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Abstract 

Bacterial infection has been identified as the primary cause of several common human 

diseases. Classic antibiotics, which experienced “the golden age” in the mid-twentieth 

century, have become inefficient due to the rapid development of antibiotic-resistant 

bacteria. N protein utilization substance G (NusG) is an essential bacterial factor that 

regulates transcription, including elongation and termination processes. As a 

conserved transcription factor, its interactions with RNA polymerase (RNAP) have 

been observed to maintain a consistent binding model across different bacteria. 

Considering these features, their interactions have the potential to serve as a novel and 

promising target for the discovery of small-molecule antibiotics. 

The discovery and rational design of antibiotics targeting the protein-protein 

interactions (PPIs) between NusG and RNAP are based on the X-ray crystal structure 

of E. coli NusG in complex with RNAP. We generated four pharmacophores from 

predicted key residues on clamp helices of the ’ subunit of RNAP (’-CH) which 

contribute to the formation of PPIs with NusG. Using this pharmacophore model, we 

conducted the virtual screening to discover a promising lead compound, AW00783, 

from the drug-like MiniMaybridge database. Testing its antimicrobial activities 

revealed a minimum inhibitory concentration (MIC) value of 256 g/mL against 

Gram-positive strains. Modifications to this lead compound have been classified into 

two categories: aminoethyl and aromatic derivatives. Seventy-two compounds have 

been synthesized and tested for their antimicrobial activities against selected Gram-

positive and Gram-negative strains. 

Among these derivatives, most exhibited antimicrobial activities against Gram-

positive strains, while only specific compounds from the aminoethyl derivatives 

showed activities against Gram-negative strains. Compound GⅠ-36 from aminoethyl 

derivatives exhibited the best antimicrobial activity against Gram-negative 

Escherichia Coli with the MIC value of 8 g/mL. Meanwhile, compound GⅡ-16 

from aromatic derivatives showed the best activity with the MIC value of 1 g/mL 
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against Gram-positive Staphylococcus aureus. SARs analysis was conducted on these 

derivatives, predicting the trifluoromethyl and hydroxy groups that contribute to 

interactions with RNAP. In silico docking simulation displayed the possible docking 

models of candidate compounds, including GⅠ-19, GⅠ-36, GⅠ-39 and GⅡ-16. 

Although their docking models showed some differences, it provided structural 

evidence supporting the hypothesis of necessary functional groups targeting the clamp 

helices. 

Further cytotoxicity assay and fluorescence microscopy experiment were conducted 

on candidate compounds from the aminoethyl derivatives. In vitro cytotoxicity assay 

demonstrated their mild cytotoxicity, with a 50% cytotoxic concentration (CC50) value 

of 10-40 M. Additionally, fluorescence microscopy demonstrated that these 

candidate compounds were capable of disrupting the normal localization of bacterial 

transcription complexes at the cellular level. They were also tested and found to 

exhibit good antimicrobial activities against selected Bacillus subtilis strains.   
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Abbreviation 

CRBD, Comprehensive Antibiotic Resistance Database 

WHO, World Health Organization 

PDB, Protein Data Bank 

CLSI, Clinical & Laboratory Standards Institute 

RNA, ribonucleic acid 

DNA, deoxyribonucleic acid 

ntDNA, non-template DNA 

mRNA, message RNA 

rRNA, ribosomal RNA 

RNAP, RNA polymerase 

Pol Ⅱ, RNA Polymerase Ⅱ 

’-CH, the clamp helices of b’ subunit of RNAP 

-GL, the gate loop of b subunit of RNAP 

ops, operon polarity suppressor 

nut, N protein utilization 

PBS, primary RNA binding site 

SBS, secondary RNA binding site 

Nus, N protein utilization substance 

TEC, transcription elongation complex 

DSIF, DRB sensitivity-inducing factor 

PPIs, protein-protein interactions 
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hGH, human growth hormone 

