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Abstract

HIV-1 CA is involved in different stages of the viral replication cycle, performing essential roles in 

both early (uncoating, reverse transcription, nuclear import, integration) and late events 

(assembly). Recent efforts have demonstrated HIV-1 CA protein as a prospective therapeutic target 

for the development of new antivirals. The most extensively studied CA inhibitor, PF-3450074 

(PF-74, discovered by Pfizer), that targets an inter-protomer pocket within the CA hexamer. 

Herein we reported the design, synthesis, and biological evaluation of a series of 4-

phenyl-1H-1,2,3-triazole phenylalanine derivatives as HIV-1 CA inhibitors based on PF-74 
scaffold. Most of the analogues demonstrated potent antiviral activities, among them, the anti-

HIV-1 activity of 6a-9 (EC50 = 3.13 μM) is particularly prominent. The SPR binding assay of 

selected compounds (6a-9, 6a-10, 5b) suggested direct and effective interaction with recombinant 
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CA proteins. The mechanism of action studies also demonstrated that 6a-9 displays the effects in 

both the early and late stages of HIV-1 replication. To explore the potential binding mode of the 

here presented analogues, 6a-9 was analyzed by MD simulation to predict its binding to the active 

site of HIV-1 CA monomer. In conclusion, this novel series of antivirals can serve as a starting 

point for the development of a new generation of HIV-1 treatment regimen and highlights the 

potentiality of CA as a therapeutic target.

Graphical Abstract (for review)
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1. Introduction

Acquired immunodeficiency syndrome (AIDS) still remains one of the most important 

public health challenges worldwide. The human immunodeficiency virus type 1 (HIV-1) is 

the primary etiological agent responsible for AIDS [1]. Highly active antiretroviral therapy 

(HAART), combining antivirals with distinct targets and modes of action, has made 

considerable progress and transformed AIDS into a potentially chronic disease [2]. 

Nevertheless, the long-term treatment of HAART exhibits severe limitations such as the high 

costs, the development of drug resistance [3, 4], drug-drug interactions, and a variety of side 

effects due to serious toxicity [5]. As a result, there is still an urgent and desirable 

requirement for innovative and potent anti-HIV-1 inhibitors acting on novel targets [6].

The HIV-1 capsid (CA) protein plays multiple roles in both early and late events of the viral 

replication cycle, all of which are essential for optimal infectivity [7, 8]. The principal 

functions of the HIV-1 CA protein are to encapsidate and protect the enclosed viral ssRNA 

genomes [7]. The fullerene-shaped conical capsid, composed of the 1500 CA subunits, is the 

result of a lattice of approximately 250 hexamers interspersed with 12 pentamers [9]. A 

single CA protein involves N-terminal domain (NTD, residues 1 to 145) and C-terminal 

domain (CTD, residues 150 to 231), connected through a flexible linker [10]. Specifically, 

the CA proteins structural stability and integrity have been indicated to be crucial for the 

processes of disassembly, reverse transcription, nuclear entry, integration, and assembly. 
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Studies have disclosed that CA-CA interactions affect capsid structural integrity and 

infectivity [11-13], indicating small changes to the capsid being destructive to the above 

stages and further infectivity of the virus [14, 15]. Accordingly, the HIV-1 CA protein is an 

attractive unexploited target for HIV-1 therapy [16-18].

Several chemotypes have been identified as HIV-1 CA inhibitors with distinct binding sites 

and modes of action [19-29]. The most extensively investigated of these compounds, 

PF-3450074 (abbreviated to PF-74, discovered by Pfizer, USA) [29], binds to the CA 

hexamer with more than dozens of times higher affinities compared with isolated or 

unassembled CA monomer [30]. Nevertheless, the relatively moderate antiviral activity, poor 

drug-like properties, and especially metabolically lability [19], illustrates the imperative 

necessity for further structural optimization of PF-74. The X-ray structure of PF-74 in 

complex with the CA hexamer exhibits that PF-74 sits atop of a preformed binding site 

enveloping the NTD (of one subunit) – CTD (of the adjacent subunit) interface [11] 

(Fig.1A), similar to CAPF74 structures (PF-74 complexed with the CA monomer) (Fig.1B) 

but with the indole moiety arranged in opposite direction than in CAPF74 (Fig.1C). Hence, 

these co-crystallized structures provide insights into the pharmacophore model of PF-74 

(Fig.1C), including an in-tolerant region (phenylalanine scaffold in pink ellipse) and a 

tolerant region (indole moiety in green ellipse), connected through a linker (in the blue box). 

In addition, PF-74 shares the same pocket for the host cellular factors NUP153 (nucleoporin 

153 kDa) and CPSF6 (cleavage and polyadenylation specific factor 6) [31], suggesting the 

NTD–CTD interface is very large, and that PF-74 only occupies a small portion of the 

interface. The flexibility and size of the interface allows sufficient tolerance for further 

modification with the indole (tolerant) region of PF-74. Our previous work has demonstrated 

that subtle structural changes to the variable region will have a great impact on the activity 

[27, 28].

Owing to the opportunity of abundant crystal structures of PF-74 in complex with HIV-1 CA 

[10, 30, 32] and its available mechanism of action, in this work, PF-74 was chosen as a lead 

to focus our attention on its optimization. Considering the asymmetric feature of HIV-1 

capsid, it seems that no two CAs are identical in the same capsid [12, 33]. Given the nature 

of structural pliability and flexibility in the CA, as well as the dynamic process of CA 

assembly [34], there is a challenge to the rational structure-based drug design. Therefore, the 

in-depth research of the structure-activity relationships (SARs) of PF-74 derivatives 

becomes particularly important, especially the diverse modification upon indole moiety 

(tolerant region). In this study, we choose to retain the privileged (in-tolerant) phenylalanine 

skeleton (in pink) of the PF-74, while introducing a methoxy group in the para position of 

the aniline ring which proves to feature more favorable antiviral activity [35, 36] (Fig.1D).

Moreover, in order to further enrich the SAR in this region of our previous work [27], the 

indole moiety of PF-74 was then replaced with 4-phenyl-1,2,3-triazole (in green ellipse) via 
scaffold hoping strategy and click chemistry reaction (Fig.1D). In particular, 1,2,3-triazole 

has been reported to be an important moiety of effective inhibitors of several diseases 

[37-39], with superior efficacy and diminished toxicity. Thus, exploring this chemical 

moeity may open new avenues in the treatment of AIDS. Additionally, the SAR of the newly 
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designed compounds were systematically discussed by substituting diversely (in blue 

ellipse) at different positions on the benzene ring (Fig.1D).

Herein we describe the design, synthesis and biological evaluation of a series of 4-

phenyl-1H-1,2,3-triazole phenylalanine derivatives as HIV-1 CA inhibitors. The compounds 

were screened for their antiviral activity in TZM-bl cells, binding was analyzed using 

surface plasmon resonance (SPR), action stage determination studies were performed, p24 

quantification of viral particles was determined and CA assembly was observed in the 

presence of representative compounds.Moreover, the most potent inhibitor 6a-9 was 

analyzed by molecular dynamics (MD) simulation to explore the potential binding modes of 

this series of inhibitors within the CA protein. Finally, the stability assays of 6a-9 were also 

performed in the presence of human liver microsomes and human plasma, respectively.

2. Results and discussion

2.1 Chemistry

The target compounds were prepared via a concise synthetic route as outlined in Scheme 1. 

Commercially available (tert-butoxycarbonyl)-L-phenylalanine (1) was treated as the 

primary starting material to produce all derivatives using well-established methods and 

treated with 4-methoxy-N-methylaniline and PyBop in DIEA and CH2Cl2 to give 2, 

followed by removing the Boc protection to produce the free amine 3. Acylation of 3 by 

reacting with N3CH2COOH in CH3CN solution to produce the azide intermediate 4. This 

azide scaffold was then reacted with corresponding substituted aminophenylacetylene by 

CuAAC reaction to obtain correspondingly substituted aniline 5a-5c. Finally, reaction with 

corresponding acyl chloride to generate the desired compounds 6a-(1-12), 6b-(1-12) and 

6c-(1-12).

2.2 In vitro anti-HIV assay in TZM-bl cells

All the derivatives were tested for their antiviral activity and cytotoxicity using TZM-bl cells 

fully infected by HIV-1 NL4.3 virus. EC50 (as measured by a luciferase gene expression 

assay [40]) and CC50, as well as selectivity index (SI, the ratio of CC50/EC50) values for 

target compounds 5a-5c, 6a-(1-12), 6b-(1-12) and 6c-(1-12), are shown in Table 1.

Generally, antiviral results showed that most of the target compounds exhibited from 

moderate to potent activity against HIV-1 NL4-3 virus with EC50 values ranging from 3.13 

μM to 14.81 μM (Table 1). Among them, 6a-9 (EC50 = 3.13 ± 0.91 μM, CC50> 16.48 μM), 

6a-10 (EC50 = 3.30 ± 0.63 μM, CC50> 16.48 μM), 6a-11 (EC50 = 3.46 ± 0.59 μM, CC50> 

16.48 μM) and 5b (EC50 = 3.30 ± 0.85 μM, CC50> 20.64 μM) were considered to be the 

most potent HIV-1 inhibitors.

Among the ortho-substituted aniline derivatives (5a, 6a-(1-12)), taking the non-substituted 

aniline compound 5a (EC50 value of 3.92 μM) as reference, substitution on the NH2- of the 

benzene ring (5a) with a CH3CO- (6a-1) or PhCO-group (6a-2), no statistically significant 

difference was found in antiviral activity (EC50 values of 3.99 μM and 3.74 μM, 

respectively). However, the substitution on the left terminal benzene ring of 6a-2 with 

different moieties have diverse effects on antiviral activity: Substitution with 2-CH3O- (6a-4, 
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EC50 value of 8.41 μM), 3-CH3O- (6a-5, EC50 value of 12.77 μM), resulted in 2.2 and 3.4-

fold decreases in antiviral activity, respectively; while substitution with F- moiety (6a-9, 

6a-10, 6a-11), increased activity slightly with EC50 values of 3.13, 3.30 and 3.46 μM, 

respectively. It proved that the substitution position of F has favorable tolerance on the 

activity, and the introduction of F can help maintain or even increase potency. In addition, 

6a-9 was also found to be the most active compound among the whole newly synthesized 

series. However, the substitution with 4-CH3- (6a-3, EC50 value of > 16.59 μM), 4-CH3O- 

(6a-6, EC50 value of > 16.16 μM), 4-CH3OCO- (6a-7, EC50 value of > 15.46 μM), 4-CN- 

(6a-8, EC50 value of > 16.30 μM) and 4-Ph- (6a-12, EC50 value of >15.04 μM) were 

considered to be inactive, indicating that these modifications (especially aliphatic and 

unsaturated moieties) were inappropriate for antiviral activity.

Within the meta-substituted aniline derivatives (5b, 6b-(1-12)), the most active one was the 

non-substituted aniline 5b (EC50 value of 3.30 μM), substitution on the NH2-of the benzene 

ring (5b) with a CH3CO- (6b-1, EC50 value of 14.81 μM) or PhCO-group (6b-2, EC50 value 

of 12.74 μM), leading to 4.5 and 3.9-fold decreases in antiviral activity, respectively. 

However, the substitutions on the left terminal benzene ring of 6b-2 have significant impacts 

on antiviral activity: Most of the substitutions (especially aliphatic and aromatic groups) 

were considered to be detrimental for inhibition, except for 4-CN- (6b-8, EC50 value of 

12.87 μM), 2-F- (6b-9, EC50 value of 13.52 μM) and 3-F (6b-10, EC50 value of 9.56 μM) 

counterparts. 6b-8 and 6b-9 demonstrated comparable potencies with 6b-2, while 6b-10 was 

1.3-fold better active with respect to 6b-2. In this group, although the inhibition of the 

derivatives containing F- (6b-9, 6b-10, 6b-11) were not ideal, 6b-10 demonstrated the best 

activity among the benzene ring-substituted derivatives (6b-(2-12)), proved that the 2-F- 

seems to favor the antiviral potency.

Among the para-substituted aniline derivatives (5c, 6c-(1-12)), taking the non-substituted 

aniline compound 5c (EC50 value of 13.62 μM) as reference, substitution on the NH2- of the 

benzene ring (5c) with a CH3CO- (6c-1, EC50 value of > 18.99 μM) was considered to be 

inactive, while substitution with PhCO- group (6c-2, EC50 value of 12.91 μM) exhibited no 

major changes in antiviral activity. The substitution on the left terminal benzene ring of 6c-2 
with 4-CN- (6c-8, EC50 value of 12.38 μM), 2-F-PhCO- (6c-9, EC50 value of 11.87 μM), 3-

F-PhCO- (6c-10, EC50 value of 12.69 μM), 4-F-PhCO- (6c-11, EC50 value of 13.02 μM) and 

4-Ph-PhCO- (6c-12, EC50 value of 12.19 μM) were found to maintain a same potency level 

with unmodified counterpart (6c-2). Unfortunately, the remaining substituted benzene 

derivatives (mainly aliphatic moieties) were observed to be inactive. F- substituted 

derivatives (6c-9, 6c-10, 6c-11) all demonstrated moderate antiviral activity, indicating that 

the F- was essential for the inhibition.

The preliminary SARs analysis based on the above results obtained showed that: i) the 

ortho-substituted aniline derivatives proved to be much more effective than meta- and para- 

ones; ii) among the whole series, the aliphatic and aromatic substitutions on the left terminal 

benzene ring were considered to be detrimental for inhibition, for example, the 4-CH3-

PhCO-, 4-CH3O-PhCO- substituted aniline derivatives were all found to be inactive across 

three groups; iii) F- has proven to be a beneficial group for antiviral activities of benzoyl 
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substituted aniline derivatives, exemplified by the best inhibitor 6a-9; iv) 5a, 5b and 5c were 

compounds with good cell-based activity in their respective groups, indicating that 

hydrogen-bond donors play an essential role in inhibition and substitutions on -NH2 should 

be cautious.

2.3 Surface plasmon resonance (SPR) assay on CA protein

Most of the compounds have demonstrated moderate to potent antiviral activities, we then 

sought to ascertain whether the newly synthesized compounds bind to the CA protein. In this 

work, we selected two different CA protein constructs: CA monomer and hexamer, to 

determine their binding affinity with selected compounds, using an SPR based method as 

previously reported [19-21]. Among this series, the three most potent antiviral compounds, 

6a-9, 6a-10 and 5b, were chosen to determine their direct interactions with the two CA 

constructs. In this assay, PF-74 serves as an in-line control to ensure the validity of 

experimental data. The SPR binding results are shown in Fig.2.

As shown in Fig.2B and Fig.2C, both 6a-9 and 6a-10 displayed no significant differences in 

the equilibrium dissociation constant (KD) values for hexameric and monomeric CA. 

However, the binding affinity of compound 5b to the hexamer is approximately four times 

higher compared to the monomer, with KD values of 4.00 and 15.8 μM, respectively 

(Fig.2D). In addition, the KD values of three newly synthesized compounds binding to CA 

hexamer are close to each other, this is consistent with the trend of their antiviral activity 

level. It is worth noting that the KD values of four tested compounds to CA monomer are all 

in the micromolar level, however, as depicted in Fig.2A, PF-74 demonstrated the tightest 

interaction and highest selectivity and specificity to CA hexamer, with KD value for CA 

hexamer of 92.8 nM, suggesting that the achievement of potent antiviral activities of these 

inhibitors depends on their binding to CA hexamer. In conclusion, these results indicated 

that this series of inhibitors have high affinities to CA protein and preferentially bind to the 

hexameric CA, consistent with the performance of PF-74.

