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Abstract

The β-catenin/T-cell factor (Tcf) protein–protein interaction (PPI) plays a critical role in the β-

catenin signaling pathway which is hyperactivated in many cancers and fibroses. Based on 

compound 1, which was designed to target the Tcf4 G13ANDE17 binding site of β-catenin, 

extensive structure–activity relationship studies have been conducted. As a result, compounds 53 
and 57 were found to disrupt the β-catenin/Tcf PPI with the Ki values of 0.64 and 0.44 μM, 

respectively, and exhibit good selectivity for β-catenin/Tcf over β-catenin/E-cadherin and β-

catenin/adenomatous polyposis coli (APC) PPIs. The 3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) cell viability assays revealed 

that 56, the ethyl ester of 53, was more potent than 53 in inhibiting viability of most of the Wnt/β-

catenin hyperactive cancer cells. Further cell-based studies indicated that 56 disrupted the β-

catenin/Tcf PPI without affecting the β-catenin/E-cadherin and β-catenin/APC PPIs, suppressed 

transactivation of Wnt/β-catenin signaling in dose-dependent manners, and inhibited migration 

and invasiveness of Wnt/β-catenin-dependent cancer cells.
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INTRODUCTION

The Wnt/β-catenin signaling pathway plays a critical role in regulation of cell proliferation, 

differentiation, and survival.1–3 The aberrant activation of Wnt/β-catenin signaling has been 

implicated in initiation and progression of many cancers4–9 and fibroses.10,11 For instance, 

loss of adenomatous polyposis coli (APC) function can lead to the inappropriate 

stabilization of β-catenin and promote the formation of the constitutive complex between β-

catenin and the T-cell factor (Tcf)/lymphoid enhancer-binding factor (Lef) family of 

transcriptional factors, which transcribes specific Wnt target genes that produce crypt 

progenitor-like cells in the surface intestinal epithelium, eventually causing sporadic 

colorectal cancer.4,5 The autocrine activation of Wnt ligands can stabilize β-catenin into the 

dephosphorylated state and result in an increased level of nuclear β-catenin to interact with 

Tcf/Lef to induce overexpression of Wnt target genes and cause initiation and progression of 

triple negative breast cancers (TNBCs).8,9 Hyperactivation of β-catenin signaling was 

detected in cancer stem cells, which control tumor growth, seed metastases, and result in 

cancer recurrence after remission.12–14 In addition, activation of β-catenin signaling was 

demonstrated to exclude CD8+ T cells from the tumor microenvironment and promote 

intratumoral regulator T cell (Treg) survival and infiltration, thus impairing antitumor 

immunity.15–18 Therefore, the suppression of this signaling pathway holds great promise for 

designing new targeted cancer therapy. Further biological studies indicated that the 

formation of the β-catenin/Tcf complex in the cell nucleus is the penultimate step of the 

Wnt/β-catenin signaling pathway and the activation of Wnt/β-catenin target genes is 

dependent on the formation of this complex.19–21 Therefore, the β-catenin/Tcf protein–

protein interaction (PPI) has emerged as an appealing therapeutic target to suppress 

hyperactive β-catenin signaling.

Extensive efforts have been made to identify several small-molecule inhibitors for this PPI.
22–29 However, the binding mode of these compounds remains unknown, making it difficult 

for further optimization.30 The large peptides or peptide-based macrocycles have also been 

designed as β-catenin/Tcf inhibitors.31–34 Hydrocarbon-stapled peptide, aStAx-35, designed 

based on the Axin sequence and the phage display result, was reported to bind with the 

Axin-binding site of β-catenin and inhibit the β-catenin/Tcf PPI.31 Further design offered a 

more cell-permeable derivative, NLS-StAx-h, by substituting all six arginine residues with 

homoarginine and introducing the nuclear localization sequence (NLS) to the N-terminus.33 

Recently, Logan, Kirshenbaum, and co-workers disclosed the design of peptoid–peptide 

macrocycles as β-catenin/Tcf inhibitors, which showed promising efficacy in prostate cancer 

models.34 In the previous studies, our group reported small-molecule inhibitors for the β-
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catenin/Tcf PPI using different strategies.35–37 By targeting the Tcf4 G13ANDE17 binding 

site, selective small-molecule inhibitors for β-catenin/Tcf PPI have been synthesized.36 The 

best compound 1 (UU-T02) disrupted β-catenin/Tcf PPI with a Ki of 1.36 μM in the 

fluorescence polarization (FP) competitive inhibition assay and displayed 175- and 64-fold 

selectivity over β-catenin/E-cadherin and β-catenin/APC, respectively. However, this 

compound was almost inactive in cell-based assays unless converted into the ester form, 

including 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium (MTS) cell viability assays and TOPFlash/FOPFlash luciferase reporter assays. 

Herein, we report our further medicinal chemistry efforts on optimization, synthesis, and 

biological characterization of new derivatives.

RESULTS

Structure–Activity Relationship Studies.

The indole scaffold represents one of the important privileged structures for the discovery of 

new drug candidates.38 However, its electronrich nature renders the indole ring susceptible 

to metabolism, often by oxidation at the C-3 position of indole, which has the highest 

electron density.39 Most of the reported indole-related drugs and probes contain substituents 

at indole 3-position to block this metabolically labile site.38–40 Therefore, to minimize the 

potential issue with indole in 1, three different strategies were employed at the initial stage 

of our inhibitor optimization. As a direct approach, compounds 2 and 3 with indole C-3 

position substitution were designed and synthesized. Both compounds showed a great loss of 

potency (Table 1). Alternatively, various electron-deficient heterocycles were introduced to 

replace the indole ring (4–8). While most compounds (4–7) in this series turned out to be 

inactive, compound 8 showed a Ki of 22 μM for the β-catenin/Tcf PPI. In addition, we 

designed 9 with the indole ring directly attaching to the amide group. This design is 

expected to reduce the electron density of the indole ring, thus increasing compound 

metabolic stability. Literature search revealed that this 1H-indole-2-carboxamido motif had 

been widely adopted in various medicinal chemistry programs.41–44 The FP competitive 

inhibition assay45 showed that 9 inhibited the β-catenin/Tcf PPI with a promising Ki of 11 

μM. Based on these results, we envisioned that compound 9 would represent a new starting 

point for further modification, and extensive structure–activity relationship (SAR) studies on 

this new scaffold were conducted.

Preliminary SAR studies on 9 suggested that a Cl substituent at the indole C-5 position is 

optimal among all monosubstitution analogues (Table 1, 9–17). Switching the Cl substituent 

from the C-5 position to C-4 (10) or C-6 (11) led to decreased activity. Meanwhile, the 

derivatives in which the Cl atom at the C-5 position was replaced by the other groups, 

including both electron-withdrawing [F (12), Br (13), CF3 (16), NO2 (17)] and -donating 

[Me (14), OMe (15)] groups, were also made. The results revealed that the electron-

withdrawing groups were more tolerated than the electron donating groups, while all of 

them were less potent than 9. Two compounds with di-Cl substitutions (18 and 19) were 

synthesized, and both showed improved potency, especially 19, which inhibited the β-

catenin/Tcf PPI with a Ki of 4.3 μM, ~3-fold potency improvement over 9.
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Next, to increase the stability of the C-terminal ester group that tends to be hydrolyzed under 

relatively weak basic conditions (as shown in Supporting Information Note 1), a collection 

of derivatives with amides, instead of the methyl ester, was designed and synthesized. As 

shown in Table 2, introduction of isobutyl (20) and phenyl (21) amides in replacement of the 

methyl ester resulted in the compounds with increased activities. For instance, compound 21 
inhibited the β-catenin/Tcf PPI with a Ki of 3.3 μM, which is 3.4-fold more potent than 9. 

Moreover, these more stable amides overcame the instability problem of the methyl ester in 

1 (Supporting Information Note 1). Further substitution of the phenyl group in 21 with 

benzyl and phenylethyl groups as in 22 and 23, respectively, showed decreased activities. 

Next, compounds 24–29 were designed and synthesized to explore the optimal substitution 

type on the phenyl group. As a result, compounds 24–26 with F-substitution showed similar 

activities, while 27 and 28 were 3- to 4-fold more potent than 29, indicating the para- and 

meta-substitutions on the phenyl ring are preferable to the ortho derivatives. Therefore, more 

substituents were explored for these two positions. Compounds 33–38 were synthesized, and 

the results are summarized in Table 2. It was shown that most of these compounds displayed 

slight improvement of the inhibitory potency, when compared with 21. Specifically, 

compounds 30 and 34, featuring para-CF3 and para-OCF3 on the phenyl ring, respectively, 

were slightly more potent than the other compounds (the FP competitive inhibition assay 

curves of 30 and 34 are shown in Supporting Information Figure S3). Compounds with 

double substitutions (36–38) were also explored at these two positions, but they did not 

show potency improvement.

Further SAR studies on the naphthyl group were undertaken (Table 3). It was shown that 

most of the synthesized compounds were less potent than 21. Only compounds 40 and 46 
exhibited comparable activity, indicating that the large hydrophobic moieties are critical for 

maintaining the activity at this site.

Our extensive SAR studies revealed that the primary configuration (S, S, S) was optimal for 

this series because individually reversing the configuration of each amino acid resulted in 

decreased activity (Table 4). Based on the inhibitory activity data, we can also conclude that 

the sensitivity of these three chiral amino acids to the configurational change was decreased 

following the order of glutamic acid (47), naphthylsubstituted amino acid (49), and aspartic 

acid (48), with glutamic acid being the most sensitive residue, when compared with those in 

33.

Our next modification was focused on the two carboxylic acid groups, with the aim of 

improving both potency and cell permeability (Table 5).46 One common bioisostere of 

carboxylic acid, amide, was first used to replace the carboxylic acids in 34 individually. The 

resulting compounds 50 and 51 showed decreased activities. To our delight, introduction of 

tetrazole, another common bioisostere of carboxylic acid, resulted in the derivatives with the 

improved potency. For instance, compound 53, for the first time, displayed the 

submicromolar Ki (0.64 μM) for this challenging PPI target. In an attempt to eliminate both 

carboxylic acids in 34, the amide was further introduced into the tetrazole derivatives 52 and 

53. However, the resulting compounds 54 and 55 displayed 3- to 6- fold potency loss. The 

ester derivative (56) of compound 53 was also synthesized to improve compound’s cell 
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permeability. This compound inhibited the β-catenin/Tcf PPI with a Ki of 5.2 μM. In 

addition, compound 57 was synthesized based on the previous SAR results. This compound 

inhibited the β-catenin/ Tcf PPI with a Ki of 0.44 μM, which was the most potent inhibitor 

of this series. The competitive FP inhibition assay curves of 52–57 are shown in Supporting 

Information, Figure S3.

Inhibitor Selectivity between β-Catenin/Tcf, β-Catenin/E-Cadherin, and β-Catenin/APC PPIs.

β-Catenin not only interacts with Tcf/Lef, BCL9/B9L, CREB-binding protein (CBP)/p300, 

and so forth to culminate Wnt/β-catenin signaling, but also forms the complexes with E-

cadherin and APC to play specific roles in cellulo. The PPI between β-catenin and E-

cadherin is essential for cell–cell adhesion, while the β-catenin/APC PPI is critical for β-

catenin phosphorylation and degradation. The crystallographic analyses of β-catenin in 

complexes with Tcf, E-cadherin, and APC indicated that β-catenin uses the same armadillo 

repeats to bind Tcf/Lef,47–50 cadherin,51 and APC.52–54 Biochemical analyses confirmed 

that the binding mode of Tcf, cadherin, and APC with β-catenin was identical and mutually 

exclusive.55–58 The selectivities of 53 and 57 between β-catenin/Tcf4, β-catenin/E-cadherin, 

and β- catenin/APC-R3 interactions were quantified using the FP selectivity assay.29 As 

shown in Table 6, the selectivities of 53 for β-catenin/Tcf4 over β-catenin/E-cadherin and β-

catenin/APC-R3 interactions are 50- and 137-fold, respectively. The selectivities of 57 for β-

catenin/Tcf4 over β-catenin/E-cadherin and β-catenin/APC-R3 interactions are 30- and 395-

fold.

Cell-Based Studies.

MTS cell viability assays were performed to evaluate the effect of β-catenin/Tcf inhibitors 

on growth of different cancer cell lines with hyperactive Wnt signaling, including colorectal 

cancer cells (SW480 and HCT116) and TNBC cells (MDA-MB-231, MDA-MB-468, and 

BT-20), and one cancer cell line with normal Wnt signaling, A549. The half maximal 

inhibitory concentrations (IC50) of three representative compounds (53, 55, and 56) were 

determined. An inactive analogue (Et)-15 (Ki > 100 μM, Table 5) was also assessed in 

parallel. As shown in Table 7 and Supporting Information Figure S4, compounds 53, 55, and 

56 except (Et)-15 inhibited viability of Wnt/β-catenin hyperactive cancer cells. Compound 

56 is the most potent and selective inhibitor for most of the Wnt/β-catenin hyperactive 

cancer cells over Wnt/β-catenin normal cancer cells.

The suppressing effect of the inhibitors on transactivation of β-catenin signaling was 

evaluated by TOPFlash/FOPFlash luciferase reporter assays. As shown in Figure 1, the 

inactive compound (Et)-15 did not inhibit the TOPFlash (in which the luciferase reporter has 

three wild-type Tcf4 binding sites) luciferase activity at the concentration of up to 200 μM. 

Compounds 55 and 56 suppressed the TOPFlash luciferase activities in dose-dependent 

manners, but did not inhibit the FOPFlash (with three mutant Tcf4 binding sites) luciferase 

reporter activities. However, it was noted that 56 did not show the sigmoidal curve at high 

concentrations. The cause of this result warrants further studies.

Co-immunoprecipitation (co-IP) experiments were conducted to assess the effect of the 

inhibitors for disruption of the interaction between β-catenin and Tcf using SW480 cell 
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lysates. The results are shown in Figure 2 and Supporting Information, Figure S5. 

Compound 53 can disrupt the interaction between full-length β-catenin and full-length Tcf 

in a dose-dependent manner after 4 h incubation with SW480 cell lysates. The effect of 56 
on disruption of the β-catenin/Tcf PPI and on the selectivity between three PPIs in the 

cellular context was also evaluated by co-IP experiments using HCT116 cells. As shown in 

Figure 2 and Supporting Information Figure S5, compound 56 dose-dependently inhibited 

the β-catenin/Tcf PPI, but had no effect on the β-catenin/E-cadherin and β-catenin/APC 

PPIs at the concentrations that were sufficient to disrupt the β-catenin/Tcf PPI.

β-Catenin signaling induces and maintains migration, invasion, and metastasis of cancer 

cells, including TNBC cells.59–70 Scratch wound healing and Matrigel invasion assays using 

TNBC MDA-MB-231 cells were conducted. As shown in Figure 3, compound 56 can 

effectively inhibit TNBC cell migration (Figure 3A) and invasion (Figure 3B) at 10 μM. The 

effects are comparable with that of β-catenin/CBP inhibitor ICG-00171 at 5 μM.

Chemistry.

The synthetic routes for final products 20–21, 30–38, 53, and 55–57 are shown in Schemes 

1–3. The synthetic routes for the other final products and intermediates are shown in 

Supporting Information, Schemes S1–S14. The synthetic routes for 20–21 and 30–38 are 

shown in Scheme 1, in which CH2Cl2 was employed as the solvent for the amide coupling 

reactions. The amide bond coupling reaction between N-Cbz-L-glutamic acid 5-tert-butyl 

ester and various amines generated intermediate 62, which underwent the hydrogenation 

reaction to remove the Cbz-protecting group and then coupling with N-Cbz-L-aspartic acid 

to yield 63. Hydrogenation of 63 and coupling with N-Cbz-L-2-naphthylalanine produced 

64. Removal of the Cbz-protecting group in 64 and then coupling with 5-chloroindole-2-

carboxylic acid gave 65, in which the tert-butyl ester-protecting group was removed by 

trifluoroacetic acid (TFA) in CH2Cl2 solution to offer the final products.

The synthetic routes for 53, 56, and 57 are shown in Scheme 2, in which dimethylformamide 

(DMF) was used as the solvent for all the amide coupling reactions. The amide bond 

coupling reactions between N-Cbz-L-glutamic acid 5-tert-butyl ester or N-Cbz-L-glutamic 

acid 5-ethyl ester and various amines produced intermediate 62g or 90, which underwent the 

hydrogenation reaction to remove the Cbz-protecting group and then the coupling reaction 

with (S)-2-((((9H-fluoren-9-yl)methoxy)- carbonyl)amino)-3-(2H-tetrazol-5-yl)propanoic 

acid to yield 91a,b. Removal of the Fmoc-protecting group under the basic condition and 

then coupling with 68a,h gave 92, in which the Boc (and tert-butyl)-protecting group(s) was 

removed by TFA in CH2Cl2 solution to offer the final products.

The synthetic route for 55 is shown in Scheme 3. The amide bond coupling reaction between 

N-Cbz-L-glutamine and 4-(trifluoromethoxy)aniline and then the deprotection of the Cbz 

protecting group produced 95, which was coupled with (S)-2-((((9H-fluoren-9-

yl)methoxy)carbonyl)amino)-3-(2H-tetra-zol-5-yl)propanoic acid to afford 96. Removal of 

the Fmoc group in 96 and coupling with intermediate 86a gave 97. The Boc deprotection 

yielded final product 55.
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DISCUSSION AND CONCLUSIONS

The β-catenin signaling pathway is frequently overactivated in many cancers and fibroses. 

The β-catenin/Tcf PPI represents an appealing therapeutic target to suppress this signaling 

pathway because the transcriptional overactivation of β-catenin signaling is dependent on 

the formation of the key downstream effector, the β-catenin/Tcf complex, in the cell nucleus. 

However, selective targeting of the β-catenin/Tcf PPI remains a great challenge. On one 

side, β-catenin and Tcf have a large contacting surface area and the tight binding affinity (Kd 

= 7–10 nM), which makes it challenging to achieve potent inhibition. On the other side, β-

catenin uses the same armadillo repeats to bind Tcf, cadherin, and APC, and the 

crystallographic studies show that their binding mode is identical, indicating that the 

selectivity would be a major issue when designing β-catenin/Tcf inhibitors. In this work, the 

SAR studies on compound 1 has yielded inhibitors (compounds 53 and 57) with improved 

activities for the β-catenin/Tcf PPI in this series. They also showed good selectivity for β-

catenin/Tcf over β-catenin/E-cadherin and β-catenin/APC PPIs in the FP selectivity assay.

The SAR is to study the correlation between the chemical structures of a series of derivatives 

and their biological activities. The SAR study has been widely used to facilitate step-by-step 

inhibitor optimization. Herein, extensive SAR studies on the structure of 1 were conducted. 

