBYTTPYA)’ 2.93 (mABx, J= 146, 7.5
Hz, 1H, HB,Trp,B)v 2.74 (mABx, J = 13.7, 6.1 Hz, 1H, CHCﬂzyAPh), 2.63 (mABx, J =137, 7.7 Hz, 1H,
CHCH,Ph), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H), 1.58-1.33 (m, 4H, Hg1ys, Hs1ys), 1.32—-1.11 (m, 2H, Hy ).
®C NMR (151 MHz, DMSO-dg) 8 173.2 (CO,H), 171.5 (CO.s), 170.7 (COryp), 156.0 (COgp,), 138.5
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(Clarmpp), 137.0 (Clarcoz), 136.0 (C7aingore), 129.0 (C2armpps COBarmpp), 128.3 (C3armpps Carmpp), 128.1
(C3arcbzs Cbarchz), 127.8 (Clarchz), 127.7 (C2archz, CBarchz), 127.4 (C3aingole), 126.0 (Clarmpp), 123.5
(C2indote), 120.8 (CBingole), 118.4 (Chingote), 118.1 (C5ingote)s 111.2 (C71ndole), 109.8 (C3jngole), 72.8 (CH,OCH3),
65.4 (CHacp,), 58.2 (CH,OCH3), 54.8 (Cquys), 53.4 (Cqmp), 49.8 (COrpNHCH), 43.5 (CcLy), 39.0
(CH>CH,COH overlap with solvent peak), 36.6 (CH2Phyy), 33.7 (CH2CO2H), 31.7 (Cg Lys), 28.5 (Csys), 27.9
(Cg1rp), 23.0 (CyLys).- The peak for C=S was not visible in ¥C NMR, probably due to fast quadrupolar
relaxation via the nearby “N-nuclei. UPLC-MS tr 2.21 min, m/z 745.2 ([M+H]+, C39H49NgO;S™ Calcd 745.3);
HRMS m/z 767.3210 ([M+Na]", C3gH4sNsO;SNa" Calcd 767.3197). Mpp=(S)-(1-methoxy-3-phenylpropan-2-
yl)

(S)-5-(((S)-1-((Adamantan-1-yl)amino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamoyl)-3-oxo-1-phenyl-
11-thioxo-2-oxa-4,10,12-triazapentadecan-15-oic acid (47).
s o By the method described for compound 45, the title compound was
HNJKN/\)kOH synthesized using TFA salt S73 (52 mg, 0.07 mmol), compound S48 (27 mg,
H 0.09 mmol), iProNEt (25 pL, 0.14 mmol), and anhydrous DMF (2.0 mL),
followed CH,CI, (3.0 mL), TIPS (0.20 mL, 0.98 mmol), and TFA (1.0 mL,
U H\)Ok @ 13.0 mmol) affording the desired carboxylic acid 47 (18 mg, 34% from S73),
@AO N I N as a colorless fluffy material after lyophilization. "H NMR (600 MHz, DMSO-
“ NH de) 6 12.23 (br s, 1H, CO,H), 10.78 (d, J = 2.4 Hz, 1H, NHnq40e), 7.83 (d, J =
B 8.2 Hz, 1H, NHgTrp), 7.60-7.20 (m, 10H, NH¢ s, NH(CH2),CO2H, NHqys,
HAr,Cbz, H7Indole; H4Indole)a 7.16 (S, 1Ha NHAdamantyI)a 7.11 (d7 J=23 Hza 1H1
H2Ind0|e)v 7.04 (ddd, J= 81, 68, 1.1 HZ, 1H, H6Indo|e)a 6.96 (t, J=7.2 HZ, 1H, H5Indole)7 5.03 (S, 2H, CH2,CbZ)a
4.47 (d, J = 7.8, 5.9 Hz, 1H, Hq 1, overlap with residual water), 3.94 (td, J = 8.5, 5.2 Hz, 1H, Hqys), 3.56 (br
S, 2H, CﬂzCHzCOQH), 3.28 (br S, 2H, HgyLys), 3.05 (mABx, J= 147, 5.9 HZ, 1H, HB,Trp,A)a 2.94 (mABx, J= 147,
7.7 HZ, 1H, HB,Trp,B), 2.47 (t, J= 67 HZ, 2H, CH2C02H), 201—192 (m, 3H, H3Adamantyla H5Adamantyla H7Adamantyl)a
1.89-1.77 (m, 6H, H2Adaa H8Ada; HgAda)a 1.64-1.50 (m, 7H, H4Adaa H6Aday H10Adaa HB,LyS,A)v 1.50-1.33 (m, 3H,
Hgiyse, Holys), 1.32-1.12 (m, 2H, Hy ). C NMR (151 MHz, DMSO-ds) & 173.1 (CO,H), 171.5 (COuys),
170.2 (COryp), 155.9 (COcpy), 137.0 (Clarchz), 135.9 (C7aindoe), 128.3 (C3archz: CHarcpz), 127.7 (Clarchz),
127.6 (C2arcbz, Cbarcbz), 127.5 (C3aindote), 123.4 (C2ingote), 120.8 (CBingole), 118.5 (C4indole), 118.1 (CSindole),
111.1 (C7ingote), 109.9 (C3indoie), 65.4 (CHazchz), 54.9 (Corys), 53.5 (Cotrp), 50.8 (Claga), 43.5 (Cerys), 40.8
(C3Ada, C5Ada, C7Ada), 39.1 (QHZCHZCOZH overlap with solvent peak), 36.0 (CZAda, CSAda, Cg/.\da), 33.7
(CﬂzCOzH), 31.7 (CB,Lys), 28.8 (C4Ada, C6Ada, C10Ada), 28.5 (Cé,Lys)a 27.8 (CB,TFP)’ 22.9 (Cv,Lys)- The peak for
C=S was not visible in °C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei.
UPLC-MS tg 2.36 min, m/z 731.2 ([M+H]", C3gH5:NgOsS™ Calcd 731.3); HRMS m/z 753.3416 ([M+Na]’,
CaoHs0NgOgSNa" Calcd 753.3405). Ada=adamant-1-yl

(S)-5-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamoyl)-3-oxo-1-phenyl-11-thioxo-2-oxa-
4,10,12-triazapentadecan-15-oic acid (30).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (199 mg, estimated loading:
PN /\)k 0.29 mmol/g) synthesized by SPPS, the title compound was synthesized
H using the general acylation procedure with Cbz-OSuc, followed by Teoc
deprotection, and thiourea formation as described in the general procedures.
i H\)Ok Global deprotection and cleavage from resin, followed by preparative
©/\0 N I NH, reversed-phase HPLC purification afforded the desired carboxylic acid 30
“ \H (1 mg, 3% based on resin loading), as a colorless fluffy material after
6 lyophilization. '"H NMR (600 MHz, DMSO-dg) 8 10.79 (d, J = 2.4 Hz, 1H,
NHingole), 7.84 (d, J = 8.1 Hz, 1H, NHq1rp), 7.58 (d, J = 7.9 Hz, 1H, H4\nq00e),
7.47 (br s, 1H, NHgys), 7.42-7.22 (m, 9H, Harcbz, NHays, NH(CH,),COH,
CONHQ_A, H7Indole)a 7.12 (d, J =23, 1H, H2Indo|e)a 7.06-7.02 (m, ZH, H6Indolea CONHQ_B), 6.99-6.93 (m, 1H,
HSngote), 5.07—4.97 (m, 2H, CHycp), 4.48 (td, J = 8.0, 5.4 Hz, 1H, Ho 1), 3.94 (td, J = 8.8, 5.0 Hz, 1H, Hqyys),
3.85-3.39 (m, 2H, CH,CH,CO,H, overlap with residual water), 3.28 (br s, 2H, H, s overlap with residual
Water), 3.11 (mABx, J= 147, 5.4 Hz, 1H, HBYTTPYA)7 2.98 (mABx, J= 147, 8.0 Hz, 1H, HB,Trp,B), 2.47 (t, J=6.7

S73



Hz, 2H, CH,CO,H), 1.61-1.32 (m, 4H, Hgys, Hays), 1.32—1.10 (m, 2H, H, 1ys). C NMR (151 MHz, DMSO-
ds) © 173.3 (CO.H), 173.2 (COq1rp), 171.6 (COqyys), 156.0 (COcp;), 137.0 (Clarcoz), 136.0 (C7@1ngoe), 128.3
(C3Ar,Cva C5Ar,Cbz)1 127.8 (C4Ar,Cbz)1 127.7 (C2Ar,Cb27 C6Ar,Cbz)a 127.4 (C3alndole)a 123.5 (C2Indole)y 120.8 (C6Indole)a
118.5 (C4ingote), 118.2 (CSindote), 111.2 (C7ingote), 110.0 (C3indote), 65.5 (CHzcpz), 54.9 (Cays), 53.0 (Co1rp),
39.1 (CH,CH,CO,H overlap with solvent peak), 33.7 (CH,CO;H), 31.6 (Cg ys), 28.4 (Cs,1ys), 27.7 (Cp1rp), 23.0
(Cy.Lys)- The peak for C=S was not visible in 3C NMR, probably due to fast quadrupolar relaxation via the
nearby '*N-nuclei. UPLC-MS tz 1.81 min, m/z 597.3 ([M+H]", CeHsNgOsS" Calcd 597.2); HRMS miz
597.2499 ([M+H]", CooH37NO6S™ Calcd 597.2490).

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-benzamido-6-
oxohexyl)thioureido)propanoic acid (31).
s o Starting from Fmoc-Lys(Teoc)-Trp-resin (147 mg, estimated loading:
S ~Aioy 040 mmolig) synthesized by SPPS, the title compound was synthesized using
H the general acylation procedure with benzoic acid, followed by Teoc
deprotection, and thiourea formation as described in the general procedures.
o H\jl Global deprotection and cleavage from resin, followed by preparative reversed-
yﬁ R phase HPLC purification afforded the desired carboxylic acid 31 (3 mg, 9%
© Z NH based on resin loading), as a colorless fluffy material after lyophilization. 'H NMR
6 (600 MHz, DMSO-ds) 6 10.79 (d, J = 2.4 Hz, 1H, NHng0e), 8.41 (d, J = 7.7 Hz,
1H, NHq,ys), 7.90 (d, J = 8.0 Hz, 1H, NHq1rp), 7.88-7.82 (m, 2H, H2g,, H6g,), 7.57
(d, J = 7.9 Hz, 1H, H4pg0), 7.56—7.52 (m, 1H, H4g,), 7.50-7.44 (m, 3H, H3g,,
HS5g,, NH¢ 1), 7.37-7.32 (m, 2H, NH(CH;)2, CONH, ), 7.30 (d, J = 8.1 Hz, 1H, H7\ng0ie), 7.13 (d, J = 2.3, 1H,
H2Ind0|e)v 7.04 (ddd, J= 80, 54, 1.2 HZ, 2H, H6Indo|ea CONHz_B), 6.97-6.91 (m, 1H, H5Indole)a 4.48 (td, J= 80,
5.3 Hz, 1H, Ho 1), 4.41-4.31 (m, 1H, Hqys), 3.55 (br s, 2H, CH,CH,CO,H overlap with residual water), 3.31
(br S, 2H, HE,Lys)a 3.13 (mABx, J=14.7,53 Hz, 1H, HBYTTPYA)’ 3.00 (mABx, J= 147, 8.1 Hz, 1H, HB,Trp,B)a 2.47 (t,
J = 6.7 Hz, 2H, CH,CO,H), 1.77-1.60 (m, 2H, Hgys), 1.48-1.38 (m, 2H, Hs1ys), 1.37-1.27 (m, 2H, H, 1ysA),
1.27-1.18 (m, 2H, Hy1ys8)- C NMR (151 MHz, DMSO-dg) & 173.3 (CO,H), 173.2 (COq1rp), 171.6 (COq1ys),
166.7 (COg,), 136.0 (C7ajndole), 134.2 (Clarpz), 131.3 (C4g,), 128.2 (C3g,, C5g,), 127.6 (C2g,, C6g,), 127.4
(C3aingote); 123.4 (C2ingole), 120.8 (CBindole), 118.4 (C4indole), 118.2 (CSindote), 111.2 (C7ingote), 110.0 (C3ingote)s
53.9 (CqLys), 53.1 (Co1ip), 43.2 (Ce Lys), 39.1 (CH,CH,CO,H overlap with solvent peak), 33.7 (CH,CO,H), 31.2
(Cys), 28.5 (Csys), 27.6 (Cp1rp), 23.2 (Cyys)- The peak for C=S was not visible in °C NMR, probably due to
fast quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS tz 1.64 min, m/z 567.2 (IM+H]",
C2sH3sNg0sS™ Caled 567.2); HRMS m/z 567.2395 ([M+H]", C2sH3sNgOsS™ Calcd 567.2384). Bz=benzoyl

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxo-5-(2-
phenylacetamido)hexyl)thioureido)propanoic acid (32).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (158 mg, estimated loading:
HNJKN/\)kOH 0.40 mmol/g) synthesized by SPPS, the title compound was synthesized using
H the general acylation procedure with 2-phenylacetic acid, followed by Teoc
deprotection, and thiourea formation as described in the general procedures.
@\)Ci H\ji Global deprotection and cleavage from resin, followed by preparative reversed-
N L phase HPLC purification afforded the desired carboxylic acid 32 (3 mg, 9%
© Z NH based on resin loading), as a colorless fluffy material after lyophilization. 'H
B NMR (600 MHz, DMSO-ds) 6 10.79 (d, J = 2.4 Hz, 1H, NHinqole), 8.17 (d, J=7.8
Hz, 1H, NHq.ys), 7.86 (d, J = 8.0 Hz, 1H, NHq1rp), 7.58 (d, J = 7.9 Hz, 1H,
H4Ind0|e)v 7.46 (br S, 1H, NHE,Lys)a 7.38-7.17 (m, 8H, Nﬂ(CHz)QCOzH, CONHZ,A,
H7 \ndole, HAr,Ph)a 7.10 (d, J = 2.3, 1H, H2Indole)a 7.07-7.02 (m, 2H, H6Indo|ea CONHQYB), 6.98-6.94 (m, 1H,
HSingoie), 4.45 (td, J = 8.0, 5.4 Hz, 1H, Hq1p), 4.19 (td, J = 8.3, 5.2 Hz, 1H, Hqyys), 3.56 (br s, 2H,
CH,CH,CO,H), 3.52-3.38 (m, 2H, PhCH,), 3.31 (br s, 2H, H¢ys), 3.11 (Masx, J = 14.7, 5.4 Hz, 1H, Hg1p),
2.97 (mpgx, J = 14.7, 8.0 Hz, 1H, Hg 1rp ), 2.48 (t, J = 6.7 Hz, 2H, CH,CO,H overlap with solvent peak), 1.64—
1.54 (m, 1H, Hg ys a), 1.52-1.33 (M, 3H, Haysp, HoLys) 1.27—-1.12 (M, 2H, Hy1,c). "°C NMR (151 MHz, DMSO-
ds) 6 173.3 (COzH), 173.2 (COq1rp), 171.4 (COq,rys), 170.3 (COCH,Ph), 136.4 (C1pp), 136.0 (C7aingoe), 129.0
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(C2pn, C6pn), 128.2 (C3pn, Cbpn), 127.4 (C3aindore), 126.3 (C4pn), 123.5 (C2ndoke), 120.8 (C6ingole), 118.5
(C4ingote), 118.2 (Cbindote), 111.2 (CTindote), 110.0 (C3ingote), 53.1 (Catip), 52.8 (Cauys), 43.4 (Cerys), 42.05
(PhCHy), 39.1 (CH,CH,;CO3H), 33.7 (CH,CO,H), 31.6 (CpLys), 28.4 (Csys), 27.6 (Cprp), 22.7 (CyLys). The
peak for C=S was not visible in 3C NMR, probably due to fast quadrupolar relaxation via the nearby N-
nuclei. UPLC-MS tg 1.62 min, m/z 581.3 ([IM+H]", CagH3;NgOsS™ Calcd 581.3); HRMS m/z 581.2550 [M+H]",
C29H37NgO5S™ Caled 581.2541).

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxo-5-(3-
phenylpropanamido)hexyl)thioureido)propanoic acid (33).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (153 mg, estimated loading: 0.40
mmol/g) synthesized by SPPS, the title compound was synthesized using the
general acylation procedure with 2-phenylacetic acid, followed by Teoc
deprotection, and thiourea formation as described in the general procedures.
Global deprotection and cleavage from resin, followed by preparative
reversed-phase HPLC purification afforded the desired carboxylic acid 33 (3

mg, 8% based on resin loading), as a colorless fluffy material after
6 lyophilization. '"H NMR (600 MHz, DMSO-dg) & 10.81 (d, J = 2.4 Hz, 1H,

NHingole), 7.96 (d, J = 7.7 Hz, NHqys), 7.82 (d, J = 8.0 Hz, NHq 1), 7.57 (d, J
= 7.8 Hz, 1H, H4igoe), 749 (br s, 1H, NHgy), 7.42-7.33 (m, 2H,
NH(CH,),CO,H, CONH,4), 7.31 (d, J = 8.1 Hz, 1H, H7\ng0le), 7.28—7.22 (m, 2H, H3pp, H5p), 7.21-7.13 (m,
3H, H2py, H4pn, H6py), 7.11 (d, J = 2.3, 1H, H2h401e), 7.08=7.02 (m, 2H, H6|ng01e; CONH3 ), 6.96 (ddd, J = 7.9,
7.0, 0.8 Hz, 1H, H5nq0ie), 4.44 (td, J = 8.1, 5.2 Hz, 1H, Hq 1), 4.17 (td, J = 8.3, 5.2 Hz, 1H, Hqyys), 3.56 (br s,
2H, CH,CH,CO,H overlap with residual water), 3.31-3.17 (m, 2H, Hg s, overlap with residual water), 3.12
(mABx, J= 147, 5.2 Hz, 1H, HB,Trp,A)a 2.98 (mABx, J=14.7,8.2 Hz, 1H, HB,Trp,B)a 2.83-2.72 (m, 2H, PhCHg),
2.49-2.33 (m, 4H, CﬂzCOzH, PhCH2Cﬂ2), 1.60-1.51 (m, 1H, HB,Lys,A), 1.47-1.33 (m, 3H, HB,LyS,Ba HéyLyS),
1.20-1.07 (m, 2H, HyLys)- C NMR (151 MHz, DMSO-dg) & 173.4 (CO,H), 173.3 (COq,rp), 171.7 (COqyys),
171.5 (CO(CHy),Ph), 141.3 (C1py), 136.0 (C7aQngole), 128.24 (C3pn, Cb5pp), 128.18 (C2pn, C6ph), 127.4
(C3aindoie); 125.8 (C4pn), 123.5 (C2indole), 120.8 (Cbingoie)s 118.5 (C4indole), 118.2 (CSingote), 111.2 (C7ingole),
110.0 (C3ingote), 53.1 (Cq1p), 52.8 (Cays), 43.5 (Ceys), 39.1 (CHL,CHLCOLH overlap with solvent peak), 36.7
(PhCH,CH,), 33.9 (CH,CO,H), 31.5 (Cpys), 31.1 (PhCH,), 28.4 (CsLys), 27.5 (Cp1rp), 22.7 (CyLys). The peak
for C=S was not visible in °C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei.
UPLC-MS tz 1.66 min, m/z 595.4 ([M+H]’, C3oH3sNgOsS™ Calcd 595.3); HRMS m/z 595.2707 ([M+H]",
CaoH39NgOsS™ Caled 595.2697).