2.4 Determination of the action stage of 6a-9

The above SPR results showed that these inhibitors demonstrated high affinities with CA 

proteins, characterizing their target engagement. Given that CA exerts essential roles in both 

early and late stages, we then sought to determine which stage(s) of the HIV-1 lifecycle can 

be inhibited by these inhibitors. Therefore, the modular nature of the single-round infection 

assay was performed herein to achieve this goal, the infective HIV-1 particles are generated 

recombinantly in 293T cells, and next utilized to infect U87.CD4.CCR5 cells: early and late 

stages of the HIV-1 lifecycle can be separated effectively [41]. In this assay, the most potent 

representative compound 6a-9 was chosen to focus the mechanisms of action studies on.

As depicted in Table 2, the dual-stage inhibition profile of 6a-9 is in accordance with the 

parental drug PF-74. Specifically, 6a-9 demonstrated the moderate antiviral activities in the 

early event of the HIV-1 lifecycle (IC50 = 8.18 μM), while in the late stage, the potent 

inhibitory activity of the 6a-9 is almost the same as that of PF-74 with IC50 values of 0.32 

and 0.23 μM, repectively. These results combined with the above SPR data indicated that 
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6a-9 possibly prefer binding to one of the drug targets of PF-74 being the assembled capsid 

to exert its inhibitory activity.

2.5 Quantification of capsid (p24) content on 6a-9

Having demonstrated that 6a-9 displays a more potent inhibition upon the late stage of 

HIV-1 replication, we then attempted to determine its mechanism of action. Firstly, we 

decided to test the amount of virus (p24/CA) produced in the presence of the compound. In 

this assay, p24 quantification of the virus produced in the presence of 10 μM of 6a-9 was 

performed by lysing the virus with a detergent. The p24 was then captured to an anti-p24 

antibody coated ELISA plate and calorimetrically quantified (with a secondary antibody) 

and compared to a virus produced in the presence of PF-74.

As depicted in Fig.3, the p24 quantification of the produced virus in the presence of 6a-9 
showed only a slight reduction (about 15%) of p24 compared to the DMSO control. No 

obvious inhibition nor stimulation of CA assembly was observed for 6a-9, while PF-74 

stimulates the CA assembly to make the virus non-infectious by dramatic effects on the 

morphology of the immature virion. This assay may also provide evidence that the target of 

6a-9 is the assembled capsid.

2.6 In vitro capsid assembly assay in the presence of 6a-9

Since the few changes in the p24 content of 6a-9 are not significant enough to be considered 

a part of the mechanism of action, we next sought to look at the effects of 6a-9 on the in 
vitro assembly of the HIV-1 CA. As shown in Fig.4, PF-74 accelerated the assembly of 

HIV-1 CA in the in vitro assay as compared to DMSO control, while 6a-9 neither 

accelerates nor reduces CA assembly. This could explain the almost unchanged amount of 

virions produced (p24/CA) in the presence of 6a-9.

Taking together the results of p24 content and CA assembly assay on 6a-9, we can now 

speculate that 6a-9 performed its inhibitory effect by binding the assembled CA to alter the 

entire morphology of the conical CA core in the virus, hence the inhibition of the virus in 

the late stages (IC50 = 0.32 μM). These preliminary mechanism-of-action studies will 

definitely lay the foundation for more in-depth research with these and higher potency 

inhibitors.

2.7 Molecular dynamics (MD) simulation on 6a-9

For a better interpretation of SAR of 6a-9, considered the best CA inhibitor of the series, 

6a-9 was simulated for 1 μs to find its binding to the active site of HIV-1 CA monomer using 

the software Autodock 4.2.6 using default settings [42].

Fig.5A shows the root mean square deviation (RMSD) of amino acids (heavy atoms) during 

the simulation. The figure shows that the protein structure exists in different conformational 

ensembles with a highly abundant conformation. The presence of the protein in different 

conformational forms could be accompanied with different binding modes of the inhibitor. 

The RMSD of 6a-9 was calculated and plotted in Fig.5B to find its conformational existence 
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and binding to the capsid protein. It is clear from the figure that 6a-9 exists in different 

conformational forms which shows different binding modes to the active site.

Results of RMSD of the protein and the inhibitor show that the inhibitor binds with different 

modes, therefore the entire trajectory has been clustered based on 6a-9 (no fit). Clustering 

resulted in four different structural clusters with two most populated. Fig.6A and C show 

representative structure interactions of the first (57.6%) and second (13.0%) clusters 

respectively: expanded views for 6a-9 binding to the active site of both clusters are 

represented in Fig.6B and D. According to the clustering results, it is clear that 6a-9 has 

different binding modes. The binding of 6a-9 to the CA monomer is similar to that of PF-74 
(the prototype inhibitor) and 13m (our previously synthesized inhibitor [27]), where the core 

scaffold is oriented to the inside of the active site and the substituent is oriented to the 

outside of the active site.

The phenyl ring of the core region of 6a-9 forms hydrophobic interaction with LYS70 in the 

second cluster binding mode, and it could form an ion-induced dipole interaction with the 

positively charged nitrogen atom of LYS70. This is in contrast to the binding mode in the 

first cluster where the phenyl ring does not form any contact with the protein. Furthermore, 

6a-9 forms aliphatic-aromatic hydrophobic interactions with LEU56 with its fluorobenzene 

ring in the second cluster similar to the binding of PF-74. LEU56 is far from binding to the 

aromatic ring in the most populated cluster. 6a-9 could form hydrophobic interactions with 

ILE73 in the first cluster and ALA105 in the second cluster. There is no proper hydrogen 

bond formation with the methoxy group: however, an aliphatic hydrogen bond could be 

formed between the methoxy group and LYS70 backbone in the first cluster and ASN74 

backbone in the second cluster. The phenyl ring next to the triazole ring forms hydrophobic 

interactions with MET66 in the second cluster and no interaction of this ring in the first 

cluster binding mode. Finally, 6a-9 forms a hydrogen bond with THR107 in the first cluster 

binding mode and with LYS70 in the second binding mode. However, hydrogen bond 

analysis showed very low frequency of forming hydrogen bonds. Results of MD simulation 

analysis shows that the binding is weak in the most predominant binding mode, however 

more interactions are present in the less populated cluster.

2.8 Metabolic stabilities in the presence of human liver microsomes and human plasma

The metabolic stability of 6a-9 and PF-74 was measured in a human liver microsomes 

(HLM) assay. Testosterone, diclofenac, and propranolol were used as control with 

moderate metabolic stability. As shown in Table 3, PF-74 was rapidly metabolized with a 

half-life of 0.6 min, while t1/2 of 6a-9 was 0.9 min. CLint(liver) of 6a-9 was also much lower 

than that of PF-74.

The stabilities of 6a-9 and PF-74 were also evaluated in a human plasma assay. 

Propantheline bromide was tested for control. As shown in Table 4, 6a-9 remained intact 

(measured as 107.4% of the initial amount) after incubation for 120 min, and it also showed 

better stability than PF-74 (85.6% after 120 min).
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3. Conclusions

In this study, we have designed, synthesized, and evaluated a novel series of 4-

phenyl-1H-1,2,3-triazole phenylalanine derivatives as HIV-1 CA inhibitors based on PF-74 
skeleton. Most of the analogues demonstrated potent antiviral activities. Among them, the 

anti-HIV activity of 6a-9 (EC50 = 3.13 μM) is particularly prominent. The SPR binding 

assay demonstrated that this novel series of inhibitors could form direct and tight 

interactions with recombinant CA proteins. Inspired by its high efficiency, SPR can be 

utilized as a rapid screening method to discover potent CA inhibitors in due course. The 

action stage determination studies also demonstrated that 6a-9 displays the dual-stage 

inhibition profile with the more potent inhibition in the late stage of HIV replication than 

early stage. The mechanism of action studies (p24/CA content and CA assembly assay) on 

6a-9 showed no obvious changes in p24 content or assembly rate compared to DMSO 

control. Taking together the above results, we can now speculate that 6a-9 performed its 

inhibitory effect by binding the assembled CA to disturb the normal morphology of the 

conical CA core in the virus, thus inhibiting the late event of the virus. To predict the 

potential binding patterns of this kind of analogues, we also conducted MD simulation on 

6a-9, results showed that the binding of 6a-9 to the CA is similar to that of PF-74, however, 

the calculated binding affinity is relatively weak in the most predominant binding mode, 

providing a reasonable explanation for its weaker antiviral activity than PF-74. The human 

plasma and liver microsomes stability assays also demonstrated that the stability of 6a-9 was 

slightly improved compared with the PF-74.

Given the nature of CA structural pliability and flexibility as well as the dynamic process of 

CA assembly [34], a dynamical perspective on inhibitory mechanisms of PF-74 derivatives 

should be adopted, thus representing a barrier for rational structure-based drug design. In the 

circumstances, the in-depth study of the SARs becomes particularly essential. In this work, 

the systematic analyses of SARs on newly synthesized compounds are expected to offer 

beneficial guidance for further rational optimization. We firmly believe that this novel series 

of capsid inhibitors can act as a starting point for the advancement of a next generation of 

HIV-1 treatment regimen and highlights the potentiality of CA as a therapeutic target. The 

research of development on the PF-74 scaffold is still in progress within our team to find CA 

inhibitors with enhanced potency and better drug-like properties.

4. Experimental Section

4.1. Chemistry
1H NMR and 13C NMR spectra were recorded on a Bruker AV-400 spectrometer using 

solvents as indicated (DMSO-d6, Methanol-d4). Chemical shifts were reported in δ values 

(ppm) with tetramethylsilane (TMS) as the internal reference, and J values were reported in 

hertz (Hz). Melting points (mp) were determined on a micromelting point apparatus and 

were uncorrected. TLC was performed on Silica Gel GF254 for TLC (Merck) and spots 

were visualized by iodine vapor or by irradiation with UV light (λ = 254 nm). Flash column 

chromatography was performed on column packed with Silica Gel60 (200-300 mesh).
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Thin layer chromatography was performed on pre-coated HUANGHAI_HSGF254, 0.15-0.2 

mm TLC-plates. Solvents were of reagent grade and were purified and dried by standard 

methods when necessary. Concentration of the reaction solutions involved the use of rotary 

evaporator at reduced pressure. The solvents of CH2Cl2, Et3N and methanol etc. were 

obtained from Sinopharm Chemical Reagent Co., Ltd (SCRC), which were of AR grade. 

The key reactants including 4-methoxy-N-methylaniline, N-(tert-Butoxycarbonyl)-L-

phenylalanine, 2-azidoacetic acid etc. were purchased from Bide Pharmatech Co. Ltd.

4.1.1 Tert-butyl(S)-(1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)carb amate (2)—A solution of (tert-butoxycarbonyl)-L-

phenylalanine (1, 2.90 g, 10.93 mmol, 1.5 eq.) in 20 mL dichloromethane was added PyBop 

(5.69 g, 10.93 mmol, 1.5 eq.) at 0°C, and the mixture stirred for 0.5 h. Subsequently, DIEA 

(3.61mL, 21.87 mmol, 3 eq.) and 4-methoxy-N-methylaniline (1.0 g 7.29 mmol, 1 eq.) were 

added to the mixture and then stirred at room temperature for another 6 h (monitored by 

TLC). The resulting mixture was evaporated under reduced pressure and the residue was 

initially washed by 1N HCl and extracted with ethyl acetate (3 × 20 mL). Then, the 

combined organic layer was washed with saturated sodium bicarbonate (3 × 20 mL), dried 

over anhydrous Na2SO4, filtered, and concentrated under reduced pressure to afford 

corresponding crude product, which was purified by flash column chromatography to afford 

intermediate 2 as yellow oil with a yield of 88%. 1H NMR (400 MHz, DMSO-d6) δ 7.22 (d, 

J = 8.3 Hz, 2H, Ph-H), 7.20 – 7.11 (m, 3H, Ph-H), 7.09 (d, J = 8.2 Hz, 1H, NH), 7.03 (d, J = 

8.6 Hz, 2H, Ph-H), 6.79 (d, J = 7.3 Hz, 2H, Ph-H), 4.27 – 4.06 (m, 1H, CH), 3.81 (s, 3H, 

OCH3), 3.13 (s, 3H, NCH3), 2.75 (dd, J = 13.4, 3.8 Hz, 1H, PhCH), 2.61 (dd, J = 13.3, 10.3 

Hz, 1H, PhCH), 1.30 (s, 9H, C(CH3)3). 13C NMR (100 MHz, DMSO-d6) δ 172.22 (C=O), 

158.98, 155.75 (C=O), 138.53 (2×C), 136.12 (2×C), 129.28 (2×C), 128.47 (2×C), 126.70, 

115.21 (2×C), 78.33, 55.94, 53.55, 37.86, 37.07, 28.65 (3×C). ESI-MS: m/z 385.4 (M+1), 

407.5 (M+23). C22H28N2O4 [384.5]

4.1.2 (S)-2-amino-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (3)—
Trifluoroacetate (3.86 mL, 52.02 mmol, 5.0 eq.) was added dropwise to intermediate 2 (4.0 

g, 10.40 mmol, 1.0 eq.) in 30 mL dichloromethane and stirred at room temperature for 1 h. 

Then, the resulting mixture solution was alkalized to pH ~ 7 with saturated sodium 

bicarbonate solution, and then extracted with dichloromethane (40 mL). Then, the combined 

organic layer was washed with saturated sodium bicarbonate (3 × 20 mL), dried over 

anhydrous Na2SO4, filtered, and concentrated under reduced pressure to afford 

corresponding crude product 3 as yellow oil with the yield of 80%. 1H NMR (400 MHz, 

DMSO-d6) δ 7.29 – 7.13 (m, 3H, Ph-H), 7.03 – 6.75 (m, 6H, Ph-H), 3.77 (s, 3H, OCH3), 

3.44 – 3.35 (m, 1H, CH), 3.06 (s, 3H, NCH3), 2.75 (dd, J = 12.8, 6.7 Hz, 1H, PhCH), 2.45 

(dd, J = 12.9, 7.1 Hz, 1H, PhCH), 1.87 (s, 2H, NH2). 13C NMR (100 MHz, DMSO-d6) δ 
174.89 (C=O), 158.75, 139.00, 136.35, 129.51 (2×C), 128.93 (2×C), 128.47 (2×C), 126.55, 

115.04 (2×C), 55.85, 53.35, 42.19, 37.45. ESI-MS: m/z 285.05 (M+1). C17H20N2O2 

[284.36].

4.1.3 (S)-2-(2-azidoacetamido)-N-(4-methoxyphenyl)-N-methyl-3-
phenylpropanamide (4)—N3CH2COOH (40 mg, 0.40 mmol, 1.2 eq.) and HATU (188 
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mg, 0.50 mmol, 1.5 eq.) were mixed in15 mL CH3CN and stirred in an ice bath for 1 h. 

Then, the intermediate 3 (94 mg, 0.33 mmol, 1 eq.) and DIEA (109 μL, 0.66 mmol, 2 eq.) 

were added to the above solution slowly at 0 °C. The reaction system was then stirred at 

room temperature for additional 12 h. The solvent was removed under reduced pressure and 

then saturated sodium bicarbonate solution (20 mL) was added, extracted with 

dichloromethane (20 mL). The combined organic layer was washed with 1N HCl (10 mL), 

the resulting organic layer was then washed with saturated salt water, dried over anhydrous 

Na2SO4, filtered, and concentrated under reduced pressure to afford corresponding crude 

product, which was purified by flash column chromatography to provide compound 4 as 

yellow oil with the yield of 39%. 1H NMR (400 MHz, Methanol-d4) δ 7.27 – 7.13 (m, 3H, 

Ph-H), 7.11 – 6.59 (m, 6H, Ph-H), 4.67 (t, J = 7.4 Hz, 1H, NH), 3.82 (s, 3H, OCH3), 3.81 – 

3.74 (m, 1H, CH), 3.31 (dt, J = 3.1, 1.6 Hz, 2H, N3CH2), 3.16 (s, 3H, NCH3), 2.97 (dd, J = 

13.3, 7.0 Hz, 1H, PhCH), 2.73 (dd, J = 13.3, 7.9 Hz, 1H, PhCH). 13C NMR (100 MHz, 

Methanol-d4) δ 171.05 (C=O), 167.29 (C=O), 158.67, 135.77, 134.23, 128.05 (2×C), 

127.49, 127.30 (2×C), 125.75 (2×C), 113.66 (2×C), 53.79, 51.03, 50.30, 36.99, 36.05. ESI-

MS: m/z 368.3 (M+1), 390.3 (M+23), 406.5 (M+39). C19H21N5O3 [367.4],

4.1.4 General procedure for the synthesis of 5a-5c—The key intermediate 4 (110 

mg, 0.30 mmol, 1 eq.), corresponding substituted aminophenylacetylene (42 mg, 0.36 mmol, 

1.2 eq.), L-ascorbic acid sodium salt (7.5 mg, 0.03 mmol, 0.1 eq.), CuSO4‧5H2O (17.8 mg, 

0.09 mmol, 0.3 eq.) were dissolved in the solution of tetrahydrofuran/water (v:v = 1:1, 6 

mL). The resulting mixture was stirred at room temperature for 12 h. Then the reaction 

mixture was extracted with dichloromethane (20 mL), and the combined organic phase was 

washed with saturated salt water (20 mL), dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure to give the corresponding crude target product, which 

was purified by flash column chromatography to afford product 5a-5c.