hGHbp, extracellular domain of hGH’s first bound receptor 

IL-2, interleukin 2 

IL2-αR, interleukin 2 α receptor 

SC, sliding clamp 

SSB, single-stranded DNA binding protein 

Exo I, exonuclease I 

Bam, β-barrel assembly machine 

TA, toxin-antitoxin 

PAINS, pan assay interference compounds 

ADMET, absorption, distribution, metabolism, and excretion-toxicity in 

pharmacokinetics 

cryo-EM, cryo-microscopy 

CX-MS, crosslinking-mass spectrometry 

HTS, high-throughput screening 

SARs, structure-activity relationships 

MIC, minimum inhibitory concentration 

CC50, 50% cytotoxic concentration 

BBB, blood brain barrier 

PPB, plasma protein binding 

WT, wild type  

Trp, tryptophan 
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Tyr, tyrosine 

Arg, arginine 

Ile, isoleucine 

Phe, phenylalanine 

Leu, leucine 

Glu, glutamicacid 

Gln, glutamine 

Met, methionine 

Asn, asparagine 

Asp, asparticacid 

His, histidine 

Ser, serine 

Lys, lysine 

o-, ortho- 

m-, meta- 

p-, para- 

DIPEA, N,N-diisopropylethylamine 

EtOH, ethanol 

THF, tetrahydrofuran 

DMSO, dimethylsulfoxide 

Et3N, triethylamine 

DCM, dichloromethane 
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DMF, dimethylformamide 

X-Phos, dicyclohexyl[2′,4′,6′-tris(propan-2-yl)[1,1′-biphenyl]-2-yl]phosphane 

TsOH, p-toluenesulfonic acid 

MeOH, methanol 

DEAD, diethyl azodicarboxylate 

BINAP, 2,2′-bis(diphenylphosphino)-1,1′-binaphthyl 

EDCI, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

4-DMAP, 4-dimethylaminopyridine 

Xantphos, (9,9-dimethyl-9H-xanthene-4,5-diyl)bis(diphenylphosphane) 

TI, therapeutic index 

GFP, green fluorescence protein 

NMR, Nuclear Magnetic Resonance 

HPLC, High Performance Liquid Chromatography 

TBAB, tetrabutyl-ammonium bromide 

EA, ethyl acetate 

NMP, methylpyrrolidone 

NBS, N-bromosuccinimide 

Pd2(dba)3, tris(dibenzylideneacetone)dipalladium 

CLSI, Clinical and Laboratory Standards Institute 

MHB, Mueller–Hinton broth 

ELISA, Enzyme-Linked Immunosorbent Assays 

PK, pharmacokinetics 
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Chapter Ⅰ: 

Introduction 

1.1 History and predicament of the discovery on antibiotics  

After the identification of bacteria as infectious agents of various diseases such as 

cholera, pulmonary tuberculosis, and tetanus in the late 19th century, scientists 

dedicated themselves to finding effective preventive and therapeutic approaches 

against these pathogens. From the 1940s to the 1960s, a multitude of antibiotics were 

successfully discovered, which continue to serve as fundamental therapies against 

bacterial infections to this day [1]. Currently, there are 22 approved categories of 

antibiotics for clinical treatment, classified based on their chemical structures and 

mechanisms of action against bacteria [2]. These antibiotics primarily function through 

three major mechanisms: disrupting membrane permeability, interfering with cell wall 

synthesis, and inhibiting the synthesis of functional proteins [3]. However, the 

discovery of novel antibiotics significantly slowed down after the 1960s and has made 

little progress in the 21st century. 

Unfortunately, the widespread use of classical antibiotics has led to the emergence of 

antibiotic-resistant bacteria at an alarming rate, resulting in a noticeable decline in 

their effectiveness against these pathogens. The Comprehensive Antibiotic Resistance 

Database (CRBD) has identified resistance information for 377 pathogens and 21,079 

chromosomes [4]. In 2017, the World Health Organization (WHO) published an 

essential list of antibiotic-resistant "priority pathogens," comprising 12 families of 

Gram-positive and Gram-negative bacteria. These pathogens have been proven to 

pose a severe threat to human health due to their resistance to multiple classical 

antibiotics [5]. Furthermore, modified derivatives of classical antibiotics often share 

the same mechanisms of action as their parent compounds, leading to multidrug 

resistance and cross-resistance when these derivatives are employed, further 
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diminishing their antimicrobial activities [6][7]. Consequently, there is a demand for 

novel antibiotics that target other essential cellular processes in bacteria. Compared to 

antibiotics derived from natural products, fluoroquinolones, a category of small-

molecule antibiotics produced through chemical synthesis, exhibit superior membrane 

penetration and a broad spectrum of antimicrobial activity [8]. It is predicted that the 

rational design of small-molecule compounds targeting essential cellular processes in 

bacteria will be a preferred approach for the discovery of novel antibiotics.  