N/\)kOH
o)
\g)kNHz
“NH

HN)k
H

N

H o

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxo-5-(4-
phenylbutanamido)hexyl)thioureido)propanoic acid (34).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (148 mg, estimated loading:
HNJKN/\)kOH 0.40 mmol/g) synthesized by SPPS, the title compound was synthesized
H using the general acylation procedure with 4-phenylbutanoic acid, followed
by Teoc deprotection, and thiourea formation as described in the general
@\/\)(i H\)(i procedures. Global deprotection and cleavage from resin, followed by
N I NH; preparative reversed-phase HPLC purification afforded the desired
Z NH carboxylic acid 34 (3 mg, 8% based on resin loading), as a colorless fluffy
6 material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 10.79 (d, J =
2.4 Hz, 1H, NHingoe), 7.93 (d, J = 7.6 Hz, 1H, NHqs), 7.75 (d, J = 8.0 Hz,
1H, NHq1rp), 7.56 (d, J = 7.9 Hz, 1H, H4hgoi), 7.47 (brs, 1H, NH¢ ), 7.38—
7.23 (m, 5H, NH(CH,),CO2H, CONH; A, H7 \ndole; H3ph, H5pn), 7.19—-7.14 (m, 3H, H2p,, H4p,, H6pp), 7.10 (d, J
=23 HZ, 1H, H2Indole)a 7.07-7.01 (m, 2H, H6Indo|ea CONHz_B), 6.95 (t, J=74 HZ, 1H, H5Indole)7 4.44 (td, J=
8.0, 5.4 Hz, 1H, Hq1ryp), 4.15 (td, J = 8.3, 5.2 Hz, 1H, Hqyys), 3.55 (br s, 2H, CH,CH,CO.H, overlap with
residual water), 3.30 (br s, 2H, Hg s, overlap with residual water), 3.11 (magx, J = 14.7, 5.3 Hz, 1H, Hg1pa),
2.98 (mapx, J = 14.7, 8.0 Hz, 1H, Hgtps), 2.53 (t, J = 7.7 Hz, 2H, Ph(CH,),CH,), 2.47 (t, J = 6.7 Hz, 2H,
CH,CO3H), 2.18-2.07 (m, 2H, PhCH), 1.82-1.70 (m, 2H, PhCH,CHy), 1.62-1.53 (m, 1H, Hgysa), 1.51-1.36
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(m, 3H, Hgiyss, Hsiys), 1.30-1.15 (m, 2H, Hyys). C NMR (151 MHz, DMSO-ds) & 173.3 (CO,H), 173.2
(COqmp), 172.3 (CO(CH2)3Ph), 171.6 (COqyys), 141.8 (C1pp), 136.0 (C7aindoe), 128.4 (C3pn, C5pp), 128.3
(C2ph, C6pp), 127.4 (C3ajngoe), 125.7 (C4pp), 123.5 (C2ingole), 120.8 (CBingole), 118.5 (C4ingole), 118.2 (C5ingole)s
111.2 (C7indote), 110.0 (C3indoie), 53.1 (Cq1rp), 52.9 (Coys), 43.4 (Cerys), 39.1 (CH,CH,CO,H overlap with
solvent peak), 34.68 (Ph(CH;),CH>), 34.65 (PhCH,), 33.7 (CH2CO3H), 31.4 (CgLys), 28.5 (Cs1ys), 27.5 (Cp1ip),
27.0 (PhCH2CHy), 22.9 (C,ys). The peak for C=S was not visible in C NMR, probably due to fast
quadrupolar relaxation via the nearby "“N-nuclei. UPLC-MS tr 1.75 min, m/z 609.5 ([M+H]+, C31H41NgOsS*
Calcd 609.3); HRMS m/z 609.2862 ([M+H]",C31H41NgOsS"™ Calcd 609.2854).

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxo-5-(3-
phenylureido)hexyl)thioureido)propanoic acid (35).
s o Starting from Fmoc-Lys(Teoc)-Trp-resin (201 mg, estimated loading:
P /\)k(DH 0.29 mmol/g) synthesized by SPPS, the title compound was synthesized using
H the general urea formation procedure with aniline, followed by Teoc
deprotection, and thiourea formation as described in the general procedures.
@\ ji H\ji Global deprotection and cleavage from resin, followed by preparative reversed-
NN L phase HPLC purification afforded the desired carboxylic acid 35 (2 mg, 6%
© Z NH based on resin loading), as a colorless fluffy material after lyophilization. 'H
B NMR (600 MHz, DMSO-dg) 612.23 (br s, 1H, CO,H), 10.77 (d, J = 2.4 Hz, 1H,
NHingole), 8.11 (d, J = 8.1 Hz, 1H, NHPh), 8.11 (d, J = 8.1 Hz, 1H, NHq 1), 7.60
(d, J = 7.7 Hz, 1H, H4jngoe), 7.48 (br s, 1H, NH¢ys), 7.40 (s, 1H, CONH ),
7.37-7.32 (m, 3H, H2ph, H6ph, Nﬂ(CHz)QCOQH), 7.32-7.28 (m, 1H, H7Indole)a 7.25-7.18 (m, 2H, H3ph, H5ph,),
7.12 (d, J = 2.3, 1H, H2,n40e), 7.07-7.00 (m, 2H, H6}pg0e;, CONH, ), 6.96 (ddd, J = 7.9, 6.9, 1.1 Hz, 1H,
Hb5indole), 6.89 (tt, J = 7.3, 1.2 Hz, 1H, H4py), 6.33 (d, J = 7.7 Hz, 1H, NHq1ys), 4.50 (td, J = 8.4, 5.3 Hz, 1H,
Hatp), 4.17 (td, J = 7.6, 5.2 Hz, 1H, Hqyys), 3.56 (br s, 2H, CH,CH,CO,H, overlap with residual water), 3.30
(br s, 2H, H¢ s, overlap with residual water), 3.14 (magx, J = 14.7, 5.2 Hz, 1H, Hg1pa), 2.98 (Masx, J = 14.7,
8.6 Hz, 1H, Hg1pg), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H, overlap with solvent peak), 1.66-1.52 (m, 1H,
Hgysa), 1.51-1.38 (m, 3H, Hgys 8, Hays), 1.28—-1.20 (M, 2H, Hyys). C NMR (151 MHz, DMSO-d6) 5 173.4
(COzH), 173.2 (COq1rp), 171.9 (COqyys), 157.7 (NHCONH), 140.3 (C1ppenyi), 136.0 (C7aindoie), 128.7 (C3pn,
C5pn), 127.4 (C3ajndole), 123.4 (C2ingote); 121.1 (C4arpn), 120.8 (CBingore), 118.5 (Chindole), 118.2 (C5ingole)s
117.5 (C2pn, C6ppn), 111.2 (C7indoie) 110.2 (C3indote), 53.2 (Carys), 52.8 (Cqrp), 43.4 (Cerys), 39.1
(CH2CH,CO,H overlap with solvent peak), 33.7 (CH,CO2H), 32.9 (CgLys), 28.6 (Csys), 27.6 (Cgrrp), 22.5
(Cy.Lys)- The peak for C=S was not visible in 3C NMR, probably due to fast quadrupolar relaxation via the
nearby '*N-nuclei. UPLC-MS tz 1.76 min, m/z 582.3 ([M+H]", CisHssN;OsS" Calcd 582.2); HRMS miz
582.2502 ([M+H]", CogH36N;05S™ Caled 582.2493).

(S)-5-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)carbamoyl)-3-oxo-1-phenyl-11-thioxo-2,4,10,12-
tetraazapentadecan-15-oic acid (36).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (155 mg, estimated loading:

M /\)k 0.40 mmol/g) synthesized by SPPS, the title compound was synthesized

H using the general urea formation procedure with benzylamine, followed by

Teoc deprotection, and thiourea formation as described in the general

i H\)CL procedures. Global deprotection and cleavage from resin, followed by

©/\ﬁ N : NH, preparative reversed-phase HPLC purification afforded the desired

° “ H carboxylic acid 36 (3 mg, 8% based on resin loading), as a colorless fluffy

6 material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6 10.78 (d, J =

2.4 Hz, 1H, NHingole), 7.90 (d, J = 8.1 Hz, 1H, NHq ), 7.59 (d, J = 7.9 Hz,

1H, H4ingoe), 7.47 (br s, 1H, NH¢ye), 7.42-7.15 (m, 8H, CONHaa,

NH(CH;)2.CO2H, Hpn, H7 ingoie), 7.11 (d, J = 2.3, 1H, H2\n401e), 7.06—7.01 (M, 2H, HB|rgole, CONH ), 6.96 (td, J

=7.3, 1.0, 1H, H51nq0i), 6.49 (t, J = 5.9 Hz, 1H, NHCH,Ph), 6.15 (d, J = 7.6 Hz, 1H, NH,s) 4.47 (td, J = 8.1,

5.4 Hz, 1H, Hg1rp), 4.25-4.13 (m, 2H, CH,Ph, overlap with residual water), 4.07 (td, J = 7.6, 5.1 Hz, 1H,

HaLys, Overlap with residual water), 3.51 (br s, 2H, CH,CH;CO3H), 3.28 (br s, 2H, Heys), 3.13 (Masx, J = 14.6,
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5.3 Hz, 1H, Hg 1rpa), 2.99 (Masx, J = 14.7, 8.1 Hz, 1H, Hg1rps), 2.47 (t, J = 6.6 Hz, 2H, CH,CO,H), 1.61-1.50
(m, 1H, Haysa), 1.48-1.35 (M, 3H, Hs1ys, Haysp), 1.28-1.13 (M, 2H, H,1,s). "°C NMR (151 MHz, DMSO-ds)
5 173.3 (COH), 173.2 (COq1rp), 172.3 (COqyys), 157.7 (NHCONH), 140.6 (C1py), 136.0 (C7a1ngoie), 128.2
(C3pn, C5pp), 127.4 (C3ango), 126.9 (C2pn, CBpn), 126.5 (Cpn), 123.4 (C2ingoe), 120.8 (CBingoe), 118.5
(CAingoie)s 118.2 (C5indole), 111.2 (CTingoie)s 110.1 (C3incole), 53.3 (Carys)s 53.0 (Catrp), 43.4 (Cevys), 42.8
(CH.Ph), 39.1 (CH,CH,CO,H overlap with solvent peak), 33.7 (CH,CO,H), 32.7 (Cgys), 28.5 (Csys), 27.7
(Cp1rp), 22.6 (Cyuys). The peak for C=S was not visible in "°C NMR, probably due to fast quadrupolar
relaxation via the nearby "*N-nuclei. UPLC-MS tg 1.59 min, m/z 596.4 ([M+H]", CsH3sN;05S* Calcd 596.3);
HRMS m/z 596.2659 ([M+H]", CoH3sN;05S™ Calcd 596.2650).

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-ylJamino)-6-oxo-5-
(phenylsulfonamido)hexyl)thioureido)propanoic acid (37).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (201 mg, estimated loading:
S ~Aoy 027 mmolig) synthesized by SPPS, the title compound was synthesized using

H the general sulfonamide formation procedure with benzenesulfonyl chloride,
followed by Teoc deprotection, and thiourea formation as described in the

SO H\)(i general procedures. Global deprotection and cleavage from resin, followed by
g N L preparative reversed-phase HPLC purification afforded the desired carboxylic

lyophilization. '"H NMR (600 MHz, DMSO-dg) & 12.23 (br s, 1H, CO,H), 10.81 (d,

J=2.3 Hz, 1H, NHingole), 7.98 (d, J = 7.8 Hz, 1H, NHq 1), 7.90 (d, J = 8.2 Hz, 1H,

NHq,ys), 7.66 (dd, J = 7.4, 1.0 Hz, 2H, H2ph, HG6pw), 7.56 (d, J = 7.9 Hz, 1H,
H4\ngoie), 7.47 (t, J = 7.4 Hz, 1H, H4py), 7.40 (br s, 1H, NH ), 7.37-7.29 (m, 5H, NH(CH;),CO,H, CONH_ 4,
H7 \ndole, H3ph, H5Ph)! 7.09-7.04 (m, 2H, H2Indo|ea H6Indo|e)a 7.02-6.95 (m, 2H, H5\ndole, CONHZ,B), 4.27 (td, J=
7.7,5.7 Hz, 1H, Hqyp), 3.66 (td, J = 8.4, 5.3 Hz, 2H, Hq.ys, overlap with residual water), 3.60-3.37 (m, 2H,
CH>CH,CO3H overlap with residual water), 3.18 (br s, 2H, H¢1ys), 2.99 (magx, J = 14.6, 5.8 Hz, 1H, Hg1p ),
2.83 (mppx, J = 14.6, 7.8 Hz, 1H, Hgrpp), 2.47 (t, J = 6.6 Hz, 2H, CH,CO,H, overlap with solvent peak),
1.48-1.39 (M, 1H Hgysa), 1.38—-1.20 (m, 3H, Hgysg, Hsrys), 1.18-1.07 (m, 1H, H,1ysa), 1.06-0.94 (m, 1H,
Hy.Lys.8)- C NMR (151 MHz, DMS0-d6) & 173.2 (CO,H), 173.1 (COq1rp), 170.4 (COqys), 140.7 (C1pp), 136.0
(C7aigoie), 132.2 (C4pn), 128.8 (C3pn, Cbhpp), 127.4 (C3aingole), 126.4 (C2pn, C6pn), 123.5 (C2pngoe), 120.8
(CBindote), 118.5 (C4ingote), 118.2 (Cbingoie)s 111.2 (C7indote), 109.9 (C3ingote), 56.3 (Cqys), 53.0 (Co1rp), 43.4
(HeLys), 39.1 (CH2.CH,CO,H overlap with solvent peak), 33.7 (CH,CO,H), 32.4 (Cgys), 28.2 (Csys), 27.6
(Cp1rp), 22.4 (Cyuys). The peak for C=S was not visible in "°C NMR, probably due to fast quadrupolar
relaxation via the nearby "*N-nuclei. UPLC-MS tz 1.57 min, m/z 603.2 ([M+H]", C,uHxN:O," Calcd 603.2);
HRMS m/z 603.2063 ([M+H]", C2;H35Ng06S;" Calcd 603.2054).

© E/gNH acid 37 (4 mg, 12% based on resin loading), as a colorless fluffy material after

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxo-5-((4-
(trifluoromethyl)phenyl)sulfonamido)hexyl)thioureido)propanoic acid (38).
s o Starting from Fmoc-Lys(Teoc)-Trp-resin (201 mg, estimated loading:
M /\)k y  0.48 mmol/g) synthesized by SPPS, the title compound was synthesized
H using the general sulfonamide formation procedure with 4-
FsC (trifluoromethyl)benzenesulfonyl chloride, followed by Teoc deprotection, and
\©\S/,O H\)CL thiourea formation as described in the general procedures. Global
2N v “NH i i i
o H I e 2 deprotection and cleavage from resin, followed by preparative reversed-
“H  Phase HPLC purification afforded the desired carboxylic acid 38 (1 mg, 2%
6 based on resin loading), as a colorless fluffy material after lyophilization. H
NMR (600 MHz, DMSO-dg) & 12.24 (br s, 1H, CO,H), 10.87 (s, 1H, NHingole),
8.25-8.04 (m, 2H, NHq1rp, NHq1rp), 7.70-7.58 (m, 3H, H2sm, HE1tm, H4ingole)s
7.52—-7.29 (m, 6H, H31m, H57fm, NH¢ys, NH(CH2),CO2H, CONHz A, H7 ingoie), 7.15 (s, 1H, H2nq0e), 7.07 (ddd,
J=8.2,7.0, 1.2 Hz, 1H, HBng0ie), 7.02—6.94 (M, 2H, H5ngole, CONHz ), 4.25-4.12 (m, 1H, Hq 1), 3.85-3.80
(m, 1H, Hqyys), 3.53 (br s, 2H, CH,CH,CO,H), 3.40-3.12 (m, 2H, H,.,s overlap with residual water), 2.98
(mABx, J=14554 Hz, 1H, HB,Trp)y 2.80 (mABx, J = 145, 8.5 Hz, 1H, HB,Trp)a 2.57-2.41 (m, 2H, CﬂzCOQH
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overlap with solvent peak), 1.56-1.27 (m, 4H, Hgys, Hsys), 1.26-1.21 (m, 1H, Hyysa), 1.18-1.07 (m, 1H,
Hy.Lys.8)- C NMR (151 MHz, DMSO-dg) & 173.3 (CO,H), 173.2 (COq1rp), 170.1 (COqyys), 144.9 (Cl1m),
136.0 (C7ajngole), 131.8 (d, J = 30.8 Hz, C4t), 127.2 (C3aindole, C21fm, CB1im), 125.7 (C31m, Ch1m), 123.8
(C2ingote), 123.4 (q, J = 274 Hz, CF3), 120.8 (C6indote), 118.5 (C4ingote)s 118.2 (C5ngote), 111.2 (C71ngole), 109.9
(C3indgote), 56.4 (Cauys), 53.1 (Camp), 43.2 (Cerys), 39.1 (CH,CH,CO,H overlap with solvent peak), 33.7
(CH2CO2H), 32.5 (CgLys), 28.2 (Cp,Lys), 27.6 (Cp1rp), 22.6 (CyLys)- F NMR (376 MHz, DMSO-dg) & -61.4 (s,
CF3.1m), —=73.4 (s, CF31ra). The peak for C=S was not visible in C NMR, probably due to fast quadrupolar
relaxation via the nearby '*N-nuclei. UPLC-MS tg 1.94 min, m/z 671.3 (IM+H]", C,sH34NgOeS,F5" Calcd
671.2); HRMS m/z 671.1935 ([M+H]",ngHko,A;NGOGSZFg+ Calcd 671.1928). Tfm= 4-(trifluoromethyl)phen-1-yl

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-ylJamino)-5-((4-nitrophenyl)sulfonamido)-6-
oxohexyl)thioureido)propanoic acid (39).
s o Starting from Fmoc-Lys(Teoc)-Trp-resin (206 mg, estimated loading:
S~ Aoy 0.48 mmol/g) synthesized by SPPS, the title compound was synthesized
H using the general sulfonamide formation procedure 4-nitrobenzenesulfonyl
OzN chloride, followed by Teoc deprotection, and thiourea formation as described
\©\SO H\;i in the general procedures. Global deprotection and cleavage from resin,
o N I NH followed by preparative reversed-phase HPLC purification afforded the
“NH desired carboxylic acid 39 (2 mg, 3% based on resin loading), as a colorless
6 fluffy material after Iyophilization. 'H NMR (600 MHz, DMSO-ds) & 12.24 (br
s, 1H, CO,H), 10.86 (d, J = 2.4 Hz, 1H, NHqoe), 8.32 (d, J = 8.8 Hz, 1H,
NHqys), 8.11 (d, J = 7.9 Hz, 1H, NHq1rp), 7.98-7.92 (m, 2H, H3xp, H5np).
7.75-7.69 (m, 2H, H2yp, Hbp), 7.57 (d, J = 7.9 Hz, 1H, H4n40ie), 7.44 (br s, 1H, NH¢ys), 7.39-7.31 (m, 3H,
NH(CH2)2C02H, CONHZYA, H7Indole)a 7.12 (d, J=24 HZ, 1H, H2Indo|e)a 7.08 (ddd, J = 81, 69, 1.1 HZ, 1H,
H6indole), 6.99 (1, J = 14.9 Hz, 1H, H5nq0ie), 6.95 (s, 1H, CONHp), 4.15 (td, J = 8.2, 5.7 Hz, 1H, Hq1rp), 3.83
(td, J = 8.8, 5.3 Hz, 1H, Hqys), 3.56 (br s, 2H, CH,CH,CO,H), 3.25 (br s, 2H, H¢,s overlap with residual
Water), 2.97 (mABx, J= 145, 5.6 Hz, 1H, HB,Trp,A)a 2.76 (mABx, J=145,83 Hz, 1H, HB,Trp,B), 2.49-2.44 (m,
2H, CH,CO3H overlap with solvent peak), 1.57-1.27 (m, 4H, Hgys, Hs1ys), 1.26-1.19 (m, 1H, Hyysa), 1.19—
1.08 (m, 1H, Hy1ysB). 3C NMR (151 MHz, DMSO-dg) & 173.2 (CO,H), 173.1 (COq1rp), 169.9 (COq,ys), 149.1
(C4np), 146.6 (C1lyp), 136.0 (C7aindole), 127.9 (C2np, C6np), 127.2 (C3aindole), 123.9 (C3np, Chnp), 123.7
(C2indole), 120.9 (CBingote), 118.4 (C4indote), 118.2 (CSingote), 111.2 (C7indote), 109.9 (C3ingote), 56.4 (Cqrys), 53.1
(Cq1rp), 39.1 (CH,CH,COLH overlap with solvent peak), 33.7 (CH,CO,H), 32.4 (CpLys), 28.2 (Csys), 27.6
(Cg1rp), 22.4 (Cyuys). The peak for C=S was not visible in "°C NMR, probably due to fast quadrupolar
relaxation via the nearby "*N-nuclei. UPLC-MS tg 1.77 min, m/z 648.3 (IM+H]", C27HsN;OgS," Calcd 648.2);
HRMS m/z 648.1914 ([M+H]",C,7H34N;0gS," Calcd 648.1905). Np=4-nitrophen-1-yl

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-(naphthalene-1-sulfonamido)-6-
oxohexyl)thioureido)propanoic acid (40).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (204 mg, estimated loading:
M /\)kOH 0.48 mmol/g) synthesized by SPPS, the title compound was synthesized using
H the general sulfonamide formation procedure naphthalene-1-sulfonyl chloride,
followed by Teoc deprotection, and thiourea formation as described in the
SO H\)(i general procedures. Global deprotection and cleavage from resin, followed by
O g N I NH preparative reversed-phase HPLC purification afforded the desired carboxylic
“H  acid 40 (1 mg, 2% based on resin loading), as a colorless fluffy material after
6 lyophilization. '"H NMR (600 MHz, DMSO-dg) & 12.24 (br s, 1H, CO,H), 10.80
(d, J =2.4 Hz, 1H, NHjgoie), 8.67 (dd, J = 8.5, 1.1 Hz, 1H, H8ygpn), 8.26 (d, J =
8.5 Hz, 1H, NHq,ys), 8.15-8.08 (m, 1H, H4ngapn), 8.05 (dd, J = 7.3, 1.2 Hz, 1H,
H2naph), 8.03-7.98 (M, 1H, HS5\gpn), 7.95 (d, J = 7.9 Hz, 1H, NHq 1), 7.66 (ddd, J = 8.5, 6.8, 1.4 Hz, 1H,
H7napn), 7.61 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H6napn), 7.51-7.43 (M, 2H, H4hdole, H3Naph), 7.34—7.31 (m, 1H,
H7Ind0|e) 7.30-7.23 (m, 3H, NH(CH2)2C02H, CONH2yA, NHE,LyS)’ 7.09-7.03 (m, 2H, H2Indo|ea H6Indole)a 6.99-6.94
(m, 2H, H5ndole, CONH2g), 4.26 (td, J = 7.5, 6.3 Hz, 1H, Hq 1), 3.65 (id, J = 8.7, 5.3 Hz, 2H, Hqyys, Overlap
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with residual water), 3.61-3.31 (m, 2H, CH,CH,CO,H, overlap with residual water), 3.00-2.83 (m, 3H,
HB,Trp,Aa Hs,Lys)a 2.73 (mABx, J = 146, 7.3 HZ, 1H, HB,Trp,B)a 2.46 (t, J=6.7 HZ, 2H, CﬂzCOzH), 1.41-1.27 (m,
2H, Hgyys), 1.14-1.06 (m, 1H, Hsysa), 1.03-0.91 (M, 2H, Hyysa, Hsiysp), 0.82-0.73 (m, 1H, Hyyp). °C
NMR (151 MHz, DMSO-dg) & 173.2 (CO2H), 173.0 (COq,1rp), 170.6 (COqyys), 136.0 (C7aingole), 135.6 (C1naph),
133.7 (C4anapn), 133.7 (C4naph), 128.7 (CSnaph), 128.5 (C2Napn), 127.61 (C8aapn), 127.56 (C7napn), 127.4
(C3aindole), 126.7 (CBnaph), 125.0 (C8napn), 124.2 (C3napn), 123.4 (C2ingole), 120.8 (CBindole), 118.5 (C4indole)s
118.1 (Cbingote), 111.1 (C7ingote), 109.8 (C3ingote), 56.1 (Cays), 52.9 (Carrp), 43.1 (Cerys), 39.1 (CH,CH,CO,H
overlap with solvent peak), 33.6 (CH,CO,H), 32.2 (CgLys), 28.7 (Csys), 27.5 (Cp1rp), 22.2 (Cy Lys). The peak
for C=S was not visible in °C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei.
UPLC-MS tz 1.82 min, m/z 653.3 ([M+H]", CsH3;NgOgS® Calcd 653.2); HRMS m/z 653.2221
(IM+H]",C31H37NO6S " Calcd 653.2211).