4.1.4.1 (S)-2-(2-(4-(2-aminophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-
methoxyphenyl)-N-methyl-3-phenylpropanamide (5a).: White solid, yield: 83%. mp: 

94-95°C. 1H NMR (400 MHz, DMSO-d6) δ 8.90 (d, J = 7.6 Hz, 1H, NH), 8.33 (s, 1H, 

triazole-H), 7.42 (d, J = 7.5 Hz, 1H, Ph-H), 7.29 – 7.14 (m, 3H, Ph-H), 7.14 – 6.98 (m, 3H, 

Ph-H), 6.91 (dd, J = 16.8, 7.5 Hz, 4H, Ph-H), 6.76 (d, J = 8.1 Hz, 1H, Ph-H), 6.59 (t, J = 7.3 

Hz, 1H, Ph-H), 6.16 (s, 2H, NH2), 5.25 – 4.99 (m, 2H, triazoleCH2), 4.46 (q, J = 8.1 Hz, 1H, 

CH), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.2, 4.7 Hz, 1H, PhCH), 2.69 

(dd, J = 13.1, 9.4 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 165.40 

(C=O), 159.02, 147.54, 145.05, 137.68, 135.78, 129.33 (2×C), 129.10 (2×C), 128.88, 128.70 

(2×C), 127.93, 127.03, 123.22, 116.40, 116.25, 115.10 (2×C), 113.02, 55.85, 52.10, 51.85, 

37.87, 37.77. ESI-MS: m/z 485.5 (M+1), 507.4 (M+23). C27H28N6O3 [484.6].

4.1.4.2 (S)-2-(2-(4-(3-aminophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-
methoxyphenyl)-N-methyl-3-phenylpropanamide (5b).: White solid, yield: 87%. mp: 

90-91°C. 1H NMR (400 MHz, DMSO-d6) δ 8.88 (d, J = 7.8 Hz, 1H, NH), 8.20 (s, 1H, 

triazole-H), 7.29 – 7.14 (m, 3H, Ph-H), 7.13 – 7.02 (m, 4H, Ph-H), 6.91 (dd, J = 17.6, 8.2 

Hz, 5H, Ph-H), 6.52 (d, J = 7.6 Hz, 1H, Ph-H), 5.17 (s, 2H, PhNH2), 5.13 (d, J = 16.4 Hz, 

1H, triazoleCH), 5.02 (d, J = 16.2 Hz, 1H, triazoleCH), 4.45 (q, J = 8.2 Hz, 1H, CH), 3.75 
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(s, 3H, OCH3), 3.10 (s, 3H, NCH3), 2.92 (dd, J = 13.4, 4.8 Hz, 1H, PhCH), 2.69 (dd, J = 

13.2, 9.3 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.20 (C=O), 165.53 (C=O), 

159.01, 149.51, 147.15, 137.69, 135.79, 131.59, 129.81, 129.33 (2×C), 129.11, 128.71 

(2×C), 127.03, 122.90, 115.09 (2×C), 113.97, 113.36, 110.80 (2×C), 55.85, 52.10, 51.73, 

37.85, 37.77. ESI-MS: m/z 485.5 (M+1), 507.5 (M+23). C27H28N6O3 [484.6]

4.1.4.3 (S)-2-(2-(4-(4-aminophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-
methoxyphenyl)-N-methyl-3-phenylpropanamide (5c).: White solid, yield: 48%. mp: 

105-106°C. 1H NMR (400 MHz, DMSO-d6) δ 8.86 (d, J = 7.8 Hz, 1H, NH), 8.07 (s, 1H, 

triazole-H), 7.47 (d, J = 8.4 Hz, 2H, Ph-H), 7.27 – 7.13 (m, 3H, Ph-H), 7.06 (d, J = 6.6 Hz, 

2H, Ph-H), 6.93 (d, J = 9.0 Hz, 2H, Ph-H), 6.91 – 6.82 (m, 2H, Ph-H), 6.60 (d, J = 8.4 Hz, 

2H, Ph-H), 5.23 (s, 2H, NH2), 5.09 (d, J = 16.3 Hz, 1H, triazoleCH), 4.98 (d, J = 16.3 Hz, 

1H, triazoleCH), 4.45 (td, J = 8.5, 5.5 Hz, 1H, CH), 3.75 (s, 3H, OCH3), 3.10 (s, 3H, NCH3), 

2.91 (dd, J = 13.6, 5.2 Hz, 1H, PhCH), 2.68 (dd, J = 13.4, 9.1 Hz, 1H, PhCH). 13C NMR 

(100 MHz, DMSO-d6) δ 171.19 (C=O), 165.58 (C=O), 159.01, 149.03, 147.48, 137.69, 

135.80, 129.33 (2×C), 129.10 (2×C), 128.69 (2×C), 127.02, 126.55 (2×C), 121.07, 118.78, 

115.09 (2×C), 114.39 (2×C), 55.85, 52.06, 51.71, 37.87, 37.77. ESI-MS: m/z 485.5 (M+1), 

507.4 (M+23), 523.5 (M+39). C27H28N6O3 [484.6].

4.1.5 General procedure for the synthesis of target compounds 6a-(1-12), 
6b-(1-12), 6c-(1-12)—The compound 5a-5c (0.12 g, 0.25 mmol, 1eq.), TEA (69 μL, 0.50 

mmol, 2 eq.), corresponding acyl chloride (0.37 mmol, 1.5 eq.) were dissolved in the 

solution of dichloromethane (10 mL) under ice cooling. The resulting mixture was stirred at 

room temperature for 10 h. Then the reaction mixture was extracted with dichloromethane 

(10 mL), and the combined organic phase was washed with saturated salt water (10 mL), 

dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure to give the 

corresponding crude target product, which was purified by flash column chromatography to 

afford product 6a-(1-12), 6b-(1-12), 6c-(1-12).

4.1.5.1 (S)-2-(2-(4-(2-acetamidophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-
methoxyphenyl)-N-methyl-3-phenylpropanamide (6a-1).: White solid, yield: 47%. mp: 

95-96°C. 1H NMR (400 MHz, DMSO-d6) δ 10.71 (s, 1H, PhNH), 8.95 (d, J = 7.8 Hz, 1H, 

NH), 8.47 (s, 1H, triazole-H), 8.10 (d, J = 8.1 Hz, 1H, Ph-H), 7.77 (d, J = 7.6 Hz, 1H, Ph-H), 

7.33 (t, J = 7.4 Hz, 1H, Ph-H), 7.29 – 7.15 (m, 4H, Ph-H), 7.14 – 7.01 (m, 2H, Ph-H), 6.93 

(d, J = 8.9 Hz, 2H, Ph-H), 6.89 (d, J = 6.6 Hz, 2H, Ph-H), 5.23 (d, J = Hz, 1H, triazoleCH), 

5.12 (d, J = 16.3 Hz, 1H, triazoleCH), 4.54 – 4.38 (m, 1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 

3H, NCH3), 2.93 (dd, J = 13.5, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 9.3 Hz, 1H, PhCH), 

2.12 (s, 3H, COCH3). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 168.89 (C=O), 

165.29 (C=O), 159.03, 145.45, 137.66, 135.86, 135.78, 129.32 (2×C), 129.10 (2×C), 128.77, 

128.71 (2×C), 128.07, 127.04, 125.03, 124.76, 123.43, 120.94, 115.09 (2×C), 55.86, 52.15, 

51.94, 37.85, 37.77, 24.89. ESI-MS: m/z 527.4 (M+1), 544.5 (M+18), 549.4 (M+23), 565.4 

(M+39). C29H30N6O4 [526.6].

4.1.5.2 (S)-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)a mino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 

Sun et al. Page 12

Eur J Med Chem. Author manuscript; available in PMC 2021 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(6a-2).: White solid, yield: 53%. mp: 103-104°C. 1H NMR (400 MHz, DMSO-d6) δ 12.11 

(s, 1H, PhNH), 8.98 (d, J = 7.8 Hz, 1H, NH), 8.65 (s, 1H, triazole-H), 8.61 (d, J = 8.3 Hz, 

1H, Ph-H), 8.06 (d, J = 7.0 Hz, 2H, Ph-HH), 7.81 (d, J = 7.8 Hz, 1H, Ph-H), 7.70 – 7.50 (m, 

3H, Ph-H), 7.41 (t, J = 7.8 Hz, 1H, Ph-H), 7.30 – 7.14 (m, 4H, Ph-H), 7.06 (d, J = 6.5 Hz, 

2H, Ph-H), 6.93 (d, J = 9.0 Hz, 2H, Ph-H), 6.88 (d, J = 6.7 Hz, 2H, Ph-H), 5.26 (d, J = Hz, 

1H, triazoleCH), 5.15 (d, J = 16.4 Hz, 1H, triazoleCH), 4.46 (td, J = 8.5, 5.5 Hz, 1H, CH), 

3.74 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.69 (dd, J 
= 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ (C=O), 165.34 (C=O), 

165.15 (C=O), 159.02, 146.34, 137.65, 136.27, 135.76, 135.16, 132.45, 129.35 (2×C), 

129.32 (2×C), 129.09 (2×C), 129.06, 128.70 (2×C), 128.01, 127.63 (2×C), 127.02, 125.07, 

124.58, 121.91 , 119.22, 115.10 (2×C), 55.84, 52.14, 52.12, 37.87, 37.77. ESI-MS: m/z 

589.4 (M+1), 606.4 (M+18), 611.3 (M+23), 627.4 (M+39). C34H32N6O4 [588.7].

4.1.5.3 (S)-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)a mino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-4-
methylbenzamide (6a-3).: White solid, yield: 70%. mp: 118-119°C. 1H NMR (400 MHz, 

DMSO-d6) δ 12.07 (s, 1H, PhNH), 8.99 (d, J = 7.8 Hz, 1H, NH), 8.64 (s, 1H, triazole-H), 

8.61 (d, J = 8.3 Hz, 1H, Ph-H), 7.96 (d, J = 8.1 Hz, 2H, Ph-H), 7.80 (d, J = 7.7 Hz, 1H, Ph-

H), 7.40 (t, J = 6.7 Hz, 3H, Ph-H), 7.20 (tt, J = 14.2, 7.3 Hz, 4H, Ph-H), 7.13 – 6.99 (m, 2H, 

Ph-H), 6.93 (d, J = 8.9 Hz, 2H, Ph-H), 6.88 (d, J = 6.8 Hz, 2H, Ph-H), 5.26 (d, J = 16.4 Hz, 

1H, triazoleCH), 5.15 (d, J = 16.4 Hz, 1H, triazoleCH), 4.61 – 4.34 (m, 1H, CH), 3.74 (s, 

3H, OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.69 (dd, J = 13.4, 

9.2 Hz, 1H, PhCH), 2.40 (s, 3H, PhCH3). 13C NMR (100 MHz, DMSO-d6) δ 171.14 (C=O), 

165.27 (C=O), 165.16 (C=O), 159.02, 146.39 , 142.52 , 137.65 , 136.37, 135.76, 132.40 , 

129.88 (2×C), 129.32 (2×C), 129.09 (2×C), 129.04 , 128.70 (2×C), 127.99 , 127.64 (2×C), 

127.02 , 125.04 , 124.42 , 121.80 , 119.04, 115.09 (2×C), 55.84, 52.12, 52.11, 37.87, 37.77, 

21.49. ESI-MS: m/z 603.4 (M+1), 620.5 (M+18), 625.4 (M+23), 641.3 (M+39). 

C35H34N6O4 [602.7].

4.1.5.4 (S)-2-methoxy-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpro pan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-4).: White solid, yield: 65%. mp: 99-100°C. 1H NMR (400 MHz, DMSO-d6) δ 11.66 (s, 

1H, PhNH), 8.95 (d, J = 7.9 Hz, 1H, NH), 8.55 (d, J = 8.3 Hz, 1H, Ph-H), 8.47 (s, 1H, 

triazole-H), 7.93 (d, J = 6.9 Hz, 1H, Ph-H), 7.64 (d, J = 7.6 Hz, 1H, Ph-H), 7.60 – 7.50 (m, 

1H, Ph-H), 7.40 (t, J = 7.8 Hz, 1H, Ph-H), 7.28 – 7.13 (m, 5H, Ph-H), 7.15 – 6.99 (m, 3H, 

Ph-H), 6.93 (d, J = 8.9 Hz, 2H, Ph-H), 6.88 (d, J = 6.6 Hz, 2H, Ph-H), 5.23 (d, J = 16.3 Hz, 

1H, triazoleCH), 5.13 (d, J = 16.3 Hz, 1H, triazole-CH), 4.47 (td, J = 8.5, 5.4 Hz, 1H, CH), 

3.87 (s, 3H, OCH3), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.5, 5.0 Hz, 1H, 

PhCH), 2.69 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.16 

(C=O), 165.27 (C=O), 164.08 (C=O), 159.02, 157.36, 145.64, 137.66, 136.09, 135.77, 

133.66, 131.58, 129.32 (2×C), 129.10, 128.89, 128.82, 128.69 (2×C), 127.02, 125.08, 

124.45, 123.07, 122.82, 121.13 (2×C), 120.14, 115.10 (2×C), 112.51, 56.29, 55.85, 52.12, 

51.97, 37.85, 37.77. ESI-MS: m/z 619.5 (M+1), 636.4 (M+18), 641.4 (M+23), 657.4 (M

+39). C35H34N6O5 [618.7].
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4.1.5.5 (S)-3-methoxy-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpro pan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-5).: White solid, yield: 79%. mp: 99-100°C. 1H NMR (400 MHz, DMSO-d6) δ 12.13 (s, 

1H, PhNH), 8.97 (d, J = 7.8 Hz, 1H, NH), 8.65 (s, 1H, triazole-H), 8.62 (d, J = 8.3 Hz, 1H, 

Ph-H), 7.82 (d, J = 7.5 Hz, 1H, Ph-H), 7.65 (d, J = 7.8 Hz, 1H, Ph-H), 7.62 (s, 1H, Ph-H), 

7.51 (t, J = 7.9 Hz, 1H, Ph-H), 7.42 (t, J = 7.6 Hz, 1H, Ph-H), 7.21 (dp, J = 16.5, 7.4 Hz, 5H, 

Ph-H), 7.06 (d, J = 6.6 Hz, 2H, Ph-H), 6.93 (d, J = 8.9 Hz, 2H, Ph-H), 6.89 (d, J = 6.8 Hz, 

2H, Ph-H), 5.26 (d, J = 16.4 Hz, 1H, triazoleCH), 5.16 (d, J = 16.3 Hz, 1H, triazoleCH), 

4.47 (td, J = 8.4, 5.5 Hz, 1H, CH), 3.87 (s, 3H, OCH3), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, 

NCH3), 2.93 (dd, J = 13.5, 5.1 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C 

NMR (100 MHz, DMSO-d6) δ 171.14 (C=O), 165.15 (C=O), 165.05 (C=O), 159.96, 

159.02, 146.36, 137.65, 136.59, 136.24, 135.76, 130.51, 129.32 (2×C), 129.10 (2×C), 

128.71 (2×C), 128.01, 127.03, 125.10, 124.57, 121.72, 119.80 (2×C), 119.08, 118.43, 

115.09 (2×C), 112.60, 55.84, 55.77 (2×C), 52.14, 37.86, 37.77. ESI-MS: m/z 619.5 (M+1), 

636.4 (M+18), 641.4 (M+23), 657.4 (M+39). C35H34N6O5 [618.7].