1.2 Bacterial transcription and transcription factors 

Transcription, the fundamental process of gene expression, occurs in all three domains 

of life: archaea, bacteria, and eukaryotes. It involves three main steps: initiation, 

elongation, and termination (Figure 1) [9]. During initiation, RNA polymerase (RNAP) 

recognizes the promoter region on the DNA template. Elongation involves the 

synthesis of the RNA molecule, and termination marks the release of the completed 

transcript from the DNA template. RNAP, is the key enzyme responsible for 

transcription and is composed of five subunits, termed as 2, , ’ and . Two 

categories of antibiotics have been developed that target bacterial transcription: 

fidaxomicin and rifampicin. Fidaxomicin, derived from natural products, disrupts the 

formation of the promoter complex, thereby inhibiting the initiation process [10]. 

However, the precise binding model of fidaxomicin remains unknown, and its narrow 

antimicrobial spectrum limits its further optimization. 

Rifampicin, another antibiotic targeting transcription, has been extensively studied. It 

binds to a cleft surrounding the active site of RNAP. Once bound, it blocks the 

construction of the third phosphodiester bond in the nascent RNA, effectively 

interrupting the elongation process [11]. However, rifampicin does not inhibit 

elongation when the RNA transcript has already become longer [12]. Despite its 

effectiveness, the widespread occurrence of antibiotic resistance and cross-resistance 

to its derivatives have posed significant limitations on further optimization and 

clinical use of rifampicin. 
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Figure 1. The three general steps of transcription. 

Indeed, the proper functioning of RNA polymerase (RNAP), the key enzyme during 

transcription, relies on the formation of specific transcription complexes at each phase, 

which requires the recruitment of multiple transcription factors. These transcription 

factors represent promising targets for the rational design of novel small-molecule 

antibiotics. 

1.3 NusG: a conserved transcription factor in bacteria  

Through in vitro studies on transcription in bacteriophage lambda, it was observed 

that RNA transcript synthesis initiates at early promoters pL and pR An unfolded 

protein called N protein was identified to bind to the boxB sequence of the nut site in 

nascent PL and PR transcripts [13]. The proper function of the N protein requires several 
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transcription factors known as Nus factors, including NusA, NusB, NusE, and NusG, 

which participate in the formation of transcription complexes [14]. Among the Nus 

factors, NusG is the only conserved factor found in all three domains of life [15]. 

nusG gene was first sequenced in Escherichia coli in 1990, encoding a polypeptide 

consisting of 181 amino acids with a molecular weight of 20.5 kDa [16]. In 2002, the 

first crystallized NusG protein was purified from Aquifex aeolicus (PDB ID: 1M1G), 

exhibiting approximately 47% sequence identity to E. coli NusG [17]. NusG protein in 

A. aeolicus, apart from an 80-residue insertion compared to its E. coli homolog, 

consists of two conserved domains connected by a linker region, namely the N-

terminal NGN domain and the C-terminal KOW domain (Figure 2). The NGN 

domain exhibits similarities to the ribonucleoprotein motif, forming an - sandwich 

structure composed of a four-stranded antiparallel -sheet covered by two -helices 

[18]. Meanwhile, the KOW domain consists of two major -sheets and is homologous 

to the RL24 ribosomal protein identified by Kyrpides [19]. Over the following decades, 

NusG proteins purified from various bacteria demonstrated that these two conserved 

domains maintain the same crystal structures [20][21][22].  
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Figure 2. The three-dimensional structure of NusG protein purified from A. aeolicus. The 

conserved domains have been termed as NGN (in purple) and KOW (in red). Compared with 

NusG in E. coli, an 80-residue insertion was detected to build an extra domain, being colored in 

grey.  