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((4-
methoxyphenyl)sulfonamido)-6-oxohexyl)thioureido)propanoic acid (41).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (192 mg, estimated loading:
HNJKN/\)kOH 0.43 mmol/g) synthesized by SPPS, the title compound was synthesized

H using the general sulfonamide formation procedure 4-

0 methoxybenzenesulfonyl chloride, followed by Teoc deprotection, and
S:,O H\)CL thiourea formation as described in the general procedures. Global

g N L deprotection and cleavage from resin, followed by preparative reversed-

based on resin loading), as a colorless fluffy material after lyophilization. H

NMR (600 MHz, DMSO-ds) & 12.25 (br s, 1H, CO,H), 10.83 (d, J = 2.4 Hz,

1H, NHingole), 7.98 (d, J = 7.9 Hz, 1H, NHqy), 7.72 (d, J = 8.2 Hz, 1H,
NHG,LyS)1 7.59-7.53 (m, 3H, H4Indo|ea H2Mphy H6MPh)a 7.41 (br S, 1H, NHEquS), 7.37-7.28 (m, 3H, Nﬂ(CHQ)zCOzH,
CONHQ_A, H7Indole)7 712 (d, J= 2.4 HZ, 1H, H2Indo|e)a 706 (ddd, J= 82, 70, 1.2 HZ, 2H, H6Indo|e)1 70 (S, 1H,
CONHp), 6.98 (t, J = 7.5 Hz, 1H, H5ng0le), 6.84-6.77 (m, 2H, H3ppn, H5men), 4.26 (td, J = 7.8, 5.8 Hz, 1H,
Ha ), 3.69 (s, 3H, OCH3), 3.61 (td, J = 8.4, 5.4 Hz, 2H, Hqyys), 3.59-3.50 (m, 2H, CH,CH,CO,H), 3.18 (br s,
2H, HgyLys), 3.01 (mABx, J= 146, 5.7 Hz, 1H, HB,Trp,A)a 2.84 (mABx, J=14.6,7.8 Hz, 1H, HB,Trp,B)a 2.47 (t, J=
6.7 Hz, 2H, CH,CO,H overlap with solvent peak), 1.49-1.37 (m, 1H, Hgysa), 1.36-1.19 (m, 3H, Hgys s,
Hsiys), 1.18-1.08 (m, 1H, H,ysa), 1.06-0.95 (m, 1H, H,Lysp). ®C NMR (151 MHz, DMSO-ds) & 173.2
(COzH), 173.1 (COq1ip), 170.5 (COqys), 161.9 (C4wmpn), 136.0 (C7aingote), 132.4 (Clupn), 128.7 (C2mpn, COuph),
127.4 (C3aindole), 123.6 (C2ingole), 120.8 (CBindote), 118.5 (C4indote), 118.2 (CSingote), 113.6 (C3mpn, CSmen), 111.2
(C7indote), 109.9 (C3indoie), 56.4 (CaLys), 55.5 (OCH3), 563.1 (Cqmip), 43.4 (CeLys), 39.1 (CH2,CH,CO,H overlap
with solvent peak), 33.7 (CH.CO,H), 32.4 (CgLys), 28.2 (CsLys), 27.6 (Cg1ip), 22.4 (CyLys). The peak for C=S
was not visible in "°C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS
tr 1.67 min, m/z 633.3 (IM+H]", CxsH3/NsO;S," Calcd 633.2); HRMS m/z 633.2168 ([M+H]",CssH37NsO7S,"
Calcd 633.2160). MPh=4-methoxyphen-1-yl

© E/iNH phase HPLC purification afforded the desired carboxylic acid 41 (3 mg, 6%

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((3-fluorophenyl)sulfonamido)-6-
oxohexyl)thioureido)propanoic acid (42).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (201 mg, estimated loading:

SN~ Noy  0.48 mmolig) synthesized by SPPS, the title compound was synthesized using

H the general sulfonamide formation procedure 3-fluorobenzenesulfonyl chloride,

followed by Teoc deprotection, and thiourea formation as described in the

F/©\§,? “\)(i general procedures. Global deprotection and cleavage from resin, followed by

o N I NH; preparative reversed-phase HPLC purification afforded the desired carboxylic

“u  acid 42 (1 mg, 2% based on resin loading), as a colorless fluffy material after

6 lyophilization. "H NMR (600 MHz, DMSO-ds) 5 12.24 (s, 1H, CO,H), 10.81 (d,

J = 2.4 Hz, 1H, NHingoe), 8.09 (d, J = 8.3 Hz, 1H, NHq,,s), 8.04 (d, J = 8.2 Hz,

1H, NHG,Trp)a 7.57-7.49 (m, 2H, H4 1 q0le, H2th), 7.48-7.38 (m, 2H, H6eph,

NHeys), 7.37-7.28 (m, 5H, NH(CH,),CO,H, CONH;, H7ngotle, H4epn, HS5epn), 7.10-7.04 (m, 2H, H2jgok,
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Hb6indole), 7.02—6.95 (M, 2H, HS5ngoe; CONHy3), 4.30-4.23 (m, 1H, Ha ), 3.76 (td, J = 8.6, 5.4 Hz, 1H, Hqys),
3.56 (br s, 2H, CH,CH,CO,H, overlap with residual water), 3.21 (br s, 2H, H, s overlap with residual water),
2.96 (mABx, J= 146, 6.3 Hz, 1H, HB,Trp,A)a 2.77 (mABx, J= 146, 7.3 Hz, 1H, HB,Trp,B)v 2.47 (t, J=6.6 Hz, 2H,
CH>CO3H overlap with solvent peak), 1.53—1.40 (m, 1H, Hgysa), 1.40-1.29 (m, 3H, Hpyss, Hsys), 1.22—
1.13 (m, 1H, Hyysa), 1.12-1.00 (m, 1H, Hy s 8). ¥C NMR (151 MHz, DMSO-dg) & 173.2 (CO,H), 172.9
(COqmip), 170.5 (COq,ys), 162.28 (d, J = 244.3 Hz, C3rpn), 143.02 (d, J = 6.3 Hz, C1rpy), 136.0 (C7aIndole),
131.1 (d, J = 8.1 Hz, C5¢py), 127.4 (C3aingole); 123.4 (C2ngote), 122.6 (d, J = 3.3 Hz, C6epn), 120.8 (C6jngore),
119.2 (d, J=211 HZ, C4th), 118.5 (C4Indole)a 118.2 (C5Indole)y 113.7 (d, J=242 HZ, C2th), 111.2 (C7Indole)a
109.8 (C3ingote), 56.2 (Cqayys), 53.0 (Caip), 43.2 (Cerys), 39.1 (CH2CH,COZH), 33.7 (CH,COzH), 32.5 (CgLys),
28.2 (CsLys), 27.6(Cp1rp), 22.4 (Cy Lys)- F NMR (376 MHz, DMSO-ds) 5 -74.5 (s, CF3.1en), =111.0 (s, 3gpn-F).
The peak for C=S was not visible in 3C NMR, probably due to fast quadrupolar relaxation via the nearby
“N-nuclei.

UPLC-MS tz 1.70 min, m/z 621.2 ([M+H]", Cu;H34NgOeS,F* Calcd 621.2); HRMS m/z 621.1968
(IM+H]",C27H34Ng0¢S,F " Caled 621.1960). FPh=3-fluorophen-1-yl

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-(naphthalene-2-sulfonamido)-6-
oxohexyl)thioureido)propanoic acid (43).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (214 mg, estimated loading:
HNJKN/\)KOH 0.29 mmol/g) synthesized by SPPS, the title compound was synthesized using

O H the general sulfonamide formation procedure naphthalene-2-sulfonyl chloride,
‘\ followed by Teoc deprotection, and thiourea formation as described in the
O s”? H\)Ci general procedures. Global deprotection and cleavage from resin, followed by
o N IS NH, preparative reversed-phase HPLC purification afforded the desired carboxylic

lyophilization. '"H NMR (600 MHz, DMSO-dg) & 12.25 (br s, 1H, CO,H), 10.81

(d, J=2.83 Hz, 1H, NHjngole), 8.34 (d, J = 1.8 Hz, 1H, H1ygapn), 8.08-7.97 (m, 3H,

NHa,7rp, H4Naph, NHq, 1ys), 7.86 (d, J = 8.1 Hz, 1H, H5\qpn), 7.67 (d, J = 8.7 Hz,
1H, H8napn), 7.65-7.55 (m, 3H, H3Naph, H7Naph, HBNaph), 7.47 (d, J = 7.9 Hz, 1H, H4n40ie), 7.43—7.24 (m, 4H,
NH(CH2)2C02H, NHE,Lys, CONHz_A, H7Indo|e)a 7.12-7.04 (m, 2H, H2Indo|ea H6Indo|e)a 7.01—6.95 (m, 2H, H5Indo|ea
CONH3g), 4.21 (td, J = 7.8, 6.1 Hz, 1H, Hq 1, overlap with residual water), 3.75 (td, J = 8.5, 5.3 Hz, 2H, Hqys
overlap with residual water), 3.55 (br s, 2H, CH,CH,CO,H overlap with residual water), 3.14 (br s, 2H, Hgys),
2.90 (mABx, J= 146, 6.0 Hz, 1H, HB,Trp,A)a 2.72 (mABx, J= 136, 7.7 Hz, 1H, HB,Trp,B)v 2.47 (t, J=6.7 Hz, 2H,
CH,CO3H, overlap with solvent peak), 1.49-1.40 (m, 1H, Hgysa), 1.41-1.32 (m, 1H, Hpyss), 1.30-1.23 (m,
2H, Hs1ys), 1.21-1.10 (m, 1H, H,1ysa), 1.07-0.96 (m, 1H, Hy s 8). C NMR (151 MHz, DMSO-dg) & 173.2
(COzH), 173.1 (COqip), 170.5 (COq,Lys), 137.9 (C4anapn), 136.0 (C7aingole), 134.0 (C2Napn), 131.5 (C8Banapn),
129.1 (C4naph), 128.9 (C8napn), 128.5 (COngpn), 127.7 (C6napn), 127.4 (C7napn), 127.3 (C3aingoe), 127.1
(C1lNaph), 123.5 (C2ingote), 122.3 (C3naph), 120.8 (COingole), 118.5 (Chindole), 118.2 (Cingote), 111.2 (C7ngole)s
109.9 (C3ingote), 56.4 (Cqyys), 53.0 (Cq 1), 43.3 (Ceys from HSQC), 39.1 (CH,CH,CO,H overlap with solvent
peak), 33.7 (CH,CO,H), 32.6 (Cgys), 28.2 (Cs,Lys), 27.6(Cp1ip), 22.6 (Cy Lys). The peak for C=S was not visible
in °C NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS tz 1.85 min,
mlz 653.3 ([M+H]", CsH3;NgOgS," Calcd 653.2); HRMS m/z 653.2220 ([M+H]",C3:H3;N¢OgS," Calcd
653.2211).

E/%,\,H acid 43 (2 mg, 5% based on resin loading), as a colorless fluffy material after

3-(3-((S)-6-(((S)-1-Amino-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-oxo-5-(quinoline-8-
sulfonamido)hexyl)thioureido)propanoic acid (44).

s o Starting from Fmoc-Lys(Teoc)-Trp-resin (207 mg, estimated loading:

M /\)K 0.43 mmol/g) synthesized by SPPS, the title compound was synthesized using

H the general sulfonamide formation procedure quinoline-8-sulfonyl chloride,

followed by Teoc deprotection, and thiourea formation as described in the

(/;)\s"? H\)Ok general procedures. Global deprotection and cleavage from resin, followed by

N d N IS NH, preparative reversed-phase HPLC purification afforded the desired carboxylic

BNH acid 44 (1 mg, 2% based on resin loading), as a colorless fluffy material after
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lyophilization. "H NMR (600 MHz, DMSO-dg) 8 10.76 (d, J = 2.4 Hz, 1H, NHnoe), 8.93 (dd, J = 4.2, 1.7 Hz,
1H, H2q), 8.42 (dd, J = 8.4, 1.7 Hz, 1H, H4q), 8.20-8.15 (m, 2H, H7qu, H5qu), 7.95 (d, J = 7.9 Hz, 1H,
NHq 1), 7.58 (t, J = 7.7 Hz, 1H, H6qu), 7.54 (dd, J = 8.3, 4.2 Hz, 1H, H3qu), 7.46-7.28 (m, 5H, NHys,
NHE,LySv NH(CH2)2C02H, H4Indo|e H7Indole)a 7.23 (S, 1H, CONHZ’A), 7.07 (t, J=7.5 HZ, 1H, H6Ind0|e)v 6.96 (t, J=
7.4 HZ; 1H7 H5Indole)1 693 (d, J= 23 HZ, 1H, H2Indole)a 690 (S, 1H, CONHZYB), 416—410 (m, 1H, Ha,Trp)y 399—
3.87 (m, 1H, Hqyys overlap with residual water), 3.90-3.30 (m, 2H, CH,CH,CO,H overlap with residual
Water), 3.12 (br S, 2H, HgyLys), 2.79 (mABx, J= 146, 6.1 HZ, 1H, HBYTTPYA)' 2.55 (mABx, J= 146, 7.6 HZ, 1H,
Hptpg), 2.47 (t, J = 6.6 Hz, 2H, CH,CO,H overlap with solvent peak), 1.48-1.32 (m, 2H, Hgys), 1.32-1.14
(m, 2H, Hsys), 1.14-0.91 (m, 2H, HyLys). C NMR (151 MHz, DMSO-dg) & 173.2 (CO,H), 172.8 (COq,1rp)s
170.2 (COqys), 151.0 (C2qui), 142.6 (C8aqui), 136.8 (C4qui), 136.7 (C8qui), 136.0 (C7aindoie), 133.5 (Cqui),
129.9 (C7qu), 128.3 (Cdagu), 127.3 (C3aingole), 125.4 (C6qui), 123.4 (C2ngoie), 122.3 (C3qui), 120.8 (C6jngore),
118.5 (C4indoe), 118.1 (Cbingote), 111.2 (C7indoie), 109.7 (C3ingote), 56.7 (Corys), 52.9 (Corep), 39.1
(CH,CH,CO,H overlap with solvent peak), 33.7 (CH,CO,H), 32.9 (Cgrys), 28.2 (CsLys), 27.5 (Cpmip), 22.1
(Cy.Lys)- The peak for C=S was not visible in ¥C NMR, probably due to fast quadrupolar relaxation via the
nearby "*N-nuclei. UPLC-MS tz 1.69 min, m/z 654.3 ([M+H]", CsoH3sN;OeS," Calcd 654.2); HRMS miz
654.2173 ([M+H]",C30H3sN;06S;" Calcd 654.2163). Qui=quinolin-8-yl

Benzyl tert-butyl ((S)-6-(((S)-1-(cyclobutylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-
oxohexane-1,5-diyl)dicarbamate (S75).
o Cbz-Lys(Boc)-OH (306 mg, 0.82 mmol), TFA salt S35 (447 mg, 1.20 mmol),
HNJKOJ< HOBt (161 mg, 1.19 mmol), and iPr,NEt (280 pL, 1.62 mmol) were
dissolved in anhydrous CH,ClI, (6.0 mL) and cooled to 0°C. EDC (256 mg,
1.33 mmol) was added and the reaction mixture was stirred for 15 minutes
i H\j.k /D at 0°C. The reaction mixture was stirred overnight at ambient temperature.
©/\0 N I : N The reaction mixture was concentrated under reduced pressure and the
“NH residue was redissolved in EtOAc (100 mL) and washed with aq. KHSO,
6 (5%, 3x80 mL), saturated ag. NaHCO3; (3x80 mL), and brine (2x80 mL).
The organic phase was dried over Na,SO,4 and concentrated under reduced
pressure, affording the desired amide S75 (652 mg, >99%) as a colorless
solid, which was used without further purification. 'H NMR (600 MHz, DMSO-dg) 6 10.84 (d, J = 2.6 Hz, 1H,
NHingole), 8.09 (d, J = 4.3 Hz, 1H, COq,NH), 7.89 (d, J = 8.1 Hz, 1H, NHqyp), 7.53 (d, J = 7.9 Hz, 1H,
H4\ngoie), 7.42 (d, J = 7.8 Hz, 1H, NHqys), 7.39-7.27 (m, 6H, Harcoz, H7ingoe), 7.08 (d, J = 2.3 Hz, 1H,
H2Ind0|e)v 7.03 (ddd, J= 81, 69, 1.2 HZ, 1H, H6Indo|e)a 6.98-6.90 (m, 1H, H5Indole)a 6.74 (t, J=58 HZ, 1H,
NHe ys), 5.09-4.97 (m, 2H, CHycp,), 4.42 (td, J = 7.9, 5.9 Hz, 1H, Hq1rp), 4.19-4.06 (m, 1H, H1cyciobuty), 3-91
(td, J =8.3, 4.9 Hz, 1H, Hq’Lys), 3.06 (mABx, J= 146, 5.9 Hz, 1H, HBYTTPYA)' 2.97 (mABx, J= 146, 7.8 Hz, 1H,
Hg ), 2.90-2.76 (M, 2H, H¢yys), 2.14-1.97 (m, 2H, H2¢ygobutyt), 1.89-1.70 (m, 2H, H4cyaobutyr), 1.61-1.08
(M, 17H, Hgys, Hays, Hytys, H3cyaobuy, C(CHa)s). °C NMR (151 MHz, DMSO-dg) & 171.5 (COqyys), 169.8
(COqrp), 156.0 (COcp;), 155.5 (COgqc), 137.0 (Clarchz), 136.0 (C7aIndoe), 128.3 (C3archz, Cbarchz), 127.7
(Clarchz), 127.6 (C2arcbz, CBarcbz), 127.4 (C3aingoe), 123.5 (C2ingote)s 120.7 (CBingole), 118.4 (C4ingole), 118.1
(CSindote), 111.1 (C7ingote), 109.8 (C3indoie), 77.3 (C(CHs)z), 65.4 (CHacpy), 55.0 (Coys), 53.2 (Carp), 43.8
(C1Cyclobutyl)v 394 (Ca,Lys OVGr'ap with solvent peak), 31.5 (CB,Lys)a 30.0 (C2Cyclobutyla C4Cyc|obutyl)a 29.2 (HéyLyS),
28.3 (C(CHa)3), 27.8 (Cprip), 22.7 (Cyiys), 14.6 (C3cyciobuty)- UPLC-MS tg 2.18 min, m/z 620.3 ([M+H]",
Ca4H46N50g" Calcd 620.3); HRMS m/z 642.3253 ([M+Na]”,C34H4sNsOgNa” Calcd 642.3262).
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Benzyl tert-butyl ((S)-6-(((S)-1-(cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-
oxohexane-1,5-diyl)dicarbamate (S76).