It not only yielded more potent inhibitors for the β-catenin/Tcf PPI, the SAR results 

obtained can also guide future inhibitor optimization. This is quite important given that no 

co-crystal structure of a small-molecule inhibitor with β-catenin has been reported. For 

instance, the study revealed the naphthyl group of 1 can only be substituted by the large 

hydrophobic groups. This gives us two directions to further investigate this site. One is to 

introduce larger moieties to examine whether the compound can further improve potency 

and selectivity. The other is to adopt nitrogen-containing benzoheterocyclic rings, which are 

large and hydrophobic enough, and at the same time might capture potential polar 

interactions with the protein and balance the physiochemical property of the inhibitors. This 

study revealed that the indole moiety was crucial for inhibitor potency. The feasible method 

to further optimize this substructure is to extensively modify the indole ring and the adjacent 

methylene group that connects indole with the amide group. In addition, the SAR results 

confirmed the importance of the two carboxylic acid groups, but they can be replaced by 

tetrazole, one of its bioisosteres, to improve the potency. This prompts us to try the other 

bioisosteres of carboxylic acid in the future optimization.

The prodrug strategy was designed to address undesirable physicochemical properties of the 

drug and has been widely applied in contemporary drug design and development.72 In this 

work, we were interested whether this strategy could be applied to compound 53 to improve 

its cellular uptake because 53 has a carboxylic acid moiety, which could impair its cell 

permeability. Based on this hypothesis, compound 56 was synthesized. The preliminary cell-

based studies indicated that 56 was indeed more potent and selective than 53 in inhibiting 

growth of most cancer cells with hyperactive Wnt/β-catenin signaling. Interestingly, the 

HPLC–MS based cell bioavailability assay73 revealed that compound 56 did not transform 

into 53 after 24 h incubation with SW480 cells in 5 mL of Dulbecco’s modified Eagle’s 

medium (DMEM) media with 10% FBS, suggesting that 56 might not act as a prodrug of 53 
(Supporting Information Note 2 and Figures S6–S8). Further analyses revealed that 
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compound 56 did achieve a higher cell-bound concentration than 53. For instance, the cell-

bound concentration of 56 at 37 °C was determined to be 1.4 nmol/million SW480 cells, 

which is 8-fold higher than 0.17 nmol/million SW480 cells determined for 53, for the 3 h 

incubation in 5 mL of DMEM media with 10% FBS, when the input concentration was set 

to 25 μM. The increased cell-bound concentration might explain why 56 exhibited the better 

cellular activity than 53, although it showed the higher Ki value in FP assays. Further cell-

based co-IP experiments indicated that compound 56 disrupted the β-catenin/Tcf PPI while 

leaving the β-catenin/E-cadherin and β-catenin/APC PPIs unaffected, demonstrating the 

selectivity of new inhibitors on the cell-based level. This compound also dose-dependently 

inhibited TOPFlash luciferase reporter activity without affecting FOPFlash luciferase 

reporter activity. In contrast, the negative control (Et)-15 did not suppress Wnt specific 

TOPFlash luciferase reporter activity and did not inhibit growth of the cancer cells with 

hyperactive Wnt/β-catenin signaling.

In summary, the β-catenin/Tcf PPI has emerged as an appealing therapeutic target to 

suppress the overactivated β-catenin signaling for targeted cancer therapy. Extensive SAR 

studies were conducted based on compound 1, which was designed to target the Tcf4 

G13ANDE17 binding site of β-catenin. Compounds 53 and 57 were found to disrupt the β-

catenin/Tcf PPI with the Ki of 0.64 and 0.44 μM, respectively, and showed good selectivity 

for β-catenin/Tcf over β-catenin/ E-cadherin and β-catenin/APC PPIs. Cell-based studies 

indicated that compound 56, the ethyl ester derivative of 53, disrupted the β-catenin/Tcf 

interaction without affecting the β-catenin/E-cadherin and β-catenin/APC interactions, dose-

dependently suppressed transactivation of Wnt/β-catenin signaling, and inhibited viability, 

migration, and invasiveness of Wnt/β-catenin-dependent cancer cells. The extensive SAR 

results offered the directions for future inhibitor optimization.

EXPERIMENTAL SECTION

Chemical Synthesis.

General Methods, Reagents, and Materials. All reagents were purchased from commercial 

sources and used without further purification unless stated otherwise. 1H NMR and 13C 

NMR spectra were recorded on Bruker AVANCE III HD 500 (500 MHz) spectrometers 

(125.7 MHz for 13C NMR spectra) in DMSO-d6, d6- acetone, d4-methanol, and CDCl3. 

Chemical shifts were reported as values in parts per million (ppm), and the reference 

resonance peaks were set at 7.26 ppm (CHCl3), 3.31 ppm (CD2HOD), 2.50 ppm 

[(CD2H)2SO], and 2.05 ppm [(CD H)2CO] for 1 H NMR spectra and 77.23 ppm (CDCl3), 

49.00 ppm (CD3OD), 39.52 ppm (DMSO-d6), and 29.84 ppm (d6-acetone) for 13C NMR 

spectra. Low-resolution mass spectra were determined on an Agilent 6120 single quadrupole 

mass spectrometer with a 1220 infinity LC system (HPLC–MS) and an ESI source. High-

resolution mass spectra were determined on an Agilent G6230BA TOF LC–MS mass 

spectrometer with a TOF mass detector. Thin-layer chromatography (TLC) was carried out 

on E. Merck pre-coated silica gel 60 F254 plates with a UV–visible lamp. Column 

chromatography was performed with SilicaFlash@ F60 (230–400 mesh). The purity of final 

compounds 2–57 was determined by HPLC analyses with two different conditions (see the 

Supporting Information). The instrument was an Agilent 1260 Infinity II HPLC system with 
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a quaternary pump, a vial sampler, and a DAD detector. A Kromasil 300–5-C18 column (4.6 

× 250 mm) was used. The DAD detector was set to 220, 254, and 280 nm. The purity of all 

tested compounds was >95%.

General Peptide Coupling Procedure.

(a) CH2Cl2 as the solvent: At 0 °C, to a suspension of carboxylic acid (1 mmol), amine (1 

mmol), EDC·HCl (2 mmol), and HOAt (1.5 mmol) in 10 mL dichloromethane (CH2Cl2) was 

added triethylamine (3 mmol) dropwise. The reaction mixture was warmed to room 

temperature and stirred overnight. After completion of the reaction, more CH2Cl2 was 

added. The CH2Cl2 phase was washed by 1 M HCl, saturated NaHCO3, and brine, dried 

over Na2SO4, and concentrated under reduced pressure. Column chromatography was used 

to purify the target compound. (b) DMF as the solvent: At 0 °C, to a suspension of 

carboxylic acid (1 mmol), amine (1 mmol) in 10 mL DMF were added EDC·HCl (2 mmol) 

and HOAt (2 mmol). The reaction mixture was warmed to room temperature and stirred 

overnight. The mixture was poured into water and the solid was collected. The pure 

compounds were obtained by recrystallization using the hexane and ethyl acetate mixture or 

CH2Cl2.

General Procedure for Deprotection of the Cbz-Protected Amines.

To the solution of the Cbz-protected amine (1 mmol) in 10 mL methanol was added 10% 

Pd/C (10% mmol) under Ar. The mixture was stirred overnight at room temperature under 

H2. The resulting product was collected by removal of the Pd/C catalyst and used directly in 

next step without further purification.

General Procedure for Deprotection of tert-Butyl Ester or Boc-Protected Indoles.

At 0 °C, to a solution of tert-butyl ester (1 mmol) or Boc-protected indole (1 mmol) in 

CH2Cl2 (5 mL) was added 5 mL TFA dropwise. The reaction was kept at 0 °C for 4 h. Upon 

completion, the solvent was removed under reduced pressure. TFA was completely removed 

by adding CH2Cl2 three times to afford the desired product.

General Procedure for Deprotection of Fmoc-Protected Amines.

At 0 °C, to a stirred solution of the Fmoc-protected amine (1 mmol) in dichloromethane (10 

mL), diethylamine (10 mL) was added dropwise. The reaction was kept at 0 °C for 6 h until 

TLC showed no starting material left. Upon completion, the mixture was evaporated under 

reduced pressure. The diethyl amine residue was removed by adding dichloromethane at 

least three times. The residue was purified by a flash column, except Asn and Gln-

containing compounds, which were recrystallized in dichloromethane.

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-(isopentylamino)-5-
oxopentanoic Acid (20).—1H NMR (500 MHz, DMSO-d6): δ 12.27 (s, 2H), 11.63 (d, J 
= 2.2 Hz, 1H), 8.80 (d, J = 8.5 Hz, 1H), 8.66 (d, J = 7.6 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 

7.85 (d, J = 1.6 Hz, 1H), 7.83−7.73 (m, 4H), 7.70 (d, J = 2.1 Hz, 1H), 7.56 (dd, J = 8.5, 1.7 

Hz, 1H), 7.42 (pd, J = 6.8, 1.6 Hz, 2H), 7.36 (d, J = 8.7 Hz, 1H), 7.24−7.19 (m, 1H), 7.14 
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(dd, J = 8.7, 2.1 Hz, 1H), 4.99−4.78 (m, 1H), 4.62 (q, J = 7.2 Hz, 1H), 4.21 (td, J = 8.3, 5.0 

Hz, 1H), 3.27 (d, J = 3.6 Hz, 1H), 3.20−2.96 (m, 3H), 2.78 (dd, J = 16.6, 6.1 Hz, 1H), 2.60 

(dd, J = 16.7, 7.4 Hz, 1H), 2.24 (dd, J = 9.6, 7.0 Hz, 2H), 2.05−1.89 (m, 1H), 1.84− 1.69 (m, 

1H), 1.55 (dt, J = 13.4, 6.7 Hz, 1H), 1.29 (q, J = 7.2 Hz, 2H), 0.85 (d, J = 6.6 Hz, 6H). 13C 

NMR (126 MHz, DMSO-d6): δ 174.4, 172.4, 172.0, 170.9, 170.7, 161.0, 136.5, 135.2, 

133.4, 133.1, 132.2, 128.5, 128.3, 127.91, 127.90, 127.84, 127.80, 126.4, 125.8, 124.6, 

123.9, 121.1, 114.3, 103.3, 54.8, 52.5, 50.2, 38.4, 37.9, 37.3, 36.4, 30.5, 27.9, 25.5, 22.83, 

22.80. HRMS (ESI) calcd for C36H40ClN5O8 (M – H)−, 704.2487; found, 704.2492. HPLC 

purity 95.6%, tR = 14.01 min (condition A2); 96.6%, tR = 16.83 min (condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-oxo-5-(phenylamino)pentanoic 
Acid (21).—1H NMR (500 MHz, DMSO-d6): δ 12.30 (s, 2H), 11.63 (d, J = 2.3 Hz, 1H), 

9.86 (s, 1H), 8.81 (d, J = 8.5 Hz, 1H), 8.67 (d, J = 7.6 Hz, 1H), 8.13 (d, J = 7.8 Hz, 1H), 7.85 

(d, J = 1.6 Hz, 1H), 7.83−7.75 (m, 3H), 7.70 (d, J = 2.1 Hz, 1H), 7.62 (d, J = 1.4 Hz, 1H), 

7.60 (d, J = 1.2 Hz, 1H), 7.56 (dd, J = 8.5, 1.7 Hz, 1H), 7.48−7.39 (m, 2H), 7.36 (d, J = 8.7 

Hz, 1H), 7.33−7.27 (m, 2H), 7.21 (d, J = 2.0 Hz, 1H), 7.15 (dd, J = 8.7, 2.1 Hz, 1H), 

7.10−7.03 (m, 1H), 5.12−4.82 (m, 1H), 4.67 (td, J = 7.5, 6.0 Hz, 1H), 4.43 (td, J = 8.2, 5.0 

Hz, 1H), 3.31 (d, J = 8.8 Hz, 1H), 3.16 (dd, J = 13.9, 11.0 Hz, 1H), 2.81 (dd, J = 16.7, 6.0 

Hz, 1H), 2.63 (dd, J = 16.6, 7.6 Hz, 1H), 2.32 (td, J = 10.2, 6.2 Hz, 2H), 2.05 (ddt, J = 15.0, 

9.9, 5.7 Hz, 1H), 1.89 (ddt, J = 13.6, 8.7, 4.7 Hz, 1H). 13C NMR (126 MHz, DMSO-d6): δ 
174.3, 172.4, 172.1, 171.1, 170.3, 161.1, 139.1, 136.5, 135.2, 133.4, 133.1, 132.2, 129.2, 

128.5, 128.3, 127.9, 127.89, 127.85, 127.7, 126.4, 125.8, 124.6, 123.99, 123.92, 121.1, 

119.9, 114.3, 103.3, 54.8, 53.3, 50.2, 38.0, 36.4, 30.6, 27.8. HRMS (ESI) calcd for 

C37H34ClN5O8 (M – H)−, 710.2018; found, 710.2024. HPLC purity 97.9%, tR = 13.98 min 

(condition A2); 98.8%, tR = 16.59 min (condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-oxo-5-((4-
(trifluoromethyl)phenyl)amino)pentanoic Acid (30).—1H NMR (500 MHz, DMSO-

d6): δ 12.31 (s, 2H), 11.64 (s, 1H), 10.24 (s, 1H), 8.82 (d, J = 8.5 Hz, 1H), 8.67 (d, J = 7.6 

Hz, 1H), 8.23 (d, J = 7.5 Hz, 1H), 7.98−7.74 (m, 6H), 7.74−7.59 (m, 3H), 7.56 (d, J = 8.4 

Hz, 1H), 7.48−7.30 (m, 3H), 7.21 (s, 1H), 7.14 (d, J = 8.8 Hz, 1H), 4.90 (d, J = 8.1 Hz, 1H), 

4.66 (q, J = 7.1 Hz, 1H), 4.42 (q, J = 7.1 Hz, 1H), 3.44− 3.22 (m, 1H), 3.16 (t, J = 12.5 Hz, 

1H), 2.80 (dd, J = 16.8, 5.9 Hz, 1H), 2.62 (dd, J = 16.6, 7.6 Hz, 1H), 2.33 (td, J = 10.2, 6.3 

Hz, 2H), 2.11− 2.03 (m, 1H), 1.95−1.80 (m, 1H). 13C NMR (126 MHz, DMSO-d6): δ 174.3, 

172.4, 172.0, 171.2, 171.0, 161.1, 142.7, 136.5, 135.2, 133.4, 133.1, 132.2, 128.4, 128.3, 

127.9, 127.7, 126.45, 126.40, 125.8, 124.6, 123.9, 121.1, 119.8, 114.3, 103.3, 54.8, 53.6, 

50.2, 38.0, 36.5, 30.6, 27.5. HRMS (ESI) calcd for C38H33ClF3N5O8 (M – H)−, 778.1892; 

found, 778.1894. HPLC purity 95.1%, tR = 14.58 min (condition A2); 97.5%, tR = 17.13 

min (condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-oxo-5-((3-
(trifluoromethyl)phenyl)amino)pentanoic Acid (31).—1H NMR (500 MHz, DMSO-
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d6): δ 12.32 (s, 2H), 11.63 (s, 1H), 10.23 (s, 1H), 8.81 (d, J = 8.6 Hz, 1H), 8.66 (d, J = 7.6 

Hz, 1H), 8.19 (d, J = 7.6 Hz, 1H), 8.12 (s, 1H), 7.93−7.73 (m, 5H), 7.70 (s, 1H), 7.55 (t, J = 

7.7 Hz, 2H), 7.47−7.33 (m, 4H), 7.21 (s, 1H), 7.15 (d, J = 8.8 Hz, 1H), 4.97−4.86 (m, 1H), 

4.75−4.59 (m, 1H), 4.42 (t, J = 7.0 Hz, 1H), 3.40−3.31 (m, 1H), 3.16 (t, J = 12.5 Hz, 1H), 

2.80 (dd, J = 16.8, 5.8 Hz, 1H), 2.63 (dd, J = 16.7, 7.8 Hz, 1H), 2.34 (dt, J = 16.2, 7.7 Hz, 

2H), 2.15−2.03 (m, 1H), 1.95−1.76 (m, 1H). 13C NMR (126 MHz, DMSO-d6): δ 174.3, 

172.3, 172.1, 171.2, 170.9, 161.1, 139.9, 136.5, 135.2, 133.4, 133.1, 132.2, 130.4, 128.5, 

128.3, 127.9, 127.8, 127.7, 126.4, 125.8, 124.6, 123.9, 123.5, 121.1, 120.3, 115.9, 114.3, 

103.3, 54.8, 53.5, 50.2, 38.0, 36.5, 30.5, 27.5. HRMS (ESI) calcd for C38H33ClF3N5O8 (M – 

H)−, 778.1892; found, 778.1898. HPLC purity 96.5%,tR = 14.56 min (condition A2); 96.5%, 

tR = 17.11 min (condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-((4-methoxyphenyl)amino)-5-
oxopentanoic Acid (32).—1H NMR (500 MHz, DMSO-d6): δ 12.31 (s, 2H), 11.63 (d, J 
= 2.2 Hz, 1H), 9.72 (s, 1H), 8.81 (d, J = 8.5 Hz, 1H), 8.69 (d, J = 7.5 Hz, 1H), 8.09 (d, J = 

7.9 Hz, 1H), 7.93−7.73 (m, 4H), 7.70 (d, J = 2.1 Hz, 1H), 7.56 (dd, J = 8.5, 1.7 Hz, 1H), 

7.54−7.48 (m, 2H), 7.47−7.39 (m, 2H), 7.36 (d, J = 8.7 Hz, 1H), 7.21 (d, J = 2.2 Hz, 1H), 

7.15 (dd, J = 8.7, 2.1 Hz, 1H), 6.91− 6.81 (m, 2H), 4.93−4.82 (m, 1H), 4.66 (q, J = 7.1 Hz, 

1H), 4.40 (td, J = 8.3, 5.1 Hz, 1H), 3.71 (s, 3H), 3.30 (s, 1H), 3.16 (dd, J = 13.9, 11.0 Hz, 

1H), 2.81 (dd, J = 16.6, 6.0 Hz, 1H), 2.63 (dd, J = 16.6, 7.6 Hz, 1H), 2.31 (dq, J = 16.6, 10.5 

Hz, 2H), 2.11−1.99 (m, 1H), 1.87 (dq, J = 10.2, 5.3, 4.2 Hz, 1H). 13C NMR (126 MHz, 

DMSO-d6): δ 174.3, 172.4, 172.1, 171.0, 169.7, 161.1, 155.9, 136.5, 135.2, 133.4, 133.1, 

132.23, 132.20, 128.5, 128.3, 127.9, 127.89, 127.85, 127.7, 126.4, 125.8, 124.6, 123.9, 

121.5, 121.1, 114.3, 103.3, 55.6, 54.8, 53.2, 50.2, 38.0, 36.4, 30.5, 27.9. HRMS (ESI) calcd 

for C38H36ClN5O9 (M – H)−, 740.2123; found, 740.2128. HPLC purity 96.1%, tR = 13.87 

min (condition A2); 95.8%, tR = 16.47 min (condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-((3-methoxyphenyl)amino)-5-
oxopentanoic Acid (33).—1H NMR (500 MHz, DMSO-d6): δ 12.31 (s, 2H), 11.63 (d, J 
= 2.2 Hz, 1H), 9.86 (s, 1H), 8.81 (d, J = 8.5 Hz, 1H), 8.68 (d, J = 7.5 Hz, 1H), 8.11 (d, J = 

7.8 Hz, 1H), 7.94−7.73 (m, 4H), 7.70 (d, J = 2.1 Hz, 1H), 7.56 (dd, J = 8.4, 1.7 Hz, 1H), 

7.42 (pd, J = 6.9, 1.6 Hz, 2H), 7.37 (d, J = 8.7 Hz, 1H), 7.31 (t, J = 2.2 Hz, 1H), 7.25−7.18 

(m, 2H), 7.17−7.10 (m, 2H), 6.65 (dd, J = 8.2, 2.5 Hz, 1H), 4.91 (ddd, J = 11.8, 8.6, 3.7 Hz, 

1H), 4.67 (q, J = 7.1 Hz, 1H), 4.41 (td, J = 8.3, 5.1 Hz, 1H), 3.71 (s, 3H), 3.32 (s, 1H), 3.17 

(dd, J = 13.9, 11.0 Hz, 1H), 2.81 (dd, J = 16.7, 5.9 Hz, 1H), 2.63 (dd, J = 16.7, 7.7 Hz, 1H), 

2.31 (dq, J = 16.6, 10.4 Hz, 2H), 2.14−1.91 (m, 1H), 1.88 (dq, J = 10.3, 5.3, 4.3 Hz, 1H). 
13C NMR (126 MHz, DMSO-d6): δ 174.3, 172.3, 172.1, 171.1, 170.3, 161.1, 159.9, 140.3, 

136.5, 135.2, 133.4, 133.1, 132.2, 130.0, 128.5, 128.3, 127.9, 127.8, 127.7, 126.4, 125.8, 

124.6, 123.9, 121.1, 114.3, 112.2, 109.5, 105.7, 103.3, 55.4, 54.9, 53.4, 50.2, 38.0, 36.4, 

30.5, 27.8. HRMS (ESI) calcd for C38H36ClN5O9 (M – H)−, 740.2123; found, 740.2127. 