Afterward, there was a growing demand for obtaining crystal structures of NusG in 

complex with its target proteins to gain insights into its functional mechanisms. 

Subsequent research has revealed that the NGN domain of NusG interacts with two 

components of RNAP, the clamp helices on its ' subunit ('-CH) [23] and the gate 

loop on its  subunit (-GL) [24]. On the other hand, the KOW domain of NusG 

contacts a hydrophobic pocket in Rho, a hexameric helicase involved in transcription 

termination [25], as well as the NusE protein [26], which is also known as protein S10 in 

the 30S ribosomal subunit [27]. These essential interactions were possibly related with 

NusG’s function on transcription processes, which would be described in the 

following sections together with crystallographic studies on NusG. 

1.3.1 Contribution on the transcription elongation  

In 2016, the first single-particle electron cryo-EM structure of RNAP in complex with 

NusG from E. coli was successfully crystalized, and its corresponding Protein Data 

Bank (PDB) ID is 5TBZ (Figure 3A) [28]. In addition to the expected interactions 

involving the NGN domain of NusG and RNAP, the structure revealed the presence of 

an additional -helix in the linking region between the two conserved domains of 

NusG. This -helix was found to contact the -protrusion of RNAP (Figure 3B and 

3C). Notably, the -helix within the NGN domain established interactions with the 

middle portion of the '-CH helices of RNAP, potentially forming stable interactions 

between multiple residues from both polypeptides.  
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Figure 3. A): The cryo-EM crystal structure of E. coli RNAP (displayed with soft solid surface in 

grey) in complex with NusG (in blue). Their interacting region was marked in a green square; B): 

NusG protein being isolated from the complex, displaying their conserved domains, NGN in 

purple and KOW in red. Apart from two conserved domains, the extra -helix in the linking 

region was colored in grey; C): The amplified contact region of NusG with RNAP (in magenta) 

being marked. The binding model with '-CH displayed cross-like interactions on its middle 

A 

B C 
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proportion. The other two components of RNAP interacting with NusG was also displayed.  

The N protein has been identified as playing a role in transcription antitermination in 

most characterized lambdoid phages, except for phage HK022 [29]. When RNAP 

passes through the nut site on the nascent PL and PR mRNA transcripts, the N protein 

binds to this site and interacts with RNAP and transcription factors to form a 

transcription elongation complex (TEC) that is insensitive to downstream terminators 

[30]. However, it was necessary to investigate whether NusG also participates in the 

TEC through its interactions with RNAP to promote transcription antitermination. 

Mason et al. conducted run-off transcription assays in vitro, to detect the mRNA 

transcript generation in the presence or absence of NusG within the entire TEC [31]. 

The results showed a significant decrease in the amount of mRNA fragments distal to 

the nut site when NusG was absent. This finding suggested that the recruitment of 

NusG into the TEC allows transcription to proceed over more base pairs downstream 

of the nut site, promoting processivity. In 2017, the transcription antitermination 

complex in phage lambda, consisting of double-stranded DNA and RNA transcript at 

the nut site was crystallized, and its corresponding PDB ID is 5MS0 (Figure 4A) [32]. 

This complex was also confirmed by chemical cross-linking mass spectrometry (CX-

MS) analysis. The NGN domain of NusG, maintaining its α-β sandwich structure, was 

positioned near the entrance of the upstream DNA. Notably, compared to the previous 

complex (PDB ID: 5TBZ), the binding model with RNAP displayed some differences. 

The - sandwich structure underwent a rotation that caused the a-helix facing the '-

CH to move closer to the contact region of the -GL with the upstream DNA (Figure 

4B). The linking a-helix moved towards the '-CH rather than the -protrusion. 