By the method described for compound S$69, the title compound was
synthesized using Cbz-Lys(Boc)-OH (444 mg, 1.17 mmol), HOBt (210 mg,
1.56 mmol), TFA salt 836 (300 mg, 0.78 mmol), Pr,NEt (271 pL,
1.56 mmol), anhydrous CH,Cl, (6.0 mL), and EDC (298 mg, 1.56 mmol)
The crude residue was purified by column chromatography (0—3.0%

o}
Ak
0 o}
OXNPWUND | purfed by colum

@ TN CH3OH in CH,Cl,), affording the desired amide S76 (309 mg, 63%), as a
““NH colorless solid. '"H NMR (600 MHz, DMSO-dg) 6 10.79 (d, J = 2.4 Hz, 1H,
6 NHingole), 7.83 (d, J = 8.1 Hz, 1H, NHq1p), 7.71 (d, J = 7.3 Hz, 1H,
COqmpNH), 7.55 (d, J = 7.9 Hz, 1H, H440e), 7.40 (d, J = 7.8 Hz, 1H,
NHqys), 7.38-7.19 (m, 6H, H7\ndgole, Harcez), 7.09 (d, J = 2.3 Hz, 1H,
H2Ind0|e)v 7.04 (ddd, J= 81, 69, 1.2 HZ, 1H, H6Indole)y 699—693 (m, H5Indo|e)a 673 (t, J=57 HZ, 1H, NHgyLys),
5.08-4.97 (m, 2H, CHacv,), 4.47 (q, J = 7.7, 1H, Hq1rp), 3.89-3.98 (m, 2H, H1cyaiopentyl, Hays), 3.06 (Masx, J =
14.6, 6.1 Hz, 1H, Hg1rpa), 2.96 (Magx, J = 14.6, 7.6 Hz, 1H, Hg1rp8), 2.90-2.78 (M, 2H H¢ys), 1.77-1.10 (m,
23H1 H2Cyclopentylv H3Cyclopentyl1 H4Cyclopentyl, HSCycIopentyh HB,Lys; HV,LySa H5,LySa C(CHS)S) 13C NMR (151 MHZ,
DMSO-ds) 6 171.5 (COqrp), 170.4 (COqys), 156.0 (COcp;), 155.5 (CO,tBu), 136.9 (Carcoz), 135.9 (C7aIndoke),
128.3 (Carcbz), 127.8 (Carcbz), 127.6 (Carcobz), 127.4 (C3aingole)s 123.4 (C2ingole), 120.7 (CBingoe), 118.5
(C4indole), 118.1 (CBindote), 111.1 (C7ngote), 109.8 (C3ingote), 77-3 (C(CHs)3), 65.4 (CH20), 55.0 (DCM), 54.9
(Cays), 53.2 (Cop), 50.2 (Cleyciopentyt), 39.4 (Cerys, overlap with solvent peak), 32.1 (C2¢yciopentyt), 32.0
(C5cyciopentyl), 31.5 (Cpys), 29.2 (Csys), 28.3 (C(CH3)3), 27.9 (Cg1rp), 23.4 (Clcyaiopenty), 23.4 (C3cyciopentyt)s 22.7
(Cyiys)- UPLC-MS tg 2.47 min, m/z 634.4 ([M+H]", C3sH4sNsOs" Calcd 634.4); HRMS m/z 656.3420

(IM+Na]",C3sH47NsO¢Na” Calcd 656.3419).

tert-Butyl ((S)-5-amino-6-(((S)-1-(cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-
oxohexyl)carbamate (S77).
o Pd/C (57 mg, 10% wt) was added to a solution of carbamate S69 (489 mg, 0.81
HNXOk mmol) in anhydrous CH3OH (30 mL). The reaction mixture was stirred overnight under
H, atmosphere and was then filtered through celite. The filtrate was concentrated
under reduced pressure, affording the desired H-Lys(Ne-Boc)-Trp-NH-cyclopropyl
H\)Ok /A (391 mg, >99%) as a colorless oil, which was used without further purification. 'H
H2N I : N NMR (600 MHz, DMSO-dg) & 10.78 (d, J = 2.4 Hz, 1H, NHjngoe), 8.05-7.93 (m, 2H,
“ \H NHg 1o, CO1pNH), 7.54 (d, J = 7.9 Hz, 1H, H4ng0e), 7.30 (d, J = 8.0 Hz, 1H, H7\ng0ie),
6 7.10-7.01 (m, 2H, H2Indo|ea H6Indole)a 6.96 (t, J=77 HZ, 1H, H5Indole)a 6.72 (t, J=5.6
Hz, 1H, NH¢ys), 4.50-4.38 (m, 1H, Hq 1), 3.15-3.06 (m, 1H, Hqyys), 3.03 (Maex, J =
14.5, 6.0 Hz, 1H, Hg 1rp.a), 2.95 (Magx, J = 14.5, 7.4 Hz, 1H, Hg 1p ), 2.90-2.78 (m, 2H,
HE,Lys)a 2.60-2.53 (m, 1H, H1Cyclopr0pyl)v 1.57-1.07 (m, 15H, HB,Ly51 C(CH3)3, H§_|_ys, HVYLVS)' 0.64-0.51 (m, 2H,
H2¢yciopropyt), 0.36—0.20 (m, 2H, H3¢yaiopropyi)- *C NMR (151 MHz, DMSO-d) 5 174.3 (COqyys), 172.3 (COq.1rp),
155.5 (COgoc), 136.0 (C7aingote), 127.4 (C3aindote)s 123.5 (C2indote), 120.8 (CBingote), 118.5 (C4ingole), 118.1
(C5Indole)y 111.2 (C7Indole)a 109.7 (C3Indole,Trp)a 77.3 (9(CH3)3), 54 .4 (CG,LyS)1 52.7 (ch,Trp), 394 (CC‘LyS OVGr'ap
with solvent peak), 34.3 (Cgrys), 29.4 (CsLys), 28.3 (C(CHs)s, Cprp), 22.4 (Cyys), 22.2 (Cleyciopropyl), 5.52
(C2Cyclopropyl)a 5.45 (Cscydopropw). UPLC-MS tr 1.48 min, miz 472.3 ([M+H]+, CZ5H38N504+ Calcd 4723), HRMS
mlz 472.2911 (IM+H]",C25H3sN504" Calcd 472.2918).
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tert-Butyl ((S)-5-amino-6-(((S)-1-(cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-6-
oxohexyl)carbamate (S78).

By the method described for compound S77, the title compound was synthesized
using Pd/C (28 mg, 10% wt), carbamate S76 (277 mg, 0.44 mmol), and anhydrous
CH30H (20 mL) affording the desired amine S78 (208 mg, 95%) as a colorless solid,
which was used without further purification. 'H NMR (600 MHz, DMSO-ds) 6 10.77

Ik
(0]
H = 2.4 Hz, 1H, NHngole), 7. ,J=8.5Hz, 1H, NHqy ), 7.82 (d, J = 7.1 Hz, 1H,
HzN/a/N\)kND (d’ J Z, ’ Indol ) 99 (d J 8 5Hz ,Tp) 8 (d J z
o z H
SNH

O

COqrrpNH), 7.55 (d, J = 7.8 Hz, 1H, H4ngoie), 7.33=7.26 (M, 1H, H7\n40i0), 7.07 (d, J =

2.3 Hz, 1H, H2indoe), 7.04 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, HB/ngee), 6.95 (ddd, J = 7.9,

6.9, 1.0 Hz, 1H, H5/n40), 6.72 (t, J = 5.7 Hz, 1H, NH,s), 4.55-4.45 (m, 1H, Ha1op),

3.93 (h, J = 7.1 Hz, 1H, H1¢ycopenty), 3.10-3.05 (m, 1H, Hqyys), 3.02 (Magx, J = 14.5,

6.2 Hz, 1H, HB,Trp,A)a 2.95 (mABx, J= 145, 7.3 Hz, 1H, HB,Trp,B)a 2.90-2.78 (m, 2H,
He,Lys)a 1.77-1.10 (m! 23H, H20yclopentyla H3Cyclopentyly H4Cyclopentylv H5Cyc|opentyl1 HB,LySa Hv,Lys; H5,LySa C(CHS)C’:) 130
NMR (151 MHz, DMSO-ds) & 174.5 (COqyys), 170.6 (COqtrp), 155.5 (COutBu), 136.0 (C7anmge)., 127.5
(C3a1ndoe), 123.5 (C2ingote)s 120.7 (CBindote), 118.5 (Cingote), 118.0 (CBindore), 111.1 (C7indore); 109.8 (C3ingole),
77.3 (C(CHas)s), 54.5 (Cqys), 52.7 (Caip), 50.2 (Cleyciopentyt), 39.5 (Cerys, Overlap with solvent peak), 34.5
(Coiys), 32.1 (C20yci0pentyl)s 32.0 (CBcyetopentyl)s 29-4 (Caiys), 28.5 (Cprrp), 28.3 (C(CHa)a), 23.42 (Choyeiopenty),
23.35 (C3cyciopentyl), 22.5 (Cy.ys). UPLC-MS tr 1.65 min, m/z 500.4 ([M+H]", C27H4,NsO," Calcd 500.3); HRMS
m/z 500.3230 ([M+H]",C27H42N50," Calcd 500.3231).

tert-Butyl ((S)-6-(((S)-1-(cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)Jamino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)carbamate (S79).
Amine S77 (392 mg, 0.83 mmol), m-fluorophenylsulfonyl chloride (223 pL,

o
HNJKOJ< 1.66 mmol), and iPr,NEt (578 pL, 3.32 mmol) were dissolved in anhydrous
CH.CI, (15 mL) and stirred for 1 hour at ambient temperature. Additional
anhydrous CH,Cl, (10 mL) was added and reaction mixture was stirred
/@\//o Ho§ overnight at ambient temperature. The reaction mixture was concentrated

F //S‘ N\)'L . e .
g N I N under reduced pressure and the crude residue was purified with

=

sulfonamide S79 (246 mg, 47%) as a colorless solid. TLC (5 % CH3;OH in

CH.ClL): Rs = 0.3. 'H NMR (600 MHz, DMSO-dg) & 10.80 (d, J = 2.4 Hz, 1H,

NHingole), 8.09-8.03 (m, 2H, NHguys, NHorp), 7.84 (d, J = 4.2 Hz, 1H,
CO1pNH), 7.53 (dt, J = 8.4, 2.1 Hz, 1H, H2¢py,), 7.51-7.46 (M, 2H, H6rpn, H4 ngole), 7.39—7.33 (m, 2H, H4ppp,
H5gpy),7.31 (dt, J = 8.1, 0.9 Hz, 1H, H7 140), 7.05 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H6n40e), 7.01 (d, J = 2.3 Hz,
1H, H2inq0e), 6.97 (ddd, J =7.9, 6.9, 1.0 Hz, 1H, H5hq0ie), 6.69 (t, J = 5.7 Hz, 1H, NH,s), 4.22-4.16 (m, 1H,
Hatp), 3.78-3.64 (M, 1H, Hqrys), 2.90 (Magx, J = 14.4, 7.0 Hz, 1H, Hg1pa), 2.84-2.75 (M, 2H, He ), 2.71
(magx, J = 14.5, 6.9 Hz, 1H, Hg1p ), 2.55-2.50 (M, 1H, H1¢yciopropyi, OVeErlap with solvent peak), 1.46—-1.31 (m,
11H, Hpys, C(CH3)3), 1.27-1.18 (m, 2H, Hs1ys), 1.19-1.09 (m, 1H, Hyys4), 1.06-0.95 (m, 1H, H, 1s8), 0.59—
0.43 (m, 2H, H2¢yciopropy), 0.33—0.22 (m, 1H, H3c¢yciopropyia), 0.21-0.13 (M, 1H, H3cyciopropyia)- *C NMR (151
MHz, DMSO-dg) 6 171.8 (COq1p), 170.2 (COqyys), 161.5 (d, J = 248.5 Hz, C3¢pp), 155.5 (COgqc), 143.0 (d, J
=6.3 HZ, C1th), 135.9 (C7a|ndo|e), 131.1 (d, J=74 HZ, C5th), 127.3 (C3a|ndo|e), 123.4 (C2Indole)a 122.3 (d, J
=26 HZ, C6th), 120.8 (CGIndoIe)a 119.2 (d, J=21.2 HZ, C4th), 118.4 (C4Indole)a 118.1 (C5Indole)a 113.6 (d, J=
21.8 Hz, C2epn), 111.2 (C7indole), 109.6 (C3indoie), 77.3 (C(CH3)goc), 56.2 (Cqys), 53.2 (Cotrp), 39.5 (Ceys,
overlap with solvent peak), 32.5 (Cprys), 28.2 (Csrys), 28.3 (C(CHa)goc), 27.6 (Cprrp), 22.3 (CyLys), 22.2
(C1cyciopropyl)s 9-5 (C2¢yciopropy)s 5.4 (C3cyciopropyt)- F NMR (376 MHz, DMSO-dg) 6 —111.0 (s, 3gpn-F). UPLC-
MS tz 1.93 min, m/z 630.3([M+H]", Ca3HsFNs0¢S™ Calcd 630.3); HRMS m/z 652.2563
(IM+Na]",C31H4oN50¢SFNa" Calcd 652.2576). FPh=3-fluorophen-1-yl

E éNH chromatography column (0—3.5% CH3OH in CH.CI,), affording the desired
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3-(3-((S)-6-(((S)-1-(Cyclopropylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)thioureido)propanoic acid (48).
s o TFA (2.0 mL, 26.1 mmol) was added to a solution of carbamate §79 (105 mg,
HN)LN/\)kOH 0.17 mmol) and TIPS (125 yL, 0.61 mmol) in anhydrous CH,CI;, (5.0 mL). The
H reaction mixture was stirred for 1 hour at ambient temperatureand was then
concentrated under reduced pressure. Excess TFA was removed by
F/©\S/? H\)(i A coevaporations: CH,Cly/toulene (1:1, 3x20 mL), affording an off-white solid,
g N I N tentatively assigned as the TFA salt of the Boc-deprotected derivative of
N\ compound S79 (UPLC-MS tz 1.22 min, m/z 530.2; [M+H]", CaH33FN504S”
6 Calcd 530.2), which was used without further purification. A solution of HCI-3-
alanine t-butyl ester (63 mg, 0.35 mmol) and iPr,NEt (182 L, 1.04 mmol) in
anhydrous CH,Cl, (6.0 mL) was added dropwise to a solution of $47 (98 mg,
0.35 mol) in anhydrous CH,Cl, (3.0 mL) at 0°C over 5 minutes. The reaction mixture was stirred at 0°C for 10
minutes and was then concentrated under reduced pressure. The crude residue and the crude TFA salt of
the Boc-deprotected derivative of compound S79 (105 mg) were dissolved in anhydrous DMF (20.0 mL).
iProNEt was added (129 pL, 0.56 mmol) and the reaction mixture was stirred overnight at 45°C. The reaction
mixture was concentrated under reduced pressure and the residue was redissolved in EtOAc (30 mL) and
washed with ag. HCI (1 M, 2x30 mL), and brine (2x30 mL). The organic phase was dried over Na,SO, and
concentrated under reduced pressure affording an orange oil, tentatively assigned as the tert-butyl ester of
compound 48 (UPLC-MS tz 1.94 min, m/z 717.2; [M+H]", Ca4H4sFNgOS," Calcd 717.3), which was used
without further purification. TFA (3.0 mL, 39.2 mmol) and TIPS (300 uL, 1.46 mmol) were added to a solution
of the orange oil in CH,Cl, (4.0 mL). The reaction mixture was stirred for 2 hours and was then concentrated
under reduced pressure. Excess TFA was removed by coevaporations: CH,Cl,/toluene (1:1, 3x10 mL) and
heptane (10 mL). Preparative reversed-phase HPLC purification of the crude residue afforded the desired
carboxylic acid 48 (6 mg, 5% from S79), as a colorless fluffy material after lyophilization. 'H NMR (600 MHz,
DMSO-dg) 6 10.80 (d, J = 2.4 Hz, 1H, NHiqdoie), 8.12-8.04 (m, 2H, NHqys, NHo 1), 7.86 (d, J = 4.2 Hz, 1H,
COmpNH), 7.58-7.52 (m, 1H, H2¢pn), 7.51-7.46 (M, 2H, H4ingole, HBrpn), 7.43 (br's, 1H, NH¢ ), 7.35 (ddt, J =
7.7, 44, 2.0 HZ, 3H, H4FPh, H5|:ph, Nﬂ(CHz)zCOzH), 7.32 (dt, J= 80, 1.0 HZ, 1H, H7Indo|e)a 7.06 (ddd, J= 81,
6.9, 1.2 Hz, 1H, H6\hgoie), 7.01 (d, J = 2.3 Hz, 1H, H2p40e), 6.97 (ddd, J = 7.9, 6.9, 1.0 Hz, 1H, H5|hg0le), 4.24—
4.14 (m, 1H, Hq 1), 3.77 (td, J = 8.6, 5.5 Hz, 1H, Hqyys), 3.56 (br s, 2H, CH,CH,CO,H), 3.12 (br's, 2H, Heys),
2.90 (mABx, J = 144, 7.0 Hz, 1H, HB,Trp,A)a 2.70 (mABx, J =145, 6.9 Hz, 1H, HB,Trp,B)a 2.54-2.51 (m, 1H,
H1 cyciopropyt, OVerlap with solvent peak), 2.47 (t, J = 6.6 Hz, 2H, CH,CO,H overlap with solvent peak), 1.50-
1.41 (m, 1H, Hgiysa), 1.40-1.28 (m, 3H, Hgryss, Hsiys), 1.26-1.12 (m, 1H, Hyiysa), 1.12-1.00 (m, 1H,
Hy.ys,), 0.57-0.43 (m, 2H, H2¢yci0propy1), 0.30—-0.21 (M, 1H, H3cyciopropyia), 0.20—0.12 (M, 1H, H3¢yciopropyl,B)- c
NMR (151 MHz, DMSO-dg) & 173.2 (COzH), 171.8 (COq1rp), 170.0 (COqys), 161.5 (d, J = 247.9 Hz, C3rpn),
143.0 (d, J=71 HZ, C1th), 135.9 (C7a|ndo|e), 131.1 (d, J=71 HZ, C5th), 127.3 (C3a|ndo|e), 123.4 (C2Indole)a
122.6 (d, J=35 HZ, C6th), 120.8 (C6Indole)v 119.2 (d, J=213 HZ, Cszh), 118.4 (C4Indole)a 118.1 (C5Indole)a
113.6 (d, J = 24.1 Hz, C2¢pp), 111.2 (C7indote), 109.6 (C3indote), 56.1 (Cays), 53.1 (Carrp), 43.4 (Cerys), 39.1
(CH,CH,COH, overlap with solvent peak), 33.7 (CH,CO,H), 32.6 (Cgrys), 28.1 (Csrys), 27.7 (Cprip), 22.5
(Cyiys)s 22.2 (Cleyciopropyt)s 5-5 (C2¢yctopropyl)s 5-4 (C3cyaiopropy)- F NMR (376 MHz, DMSO-dg) & -74.3 (s,
CF3.1en), =111.0 (s, 3gpn-F). The peak for C=S was not visible in ¥C NMR, probably due to fast quadrupolar
relaxation via the nearby '*N-nuclei. UPLC-MS tx 1.59 min, m/z 661.2 ([M+H]", CsH37FN506S," Calcd
661.2); HRMS m/z 661.2281 ([IM+H]",C3oH3sNsOsS2F* Calcd 661.2273). FPh=3-fluorophen-1-yl

tert-Butyl ((S)-6-(((S)-1-(cyclobutylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)carbamate (S80).
Pd/C (61 mg, 10% wt) was added to a solution of carbamate S§75 (652.3 mg,

0
HNkOk 1.07 mmol) in anhydrous CH3;OH (40 mL). The reaction mixture was stirred

overnight under H, atmosphere and was then filtered through celite. The

filtrate was concentrated under reduced pressure affording a colorless solid

F/©\S/? H\jt (576 mg) tentatively assigned as H-Lys(Boc)-Trp-NHCH(CH,); (UPLC-MS tg
g N I3 N 1.66 min, m/z 486.3; [M+H]", CxH4oFNsO," Calcd 486.3), was used without