HPLC purity 95.3%, tR = 14.00 min (condition A2); 97.0%, tR = 16.60 min (condition B2).
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(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoic Acid (34).—1H NMR (500 MHz, 

DMSO-d6): δ 12.30 (s, 2H), 11.64 (s, 1H), 10.07 (s, 1H), 8.82 (d, J = 8.5 Hz, 1H), 8.67 (d, J 
= 7.5 Hz, 1H), 8.19 (d, J = 7.7 Hz, 1H), 7.97−7.65 (m, 7H), 7.56 (d, J = 8.4 Hz, 1H), 

7.50−7.26 (m, 5H), 7.23−7.01 (m, 2H), 4.91 (ddd, J = 11.9, 8.4, 3.7 Hz, 1H), 4.66 (q, J = 7.1 

Hz, 1H), 4.40 (td, J = 8.1, 5.0 Hz, 1H), 3.31 (s, 1H), 3.16 (dd, J = 13.9, 10.9 Hz, 1H), 2.80 

(dd, J = 16.7, 6.0 Hz, 1H), 2.62 (dd, J = 16.6, 7.5 Hz, 1H), 2.32 (pd, J = 10.1, 3.2 Hz, 2H), 

2.05 (ddt, J = 15.0, 11.1, 5.8 Hz, 1H), 1.89 (dt, J = 14.5, 4.3 Hz, 1H). 13C NMR (126 MHz, 

DMSO-d6): δ 174.3, 172.4, 172.1, 171.2, 170.5, 161.1, 138.3, 136.5, 135.2, 133.4, 133.1, 

132.2, 128.5, 128.3, 127.9, 127.88, 127.85, 127.7, 126.4, 125.8, 124.6, 123.9, 122.1, 121.3, 

121.1, 114.3, 103.3, 54.8, 53.4, 50.2, 38.0, 36.5, 30.5, 27.6. HRMS (ESI) calcd for 

C38H33ClF3N5O9 (M – H)−, 794.1841; found, 794.1846. HPLC purity 100%, tR = 10.24 min 

(condition A1); 100%, tR = 12.59 min (condition B1).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-oxo-5-((3-
(trifluoromethoxy)phenyl)amino)pentanoic Acid (35).—1H NMR (500 MHz, 

DMSO-d6): δ 12.30 (s, 2H), 11.62 (d, J = 2.2 Hz, 1H), 10.16 (s, 1H), 8.80 (d, J = 8.5 Hz, 

1H), 8.66 (d, J = 7.5 Hz, 1H), 8.16 (d, J = 7.6 Hz, 1H), 7.97−7.76 (m, 5H), 7.70 (d, J = 2.1 

Hz, 1H), 7.55 (ddd, J = 10.6, 8.3, 1.8 Hz, 2H), 7.48−7.34 (m, 4H), 7.21 (d, J = 2.2 Hz, 1H), 

7.15 (dd, J = 8.7, 2.1 Hz, 1H), 7.05 (dd, J = 8.3, 2.3 Hz, 1H), 4.91 (ddd, J = 11.8, 8.6, 3.7 

Hz, 1H), 4.67 (td, J = 7.6, 5.7 Hz, 1H), 4.41 (td, J = 8.3, 5.2 Hz, 1H), 3.46−3.27 (m, 1H), 

3.16 (dd, J = 13.9, 10.9 Hz, 1H), 2.81 (dd, J = 16.7, 5.8 Hz, 1H), 2.63 (dd, J = 16.7, 7.8 Hz, 

1H), 2.39−2.24 (m, 2H), 2.05 (td, J = 8.8, 4.5 Hz, 1H), 1.90 (ddt, J = 13.5, 8.7, 4.7 Hz, 1H). 
13C NMR (126 MHz, DMSO-d6): δ 174.2, 172.3, 172.1, 171.2, 170.8, 161.1, 148.9, 140.7, 

136.5, 135.2, 133.4, 133.1, 132.2, 130.9, 128.5, 128.3, 127.9, 127.87, 127.84, 127.7, 126.4, 

125.8, 124.6, 123.9, 121.5, 121.1, 119.5, 118.5, 116.0, 114.3, 112.0, 103.3, 54.8, 53.5, 50.2, 

38.0, 36.4, 30.5, 27.5. HRMS (ESI) calcd for C38H33ClF3N5O9 (M – H)−, 794.1841; found, 

794.1854. HPLC purity 98.2%, tR = 14.67 min (condition A2); 100%, tR = 17.23 min 

(condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-((3,5-
dimethoxyphenyl)amino)-5-oxopentanoic Acid (36).—1H NMR (500 MHz, DMSO-

d6): δ 12.30 (s, 2H), 11.62 (d, J = 2.2 Hz, 1H), 9.84 (s, 1H), 8.81 (d, J = 8.5 Hz, 1H), 8.68 (d, 

J = 7.5 Hz, 1H), 8.08 (d, J = 7.8 Hz, 1H), 7.94−7.74 (m, 4H), 7.70 (d, J = 2.0 Hz, 1H), 7.56 

(dd, J = 8.5, 1.7 Hz, 1H), 7.49−7.32 (m, 3H), 7.21 (dd, J = 2.1, 0.9 Hz, 1H), 7.15 (dd, J = 

8.7, 2.1 Hz, 1H), 6.87 (d, J = 2.3 Hz, 2H), 6.23 (t, J = 2.3 Hz, 1H), 5.01−4.83 (m, 1H), 4.66 

(td, J = 7.6, 5.8 Hz, 1H), 4.40 (td, J = 8.3, 5.1 Hz, 1H), 3.70 (s, 6H), 3.30 (d, J = 3.7 Hz, 1H), 

3.17 (dd, J = 13.9, 11.0 Hz, 1H), 2.80 (dd, J = 16.7, 5.8 Hz, 1H), 2.63 (dd, J = 16.7, 7.8 Hz, 

1H), 2.38−2.23 (m, 2H), 2.11−1.96 (m, 1H), 1.87 (ddt, J = 13.6, 8.7, 4.8 Hz, 1H). 13C NMR 

(126 MHz, DMSO-d6): δ 174.3, 172.3, 172.1, 171.0, 170.3, 161.1, 160.9, 140.7, 136.5, 

135.2, 133.4, 133.0, 132.2, 128.5, 128.3, 127.9, 127.88, 127.85, 127.7, 126.4, 125.8, 124.6, 

123.9, 121.1, 114.3, 103.4, 98.2, 96.0, 55.5, 54.9, 53.4, 50.2, 38.0, 36.4, 30.5, 27.8. HRMS 
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(ESI) calcd for C39H38ClN5O10 (M – H)−, 770.2229; found, 770.2237. HPLC purity 98.1%, 

tR = 14.08 min (condition A2); 97.6%, tR = 16.69 min (condition B2).

(S)-4-((S)-3-Carboxy-2-((S)-2-(5-chloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)propanamido)-5-((3-methoxy-5-
(trifluoromethyl)phenyl)amino)-5-oxopentanoic Acid (37).—1H NMR (500 MHz, 

DMSO-d6): δ 12.30 (s, 2H), 11.62 (s, 1H), 10.19 (s, 1H), 8.80 (d, J = 8.5 Hz, 1H), 8.66 (d, J 
= 7.6 Hz, 1H), 8.16 (d, J = 7.6 Hz, 1H), 7.92−7.75 (m, 4H), 7.74−7.68 (m, 1H), 7.66 (s, 1H), 

7.55 (s, 1H), 7.51−7.35 (m, 4H), 7.31−7.19 (m, 1H), 7.15 (dd, J = 8.7, 2.1 Hz, 1H), 6.95 (s, 

1H), 4.99−4.82 (m, 1H), 4.67 (q, J = 7.1 Hz, 1H), 4.40 (q, J = 7.3 Hz, 1H), 3.80 (s, 3H), 

3.42−3.28 (m, 1H), 3.25−3.05 (m, 1H), 2.81 (dd, J = 16.7, 5.7 Hz, 1H), 2.63 (dd, J = 16.6, 

7.9 Hz, 1H), 2.33 (td, J = 9.9, 6.3 Hz, 2H), 2.06 (td, J = 11.2, 8.9, 5.3 Hz, 1H), 2.00− 1.83 

(m, 1H). 13C NMR (126 MHz, DMSO-d6): δ 174.2, 172.3, 172.1, 171.2, 170.9, 161.1, 

160.4, 141.1, 136.5, 135.2, 133.4, 133.0, 132.2, 130.9 (d, J = 31.8 Hz), 128.5, 128.3, 127.9, 

127.87, 127.86, 127.7, 126.4, 125.8, 125.4, 124.6, 123.9, 123.3, 121.1, 114.3, 108.9, 108.4, 

105.9, 103.4, 56.1, 54.9, 53.6, 50.2, 37.9, 36.4, 30.5, 27.5. HRMS (ESI) calcd for 

C39H35ClF3N5O9 (M – H)−, 808.1997; found, 808.2004. HPLC purity 99.6%, tR = 14.68 

min (condition A2); 98.3%, tR = 17.28 min (condition B2).

(S)-5-(Benzo[d][1,3]dioxol-5-ylamino)-4-((S)-3-carboxy-2-((S)-2-(5-chloro-1H-
indole-2-carboxamido)-3-(naphthalen-2-yl)-propanamido)propanamido)-5-
oxopentanoic Acid (38).—1H NMR (500 MHz, DMSO-d6): δ 12.30 (s, 2H), 11.62 (s, 

1H), 9.76 (s, 1H), 8.80 (d, J = 8.4 Hz, 1H), 8.67 (d, J = 7.5 Hz, 1H), 8.09 (d, J = 7.7 Hz, 1H), 

7.93−7.74 (m, 4H), 7.70 (s, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.42 (p, J = 6.9 Hz, 2H), 7.37 (d, J 
= 8.7 Hz, 1H), 7.29 (s, 1H), 7.21 (s, 1H), 7.15 (d, J = 8.8 Hz, 1H), 7.00 (d, J = 8.4 Hz, 1H), 

6.84 (d, J = 8.3 Hz, 1H), 5.98 (s, 2H), 5.00−4.79 (m, 1H), 4.66 (q, J = 7.1 Hz, 1H), 4.38 (q, J 
= 7.4 Hz, 1H), 3.31 (s, 1H), 3.16 (t, J = 12.5 Hz, 1H), 2.81 (dd, J = 16.8, 6.0 Hz, 1H), 2.63 

(dd, J = 16.7, 7.5 Hz, 1H), 2.39−2.21 (m, 2H), 2.10− 1.95 (m, 1H), 1.87 (dt, J = 15.3, 7.8 Hz, 

1H). 13C NMR (126 MHz, DMSO-d6): δ 174.3, 172.4, 172.1, 171.0, 169.9, 161.1, 147.5, 

143.6, 136.5, 135.2, 133.4, 133.3, 133.1, 132.2, 128.5, 128.3, 127.9, 127.88, 127.85, 127.7, 

126.4, 125.8, 124.6, 123.9, 121.1, 114.3, 112.8, 108.5, 103.3, 102.1, 101.4, 54.8, 53.2, 50.2, 

38.0, 36.4, 30.5, 27.8. HRMS (ESI) calcd for C38H34ClN5O10 (M – H) 754.1916; found, 

754.1924. HPLC purity 98.6%, tR = 13.83 min (condition A2); 96.1%, tR = 16.39 min 

(condition B2).

(S)-4-((S)-2-((S)-2-(5-Chloro-1H-indole-2-carboxamido)-3-(naphthalen-2-
yl)propanamido)-3-(2H-tetrazol-5-yl)propanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoic Acid (53).—Yield, 82%. 1H NMR (500 

MHz, DMSO-d6): δ 12.14 (s, 1H), 11.69−11.53 (m, 1H), 10.25 (s, 1H), 8.79 (d, J = 8.3 Hz, 

1H), 8.69 (d, J = 7.5 Hz, 1H), 8.31 (d, J = 7.4 Hz, 1H), 7.90−7.64 (m, 8H), 7.53 (d, J = 8.4 

Hz, 1H), 7.49−7.26 (m, 5H), 7.25−7.09 (m, 2H), 4.94−4.73 (m, 2H), 4.40 (td, J = 8.0, 5.1 

Hz, 1H), 3.56−3.41 (m, 2H), 3.14 (dd, J = 13.9, 10.8 Hz, 2H), 2.39−2.22 (m, 2H), 2.04 (ddt, 

J = 15.1, 10.6, 5.7 Hz, 1H), 1.89 (dtd, J = 14.5, 9.0, 5.8 Hz, 1H). 13C NMR (126 MHz, 

DMSO-d6): δ 174.2, 172.1, 170.5, 170.4, 161.2, 144.3, 138.2, 136.3, 135.3, 133.4, 133.0, 

132.2, 128.4, 128.2, 127.9, 127.8, 126.4, 125.8, 124.7, 124.0, 122.0, 121.5, 121.1, 114.3, 
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103.4, 55.0, 53.6, 51.7, 37.8, 30.5, 27.6. HRMS (ESI) calcd for C38H33ClF3N9O7 (M – H)−, 

818.2065; found, 818.2065. HPLC purity 98.5%, tR = 10.44 min (condition A1); 100%, tR = 

12.85 min (condition B1).

(S)-2-((S)-2-((S)-2-(5-Chloro-1H-indole-2-carboxamido)-3-(naphthalen-2-
yl)propanamido)-3-(2H-tetrazol-5-yl)propanamido)-N1-(4-
(trifluoromethoxy)phenyl)pentanediamide (55).—Yield, 75%. 1H NMR (500 MHz, 

DMSO-d6): δ 11.65 (s, 1H), 10.27 (s, 1H), 8.81 (d, J = 8.1 Hz, 1H), 8.65 (d, J = 7.5 Hz, 1H), 

8.29 (d, J = 7.1 Hz, 1H), 7.97− 7.66 (m, 7H), 7.52 (d, J = 8.4 Hz, 1H), 7.49−7.26 (m, 6H), 

7.21−7.07 (m, 2H), 6.85 (s, 1H), 4.83 (ddd, J = 21.3, 12.4, 5.4 Hz, 2H), 4.35 (q, J = 7.0 Hz, 

1H), 3.44 (dd, J = 15.3, 6.0 Hz, 1H), 3.39−3.22 (m, 2H), 3.15 (dd, J = 13.9, 10.7 Hz, 1H), 

2.18 (t, J = 8.0 Hz, 2H), 2.01 (p, J = 7.6 Hz, 1H), 1.92 (dq, J = 15.2, 8.0 Hz, 1H). 13C NMR 

(126 MHz, DMSO-d6): δ 174.1, 172.1, 170.7, 170.3, 161.3, 144.2, 138.3, 136.4, 135.3, 

133.4, 132.9, 132.2, 128.4, 128.2, 127.9, 127.8, 127.7, 126.4, 125.9, 124.7, 124.0, 122.0, 

121.4, 121.1, 120.6 (d, J = 255.0 Hz), 114.3, 103.4, 55.2, 54.0, 51.8, 37.7, 31.7, 28.1, 26.2. 

HRMS (ESI) calcd for C38H34ClF3N10O6 (M – H)−, 817.2225; found, 817.2226. HPLC 

purity 98.3%, tR = 14.29 min (condition A2); 100%, tR = 12.78 min (condition B1).

Ethyl (S)-4-((S)-2-((S)-2-(5-Chloro-1H-indole-2-carboxamido)-3-(naphthalen-2-
yl)propanamido)-3-(2H-tetrazol-5-yl)-propanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)-pentanoate (56).—Yield, 67%. 1H NMR (500 

MHz, DMSO-d6): δ 11.76−11.50 (m, 1H), 10.26−10.22 (m, 1H), 8.91−8.63 (m, 2H), 

8.37−8.33 (m, 1H), 8.01−7.61 (m, 7H), 7.55−7.25 (m, 6H), 7.23− 7.05 (m, 2H), 4.85 (ddt, J 
= 29.7, 14.3, 5.9 Hz, 2H), 4.41 (tt, J = 8.7, 4.5 Hz, 1H), 4.13−3.86 (m, 2H), 3.62−2.91 (m, 

4H), 2.38 (qd, J = 9.9, 9.3, 4.4 Hz, 2H), 2.07 (td, J = 8.7, 4.8 Hz, 1H), 1.91 (dtd, J = 14.3, 

8.9, 5.8 Hz, 1H), 1.08 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, DMSO-d6): δ 172.6, 172.1, 

170.4, 161.2, 144.3, 138.2, 136.3, 135.3, 133.4, 133.0, 132.2, 128.4, 128.2, 127.9, 127.7, 

126.4, 125.9, 124.7, 124.0, 122.0, 121.5, 121.4, 121.1, 119.6, 114.3, 103.4, 60.4, 55.0, 53.4, 

51.7, 37.8, 30.4, 27.5, 14.4. HRMS (ESI) calcd for C40H37ClF3N9O7 (M – H)−, 846.2378; 

found, 846.2375. HPLC purity 98.8%, tR = 11.13 min (condition A1); 98.7%, tR = 13.32 

min (condition B1).