4.1.5.6 (S)-4-methoxy-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-6).: White solid, yield: 68%. mp: 110-111°C. 1H NMR (400 MHz, DMSO-d6) δ 12.03 

(s, 1H, PhNH), 8.97 (d, J = 7.8 Hz, 1H, NH), 8.64 (s, 1H, triazole-H), 8.62 (d, J = 8.1 Hz, 

1H, Ph-H), 8.04 (d, J = 8.8 Hz, 2H, Ph-H), 7.85 – 7.76 (m, 1H, Ph-H), 7.45 – 7.36 (m, 1H, 

Ph-H), 7.26 – 7.16 (m, 4H, Ph-H), 7.14 (d, J = 8.9 Hz, 2H, Ph-H), 7.06 (d, J = 6.8 Hz, 2H, 

Ph-H), 6.93 (d, J = 9.0 Hz, 2H, Ph-H), 6.89 (d, J = 6.6 Hz, 2H, Ph-H), 5.26 (d, J = Hz, 1H, 

triazoleCH), 5.16 (d, J = 16.4 Hz, 1H, triazoleCH), 4.47 (td, J = 8.5, 5.3 Hz, 1H, CH), 3.86 

(s, 3H, OCH3), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.1 Hz, 1H, 

PhCH), 2.70 (dd, J = 13.5, 9.1 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.15 

(C=O), 165.18 (C=O), 164.85 (C=O), 162.62, 159.02, 146.45, 137.66, 136.51, 135.76, 

129.53 (2×C), 129.32 (2×C), 129.10 (2×C), 129.04, 128.71 (2×C), 127.96, 127.26, 127.03, 

125.04, 124.25, 121.69, 118.87, 115.09 (2×C), 114.59 (2×C), 55.95, 55.84, 52.16, 52.11, 

37.85, 37.77. ESI-MS: m/z 619.5 (M+1), 641.3 (M+23). C35H34N6O5 [618.7].

4.1.5.7 Methyl (S)-4-((2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-
yl)phenyl)carbamoyl)benzoate (6a-7).: White solid, yield: 76%. mp: 130-131°C. 1H NMR 

(400 MHz, DMSO-d6) δ 12.04 (s, 1H, PhNH), 8.95 (d, J = 7.8 Hz, 1H, NH), 8.61 (s, 1H, 

triazole-H), 8.50 (d, J = 8.2 Hz, 1H, Ph-H), 8.22 – 8.10 (m, 4H, Ph-H), 7.83 (d, J = 7.2 Hz, 

1H, Ph-H), 7.43 (t, J = 7.4 Hz, 1H, Ph-H), 7.28 (t, J = 7.5 Hz, 1H, Ph-H), 7.19 (q, J = 8.7, 

7.5 Hz, 3H, Ph-H), 7.06 (d, J = 7.4 Hz, 2H, Ph-H), 6.92 (d, J = 8.9 Hz, 2H, Ph-H), 6.88 (d, J 
= 6.6 Hz, 2H, Ph-H), 5.25 (d, J = 16.3 Hz, 1H, triazoleCH), 5.15 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.47 (td, J = 8.5, 5.5 Hz, 1H, CH), 3.90 (s, 3H, COOCH3), 3.74 (s, 3H, OCH3), 

3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.5, 5.1 Hz, 1H, PhCH), 2.69 (dd, J = 13.4, 9.1 Hz, 1H, 

PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.12 (C=O), 166.06 (C=O), 165.14 (C=O), 

164.61 (C=O), 159.03, 146.07, 139.27, 137.64 (2×C), 135.89 (2×C), 135.78, 132.84, 130.05 

(2×C), 129.32 (2×C), 129.06 (2×C), 128.69 (2×C), 128.09 (2×C), 127.00, 125.08 (2×C), 
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122.58, 120.11, 115.10 (2×C), 55.84 (2×C), 52.91, 52.12, 37.91, 37.76. ESI-MS: m/z 647.5 

(M+1), 664.5 (M+18), 669.4 (M+23), 685.5 (M+39). C35H34N6O5 [646.7].

4.1.5.8 (S)-4-cyano-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-8).: White solid, yield: 61%. mp: 142-143°C. 1H NMR (400 MHz, DMSO-d6) δ 12.04 

(s, 1H, PhNH), 8.95 (d, J = 7.8 Hz, 1H, NH), 8.61 (s, 1H, triazole-H), 8.47 (d, J = 8.2 Hz, 

1H, Ph-H), 8.18 (d, J = 8.2 Hz, 2H, Ph-H), 8.07 (d, J = 8.3 Hz, 2H, Ph-H), 7.83 (d, J = 7.7 

Hz, 1H, Ph-H), 7.43 (t, J = 7.7 Hz, 1H, Ph-H), 7.28 (t, J = 7.5 Hz, 1H, Ph-H), 7.20 (q, J = 

8.8, 7.6 Hz, 3H, Ph-H), 7.06 (d, J = 7.3 Hz, 2H, Ph-H), 6.92 (d, J = 8.8 Hz, 2H, Ph-H), 6.88 

(d, J = 6.8 Hz, 2H, Ph-H), 5.25 (d, J = 16.3 Hz, 1H, triazoleCH), 5.15 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.47 (td, J = 8.4, 5.4 Hz, 1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 

2.92 (dd, J = 13.5, 5.0 Hz, 1H, PhCH), 2.69 (dd, J = 13.3, 9.3 Hz, 1H, PhCH). 13C NMR 

(100 MHz, DMSO-d6) δ 171.14 (C=O), 165.17 (C=O), 164.02 (C=O), 159.04, 146.01, 

139.17, 137.65, 135.78, 135.71, 133.36 (2×C), 129.31 (2×C), 129.07 (2×C), 128.70 (2×C), 

128.53 (2×C), 128.12, 127.02, 125.28, 125.12, 122.71, 120.32, 118.69 (2×C), 115.11 (2×C), 

114.68, 55.85, 52.16, 52.10, 37.90, 37.77. ESI-MS: m/z 614.3 (M+1), 631.4 (M+18), 636.4 

(M+23), 652.5 (M+39). C35H31N7O4 [613.7].

4.1.5.9 (S)-2-fluoro-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-9).: White solid, yield: 76%. mp: 105-106°C. 1H NMR (400 MHz, DMSO-d6) δ 11.76 

(s, 1H, PhNH), 8.95 (d, J = 7.9 Hz, 1H, NH), 8.58 (s, 1H, triazole-H), 8.48 (d, J = 8.1 Hz, 

1H, Ph-H), 7.87 (t, J = 7.1 Hz, 1H, Ph-H), 7.78 (d, J = 7.7 Hz, 1H, Ph-H), 7.64 (q, J = 6.0 

Hz, 1H, Ph-H), 7.50 – 7.33 (m, 3H, Ph-H), 7.27 (t, J = 7.5 Hz, 1H, Ph-H), 7.19 (q, J = 8.3, 

7.3 Hz, 3H, Ph-H), 7.11 – 6.99 (m, 2H, Ph-H), 6.93 (d, J = 9.0 Hz, 2H, Ph-H), 6.88 (d, J = 

6.5 Hz, 2H, Ph-H), 5.22 (d, J = 16.4 Hz, 1H, triazoleCH), 5.12 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.46 (td, J = 8.5, 5.4 Hz, 1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 

2.92 (dd, J = 13.5, 5.0 Hz, 1H, PhCH), 2.69 (dd, J = 13.4, 9.1 Hz, 1H, PhCH). 13C NMR 

(100 MHz, DMSO-d6) δ 171.13 (C=O), 165.14 (C=O), 162.58 (C=O), 159.69 (d, 1JCF = 

248.4 Hz), 159.02, 145.90, 137.64, 135.72 (d, 3JCF = 9.7 Hz), 133.94 (d, 3JCF = 8.6 Hz), 

130.84 (d, 4JCF = 2.1 Hz), 129.32 (2×C), 129.08 (2×C), 128.99, 128.69 (2×C), 128.21, 

127.01, 125.41 (d, 4JCF = 3.4 Hz), 125.07, 124.98, 124.13 (d, 2JCF = 13.4 Hz), 122.63, 

119.87, 117.13, 116.90, 115.10 (2×C), 55.84, 52.11, 52.03, 37.89, 37.77. HRMS: m/z 

607.2466 (M+1)+, 629.2273 (M+23)+. C34H31FN6O4 [606.2391].

4.1.5.10 (S)-3-fluoro-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-10).: White solid, yield: 59%. mp: 109-110°C. 1H NMR (400 MHz, DMSO-d6) δ 12.06 

(s, 1H, PhNH), 8.97 (d, J = 7.8 Hz, 1H, NH), 8.64 (s, 1H, triazole-H), 8.52 (d, J = 8.2 Hz, 

1H, Ph-H), 7.91 (d, J = 7.7 Hz, 1H, Ph-H), 7.83 (t, J = 7.8 Hz, 2H, Ph-H), 7.66 (q, J = 7.8 

Hz, 1H, Ph-H), 7.51 (dt, J = 8.3, 4.4 Hz, 1H, Ph-H), 7.42 (t, J = 7.6 Hz, 1H, Ph-H), 7.27 (t, J 
= 7.5 Hz, 1H, Ph-H), 7.20 (q, J = 9.3, 7.8 Hz, 3H, Ph-H), 7.13 – 6.99 (m, 2H, Ph-H), 6.93 (d, 

J = 8.8 Hz, 2H, Ph-H), 6.89 (d, J = 6.8 Hz, 2H, Ph-H), 5.26 (d, J = Hz, 1H, triazoleCH), 5.16 

(d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (q, J = 8.3 Hz, 1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 
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3H, NCH3), 2.92 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.3, 9.2 Hz, 1H, PhCH). 
13C NMR (100 MHz, DMSO-d6) δ 171.13 (C=O), 165.16 (C=O), 164.02 (d, 4JCF = 2.3 Hz, 

C=O), 162.67 (d, 1JCF = 243.5 Hz), 159.02, 146.17, 137.65 (2×C), 137.58 (d, 3JCF = 6.7 

Hz), 135.92, 135.76, 131.56 (d, 3JCF = 7.7 Hz), 129.32 (2×C), 129.08 (2×C), 128.70 (2×C), 

128.05, 127.01, 125.10, 124.96, 123.69 (d, 4JCF = 2.3 Hz), 122.32, 119.78, 119.37 (d, 2JCF = 

20.8 Hz), 115.09 (2×C), 114.63 (d, 2JCF = 22.8 Hz), 55.84, 52.13, 52.11, 37.88, 37.76. ESI-

MS: m/z 607.4 (M+1), 624.4 (M+18), 629.4 (M+23), 645.4 (M+39). C34H31FN6O4 [606.7].

4.1.5.11 (S)-4-fluoro-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6a-11).: White solid, yield: 67%. mp: 123-124°C. 1H NMR (400 MHz, DMSO-d6) δ 12.01 

(s, 1H, PhNH), 8.97 (d, J = 7.8 Hz, 1H, NH), 8.63 (s, 1H, triazole-H), 8.54 (d, J = 8.2 Hz, 

1H, Ph-H), 8.12 (dd, J = 8.7, 5.5 Hz, 2H, Ph-H), 7.88 – 7.78 (m, 1H, Ph-H), 7.43 (q, J = 8.3, 

7.7 Hz, 3H, Ph-H), 7.32 – 7.23 (m, 1H, Ph-H), 7.23 – 7.15 (m, 3H, Ph-H), 7.06 (d, J = 6.8 

Hz, 2H, Ph-H), 6.93 (d, J = 9.0 Hz, 2H, Ph-H), 6.88 (d, J = 6.7 Hz, 2H, Ph-H), 5.26 (d, J = 

16.4 Hz, 1H, triazoleCH), 5.15 (d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (td, J = 8.5, 5.4 Hz, 

1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 

2.69 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.15 (C=O), 

165.18 (C=O), 164.72 (d, 1JCF = 243.5 Hz), 164.32 (C=O), 159.03, 146.23, 137.65, 136.12, 

135.76, 131.67 (d, 4JCF = 2.3 Hz), 130.41, 130.32, 129.31 (2×C), 129.09, 129.04, 128.70 

(2×C), 128.03, 127.02, 125.08, 124.74, 122.22, 119.61, 116.44 (2×C), 116.22, 115.09 (2×C), 

55.84, 52.16, 52.09, 37.86, 37.76. ESI-MS: m/z 607.4 (M+1), 624.4 (M+18), 629.4 (M+23), 

645.4 (M+39). C34H31FN6O4 [606.7].

4.1.5.12 (S)-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-[1,1'-biphenyl]-4-
carboxamide (6a-12).: White solid, yield: 58%. mp: 120-121°C. 1H NMR (400 MHz, 

DMSO-d6) δ 12.16 (s, 1H, PhNH), 8.98 (d, J = 7.8 Hz, 1H, NH), 8.67 (s, 1H, triazole-H), 

8.63 (d, J = 8.3 Hz, 1H, Ph-H), 8.16 (d, J = 8.2 Hz, 2H, Ph-H), 7.91 (d, J = 8.2 Hz, 2H, Ph-

H), 7.83 (d, J = 7.7 Hz, 1H, Ph-H), 7.79 (d, J = 7.6 Hz, 2H, Ph-H), 7.52 (t, J = 7.5 Hz, 2H, 

Ph-H), 7.30 – 7.15 (m, 5H, Ph-H), 7.11 – 7.04 (m, 2H, Ph-H), 6.95 – 6.85 (m, 5H, Ph-H), 

5.27 (d, J = 16.4 Hz, 1H, triazoleCH), 5.18 (d, J = 13.5 Hz, 1H, triazoleCH), 4.51 – 4.42 (m, 

1H, CH), 3.73 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 

2.70 (dd, J = 13.3, 9.3 Hz, 1H, PhCH). 13C NMR (101 MHz, DMSO-d6) δ 171.15 (C=O), 

165.18 (C=O), 165.00 (C=O), 159.02, 146.36, 146.05, 143.92, 139.41, 137.65, 136.30, 

135.76, 133.90, 129.54 (2×C), 129.32 (2×C), 129.09 (2×C), 128.70 (2×C), 128.34 (2×C), 

127.53 (2×C), 127.42 (2×C), 127.02, 125.10, 124.60, 132.22, 121.99, 119.27, 116.26, 

115.09 (2×C), 55.83, 52.15, 52.11, 37.87, 37.76. ESI-MS: m/z 665.4 (M+1), 682.5 (M+18). 

C40H36N6O4 [664.8].