E iNH further purification. The colorless solid (576 mg), m-fluorophenylsulfonyl
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chloride (223 pL, 1.66 mmol), and iProNEt (578 pL, 3.32 mmol) were dissolved in anhydrous CH,Cl, (15 mL)
and stirred for 2 hours at ambient temperature. Additional anhydrous CH,CI, (6 mL) was added and the
mixture was stirred overnight at ambient temperature. The reaction mixture was concentrated under reduced
pressure and the crude residue was purified by chromatography column (0—+4% CH3;OH in CH,CI,),
affording the sulfonamide S$80 (73 mg, 11% from S75), as a colorless solid. TLC (5% CH3;OH in CH,Cl): R =
0.3. "H NMR (600 MHz, DMSO-ds) 5 10.80 (d, J = 2.4 Hz, 1H, NHingoe), 8.07 (d, J = 8.5 Hz, 1H, NHq Lys),
8.05-7.95 (m, 2H, NHq 1rp, CO7pNH), 7.53 (dt, J = 8.4, 2.1 Hz, 1H, H2¢py), 7.51-7.46 (M, 2H, H6rpn, H4ndole),
7.43-7.33 (m, 2H, H4FPh, H5th), 7.32-7.29 (m, 1H, H7Indo|e)a 7.05 (ddd, J = 8.1, 69, 1.2 Hz, 1H, H6Indo|e)a
7.01 (d, J = 2.3 Hz, 1H, H2nq01), 6.96 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, H5/ng0ie), 6.68 (t, J = 5.7 Hz, 1H, NH¢ys),
4.21 (td, J = 8.1, 7.0 Hz, 1H, Hq1p), 4.09 (h, J = 8.2 Hz, 1H, Hlcyaobutyr), 3.73 (td, J = 8.5, 5.4 Hz, 1H, Hqyys),
2.90 (mpgx, J = 14.6, 6.8 Hz, 1H, Hgrpa), 2.79-2.70 (M, 3H, Hg1pe, Helys), 2.17-2.04 (m, 1H, H2¢yi0butyia),
2.04-1.91 (m, 1H, H2Cyc|0buty|15), 1.85-1.73 (m, 1H, H4CyclobutyI,A)y 1.71-1.60 (m, 1H, H4CyclobutyI,B), 1.59-1.48
(m, 2H, H3cyaiobutyr), 1.45-1.30 (m, 11H, Hgys, C(CH3)3), 1.26-1.19 (m, 2H, Hss), 1.16-1.06 (m 1H, Hy 1ys ),
1.06-0.94 (m, 1H, Hy1ys8). °C NMR (151 MHz, DMSO-dg) 8 170.2 (COqys), 169.8 (COq1rp), 161.5 (d, J =
246.6 HZ, C3th), 155.5 (COBoc), 143.0 (d, J=6.5 HZ, C1th), 135.9 (C7a|ndo|e), 131.1 (d, J=8.0 HZ, C5th),
127.4 (C3a|ndo|e), 123.4 (C2Indole)a 122.6 (d, J=25 HZ, CGth), 120.8 (C6|ndo|e), 119.2 (d, J=226 HZ, C4th),
118.4 (C4ingole), 118.1 (Chingoie), 113.6 (d, J = 24.5 Hz, C2epp), 111.2 (C7ingote), 109.6 (C3ingote), 77-3
(C(CH3)goc), 56.2 (Cays), 53.2 (Corrp), 43.8 (Cleyaiobutyt)s 39.4 (Ceys), 32.5 (Cprys), 29.99 (C2¢yciobuty), 29.92
(CAcyciobutyt), 28.9 (Cspys), 28.3 (C(CHas)s), 27.7 (Cprp), 22.3 (Cyys), 14.6 (C3cyciobuty)- F NMR (376 MHz,
DMSO-dg) & —-111.0 (s, 3¢pn-F). UPLC-MS tz 2.01 min, m/z 644.3 (IM+H]", Cs,H4FNsOsS™ Calcd 644.3);
HRMS m/z 666.2720 ([M+Na]",Cs,H4,Ns0¢SFNa" Calcd 666.2738). FPh=3-fluorophen-1-yl

3-(3-((S)-6-(((S)-1-(Cyclobutylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)thioureido)propanoic acid (49).
s o By the method described for compound 48, the title compound was
i~ Ahoy  Synthesized using TFA (2.0 mL, 26.1 mmol), carbamate S80 (73 mg,
H 0.11 mmol), TIPS (125 pL, 0.61 mmol), and anhydrous CHCl, (5.0 mL), then
HCI-B-alanine t-butyl ester (63 mg, 0.35 mmol) and /Pr,NEt (182 pL,
F/©\S/? H\)(i /D 1.04 mmol) in anhydrous CH.Cl, (6.0 mL), S47 (98 mg, 0.35 mol) in
g N I N anhydrous CH,Cl, (2.0 mL), followed by anhydrous DMF (20 mL), and iPr,NEt
Z NH (129 pL, 0.56 mmol). Then TFA (2.0 mL, 26.1 mmol), TIPS (150 pL, 0.73
6 mmol), and CH,CI; (3.0 mL), affording the desired carboxylic acid 49 (3 mg,
4% from $80), as a colorless fluffy material after lyophilization. '"H NMR (600
MHz, DMSO-dg) 8 12.24 (s, 1H, CO,H), 10.80 (d, J = 2.4 Hz, 1H, NHngole),
8.10 (d, J = 8.6 Hz, 1H, NHq,ys), 8.05 (d, J = 8.0 Hz, 1H, NHq 1), 8.00 (d, J = 8.0 Hz, 1H, CO,NH), 7.56—
7.51 (m, 1H, H2FPh)a 7.51-7.46 (m, 2H, H4 1 dole, H6FPh)1 7.42 (br S, 1H, NHS,Lys)a 7.39-7.32 (m, 3H, H4th’
H5th, Nﬂ(CHz)zCOgH), 7.32-7.30 (m, 1H, H7Indole)a 7.05 (ddd, J= 81, 69, 1.2 HZ, 1H, H6Indole)a 7.01 (d, J=
2.3 Hz, 1H, H2hq0e), 6.97 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, H5nqole), 4.24—4.17 (m, 1H, Hq1rp), 4.08 (h, J = 8.0
Hz, 1H, H1¢ycobutyr), 3.76 (td, J = 8.6, 5.4 Hz, 1H, Hqys), 3.56 (br s, 2H, CH,CH,CO,H, overlap with residual
water), 3.20 (br s, 2H, H¢ s, overlap with residual water), 2.90 (maex, J = 14.4, 6.9 Hz, 1H, Hg1pa), 2.72
(magx, J = 14.4, 6.8 Hz, 1H, Hg 1rps), 2.47 (t, J = 6.6 Hz, 2H, CH,CO,H overlap with solvent peak), 2.11-2.04
(m, 1H, HszcIobutyI,A)a 2.03-1.93 (m, 1H, H2Cyc|0butyI,B)a 1.84-1.74 (m, 1H, H4CyclobutyI,A)a 1.69-1.60 (m, 1H,
H4Cyc|0butyI,B)a 1.58-1.49 (m, 2H, H30yc|obutyl)a 1.49-1.27 (m, 4H, HB,LyS1 H5’|_y5), 1.22-1.12 (m, 1H, Hv,Lys,A)v 1.09-
1.00 (m, 1H, Hy1ysB). C NMR (151 MHz, DMSO-dg) & 173.1 (CO2H), 170.1 (COqys), 169.3 (COq1rp), 161.4
(d, J = 249.0 Hz, C3gpn), 142.9 (d, J = 6.6 Hz, C1gpp), 135.9 (C7angote), 131.1 (d, J = 8.5 Hz, H5¢py), 127 .4
(C3andole), 123.4 (C2ingole), 122.6 (d, J = 2.8 Hz, CBgpp), 120.8 (CBingole), 119.2 (d, J = 20.6 Hz, C4pn), 118.4
(C4indole), 118.1 (Cbingote), 113.6 (d, J = 24.4 Hz, C2¢pn), 111.1 (C7indoie), 109.6 (C3ingote), 56.1 (Cqys), 53.1
(Co1rp), 43.8 (CHeyciobutyt), 43.4 (CeLys), 39.1 (CH,CH,CO,H overlap with solvent peak), 33.7 (CH,CO,H), 32.6
(Cg.ys), 29.98 (C2¢yciobutyl), 43.92 (Chcyciobuty)s 28.2 (Csrys), 27.7 (Cprrp), 22.5 (Cyys), 14.6 (C3cyciobutyl)- OF
NMR (376 MHz, DMSO-ds) 5 -73.5 (s, CF31ra), —111.0 (s, 3gpn-F). The peak for C=S was not visible in "°C
NMR, probably due to fast quadrupolar relaxation via the nearby “N-nuclei. UPLC-MS tg 1.95 min, m/z
675.4 ([M+H]",C31H4NgOsS.F* Calcd 675.2); HRMS m/z 675.2440 ([M+H]",C3H4NOsS,F™ Calcd
675.2429). FPh=3-fluorophen-1-yl
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tert-Butyl ((S)-6-(((S)-1-(cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)Jamino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)carbamate (S81).
3-Fluorobenzenesulfonyl chloride (104 L, 0.77 mmol) and iPr,NEt (269 pL,

(0]

HNkOk 1.46 mmol) were added to a solution of amine §78 (193 mg, 0.39 mmol) in
anhydrous CH,Cl, (15 mL). The mixture was stirred at ambient temperature
overnight and was then concentrated under reduced pressure. The crude

F/©\S/? H\ji residue was purified by column chromatography (0—2.5% CH3;OH in CH,Cl,)
o N I N affording the desired sulfonamide $81 (207 mg, 81%) as a colorless solid. H

NHays), 8.03 (d, J = 8.0 Hz, 1H, NHg1yp), 7.67 (d, J = 7.3 Hz, 1H, COq1,,NH),

7.54 (dt, J= 86, 2.1 HZ, 1H, H2th), 7.52-7.46 (m, 2H, H4Indo|e: H6FPh)a 7.41—-

7.33 (m, 2H, H4epp, H5th), 7.33-7.29 (m, 1H, H7Indole)a 7.05 (ddd, J = 81,
6.9, 1.2 Hz, 1H, HBingoe), 7.02 (d, J = 2.3 Hz, 1H, H2ng06), 6.97 (ddd, J = 7.9, 7.0, 1.0 Hz, 1H, H5/n0e), 6.69
(t, J = 5.7 Hz, TH, NH, ), 4.30—4.23 (m, 1H, Ho1rp), 3.89 (h, J = 6.9 Hz, TH, H1gyaopenty), 3.79-3.71 (m, 1H,
Ha,Lys)a 2.90 (mABx, J = 145, 7.0 HZ, 1H, HBYTTPYA)7 2.82-2.68 (m, 3H, HB,Trp,Ba Hg’Lys), 1.75-1.65 (m, 1H,
H2Cyc|opentyI,A)7 1.65-0.95 (m, 22H! H20yclopentyI,Bv HBCycIopentyh H4Cyclopentyly H5Cyc|opentyla HB,LySa HV,LySa HG,LySa
C(CHa)s). °C NMR (151 MHz, DMSO-ds) 8 170.2 (COqyys), 170.0 (COq1p), 161.5 (d, J = 247.7 Hz, C3¢py),
155.5 (CO,tBu), 143.0 (Clepn), 135.9 (CTamgoe), 131.1 (d, J = 7.7 Hz, C5epn), 127.4 (C3aiqoe), 123.4
(C2inaoe), 122.6 (d, J = 2.8 Hz, CBepr), 120.8 (CBingore), 119.3 (d, J = 21.2 Hz, Cdrpn), 118.4 (Chingos),
118.1(C5inaoie), 113.6 (d, J = 24.2 Hz, C2¢pr), 111.1 (C7indie), 109.7 (C3inaoie), 77.3 (C(CHa)s), 56.2 (Carye),
53.2 (Ca1rp)s 50.2 (Cleyeiopentyl)s 394 (Cerys), 325 (Cpiys) 32.0 (C20y0i0pentyt)s 31.9 (CBeyoiopentyt)s 28.9 (Cays),
28.2 (C(CHa)s), 27.7 (Cprrp), 23.4 (Choyaopenty): 23.3 (C3cyciopenty)s 22.3 (Cyys)- '°F NMR (376 MHz, DMSO-
ds) & —111.0 (s, 3¢pn-F). UPLC-MS tg 2.36 min, m/z 658.3 ([M+H]",C33H4sNs0sSF” Calcd 658.3); HRMS m/z
680.2877 ([M+Na]’, C33H44N50¢SFNa* Calcd 680.2889). FPh=3-fluorophen-1-yl

E ENH NMR (600 MHz, DMSO-ds) & 10.79 (d, J = 2.4 Hz, 1H, NHinaoe), 8.07 (s, 1H,

(S)-6-Amino-N-((S)-1-(cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)-2-((3-
fluorophenyl)sulfonamido)hexanamide-TFA salt (S82).

Carbamate $81 (189 mg, 0.29 mmol) was suspended in anhydrous CH,ClI,
(7 mL) and TFA (4.5 mL, 58.77 mmol) and TIPS (300 pL, 1.46 mmol) were
added. The mixture was stirred at ambient temperature for 1 hour and was

NH;* o)kCF3
/@\ then concentrated under reduced pressure. Excess TFA was removed
L Q through co-evaporations: CH,Cl,/toluene (1:1, 5x20 mL), the pink solid was
F S H%N/O g p 2C 1o (1:1, )s p
O H 6 I H
=

o

dissolved in CH3;0H (1 mL) and co-evaporated with CH,Cly/heptane (1:1,

NH 4%x20 mL) and CH,CI, (20 mL) affording the desired TFA salt $82 (206 mg,

6 >99%) as an off-white solid. 'H NMR (600 MHz, DMSO-dg) 6 10.82 (d, J =

2.4 Hz, 1H, NHingoe), 8.11 (d, J = 8.6 Hz, 1H, NHq_ys), 8.07 (d, J = 7.9 Hz,

1H, NHq1p), 7.75-7.64 (m, 4H, COq1,NH, NH3), 7.55-7.51 (m, 1H, H2rp),

7.51-7.46 (m, 2H, Hdngore, HBpn), 7.40-7.34 (m, 2H, H5¢pn, H7 ngore), 7.32 (dd, J = 8.1, 0.9 Hz, 1H, Hdepy),

7.06 (td, J = 8.1, 6.9, 1.2 Hz, 1H, H6\nq0ie), 7.01 (d, J = 2.3 Hz, 1H, H2|nq0ie), 6.97 (td, J = 7.9, 6.9, 1.0 Hz, 1H,

HS1ndole), 4.28-4.20 (M, 1H, Hotrp), 3.93-3.83 (M, 1H, Hlcyoopentyl)s 3.79 (td, J = 8.4, 5.4 Hz, 1H, Hqy ), 2.89

(mABx, J= 144, 7.0 HZ, 1H, HBYTTPYA)’ 2.75-2.63 (m, 3H, HBYTFPYB’ HC,LyS)1 1.76-1.65 (m, 1H, H2Cyc|opentyI,A)a 1.63-

1.17 (m, 12H1 H20yclopentyI,Ba HBCycIopentyh H4Cyclopentyla HSCycIopentyI,A1 HB,LySa Hv,Lys; Hé,Lys)a 1.16-1.08 (m, 1Ha

H5cy00pentyis). °C NMR (151 MHz, DMSO-dg) & 170.1 (COgq Lys), 170.0 (COq 1), 161.5 (d, J = 247.7 Hz,

C3epn), 143.0 (d, J = 6.6 Hz, Clepp), 136.0 (C7amdoe), 131.1 (d, J = 8.0 Hz, C5epr), 127.4 (C3andne), 123.4

(C2Indole)y 122.6 (d, J =32 HZ, Cerh), 120.8 (Celndole)a 119.3 (d, J =211 HZ, C4th), 118.4 (C4Indole)a

118.1(C5indoie), 113.6 (d, J = 24.2 Hz, C2¢pn), 111.2 (C7ingote) 109.7 (C3ingote), 56.0 (Caytys), 53.2 (Caep), 50.2

(C1cyciopentyt), 38.6 (Cerys), 32.3 (Cpys), 32.0 (C2¢yciopentyt), 31.9 (Chcyciopentyt), 27.8 (Cg1rp), 26.4 (CsLys), 23.4

(CAcyoiopentyl)s 23.3 (C3cysopentyl)s 21.9 (Cyiye)- °F NMR (376 MHz, DMSO-ds) 8 =111.0 (s, 3¢py-F). UPLC-MS

tr 1.89 min, m/z 558.3 ([M+H]",C2sH3;N50,SF" Calcd 558.3); HRMS m/z 558.2548 ([M+H]", C2gH3;N5O,SF”
Calcd 558.2545). FPh=3-fluorophen-1-yl
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tert-Butyl 3-(3-((S)-6-(((S)-1-(cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)thioureido)propanoate (S83).
s o A solution of HCI-B-alanine t-butyl ester (41 mg, 0.23) and iProNEt (59 pL,
HNJKN/\)kOk 0.34 mmol) in anhydrous CH,Cl, (6 mL) was added dropwise to a solution
H S$47 (64 mg, 0.23 mmol) in anhydrous CH.CI, (3 mL) at 0 °C. The solution
was stirred for 35 min then additional HCI-B-alanine t-butyl ester (4 mg, 0.02)
F/©\§/? H\)ﬂ was added. The reaction mixture was stirred for 15 min and was then
o N I N concentrated under reduced pressure affording a yellow oil. The yellow oil
" NH and TFA salt $82 (75 mg, 0.11 mmol) were dissolved in anhydrous DMF
(3 mL). iProNEt (39 pL, 0.22 mmol) was added and the mixture was stirred at
ambient temperature overnight. The reaction mixture was concentrated
under reduced pressure and the residue was redissolved in EtOAc (75 mL)
and washed with H,O (2x75 mL), saturated ag. NaHCO; (2x75 mL), ag. HCI (1 M, 2x75 mL), and brine
(2x75 mL). The organic phase was dried over Na,SO, and concentrated under reduced pressure. The crude
residue was purified by column chromatography (0—2.75% CH3;OH in CH,Cl,) affording the desired thiourea
S$83 (46 mg, 53%) as a colorless solid. 'H NMR (600 MHz, DMSO-ds) & 10.79 (s, 1H, NHjngole), 8.09 (d, J =
8.6 Hz, 1H, NHqys), 8.06 (d, J = 7.9 Hz, 1H, NHq 1), 7.68 (d, J = 7.3 Hz, 1H, COq 1pNH), 7.57-7.26 (m, 8H,
H2th, H4Indo|ea H6th, NHE,LySa NH(CH2)2C02tBU, H4|:ph, H5|:ph, H7Ind0|e)v 7.05 (td, J = 81, 70, 1.1 HZ, 1H,
H6Ind0|e)v 7.02 (d, J=23 Hz, 1H, H2Indo|e)1 6.99-6.94 (m, 1H, H5Ind0|e), 4.30—4.22 (m, 1H, Hu,Trp)a 3.88 (h, J=
6.8 Hz, 1H, H1lcydopentyr), 3.81-3.74 (m, 1H, Hqyys), 3.55 (s, 2H, CH,CH,CO,tBu), 3.27-3.14 (m, 2H, H¢yys
overlap with residual water), 2.90 (magx, J = 14.5, 7.1 Hz, 1H, Hg1pa), 2.71 (Masx, J = 14.4, 6.8 Hz, 1H,
HB,Trp,B)a 2.45 (t, J = 6.7 HZ, 2H, CﬂzCOQtBU), 1.77-0.99 (m, 23H, H2Cyc|opentyla H3Cyc|opentyla H4Cyc|opentyla
H5¢yctopentyl, Hp.Lys: HyLys, Hays, C(CH3)3). *C NMR (151 MHz, DMSO-ds) & 170.9 (CO,tBu), 170.1 (COq,1rp)s
170.1 (COqyys), 161.5 (d, J = 247.8 Hz, C3rpn), 157.9 (q, J = 30.8 Hz, CO1ra), 143.0 (d, J = 6.6 Hz C1epp),
135.9 (C7aingole), 131.1 (d, J = 8.1 Hz, Cb5gpn), 127.4 (C3aindole), 123.4 (C2ingole), 122.6 (C6gpn), 120.8
(C6Indole)y 119.3 (d, J =20.9 HZ, C4th), 118.4 (C4Indole)a 118-1(C5Indole)a 117.3 (q, J = 300.4 HZ, CFS,TFA)a
113.6 (d, J = 24.3 Hz, C2rpn), 111.1 (C7indote), 109.7 (C3indote), 79.9 (C(CHs3)3), 56.2 (Cqys), 53.2 (Cqmip), 50.2
(Clcyciopentyl), 43.3 (Cerys), 39.1 (CH.CH,CO,tBu), 34.8 (CH,CO,tBu), 32.6 (Cprys), 32.0 (C2¢yciopentyt), 31.9
(Cbcyciopentyl), 28.1 (Cs,Lys), 27.8 (Cp1rp, C(CH3)3), 23.4 (C4cyciopentyt), 23.3 (C3cyciopentyl), 22.4 (CyLys)- YF NMR
(376 MHz, DMSO-dg) 8 =111.0 (s, 3rpn-F). The peak for C=S was not visible in "°C NMR, probably due to
fast quadrupolar relaxation via the nearby "“N-nuclei. UPLC-MS tz 2.30 min, miz 745.4
(IM+H]",C36H50NgO6S2F " Caled 745.3); HRMS m/z 767.3038 ([M+Na]”, C3sH49NsOsS,FNa” Caled 767.3031).
FPh=3-fluorophen-1-yl

3-(3-((S)-6-(((S)-1-(Cyclopentylamino)-3-(1H-indol-3-yl)-1-oxopropan-2-yl)amino)-5-((3-
fluorophenyl)sulfonamido)-6-oxohexyl)thioureido)propanoic acid (50).