(S)-4-((S)-2-((S)-2-(4,6-Dichloro-1H-indole-2-carboxamido)-3-(naphthalen-2-
yl)propanamido)-3-(2H-tetrazol-5-yl)-propanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)-pentanoic Acid (57).—Yield, 83%. 1H NMR (500 

MHz, DMSO-d6): δ 11.90 (d, J = 36.1 Hz, 1H), 10.23 (d, J = 28.1 Hz, 1H), 8.95 (t, J = 7.8 

Hz, 1H), 8.73 (dd, J = 28.2, 7.8 Hz, 1H), 8.35 (dd, J = 42.8, 7.3 Hz, 1H), 7.92−7.64 (m, 6H), 

7.59−7.16 (m, 8H), 5.00−4.76 (m, 2H), 4.40 (p, J = 7.0 Hz, 1H), 3.31−2.97 (m, 4H), 2.33 

(ttd, J = 16.5, 12.7, 9.8, 6.1 Hz, 2H), 2.06 (dt, J = 13.7, 6.2 Hz, 1H), 2.00−1.81 (m, 1H). 13C 

NMR (126 MHz, DMSO-d6): δ 174.25, 174.22, 172.0, 171.8, 170.5, 170.4, 170.3, 160.7, 

144.3, 138.2, 137.24, 137.20, 136.37, 136.34, 133.4, 133.2, 132.2, 128.25, 128.21, 127.9, 

127.8, 127.7, 126.8, 126.4, 125.9, 125.1, 122.0, 121.9, 121.6, 121.5, 121.4, 119.9, 119.6, 

111.5, 102.0, 55.0, 54.9, 53.7, 53.6, 51.7, 51.6, 37.8, 30.6, 30.5, 27.6, 27.5, 26.2. HRMS 

(ESI) calcd for C38H32Cl2F3N9O7 (M – H)− 852.1676; found, 852.1686. HPLC purity 

99.0%, tR = 10.93 min (condition A1); 100%, tR = 13.60 min (condition B1).
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tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-(isopentylamino)-5-
oxopentanoate (62a).—Yield, 87%. 1H NMR (500 MHz, chloroform-d): δ 7.41−7.27 

(m, 5H), 6.35 (t, J = 5.8 Hz, 1H), 5.76 (d, J = 7.9 Hz, 1H), 5.08 (s, 2H), 4.17 (q, J = 7.4 Hz, 

1H), 3.30−3.16 (m, 2H), 2.40 (dt, J = 16.5, 7.1 Hz, 1H), 2.28 (dt, J = 16.6, 7.0 Hz, 1H), 2.05 

(dtd, J = 14.3, 7.2, 5.5 Hz, 1H), 1.91 (dt, J = 14.4, 7.3 Hz, 1H), 1.66−1.51 (m, 1H), 1.43 (s, 

11H), 0.89 (d, J = 6.6 Hz, 6H). 13C NMR (126 MHz, chloroform-d): δ 172.8, 171.0, 156.2, 

136.2, 128.5, 128.2, 128.0, 81.0, 67.0, 54.4, 38.3, 37.9, 31.7, 28.2, 28.1, 25.8, 22.4 (d, J = 

2.8 Hz). MS (ESI) m/z: 407.3 [M + H]+, MS (ESI) m/z: 429.2 [M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-oxo-5-
(phenylamino)pentanoate (62b).—Yield, 82%. 1H NMR (500 MHz, chloroform-d): δ 
8.60 (s, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.30−7.13 (m, 7H), 7.08−6.86 (m, 1H), 5.88 (d, J = 

7.8 Hz, 1H), 5.11−4.94 (m, 2H), 4.32 (d, J = 6.9 Hz, 1H), 2.41 (dd, J = 16.5, 7.2 Hz, 1H), 

2.29 (dt, J = 16.7, 6.9 Hz, 1H), 2.17−2.01 (m, 1H), 2.01−1.86 (m, 1H), 1.36 (s, 9H). 13C 

NMR (126 MHz, chloroform-d): δ 173.1, 169.7, 156.6, 137.6, 136.1, 128.9, 128.5, 128.2, 

128.0, 124.5, 120.0, 81.3, 67.2, 55.0, 53.5, 31.9, 28.1. MS (ESI) m/z: 435.2 [M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-oxo-5-((4-
(trifluoromethyl)phenyl)amino)pentanoate (62c).—Yield, 79%. 1H NMR (500 MHz, 

chloroform-d): δ 9.01 (s, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.23 (q, J = 

4.1 Hz, 5H), 5.93 (d, J = 7.7 Hz, 1H), 5.14−4.94 (m, 2H), 4.32 (d, J = 7.0 Hz, 1H), 2.44 (dt, 

J = 16.5, 7.0 Hz, 1H), 2.32−2.24 (m, 1H), 2.08 (ddt, J = 13.8, 7.8, 6.0 Hz, 1H), 1.96−1.82 

(m, 1H), 1.36 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 173.1, 170.2, 156.8, 140.7, 

136.0, 128.6, 128.3, 128.0, 126.1 (d, J = 3.7 Hz), 125.9, 124.0 (d, J = 271.5 Hz), 119.4, 81.5, 

67.4, 55.2, 31.9, 28.0, 27.8. MS (ESI) m/z: 503.2 [M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-oxo-5-((3-
(trifluoromethyl)phenyl)amino)pentanoate (62d).—Yield, 80%. 1H NMR (500 MHz, 

chloroform-d): δ 9.23 (s, 1H), 7.87 (s, 1H), 7.58 (s, 1H), 7.30 (t, J = 6.2 Hz, 7H), 6.23 (d, J = 

12.1 Hz, 1H), 5.10 (q, J = 12.4 Hz, 2H), 4.48 (d, J = 9.3 Hz, 1H), 2.51−2.30 (m, 2H), 2.17 

(p, J = 7.4 Hz, 1H), 2.09−1.94 (m, 1H), 1.43 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 
172.8, 170.4, 156.9, 138.3 (d, J = 2.5 Hz), 136.0, 131.2 (q, J = 32.1 Hz), 129.4, 128.5, 128.2, 

127.9, 123.8 (q, J = 271.2 Hz), 122.8, 120.8, 116.5 (d, J = 4.1 Hz), 81.3, 67.3, 55.1, 31.7, 

28.0, 27.8. MS (ESI) m/z: 503.2 [M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-((4-methoxyphenyl)amino)-5-
oxopentanoate (62e).—Yield, 85%. 1H NMR (500 MHz, chloroform-d): δ 8.48 (s, 1H), 

7.39 (d, J = 8.5 Hz, 2H), 7.35−7.28 (m, 5H), 6.90−6.73 (m, 2H), 5.92 (d, J = 7.8 Hz, 1H), 

5.29−4.96 (m, 2H), 4.49−4.25 (m, 1H), 3.77 (s, 3H), 2.58−2.42 (m, 1H), 2.36 (dt, J = 16.6, 

6.9 Hz, 1H), 2.15 (dq, J = 13.4, 6.3 Hz, 1H), 2.06−1.93 (m, 1H), 1.45 (s, 9H). 13C NMR 

(126 MHz, chloroform-d): δ 173.1, 169.4, 156.5, 136.1, 130.7, 128.5, 128.2, 128.0, 121.7, 

114.1, 81.2, 67.2, 55.5, 54.9, 31.9, 28.2, 28.1. MS (ESI) m/z: 443.1 [M + H]+, MS (ESI) 

m/z: 465.2 [M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-((3-methoxyphenyl)amino)-5-
oxopentanoate (62f).—Yield, 87%. 1H NMR (500 MHz, chloroform-d): δ 8.75 (s, 1H), 
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7.28−7.14 (m, 6H),7.05 (t, J = 8.1 Hz, 1H), 6.96−6.74 (m, 1H), 6.54 (dd, J = 8.3, 2.5 Hz, 

1H), 5.98 (d, J = 8.2 Hz, 1H), 5.05−4.89 (m, 2H), 4.33 (d, J = 8.4 Hz, 1H), 3.64 (s, 3H), 

2.44−2.33 (m, 1H), 2.28 (dt, J = 16.8, 7.0 Hz, 1H), 2.10−2.04 (m, 1H), 1.96−1.83 (m, 1H), 

1.34 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.9, 169.9, 160.1, 156.6, 138.9, 

136.1, 129.6, 128.5, 128.2, 128.0, 112.1, 110.5, 105.5, 81.1, 67.2, 55.2, 55.1, 38.6, 31.8, 

28.1. MS (ESI) m/z: 465.2 [M + Na]+, MS (ESI) m/z: 907.4 [2M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoate (62g).—Yield, 82%. 1H NMR (500 

MHz, chloroform-d): δ 8.97 (s, 1H), 7.75−7.40 (m, 2H), 7.31 (d, J = 4.1 Hz, 5H), 7.09 (d, J 
= 8.6 Hz, 2H), 6.03 (d, i = 7.8 Hz, 1H), 5.10 (d, J = 5.2 Hz, 2H), 4.39 (t, J = 7.2 Hz, 1H), 

2.50 (dt, J = 16.6, 7.1 Hz, 1H), 2.38 (dt, J = 16.8, 6.8 Hz, 1H), 2.15 (ddt, J = 13.9, 7.4, 5.9 

Hz, 1H), 2.02 (dt, J = 14.4, 7.2 Hz, 1H), 1.44 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 
173.1, 169.9, 156.7, 145.3, 136.3, 136.0, 128.6, 128.3, 128.0, 121.6, 121.0, 120.5 (q, J = 190 

Hz), 81.4, 67.3, 55.1, 31.8, 28.0, 27.9. MS (ESI) m/z: 519.2 [M + Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-oxo-5-((3-
(trifluoromethoxy)phenyl)amino)pentanoate (62h).—Yield, 80%. 1H NMR (500 

MHz, chloroform-d): δ 9.10 (s, 1H), 7.50 (s, 1H), 7.24−7.13 (m, 6H), 7.09 (t, J = 8.2 Hz, 

1H), 6.80 (d, J = 8.2 Hz, 1H), 6.10 (d, J = 7.9 Hz, 1H), 4.98 (q, J = 12.3 Hz, 2H), 4.34 (t, J = 

7.3 Hz, 1H), 2.36 (dt, J = 16.7, 7.3 Hz, 1H), 2.28 (dt, J = 16.8, 6.9 Hz, 1H), 2.06 (dtd, J = 

14.5, 7.2, 5.5 Hz, 1H), 1.97−1.85 (m, 1H), 1.33 (s, 9H). 13C NMR (126 MHz, chloroform-

d): δ 172.9, 170.3, 156.8, 149.4 (d, J = 1.9 Hz), 139.2, 136.0, 129.8, 128.5, 128.2, 127.9, 

120.4 (d, J = 257.2 Hz), 117.9, 116.3, 112.6, 81.3, 67.3, 55.1, 31.7, 28.0, 27.8. MS (ESI) 

m/z: 519.2 [M + Na]+, MS (ESI) m/z: 495.3 [M – H]−.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-((3,5-
dimethoxyphenyl)amino)-5-oxopentanoate (62i).—Yield, 85%. 1H NMR (500 MHz, 

chloroform-d): δ 8.62 (s, 1H), 7.33 (d, J = 4.0 Hz, 5H), 6.77 (d, J = 2.3 Hz, 2H), 6.23 (t, J = 

2.2 Hz, 1H), 5.88 (d, J = 7.7 Hz, 1H), 5.27−4.84 (m, 2H), 4.55−4.22 (m, 1H), 3.75 (s, 6H), 

2.51 (dt, J = 14.7, 6.8 Hz, 1H), 2.42−2.31 (m, 1H), 2.15 (ddt, J = 13.8, 7.5, 6.0 Hz, 1H), 2.01 

(dt, J = 14.4, 7.2 Hz, 1H), 1.45 (s, 9H). 13C NMR(126 MHz, chloroform-d): δ 173.1, 169.7, 

161.0, 156.6, 139.3, 136.0, 128.5, 128.2, 128.0, 98.1, 97.0, 81.3, 67.2, 55.4, 55.1, 31.9, 28.1. 

MS (ESI) m/z: 473.3 [M + H]+, MS (ESI) m/z: 495.3 [M + Na]+, MS (ESI) m/z: 967.4 [2M 

+ Na]+.

tert-Butyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-((3-methoxy-5-
(trifluoromethyl)phenyl)amino)-5-oxopentanoate (62j).—Yield, 81%. 1H NMR (500 

MHz, chloroform-d): δ 9.06 (s, 1H), 7.39−7.11 (m, 7H), 6.72 (s, 1H), 6.02 (d, J = 7.8 Hz, 

1H), 5.01 (q, J = 12.2 Hz, 2H), 4.34 (d, J = 7.1 Hz, 1H), 3.65 (s, 3H), 2.49−2.34 (m, 1H), 

2.29 (dt, J = 16.7, 6.9 Hz, 1H), 2.11−2.00 (m, 1H), 2.02−1.88 (m, 1H), 1.34 (s, 9H). 13C 

NMR (126 MHz, chloroform-d): δ 172.9, 170.3, 160.2, 156.8, 139.5, 135.9, 131.9 (q, J = 

32.6 Hz), 128.5, 128.3, 128.0, 123.7 (q, J = 272.5 Hz), 108.7, 108.3, 106.9 (d, J = 4.0 Hz), 

81.3, 67.4, 55.5, 55.2, 31.7, 28.0, 27.8. MS (ESI) m/z: 533.2 [M + Na]+, MS (ESI) m/z: 

509.2 [M – H]−.
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tert-Butyl (S)-5-(Benzo[d][1,3]dioxol-5-ylamino)-4-(((benzyloxy)-
carbonyl)amino)-5-oxopentanoate (62k).—Yield, 85%. 1H NMR (500 MHz, 

chloroform-d): δ 8.75 (s, 1H), 7.27−7.13 (m, 5H), 7.07 (d, J = 2.2 Hz, 1H), 6.65 (dd, J = 8.4, 

2.1 Hz, 1H), 6.52 (d, J = 8.3 Hz, 1H), 6.13 (d, J = 8.0 Hz, 1H), 5.77 (s, 2H), 5.10−4.78 (m, 

2H), 4.32 (d, J = 7.3 Hz, 1H), 2.30 (qt, J = 16.6, 7.3 Hz, 2H), 2.11−1.99 (m, 1H), 1.92 (dt, J 
= 14.4, 7.4 Hz, 1H), 1.33 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.7, 169.8, 

156.7, 147.6, 144.2, 136.1, 131.9, 128.5, 128.1, 127.9, 113.3, 107.9, 102.8, 101.2, 81.0, 

67.1, 55.0, 31.8, 28.1. MS (ESI) m/z: 457.3 [M + H]+, MS (ESI) m/z: 479.2 [M + Na]+, MS 

(ESI) m/z: 935.4 [2M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-(isopentylamino)-5-oxopentanoate (63a).—Yield, 86%. 1H 

NMR (500 MHz, chloroform-d): δ 7.46−7.28 (m, 6H), 6.57 (d, J = 5.9 Hz, 1H), 5.86 (d, J = 

8.3 Hz, 1H), 5.12 (q, J = 12.2 Hz, 2H), 4.46 (dt, J = 8.5, 5.4 Hz, 1H), 4.35 (td, J = 8.1, 4.7 

Hz, 1H), 3.31−3.15 (m, 2H), 2.89 (dd, J = 16.9, 4.7 Hz, 1H), 2.70 (dd, J = 16.9, 6.1 Hz, 1H), 

2.43−2.34 (m, 1H), 2.33−2.23 (m, 1H), 2.17−2.05 (m, 1H), 1.95 (dq, J = 14.5, 7.1 Hz, 1H), 

1.58 (td, J = 13.3, 6.6 Hz, 1H), 1.42 (d, J = 5.0 Hz, 20H), 0.89 (dd, J = 6.6, 0.9 Hz, 6H). 13C 

NMR (126 MHz, chloroform-d): δ 173.6, 170.9, 170.7, 170.4, 156.1, 136.0, 128.6, 128.3, 

128.1, 81.9, 81.0, 67.3, 53.3, 51.67, 38.3, 37.9, 37.3, 31.7, 28.05, 28.03, 27.1, 25.8, 22.4. MS 

(ESI) m/z: 600.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-oxo-5-(phenylamino)pentanoate (63b).—Yield, 83%. 1H NMR 

(500 MHz, chloroform-d): δ 8.69 (s, 1H), 7.60 (t, J = 8.9 Hz, 3H), 7.46−7.22 (m, 7H), 

7.15−6.99 (m, 1H), 5.91 (d, J = 8.2 Hz, 1H), 5.24−5.02 (m, 2H), 4.53 (tt, J = 10.3, 5.3 Hz, 

2H), 2.92 (dd, J = 16.9, 4.8 Hz, 1H), 2.73 (dd, J = 16.9, 6.1 Hz, 1H), 2.51 (ddd, J = 17.1, 8.2, 

5.6 Hz, 1H), 2.36 (ddd, J = 17.1, 7.3, 5.6 Hz, 1H), 2.25−2.16 (m, 1H), 2.05 (dt, J = 14.5, 7.4 

Hz, 1H), 1.44 (s, 9H), 1.41 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 173.8, 171.1, 

170.9, 168.9, 156.2, 137.8, 136.0, 128.8, 128.6, 128.3, 128.2, 124.3, 120.1, 82.1, 81.3, 67.4, 

53.9, 51.8, 37.3, 31.8, 28.1, 28.0, 26.9. MS (ESI) m/z: 606.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-oxo-5-((4-(trifluoromethyl)phenyl) amino)pentanoate (63c).
—Yield, 82%. 1H NMR (500 MHz, acetone-d6): δ 9.50 (s, 1H), 7.94 (d, J = 8.4 Hz, 2H), 

7.84 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 8.5 Hz, 2H), 7.44−7.17 (m, 5H), 6.91 (d, J = 7.6 Hz, 

1H), 5.23−4.97 (m, 2H), 4.77−4.37 (m, 2H), 2.95−2.83 (m, 1H), 2.76 (dd, J = 16.5, 6.8 Hz, 

1H), 2.38 (ddd, J = 11.3, 9.1, 6.3 Hz, 2H), 2.28−2.18 (m, 1H), 2.00−1.83 (m, 1H), 1.41 (s, 

9H), 1.41 (s, 9H). 13C NMR (126 MHz, acetone-d6): δ 171.8, 171.0, 170.2, 170.0, 156.5, 

142.3, 136.9, 128.4, 127.9, 127.8, 125.9 (q, J = 3.8 Hz), 124.7 (d, J = 32.5 Hz), 124.5 (d, J = 

268.7 Hz), 119.5, 119.4, 80.7, 79.7, 66.3, 53.5, 52.2, 37.0, 31.2, 27.4, 27.3, 26.8. MS (ESI) 

m/z: 674.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-oxo-5-((3-(trifluoromethyl)phenyl)amino)pentanoate (63d).
—Yield, 83%. 1H NMR (500 MHz, chloroform-d): δ 9.06 (s, 1H), 7.84 (s, 1H), 7.78−7.59 
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(m, 2H), 7.41−6.94 (m, 7H), 6.04 (d, J = 9.7 Hz, 1H), 5.23−4.85 (m, 2H), 4.60−4.33 (m, 

2H), 2.85−2.66 (m, 2H), 2.42−2.21 (m, 2H), 2.18−2.06 (m, 1H), 1.99−1.88 (m, 1H), 

1.40−1.32 (m, 9H), 1.30 (d, J = 2.3 Hz, 9H). 13C NMR (126 MHz, chloroform-d): δ 173.4, 

171.4, 170.8, 169.6, 156.3, 138.5, 136.0, 131.0 (q, J = 32.5 Hz), 129.3, 128.5, 128.2, 128.0, 

123.9 (q, J = 271.2 Hz), 123.2, 120.7 (d, J = 4.0 Hz), 116.8 (d, J = 4.3 Hz), 82.1, 81.2, 67.3, 

53.9, 51.9, 37.3, 31.7, 28.0, 27.9, 26.7. MS (ESI) m/z: 674.2 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-((4-methoxyphenyl)amino)-5-oxopentanoate (63e).—Yield, 