Additionally, the presence of the RNA-DNA hybrid caused the -protrusion to be 

displaced away from NusG. Genome-wide studies have indicated that NusG is 

recruited by RNAP as transcription elongation progresses [33]. This suggests that NusG 

functions as an essential component in the formation of the TEC, contributing to the 

transcription antitermination mechanism.  
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Figure 4. A): The X-ray crystal structure of the TEC in phage lambda with the existence of DNA-

RNA hybrid. NusG was colored in blue, whose binding sites with RNAP (displayed with soft solid 

surface in grey) was marked in a green square. And the DNA-RNA hybrid was colored in pale 

yellow backbone with base pairs; B): The amplified binding region of NGN domain with RNAP 

(in magenta) close to the entrance of upstream DNA. The -helix on its linking region contacted 

with the '-CH of RNAP while the - sandwich faced towards the -GL.  

During transcription elongation, RNAP can exist in two alternative conformational 

states: the active state and the paused state [34]. In the active state, RNAP efficiently 

synthesizes the RNA transcript and progresses along the DNA template. However, in 

the paused state, RNAP undergoes structural changes that result in a temporary halt in 

transcription. Further research and crystallographic studies are necessary to uncover 

the precise mechanisms by which NusG participates in transcription pausing and to 

provide a more comprehensive understanding of its functions in this process. 

1.3.2 Inhibition of NusG on the backtracking pausing event 

Once transcription is initiated, RNAP forms stable associations with the nascent RNA 

and elongates the transcription until it encounters pause sites. Pausing events during 

transcription can be classified into three major categories: elemental pause, 

backtracking of RNAP, and hairpin-dependent pause [35]. Elemental pause is a short-

lived pause that occurs frequently in bacteria [36]. It involves transient isomerization of 

A B 
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RNAP on specific sites, which inhibits the loading of nucleotides into the 

transcription bubble. Elemental pauses do not have strong sequence specificity and 

are not typically the target for regulatory factors. However, they can potentially 

induce the formation of long-lived pauses in the other two categories [37]. 

Backtracking is a pausing mechanism where RNAP undergoes a reverse translocation 

along the template DNA, leading to the exclusion of the 3' end of the nascent RNA 

from the transcription site [38]. Transcription can only resume when the backtracked 

RNAP cleaves the old RNA and forms a new 3' end for the nascent RNA. Single-

molecule studies of transcription by E. coli RNAP have shown that backtracking can 

result in long-lived pauses with lifetimes over 20 seconds [39]. Hairpin-dependent 

pause is characterized by the formation of a hairpin structure at specific nucleotide 

sequences upstream of the pause site on the nascent RNA. This hairpin structure 

interacts with RNAP, inhibiting the loading of nucleotides and promoting the release 

of the nascent RNA [40]. Unlike the first two pausing events, the formation of a hairpin 

structure is often associated with intrinsic termination in bacteria [41]. 

The study conducted by Herbet et al. [42] [43] using single-molecule transcription assays 

provided insights into the potential effects of NusG on transcription pausing. They 

compared the density and lifetime of pauses in the presence or absence of NusG, with 

specific external loads applied to eliminate backtracking. The results showed that the 

addition of NusG reduced the density of long-lived pauses, suggesting its role in 

modulating pausing events. In 2016, Turtola and Belogurov [44] identified two 

mismatches on the nucleotides located at positions 10 and 11 upstream of the template 

DNA, which were shown to prolong the lifetime of backtracking. By using photo-

crosslinking techniques to label the template DNA with different probes, they 

observed that NusG prevented the DNA duplex with 11 upstream nucleotides from 

melting, providing a mechanism for NusG to inhibit backtracking pauses. Based on 

these studies, it is predicted that NusG can be recruited by RNAP as it passes through 

the pause site during bacterial transcription, and it exerts effects on pausing events. 

In 2022, a crystallographic study revealed the structure of RNAP  in complex with 



22 

 

NusG and a 9-base pair RNA-DNA hybrid [45]. This study compared the interactions 

between NusG and RNAP with or without swiveled subunits at different angles. 