S o TIPS (125 pL, 0.61 mmol) and TFA (2.0 mL, 26.1 mmol) were added to a
HNXN/\)kOH suspension of ester $83 (40 mg, 0.05 mmol) in CH,CI, (3.0 mL). The mixture
H was stirred at ambient temperature for 1.5 hours and was then concentrated
under reduced pressure. Excess TFA was removed by co-evaporations:
F/©\S/? nji L[> CHClltoluene (1:1, 2x20 mL), CHsOH/CH,CLICH;CN (0.05:1:1, 20 mL),
d N & N and CH3;OH/CH3;CN (0.05:1, 20 mL). Preparative reversed-phase HPLC
“NH purification of the crude residue afforded the desired carboxylic acid 50 (9
mg, 24%) as a colorless fluffy material after lyophilization. 'H NMR (600
MHz, DMSO-ds) & 10.79 (s, 1H, NHingoe), 8.09 (d, J = 8.6 Hz, 1H, NHqys),
8.06 (d, J = 8.0 Hz, 1H, NHq 1), 7.67 (d, J = 7.0 Hz, 1H, CO41,NH), 7.54 (d,
J = 8.6 Hz, 1H, H2FPh)a 7.51-7.47 (m, 2H, H4 1 d0le, H6th), 7.43 (S, 1H NHE,LyS)a 7.40-7.33 (m, 3H,
NH(CH2)2C02H, H4|:ph, H5th), 7.31 (d, J=28.1 HZ, 1H, H7Indole)a 7.05 (t, J=7.5 HZ, 1H, H6Indole)a 7.02 (S, 1H,
H2Ind0|e)v 697 (t, J=74 HZ, 1H, H5Indole)7 430—421 (m, 1H, Hu,Trp)a 388 (h, J=7.0 HZ, 1H, H1Cyc|opentyl)a
3.80-3.73 (m, 1H, Hqyys), 3.55 (br s, 2H, CH,CH,CO,H, overlap with residual water), 3.21 (br s, 2H, Hgys,
overlap with residual water), 2.90 (magx, J = 14.4, 7.1 Hz, 1H, Hg1pa), 2.71 (Masx, J = 14.4, 6.8 Hz, 1H,
Hptpg), 2.47 (t, J = 6.7 Hz, 2H, CH,CO,H overlap with solvent peak), 1.77-0.98 (m, 14H, H2¢yciopentyis
HBCycIopentyh H4Cyclopentylv H5Cyclopentyly HB,LySa Hv,LyS1 H6,Lys)- 13C NMR (151 MHZ; DMSO'dG) 6 173.2 (COZH)a
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170.1 (COqys), 170.1 (COq1rp), 161.5 (d, J = 247.7 Hz, C3ppn), 143.0 (C1epp), 136.0 (C7aingore), 131.1 (d, J =
8.2 HZ, C5th), 127.4 (C3a|ndo|e), 123.4 (CZ.ndme), 122.7 (CGFPh)a 120.8 (C6Indole)a 119.3 (d, J=204 HZ, C4th),
118.5 (C4indote), 118.1(Cbingoie), 113.6 (d, J = 24.2 Hz, C2epn), 111.2 (C7indole)s 109.7 (C3ingote), 56.2 (Cays),
53.2 (Cy1rp), 50.2 (Clcyaiopentyl), 43.4 (Cerys), 39.1 (CH,CH,CO,H), 33.7 (CH,CO.H), 32.6 (Cgrys), 32.03
(C2Cyclopentyl)v 31.96 (CSCycIopentyl)a 28.2 (Cé,Lys)a 27.8 (CB,Trp)a 234 (C4Cyclopentyl)a 23.3 (C3Cyclopentyl)a 225 (Cv,Lys)-
'F NMR (376 MHz, DMSO-ds) & —=111.0 (s, 3ren-F). The peak for C=S was not visible in '>°C NMR, probably
due to fast quadrupolar relaxation via the nearby '*N-nuclei. UPLC-MS tg 2.00 min, m/z 689.4
(IM+H]",C3,H42Ng06S,F* Caled 689.3); HRMS m/z 689.2595 ([M+H]", CaHiNgOsSF™ Calcd 689.2586).
FPh=3-fluorophen-1-yl

Benzyl tert-butyl-(6-((2-(1H-indol-3-yl)ethyl)amino)-6-oxohexane-1,5-diyl)(S)-dicarbamate (S84).
o By the method described for compound S75, the title compound was
HNkOk synthesized using Cbz-Lys(Boc)-OH (1.0 g, 2.66 mmol), HOBt (397 mg,
2.94 mmol), tryptamine (472 mg, 2.94 mmol), iProNEt (0.90 mL, 5.17 mmol),
anhydrous CH,Cl, (9 mL), and EDC (769 mg, 4.01 mmol) affording the
L desired amide S84 (1.3 g, 93% from Cbz-Lys(Boc)-OH) as a colorless solid,
@A 0""N which was used without further purification. "H NMR (600 MHz, CDCl5) & 8.49
“NH (S, 1H, NHIndoIe)a 7.58 (d, J=7.9 Hz, 1H, H4Indole)a 7.39-7.28 (m, 6H, HAI’,CbZ!
H7Ind0|e)v 7.19 (t, J=75 HZ, 1H, H6Indo|e)a 7.11 (t, J=T74 HZ, 1H, H5Indo|e)a
6.98 (s, TH, H2jnq0e), 5.90 (s, 1H, COsNH), 5.40 (s, 1H, NHqys), 5.14-5.00
(m, 2H, CHacb,), 4.57 (s, 1H, NH¢ ), 4.06-3.96 (m, 1H, Hqys), 3.76-3.45
(m, 2H, COLsNHCH,), 3.12-2.89 (m, 4H, H¢ys, COsNHCH,CH>), 1.79-1.68 (m, 1H, Hgysa), 1.54-1.12 (m,
14H, Hgyss, C(CHa)s, Hsrys, HyLys). °C NMR (151 MHz, CDCl3) 8 171.4 (COLy), 156.5 (CO,tBu), 156.2
(COcz), 136.6 (C7aindole), 136.4 (C1archbz), 128.7 (C3arcozs CHarchz), 128.4 (Clarcbz), 128.3 (C2arcbz, CBar cbz)s
127.3 (C3aindole), 122.6 (C2ingote); 122.3 (CBindore), 119.5 (CSindole), 118.7 (Chingote)s 112.4 (C3ingore), 111.5
(C7indole), 79.6 (C(CH3)3), 67.1 (CHzchz), 55.0 (Cays), 40.2 (Ceys), 39.6 (COLsNHCH,), 32.5 (Cgys), 29.9
(CsLys), 28.6 (C(CHa)3), 25.1 (COLsNHCH,CH,), 22.4 (Cy1ys). UPLC-MS tg 2.31 min, m/z 523.3 ([M+H]",

C29H39N405+ Calcd 5233)

ZT

tert-Butyl (S)-((6-((2-(1H-indol-3-yl)ethyl)amino)-5-(((benzyloxy)carbonyl)amino)-6-
oxohexyl)carbamoyl)glycinate (S85).

o TFA (3.0 mL, 39.2 mmol) was added to a solution of carbamate S84
HNXNWOK (193 mg, 0.37 mmol) in CH.ClI, (4.5 mL). The reaction mixture was stirred at
H 6 ambient temperature for 1 hour and was then concentrated under reduced
pressure. Excess TFA was removed by coevaporations with CH,Cl,/acetone
P H (1:1, 2x50 mL), CH,Cly/heptane (1:1, 2x50 mL) and CH,Cl, (50 mL). The
©/\0 N crude residue was dissolved in anhydrous CH,Cl, (10 mL) and iPr,NEt
Z“NH (0.10 mL, 0.57 mmol) was added. The mixture was added dropwise to a
solution of carbonyldiimidazole (54 mg, 0.33 mmol) in anhydrous CH,Cl, (5.0
mL) at 0°C, over 20 minutes. After the addition was complete, the reaction
mixture was allowed to reach ambient temperature and stirred for 2 hours.
HCI-glycine t-butyl ester (63 mg, 0.37 mmol) was added and the reaction mixture was heated to reflux. After
one hour an additional HCI-glycine t-butyl ester (63 mg, 0.37 mmol) was added and the solution was stirred
at reflux overnight. The reaction mixture was allowed to reach ambient temperature and was diluted with
EtOAc (50 mL) and washed with aq. HCL (0.1 M, 2x50 mL), saturated aq. NaHCO3 (2x50 mL), and brine
(2x50 mL). The organic phase was dried over Na,SO, and concentrated under reduced pressure. The crude
residue was purified by column chromatography (0—3% CH3;OH in CH,Cl,) affording the desired urea S85
(59 mg, 27% from S84) as a white solid. TLC (3% CH3;OH in CH,Cl,): R; = 0.2. 'H NMR (600 MHz, CDCl3) 6
8.75 (s, 1H, NHingole), 7.56 (d, J = 7.9 Hz, 1H, H4\ng0ie), 7.38-7.28 (m, 6H, Harcbz, H7 indote), 7.17 (t, J = 7.6 Hz,
1H, H6Indole)a 7.09 (t, J=7.4 HZ, 1H, H5Indole)7 6.98 (S, 1H, H2Indo|e)a 6.15 (br S, 1H, COLySNH), 5.66 (d, J=7.7
Hz, 1H, NHq1ys), 5.11-5.01 (m, 2H, CHjcy,), 4.96 (t, J = 5.4 Hz, 1H, NHCH,CO,tBu), 4.69 (br s, 1H, NH¢s),
4.07-3.97 (m, 1H, Hqyys), 3.95-3.80 (m, 2H, CH,CO,tBu), 3.74-3.63 (m, 1H, CO.,sNHCH> »), 3.54-3.44 (m,
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1H, COLsNHCH,g), 3.15-3.03 (m, 2H, Hys), 3.02-2.88 (m, 2H, CO_,sNHCH,CH,), 1.72-1.61 (m, 1H,
Hp.ysa), 1.55-1.23 (M, 12H, Hgys 8, HoLys, C(CHa)3), 1.19-1.09 (m, 2H, Hy1ys). "°C NMR (151 MHz, CDCl3) &
171.6 (COLys), 170.9 (CO,tBu), 158.3 (NHCONH), 156.4 (COch;), 136.7 (C7aindoie), 136.5 (C1archz), 128.7
(C3Ar,Cva C5Ar,Cbz)1 128.3 (C4Ar,Cbz)1 128.2 (C2Ar,Cb27 C6Ar,Cbz)a 127.4 (C3alndole)a 122.8 (C2Indole)y 122.1 (C6Indole)a
119.4 (C5jndole), 118.6 (Cindote), 112.3 (C3indote), 111.6 (C7ingoe), 82.3 (C(CHs)s), 67.1 (CHa.chz), 55.0 (Cyys),
43.0 (Cqgcy), 40.0 (Cerys), 39.6 (COLsNHCH,), 324 (Cprys), 29.7 (Csiys), 28.2 (C(CHa)s), 25.1
(COLysNHCH,CH,), 22.3 (Cy 1ys). UPLC-MS tg 2.16 min, m/z 580.3 ([M+H]", C31H4NsOs" Calcd 580.3).

tert-Butyl (S)-5-((2-(1H-indol-3-yl)ethyl)carbamoyl)-3,11-dioxo-1-phenyl-2-oxa-4,10,12-
triazapentadecan-15-oate (S86).
o o By the method described for compound S$85, the title compound was
HN)kN/\)kO/k synthesized using TFA (3.0 mL, 39.2 mmol), carbamate $84 (212 mg, 0.41
H mmol) in CH,Cl; (4.5 mL), then anhydrous CH,Cl, (10 mL), iPr,NEt (0.10
mL, 0.57 mmol), and carbonyldiimidazole (58 mg, 0.36 mmol) in
L H anhydrous CH.Cl, (5 mL), followed by HCI-B-alanine t-butyl ester
©/\O N (2x73 mg, 0.80 mmol). The crude residue was purified by column
© ZNH chromatography (0—3% CH3;OH in CH.Cl,) affording the desired urea S86
(68 mg, 28% from S84) of as a white solid. TLC (5% CH3;OH in CH,Cl,): R¢
= 0.3. "H NMR (600 MHz, CDCl3) 6 8.75 (s, 1H, NHingoi), 7.58 (d, J = 7.9
HZ, 1H, H4Ind0|e), 740—729 (m, 6H, HAr,CbZ, H7Indo|e)a 719 (t, J= 76 HZ, 1H,
HBingoe), 7.11 (t, J = 7.4 Hz, 1H, HS5ngoie), 6.99 (s, 1H, H2ing0ie), 5.98 (br s, 1H, CO_sNH), 5.58 (d, J = 7.6 Hz,
1H, NHq1ys), 5.11-5.01 (m, 2H, CHzcp), 4.86 (t, J = 6.1 Hz, 1H, NH(CH,),CO,Bu), 4.41 (br s, 1H, NH¢ys),
4.03-3.92 (m, 1H, Hqyys), 3.76-3.62 (m, 1H, COsNHCH, 4), 3.55-3.47 (m, 1H, CO.sNHCH,g), 3.45-3.33
(m, 2H, CH,CH,CO,tBu), 3.13-3.03 (m, 2H, Hgys), 3.03-2.92 (m, 2H, CO,sNHCH,CH,), 2.40 (t, J = 5.9 Hz,
2H, CH,CO,tBu), 1.77-1.65 (m, 1H, Hgysa), 1.55-1.28 (m, 12H, Hgys, Hsys, C(CH3)3), 1.27-1.11 (m, 2H,
HyLys)- °C NMR (151 MHz, CDCl3) § 172.7 (CO,tBu), 171.5 (COyys), 158.4 (NHCONH), 156.3 (COcy;), 136.7
(C7aingote), 136.5 (Clarcpz), 128.7 (C3archz, Cbdarcoz), 128.3 (Carcvz), 128.3 (C2arcbz, CObarchz), 127.4
(C3aingote)s 122.7 (C2indole), 122.2 (CBindole), 119.4 (CSindote), 118.7 (Chingote), 112.3 (C3ingote), 111.6 (C7ingote)s
81.3 (C(CHs)3), 67.1 (CHzcbz), 55.0 (Cqys), 39.8 (Cerys), 39.6 (COLsNHCH,), 36.3 (CH,CH,CO,tBu), 36.0
(CH2CO,tBuU), 32.3 (Cpys), 29.9 (CsLys), 28.3 (C(CHs)3), 25.1 (COsNHCH,CHy), 22.3 (C, 1ys). UPLC-MS i
2.22 min, m/z 594.2 (IM+H]", C3,H44N50s" Calcd 594.3).

(S)-((6-((2-(1H-Indol-3-yl)ethyl)amino)-5-(((benzyloxy)carbonyl)amino)-6-oxohexyl)carbamoyl)glycine
(S20).

o TFA (2.4 mL, 31.3 mmol) was added to a solution of t-butyl ester S85 (55 mg,
HNXNWOH 0.09 mmol) in CH.CI, (3.6 mL). The reaction mixture was stirred at ambient
H o0 temperature for 2 hours and the reaction mixture was concentrated under
reduced pressure. Preparative reversed-phase HPLC purification of the crude
i H residue afforded the desired carboxylic acid $20 (28 mg, 55%) as a white
@ N fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-ds) & 12.36 (br
“H S, 1TH, CO.H), 10.80 (s, 1H, NHingoe), 7.95 (t, J = 5.7 Hz, 1H, CO.sNH), 7.54
(d, J=79 HZ, 1H, H4Indole)a 7.45-7.24 (m, 7H, HAr,CbZ, NHG,Lys, H7Indo|e)a 7.13
(s, 1H, H2jhg0e), 7.06 (t, J = 7.5 Hz, 1H, H6nqore), 6.97 (t, J = 7.4 Hz, 1H,
HS5ingoe), 6.11 (br s, TH NHg ), 6.02 (br s, 1H, NHCH,CO,H), 5.09-4.98 (m,
2H, CHaycb,), 3.96-3.85 (m, 1H, Hqyys), 3.68 (s, 2H, CH,CO,H), 3.41-3.25 (m, 2H, CO.,sNHCH,), 3.00-2.88
(m, 2H, Heyys), 2.81 (t, J = 7.4 Hz, 2H, CO_xsNHCH,CH)), 1.62-1.42 (m, 2H, Hgys), 1.39-1.14 (m, 4H, H, 1ys,
Has ys)- C NMR (151 MHz, DMSO-dg) 6 172.6 (CO,H), 171.7 (COLys), 157.9 (NHCONH), 155.9 (COcpy,),
137.1 (Clarcpz), 136.2 (C7aingoe), 128.3 (C3arcbzs Cbarcbz), 127.73 (Clarcoz), 127.68 (C2archz, CBarchz),
127.15 (C3aingote); 122.7 (C2ingote), 120.85 (CBingole), 118.22 (C4ingote), 118.16 (CSindote), 111.7 (C3indote), 111.3
(C7ingote), 65.3 (CHzcpz), 54.8 (Carys), 41.4 (Caay), 39.1 (COLsNHCH,, overlap with solvent peak), 39.0
(Ce Lys, overlap with solvent peak), 31.8 (CgLys), 29.7 (CsLys), 25.1 (COL,sNHCH,CH), 22.9 (C, 1ys). UPLC-MS
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tr 1.77 min, miz 524.2 (M+H]", Co7HauNsOs™ Calcd 524.3); HRMS miz 546.2343 ([M+H]*, C7H3sNsOgNa®
Calcd 546.2323).

(S)-5-((2-(1H-Indol-3-yl)ethyl)carbamoyl)-3,11-dioxo-1-phenyl-2-oxa-4,10,12-triazapentadecan-15-oic
acid (S21).
o By the method described for compound $20, the title compound was
)k /\)K synthesized using TFA (4.0 mL, 52.2 mmol), ester $86 (65 mg, 0.11 mmol),
and CH,CI, (6.0 mL) affording the desired carboxylic acid $21 (32 mg, 54%)
as a white fluffy material after lyophilization. 'H NMR (600 MHz, DMSO-dg) 6
12.16 (br s, 1H, CO,H), 10.8 (s, 1H, NHingoe), 7.95 (t, J = 5.7 Hz, 1H,
COLsNH), 7.54 (d, J = 7.9 Hz, 1H, H4jgoe), 7.43-7.24 (m, 7H, Harcos,
Nch,LySa H7Ind0|e)v 7.13 (S, 1H, H2Ind0le)7 7.09-7.03 (m, 1H, H6Indole)a 7.00-6.94
(m, 1H, HS5ingoie), 5.92 (t, J = 5.7 Hz, 1H, NH¢yys), 5.83 (t, J = 5.9 Hz, 1H,
NH(CH;),COH), 5.09-4.96 (m, 2H, CH;cy,), 3.96-3.85 (m, 1H, Hqys), 3.42—
3.25 (m, 2H, CO.,sNHCH>, overlap with residual water), 3.22-3.13 (m, 2H,
CH,CH,CO,H), 2.97-2.87 (m, 2H, He,ys), 2.81 (t, J = 7.4 Hz, 2H, CO_c\NHCH,CH,), 2.32 (t, J = 6.5 Hz, 2H,
CH,CO;H), 1.64-1.43 (m, 2H, Hg 1), 1.38-1.11 (m, 4H, Hy 1 Hsiys). °C NMR (151 MHz, DMSO-ds) &
173.3 (COzH), 171.7 (COyys), 157.9 (NHCONH), 155.9 (COcp,), 137.1 (Clarchz), 136.2 (C7@ndoe), 128.3
(C3arcbzs Charchz), 127.73 (Clarcpz), 127.68 (C2arcbz, CBarchz), 127.2 (C3andoe), 122.7 (C2ngole), 120.9
(CBindole), 118.22 (C4indole), 118.16 (Cbindote), 111.7 (C3ingote), 111.3 (C7ngote), 65.3 (CHz,cbz), 54.8 (Cqys), 39.3
(COLsNHCH,, overlap with solvent peak), 39.0 (C, s, overlap with solvent peak), 35.3 (CH,CH,CO,H), 35.0
(CH2CO2H), 31.8 (Cpys), 29.7 (Csys), 25.1 (COLsNHCH,CH,), 22.9 (C,ys). UPLC-MS tz 1.78 min, m/z
538.3 ([M+H]", C,sH3sN506" Calcd 538.3); HRMS m/z 560.2495 ([M+H]", C,sH35Ns0sNa” Calcd 560.2480).

Allyl N*-(((9H-fluoren-9-yl)methoxy)carbonyl)-N°-((2-(tert-butoxy)-2-oxoethyl)carbamoyl)-L-lysinate
(S87).