82%. 1H NMR (500 MHz, chloroform-d): δ 8.56 (s, 1H), 7.59 (d, J = 7.4 Hz, 1H), 7.48 (d, J 
= 8.6 Hz, 2H), 7.37−7.27 (m, 5H), 6.90−6.65 (m, 2H), 5.92 (d, J = 8.1 Hz, 1H), 5.13 (q, J = 

12.2 Hz, 2H), 4.52 (tt, J = 10.3, 5.3 Hz, 2H), 3.77 (s, 3H), 2.90 (dd, J = 16.9, 4.9 Hz, 1H), 

2.73 (dd, J = 16.8, 6.1 Hz, 1H), 2.48 (ddd, J = 17.0, 8.0, 5.9 Hz, 1H), 2.40−2.29 (m, 1H), 

2.23−2.12 (m, 1H), 2.04 (d, J = 2.7 Hz, 1H), 1.43 (s, 9H), 1.40 (s, 9H). 13C NMR (126 MHz, 

chloroform-d): δ 173.7, 171.0, 170.9, 168.7, 156.4, 156.2, 136.0, 131.0, 128.6, 128.3, 128.1, 

121.8, 114.0, 82.1, 81.2, 67.4, 55.5, 53.7, 51.8, 37.3, 31.8, 28.1, 28.0, 26.9. MS (ESI) m/z: 

614.3 [M + H]+, MS (ESI) m/z: 636.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-((3-methoxyphenyl)amino)-5-oxopentanoate (63f).—Yield, 

88%. 1H NMR (500 MHz, chloroform-d): δ 8.79 (s, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.33−7.13 

(m, 6H), 7.08−6.92 (m, 2H), 6.53 (ddd, J = 8.1, 2.5, 1.0 Hz, 1H), 6.05 (d, J = 8.2 Hz, 1H), 

5.18−4.94 (m, 2H), 4.61−4.41 (m, 2H), 3.65 (s, 3H), 2.77 (dd, J = 16.8, 5.3 Hz, 1H), 2.65 

(dd, J = 16.8, 6.2 Hz, 1H), 2.39−2.30 (m, 1H), 2.26 (dt, J = 16.8, 6.8 Hz, 1H), 2.11 (dt, J = 

13.4, 6.9 Hz, 1H), 1.94 (q, J = 5.7, 4.2 Hz, 1H), 1.33 (s, 9H), 1.30 (s, 9H). 13C NMR (126 

MHz, chloroform-d): δ 173.2, 171.3, 170.7, 169.2, 160.0, 156.2, 139.1, 136.0, 129.4, 128.5, 

128.2, 128.1, 112.4, 110.3, 105.7, 81.9, 81.0, 67.3, 55.2, 53.7, 51.8, 37.4, 31.7, 28.0, 27.9, 

27.1. MS (ESI) m/z: 636.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-oxo-5-((4-(trifluoromethoxy)phenyl)amino)pentanoate (63g).
—Yield, 87%. 1H NMR (500 MHz, chloroform-d): δ 8.95 (s, 1H), 7.70 (d, J = 7.4 Hz, 1H), 

7.54 (d, J = 8.6 Hz, 2H), 7.38−7.15 (m, 5H), 7.08−6.87 (m, 2H), 6.04 (d, J = 8.0 Hz, 1H), 

5.36−4.93 (m, 2H), 4.49 (dp, J = 18.7, 6.4, 5.7 Hz, 2H), 2.77 (dd, J = 16.9, 5.2 Hz, 1H), 2.70 

(d, J = 6.3 Hz, 1H), 2.51−2.31 (m, 1H), 2.27 (dt, J = 16.9, 6.6 Hz, 1H), 2.18−2.10 (m, 1H), 

1.95 (q, J = 7.3, 6.9 Hz, 1H), 1.33 (s, 9H), 1.30 (s, 9H). 13C NMR (126 MHz, chloroform-d): 

δ 173.4, 171.4, 170.8, 169.3, 156.3, 145.2 (d, J = 2.0 Hz), 136.6, 136.0, 128.5, 128.2, 128.0, 

121.4, 121.2, 119.4, 82.0, 81.2, 67.3, 53.9, 51.8, 37.3, 31.7, 28.0, 27.9, 26.8. MS (ESI) m/z: 

690.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-oxo-5-((3-(trifluoromethoxy)phenyl)amino)pentanoate (63h).
—Yield, 84%. 1H NMR (500 MHz, chloroform-d): δ 8.87 (s, 1H), 7.60 (d, J = 19.4 Hz, 2H), 

7.51−7.40 (m, 1H), 7.31−7.13 (m, 6H), 6.87 (ddt, J = 8.2, 2.3, 1.1 Hz, 1H), 5.83 (d, J = 7.7 

Hz, 1H), 5.33−4.95 (m, 2H), 4.66−4.29 (m, 2H), 2.82 (dd, J = 16.8, 4.9 Hz, 1H), 2.70 (dd, J 
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= 16.8, 6.2 Hz, 1H), 2.43 (ddd, J = 17.2, 8.4, 5.3 Hz, 1H), 2.32−2.24 (m, 1H), 2.13 (ddd, J = 

13.8, 8.4, 4.3 Hz, 1H), 1.99 (dd, J = 14.0, 6.6 Hz, 1H), 1.37 (s, 9H), 1.34 (s, 9H). 13C NMR 

(126 MHz, chloroform-d): δ 174.0, 171.2, 170.9, 169.2, 156.3, 149.4, 139.3, 135.9, 129.8, 

128.6, 128.3, 128.1, 120.4 (d, J = 257.3 Hz), 118.1, 116.3, 112.9, 82.3, 81.5, 67.4, 54.0, 

51.9, 37.2, 31.8, 28.0, 27.9, 26.5. MS (ESI) m/z: 668.3 [M + H]+, MS (ESI) m/z: 690.3 [M + 

Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-((3,5-dimethoxyphenyl)amino)-5-oxopentanoate (63i).—
Yield, 87%. 1H NMR (500 MHz, chloroform-d): δ 8.64 (s, 1H), 7.59 (d, J = 7.4 Hz, 1H), 

7.40−7.27 (m, 5H), 6.86 (d, J = 2.3 Hz, 2H), 6.22 (t, J = 2.3 Hz, 1H), 5.91 (d, J = 8.1 Hz, 

1H), 5.31−5.03 (m, 2H), 4.51 (td, J = 7.8, 4.7 Hz, 2H), 3.76 (s, 6H), 2.92 (dd, J = 16.9, 4.9 

Hz, 1H), 2.72 (dd, J = 16.9, 6.0 Hz, 1H), 2.50 (ddd, J = 17.1, 8.2, 5.6 Hz, 1H), 2.35 (ddd, J = 

17.1, 7.2, 5.5 Hz, 1H), 2.23−2.09 (m, 1H), 2.11−1.96 (m, 1H), 1.44 (s, 9H), 1.41 (s, 9H). 
13C NMR (126 MHz, chloroform-d): δ 173.8, 171.2, 170.8, 169.0, 160.9, 156.2, 139.5, 

135.9, 128.6, 128.3, 128.1, 98.3, 97.0, 82.1, 81.3, 67.4, 55.4, 53.9, 51.8, 37.2, 31.8, 28.1, 

28.0, 26.9. MS (ESI) m/z: 644.3 [M + H]+, MS (ESI) m/z: 666.3 [M + Na]+.

tert-Butyl (S)-4-((S)-2-(((Benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-
oxobutanamido)-5-((3-methoxy-5-(trifluoromethyl)phenyl)amino)-5-
oxopentanoate (63j).—Yield, 86%. 1H NMR (500 MHz, chloroform-d): δ 8.98−8.91 (m, 

1H), 7.71 (d, J = 7.2 Hz, 1H), 7.63 (s, 1H), 7.43−7.27 (m, 6H), 6.94−6.80 (m, 1H), 

6.00−5.76 (m, 1H), 5.30−5.06 (m, 2H), 4.66−4.35 (m, 2H), 3.82 (d, J = 0.9 Hz, 3H), 

2.95−2.84 (m, 1H), 2.79 (dd, J = 16.8, 6.2 Hz, 1H), 2.50 (dtd, J = 17.3, 5.9, 5.3, 2.9 Hz, 1H), 

2.37 (ddd, J = 17.2, 7.4, 5.2 Hz, 1H), 2.20 (ddd, J = 13.4, 9.1, 4.5 Hz, 1H), 2.08 (dt, J = 14.6, 

7.4 Hz, 1H), 1.44 (s, 9H), 1.41 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 174.0 (d, J = 

3.1 Hz), 171.2, 170.9, 169.4, 160.2, 156.3, 139.7, 135.9, 131.9 (d, J = 32.5 Hz), 128.6, 

128.1, 123.8 (d, J = 272.5 Hz), 109.1, 108.6, 106.9 (d, J = 3.9 Hz), 82.3, 81.5, 67.4, 55.6, 

54.1, 51.9, 37.2, 31.8, 28.0, 27.9, 26.4. MS (ESI) m/z: 682.3 [M + H]+, MS (ESI) m/z: 704.3 

[M + Na]+.

tert-Butyl (S)-5-(Benzo[d][1,3]dioxol-5-ylamino)-4-((S)-2-
(((benzyloxy)carbonyl)amino)-4-(tert-butoxy)-4-oxobutanamido)-5-
oxopentanoate (63k).—Yield, 88%. 1H NMR (500 MHz, chloroform-d): δ 8.61 (q, J = 

5.9, 4.6 Hz, 1H), 7.54 (d, J = 7.4 Hz, 1H), 7.38−7.10 (m, 6H), 6.84 (d, J = 8.4 Hz, 1H), 6.61 

(dq, J = 8.5, 1.7 Hz, 1H), 5.91 (d, J = 8.8 Hz, 1H), 5.83 (q, J = 1.6 Hz, 2H), 5.05 (q, J = 12.4 

Hz, 2H), 4.45 (q, J = 6.8, 6.2 Hz, 2H), 2.79 (d, J = 3.7 Hz, 1H), 2.67 (dd, J = 16.9, 6.2 Hz, 

1H), 2.48−2.31 (m, 1H), 2.27 (dt, J = 16.8, 6.6 Hz, 1H), 2.16−2.05 (m, 1H), 2.04−1.84 (m, 

1H), 1.35 (d, J = 1.6 Hz, 9H), 1.33 (d, J = 1.5 Hz, 9H). 13C NMR (126 MHz, chloroform-d): 

δ 173.5, 171.1, 170.8, 168.8, 156.2, 147.6, 144.2, 136.0, 132.1, 128.5, 128.3, 128.1, 113.3, 

107.9, 102.8, 101.1, 82.0, 81.2, 67.3, 53.7, 51.8, 37.3, 31.8, 28.1, 28.0, 27.0. MS (ESI) m/z: 

628.3 [M + H]+, MS (ESI) m/z: 650.3 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-11-
(isopentylcarbamoyl)-5-(naphthalen-2-ylmethyl)-3,6,9-trioxo-1-phenyl-2-
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oxa-4,7,10-triazatetradecan-14-oate (64a).—Yield, 81%. 1H NMR (500 MHz, 

chloroform-d): δ 7.75−7.59 (m, 3H), 7.58−7.52 (m, 2H), 7.44 (d, J = 8.1 Hz, 1H), 7.40−7.28 

(m, 2H), 7.26−7.01 (m, 6H), 6.67 (t, J = 5.6 Hz, 1H), 5.54 (d, J = 5.7 Hz, 1H), 4.94 (s, 2H), 

4.61 (ddd, J = 7.9, 6.4, 4.5 Hz, 1H), 4.54−4.41 (m, 1H), 4.33 (td, J = 8.6, 4.5 Hz, 1H), 3.27 

(dd, J = 14.2, 5.0 Hz, 1H), 3.19−3.00 (m, 3H), 2.80 (dd, J = 16.9, 4.4 Hz, 1H), 2.53 (dd, J = 

16.9, 6.5 Hz, 1H), 2.24−2.04 (m, 3H), 1.90−1.76 (m, 1H), 1.52 (dp, J = 13.3, 6.6 Hz, 1H), 

1.30 (s, 9H), 1.28 (s, 11H), 0.81 (dd, J = 6.7, 3.0 Hz, 6H). 13C NMR (126 MHz, chloroform-

d): δ 172.6, 171.6, 171.0, 170.5, 170.2, 156.7, 135.7, 133.4, 132.5, 128.6, 128.5, 128.3, 

128.2, 128.0, 127.7, 127.6, 127.0, 126.3, 125.9, 82.0, 80.5, 67.5, 56.7, 53.1, 50.2, 38.2, 38.0, 

36.5, 31.9, 28.1, 28.0, 27.1, 22.52, 22.50. MS (ESI) m/z: 775.2 [M + H]+, MS (ESI) m/z: 

797.2 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-5-(naphthalen-2-
ylmethyl)-3,6,9-trioxo-1-phenyl-11-(phenylcarbamoyl)-2-oxa-4,7,10-
triazatetradecan-14-oate (64b).—Yield, 85%. 1H NMR (500 MHz, DMSO-d6): δ 9.92 

(s, 1H), 8.55 (d, J = 7.9 Hz, 1H), 8.07 (d, J = 7.9 Hz, 1H), 7.88 (dd, J = 6.9, 2.2 Hz, 1H), 

7.86−7.75 (m, 3H), 7.69−7.58 (m, 3H), 7.56−7.41 (m, 3H), 7.37−7.27 (m, 2H), 7.27−7.11 

(m, 5H), 7.09−6.98 (m, 1H), 4.90 (d, J = 2.3 Hz, 2H), 4.66 (td, J = 7.8, 6.1 Hz, 1H), 4.43 

(tdd, J = 10.9, 7.9, 4.3 Hz, 2H), 3.19 (dd, J = 13.9, 3.7 Hz, 1H), 2.94 (dd, J = 13.8, 10.9 Hz, 

1H), 2.77 (dd, J = 16.2, 6.0 Hz, 1H), 2.56 (dd, J = 16.2, 7.8 Hz, 1H), 2.37−2.20 (m, 2H), 

2.01 (ddd, J = 14.0, 6.8, 3.4 Hz, 1H), 1.90−1.73 (m, 1H), 1.38 (s, 9H), 1.32 (s, 9H). 13C 

NMR (126 MHz, DMSO-d6): δ 172.2, 172.0, 170.7, 170.1, 169.9, 156.3, 139.1, 137.4, 

136.3, 133.4, 132.3, 129.2, 128.6, 128.3, 128.1, 127.99, 127.97, 127.91, 127.80, 127.7, 

126.4, 125.9, 124.0, 119.8, 80.8,80.2, 65.6, 56.6, 53.2, 50.1, 38.1, 37.6, 31.6, 28.13, 28.11, 

27.8. MS (ESI) m/z: 781.1 [M + H]+, MS (ESI) m/z: 803.1 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-5-(naphthalen-2-
ylmethyl)-3,6,9-trioxo-1-phenyl-11-((4-(trifluoromethyl)phenyl)carbamoyl)-2-
oxa-4,7,10-triazatetradecan-14-oate (64c).—Yield, 74%. 1H NMR (500 MHz, 

chloroform-d): δ 8.81 (d, J = 7.1 Hz, 1H), 7.88 (d, J = 8.2 Hz, 2H), 7.85−7.62 (m, 6H), 

7.59−7.51 (m, 2H), 7.51−7.43 (m, 2H), 7.35−7.12 (m, 6H), 5.33 (t, J = 9.6 Hz, 1H), 

5.14−4.93 (m, 2H), 4.71−4.62 (m, 1H), 4.55 (d, J = 8.6 Hz, 1H), 4.48 (q, J = 5.1, 4.5 Hz, 

1H), 3.43 (dd, J = 14.5, 4.9 Hz, 1H), 3.15 (dd, J = 14.2, 8.9 Hz, 1H), 3.00 (dd, J = 17.2, 4.4 

Hz, 1H), 2.70−2.56 (m, 1H), 2.33 (p, J = 4.1 Hz, 3H), 2.01−1.91 (m, 1H), 1.41 (s, 9H), 1.36 

(s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.4, 172.2, 171.2, 170.5, 169.6, 157.1, 

141.3, 135.3, 133.4, 132.8, 132.6, 129.0, 128.6, 128.5, 128.3, 127.9, 127.8, 127.6, 126.6, 

126.5, 126.2, 126.02, 125.96, 125.90, 125.6, 125.3, 123.2, 119.7, 82.5, 80.7, 68.0, 57.2, 

53.9, 50.8, 37.7, 35.7, 32.1, 28.0, 27.9, 26.5. MS (ESI) m/z: 871.3 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-5-(naphthalen-2-
ylmethyl)-3,6,9-trioxo-1-phenyl-11-((3-(trifluoromethyl)phenyl)carbamoyl)-2-
oxa-4,7,10-triazatetradecan-14-oate (64d).—Yield, 76%. 1H NMR (500 MHz, 

chloroform-d): δ 8.95 (s, 1H), 7.95 (s, 1H), 7.89−7.70 (m, 3H), 7.65−7.53 (m, 3H), 7.48 (d, 

J = 1.6 Hz, 1H), 7.28 (dd, J = 6.2, 3.3 Hz, 2H), 7.22−7.14 (m, 3H), 7.14−6.99 (m, 5H), 5.85 

(d, J = 6.2 Hz, 1H), 4.89 (q, J = 12.3 Hz, 2H), 4.78−4.69 (m, 1H), 4.66−4.56 (m, 1H), 4.51 
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(q, J = 8.3, 5.8 Hz, 1H), 3.23 (dd, J = 14.3, 4.9 Hz, 1H), 3.04 (dd, J = 14.1, 8.8 Hz, 1H), 2.75 

(dd, J = 17.1, 4.6 Hz, 1H), 2.61 (dd, J = 16.9, 7.0 Hz, 1H), 2.37−2.11 (m, 3H), 1.95−1.81 (m, 

1H), 1.25 (s, 9H), 1.24 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.4, 172.2, 170.9 

(d, J = 3.1 Hz), 169.7, 156.9, 138.8, 135.7, 133.5, 132.5, 131.0 (d, J = 32.2 Hz), 129.3, 

128.55, 128.51, 128.4, 128.3, 128.1, 127.7, 127.6, 127.0, 126.3, 125.9, 125.1, 123.2, 123.0, 

120.6, 116.9 (d, J = 4.0 Hz), 82.2, 80.8, 67.5, 56.8, 53.8, 50.4, 38.4, 36.7, 31.8, 28.0, 27.9, 

26.9. MS (ESI) m/z: 871.3 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-11-((4-
methoxyphenyl)carbamoyl)-5-(naphthalen-2-ylmethyl)-3,6,9-trioxo-1-phenyl-2-
oxa-4,7,10-triazatetradecan-14-oate (64e).—Yield, 83%. 1H NMR (500 MHz, 

chloroform-d): δ 8.46 (s, 1H), 7.77−7.62 (m, 3H), 7.58−7.48 (m, 5H), 7.38−7.34 (m, 2H), 

7.26−7.11 (m, 6H), 6.74 (d, J = 9.0 Hz, 2H), 5.42 (d, J = 5.5 Hz, 1H), 4.95 (d, J = 2.7 Hz, 

2H), 4.63 (ddd, J = 7.7, 6.2, 4.4 Hz, 1H), 4.46 (q, J = 5.5, 4.8 Hz, 2H), 3.68 (s, 3H), 