4.1.5.13 (S)-2-(2-(4-(3-acetamidophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-
methoxyphenyl)-N-methyl-3-phenylpropanamide (6b-1).: White solid, yield: 52%. mp: 

206-207°C. 1H NMR (400 MHz, DMSO-d6) δ 10.05 (s, 1H, PhNH), 8.91 (d, J = 7.8 Hz, 1H, 

NH), 8.34 (s, 1H, triazole-H), 8.12 (s, 1H, Ph-H), 7.56 (d, J = 8.0 Hz, 1H, Ph-H), 7.45 (d, J = 

7.7 Hz, 1H, Ph-H), 7.36 (t, J = 7.9 Hz, 1H, Ph-H), 7.27 – 7.14 (m, 3H, Ph-H), 7.14 – 7.00 
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(m, 2H, Ph-H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.89 (d, J = 6.4 Hz, 2H, Ph-H), 5.17 (d, J = 

16.3 Hz, 1H, triazoleCH), 5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 4.46 (td, J = 8.5, 5.4 Hz, 

1H, CH), 3.76 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.5, 5.0 Hz, 1H, PhCH), 

2.70 (dd, J = 13.5, 9.2 Hz, 1H, PhCH), 2.07 (s, 3H, COCH3). 13C NMR (100 MHz, DMSO-

d6) δ 171.18 (C=O), 168.87 (C=O), 165.46, 159.02, 146.43, 140.33, 137.67, 135.79, 131.54, 

129.75, 129.33 (2×C), 129.10, 128.70 (2×C), 127.03, 123.36 (2×C), 120.40, 118.85, 115.92, 

115.10 (2×C), 55.85, 52.09, 51.80, 37.88, 37.77, 24.53. ESI-MS: m/z 527.4 (M+1), 544.5 

(M+18), 549.4 (M+23), 565.5 (M+39). C29H30N6O4 [526.6].

4.1.5.14 (S)-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-2).: White solid, yield: 73%. mp: 135-136°C. 1H NMR (400 MHz, DMSO-d6) δ 10.38 

(s, 1H, PhNH), 8.93 (d, J = 7.8 Hz, 1H, NH), 8.37 (s, 1H, Ph-H), 8.34 (s, 1H, triazole-H), 

8.00 (d, J = 7.1 Hz, 2H, Ph-H), 7.78 (d, J = 8.0 Hz, 1H, Ph-H), 7.62-7.52 (m, 4H, Ph-H), 

7.42 (t, J = 7.9 Hz, 1H, Ph-H), 7.23-7.18 (m, 3H, Ph-H), 7.08 – 7.06 (m, 2H, Ph-H), 

6.95-6.88 (m, 4H, Ph-H), 5.18 (d, J = 16.3 Hz, 1H, triazoleCH), 5.07 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.46 (td, J = 8.5, 5.5 Hz, 1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 

2.92 (dd, J = 13.4, 5.0 Hz, 1H, PhCH ), 2.69 (dd, J = 13.5, 9.2 Hz, 1H, PhCH). 13C NMR 

(100 MHz, DMSO-d6) δ 171.19 (C=O), 166.06 (C=O), 165.48 (C=O), 159.02, 146.45, 

140.20, 137.68, 135.79, 135.30, 132.10, 131.52, 129.70, 129.34 (2×C), 129.11, 128.87 

(2×C), 128.71 (2×C), 128.16 (2×C), 127.04, 123.43 (2×C), 121.04, 120.22, 117.40, 115.10 

(2×C), 55.85, 52.11, 51.82, 37.87, 37.78. ESI-MS: m/z 589.5 (M+1), 606.4 (M+18), 611.4 

(M+23), 627.4 (M+39). C34H32N6O4 [588.7].

4.1.5.15 (S)-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-4-
methylbenzamide (6b-3).: White solid, yield: 63%. mp: 212-213°C. 1H NMR (400 MHz, 

DMSO-d6) δ 10.28 (s, 1H, PhNH), 8.92 (d, J = 7.8 Hz, 1H, NH), 8.37 (s, 1H, Ph-H), 8.34 (s, 

1H, triazole-H), 7.92 (d, J = 8.0 Hz, 2H, Ph-H), 7.78 (d, J = 7.9 Hz, 1H, Ph-H), 7.53 (d, J = 

7.7 Hz, 1H, Ph-H), 7.42 (t, J = 7.9 Hz, 1H, Ph-H), 7.35 (d, J = 8.0 Hz, 2H, Ph-H), 7.21 (q, J 
= 7.9, 7.0 Hz, 3H, Ph-H), 7.15 – 7.01 (m, 2H, Ph-H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.90 (d, 

J = 6.6 Hz, 2H, Ph-H), 5.18 (d, J = 16.3 Hz, 1H, triazoleCH), 5.07 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.47 (td, J = 8.4, 5.3 Hz, 1H, CH), 3.76 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 

2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH), 2.40 (s, 3H, 

PhCH3). 13C NMR (100 MHz, DMSO-d6) δ 171.19 (C=O), 165.85 (C=O), (C=O), 159.02, 

146.47, 142.11, 140.27, 137.68, 135.79, 132.40, 131.49, 129.67, 129.39 (2×C), 129.34 

(2×C), 129.12, 128.71 (2×C), 128.19 (2×C), 127.04, 123.41 (2×C), 120.92, 120.21, 117.39, 

115.10 (2×C), 55.85, 52.10, 51.81, 37.87, 21.50. ESI-MS: m/z 603.4 (M+1), 620.5 (M+18), 

625.4 (M+23), 641.3 (M+39). C35H34N6O4 [602.7].

4.1.5.16 (S)-2-methoxy-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-4).: White solid, yield: 65%. mp: 125-126°C. 1H NMR (400 MHz, DMSO-d6) δ 10.23 

(s, 1H, PhNH), 8.93 (d, J = 7.8 Hz, 1H, NH), 8.37 (s, 1H, Ph-H), 8.29 (s, 1H, triazole-H), 

7.68 (dd, J = 11.9, 8.0 Hz, 2H, Ph-H), 7.52 (t, J = 9.4 Hz, 2H, Ph-H), 7.41 (t, J = 7.9 Hz, 1H, 
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Ph-H), 7.30 – 7.15 (m, 4H, Ph-H), 7.08 (t, J = 7.3 Hz, 3H, Ph-H), 6.94 (d, J = 8.8 Hz, 2H, 

Ph-H), 6.90 (d, J = 6.6 Hz, 2H, Ph-H), 5.18 (d, J = 16.3 Hz, 1H, triazoleCH), 5.07 (d, J = 

16.3 Hz, 1H, triazoleCH), 4.47 (td, J = 8.4, 5.4 Hz, 1H, CH), 3.92 (s, 3H, OCH3), 3.76 (s, 

3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 

9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 165.46 (C=O), 

165.10 (C=O), 159.02, 156.96, 146.43, 140.06, 137.68, 135.79, 132.52, 131.62, 130.13, 

129.76, 129.34 (2×C), 129.11, 128.71 (2×C), 127.03, 125.41, 123.45, 120.95 (2×C), 120.88, 

119.65, 116.75, 115.10 (2×C), 112.46, 56.37, 55.85, 52.10, 51.83, 37.89, 37.77. ESI-MS: 

m/z 619.5 (M+1), 636.4 (M+18), 641.3 (M+23), 657.3 (M+39). C35H34N6O5 [618.7].

4.1.5.17 (S)-3-methoxy-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-5).: White solid, yield: 48%. mp: 115-116°C. 1H NMR (400 MHz, DMSO-d6) δ 10.34 

(s, 1H, PhNH), 8.92 (d, J = 7.6 Hz, 1H, NH), 8.37 (s, 1H, Ph-H), 8.33 (s, 1H, triazole-H), 

7.79 (d, J = 7.7 Hz, 1H, Ph-H), 7.59 (d, J = 7.5 Hz, 1H, Ph-H), 7.54 (s, 2H, Ph-H), 7.45 (dt, J 
= 13.0, 7.9 Hz, 2H, Ph-H), 7.29 – 7.13 (m, 4H, Ph-H), 7.08 (d, J = 6.6 Hz, 2H, Ph-H), 6.94 

(d, J = 8.5 Hz, 2H, Ph-H), 6.90 (d, J = 6.5 Hz, 2H, Ph-H), 5.19 (d, J = 16.3 Hz, 1H, 

triazoleCH), 5.08 (d, J = 16.3 Hz, 1H, triazoleCH), 4.48 (q, J = 7.9 Hz, 1H, CH), 3.86 (s, 

3H, OCH3), 3.76 (s, 3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 13.2, 4.6 Hz, 1H, PhCH), 

2.71 (dd, J = 13.0, 9.4 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.19 (C=O), 

165.75 (C=O), 165.47 (C=O), 159.65, 159.02, 146.44, 140.12, 137.68, 136.68, 135.79, 

131.52, 130.03, 129.69, 129.34 (2×C), 129.10, 128.71 (2×C), 127.03, 123.42, 121.09, 

120.38 (2×C), 120.31, 117.87, 117.49, 115.11 (2×C), 113.36, 55.85, 55.82, 52.10, 51.83, 

37.89, 37.78. ESI-MS: m/z 619.5 (M+1), 636.4 (M+18), 641.3 (M+23), 657.5 (M+39). 

C35H34N6O5 [618.7].

4.1.5.18 (S)-4-methoxy-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-6).: White solid, yield: 63%. mp: 199-200°C. 1H NMR (400 MHz, DMSO-d6) δ 10.20 

(s, 1H, PhNH), 8.91 (d, J = 7.8 Hz, 1H, NH), 8.36 (s, 1H, Ph-H), 8.32 (s, 1H, triazole-H), 

8.01 (d, J = 8.7 Hz, 2H, Ph-H), 7.78 (d, J = 8.1 Hz, 1H, Ph-H), 7.52 (d, J = 7.7 Hz, 1H, Ph-

H), 7.41 (t, J = 7.9 Hz, 1H, Ph-H), 7.26 – 7.16 (m, 3H, Ph-H), 7.08 (d, J = 8.7 Hz, 4H, Ph-

H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.89 (d, J = 6.6 Hz, 2H, Ph-H), 5.18 (d, J = 16.3 Hz, 1H, 

triazoleCH), 5.07 (d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (td, J = 8.4, 5.6 Hz, 1H, CH), 3.85 

(s, 3H, OCH3), 3.76 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.5, 5.1 Hz, 1H, 

PhCH), 2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.19 

(C=O), 165.47 (C=O), 165.40 (C=O), 162.40, 159.02, 146.50, 140.37, 137.68, 135.79, 

131.47, 130.10 (2×C), 129.63, 129.34 (2×C), 129.11, 128.71 (2×C), 127.30, 127.03, 123.38 

(2×C), 120.80, 120.19, 117.38, 115.11 (2×C), 114.08 (2×C), 55.91, 55.85, 52.10, 51.83, 

37.89, 37.78. ESI-MS: m/z 619.5 (M+1), 636.4 (M+18), 641.4 (M+23), 657.5 (M+39). 

C35H34N6O5 [618.7].

4.1.5.19 Methyl (S)-4-((3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-
yl)phenyl)carbamoyl)benzoate (6b-7).: White solid, yield: 58%. mp: 153-154°C. 1H NMR 
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(400 MHz, DMSO-d6) δ 12.04 (s, 1H, PhNH), 8.95 (d, J = 7.8 Hz, 1H, NH), 8.61 (s, 1H, 

triazole-H), 8.49 (d, J = 8.2 Hz, 1H, Ph-H), 8.21 – 8.09 (m, 4H, Ph-H), 7.83 (d, J = 7.4 Hz, 

1H, Ph-H), 7.43 (t, J = 7.5 Hz, 1H, Ph-H), 7.28 (t, J = 7.5 Hz, 1H, Ph-H), 7.19 (q, J = 8.7, 

7.5 Hz, 3H, Ph-H), 7.06 (d, J = 6.9 Hz, 2H, Ph-H), 6.92 (d, J = 8.9 Hz, 2H, Ph-H), 6.88 (d, J 
= 6.7 Hz, 2H, Ph-H), 5.25 (d, J = 16.3 Hz, 1H, triazoleCH), 5.15 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.47 (td, J = 8.4, 5.6 Hz, 1H, CH), 3.90 (s, 3H, COOCH3), 3.74 (s, 3H, OCH3), 

3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.5, 5.0 Hz, 1H, PhCH), 2.69 (dd, J = 13.4, 9.1 Hz, 1H, 

PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.13 (C=O), 166.05 (C=O), 165.16 (C=O), 

164.61 (C=O), 159.02, 146.05, 139.26, 137.65, 135.86, 135.76, 132.82, 130.06 (2×C), 

129.31 (2×C), 129.07 (2×C), 128.70 (2×C), 128.11 (2×C), 127.01 (2×C), 125.11 (2×C), 

122.60 (2×C), 120.12, 115.09 (2×C), 55.84, 52.94, 52.14, 52.08, 37.86, 37.76. ESI-MS: m/z 

647.4 (M+1), 664.4 (M+18), 669.4 (M+23), 685.5 (M+39). C36H34N6O6 [646.7].

4.1.5.20 (S)-4-cyano-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-8).: White solid, yield: 36%. mp: 224-225°C. 1H NMR (400 MHz, DMSO-d6) δ 10.61 

(s, 1H, PhNH), 8.93 (d, J = 7.8 Hz, 1H, NH), 8.39 (s, 1H, Ph-H), 8.34 (s, 1H, triazole-H), 

8.15 (d, J = 8.3 Hz, 2H, Ph-H), 8.05 (d, J = 8.3 Hz, 2H, Ph-H), 7.78 (d, J = 8.1 Hz, 1H, Ph-

H), 7.57 (d, J = 7.7 Hz, 1H, Ph-H), 7.45 (t, J = 7.9 Hz, 1H, Ph-H), 7.21 (q, J = 7.8, 7.0 Hz, 

3H, Ph-H), 7.13 – 7.02 (m, 2H, Ph-H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.89 (d, J = 6.6 Hz, 

2H, Ph-H), 5.19 (d, J = 16.3 Hz, 1H, triazoleCH), 5.08 (d, J = 16.3 Hz, 1H, triazoleCH), 

4.47 (td, J = 8.5, 5.1 Hz, 1H, CH), 3.76 (s, 3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 

13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, 

DMSO-d6) δ 171.19 (C=O), 165.46 (C=O), 164.67 (C=O), 159.02, 146.33, 139.79, 139.31, 

137.68, 135.79, 132.95 (2×C), 131.61, 129.81, 129.33 (2×C), 129.11, 129.03 (2×C), 128.71 

(2×C), 127.03, 123.48 (2×C), 121.47, 120.27, 118.80, 117.43, 115.10 (2×C), 114.36, 55.85, 

52.11, 51.83, 37.88, 37.77. ESI-MS: m/z 614.3 (M+1), 631.5 (M+18), 636.3 (M+23), 652.4 

(M+39). C35H31N7O4 [613.7].