Carbonyldiimidazole (90 mg, 0.55 mmol) was added dropwise over 10
/ﬁf j< minutes to a suspension of TFA-Fmoc-Lys-OAII" (138 mg, 0.26 mmol)
H and iPr,NEt (140 pL, 0.80 mmol) in anhydrous CH,Cl, (4 mL) O °C. The
reaction mixture was stirred at 0 °C for 5 minutes and was then stirred at
O ambient temperature for 3 hours. The reaction mixture was washed with
. ag. HCI (0.1 M, 2x10 mL) and the aqueous phase was extracted with
CHCI; (2x20 mL). The combined organic phases were washed with brine
(20 mL), dried over Na,SO4 and concentrated under reduced pressure
affording a clear oil (130 mg), tentatively assigned as Fmoc-Lys(1H-
imidazole-1-carbonyl)-OAll (UPLC-MS tz 1.95 min, m/z 503.3; [M+H]" CysH3N4O5" Calcd 503.2). The clear
oil (61 mg) and the HCI salt of tert-butyl glycine (24 mg, 0.13 mmol) were suspended in anhydrous DMF (5.0
mL) and iPr,NEt (5 pL, 0.03 mmol) was added. The reaction mixture was stirred at ambient temperature
overnight and was then stirred at 80 °C for 1 hour. The reaction mixture was concentrated under reduced
pressure and the residue was redissolved in CH,Cl, (25 mL). The organic phase was washed with ag. HCI (1
M, 25 mL), saturated ag. NaHCO;3; (25 mL), and brine (25 mL) and was then dried over over Na,SO,4 and
concentrated under reduced pressure. The crude residue was purified by column chromatography (0—1.5%
CH3O0H in CHCI,), affording the desired urea S87 (28 mg, 40% from TFA-Fmoc-Lys-OAll), as a colorless
solid. '"H NMR (400 MHz, CDCl3) & 7.75 (d, J = 7.5 Hz, 2H, H1acrmoe, H8arFmoc), 7.61 (d, J = 7.5 Hz, 2H,
H4Ar,Fm0Ca H5Ar,Fmoc)a 7.39 (t, J=74 HZ, 2H, H3AI’,Fm001 H6Ar,Fmoc)a 7.34-7.27 (m, 2H, H2AI’,FmOCv H7Ar,Fm0C)a 5.96—
5.82 (m, 1H, CH=CH,), 5.75 (d, J = 8.1 Hz, 1H, NHqs), 5.37-5.18 (m, 2H, CH=CHy), 4.64 (d, J = 5.8 Hz,
2H, CH,CH=CHy), 4.47-4.29 (m, 3H, CH2rmoc, Hauys), 4.23 (t, J = 7.1 Hz, 1H, H9%moc), 3.95-3.79 (m, 2H,
CH,CO,tBu), 3.17 (t, J = 6.7 Hz, 2H, Hys), 1.92-1.63 (m, 2H, Hgys), 1.42 (s, 13H, Hy s, Hays, C(CHs)s).
C NMR (101 MHz, CDCl3) & 172.3 (CO.y), 170.8 (CO,tBu), 158.3 (NHCONH), 156.4 (COfmoc), 144.0
(CBaAr,FmOC/CQaAr_FmOC), 143.9 (CBaAr,FmOC/CQaAr_FmOC), 141.4 (C4aA,,FmOC, C4bAr,Fmoc)a 131.7 (QH=CH2), 127.8
(C3Ar,FmOC7 CGAr,Fmoc)1 127.23 (C2Ar,Fmoc/C7Ar,Fmoc)a 127.21 (CzAr,Fmoer7Ar,Fmoc), 125.3 (C4Ar,Fm00a CsAr,Fmoc)a
120.10 (C1arFmoc/C8arEmoc), 120.08 (C1arFmoc/C8armoc), 119.1 (CH=CH,), 82.1 (C(CHj3)s), 67.1 (CHzrmoc),
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66.1 (CH,CH=CH,), 53.9 (Cqys), 47.3 (C9moc), 43.0 (Cqaly), 40.0 (Cerys), 32.1 (Cprys), 29.6 (Csrys), 28.1
(C(CHs3)3), 22.5 (Cy Lys). UPLC-MS tg 2.39 min, m/z 566.3 ([M+H]", C31H4N30;" Calcd 566.3).

tert-Butyl (S)-5-((allyloxy)carbonyl)-1-(9H-fluoren-9-yl)-3,11-dioxo-2-oxa-4,10,12-triazapentadecan-15-
oate (S88).
o o By the method described for compound S87, the title compound was
HNXN/\)kO/k synthesized using the remaining clear oil (69 mg) tentatively assigned
H as as Fmoc-Lys(1H-imidazole-1-carbonyl)-OAll, HCI-B-alanine f-butyl
ester (72 mg, 0.39 mmol), and anhydrous DMF (4 mL). The crude
O i 0 residue was purified by column chromatography (2% CH3;OH in CH,Cly),
. o N I o affording the desired urea S88 (47 mg, 58% from TFA-Fmoc-Lys-OAll),
O as a white solid. '"H NMR (400 MHz, CDCl3) & 7.75 (d, J = 7.5 Hz, 2H,
H1Ar,Fm0Ca H8Ar,Fmoc)a 7.60 (dd, J = 70, 3.8 HZ, 2H, H4Ar,Fmoc, H5Ar,Fmoc),
7.39 (t, J = 7.4 Hz, 2H, H3arFmoe; HBArEmoc), 7.30 (t, J = 7.4 Hz, 2H,
H2ar Fmoc, H7 arFmoc), 5.89 (ddt, J = 16.4, 10.9, 5.8 Hz, 1H, CH=CH,), 5.66 (d, J = 8.1 Hz, 1H, NHqy,s), 5.35—
5.20 (m, 2H, CH=CH,), 4.63 (d, J = 5.6 Hz, 2H, CH,CH=CHy), 4.49-4.28 (m, 3H, CHy Fmoc, Hays), 4.22 (t, J =
6.9 Hz, 1H, H9%moc), 3.39 (t, J = 4.9 Hz, 2H, CH,CH,CO,tBu), 3.14 (t, J = 6.6 Hz, 2H, H¢ ), 2.40 (t, J=5.9
Hz, 2H, CH,CO,tBu), 1.94-1.63 (m, 2H, Hgys), 1.55-1.24 (m, 13H, Hy1ys, Hsys, C(CH3)s). C NMR (101
MHz, CDCls) & 172.6 (COys), 172.3 (CO,tBu), 158.4 (NHCONH), 156.3 (COfmsc), 144.0
(CBaAr,FmOC/CQaAr_FmOC), 143.9 (CBaAr,FmOC/CQaAr_FmOC), 141.4 (C4aA,,FmOC, C4bAr,Fmoc)a 131.6 (QH=CH2), 127.8
(C3Ar,FmOC7 CGAr,Fmoc)1 1272 (C2AT,Fm001 C7Ar,Fmoc)1 12524 (C4Ar,Fmoc/C5Ar,Fmoc)y 12522 (C4Ar,Fmoc/CSAr,Fmoc)a
120.1 (ClarFmoes C8aremoc), 119.1 (CH=CH,), 81.0 (C(CHj3)3), 67.1 (CH2fFmoc), 66.1 (CH,CH=CH,), 53.9
(Cays) 47.3 (Cmoc), 39.9 (CeLys), 36.1 (CHLCO,tBu), 36.0 (CH,CH,CO,tBu), 32.1 (Cp Lys), 29.7 (CsLys), 28.2
(C(CHs3)3), 22.5 (Cy Lys). UPLC-MS tg 2.43 min, m/z 580.4 ([M+H]", C3,H4,N30;" Calcd 580.3).

(S)-((5-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-6-(allyloxy)-6-oxohexyl)carbamoyl)glycine (S22).
o By the method described for compound S$20, the title compound was

HN*NWOH synthesized using TFA (0.8 mL, 10.5 mmol), ester S87 (28 mg, 0.05 mmol),

H S and CH.Cl, (1.2 mL) affording the desired carboxylic acid $22 (7 mg, 28%),
as a colorless fluffy material after lyophilization. 'H NMR (400 MHz, DMSO-

O i 0~ ds) © 7.89 (d, J = 7.5 Hz, 2H, H1arFmoc, H8arFmoc), 7.79 (d, J = 7.7 Hz, 1H,
. N I N NHqys), 7.72 (d, J = 7.4 Hz, 2H, H4Ar Fmoc, H5ArFmoc), 7.42 (t, J = 7.4 Hz, 2H,
O H3Ar,Fm0Ca H6Ar,Fmoc)a 733 (t, J=74 HZ, 2H, H2Ar,Fm0Ca H7Ar,Fmoc)a 614 (S, 1H,
NHeys), 6.03 (s, 1H, NHCH,CO,H), 5.89 (ddt, J = 17.0, 10.5, 5.3 Hz, 1H,

CH=CH,), 5.30 (dd, J = 17.2, 1.5 Hz, 1H, CH=CHazrans), 5.19 (dd, J = 10.5,
1.4 Hz, 1H, CH=CH,s), 4.57 (d, J = 5.1 Hz, 2H, CH,CH=CH,), 4.42—-4.16 (m, 3H, H9%moc, CH2Fmoc), 4.09—
3.95 (m, 1H, Hqyys), 3.68 (s, 2H, CH,CO,H, overlap with residual water), 2.97 (br s, 2H, Hgys), 1.81-1.55 (m,
2H, Hgys), 1.46-1.18 (m, 4H, Hy 1y, HsLys)- *C NMR (101 MHz, DMSO-ds) 5 172.6 (COzH), 172.2 (COLys),
158.0 (NHCONH), 156.2 (COgmoc), 143.82 (C8aarrmoc/C9aarfmoc), 143.79 (C8aarrmoc/C9aarEmoc), 140.8
(C4aAr,Fm001 C4bAr,Fmoc)a 132.4 (9H=CH2)1 127.7 (C3Ar,Fm001 C6Ar,Fmoc)1 1271 (CzAr,Fmom C7Ar,Fmoc)v 125.3
(C4arFmocs CBarFmoc)s 120.2 (C1arEmoes C8arfmoc), 117.7 (CH=CHy>), 65.7 (CH2rmoc), 64.8 (CH,CH=CH,), 54.0
(Cays), 46.6 (C9moc), 41.5 (Caay), 39.0 (Cerys, overlap with solvent peak), 30.4 (Cgys), 29.5 (Csys), 23.0
(CyLys)- UPLC-MS tz 1.95 min, m/z 510.2 ([M+H]", C,;H3,N30;" Caled 510.2); HRMS m/z 532.2063 ([M+H]",

C27H31N3O;Na” Calcd 532.2054).
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(S)-5-((Allyloxy)carbonyl)-1-(9H-fluoren-9-yl)-3,11-dioxo-2-oxa-4,10,12-triazapentadecan-15-oic acid
(S23).
o o By the method described for compound S20, the title compound was
HNJKN/\)kOH synthesized using TFA (2 mL, 26.1 mmol), ester S88 (47 mg, 0.08 mmol),
H and CH,Cl, (3 mL) affording the desired carboxylic acid $23 (13 mg,
30%), as a colorless fluffy material after lyophilization. '"H NMR (600 MHz,
O i DMSO-ds) d 12.16 (br s, 1H, CO,H), 7.89 (d, J = 7.6 Hz, 2H, H1arFmoc
. N I H8arFmoc), 7.78 (d, J = 7.8 Hz, 1H, NHqys), 7.71 (ddd, J = 7.5, 2.4, 1.1 Hz,
O 2H, H4AI’,FmOCv H5Ar,Fmoc)a 7.42 (t, J=T74 HZ, 2H, H3Ar,Fm0Ca H6Ar,Fmoc)a 7.33
(td, J = 7.5, 1.1 Hz, 2H, H2arFmoc, H7 ArFmoc), 5.93 (br's, 1H, NH¢ ), 5.92—
5.85 (m, 1H, CH=CHy,), 5.83 (br s, 1H, NH(CH,),CO,H), 5.30 (ddd, J =
17.2, 3.2, 1.6 Hz, 1H, CH=CH> trans), 5.19 (ddd, J = 10.5, 3.0, 1.5 Hz, 1H, CH=CH, ), 4.57 (ddd, J = 5.3, 3.0,
1.5 Hz, 2H, CH,CH=CHy), 4.35-4.20 (m, 3H, H9moc, CH2 fmoc), 4.04-3.98 (m, 1H, Hqys), 3.21-3.14 (m, 2H,
CH,CH,CO3H), 2.99-2.91 (m, 2H, H¢1ys), 2.32 (t, J = 6.6 Hz, 2H, CH,CO,H), 1.74-1.58 (m, 2H, Hgys), 1.38—
1.24 (m, 4H, Hy1ys, Hsys)- C NMR (151 MHz, DMSO-ds) 8 173.4 (CO,H), 172.1 (COLys), 157.9 (NHCONH),
156.1 (COFmoc), 143.8 (CBaAr,FmOC/CQaAr,FmQC), 143.7 (CSaAr,Fmoc/CQaAr,Fmoc), 140.7 (C4aA,,Fm0C, C4bAr,Fmoc),
132.4 (CH=CHy;), 127.6 (C3arFmocs CBarrmoc), 127.0 (C2arFmocs C7arFmoc)s 125.2 (C4arFmocs CarFmoc), 120.1
(C1arFmocs C8arFmoc), 117.7 (CH=CH), 65.6 (CH2Fmoc), 64.7 (CH,CH=CH,), 53.9 (Cqyys), 46.6 (C9moc), 38.9
(CeLys, overlap with solvent peak), 35.3 (CH,CH,CO,H), 35.0 (CH,CO,H), 30.3 (Cgrys), 29.6 (Cs1ys), 22.9
(CyLys)- UPLC-MS tg 2.20 min, m/z 524.2 ([M+H]", CsH34N30;" Calcd 524.2); HRMS m/z 546.2231 ([M+H]",
C2sH33N30;Na” Calcd 546.2211).
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Fluorescence-based in vitro sirtuin deacylase assays

Materials—SIRT1 (aa 193—-741 with N-terminal GST-tag, >60% purity), SIRT2 (aa 50-356 with C-terminal
His-tag, >90% purity), and SIRT6 (full length with N-terminal GST-tag, >75% purity) were purchased from
BPS Biosciences (San Diego, CA); SIRT3 (aa 102—-399 with N-terminal His-tag; ~75% purity) and SIRT5 (aa
37-310 with N-terminal His-tag, >90% purity) were purchased from Enzo Life Sciences (Farmingdale, NY).
Purities were based on SDS-PAGE and Coomassie blue stain according to the supplier, and all enzyme
concentrations given are based on stock concentrations according to the supplier. Assay buffer was
prepared as described in Biomol International product sheets BML-KI-143
[http://www.enzolifesciences.com/BML-AK500/fluor-de-lys-hdac-fluorometric-activity-assay-kit/] [TRIS HCI
(560 mM), NaCl (137 mM), KCI (2.7 mM), MgCl, (1 mM), pH 8.0] with addition of BSA (1.0 mg/mL). Trypsin
(10,000 units/mg, TPCK treated from bovine pancreas, T1426) was purchased from Sigma-Aldrich
(Steinheim, Germany). All chemicals and solvents were of analytical grade were and used without further
purification as obtained from commercial suppliers.

Fluorescence-based sirtuin deacylase assays—All reactions were performed in black low binding 96-well
microtiter plates (Corning half area wells), with duplicate series in each assay and each assay performed at
least twice. Control wells without enzyme were included in each plate. All reactions were performed in assay
buffer, with appropriate concentrations of substrates and inhibitors obtained by dilution from 3.8-50 mM
stock solutions in either water or DMSO, and appropriate concentration of enzyme obtained by dilution of the
stock provided by the supplier. DMSO concentration in the final assay solution did not exceed 2% (v/v) and
control wells without either enzyme (negative control) or inhibitor (positive control) were included in each
plate. All plates were analyzed using a Perkin Elmer Enspire plate reader with excitation at 360 nm and
detecting emission at 460 nm. Fluorescence measurements (RFU) were converted to [AMC] concentrations
based on a [AMC]-fluorescence standard curve, and all data analysis was performed using GraphPad
Prism.

End-point sirtuin 5 inhibition assays, initial screening—Relevant substrate and inhibitor was added to each
well, and the experiment initiated by addition of a freshly prepared solution of sirtuin 5, for a final volume of
25 pL per well. The following final concentrations were used: SIRT5 (172 nM), Ac-LGKglu-AMC (50 pM),
NAD" (500 pM), and inhibitor (100 uM or 10 uM). The plate was incubated at 37 °C for 30 min, then a
solution of trypsin and nicotinamide (25 pL, 0.4 mg/mL and 8 mM, respectively; final concentration 0.2
mg/mL and 4 mM, respectively) was added and the assay development was allowed to proceed for 15 min at
room temperature, before fluorescence measurement and calculation of residual activity.

End-point sirtuin 5 inhibition assays, concentration—-response—Relevant substrate and inhibitor was added
to each well, and the experiment initiated by addition of a freshly prepared solution of sirtuin 5, for a final
volume of 25 pL per well. The following final concentrations were used: SIRT5 (172 nM), Ac-LGKglu-AMC
(50 uM) or Ac-LGKsuc-AMC (50 uM), NAD® (500 uM), and inhibitor (3-fold dilution series). The plate was
incubated at 37 °C for 30 min, then a solution of trypsin and nicotinamide (25 uL, 0.4 mg/mL and 4 mM,
respectively; final concentration 0.2 mg/mL and 2 mM, respectively) was added and the assay development
was allowed to proceed for 15 min at room temperature, before fluorescence measurement. Residual activity
was calculated, and assuming a standard fast-on/fast-off mechanism, ICs, values were obtained by fitting the
resulting data to the concentration-response equation (Eq. 1).

Eg.1 v=vy + Vior ™ Vbotiom
i bottom 14 10(|Og|050 - |Og[|])h

End-point sirtuin inhibition assays, sirtuin selectivity—Using the protocol described above, SIRT1-3 (SIRT1:
250 nM; SIRT2 250 uM; SIRT3: 500 nM) and Ac-QPKKac-AMC (50 uM), SIRT5 (100 nM) and Ac-QPKKsuc-
AMC (50 uM) or Ac-QPKKglu-AMC (50 uM), or SIRT6 (500 nM) and Ac-QPKKdec-AMC (50 uM) were
incubated with NAD" (500 uM) and inhibitor (100 uM or 10 uM).'® The plate was incubated at 37 °C for 60
min, then a solution of trypsin and nicotinamide (25 pL, 5 mg/mL and 4 mM, respectively; final concentration
2.5 mg/mL and 2 mM, respectively) was added and the assay development was allowed to proceed for 90
min at room temperature, before fluorescence measurement and calculation of residual activity.
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End-point sirtuin 5 pre-incubation assays—Sirtuin 5 and inhibitor was pre-incubated with or without NAD" for
5 min at rt or 15 or 30 min at 37 °C in a total volume of 40 pL, prior to addition of substrate (and NAD" if
excluded in pre-incubation), for a final volume of 45 uL. For pre-incubation excluding NAD, the following
concentrations were used: SIRT5 (113 nM during pre-incubation, giving 100 nM after substrate and NAD"
addition), inhibitor (113/100 pM, 11.3/10 pM, 1.13/1.0 pM, or 0.11/0.10 uM), substrate (0/50 uM), NAD"
(0/500 pM); For pre-incubation including NAD®, the following concentrations were used: SIRT5 (113 nM
during pre-incubation, giving 100 nM after substrate addition), inhibitor (113/100 yM, 11.3/10 yM, 1.13/1.0
uM, or 0.11/0.10 uM), NAD" (563/500 uM), and substrate (0/50 uM). The plate was incubated at 37 °C for 30
min, then a solution of trypsin and nicotinamide (5 pL, 2.0 mg/mL and 40 mM, respectively; final
concentration 0.2 mg/mL and 4 mM, respectively) was added and the assay development was allowed to
proceed for 15 min at room temperature, before fluorescence measurement and calculation of residual
activity.

Rate inhibition assays, concentration—response—Rate experiments for determination of kinetic parameters
were evaluated under varying inhibitor concentrations. Sirtuin 5 was incubated with the relevant substrate,
inhibitor and trypsin in assay buffer in a total volume of 50 pyL per well using the following final
concentrations: SIRT5 (100 nM); Ac-LGKglu-AMC (23 uM), NAD" (500 uM) and trypsin (0.125 ng/uL). In situ
fluorophore release was monitored immediately by fluorescence readings recorded every 30 seconds for 35
min at 25 °C. The data were fitted to the relevant equations (Eq. 2 or 3) to obtain either initial linear rates (v)
or apparent first-order rate constant (k,s) for each inhibitor concentration. Secondary plots were then fitted to
the relevant equations (Eq. 1, 4, or 5) to obtain the desired dissociation constants (K; and K1) and/or kinetic
parameters (kq, k_q, kp and k_p).

Yin ~ V. —k .t
Eq.2 [P]=ut EQ.3  [Pl=v i+t (1 - el
obs
Eq.4 k. =k [1+|[1+k, Eq.5 K, = K n+k,
& M+ [1+5]
i1 KM

Expression and purification of hSirt5 and zSirt5

hSirt5(34-302) and zSirt5(30-298) proteins were expressed in E. coli Rosetta? (DE3) cells and E. coli
BL21-CodonPlus™ (DE3) cells, respectively, and purified through Co-Talon affinity chromatography, TEV-
proteolysis, reverse affinity chromatography and gel filtration as previously reported[m, except that zSirt5 gel
filtration buffer was 20 mM TRIS HCI, pH 8.5, 150 mM NaCl, 0.5 mM TCEP.