3.40−3.20 (m, 1H), 3.07 (dd, J = 14.2, 8.6 Hz, 1H), 2.85 (dd, J = 17.2, 4.4 Hz, 1H), 2.54 (dd, 

J = 17.0, 6.3 Hz, 1H), 2.31−2.15 (m, 3H), 1.90 (dt, J = 11.9, 3.7 Hz, 1H), 1.29 (s, 9H), 1.28 

(s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.6, 171.9, 171.1, 170.4, 168.8, 156.8, 

156.3, 135.6, 133.4, 133.2, 132.6, 131.3, 128.7, 128.5, 128.3, 128.2, 128.0, 127.7, 127.6, 

126.9, 126.4, 126.0, 121.7, 113.9, 82.2, 80.6, 67.6, 56.9, 55.4, 53.7, 50.4, 37.9, 36.2, 32.0, 

28.0, 27.9, 26.9. MS (ESI) m/z: 833.3 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-11-((3-
methoxyphenyl)carbamoyl)-5-(naphthalen-2-ylmethyl)-3,6,9-trioxo-1-phenyl-2-
oxa-4,7,10-triazatetradecan-14-oate (64f).—Yield, 80%. 1H NMR (500 MHz, 

chloroform-d): δ 8.65 (s, 1H), 7.81−7.55 (m, 5H), 7.54−7.47 (m, 1H), 7.37 (t, J = 2.2 Hz, 

1H), 7.32 (dd, J = 6.2, 3.2 Hz, 2H), 7.23−6.99 (m, 8H), 6.58−6.45 (m, 1H), 5.64 (d, J = 5.8 

Hz, 1H), 4.92 (s, 2H), 4.73−4.63 (m, 1H), 4.51 (ddd, J = 21.6, 10.8, 5.9 Hz, 2H), 3.63 (s, 

3H), 3.26 (dd, J = 14.2, 5.0 Hz, 1H), 3.05 (dd, J = 14.1, 8.7 Hz, 1H), 2.80 (dd, J = 17.2, 4.4 

Hz, 1H), 2.55 (dd, J = 17.0, 6.6 Hz, 1H), 2.30−2.11 (m, 3H), 1.91−1.77 (m, 1H), 1.27 (s, 

9H), 1.27 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.5, 171.9, 171.0, 170.7, 169.3, 

160.0, 156.8, 139.3, 135.7, 133.4 (d, J = 2.6 Hz), 132.5, 129.5, 128.6, 128.5, 128.3, 128.2, 

128.0, 127.7, 127.6, 127.0, 126.3, 125.9, 112.4, 110.3, 105.6, 82.2, 80.6, 67.5, 56.8, 55.2, 

53.8, 50.3, 38.2, 36.5, 31.9, 28.1, 28.0, 27.0. MS (ESI) m/z: 833.4 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-5-(naphthalen-2-
ylmethyl)-3,6,9-trioxo-1-phenyl-11-((4-(trifluoromethoxy)phenyl)carbamoyl)-2-
oxa-4,7,10-triazatetradecan-14-oate (64g).—Yield, 79%. 1H NMR (500 MHz, 

chloroform-d): δ 8.64 (dd, J = 11.5, 4.6 Hz, 1H), 7.84−7.64 (m, 5H), 7.59 (d, J = 26.7 Hz, 

3H), 7.44−7.32 (m, 2H), 7.25−7.13 (m, 6H), 7.07 (dd, J = 8.9, 3.3 Hz, 2H), 5.30 (d, J = 28.7 

Hz, 1H), 5.11−4.84 (m, 2H), 4.68−4.54 (m, 1H), 4.50−4.25 (m, 2H), 3.44−3.26 (m, 1H), 

3.07 (dd, J = 14.2, 8.8 Hz, 1H), 2.90 (d, J = 17.1 Hz, 1H), 2.54 (ddd, J = 17.0, 5.9, 2.3 Hz, 

1H), 2.32−2.16 (m, 2H), 1.96−1.81 (m, 2H), 1.32 (s, 9H), 1.28 (s, 9H). 13C NMR (126 

MHz, chloroform-d): δ 172.5, 172.2, 171.2, 170.4, 169.3, 157.0, 145.1, 136.9, 135.3, 133.4, 

132.9, 132.6, 128.9, 128.6, 128.5, 128.3, 128.0, 127.7, 127.6, 126.7, 126.5, 126.1, 121.5, 
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121.2, 82.4, 80.7, 67.9, 57.2, 53.8, 50.7, 37.7, 35.7, 32.1, 28.0, 27.9, 26.6. MS (ESI) m/z: 

887.4 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-5-(naphthalen-2-
ylmethyl)-3,6,9-trioxo-1-phenyl-11-((3-(trifluoromethoxy)phenyl)carbamoyl)-2-
oxa-4,7,10-triazatetradecan-14-oate (64h).—Yield, 80%. 1H NMR (500 MHz, 

chloroform-d): δ 8.89 (s, 1H), 7.88 (d, J = 7.6 Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.68−7.53 

(m, 4H), 7.47 (dd, J = 15.1, 5.0 Hz, 2H), 7.28 (dd, J = 6.2, 3.2 Hz, 2H), 7.22−7.17 (m, 1H), 

7.14−7.04 (m, 6H), 6.89−6.63 (m, 1H), 5.84 (d, J = 6.2 Hz, 1H), 4.89 (q, J = 12.3 Hz, 2H), 

4.77−4.67 (m, 1H), 4.62−4.59 (m, 1H), 4.52−4.46 (m, 1H), 3.25 (dd, J = 14.2, 4.8 Hz, 1H), 

3.05 (dd, J = 14.1, 8.8 Hz, 1H), 2.76 (dd, J = 17.1, 4.6 Hz, 1H), 2.60 (dd, J = 16.9, 6.9 Hz, 

1H), 2.30−2.11 (m, 3H), 1.89 (s, 1H), 1.25 (s, 18H). 13C NMR (126 MHz, chloroform-d): δ 
172.3, 172.1, 170.87, 170.86, 169.6, 156.9, 149.43, 149.41, 139.7, 135.7, 133.5, 133.4, 

132.5, 129.8, 128.55, 128.50, 128.3, 128.1 (d, J = 2.2 Hz), 127.7, 127.6, 127.0, 126.3, 125.9, 

120.5 (d, J = 257.1 Hz), 118.2, 116.1, 112.9, 82.2, 80.7, 67.5, 56.8, 53.8, 50.3, 38.4, 36.7, 

31.8, 28.0, 27.9, 26.9. MS (ESI) m/z: 887.4 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-11-((3,5-
dimethoxyphenyl)carbamoyl)-5-(naphthalen-2-ylmethyl)-3,6,9-trioxo-1-
phenyl-2-oxa-4,7,10-triazatetradecan-14-oate (64i).—Yield, 81%. 1H NMR (500 

MHz, chloroform-d): δ 8.55 (s, 1H), 7.84−7.55 (m, 5H), 7.52 (d, J = 1.6 Hz, 1H), 7.38−7.29 

(m, 2H), 7.21−7.11 (m, 6H), 6.92 (s, 2H), 6.13 (t, J = 2.3 Hz, 1H), 5.49 (d, J = 5.4 Hz, 1H), 

4.94 (s, 2H), 4.63 (ddd, J = 7.6, 6.1, 4.4 Hz, 1H), 4.47 (h, J = 4.8 Hz, 2H), 3.64 (s, 6H), 3.27 

(dd, J = 14.1, 5.1 Hz, 1H), 3.05 (dd, J = 14.2, 8.6 Hz, 1H), 2.84 (dd, J = 17.6, 4.2 Hz, 1H), 

2.53 (dd, J = 17.3, 6.4 Hz, 1H), 2.29−2.13 (m, 3H), 1.91 (d, J = 24.4 Hz, 1H), 1.29 (s, 9H), 

1.27 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.5, 171.9, 171.1, 170.6, 169.2, 

160.9, 156.9, 139.9, 135.6, 133.4, 133.3, 132.6, 128.7, 128.5, 128.3, 128.2, 128.0, 127.7, 

127.6, 126.9, 126.4, 126.0, 98.3, 97.0, 82.2, 80.6, 67.7, 56.9, 55.3, 53.8, 50.5, 38.0, 36.2, 

32.0, 28.0, 27.9, 26.9. MS (ESI) m/z: 863.4 [M + Na]+.

tert-Butyl (5S,8S,11S)-8-(2-(tert-Butoxy)-2-oxoethyl)-11-((3-methoxy-5-
(trifluoromethyl)phenyl)carbamoyl)-5-(naphthalen-2-yl-methyl)-3,6,9-trioxo-1-
phenyl-2-oxa-4,7,10-triazatetradecan-14-oate (64j).—Yield, 82%. 1H NMR (500 

MHz, chloroform-d): δ 8.82 (s, 1H), 7.75−7.54 (m, 6H), 7.50 (t, J = 2.5 Hz, 2H), 7.40−7.24 

(m, 2H), 7.24−7.02 (m, 6H), 6.75 (t, J = 1.8 Hz, 1H), 5.58 (d, J = 5.6 Hz, 1H), 4.92 (s, 2H), 

4.62 (td, J = 7.0, 4.8 Hz, 1H), 4.55−4.36 (m, 2H), 3.65 (s, 3H), 3.27 (dd, J = 14.2, 5.0 Hz, 

1H), 3.04 (dd, J = 14.2, 8.7 Hz, 1H), 2.81 (dd, J = 17.1, 4.4 Hz, 1H), 2.58 (dd, J = 17.0, 6.5 

Hz, 1H), 2.26−2.11 (m, 3H), 1.92 (s, 1H), 1.28 (s, 9H), 1.26 (s, 9H). 13C NMR (126 MHz, 

chloroform-d): δ 172.4, 172.2, 171.0, 170.7, 169.6, 160.2, 157.0, 140.0, 135.5, 133.4, 133.2, 

132.6, 131.8 (q, J = 32.3 Hz), 128.7, 128.5, 128.4, 128.2, 128.0, 127.7, 127.6, 126.8, 126.4, 

126.0, 125.0, 122.8, 109.1 (d, J = 4.3 Hz), 108.6, 106.9 (d, J = 4.1 Hz), 82.4, 80.7, 67.7, 

57.0, 55.5, 53.8, 50.6, 38.0, 36.2, 31.9, 28.0, 27.9, 26.7. MS (ESI) m/z: 901.4 [M + Na]+, 

MS (ESI) m/z: 877.2 [M – H]−.
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tert-Butyl (5S,8S,11S)-11-(Benzo[d][1,3]dioxol-5-ylcarbamoyl)-8-(2-(tert-
butoxy)-2-oxoethyl)-5-(naphthalen-2-ylmethyl)-3,6,9-trioxo-1-phenyl-2-
oxa-4,7,10-triazatetradecan-14-oate (64k).—Yield, 80%. 1H NMR (500 MHz, 

chloroform-d): δ 8.54 (s, 1H), 7.65 (ddt, J = 17.6, 13.4, 5.0 Hz, 5H), 7.52 (d, J = 1.7 Hz, 

1H), 7.43−7.31 (m, 2H), 7.30−7.26 (m, 1H), 7.22−7.09 (m, 6H), 6.93−6.85 (m, 1H), 6.59 (d, 

J = 8.4 Hz, 1H), 5.79 (s, 2H), 5.58 (d, J = 5.7 Hz, 1H), 4.93 (s, 2H), 4.76−4.58 (m, 1H), 4.48 

(ddd, J = 19.7, 9.4, 5.0 Hz, 2H), 3.36−3.21 (m, 1H), 3.05 (dd, J = 14.2, 8.7 Hz, 1H), 2.81 

(dd, J = 17.1, 4.5 Hz, 1H), 2.62−2.46 (m, 1H), 2.33−2.14 (m, 3H), 1.90 (dd, J = 14.9, 8.6 Hz, 

1H), 1.28 (s, 9H), 1.27 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 172.5, 171.9, 171.0, 

170.5, 168.9, 156.8, 147.5, 144.0, 135.7, 133.4, 133.3, 132.5, 132.4, 128.6, 128.5, 128.3, 

128.2, 128.0, 127.7, 127.6, 127.0, 126.3, 125.9, 113.3, 107.9, 102.8, 101.1, 82.2, 80.6, 67.6, 

56.8, 53.7, 53.5, 50.4, 38.1, 36.4, 32.0, 28.1, 28.0, 27.0. MS (ESI) m/z: 825.3 [M + H]+, MS 

(ESI) m/z: 847.4 [M + Na]+.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-
(isopentylamino)-5-oxopentanoate (65a).—Yield, 89%. 1HNMR (500 MHz, 

chloroform-d): δ 7.76−7.61 (m, 3H), 7.59−7.50 (m, 2H), 7.44 (d, J = 8.1 Hz, 1H), 7.39−7.31 

(m, 2H), 7.26−7.08 (m, 6H), 6.67 (t, J = 5.6 Hz, 1H), 5.54 (d, J = 5.7 Hz, 1H), 4.94 (s, 2H), 

4.61 (ddd, J = 7.9, 6.4, 4.5 Hz, 1H), 4.53−4.42 (m, 1H), 4.33 (td, J = 8.6, 4.5 Hz, 1H), 3.27 

(dd, J = 14.2, 5.0 Hz, 1H), 3.20−2.92 (m, 3H), 2.80 (dd, J = 16.9, 4.4 Hz, 1H), 2.53 (dd, J = 

16.9, 6.5 Hz, 1H), 2.28−2.00 (m, 3H), 1.84 (tt, J = 15.7, 7.0 Hz, 1H), 1.52 (dt, J = 13.4, 6.7 

Hz, 1H), 1.30 (s, 9H), 1.28 (s, 9H), 0.81 (dd, J = 6.7, 3.0 Hz, 6H). 13C NMR (126 MHz, 

chloroform-d): δ 172.6, 171.6, 171.0, 170.5, 170.2, 156.7, 135.7, 133.4, 132.5, 128.6, 128.5, 

128.3, 128.2, 128.0, 127.7, 127.6, 127.0, 126.3, 125.9, 82.0, 80.5, 67.5, 56.7, 53.1, 50.2, 

38.2, 38.1, 38.0, 36.5, 31.9, 28.0, 27.9, 27.1, 25.8, 22.5. MS (ESI) m/z: 775.2 [M + H]+, MS 

(ESI) m/z: 797.2 [M + Na]+.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-oxo-5-
(phenylamino)pentanoate (65b).—Yield, 84%. 1HNMR (500 MHz, DMSO-d6): δ 9.92 

(s, 1H), 8.55 (d, J = 7.9 Hz, 1H), 8.07 (d, J = 7.9 Hz, 1H), 7.88 (dd, J = 6.9, 2.2 Hz, 1H), 

7.86−7.75 (m, 3H), 7.73−7.56 (m, 3H), 7.55−7.35 (m, 3H), 7.36−7.27 (m, 2H), 7.27−7.19 

(m, 3H), 7.19−7.13 (m, 2H), 7.12−6.92 (m, 1H), 5.00−4.81 (m, 2H), 4.66 (td, J = 7.8, 6.1 

Hz, 1H), 4.43 (tdd, J = 10.9, 7.9, 4.3 Hz, 2H), 3.23−3.09 (m, 1H), 2.94 (dd, J = 13.8, 10.9 

Hz, 1H), 2.77 (dd, J = 16.2, 6.0 Hz, 1H), 2.56 (dd, J = 16.2, 7.8 Hz, 1H), 2.38−2.18 (m, 2H), 

2.11−1.97 (m, 1H), 1.86 (ddt, J = 10.6, 5.2, 2.9 Hz, 1H), 1.38 (s, 9H), 1.32 (s, 9H). 13C 

NMR (126 MHz, DMSO-d6): δ 172.2, 172.0, 170.7, 170.1, 169.9, 156.3, 139.1, 137.4, 

136.3, 133.4, 132.3, 129.2, 128.6, 128.3, 128.1, 127.99, 127.97, 127.91, 127.8, 126.4, 125.9, 

119.8, 80.8, 80.2, 65.6, 56.6, 53.2, 50.1, 38.1, 37.6, 31.6, 28.13, 28.11, 27.8. MS (ESI) m/z: 

781.1 [M + H]+, MS (ESI) m/z: 803.1 [M + Na]+.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-oxo-5-((4-
(trifluoromethyl)phenyl)amino)pentanoate (65c).—Yield, 72%. 1H NMR (500 MHz, 
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chloroform-d): δ 11.05−10.69 (m, 1H), 8.90 (s, 1H), 8.10 (d, J = 7.5 Hz, 1H), 8.00 (d, J = 

7.5 Hz, 1H), 7.89 (d, J = 8.5 Hz, 2H), 7.84−7.69 (m, 4H), 7.59−7.49 (m, 3H), 7.49−7.43 (m, 

2H), 7.40−7.33 (m, 2H), 7.18 (dd, J = 8.8, 2.0 Hz, 1H), 6.87 (d, J = 4.5 Hz, 1H), 6.62 (d, J = 

2.2 Hz, 1H), 4.87 (dd, J = 9.5, 4.9 Hz, 1H), 4.69 (ddd, J = 7.6, 6.0, 4.5 Hz, 1H), 4.44 (ddd, J 
= 11.0, 7.3, 3.5 Hz, 1H), 3.56 (dd, J = 14.2, 5.3 Hz, 1H), 3.28 (dd, J = 14.2, 9.1 Hz, 1H), 

2.96 (dd, J = 16.9, 4.5 Hz, 1H), 2.82−2.58 (m, 1H), 2.53−2.32 (m, 3H), 2.30−2.21 (m, 1H), 

1.49 (s, 9H), 1.20 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 174.3, 172.1, 170.9, 170.8, 

169.8, 163.1, 141.1, 135.8, 133.5, 132.8, 132.7, 129.9, 129.2, 128.0, 127.78, 127.77, 127.5, 

126.7, 126.5, 126.3, 126.2, 125.9 (d, J = 3.9 Hz), 125.8, 125.5, 125.3, 123.1, 121.0, 119.8, 

113.7, 103.0, 82.5, 81.7, 56.4, 54.4, 51.0, 37.7, 35.7, 33.3, 28.1, 27.7, 27.5. MS (ESI) m/z: 

914.3 [M + Na]+, MS (ESI) m/z: 890.3 [M – H]−.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-oxo-5-((3-
(trifluoromethyl)phenyl)amino)pentanoate (65d).—Yield, 70%. 1H NMR (500 MHz, 

acetone-d6): δ 11.18−10.69 (m, 1H), 9.28 (s, 1H), 8.26 (dd, J = 7.2, 4.4 Hz, 2H), 8.10 (d, J = 

2.0 Hz, 1H), 7.99−7.73 (m, 2H), 7.64 (d, J = 1.7 Hz, 1H), 7.61−7.49 (m, 3H), 7.47 (d, J = 

2.0 Hz, 1H), 7.42−7.28 (m, 3H), 7.28−7.16 (m, 3H), 7.14−6.85 (m, 2H), 4.96 (ddd, J = 8.9, 

6.9, 5.7 Hz, 1H), 4.66 (q, J = 6.8 Hz, 1H), 4.38 (ddd, J = 9.5, 7.7, 4.8 Hz, 1H), 3.33 (dd, J = 