4.1.5.21 (S)-2-fluoro-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-9).: White solid, yield: 61%. mp: 114-115°C. 1H NMR (400 MHz, DMSO-d6) δ 10.55 

(s, 1H, PhNH), 8.93 (d, J = 7.9 Hz, 1H, NH), 8.38 (s, 1H, Ph-H), 8.30 (s, 1H, triazole-H), 

7.70 (t, J = 7.7 Hz, 2H, Ph-H), 7.65 – 7.57 (m, 1H, Ph-H), 7.55 (d, J = 7.8 Hz, 1H, Ph-H), 

7.43 (t, J = 7.9 Hz, 1H, Ph-H), 7.36 (q, J = 9.0, 7.4 Hz, 2H, Ph-H), 7.26 – 7.16 (m, 3H, Ph-

H), 7.14 – 7.01 (m, 2H, Ph-H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.90 (d, J = 6.4 Hz, 2H, Ph-

H), 5.18 (d, J = 16.3 Hz, 1H, triazoleCH), 5.07 (d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (td, J = 

8.4, 5.5 Hz, 1H, CH), 3.76 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 

1H, PhCH), 2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 
171.19 (C=O), 165.46 (C=O), 163.35 (C=O), 159.36 (d, 1JCF = 247.0 Hz), 159.02, 146.34, 

139.88, 137.68, 135.79, 133.02 (d, 3JCF = 8.4 Hz), 131.67, 130.38 (d, 4JCF = 2.7 Hz), 

129.86, 129.34 (2×C), 129.11, 128.71 (2×C), 127.03, 125.44 (d, 2JCF = 15.0 Hz), 125.04 (d, 
4JCF = 3.4 Hz), 123.47, 121.25, 119.63, 116.75 (2×C), 116.53, 115.10 (2×C), 55.85, 52.10, 

51.82, 37.88, 37.77. ESI-MS: m/z 607.4 (M+1), 624.4 (M+18), 629.4 (M+23), 645.4 (M

+39). C34H31FN6O4 [606.7].
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4.1.5.22 (S)-3-fluoro-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-10).: White solid, yield: 75%. mp: 167-168°C. 1H NMR (400 MHz, DMSO-d6) δ 10.44 

(s, 1H, PhNH), 8.93 (d, J = 7.8 Hz, 1H, NH), 8.39 (s, 1H, Ph-H), 8.34 (s, 1H, triazole-H), 

7.83 (dt, J = 24.4, 8.0 Hz, 3H, Ph-H), 7.61 (q, J = 7.9 Hz, 1H, Ph-H), 7.56 (d, J = 7.7 Hz, 1H, 

Ph-H), 7.46 (dt, J = 16.2, 7.3 Hz, 2H, Ph-H), 7.29 – 7.15 (m, 3H, Ph-H), 7.15 – 7.01 (m, 2H, 

Ph-H), 6.94 (d, J = 8.8 Hz, 2H, Ph-H), 6.90 (d, J = 6.5 Hz, 2H, Ph-H), 5.19 (d, J = 16.3 Hz, 

1H, triazoleCH), 5.08 (d, J = 16.3 Hz, 1H, triazoleCH), 4.54 – 4.41 (m, 1H, CH), 3.76 (s, 

3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 

9.3 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.19 (C=O), 165.47 (C=O), 

164.64 (d, 4JCF = 2.4 Hz, C=O), 162.39 (d, 1JCF = 242.7 Hz), 159.02, 146.39, 139.92, 

137.68, 137.57 (d, 3JCF = 6.8 Hz), 135.79, 131.56, 131.11, 131.03, 129.75, 129.34 (2×C), 

129.11, 128.71 (2×C), 127.03, 124.40 (d, 4JCF = 2.6 Hz), 123.45, 121.28, 120.28, 119.01 (d, 
2JCF = 21.4 Hz), 117.46, 115.10 (2×C), 114.88, 55.85, 52.11, 51.83, 37.88, 37.77. ESI-MS: 

m/z 607.4 (M+1), 624.4 (M+18), 629.4 (M+23), 645.4 (M+39). C34H31FN6O4 [606.7].

4.1.5.23 (S)-4-fluoro-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6b-11).: White solid, yield: 30%. mp: 173-174°C. 1H NMR (400 MHz, DMSO-d6) δ 10.44 

(s, 1H, PhNH), 8.95 (d, J = 7.8 Hz, 1H, NH), 8.37 (s, 1H, Ph-H), 8.34 (s, 1H, triazole-H), 

8.11 (dd, J = 8.1, 5.7 Hz, 2H, Ph-H), 7.79 (d, J = 7.8 Hz, 1H, Ph-H), 7.53 (d, J = 7.6 Hz, 1H, 

Ph-H), 7.48 – 7.31 (m, 3H, Ph-H), 7.21 (q, J = 7.2, 6.4 Hz, 3H, Ph-H), 7.12 – 6.99 (m, 2H, 

Ph-H), 6.94 (d, J = 8.7 Hz, 2H, Ph-H), 6.90 (d, J = 6.7 Hz, 2H, Ph-H), 5.19 (d, J = 16.3 Hz, 

1H, triazoleCH), 5.08 (d, J = 16.2 Hz, 1H, triazoleCH), 4.46 (q, J = 8.1 Hz, 1H, CH), 3.76 

(s, 3H, OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.5, 4.8 Hz, 1H, PhCH), 2.70 (dd, J = 

13.3, 9.3 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.17 (C=O), 165.47 

(C=O),165.00 (d, 1JCF = 245.0 Hz), 164.93 (C=O), 159.02, 146.43, 140.13, 137.71, 135.82, 

130.99 (2×C), 130.90, 129.67, 129.35 (2×C), 129.10, 128.69 (2×C), 127.01, 123.40, 121.09, 

120.31, 117.50, 115.89 (2×C), 115.67 (2×C), 115.11 (2×C), 55.87, 52.13, 51.85, 37.88, 

37.78. ESI-MS: m/z 607.4 (M+1), 624.4 (M+18), 629.4 (M+23), 645.3 (M+39). 

C34H31FN6O4 [606.7].

4.1.5.24 (S)-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-[1,1'-biphenyl]-4-
carboxamide (6b-12).: White solid, yield: 58%. mp: 170-171°C. 1H NMR (400 MHz, 

DMSO-d6) δ 10.43 (s, 1H, PhNH), 8.94 (d, J = 7.8 Hz, 1H, NH), 8.39 (s, 1H, Ph-H), 8.38 (s, 

1H, triazole-H), 8.12 (d, J = 8.2 Hz, 2H, Ph-H), 7.86 (d, J = 8.3 Hz, 2H, Ph-H), 7.82 (d, J = 

8.4 Hz, 1H, Ph-H), 7.78 (d, J = 7.6 Hz, 2H, Ph-H), 7.53 (q, J = 7.4 Hz, 3H, Ph-H), 7.44 (dt, J 
= 7.8, 4.3 Hz, 2H, Ph-H), 7.22 (q, J = 7.8, 7.0 Hz, 3H, Ph-H), 7.14 – 7.01 (m, 2H, Ph-H), 

6.95 (d, J = 8.8 Hz, 2H, Ph-H), 6.90 (d, J = 6.6 Hz, 2H, Ph-H), 5.19 (d, J = 16.3 Hz, 1H, 

triazoleCH), 5.08 (d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (q, J = 8.4 Hz, 1H, CH), 3.76 (s, 

3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.71 (dd, J = 13.4, 

9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.19 (C=O), 165.66 (C=O), 

165.48 (C=O), 159.02, 146.47, 143.62, 140.23, 139.57, 137.69, 135.79, 134.03, 131.54, 

129.71, 129.54 (2×C), 129.34 (2×C), 129.11 (2×C), 128.88 (2×C), 128.71 (2×C), 128.63, 
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127.40 (2×C), 127.07 (2×C), 123.43 (2×C), 121.05, 120.24, 117.41, 115.11 (2×C), 55.85, 

52.11, 51.83, 37.88, 37.78. ESI-MS: m/z 665.4 (M+1), 682.5 (M+18), 687.4 (M+23). 

C40H36N6O4 [664.8].

4.1.5.25 (S)-2-(2-(4-(4-acetamidophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-
methoxyphenyl)-N-methyl-3-phenylpropanamide (6c-1).: White solid, yield: 47%. mp: 

134-135°C. 1H NMR (400 MHz, DMSO-d6) δ 10.04 (s, 1H, PhNH), 8.89 (d, J = 7.8 Hz, 1H, 

NH), 8.30 (s, 1H, triazole-H), 7.75 (d, J = 8.5 Hz, 2H, Ph-H), 7.65 (d, J = 8.5 Hz, 2H, Ph-H), 

7.21 (q, J = 7.2, 6.7 Hz, 3H, Ph-H), 7.06 (d, J = 6.6 Hz, 2H, Ph-H), 6.93 (d, J = 8.9 Hz, 2H, 

Ph-H), 6.89 (d, J = 6.5 Hz, 2H, Ph-H), 5.15 (d, J = 16.4 Hz, 1H, triazoleCH), 5.04 (d, J = 

16.3 Hz, 1H, triazoleCH), 4.46 (q, J = 8.3 Hz, 1H, CH), 3.75 (s, 3H, OCH3), 3.11 (s, 3H, 

NCH3), 2.92 (dd, J = 13.5, 5.0 Hz, 1H, PhCH), 2.69 (dd, J = 13.3, 9.2 Hz, 1H, PhCH), 2.06 

(s, 3H, COCH3). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 168.78 (C=O), 165.48 

(C=O), 159.02, 146.40, 139.44, 137.68, 135.80, 129.33 (2×C), 129.10, 128.70 (2×C), 

127.02, 125.97 (2×C), 125.89, 122.70 (2×C), 119.67 (2×C), 115.10 (2×C), 55.85, 52.09, 

51.80, 37.89, 37.77, 24.51. ESI-MS: m/z (M+1), 544.5 (M+18), 549.4 (M+23), 565.4 (M

+39). C29H30N6O4 [526.6].

4.1.5.26 (S)-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)a mino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-2).: White solid, yield: 48%. mp: 171-172°C. 1H NMR (400 MHz, DMSO-d6) δ 10.36 

(s, 1H, PhNH), 8.91 (d, J = 7.8 Hz, 1H, NH), 8.35 (s, 1H, triazole-H), 7.98 (d, J = 7.2 Hz, 

2H, Ph-H), 7.89 (d, J = 8.7 Hz, 2H, Ph-H), 7.83 (d, J = 8.6 Hz, 2H, Ph-H), 7.61 (t, J = 7.2 

Hz, 1H, Ph-H), 7.55 (t, J = 7.3 Hz, 2H, Ph-H), 7.22 (q, J = 7.3, 6.7 Hz, 3H, Ph-H), 7.07 (d, J 
= 6.5 Hz, 2H, Ph-H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.90 (d, J = 6.5 Hz, 2H, Ph-H), 5.17 (d, 

J = 16.3 Hz, 1H, triazoleCH), 5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (td, J = 8.4, 5.6 Hz, 

1H, CH), 3.76 (s, 3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.1 Hz, 1H, PhCH), 

2.71 (dd, J = 13.6, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 

166.03 (C=O), 165.49 (C=O), 159.03, 145.38, 139.29, 137.69, 135.80, 135.39, 132.06, 

129.34 (2×C), 129.10 (2×C), 128.86 (2×C), 128.71 (2×C), 128.13 (2×C), 127.03, 126.53, 

125.87 (2×C), 122.87, 121.05 (2×C), 115.11 (2×C), 55.86, 52.09, 51.83, 37.90, 37.78. ESI-

MS: m/z 589.4 (M+1), 606.4 (M+18), 611.3 (M+23), 627.4 (M+39). C34H32N6O4 [588.7].

4.1.5.27 (S)-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-4-
methylbenzamide (6c-3).: White solid, yield: 48%. mp: 138-139°C. 1H NMR (400 MHz, 

DMSO-d6) δ 10.27 (s, 1H, PhNH), 8.91 (d, J = 7.7 Hz, 1H, NH), 8.35 (s, 1H, triazole-H), 

7.99 – 7.85 (m, 4H, Ph-H), 7.82 (d, J = 8.3 Hz, 2H, Ph-H), 7.35 (d, J = 7.6 Hz, 2H, Ph-H), 

7.22 (q, J = 8.0, 6.9 Hz, 3H, Ph-H), 7.07 (d, J = 7.0 Hz, 2H, Ph-H), 6.94 (d, J = 8.4 Hz, 2H, 

Ph-H), 6.90 (d, J = 6.4 Hz, 2H, Ph-H), 5.17 (d, J = 16.3 Hz, 1H, triazoleCH), 5.06 (d, J = 

16.3 Hz, 1H, triazoleCH), 4.47 (q, J = 7.7 Hz, 1H, CH), 3.76 (s, 3H, OCH3), 3.12 (s, 3H, 

NCH3), 2.93 (dd, J = 13.2, 4.5 Hz, 1H, PhCH), 2.76 – 2.64 (m, 1H, PhCH), 2.40 (s, 3H, 

PhCH3). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 165.82 (C=O), 165.49 (C=O), 

159.02, 146.40, 142.08, 139.36, 137.68, 135.80, 132.48, 129.38 (2×C), 129.34 (2×C), 

129.10 (2×C), 128.70 (2×C), 128.17 (2×C), 127.03, 126.42, 125.85 (2×C), 122.84, 121.03 
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(2×C), 115.10 (2×C), 55.86, 52.09, 51.83, 37.90, 37.78, 21.49. ESI-MS: m/z 603.4 (M+1), 

620.5 (M+18), 625.5 (M+23), 641.4 (M+39). C35H34N6O4 [602.7].

4.1.5.28 (S)-2-methoxy-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-4).: White solid, yield: 34%. mp: 146-147°C. 1H NMR (400 MHz, DMSO-d6) δ 10.23 

(s, 1H, PhNH), 8.91 (d, J = 7.7 Hz, 1H, NH), 8.35 (s, 1H, triazole-H), 7.92 – 7.77 (m, 4H, 

Ph-H), 7.66 (d, J = 7.3 Hz, 1H, Ph-H), 7.52 (t, J = 7.6 Hz, 1H, Ph-H), 7.21 (t, J = 8.2 Hz, 4H, 

Ph-H), 7.08 (t, J = 7.2 Hz, 3H, Ph-H), 6.94 (d, J = 8.6 Hz, 2H, Ph-H), 6.90 (d, J = 6.7 Hz, 

2H, Ph-H), 5.17 (d, J = 16.3 Hz, 1H, triazoleCH), 5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 

4.47 (q, J = 8.2 Hz, 1H, CH), 3.92 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), (s, 3H, NCH3), 2.93 

(dd, J = 13.4, 4.9 Hz, 1H, PhCH), 2.71 (dd, J = 13.4, 9.3 Hz, 1H, PhCH). 13C NMR (100 

MHz, DMSO-d6) δ 171.18 (C=O), 165.49 (C=O), 164.97 (C=O), 159.03, 156.95, 146.38, 

139.15, 137.69, 135.81, 132.52, 130.13, 129.34 (2×C), 129.10, 128.70 (2×C), 127.03, 

126.39, 125.96 (2×C), 125.39, 122.83, 120.96 (2×C), 120.42 (2×C), 115.11 (2×C), 112.47, 

56.37, 55.86, 52.09, 51.82, 37.91, 37.78. ESI-MS: m/z 619.5 (M+1), 636.4 (M+18), 641.4 

(M+23). C35H34N6O5 [618.7].

4.1.5.29 (S)-3-methoxy-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-5).: White solid, yield: 52%. mp: 141-142°C. 1H NMR (400 MHz, DMSO-d6) δ 10.32 

(s, 1H, PhNH), 8.91 (d, J = 7.8 Hz, 1H, NH), 8.35 (s, 1H, triazole-H), 7.87 (d, J = 8.7 Hz, 

2H, Ph-H), 7.83 (d, J = 8.7 Hz, 2H, Ph-H), 7.56 (d, J = 7.6 Hz, 1H, Ph-H), 7.51 (s, 1H, Ph-

H), 7.46 (t, J = 7.9 Hz, 1H, Ph-H), 7.26 – 7.15 (m, 4H, Ph-H), 7.07 (d, J = 6.5 Hz, 2H, Ph-

H), 6.94 (d, J = 8.8 Hz, 2H, Ph-H), 6.90 (d, J = 6.5 Hz, 2H, Ph-H), 5.17 (d, J = 16.3 Hz, 1H, 

triazoleCH), 5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 4.47 (q, J = 8.3 Hz, 1H, CH), 3.85 (s, 

3H, OCH3), 3.76 (s, 3H, OCH3), 3.12 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 

2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 

165.74 (C=O), 165.48 (C=O), 159.65, 159.03, 146.38, 139.20, 137.68, 136.79, 135.81, 

130.03, 129.34 (2×C), 129.10, 128.70 (2×C), 127.02, 126.58, 125.86 (2×C), 122.87, 121.13 

(2×C), 120.35 (2×C), 117.81, 115.11 (2×C), 113.39, 55.82 (2×C), 52.09, 51.84, 37.91, 

37.78. ESI-MS: m/z 619.5 (M+1), 636.4 (M+18), 641.3 (M+23), 657.4 (M+39). 

C35H34N6O5 [618.7].