Compared with its interactions with no-swiveled RNAP, which was proved active 

(PDB ID: 7PY8), it demonstrated that NusG could bind with RNAP in a swiveled 

conformation at an angle of up to 4.4° (PDB ID: 7PY0, Figure 5A), which is 

associated with a paused state [46]. In the binding model, it was observed that although 

the -subunit of RNAP exhibited a rotation and moved away from NusG in the 

swiveled structure (Figure 5B), the location of the ' subunit and NGN domain 

remained conserved. The NGN domain of NusG occupied a cavity close to the 

entrance of the DNA duplex and was surrounded by '-CH and -GL of RNAP and 

the upstream DNA. This binding model resembled the interaction observed in the 

phage lambda system [32]. Facing the double-stranded DNA, the positively charged 

surface of the - sandwich structure in NGN was predicted to stabilize the upstream 

DNA. This suggests a potential mechanism for NusG in inhibiting backtracking 

pauses by stabilizing the DNA structure (Figure 5C).  

 

A 
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Figure 5. A): The three-dimensional crystal structure of the active and paused RNAP (both 

displayed with soft solid surface in grey) in complex with NusG. The paused RNAP was detected 

to swivel at the largest angle of 4.4° in comparison of the active one. The NusG proteins in both 

complexes (blue in the active one and green in the paused) showed the similar crystal structure 

and binding model; B): The amplified binding model of NGN domain (in green) with paused 

RNAP (in brown). It was close to the entrance of duplex DNA (displayed in pale yellow backbone 

with base pairs) and contacted with '-CH and -GL of RNAP; C): The cavity occupied by NGN 

domain, displaying negatively charged surface on the upstream DNA duplex. Surface of the cavity 

was colored by interpolated charge (negative in red and positive in blue) and the NGN domain 

was displayed in green ribbon. '-CH and -GL of RNAP together with DNA formed this cavity to 

fit for the NGN domain of NusG. 

Previous studies have provided evidence that NusG is recruited by RNAP and plays a 

beneficial role in bacterial transcription elongation. Once recruited, the NGN domain 

of NusG interacts with the '-CH and -GL of RNAP, both in its active and paused 

state. The NGN domain of NusG adopts a conserved - sandwich structure, which 

maintains a stable configuration and stabilizes the positively charged surface of its 

binding cavity. Through these protein-protein interactions (PPIs), NusG functions as 

an essential factor within the transcription elongation complex (TEC) and exerts an 

inhibitory effect on backtracking pausing events. 

B C 
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1.3.3 Stimulation of NusG on Rho-dependent termination 

Factor-dependent termination is a category of transcription termination that requires 

specific termination factors. One well-studied termination factor is Rho, which is an 

ATP-dependent hexameric helicase belonging to the RecA family [47]. Rho recognizes 

a specific site on the 3’ end of the nascent RNA, known as the rut site. Upon binding 

to the rut site, which contains cytosine-rich sequences, Rho initiates factor-dependent 

termination [48]. Rho undergoes an isomerization process, transitioning from an open-

ring configuration to a closed state. It then moves along the RNA in the 5' to 3' 

direction until it encounters RNAP to terminate transcription [49]. Rho contains two 

RNA binding sites known as the primary RNA binding site (PBS) and the secondary 

RNA binding site (SBS) [50]. When Rho interacts with rut sites that have lower 

cytosine levels, referred to as suboptimal sites, the isomerization process slows down 

due to weaker interactions with the nascent RNA at the PBS. In such cases, additional 

elements are required to facilitate the termination process. 

In 1992, Sullivan and Gottesman [51] utilized NusG deletion strains and mutants that 

induced premature termination at Rho-dependent sites. They observed that the 

deletion of NusG led to increased expression of promoters located upstream of Rho-

dependent sites, indicating the indispensable role of NusG in Rho-dependent 

termination. Furthermore, Burns and Richardson [52] investigate the direct interaction 

between NusG and Rho and its effects on termination at specific sites. They focused 

on three Rho-dependent terminators, tiZ1, tiZ2 and tR1. In the absence of NusG, Rho 

exhibited higher efficiency in releasing RNA from the complex at tR1 compared to 

tiZ1. Moreover, by using function-defective mutants of Rho, they found that NusG 

had no effect on tiZ1, tiZ2, or tR1 when the levels of nucleoside triphosphates (NTPs) 

were high. However, when NTP levels were lowered, NusG specifically restored the 

termination efficiency at tiZ1. These findings suggest that the kinetic constraints of 

Rho at different termination sites account for the functional specificity of NusG. 