14.0, 5.7 Hz, 1H), 3.23 (dd, J = 14.0, 9.0 Hz, 1H), 2.75 (dd, J = 16.5, 6.5 Hz, 1H), 2.59 (dd, 

J = 16.5, 6.6 Hz, 1H), 2.27 (td, J = 9.3, 6.1 Hz, 2H), 2.21−2.08 (m, 1H), 1.98−1.87 (m, 1H), 

1.25 (s, 9H), 1.17 (s, 9H). 13C NMR (126 MHz, acetone-d6): δ 172.3, 172.1, 170.9, 170.14, 

170.10, 162.0, 139.6, 135.3, 135.0, 133.6, 132.4, 132.0, 130.4 (q, J = 31.9 Hz), 129.6, 128.6, 

127.9, 127.8, 127.5, 127.48, 127.47, 125.9, 125.5, 125.4, 125.3, 124.2, 123.2, 123.1, 120.0 

(q, J = 3.8 Hz), 116.0 (q, J = 4.1 Hz), 113.8, 103.1, 80.9, 80.0, 55.9, 53.8, 50.8, 37.4, 36.8, 

31.7, 27.4, 27.3, 27.0. MS (ESI) m/z: 914.3 [M + Na]+, MS (ESI) m/z: 890.3 [M – H]−.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-((4-
methoxyphenyl)amino)-5-oxopentanoate (65e).—Yield, 86%. 1H NMR (500 MHz, 

acetone-d6): δ 11.13−10.78 (m, 1H), 9.00 (s, 1H), 8.29 (t, J = 7.0 Hz, 2H), 7.88 (d, J = 8.0 

Hz, 1H), 7.68 (d, J = 1.6 Hz, 1H), 7.62−7.43 (m, 3H), 7.38−7.31 (m, 3H), 7.24 (dd, J = 6.3, 

3.2 Hz, 2H), 7.16−6.97 (m, 2H), 6.92−6.56 (m, 2H), 5.17−4.93 (m, 1H), 4.76 (q, J = 6.9 Hz, 

1H), 4.59−4.29 (m, 1H), 3.63 (s, 3H), 3.38 (dd, J = 14.0, 5.7 Hz, 1H), 3.27 (dd, J = 14.0, 9.0 

Hz, 1H), 2.79 (dd, J = 16.4, 6.6 Hz, 1H), 2.62 (dd, J = 16.4, 6.6 Hz, 1H), 2.38−2.25 (m, 2H), 

2.23−2.12 (m, 1H), 2.00−1.90 (m, 1H), 1.29 (s, 9H), 1.21 (s, 9H). 13C NMR (126 MHz, 

acetone-d6): δ 172.3, 171.8, 170.8, 170.0, 169.1, 161.9, 156.2, 135.3, 135.1, 133.6, 132.4, 

132.1, 131.9, 128.7, 127.9, 127.8, 127.6, 127.5, 127.4, 125.8, 125.4, 125.2, 124.2, 121.3, 

120.9, 113.8, 113.7, 103.0, 80.8, 79.9, 55.7, 54.8, 53.6, 50.6, 37.6, 37.1, 31.7, 27.5, 27.4, 

27.3. MS (ESI) m/z: 876.2 [M + Na]+.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-((3-
methoxyphenyl)amino)-5-oxopentanoate (65f).—Yield, 81%. 1H NMR (500 MHz, 

chloroform-d): δ 10.75 (s, 1H), 8.76 (s, 1H), 8.61 (s, 1H), 8.31 (s, 1H), 7.62 (s, 1H), 
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7.49−7.35 (m, 5H), 7.33−7.26 (m, 1H), 7.24−7.08 (m, 4H), 7.08−6.93 (m, 3H), 6.87 (s, 1H), 

6.50 (dt, J = 5.8, 2.7 Hz, 1H), 5.38 (s, 1H), 4.98 (s, 1H), 4.38 (s, 1H), 3.56 (s, 3H), 3.31 (t, J 
= 7.1 Hz, 1H), 3.23 (dd, J = 14.0, 7.8 Hz, 1H), 2.70 (qd, J = 17.1, 6.6 Hz, 2H), 2.42−2.07 

(m, 3H), 1.94 (s, 1H), 1.33 (s, 9H), 1.05 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 
173.4, 171.5, 171.2, 170.3, 169.6, 162.0, 160.0, 138.8, 135.5, 133.6, 133.3, 132.3, 130.9, 

129.5, 128.3, 128.2, 127.9, 127.5, 127.4, 127.1, 126.0, 125.9, 125.6, 125.0, 121.1, 113.7, 

112.9, 110.3, 106.5, 103.6, 81.9, 81.3, 55.2, 54.9, 54.2, 50.0, 38.9, 37.6, 32.2, 28.1, 27.7, 

27.5. MS (ESI) m/z: 876.3 [M + Na]+.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoate (65g).—Yield, 86%. 1H NMR (500 

MHz, chloroform-d): δ 10.99 (s, 1H), 8.76 (s, 1H), 8.07 (d, J = 7.6 Hz, 1H), 7.90−7.69 (m, 

7H), 7.52 (dt, J = 5.4, 2.9 Hz, 3H), 7.45−7.35 (m, 2H), 7.23−7.02 (m, 3H), 6.69 (d, J = 4.9 

Hz, 1H), 6.55 (d, J = 2.6 Hz, 1H), 4.76 (s, 1H), 4.70−4.60 (m, 1H), 4.45 (ddd, J = 10.7, 7.6, 

3.6 Hz, 1H), 3.61 (dd, J = 14.3, 4.9 Hz, 1H), 3.28 (dd, J = 14.3, 9.4 Hz, 1H), 3.00 (dd, J = 

17.0, 4.4 Hz, 1H), 2.62−2.55 (m, 1H), 2.54−2.44 (m, 1H), 2.44−2.24 (m, 3H), 1.49 (s, 9H), 

1.18 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 174.5, 172.2, 171.0, 170.6, 169.5, 

163.3, 145.2, 136.9, 135.8, 133.5, 132.74, 132.70, 129.8, 129.4, 127.9, 127.8, 127.7, 127.5, 

126.9, 126.4, 126.3, 125.6, 121.5, 121.2, 121.0, 119.5, 113.7, 102.9, 82.6, 81.7, 56.6, 54.3, 

51.1, 37.5, 35.3, 33.5, 29.3, 28.1, 27.7. MS (ESI) m/z: 930.3 [M + Na]+, MS (ESI) m/z: 

906.2 [M – H]−.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-oxo-5-((3-
(trifluoromethoxy)phenyl)amino)pentanoate (65h).—Yield, 76%. 1H NMR (500 

MHz, chloroform-d): δ 10.93 (d, J = 8.7 Hz, 1H), 8.96−8.75 (m, 1H), 8.13−7.98 (m, 2H), 

7.90−7.62 (m, 6H), 7.53 (q, J = 2.1 Hz, 1H), 7.48−7.31 (m, 4H), 7.31−7.24 (m, 1H), 7.17 

(dt, J = 8.8, 2.3 Hz, 1H), 6.94 (d, J = 8.3 Hz, 2H), 6.68 (s, 1H), 4.99 (s, 1H), 4.77−4.61 (m, 

1H), 4.43 (t, J = 8.0 Hz, 1H), 3.54 (d, J = 15.1 Hz, 1H), 3.34−3.20 (m, 1H), 2.92 (d, J = 17.6 

Hz, 1H), 2.67 (dd, J = 20.8, 12.6 Hz, 1H), 2.49−2.31 (m, 3H), 2.23 (d, J = 9.1 Hz, 1H), 1.48 

(d, J = 2.4 Hz, 9H), 1.20 (d, J = 3.3 Hz, 9H). 13C NMR (126 MHz, chloroform-d): δ 174.2, 

171.9, 170.9, 170.8, 169.6, 162.8, 149.4, 139.5, 135.8, 133.5, 133.0, 132.6, 130.1, 129.7, 

129.0, 128.0, 127.8, 127.4, 126.6, 126.2, 125.5, 121.5, 121.0, 119.5, 118.2, 116.2, 113.7, 

112.9, 103.0, 82.5, 81.6, 56.2, 54.3, 50.9, 38.0, 36.1, 33.0, 28.1, 27.7, 27.4. MS (ESI) m/z: 

930.3 [M + Na]+, MS (ESI) m/z: 906.3 [M – H]−.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-((3,5-
dimethoxyphenyl)amino)-5-oxopentanoate (65i).—Yield, 83%. 1H NMR (500 MHz, 

chloroform-d): δ 10.86 (s, 1H), 8.73 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.61 (q, J = 11.7, 9.7 

Hz, 4H), 7.51 (d, J = 2.0 Hz, 1H), 7.31 (t, J = 8.3 Hz, 5H), 7.15 (dd, J = 8.7, 2.0 Hz, 1H), 

6.95 (d, J = 2.2 Hz, 2H), 6.85 (s, 1H), 6.19 (t, J = 2.2 Hz, 1H), 5.28 (s, 1H), 4.93 (s, 1H), 

4.45 (s, 1H), 3.67 (s, 6H), 3.44 (dd, J = 14.0, 6.1 Hz, 1H), 3.31 (dd, J = 14.0, 8.1 Hz, 1H), 

2.84 (dd, J = 16.7, 4.9 Hz, 1H), 2.74 (dd, J = 16.7, 7.4 Hz, 1H), 2.48−2.24 (m, 3H), 
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2.18−2.07 (m, 1H), 1.45 (s, 9H), 1.19 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 173.7, 

171.5, 171.0, 170.5, 169.5, 162.3, 160.9, 139.5, 135.6, 133.38, 133.36, 132.4, 130.6, 128.5, 

128.2, 127.9, 127.5, 127.4, 127.0, 126.2, 126.0, 125.8, 125.1, 121.0, 113.7, 103.3, 98.7, 

96.9, 82.1, 81.4, 55.3, 55.3, 54.3, 50.3, 38.6, 37.0, 32.5, 28.1, 27.7, 27.5. MS (ESI) m/z: 

906.4 [M + Na]+.

tert-Butyl (S)-4-((S)-4-(tert-Butoxy)-2-((S)-2-(5-chloro-1H-indole-2-
carboxamido)-3-(naphthalen-2-yl)propanamido)-4-oxobutanamido)-5-((3-
methoxy-5-(trifluoromethyl)phenyl)amino)-5-oxopentanoate (65j).—Yield, 80%. 
1H NMR (500 MHz, chloroform-d): δ 10.86 (s, 1H), 8.92 (s, 1H), 8.31 (s, 1H), 8.14 (d, J = 

7.3 Hz, 1H), 7.73−7.58 (m, 5H), 7.54 (d, J = 2.0 Hz, 1H), 7.50 (s, 1H), 7.42−7.27 (m, 4H), 

7.16 (dd, J = 8.7, 2.0 Hz, 2H), 6.88−6.52 (m, 2H), 5.15 (d, J = 8.6 Hz, 1H), 4.80 (td, J = 7.5, 

4.6 Hz, 1H), 4.49−4.30 (m, 1H), 3.74 (s, 3H), 3.46 (dd, J = 14.0, 6.1 Hz, 1H), 3.28 (dd, J = 

14.0, 8.4 Hz, 1H), 2.92−2.78 (m, 1H), 2.81−2.69 (m, 1H), 2.48−2.28 (m, 3H), 2.17 (d, J = 

6.1 Hz, 1H), 1.48 (s, 9H), 1.20 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 174.1, 171.8, 

170.9, 170.8, 169.7, 162.5, 160.1, 139.7, 135.6, 133.4, 133.1, 132.5, 131.7 (d, J = 32.3 Hz), 

130.3, 128.7, 128.1, 127.8, 127.6, 127.4, 126.7, 126.4, 126.1, 126.0, 125.3, 123.8 (q, J = 

272.5 Hz), 121.0, 113.7, 109.2 (d, J = 4.1 Hz), 108.9, 106.8, 103.0, 82.4, 81.6, 55.6, 55.5, 

54.4, 50.6, 38.4, 36.6, 32.7, 28.1, 27.7, 27.2. MS (ESI) m/z: 944.3 [M + Na]+.

tert-Butyl (S)-5-(Benzo[d][1,3]dioxol-5-ylamino)-4-((S)-4-(tert-butoxy)-2-((S)-2-
(5-chloro-1H-indole-2-carboxamido)-3-(naphthalen-2-yl)propanamido)-4-
oxobutanamido)-5-oxopentanoate (65k).—Yield, 88%. 1H NMR (500 MHz, 

chloroform-d): δ 10.75 (s, 1H), 8.73 (s, 1H), 8.63 (s, 1H), 8.36 (s, 1H), 7.65 (s, 1H), 

7.49−7.33 (m, 5H), 7.27−7.09 (m, 5H), 7.05 (dd, J = 8.7, 2.0 Hz, 1H), 6.88 (s, 1H), 6.82 (dd, 

J = 8.4, 2.1 Hz, 1H), 6.51 (d, J = 8.3 Hz, 1H), 5.75 (d, J = 1.5 Hz, 1H), 5.70 (s, 1H), 5.39 (s, 

1H), 5.01 (s, 1H), 4.40 (s, 1H), 3.33 (dd, J = 14.2, 6.3 Hz, 1H), 3.23 (d, J = 14.1 Hz, 1H), 

2.76 (dd, J = 16.7, 8.0 Hz, 1H), 2.66 (d, J = 13.0 Hz, 1H), 2.42−2.10 (m, 3H), 1.94 (s, 1H), 

1.33 (s, 9H), 1.05 (s, 9H). 13C NMR (126 MHz, chloroform-d): δ 173.3, 171.5, 171.1, 170.3, 

169.5, 161.9, 147.6, 144.4, 135.5, 133.6, 133.3, 132.3, 131.8, 130.9, 128.3, 128.2, 127.9, 

127.4, 127.3, 127.1, 126.0, 125.9, 125.6, 125.0, 121.0, 114.0, 113.7, 107.8, 103.8, 103.3, 

101.2, 81.8, 81.2, 54.9, 53.9, 49.9, 38.9, 37.7, 32.1, 28.1, 27.7, 27.4. MS (ESI) m/z: 890.3 

[M + Na]+, MS (ESI) m/z: 866.3 [M – H]−.

Ethyl (S)-4-(((Benzyloxy)carbonyl)amino)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoate (90).—Yield, 76%. 1H NMR (500 

MHz, DMSO-d6): δ 10.25 (s, 1H), 8.09−7.58 (m, 3H), 7.53−7.15 (m, 6H), 5.33−4.85 (m, 

2H), 4.16 (td, J = 8.3, 5.6 Hz, 1H), 4.02 (qd, J = 7.1, 1.3 Hz, 2H), 2.38 (ddd, J = 8.5, 6.6, 3.8 

Hz, 2H), 1.98 (pd, J = 6.1, 2.4 Hz, 1H), 1.94−1.78 (m, 1H), 1.14 (t, J = 7.1 Hz, 3H). 13C 

NMR (126 MHz, DMSO-d6): δ 172.5, 171.1, 156.5, 144.1, 138.5, 137.4, 128.8, 128.3, 

128.2, 122.1, 121.6, 121.1, 119.6, 66.0, 60.4, 55.2, 30.6, 27.4, 14.5. MS (ESI) m/z: 469.2 [M 

+ H]+.

tert-Butyl (S)-4-((S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(2H-
tetrazol-5-yl)propanamido)-5-oxo-5-((4-
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(trifluoromethoxy)phenyl)amino)pentanoate (91a).—Yield, 60%. 1H NMR (500 

MHz, DMSO-d6): δ 10.26 (s, 1H), 8.35 (d, J = 7.5 Hz, 1H), 7.88 (d, J = 7.5 Hz, 2H), 7.80 (d, 

J = 8.2 Hz, 1H), 7.75−7.69 (m, 2H), 7.66 (t, J = 8.4 Hz, 2H), 7.41 (tt, J = 7.5, 1.5 Hz, 2H), 

7.31 (tt, J = 7.4, 1.3 Hz, 4H), 4.58 (td, J = 8.6, 5.3 Hz, 1H), 4.39 (td, J = 8.1, 5.1 Hz, 1H), 

4.29−4.15 (m, 3H), 3.39−3.34 (m, 1H), 3.23 (dd, J = 15.3, 9.1 Hz, 1H), 2.37−2.18 (m, 2H), 

1.99 (ddd, J = 9.9, 8.4, 5.2 Hz, 1H), 1.86 (dtd, J = 14.1, 9.2, 5.7 Hz, 1H), 1.33 (s, 9H). 13C 

NMR (126 MHz, DMSO-d6): δ 171.9, 170.8, 170.5, 156.2, 144.2, 141.1, 138.3, 128.1, 

127.6, 127.5, 125.8, 125.7, 122.1, 121.6, 121.3, 120.6, 119.6, 80.2, 66.4, 55.4, 53.5, 53.3, 

47.0, 31.6, 28.1, 27.5. MS (ESI) m/z: 724.3 [M + H]+, 746.2 [M + Na]+, 722.3 [M – H]−.

Ethyl (S)-4-((S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(2H-
tetrazol-5-yl)propanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoate (91b).—Yield, 69%. 1H NMR (500 

MHz, DMSO-d6): δ 10.23 (s, 1H), 8.34 (d, J = 7.5 Hz, 1H), 7.88 (d, J = 7.5 Hz, 2H), 7.78 (d, 

J = 8.1 Hz, 1H), 7.74−7.69 (m, 2H), 7.66 (t, J = 8.4 Hz, 2H), 7.40 (tt, J = 7.6, 1.5 Hz, 2H), 

7.31 (tt, J = 7.4, 1.4 Hz, 5H), 4.57 (td, J = 8.5, 5.4 Hz, 1H), 4.39 (td, J = 8.2, 5.4 Hz, 1H), 

4.31−4.13 (m, 3H), 3.98 (qd, J = 7.1, 1.8 Hz, 2H), 3.22 (dd, J = 15.3, 9.0 Hz, 2H), 2.41−2.25 

(m, 2H), 2.04 (ddt, J = 14.9, 9.8, 5.8 Hz, 1H), 1.95−1.82 (m, 1H), 1.10 (t, J = 7.1 Hz, 3H). 