4.1.5.30 (S)-4-methoxy-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-6).: White solid, yield: 55%. mp: 141-142°C. 1H NMR (400 MHz, DMSO-d6) δ 10.20 

(s, 1H, PhNH), 8.92 (d, J = 7.1 Hz, 1H, NH), 8.34 (s, 1H, triazole-H), 7.98 (d, J = 7.8 Hz, 

2H, Ph-H), 7.86 (d, J = 7.5 Hz, 2H, Ph-H), 7.81 (d, J = 7.6 Hz, 2H, Ph-H), 7.26 – 7.15 (m, 

3H, Ph-H), 7.08 (d, J = 7.2 Hz, 4H, Ph-H), 6.94 (d, J = 8.1 Hz, 2H, Ph-H), 6.89 (d, J = 6.0 

Hz, 2H, Ph-H), 5.16 (d, J = 16.1 Hz, 1H, triazoleCH), 5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 

4.46 (q, J = 8.5 Hz, 1H, CH), 3.85 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 3.11 (s, 3H, NCH3), 

2.99 – 2.87 (m, 1H, PhCH), 2.76 – 2.62 (m, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 
171.19 (C=O), 165.50 (C=O), 165.36 (C=O), 162.39, 159.02, 146.42, 139.47, 137.69, 

135.80, 130.08 (2×C), 129.34 (2×C), 129.11 (2×C), (2×C), 127.37, 127.03, 126.29, 125.83 
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(2×C), 122.82, 120.99 (2×C), 115.10 (2×C), 114.08 (2×C), 55.91, 55.85, 52.10, 51.82, 

37.88, 37.78. ESI-MS: m/z 619.5 (M+1), 636.4 (M+18), 641.4 (M+23), 657.4 (M+39). 

C35H34N6O5 [618.7].

4.1.5.31 Methyl (S)-4-((4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-
yl)phenyl)carbamoyl)benzoate (6c-7).: White solid, yield: 77%. mp: 129-130°C. 1H NMR 

(400 MHz, DMSO-d6) δ 10.54 (s, 1H, PhNH), 8.90 (d, J = 7.7 Hz, 1H, NH), 8.35 (s, 1H, 

triazole-H), 8.10 (s, 4H, Ph-H), 7.89 (d, J = 8.6 Hz, 2H, Ph-H), 7.84 (d, J = 8.6 Hz, 2H, Ph-

H), 7.28 – 7.14 (m, 3H, Ph-H), 7.07 (d, J = 6.6 Hz, 2H, Ph-H), 6.94 (d, J = 8.7 Hz, 2H, Ph-

H), 6.90 (d, J = 6.7 Hz, 2H, Ph-H), 5.17 (d, J = 16.3 Hz, 1H, triazoleCH), 5.06 (d, J = 16.3 

Hz, 1H, triazoleCH), 4.48 (q, J = 8.2 Hz, 1H, CH), 3.91 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 

3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.3, 9.1 Hz, 1H, 

PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 166.15 (C=O), 165.49 (C=O), 

165.17 (C=O), 159.03, 146.33, 139.47, 139.00, 137.68, 135.80, 132.51, 129.66 (2×C), 

129.34 (2×C), 129.10 (2×C), 128.70 (2×C), 128.58 (2×C), 127.02, 126.83, 125.92 (2×C), 

122.94, 121.15 (2×C), 115.10 (2×C), 55.86, 52.91, 52.10, 51.84, 37.90, 37.77. ESI-MS: m/z 

647.5 (M+1), 664.4 (M+18), 669.4 (M+23). C36H34N6O6 [646.7].

4.1.5.32 (S)-4-cyano-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-8).: White solid, yield: 71%. mp: 140-141°C. 1H NMR (400 MHz, DMSO-d6) δ 10.60 

(s, 1H, PhNH), 8.92 (d, J = 7.8 Hz, 1H, NH), 8.36 (s, 1H, triazole-H), 8.13 (d, J = 8.3 Hz, 

2H, Ph-H), 8.04 (d, J = 8.3 Hz, 2H, Ph-H), 7.88 (d, J = 8.9 Hz, 2H, Ph-H), 7.84 (d, J = 8.9 

Hz, 2H, Ph-H), 7.28 – 7.13 (m, 3H, Ph-H), 7.13 – 7.00 (m, 2H, Ph-H), 6.94 (d, J = 8.8 Hz, 

2H, Ph-H), 6.90 (d, J = 6.5 Hz, 2H, Ph-H), 5.17 (d, J = 16.4 Hz, 1H, triazoleCH), 5.06 (d, J 
= 16.3 Hz, 1H, triazoleCH), 4.47 (q, J = 8.4 Hz, 1H, CH), 3.76 (s, 3H, OCH3), 3.11 (s, 3H, 

NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.6, 9.3 Hz, 1H, PhCH). 13C 

NMR (100 MHz, DMSO-d6) δ 171.18 (C=O), 165.49 (C=O), (C=O), 159.02, 146.28, 

139.39, 138.84, 137.69, 135.80, 132.95 (2×C), 129.33 (2×C), 129.10 (2×C), 129.02 (2×C), 

128.70 (2×C), 127.02, 126.96, 125.93 (2×C), 122.98, 121.16 (2×C), 118.80, 115.10 (2×C), 

114.33, 55.85, 52.10, 51.82, 37.89, 37.77. ESI-MS: m/z 614.3 (M+1), 631.5 (M+18), 636.4 

(M+23). C35H31N7O4 [613.7].

4.1.5.33 (S)-2-fluoro-N-(4-(1-(2-(( 1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-9).: White solid, yield: 42%. mp: 122-123°C. 1H NMR (400 MHz, DMSO-d6) δ 10.53 

(s, 1H, PhNH), 8.91 (d, J = 7.8 Hz, 1H, NH), 8.35 (s, 1H, triazole-H), 7.82 (s, 4H, Ph-H), 

7.73 – 7.65 (m, 1H, Ph-H), 7.64 – 7.55 (m, 1H, Ph-H), 7.38 (d, J = 10.4 Hz, 1H, Ph-H), 7.33 

(d, J = 7.0 Hz, 1H, Ph-H), 7.26 – 7.15 (m, 3H, Ph-H), 7.12 – 7.01 (m, 2H, Ph-H), 6.94 (d, J 
= 9.0 Hz, 2H, Ph-H), 6.89 (d, J = 6.3 Hz, 2H, Ph-H), 5.17 (d, J = 16.3, Hz, 1H, triazoleCH), 

5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 4.46 (td, J = 8.4, 5.5 Hz, 1H, CH), 3.76 (s, 3H, 

OCH3), 3.11 (s, 3H, NCH3), 2.92 (dd, J = 13.4, 5.1 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 9.2 

Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ (C=O), 165.48 (C=O), 163.23 (C=O), 

159.33 (d, 1JCF = 247.2 Hz), 159.02, 146.30, 138.95, 137.69, 135.80, 133.00 (d, 3JCF = 8.5 
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Hz), 130.37 (d, 4JCF = 2.9 Hz), 129.33 (2×C), 129.11, 128.71 (2×C), 127.03, 126.73, 126.01 

(2×C), 125.46 (d, 2JCF = 15.2 Hz), 125.04 (d, 4JCF = 3.4 Hz), 122.93, 120.45 (2×C), 116.75, 

116.53, 115.10 (2×C), 55.86, 52.10, 51.82, 37.89, 37.78. ESI-MS: m/z 607.4 (M+1), 624.5 

(M+18), 629.4 (M+23). C34H31FN6O4 [606.7].

4.1.5.34 (S)-3-fluoro-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-10).: White solid, yield: 46%. mp: 120-121°C. 1H NMR (400 MHz, DMSO-d6) δ 10.43 

(s, 1H, PhNH), 8.92 (d, J = 7.8 Hz, 1H, NH), 8.36 (s, 1H, triazole-H), 7.85 (q, J = 8.6 Hz, 

5H, Ph-H), 7.79 (d, J = 9.7 Hz, 1H, Ph-H), 7.61 (q, J = 7.9 Hz, 1H, Ph-H), 7.46 (td, J = 8.6, 

2.2 Hz, 1H, Ph-H), 7.21 (q, J = 7.4, 6.8 Hz, 3H, Ph-H), 7.13 – 7.02 (m, 2H, Ph-H), 6.94 (d, J 
= 8.8 Hz, 2H, Ph-H), 6.89 (d, J = 6.6 Hz, 2H, Ph-H), 5.17 (d, J = 16.4 Hz, 1H, triazoleCH), 

5.06 (d, J = 16.3 Hz, 1H, triazoleCH), 4.46 (td, J = 8.4, 5.5 Hz, 1H, CH), 3.76 (s, 3H, 

OCH3), 3.11 (s, 3H, NCH3), 2.93 (dd, J = 13.4, 5.0 Hz, 1H, PhCH), 2.70 (dd, J = 13.5, 9.3 

Hz, 1H, PhCH). 13C NMR (100 MHz, DMSO-d6) δ 171.19 (C=O), 165.49 (C=O), 164.61 

(d, 4JCF = 2.4 Hz, C=O), 162.38 (d, 1JCF = 242.7 Hz), 159.02, 146.32, 138.98, 137.69 (2×C), 

137.62, 135.80, 131.07 (d, 3JCF = 7.9 Hz), (2×C), 129.10, 128.71 (2×C), 127.03, 126.77, 

125.90 (2×C), 124.38 (d, 4JCF = 2.7 Hz), 122.94, 121.14 (2×C), 118.98 (d, 2JCF = 21.1 Hz), 

115.10 (2×C), 114.87, 55.85, 52.10, 51.82, 37.88, 37.78. ESI-MS: m/z 607.4 (M+1), 624.5 

(M+18), 629.4 (M+23). C34H31FN6O4 [606.7].

4.1.5.35 (S)-4-fluoro-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide 
(6c-11).: White solid, yield: 35%. mp: 125-126°C. 1H NMR (400 MHz, DMSO-d6) δ 10.37 

(s, 1H, PhNH), 8.91 (d, J = 7.8 Hz, 1H, NH), 8.35 (s, 1H, triazole-H), 8.06 (dd, J = 8.6, 5.6 

Hz, 2H, Ph-H), 7.84 (q, J = 8.8 Hz, 4H, Ph-H), 7.38 (t, J = 8.8 Hz, 2H, Ph-H), 7.21 (q, J = 

7.3, 6.7 Hz, 3H, Ph-H), 7.07 (d, J = 6.6 Hz, 2H, Ph-H), 6.94 (d, J = 8.9 Hz, 2H, Ph-H), 6.89 

(d, J = 6.5 Hz, 2H, Ph-H), 5.17 (d, J = 16.3 Hz, 1H, triazoleCH), 5.06 (d, J = 16.3 Hz, 1H, 

triazoleCH), 4.46 (td, J = 8.5, 5.6 Hz, 1H, CH), 3.76 (s, 3H, OCH3), (s, 3H, NCH3), 2.93 

(dd, J = 13.5, 5.1 Hz, 1H, PhCH), 2.70 (dd, J = 13.4, 9.2 Hz, 1H, PhCH). 13C NMR (100 

MHz, DMSO-d6) δ 171.18 (C=O), 165.49 (C=O), 164.90 (C=O), 164.55 (d, 1JCF = 247.6 

Hz), 159.02, 146.35, 139.18, 137.69, 135.80, 131.80 (d, 4JCF = 2.8 Hz), 130.93 (2×C), 

130.84, 129.33 (2×C), 129.10, 128.70 (2×C), 127.02, 126.60, 125.88 (2×C), 122.89, 121.08 

(2×C), 115.92 (2×C), 115.71, 115.10, 55.86, 52.10, 51.82, 37.89, 37.78. ESI-MS: m/z 607.4 

(M+1), 624.4 (M+18), 629.4 (M+23). C34H31FN6O4 [606.7].

4.1.5.36 (S)-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-
phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-[1,1'-biphenyl]-4-
carboxamide (6c-12).: White solid, yield: 41%. mp: 160-161°C. 1H NMR (400 MHz, 

DMSO-d6) δ 10.41 (s, 1H, PhNH), 8.92 (d, J = 7.8 Hz, 1H, NH), 8.36 (s, 1H, triazole-H), 

8.09 (d, J = 8.3 Hz, 2H, Ph-H), 7.91 (d, J = 8.7 Hz, 2H, Ph-H), 7.85 (t, J = 8.1 Hz, 4H, Ph-

H), 7.78 (d, J = 7.5 Hz, 2H, Ph-H), 7.52 (t, J = 7.6 Hz, 2H, Ph-H), 7.43 (t, J = 7.3 Hz, 1H, 

Ph-H), 7.27 – 7.16 (m, 3H, Ph-H), 7.07 (d, J = 6.4 Hz, 2H, Ph-H), 6.94 (d, J = 9.0 Hz, 2H, 

Ph-H), 6.90 (d, J = 6.3 Hz, 2H, Ph-H), 5.17 (d, J = 16.4 Hz, 1H, triazoleCH), 5.06 (d, J = 

16.3 Hz, 1H, triazoleCH), 4.47 (td, J = 8.5, 5.4 Hz, 1H, CH), 3.76 (s, 3H, OCH3), 3.11 (s, 
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3H, NCH3), 2.93 (dd, J = 13.4, 5.1 Hz, 1H, PhCH), 2.70 (dd, J = 13.5, 9.2 Hz, 1H, PhCH). 
13C NMR (100 MHz, DMSO-d6) δ 171.19 (C=O), 165.63 (C=O), 165.50 (C=O), 159.02, 

146.39, 143.60, 139.56, 139.31, 137.69, 135.80, 134.11, 129.54 (2×C), 129.34 (2×C), 

129.11 (2×C), 128.86 (2×C), 128.71 (2×C), 128.63, 127.40 (2×C), 127.07 (2×C), 127.04, 

126.53, 125.88 (2×C), 122.89, 121.05 (2×C), 115.10 (2×C), 55.86, 52.10, 51.82, 37.88, 

37.78. ESI-MS: m/z 665.4 (M+1), 682.5 (M+18), 687.4 (M+23), 703.5 (M+39). 

C40H36N6O4 [664.8].

4.2 In vitro anti-HIV assay in TZM-bl Cells [40]

Inhibition of HIV-1 infection was measured as a reduction in the level of luciferase gene 

expression after a single round of virus infection of TZM-bl cells as described previously. 

Briefly, 200 TCID50 of virus (NL4-3) was used to infect TZM-bl cells in the presence of 

various concentrations of compounds. Two days after infection, the culture medium was 

removed from each well, and 100 μL of Bright Glo reagent (Promega, San Luis Obispo, CA) 

was added to the cells to measure luminescence using a Victor 2 luminometer. The effective 

concentration (EC50) against HIV-1 strains was defined as the concentration that caused a 

50% decrease in luciferase activity (relative light units) compared to that of virus control 

wells.

4.3 Cytotoxicity Assay [43]

A CytoTox-Glo™ cytotoxicity assay (Promega) was used to determine the cytotoxicity of 

the synthesized compounds. Parallel to the antiviral assays, TZM-bl cells were cultured in 

the presence of various concentrations of the compounds for 2 days. The percent of viable 

cells was determined by following the protocol provided by the manufacturer. The 50% 

cytotoxic concentration (CC50) was defined as the concentration that caused a 50% 

reduction in cell viability.

4.4 Binding to CA Proteins Analysis via Surface Plasmon Resonance (SPR)

All binding assays were performed on a ProteOn XPR36 SPR Protein Interaction Array 

System (Bio-Rad Laboratories, Hercules, CA). The instrument temperature was set at 25°C 

for all kinetic analyses. ProteOn GLH sensor chips were preconditioned with two short 

pulses each (10 seconds) of 50 mM NaOH, 100 mM HCl, and 0.5% sodium dodecyl sulfide. 