Additionally, it was observed that NusG accelerates the release of the transcript from 

the termination complex, contributing to termination efficiency. 
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Previous research has elucidated that the interactions between Rho and NusG are 

crucial for NusG's role in Rho-dependent termination. In 2018, the cryo-EM structure 

of Rho in complex with the KOW domain of NusG from E. coli was reported (PDB 

ID:6DUQ). This structure revealed that the KOW domain of NusG interacts with the 

last three -helices of motor domain on Rho (Figure 6) [53]. In the absence of NusG, 

mutants with specific amino acid substitutions in these three helices exhibited a more 

rapid transition to the closed state compared to wild-type Rho. This suggests that 

these residues in wild-type Rho contribute to the formation of an autoinhibitory 

configuration that restricts isomerization but is remodeled upon NusG binding. The 

interactions between NusG and Rho activate Rho-dependent termination by 

facilitating the isomerization of Rho from an open-ring configuration to its closed 

state. 

 

Figure 6. The cryo-EM structure of the KOW domain of NusG (in red) in complex with Rho 

(displayed with soft solid surface in grey). In the top right panel, one of motor domains in Rho (in 

cyan) was amplified to exhibit interactions with KOW. 

Importantly, it has been demonstrated that the KOW domain of NusG interacts with 

NusE, also known as ribosomal protein S10, within the TEC isolated from phage 
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lambda [32]. This suggests that the KOW domain can dissociate from the TEC and 

subsequently bind to Rho when RNAP encounters the Rho-dependent termination site. 

Moreover, the interaction with NusE provides NusG with the potential to exert effects 

on protein translation. 

1.3.4 NusG’ s performance on transcription-translation coupling  

Several decades ago, it was established that protein translation occurs in synchrony 

with transcription, facilitating the production of functional proteins based on mRNA 

[54]. This phenomenon, known as transcription-translation coupling, has been shown to 

play a vital role in regulating gene expression in bacteria. In 2018, the interaction 

between NusG and the mature 70S ribosome was detected using size exclusion 

chromatography and pelleting assays [55]. Additionally, based on the identified binding 

model between NusG and ribosomal protein S10, specific mutations were introduced 

in both proteins to demonstrate that NusG still interacts with S10 within this complex. 

Bailey et al. established an in vitro biochemical system using E. coli ribosomal 

subunit S30 (containing the S10 component) and a template DNA encoding luciferase 

reporter to investigate the transcription-translation coupling [56]. Comparing the WT 

NusG, the usage of purified NGN domain and a NusG mutant (carrying a mutation in 

the KOW domain) resulted in a significant decrease in luciferase reporter expression. 

Conversely, in a translation-only system where the DNA was replaced with an mRNA 

encoding the luciferase reporter, the purified NGN domain and the KOW mutant had 

minimal effect on luciferase expression. The inhibition of decoupled transcription-

translation on transcription suggested that the interactions between NusG and 

ribosomal protein S10 are beneficial for transcription elongation but have no direct 

effect on translation. Further investigations are required to fully understand the 

mechanisms underlying transcription-translation coupling and NusG's impact on this 

process. 
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1.4 Homologs of NusG in eukaryotes 

In the late 1990s, homologous proteins to NusG were identified in Saccharomyces 

cerevisiae, known as Spt5 [57], and in HeLa cells, where the Spt5 homolog functions 

as the p160 subunit in DSIF [58]. While these homologs in eukaryotes contain residues 

identical to NusG in prokaryotes, they exhibit an inhibitory effect on transcription 

elongation by stabilizing the eukaryotic RNA Polymerase Ⅱ (Pol Ⅱ) in a paused state 

[59]. Unlike NusG, Spt5 is composed of one NGN domain and five linked KOW motifs 

(six KOW motifs in its homologous p160 subunit) [60]. The NGN domain has been 

shown to interact with Spt4, also known as the p14 subunit in DSIF, near the 

transcription bubble. Additionally, the KOW domains of Spt5 interact with distinct 

regions on Pol Ⅱ [61]. Since 2017, multiple X-ray crystal structures of the Pol Ⅱ in 

complex with Spt5 had been reported, comprising different categories of transcription 

factors. In the complex without other factors (PDB ID: 5OIK), the - sandwich 

structure remains conserved as observed in bacterial homologs. However, it faces the 

upstream DNA and forms a clamp structure with KOW1 to trap the upstream DNA. 