Crystallization and structure solution

10 mg/mL zSirt5 or hSirt5 protein, 1 mM compound 10 or 29 and 5 mM NAD" were mixed and pre-incubated
for 30 min on ice (DMSO concentration 10% during incubation; compound stocks 20 mM in DMSO, NAD*
stock 50 mM in sodium phosphate buffer pH 8.0) before setting up sitting-drop vapor-diffusion crystallization
experiments at 20 °C. Co-crystallization was achieved by using 20% PEG8000, 0.2 M MgCl;, 0.1 M
TRIS HCI, pH 8.5, 0.1 M glycine for zSirt5 complexes and 30% PEG3350, 0.2 M NaCl, 0.1 M BIS-TRIS, pH
5.5, 5% 1,3-butandiol for the hSirt5 complex as reservoir solution. 2 yL crystallization drops were prepared
with a 1:1 ratio of protein/ligand and reservoir solution, which were equilibrated against 200 pL reservoir
solution in MRC Maxi 48-well crystallization plates (Hampton Research, Aliso Viejo, USA, # HR3-179). After
2—4 days, tiny crystal cubes (zSirt5) or large cubes, rods and bundles of rods (hSirt5) appeared. The crystals
were transferred to a cryo-solution drop composed of reservoir and ligands supplemented with 25% glycerol
prior to shock-freezing in liquid nitrogen and data collection. hSirt5 diffraction was mostly anisotropic, but one
of the rods showed clearer diffraction images and was used for structure solution. Diffraction data collection
was performed at 100 K at BESSY Il beamline MX14.1""® (operated by the Helmholtz-Zentrum Berlin,
Germany) with a Pilatus 6M detector (Dectris, Baden, Switzerland) or at Swiss Light Source beamline
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X06DA - PXIIl (Paul Scherrer Institut, Villigen, Switzerland) with a Pilatus 2M-F detector (Dectris, Baden,
Switzerland). Indexing, scaling and merging of diffraction data were done using XDS." Structures were
solved by Phaser®™ molecular replacement with search models PDB 3RIY (hSirt5/succinyl-H3K9/NAD"
complex) for the hSirt5 complex and PDB 4UTV (zSirt5/3-phenyl-succinyl-CPS1) for the zSirt5 complexes.
Refinement was performed using Refmac5”" and manual modeling as well as structure validation were
done with Coot.® Geometry parameters for compounds and intermediates were generated using
PRODRG? and structure figures created with PyMOL Molecular Graphics System (Version 1.7
Schrédinger, LLC).

Cell culture and generation of crSIRT5KO cells

HEK293T were obtained from Dr. Eric Verdin’s lab. The HEK293T crSIRT5KO cell line was generated with
Dharmacon’s Edit-R gene engineering system that uses plasmid-driven Cas9 nuclease expression, synthetic
tracrRNA and crRNA for gene of interest as per manufacturer's protocol. Briefly, an Edit-R hCMV-Puro-
Cas9 (#U-005100-120) was co-transfected with Edit-R tracrRNA (#U-002000-120) and Edit-R crRNA’s for
SIRT5 into HEK293T cells using the DharmaFECT Duo (#T-2010-03) transfection reagent. After 48 hours of
transfection, positively transfected cells were selected using 2 pg/mL puromycin for 3 days and mono-clonal
populations were selected using serial dilution technique. The guide sequence targeting the sense strand at
sequence 5-GAT GAG CTG CAC CGC AAG GC-3' in Exon 5 of human SIRT5 was selected from
Dharmacon’s online CRISPR RNA configurator tool (http://dharmacon.gelifesciences.com/gene-
editing/crispr-rna-configurator/). Control cells underwent the same procedure as the crSIRT5KO cells, except
they did not receive the gene-specific crRNA. Each clonal population was cultured and analyzed for loss of
SIRTS protein by Western blotting. Both cell lines were maintained at 37 °C and 5% CO; in Dulbecco’s
modified Eagle’s medium (DMEM, Thermo Scientific #11965118) supplemented with 10% (v/v) fetal bovine
serum (FBS, Thermo Scientific #26140079).

Western blotting and Antibodies

Equal amounts of denatured protein samples (30—60 pg) were uniformly loaded and run on BioRad AnykD
Criterion TGX Precast Midi Protein Gels, 14 well (#5671123), 18 well (#5671124), or 26 well (#5671125),
15-40 uL at 150-180 V for 45-60 minutes. The proteins were wet-transferred to a 0.45 ym nitrocellulose
membrane in a BioRad Criterion™ Blotter at 100 V for 90 minutes at 4 °C. The membranes were blocked for
1 hour in LI-COR blocking buffer (20 mM TRIS base, 150 mM NaCl, 0.45% fish gelatin, 0.1% casein and
0.02% azide, pH 7.5). Primary antibodies (1:1000-1:2000) were diluted in LI-COR blocking buffer (containing
0.1-0.2% Tween-20) overnight at 4 °C. Membranes were washed with TRIS-buffered saline (TBS, 20 mM
TRIS base, 150 mM NaCl, containing 0.1% Tween-20), 4-6 times for 5-10 minutes each. Infra-red dye-
conjugated secondary antibodies were diluted 1:10,000 in LI-COR blocking buffer containing 0.1-0.2%
Tween-20 and incubated for 1 hour at room temperature. Western blots were visualized on a LI-COR
Odyssey CLx imager. Un-stripped blots were re-probed for loading control and image analysis to quantify
band-intensity was performed using the LI-COR Image Studio software (version 3.0.12). Antibodies: anti-
SIRTS (Sigma-Aldrich #HPA022002), anti-B-actin (Cell Signaling Technologies, #3700), anti-GAPDH (Santa
Cruz Biotechnology, #sc-32233), anti-UQCRFS1 (Abcam, #ab14746), anti-glutaryl-lysine (Cell Signaling
Technologies, non-commercial and PTM-Biolabs #1151), anti-succinyl-lysine (Cell Signaling Technologies,
non-commercial and PTM-Biolabs #401), anti-malonyl-lysine (Cell Signaling Technologies, #14942), IRDye
680RD Donkey anti-mouse IgG (LI-COR, #926-68072), and IRDye 800CW Donkey anti-rabbit IgG (LI-COR,
#926-32213).

Drug treatment of HEK293T WT and crSIRT5KO cells

Et-29 treatment—The crSIRT5KO and WT cells at passage 11 were treated with 1 or 10 yM of Et-29 or
respective volume of DMSO as control, in duplicate. Cells were plated at a density of 120,000 cell per well in
6-well plates and the SIRT5 inhibitor/DMSO were included in the plating media. After incubation for 48 hours,
cells were washed in phosphate-buffered saline (PBS, pH 7.4, Thermo Scientific #10010023) and collected
in ice-cold radio immunoprecipitation assay buffer (RIPA buffer, 20 mM TRIS base, 150 mM NaCl, 0.5%
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sodium deoxycholate, 0.1% sodium dodecyl sulphate, 0.1% triton-X-100, 1 mM EDTA, 1 mM EGTA, pH 7.4)
buffer containing protease- (Sigma-Aldrich, #P8340) and/or phosphatase (Sigma-Aldrich, #P0044 and
P5726) inhibitors, 10 yM Trichostatin A (Selleckchem, #S1045), 10 mM nicotinamide (Sigma-Aldrich,
#N5535) and 10 mM sodium butyrate (Sigma-Aldrich, #303410). Cells were lysed by sonication (10
intermittent pulses with a probe sonicator) after which samples were vortexed and centrifuged at 14,000xg
for 1 hour. Supernatants were collected and protein concentration was determined using a Bicinchoninic
Acid Protein Assay Kit (BCA assay, Sigma-Aldrich # BCA1). Western blot analysis of lysine glutarylation was
performed as described above.

MalonyI—NAC[” and GSK2194069 treatement—Malonyl-NAC (MalNAC) was obtained from Jordan L. Meier’s
lab. Fatty acid synthase inhibitor GSK2194069 (GSKi) was purchase from Sigma-Aldrich (#SML1259-5MG).
The crSIRT5KO and WT cells at passage 11 were plated at a density of 200,000 cell per well in 6-well
plates, in triplicate. After 48 hours cells were treated with MaINAC (0.5 or 1.0 mM) or GSKi (30 or 15 nM) or
respective volume of DMSO as control. After incubation for 24 hours, cells were collected in RIPA buffer and
western blot analysis of lysine malonylation was performed, as described above.

Mitochondrial enrichment

crSIRT5KO and WT cells at passage 11 were plated at a density of 2,200,000 cells in tissue-culture dishes
(100%20 mm), in triplicate. After 48 hours in culture, media was aspirated and cells were collected in ice-cold
PBS (12 mL). The cell suspension was centrifuged at 1000xg for 5 minutes at 4 °C and the resulting
supernatant was aspirated. The pellet was resuspended in MHS buffer (220 mM mannitol, 70 mM sucrose, 5
mM potassium-HEPES, 10 mM nicotinamide, pH 7.5, 750 uL). An aliquot (50 pL) was mixed with aq. triton-
X-100 (10%, containing Halt protease inhibitors 10x (Halt, Thermo Scientific, #78441), 5 pL), representing
the whole cell lysate. The remaining cell lysate was transferred to a dounce homogenizer, and stroked 50
times. The dounced suspension was pelleted at 750xg for 5 minutes at 4 °C and the supernatant was
collected. The pellet was resuspended in MHS buffer (300 yL) and transferred to a dounce homogenizer and
stroked 50 times. The homogenate was centrifuged at 750xg for 5 minutes at 4 °C and the resulting
supernatant was pooled with the previously collected supernatant. The pooled supernatants were pelleted at
14000x%g for 10 minutes at 4 °C and an aliquot (100 uL) of the supernatant was mixed with aq. Triton-X-100
(10%, containing Halt (10x), 10 pL), representing the cytosolic fraction. The remaining supernatant was
aspirated and the pellet was washed with MHS buffer (200 pL) and pelleted at 14000xg for 10 minutes at 4
°C and the supernatant was aspirated. This washing step was repeated 3 times, and after the last wash the
pellet was resuspended in isolation buffer (30 pL) and mixed with aq. Triton-X-100 (10%, containing Halt
(10x%), 3 pL), representing the mitochondrial fraction. The three fractions (whole cell lysate, cytosolic and
mitochondrial) were vortexed and protein concentration was determined using a BCA assay. Western blot
analysis of lysine succinylation and lysine glutarylation was performed, as described above.
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NMR spectra of compounds 1-50, V, Et-29, and S$S1-S88
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'H and *C spectra of compound 2.
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'H and "°C spectra of compound 3.
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'H and °C spectra of compound 4.

Wmm.«
ey

Rzo0z
=007
8T

=Ly'Z

00}

Fvoz

Hlmo.m

=y
960

ES56'0

660
860

Fsso

12

6L€Z~
9y
18927
Z5°1e~
99'2e”

L8'EV~_
96—

'S —

LY'S9—

S8TLI~
0L'8LL
Ehx443

eL'Lzh
8Lz _.W
L6°L2)
9e'8Z1L "

00°2E4~.
vsLeL

SS'ESh~.
Y1'95h~
00°251"

ot ML —
90'PLL—

6L°202—

40

T T
110 100 90
f1 (ppm)

T
120

T T T
180 150 130

T
190

T
200

T
210

S101



'H and "°C spectra of compound 5.
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'Hand ®c spectra of compound 6.
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'Hand "*c spectra of compound 7.
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'H and "°C spectra of compound 8.
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'H and "°C spectra of compound 9.
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'Hand ®c spectra of compound 10.
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'H and "°C spectra of compound 11.
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'Hand ®c spectra of compound 12.
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'Hand ®c spectra of compound 13.
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'Hand ®c spectra of compound 14.
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'H and °C spectra of compound 15.
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'H and "°C spectra of compound 16.
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'H and °C spectra of compound 17.
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'Hand ®c spectra of compound 18.
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'Hand ®c spectra of compound 19.
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'Hand ®c spectra of compound 20.
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'Hand ®c spectra of compound 21.
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'Hand ®c spectra of compound 22.
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'Hand ®c spectra of compound 23.
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'H, *c, and "F NMR spectra of compound 24.
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'Hand ®c spectra of compound 25.
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'H and "°C spectra of compound 26.
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'H and "°C spectra of compound 27.
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'H and °C spectra of compound 28.
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'Hand ®c spectra of compound 29.
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'H and "°C spectra of compound 30.
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'H and "°C spectra of compound 31.
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'H and "°C spectra of compound 32.
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'H and "°C spectra of compound 33.
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'H and °C spectra of compound 34.
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'H and "*C spectra of compound 35.
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'H and "*C spectra of compound 36.
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'H and "°C spectra of compound 37.
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H, ¢, and "*F NMR spectra of compound 38.
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'H and °C spectra of compound 39.

)
——
_—
_—
—
)
=
T
o o =
(@] N\ = <
ZT =
o= o
£
o. zT
78
Ne)
z
N
@]

Fiso

%hw.o

o

12

f1 (ppm)

9072~
6522
85'97~
[y
vZIe7
3.3%

_S9'€e

80'€S—
o9 —

8860}~
T
1¢4:127
€v'8LL
06'0Z}—
zLezh
88'€C FN.
e _‘*
68'LC1

y6'sel—

099V —
LevL—

26'69L—
obeLl—

50

T
100 90
f1 (ppm)

T T T T
180 150 130 110

T
190

T
200

T
210

5138



'H and °C spectra of compound 40.
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'H and °C spectra of compound 41.
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H, ¢, and "°F NMR spectra of compound 42.
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'H and "°C spectra of compound 43.
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'H and °C spectra of compound 44.
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'Hand ®c spectra of compound 45.
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'H and "°C spectra of compound 46.
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'Hand ®c spectra of compound 47.
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H, ¢, and "*F NMR spectra of compound 48.
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H, ¢, and "*F NMR spectra of compound 49.
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H, ¢, and "*F NMR spectra of compound 50.
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'Hand ®c spectra of compound V.
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'Hand ®c spectra of compound Et-29.
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'Hand ®c spectra of compound S1.
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'Hand ®c spectra of compound S2.
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'H and "°C spectra of compound S3.
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'Hand ®c spectra of compound S$4.
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'Hand ®c spectra of compound S5.
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'Hand ®c spectra of compound S6.
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'H and "°C spectra of compound S7.
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NH,

'Hand ®c spectra of compound S8.
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'Hand ®c spectra of compound S9.
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'H and "°C spectra of compound S10.
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'H and "°C spectra of compound S11.
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'Hand ®c spectra of compound S12.
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'Hand ®c spectra of compound S13.
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'Hand ®c spectra of compound S14.

Fzee

Forz

=68}

Fize
Feoz

Eo00'L

O

OH

H/.mw.m
H/.No. I

7980

m =6L')
€80
g
Reso
880

f1 (ppm)

€622
182~
ST0E~
po'EE~

8Ter—

yIvS—

09'69—

08804~
20 b —
SPELL—

1822}
8L1ZL~\
S8zl
Z8'6Zh

vgogL—

zeon”
[1151—
2N

WL~
ZheLL—

[4°K4:

T T
100 90
f1 (ppm)

T
110

T
120

T
200

T
210

5169



'Hand ®c spectra of compound S15.
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'Hand ®c spectra of compound S16.
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'H, *c, and "F NMR spectra of compound S17.

|

€z'e
oz'e

AXA
H/.ov.n
Fyey

€l'e
mro._,

09'}L
B8
L0}

E00C

viL
MQE
£6°0
Fsoz
v0'L
£6°0

1%

=20°t

6022
e
6L2T
S€'L2
Le'L2
(k4
1 k4
7X:74
S5'62
oL'6T
98'6C
1s°1e
—Sr8t—

Tecov—

0€'€S~
06'vS—

eV's9—

v8'601
EVILL
297
L2941
V6L
60841
'8l
oL'0zL
[ 4>4%
oLz —/.
§9'L2 _.W
oL'LZ)
[A%:747
S6'SEL~
§6'9€L~"

86'SSL—

6991
06'v9 —W.
LS9l
95'691—~
20'0L F*
8vLLL

T T T
120 110 100 90
f1 (ppm)

T
130

T
150

T
200

T
210

S172



-106.41
-106.45
-106.49

3
(<
| ~-
(0] (0]
A
FF

T T 1

T T T T T
-115 -120 -125 -130 -135 -140 -145 -1

T T T T T T
-75 -80 -85 -90 -95 -100 -105 -110

T T
0 -55 -60 -65 -70
f1 (ppm)

S173



'H and "°C spectra of compound S18.
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'H and "°C spectra of compound S19.
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'Hand ®c spectra of compound S20.

Fuy
Fos'b

Ree')
96}
Fooz
20T
%NE

F0eT

6.0
180
=660
00°}
180
089

$6'0
F-gg0

Wom.o

10

11

12

13

14

€6'2T—
6052~
6962~
oLe—

c—.mm/

S176

20

30

90°01
e _.v.\.

UL'YS—

ve's9—

e
it
aL'sil

EAHES
801~
19221/

SViZl¢
89°LZ}
eL'LzL
0e'8Z}
0z'9¢ v\
902}

Z6's51\_
1815}
o551

|7 VA5
Ss'zLL

40

50

100 90 80 70

f1 (ppm)

110

120

160 150 140 130

170

190 180

200

210



'H and "°C spectra of compound S21.
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'H and "°C spectra of compound S22.
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'H and "°C spectra of compound S23.
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'Hand ®c spectra of compound S24.
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'H and "°C spectra of compound S25.
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'H and "°C spectra of compound S26.
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'Hand ®c spectra of compound S27.
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'H and "°C spectra of compound S28.
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'Hand ®c spectra of compound S29.
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'Hand ®c spectra of compound S30.
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'Hand ®c spectra of compound S31.
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'Hand ®c spectra of compound S32.
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'H and "°C spectra of compound S33.
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'Hand ®c spectra of compound S34.
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'Hand ®c spectra of compound S35.
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'Hand ®c spectra of compound S36.
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'Hand ®c spectra of compound S37.
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'H and "°C spectra of compound S38.
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'Hand ®c spectra of compound S39.
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'Hand ®c spectra of compound S40.
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'H and "°C spectra of compound S41.
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'H and "°C spectra of compound S42.
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'H and "°C spectra of compound S43.
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'Hand ®c spectra of compound S44.
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'Hand ®c spectra of compound S$45.
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'H and "°C spectra of compound S46.
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'Hand ®c spectra of compound S47.
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'Hand ®c spectra of compound S$48.
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'Hand ®c spectra of compound S$49.
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'Hand ®c spectra of compound S50.
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'Hand ®c spectra of compound S51.
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'Hand ®c spectra of compound S52.
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H and ~“C spectra of compound S53.
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'Hand ®c spectra of compound S54.
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'Hand ®c spectra of compound S55.
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'H and "°C spectra of compound S56.
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'Hand ®c spectra of compound S57.
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'Hand ®c spectra of compound S58.
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'Hand ®c spectra of compound S59.
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'Hand ®c spectra of compound S60.

S6°0
Z 66°0
oLt

I oeey
E 160

E 00}
I eoz

080
Lo

80
W
611
00°}
0z'9

A 880

-1

1x44
1 4°X44
S8'€T
2082~

z58z
wm.mu\
v9'Lr—

£2'6v—
86'€5~_
STSS—

LV2I9—

f1 (ppm)

13 12 11 10

14

8z'18—

89°0bb~
4115
06'8L1
18'6 ://r
SETTI~.
SE'ETL
2G°LT~
61'8Z1
6€£'8Z1
1824

8z'9¢}
ve'oel

§5'9S1
69'9S FV.

60°0LL~
[AN71

S217

20

40

50

70

80

100 90
f1 (ppm)

110

120

200 190 180 170 160 150 140 130

210




'H, "*c, and "°F NMR spectra of compound S61.
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'H, "*c, and "°F NMR spectra of compound S61.
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'H, "*c, and "°F NMR spectra of compound S63.
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'Hand ®c spectra of compound S64.
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'Hand ®c spectra of compound S65.
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'Hand ®c spectra of compound S66.
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'Hand ®c spectra of compound S67.
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'H and "°C spectra of compound S68.
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'Hand ®c spectra of compound S69.
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'Hand ®c spectra of compound S70.
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'Hand ®c spectra of compound S71.
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'Hand ®c spectra of compound S72.
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'H and "°C spectra of compound S73.
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'Hand ®c spectra of compound S74.
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'H and "°C spectra of compound S75.

I
pzd
ZT
o 1

|

11

%Nv.t
€80

60
T 902
88’
98'0
16°0

260
260

a4

180

10

12

13

14

f1 (ppm)

0oL —
oLze
8L'L2
wN.wN/
L —.QNV
00°0¢
or _.m\

e8'er—

STES~
€065

r's9—

0e'LL—

9L'60b~
143115
L0811
[44°137
oz —
6v'ezl—

og'LZ)
z9'L2)
vLLZ)
[28:14%
§6'GE _.\
€6'9¢}

£5'55b~
66's51L~"

16'691~
ST

40

T T
100 90
f1 (ppm)

T
110

T
120

T T
200 190

T
210

5235



'Hand ®c spectra of compound S76.
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'H and "°C spectra of compound S77.
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'Hand ®c spectra of compound S78.
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H, ¢, and "°F NMR spectra of compound S79.
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'H, ¢, and "°F NMR spectra of compound S80.
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'H, ¢, and "°F NMR spectra of compound S81.
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'H, "*c, and "°F NMR spectra of compound S82.
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H, *c, and "°F NMR spectra of compound S83.
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'H and °C spectra of compound S84.
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'H and "°C spectra of compound S85.
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'H and "°C spectra of compound S86.
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'Hand ®c spectra of compound S87.
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'Hand ®c spectra of compound S88.
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