Then the system was equilibrated with PBS-T buffer (20 mM sodium phosphate, 150 mM 

NaCl, and 0.005% polysorbate 20, pH 7.4). The surface of a GLH sensorchip was activated 

with a 1:100 dilution of a 1:1 mixture of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

hydrochloride (0.2 M) and sulfo-N-hydroxysuccinimide (0.05 M). Immediately after chip 

activation, the HIV-1NL4-3 capsid protein constructs, purified as in Xu et al. [22], were 

prepared at a concentration of 100 μg/ml in 10 mM sodium acetate, pH 5.0 and injected 

across ligand flow channels for 5 min at a flow rate of 30 μl/min. Then, after unreacted 

protein had been washed out, excess active ester groups on the sensor surface were capped 

by a 5 minute injection of 1 M ethanolamine HCl (pH 8.0) at a flow rate of 5 μl/min. A 

reference surface was similarly created by immobilizing a non-specific protein (IgG b12 anti 

HIV-1 gp120; was obtained through the NIH AIDS Reagent Program, Division of AIDS, 

NIAID, NIH: Anti-HIV-1 gp120 Monoclonal (IgG1 b12) from Dr. Dennis Burton and Carlos 

Barbas) and was used as a background to correct non-specific binding.
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To prepare a compound for direct binding analysis, compound stock solutions, along with 

100% DMSO, and totaling 30μl was made to a final volume of 1 ml by addition of sample 

preparation buffer (PBS, pH 7.4). Preparation of analyte in this manner ensured that the 

concentration of DMSO was matched with that of running buffer with 3% DMSO. Serial 

dilutions were then prepared in the running buffer (PBS, 3% DMSO, 0.005% polysorbate 

20, pH 7.4) and injected at a flow rate of 100 μl/min, for a 1 minute association phase, 

followed by up to a 5 minutes dissociation phase using the “one shot kinetics” capability of 

the Proteon instrument [44]. Data were analyzed using the ProteOn Manager Software 

version 3.0 (Bio-Rad). The responses from the reference flow cell were subtracted to 

account for the nonspecific binding and injection artifacts. The equilibrium dissociation 

constant (KD) for the interactions, and derived from a minimum of three experiments, were 

calculated in ProteOn Manager Version 3.1.0.6 (Bio-Rad, Hercules, CA), using the 

equilibrium analysis function.

4.5 Action Stage Determination of 6a-9

Please refer to our previously published research for methodology [27].

4.6 ELISA-based Quantification of Capsid (p24) Content [19]

An ELISA plate was coated with 50 ng of mouse anti-p24 (Abcam, ab9071) per well for 2 

hours at room temperature, blocked with 3% BSA for 2 hours at room temperature and 

washed with PBST buffer (0.1% Tween-20 in PBS). Pseudovirus stocks were lysed with 

0.1% Triton X-100 (Sigma-Aldrich, St. Louis, MO) at 37°C for 1 hour and added to the 

plate overnight at 4°C. Simultaneously, p24 protein was added for the generation of a 

standard curve. Following the overnight incubation, the plate was washed with PBST buffer 

and 1:5000 dilution of rabbit anti-p24 (Abcam, ab63913) was added for 2 hours at room 

temperature. After washing the unbound rabbit anti-p24 off the plate with PBST buffer, goat 

anti-rabbit-HRP at a 1:5000 dilution was added for 1 hour at room temperature. The plate 

was then extensively washed with PBST buffer. Subsequently, a solution of 0.4 mg/ml o-

phenylenediamine in a phosphate-citrate buffer with sodium perborate (Sigma-Aldrich) was 

added and incubated in the dark for 30 minutes. Optical densities were then obtained at 450 

nm in a Multiskan™ GO Microplate Spectrophotometer (Thermo Scientific).

4.7 In Vitro Capsid Assembly Assay [19]

Briefly, 1.0 μl of concentrated compound (10 mM) in 100% DMSO was added to a 74-μl 

aqueous solution (solution was made by mixing 2 ml of 5 M NaCl with 1 ml of 200 mM 

NaH2PO4, pH 8.0). To initiate the assembly reaction, 25 μl of purified capsid protein (120 

μM) was added. An identical reaction mixture was prepared, omitting the compound (i.e., 

just DMSO as a vehicle control). Readings were taken at 350 nm every one minute for 19 

minutes. Capsid was used at a final concentration of 30 μM. PF-74 (positive control) and 

compounds at 50μM (3% DMSO final).

4.8 Molecular Dynamics Simulation

The most active compound 6a-9 was docked by Autodock 4.2.6 using default settings [42]. 

Also, to keep consistency of the MD simulation for different series of CA HIV-1 monomer 
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inhibitors, we used the same procedure for MD simulation and its analysis, please refer to 

our previously published research for methodology [27].

4.9 Metabolic Stabilities in Human Liver Microsomes and Human Plasma

Please refer to our previously published research for methodology [45].
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Highlights (for review)

• 4-phenyl-1H-1,2,3-triazole phenylalanine derivatives as HIV-1 CA inhibitors 

were first reported.

• 6a-9 showed the best anti-HIV-1 activity among this series.

• 6a-9 exhibited the dual-stage inhibitory activity like the lead PF-74.
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Fig.1. 
The co-crystallized structure of PF-74 complexed with CA hexamer (A, PF-74 in green, 

PDB ID: 5HGL) and monomer (B, PF-74 in yellow, PDB ID: 2XDE), respectively. H-bond 

interactions are indicated by red dashed lines. Hydrogens (nonpolar) are not shown. Figures 

were prepared with the PyMOL visualization program (http://www.pymol.org). (C) 

Chemical structure of PF-74 and overlapped PF-74 conformations from Fig.1 A (PF-74 in 

green) and B (PF-74 in yellow). (D) The design of novel 4-phenyl-1H-1,2,3-triazole 

phenylalanine derivatives as HIV-1 CA inhibitors.
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Fig. 2. 
SPR isotherms of target compounds 6a-9 (B), 6a-10 (C), 5b (D) and PF-74 (A) binding to 

CA proteins (monomer left, hexamer right), respectively.
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Fig.3. 
The effect of compound 6a-9 on viral production. Standard deviation represents 2 replicates 

performed in duplicate. Performed with NL4-3 Env pseudo-typed HIV-I virus at 10 μM 

compound concentration.
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Fig.4. 
The effect of 6a-9 on the NL4-3 capsid assembly in vitro at 3M NaCl. (A) Capsid assembly 

was monitored by an increase in turbidity using a spectrophotometer at 350 nm over 19 

minutes. Capsid was used at a final concentration of 30 μM, and compounds 6a-9 and PF-74 
at a final concentration of 50 μM. (B) Slope/velocity quantification of capsid assembly 

during the first 2 minutes. Experiments were performed in triplicate. (AU) Absorption unit.
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Fig.5. 
(A) RMSD (heavy atoms) of amino acids of CA HIV-1 monomer in reference to the first 

frame of the MD simulation. (B) RMSD (heavy atoms) of the bound 6a-9 in reference to the 

docked conformer.
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Fig.6. 
Binding interactions of 6a-9 in the first (A) and second (C) clusters. Expanded views of the 

representative structures of the first (B) and second (D) clusters.
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Scheme 1. 
The synthetic route of target compounds. Reagents and Conditions: (i) 4-methoxy-N-

methylaniline, PyBop, DIEA, CH2Cl2, 0 °C to r.t.; (ii) CF3COOH, CH2Cl2, r.t.; (iii) 

N3CH2COOH, HATU, DIEA, CH3CN, 0 ° C to r.t.; (iv) corresponding substituted 

aminophenylacetylene, L-ascorbic acid sodium salt, CuSO4‧5H2O. THF/H2O (v:v=1:1), r.t.; 

(v) corresponding acyl chloride, TEA, CH2Cl2, 0 ° C to r.t..
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Table 1.

Anti-HIV-1 activity and cytotoxicity of the target compounds in TZM-bl cells infected with the HIV-1 NL4-3 

virus.

Compounds R EC50
a
(μM) CC50

b
(μM) SI

5a H 3.92 ± 0.72 >20.64 >5.27

6a-1 3.99 ± 0.65 >18.99 >4.76

6a-2 3.74 ± 0.70 >16.99 >4.54

6a-3 >16.59 >16.59

6a-4 8.41 ± 2.42 >16.16 >1.92

6a-5 12.77 ± 2.91 >16.16 >1.27

6a-6 >16.16 >16.16

6a-7 >15.46 >15.46
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Compounds R EC50
a
(μM) CC50

b
(μM) SI

6a-8 >16.30 >16.30

6a-9 3.13 ± 0.91 >16.48 >5.27

6a-10 3.30 ± 0.63 >16.48 >4.99

6a-11 3.46 ± 0.59 >16.48 >4.76

6a-12 >15.04 >15.04

5b H 3.30 ± 0.85 >20.64 >6.25

6b-1 14.81 ± 2.66 >18.99 >1.28

6b-2 12.74 ± 2.72 >16.99 >1.33

6b-3 >16.59 >16.59

Eur J Med Chem. Author manuscript; available in PMC 2021 March 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sun et al. Page 40

Compounds R EC50
a
(μM) CC50

b
(μM) SI

6b-4 >16.16 >16.16

6b-5 >16.16 >16.16

6b-6 >16.16 >16.16

6b-7 >15.46 >15.46

6b-8 12.87 ± 3.10 >16.30 >1.27

6b-9 13.52 ± 2.47 >16.48 >1.22

6b-10 9.56 ± 2.31 >16.48 >1.72

6b-11 >16.48 >16.48

6b-12 >15.04 >15.04

5c H 13.62 ± 2.68 >20.63 >1.51
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Compounds R EC50
a
(μM) CC50

b
(μM) SI

6c-1 >18.99 >18.99

6c-2 12.91 ± 2.89 >16.99 >1.32

6c-3 >16.59 >16.59

6c-4 >16.16 >16.16

6c-5 >16.16 >16.16

6c-6 >16.16 >16.16

6c-7 >15.46 >15.46

6c-8 12.38 ± 2.28 >16.30 >1.32
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Compounds R EC50
a
(μM) CC50

b
(μM) SI

6c-9 11.87 ± 3.13 >16.48 >1.39

6c-10 12.69 ± 3.46 >16.48 >1.30

6c-11 13.02 ± 2.97 >16.48 >1.27

6c-12 12.19 ± 2.56 >15.04 >1.23

PF-74 0.28 ± 0.06 >23.50 >83.93

a
EC50: the concentration of the compound required to achieve 50% protection of TZM-bl cells against HIV-1-induced cytopathic effect, 

determined in at least triplicate against HIV-1 in TZM-bl cells.

b
CC50: the concentration of the compound required to reduce the viability of uninfected cells by 50%, determined in at least triplicate against 

HIV-1 in TZM-bl cells; values were averaged from at least three independent experiments.
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Table 2.

Early and late stage infection results of control PF-74 and 6a-9 against HIV-1NL4-3 single-round infectious 

pseudoviruses.

Compound
Early Stage IC50

(μM)
Late Stage IC50

(μM)

PF-74 0.056 ± 0.017 0.23 ± 0.17

6a-9 8.18 ± 1.80 0.32 ± 0.11
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Table 3.

Metabolic stability assay in human liver microsomes

HLM (Final concentration of 0.5 mg protein/mL)

Sample
R2 a T1/2

b

(min)
CLint(mic)

c

(μL/min/mg)
CLint(liver)

d

(mL/min/kg)
Remaining
(T=60min)

Remaining

(NCF
e
=60min)

6a-9 1.0000 0.9 1559.4 1403.5 0.3% 122.1%

PF-74 1.0000 0.6 2403.0 2162.7 0.0% 95.4%

Testosterone 0.9239 7.4 188.3 169.4 3.6% 74.4%

Diclofenac 0.9924 5.6 248.2 223.4 0.5% 95.9%

Propafenone 0.9616 5.4 257.7 231.9 0.1% 97.9%

a
R2 is the correlation coefficient of the linear regression for determination of the kinetic constant.

b
T1/2 is half-life and CLint(mic) is the intrinsic clearance.

c
CLint(mic) = (0.693/half-life)/mg microsome protein per mL.

d
CLint(liver) = CLint(mic) × mg microsomal protein/g liver weight × g liver weight/kg body weight.

e
NCF: no cofactor. No NADPH regenerating system was added to the NCF sample (replaced by buffer) during the 60 min incubation. If the 

remaining amount is less than 60%, then non-NADPH dependent reaction occurs.
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Table 4.

Result of human plasma stability assay

Compound Batch
Time Point % Remaining

a

(min) Human

6a-9 / 0 100.0

10 91.3

30 94.6

60 86.9

120 107.4

PF-74 / 0 100.0

10 87.3

30 83.4

60 86.5

120 85.6

Propantheline bromide ODR-4547 0 100.0

10 47.7

30 9.1

60 0.6

120 0.1

a
% remaining = 100 × (PAR at appointed incubation time/PAR at time T0). PAR is the peak area ratio of test compound to internal standard. 

Accuracy should be within 80–120% of the indicated value.

Eur J Med Chem. Author manuscript; available in PMC 2021 March 15.


	Abstract
	Graphical Abstract (for review)
	Introduction
	Results and discussion
	Chemistry
	In vitro anti-HIV assay in TZM-bl cells
	Surface plasmon resonance (SPR) assay on CA protein
	Determination of the action stage of 6a-9
	Quantification of capsid (p24) content on 6a-9
	In vitro capsid assembly assay in the presence of 6a-9
	Molecular dynamics (MD) simulation on 6a-9
	Metabolic stabilities in the presence of human liver microsomes and human plasma

	Conclusions
	Experimental Section
	Chemistry
	Tert-butyl(S)-(1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)carb amate (2)
	(S)-2-amino-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (3)
	(S)-2-(2-azidoacetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (4)
	General procedure for the synthesis of 5a-5c
	(S)-2-(2-(4-(2-aminophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (5a).
	(S)-2-(2-(4-(3-aminophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (5b).
	(S)-2-(2-(4-(4-aminophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (5c).

	General procedure for the synthesis of target compounds 6a-(1-12), 6b-(1-12), 6c-(1-12)
	(S)-2-(2-(4-(2-acetamidophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (6a-1).
	(S)-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)a mino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-2).
	(S)-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)a mino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-4-methylbenzamide (6a-3).
	(S)-2-methoxy-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpro pan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-4).
	(S)-3-methoxy-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpro pan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-5).
	(S)-4-methoxy-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-6).
	Methyl (S)-4-((2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)carbamoyl)benzoate (6a-7).
	(S)-4-cyano-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-8).
	(S)-2-fluoro-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-9).
	(S)-3-fluoro-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-10).
	(S)-4-fluoro-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6a-11).
	(S)-N-(2-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-[1,1'-biphenyl]-4-carboxamide (6a-12).
	(S)-2-(2-(4-(3-acetamidophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (6b-1).
	(S)-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-2).
	(S)-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-4-methylbenzamide (6b-3).
	(S)-2-methoxy-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-4).
	(S)-3-methoxy-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-5).
	(S)-4-methoxy-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-6).
	Methyl (S)-4-((3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)carbamoyl)benzoate (6b-7).
	(S)-4-cyano-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-8).
	(S)-2-fluoro-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-9).
	(S)-3-fluoro-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-10).
	(S)-4-fluoro-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6b-11).
	(S)-N-(3-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-[1,1'-biphenyl]-4-carboxamide (6b-12).
	(S)-2-(2-(4-(4-acetamidophenyl)-1H-1,2,3-triazol-1-yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (6c-1).
	(S)-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)a mino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-2).
	(S)-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-4-methylbenzamide (6c-3).
	(S)-2-methoxy-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-4).
	(S)-3-methoxy-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-5).
	(S)-4-methoxy-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-6).
	Methyl (S)-4-((4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)carbamoyl)benzoate (6c-7).
	(S)-4-cyano-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-8).
	(S)-2-fluoro-N-(4-(1-(2-(( 1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-9).
	(S)-3-fluoro-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-10).
	(S)-4-fluoro-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)benzamide (6c-11).
	(S)-N-(4-(1-(2-((1-((4-methoxyphenyl)(methyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)phenyl)-[1,1'-biphenyl]-4-carboxamide (6c-12).


	In vitro anti-HIV assay in TZM-bl Cells [40]
	Cytotoxicity Assay [43]
	Binding to CA Proteins Analysis via Surface Plasmon Resonance (SPR)
	Action Stage Determination of 6a-9
	ELISA-based Quantification of Capsid (p24) Content [19]
	In Vitro Capsid Assembly Assay [19]
	Molecular Dynamics Simulation
	Metabolic Stabilities in Human Liver Microsomes and Human Plasma

	References
	Fig.1
	Fig. 2
	Fig.3
	Fig.4
	Fig.5
	Fig.6
	Scheme 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