MS (ESI) m/z: 696.2 [M + H]+.

tert-Butyl 2-(((S)-1-(((S)-1-(((S)-5-(tert-Butoxy)-1,5-dioxo-1-((4-
(trifluoromethoxy)phenyl)amino)pentan-2-yl)amino)-1-oxo-3-(2H-tetrazol-5-
yl)propan-2-yl)amino)-3-(naphthalen-2-yl)-1-oxopropan-2-yl)carbamoyl)-5-
chloro-1H-indole-1-carboxylate (92a).—Yield, 56%. 1H NMR (500 MHz, DMSO-d6): 

δ 10.34 (s, 1H), 9.02 (d, J = 8.3 Hz, 1H), 8.65 (d, J = 7.7 Hz, 1H), 8.34 (d, J = 7.5 Hz, 1H), 

7.84 (td, J = 41.5, 40.5, 8.7 Hz, 8H), 7.60−7.18 (m, 6H), 6.78 (s, 1H), 5.00−4.72 (m, 2H), 

4.40 (q, J = 7.3 Hz, 1H), 3.31−2.87 (m, 4H), 2.28 (ddt, J = 20.7, 15.7, 7.7 Hz, 2H), 2.01 (p, J 
= 7.4, 6.9 Hz, 1H), 1.85 (h, J = 6.8, 6.2 Hz, 1H), 1.31 (s, 9H), 1.26 (s, 9H).

tert-Butyl 5-Chloro-2-(((S)-1-(((S)-1-(((S)-5-ethoxy-1,5-dioxo-1-((4-
(trifluoromethoxy)phenyl)amino)pentan-2-yl)amino)-1-oxo-3-(2H-tetrazol-5-
yl)propan-2-yl)amino)-3-(naphthalen-2-yl)-1-oxopropan-2-yl)carbamoyl)-1H-
indole-1-carboxylate (92b).—Yield, 58%. 1H NMR (500 MHz, DMSO-d6): δ 10.39 (d, J 
= 35.1 Hz, 1H), 9.00 (dd, J = 30.5, 8.3 Hz, 1H), 8.70 (dd, J = 48.7, 7.8 Hz, 1H), 8.39 (dd, J = 

36.7, 7.4 Hz, 1H), 8.08−7.61 (m, 8H), 7.61−7.22 (m, 6H), 6.76 (d, J = 25.8 Hz, 1H), 

4.99−4.70 (m, 2H), 4.40 (qd, J = 7.9, 4.9 Hz, 1H), 4.15−3.81 (m, 2H), 3.32−2.86 (m, 4H), 

2.37 (qd, J = 9.5, 8.7, 4.3 Hz, 2H), 2.05 (d, J = 10.5 Hz, 1H), 1.98−1.77 (m, 1H), 1.26 (s, 

9H), 1.17−0.91 (m, 3H). MS (ESI) m/z: 948.3 [M + H]+, 970.3 [M + H]+, 946.3 [M – H]−.

tert-Butyl (S)-4-((S)-2-((S)-2-(4,6-Dichloro-1H-indole-2-carboxamido)-3-
(naphthalen-2-yl)propanamido)-3-(2H-tetrazol-5-yl)propanamido)-5-oxo-5-((4-
(trifluoromethoxy)phenyl)amino)pentanoate (92c).—Yield, 53%. 1H NMR (500 

MHz, DMSO-d6): δ 11.94 (d, J = 2.3 Hz, 1H), 10.29 (s, 1H), 8.97 (d, J = 8.4 Hz, 1H), 8.71 

(d, J = 7.6 Hz, 1H), 8.31 (d, J = 7.5 Hz, 1H), 7.96−7.63 (m, 4H), 7.53 (dd, J = 8.5, 1.7 Hz, 

1H), 7.48−7.25 (m, 4H), 7.21 (dd, J = 4.7, 1.7 Hz, 1H), 4.98−4.67 (m, 2H), 4.41 (td, J = 8.1, 
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5.1 Hz, 1H), 3.44 (dd, J = 15.3, 6.3 Hz, 1H), 3.30−3.28 (m, 2H), 3.14 (dd, J = 13.9, 11.0 Hz, 

1H), 2.29 (qdd, J = 16.2, 11.8, 3.9 Hz, 2H), 2.02 (ddd, J = 15.2, 10.2, 5.4 Hz, 1H), 1.94−1.74 

(m, 1H), 1.31 (d, J = 1.8 Hz, 9H).

(S)-2-Amino-N1-(4-(trifluoromethoxy)phenyl)pentanediamide (95).—Yield, 75%. 
1H NMR (500 MHz, DMSO-d6): δ 7.91−7.62 (m, 2H), 7.43−7.12 (m, 3H), 6.71 (s, 1H), 

3.45−3.15 (m, 3H), 2.26−2.05 (m, 2H), 1.86 (dddd, J = 13.4, 9.3, 6.6, 5.4 Hz, 1H), 

1.75−1.58 (m, 1H). MS (ESI) m/z: 306.1 [M + H]+, 304.2 [M – H]−.

(9H-Fluoren-9-yl)methyl ((S)-1-(((S)-5-Amino-1,5-dioxo-1-((4-
(trifluoromethoxy)phenyl)amino)pentan-2-yl)amino)-1-oxo-3-(2H-tetrazol-5-
yl)propan-2-yl)carbamate (96).—Yield, 71%. 1H NMR (500 MHz, DMSO-d6): δ 10.34 

(s, 1H), 8.36 (d, J = 7.3 Hz, 1H), 7.88 (d, J = 7.6 Hz, 2H), 7.74 (dd, J = 8.5, 6.2 Hz, 3H), 

7.67 (t, J = 8.2 Hz, 2H), 7.53−7.37 (m, 2H), 7.37−7.07 (m, 5H), 7.01−6.61 (m, 1H), 4.55 (td, 

J = 8.4, 5.4 Hz, 1H), 4.40−4.14 (m, 4H), 3.22 (dd, J = 15.3, 8.9 Hz, 2H), 2.15 (dt, J = 9.3, 

6.3 Hz, 2H), 1.99 (s, 1H), 1.87−1.73 (m, 1H). 13C NMR (126 MHz, DMSO-d6): δ 173.9, 

170.9, 170.8, 156.2, 144.2, 141.1, 138.4, 128.11, 127.6, 127.5, 125.8, 125.7, 122.0, 121.6, 

121.4, 120.6, 119.6, 66.4, 60.2, 53.4, 47.0, 31.7, 28.0. MS (ESI) m/z: 667.3 [M + H]+, 665.3 

[M – H]−.

tert-Butyl 2-(((S)-1-(((S)-1-(((S)-5-Amino-1,5-dioxo-1-((4-
(trifluoromethoxy)phenyl)amino)pentan-2-yl)amino)-1-oxo-3-(2H-tetrazol-5-
yl)propan-2-yl)amino)-3-(naphthalen-2-yl)-1-oxopropan-2-yl)carbamoyl)-5-
chloro-1H-indole-1-carboxylate (97).—Yield, 65%. 1H NMR (500 MHz, DMSO-d6): δ 
10.33 (s, 1H), 9.01 (d, J = 8.4 Hz, 1H), 8.63 (d, J = 7.6 Hz, 1H), 8.39 (d, J = 7.3 Hz, 1H), 

7.99−7.62 (m, 8H), 7.56−7.20 (m, 7H), 6.93−6.62 (m, 2H), 4.81 (dt, J = 7.6, 4.2 Hz, 2H), 

4.37 (td, J = 7.8, 5.6 Hz, 1H), 3.43−3.03 (m, 4H), 2.30−2.12 (m, 2H), 2.03−1.99 (m, 1H), 

1.88 (ddt, J = 11.8, 8.0, 3.6 Hz, 1H), 1.25 (s, 9H). MS (ESI) m/z: 919.3 [M + H]+, 917.2 [M 

– H]−.

Peptides, and Protein Expression and Purification.35,36

Wild-type human β-catenin (residues 138–781) were cloned into a pET-28b vector carrying 

a C-terminal 6× histidine (Novagen) and transformed into Escherichia coli BL21 DE3 

(Novagen). Cells were cultured in LB medium with 30 μg/mL kanamycin until the OD600 

was approximately 0.8. The protein expression was then induced with 400 μM IPTG at 

16 °C overnight. Cells were lysed by sonication. The proteins were purified by two steps of 

chromatography, including Ni-NTA affinity chromatography (30210, Qiagen) and size-

exclusion chromatography with a HiLoad 26/600 Superdex 200 pg column (28-9893-36, GE 

Healthcare Life Science) using an AKTA Pure FPLC system (GE Healthcare Life Science). 

Protein was eluted in the buffer containing 20 mM Tris (pH 8.5), 100 mM NaCl, and 2 mM 

DTT. The purity of β-catenin was greater than 95% as determined by SDS-PAGE gel 

analysis. Thermal-shift assay was performed on a CFX96 Real Time System (Bio-Rad) to 

monitor protein stability and detect protein aggregation. Protein unfolding was evaluated 

through measuring the fluorescence changes of fluorescent dye SYPRO Orange when 

interacting with wild-type or mutant β-catenin proteins. A temperature increment of 1°/min 
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was applied. All proteins were stable, and no aggregation was observed under storage or 

assay conditions. Proteins were aliquoted and stored at −80 °C. The SDS-PAGE result of the 

purified β-catenin is shown in Supporting Information Figure S1.

C-terminally fluorescein-labeled human Tcf4 (residues 7–51), C-terminally fluorescein-

labeled human E-cadherin (residues 819–873), and C-terminally fluorescein-labeled human 

APC-R3 (residues 1477– 1519) were synthesized by InnoPep, Inc. (http://

www.innopep.com/) and HPLC purified with purity > 95%. The structures were validated by 

LC–MS (liquid chromatography–mass spectrometry). The sequences of these peptides were 

reported previously29 and shown in Supporting Information Table S1.

FP Competitive Inhibition Assays.29,45

Experiments were performed in 96-well Microfluor 2 black plates on a Synergy 2 plate 

reader (Biotek). The polarization was measured at room temperature with an excitation 

wavelength at 485 nm and an emission wavelength at 535 nm. The FP experiments were 

performed in an assay buffer of 25 mM Hepes (pH 7.4), 100 mM NaCl, 0.01% Triton 

X-100, and 100 μg/ mL γ-globulin. The final reaction volume was set to 100 μL. For the β-

catenin/Tcf assay, 10 nM human β-catenin (residues 138–781) was incubated with 2.5 nM 

C-terminally fluorescein-labeled human Tcf4 (residues 7–51) for 30 min at 4 °C, and then 

different concentrations of the compound in assay buffer were added. The negative control 

(equivalent to 0% inhibition) refers to 2.5 nM Tcf4 fluorescence tracer and 10 nM β-catenin 

in assay buffer without the tested compound. The positive control (equivalent to 100% 

inhibition) refers to only 2.5 nM Tcf4 fluorescence tracer in assay buffer. For the β-catenin/

cadherin assay, 150 nM human β-catenin (residues 138–781) was incubated with 5 nM C-

terminally fluorescent-labeled human E-cadherin (residues 819–873) in assay buffer for 30 

min at 4 °C. The negative control refers to a 5 nM E-cadherin fluorescence tracer and 150 

nM β-catenin in assay buffer with no inhibitor presenting. The positive control refers to a 5 

nM E-cadherin fluorescence tracer in assay buffer. For the β-catenin/APC-R3 assay, 2000 

nM human β-catenin (residues 138–781) was incubated with 5 nM of C-terminally 

fluorescent-labeled human APC-R3 (residues 1477–1519) in assay buffer for 30 min at 4 °C. 

The negative control refers to a 5 nM APC-R3 fluorescence tracer and 2000 nM β-catenin in 

assay buffer without the tested compound. The positive control refers to a 5 nM APC-R3 

fluorescence tracer in assay buffer. Each assay plate was covered black and gently mixed on 

an orbital shaker at 4 °C for 2.5 h to reach equilibrium before the polarization values were 

read. The background of the tested inhibitors was corrected by subtracting the raw intensity 

values of the sample background well (all components except probe) from the raw intensity 

values of the corresponding test wells (all components). The IC50 values were determined by 

GraphPad Prism 5.0. The Ki values were derived from the IC values.29 50 The equation used 

is Ki = [I]50/([L]50/Kd + [P]0/Kd + 1) (where [I]50 denotes the concentration of the free 

inhibitor at 50% inhibition, [L]50 is the concentration of the free labeled ligand at 50% 

inhibition, [P]0 is the concentration of the free protein at 0% inhibition, and Kd is the 

dissociation constant of the protein–ligand complex). All of the experiments were performed 

in triplicate and carried out in the presence of 1% DMSO for small-molecule inhibitors. 

Each compound was assayed at least by two independent experiments. The results were 

expressed as mean ± standard deviation. The Tcf/ cadherin selectivity ratio was calculated 
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on the basis of the respective Ki value of the β-enin/E-cadherin interaction over that of the β-

catenin/Tcf4 interaction. The Tcf/APC selectivity ratio was calculated on the basis of the 

respective Ki value of the β-catenin/APC-R3 interaction over that of the β-catenin/Tcf4 

interaction. The FP saturation binding assay curves and the Kd’s of the β-catenin/Tcf, β-

catenin/E-cadherin, and β-catenin/APC interactions are shown in Supporting Information 

Figure S2.

MTS Cell Viability Assay.

Colorectal cancer cells (SW480 and HCT116), TNBC cells (MDA-MB-231, MDA-MB-468, 

and BT-20), and lung cancer A549 cells were seeded in 96-well plates at 5 × 103 cells/well, 

maintained overnight at 37 °C, and incubated with the tested compounds at various 

concentrations. Cell viability was monitored after 72 h using a freshly prepared mixture of 1 

part phenazine methosulfate (Sigma) solution (0.92 mg/mL) and 19 parts MTS (Promega) 

solution (2 mg/mL). Cells were incubated in 10 μL of this solution at 37 °C for 3 h, and A490 

was measured. The effect of each compound is expressed as the concentration required to 

reduce A490 by 50% (IC50) relative to DMSO-treated cells. Experiments were performed in 

triplicate.

Cell Transfection and Luciferase Assay.

FuGENE 6 (E2962, Promega) in the 96-well plate format was used for the transfection of 

HEK293 cells according to the manufacturer’s instructions. HEK293 cells were co-

transfected with 45 ng of the TOPFlash or FOPFlash reporter gene and 135 ng of 

pcDNA3.1–β-catenin. Cells were cultured in DMEM and 10% FBS at 37 °C for 24 h, and 

different concentrations of inhibitors were then added. After 24 h, the luciferase reporter 

activity was measured using the Dual-Glo system (E2940, Promega). Normalized luciferase 

activity in response to the treatment with the inhibitors was compared with that obtained 

from the cells treated with DMSO. Experiments were performed in triplicate.

Co-IP Experiments.

Two sets of co-IP experiments were conducted: one where the inhibitor was added onto the 

cell lysates and the second where the inhibitor was added onto the live cells. For the cell 

lysate co-IP experiments, SW480 cells were lysed in buffer A containing 50 mM Tris, pH 

7.4, 150 mM NaCl, 1% Nonidet P-40, 2 mM ethylenediaminetetraacetic acid (EDTA), and 

protease inhibitors. Different concentrations of the inhibitor were incubated with the SW480 

cell lysates at 4 °C for 4 h. For the whole cell co-IP experiments, HCT116 cells at 1 × 

106/mL were treated with different concentrations of the inhibitor for 24 h. Cells were then 

lysed in buffer containing 50 mM Tris, pH 7.4, 150 mM NaCl, 1% Nonidet P-40, 2 mM 

EDTA, and protease inhibitors. For both cell lysate and whole cell co-IP experiments, the 

lysates were preadsorbed to A/G plus agarose (sc-2003, Santa Cruz Biotechnology, Inc.) at 

4 °C for 1 h. Preadsorbed lysates were incubated with a specific primary antibody overnight 

at 4 °C. A/G plus agarose was then added to the lysates mixture and incubated for 3 h. The 

beads were washed 5 times with the lysis buffer at 4 °C. The bound protein was eluted by 

boiling in the SDS sample buffer and loaded onto 8% SDS polyacrylamide gel for 

electrophoretic analysis. Separated proteins were transferred onto nitrocellulose membranes 

for immunoblot analysis. The primary antibodies were against β-catenin (610153, BD 
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Biosciences) and Tcf4 (05–511, Millipore), E-cadherin (610404, BD Biosciences), and APC 

(MAB3785, Millipore). IRDye 680LT goat antimouse IgG (827–11080, LiCOR) was used 

as the secondary antibody. The images were detected by the Odyssey infrared imaging 

system (LiCOR). Experiments were performed in duplicate.

Scratch Wound Healing Assay.

To the ~70–80% confluent monolayer of MDA-MB-231 cells in 24-well plates, wounds will 

be made by scraping a sterile 200 μL pipette tip. Cells were maintained in DMEM 

containing 10% FBS with 10 μg/mL mitomycin to inhibit cell proliferation. Images of 

wounds were taken immediately and 14 h after wounding.

Matrigel Invasion Assay.

MDA-MB-231 cells (5 × 104) suspended in 200 μL starvation medium were added to the 

upper chamber of a Matrigel coated insert (6.5 mm diameter, 8 mm pore size; Corning 

353097), and the insert was placed in a 24-well plate containing 600 μL DMEM medium 

with 10% FBS. Inhibitors were added to both upper and the lower chambers. Invasion assays 

were performed for 24 h, and the cells were fixed with 3.7% formaldehyde. Cells were then 

stained with crystal violet staining solution. The cells on the upper side of the insert were 

removed with a cotton swab. Five randomly selected fields (×10 objectives) on the lower 

side of the insert were photographed, and the invaded cells were counted. Experiments were 

performed in triplicate.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

TCF T-cell factor

Lef lymphoid enhancer-binding factor

PPI protein–protein interaction

SAR structure–activity relationship

APC adenomatous polyposis coli

Treg regulator T cell

HTS high-throughput screening

Ki inhibition constant
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BCL9 B-cell lymphoma 9

B9L BCL9-like

CBP CREB-binding protein

FP fluorescence polarization

co-IP co-immunoprecipitation
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Figure 1. 
Wnt-responsive TOPFlash and FOPFlash luciferase reporter assay results of (Et)-15 
(negative control) and inhibitors 55 and 56 in β-catenin activated HEK293 cells. *P < 0.05, 

**P < 0.01, as determined by the unpaired, two-tailed Student t-test.
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Figure 2. 
(A) Co-IP experiments to evaluate the disruption of the β-catenin/TCF PPI by 53 in SW480 

cell lysate. (B–D) Co-IP experiments to evaluate the disruption of the β-catenin/Tcf PPI by 

56 and the inhibitory selectivity of 56 between β-catenin/Tcf, β-catenin/E-cadherin, and β-

catenin/APC PPIs using HCT116 cells. IP, immunoprecipitation; IB, immunoblotting; input, 

10% of cell lysate. Each experiment was performed in duplicate.
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Figure 3. 
(A) Wound-healing assays showed that 56 (10 μM) inhibited migration of human TNBC 

MDA-MB-231 cells induced by serum (10% in media). Control, 0.2% dimethyl sulfoxide 

(DMSO) in 10% fatal bovine serum (FBS). The β-catenin/CBP inhibitor ICG-001 (5 μM) 

was assessed in parallel. In all experiments, mitomycin (10 μg/mL) was added to inhibit cell 

proliferation and allow examination of the effects on cell migration. (B) Matrigel invasion 

assays showed that 56 (10 μM) inhibited invasion of human TNBC MDA-MB-231 cells. 

Control, 0.2% DMSO in 10% FBS. ICG-001 (5 μM) was assessed in parallel. **P < 0.01, as 

determined by the unpaired, two-tailed Student t-test. Each set of data is expressed as mean 

± standard deviation (n = 3).
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Scheme 1. 
Synthesis of 20–21 and 30–38
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Scheme 2. 
Synthesis of 53, 56, and 57
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Scheme 3. 
Synthesis of 55
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Table 4.

FP Competitive Inhibition Assay Results of Inhibitors 47–49
a

no. R, S IC50 ± SD (μM) Ki ± SD (μM)

47 R, S, S 39 ± 2.9 10 ± 0.73

48 S, R, S 26 ± 1.6 6.6 ± 0.42

49 S, S,R 31 ± 1.7 8.0 ± 0.42

a
Each set of data is expressed as mean ± standard deviation (n = 3). The Ki value for the parent peptide G13ANDE17 was determined to be 290 

± 1.3 μM.36
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