[62]. KOW4 and KOW5 are positioned close to the exit tunnel of the nascent RNA and 

occupy a cleft formed by a stalk-like subunit of Pol Ⅱ, along with KOW2 and KOW3. 

Crystal structures purified in complex with other transcription factors reveal 

additional binding sites of Spt5 with these additional factors [63] [64] [65]. The 

crystallographic studies on Spt5 suggest that the eukaryotic homologs of NusG 

exhibit more complex binding models and exert additional unknown effects when 

recruited by Pol Ⅱ. 

1.5 The discovery of PPIs inhibitors   

1.5.1 The potential of PPIs acting as targets for novel drugs 

Protein-protein interactions (PPIs) play crucial roles in various biological processes 

and have emerged as promising targets for the development of new drugs. However, 
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the discovery of small-molecule drugs targeting PPIs has historically been challenging 

due to the often large and flat interfaces of PPIs [66]. Furthermore, unlike enzymes 

with well-defined active sites for natural ligands, identifying binding sites on PPIs for 

potential drugs has been difficult in early studies. In 1995, Clackson and Wells 

conducted mutational studies on specific residues in the binding domain of hGH and 

hGHbp and found that only a few mutations reduced the binding affinity between 

these proteins [67]. This observation suggested that certain key residues play a critical 

role in PPIs, rather than all residues in the binding domain. Key residues are typically 

found in the core domain of PPIs and can form a binding pocket of approximately 

300-500 Å2 for small-molecule compounds [68]. Analysis of a database of alanine 

mutants in heterodimeric protein-protein complexes revealed that specific amino acids 

such as Trp, Tyr, and Arg are more likely to act as key residues [69]. These residues 

often engage in various interactions with small-molecule compounds, including 

hydrogen bonds, electrostatic interactions, and π stackings. Studies on inhibitors 

targeting the PPI between interleukin 2 (IL-2) and interleukin 2 α receptor (IL2-αR) 

have shown that a small-molecule compound called SP4206 exhibits affinity for key 

residues on IL-2 similar to IL2-αR [70]. Over the subsequent decades, significant 

progress has been made in the discovery of novel inhibitors targeting various types of 

PPIs. 

Strategies for discovering novel drugs targeting PPIs vary depending on the 

participation domains of the proteins involved and can be categorized into three 

groups (Figure 7) [71]. In cases where the partner protein contributes to the PPI by a 

linear sequence of six to nine amino acid residues, the interface is more accessible for 

small-molecule compounds [72]. However, many PPIs are formed through the 

secondary structure of the partner protein, such as a-helix or β-sheet [73]. Key residues 

in these PPIs may not be adjacent to each other in the primary sequence. The potential 

binding pocket based on these key residues is often more flexible than the primary 

epitopes [74]. Moreover, when the partner protein interacts with the main protein in 

discontinuous binding sites, it is considered a tertiary epitope, which represents the 
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most challenging targets for drug design [75]. Several novel inhibitors targeting PPIs 

have been approved or have entered clinical trials, with many of them being 

developed as anti-tumor agents. These inhibitors, whether small molecules or natural 

products, tend to be highly lipophilic molecules.  

  

Figure 7. The three categories of partner protein participating in PPIs. A): a primary epitope with 

a linear sequence in 9 residues of DNA polymerase Ⅲ (in dark green) binding with the SC (PDB 

ID: 3D1F) shown with soft solid surface in grey; B): a secondary epitope with an a-helix of FtsZ 

(in light green) constructing the PPIs with ZipA (PDB ID: 1F47) shown with soft solid surface in 

grey; C): a tertiary epitope in which continuous binding sites between IL-2 (in grass green) and 

IL2-αR shown with soft solid surface in grey were detected (PDB ID: 1Z92). 

1.5.2 Progress on the discovery of antibiotics targeting on PPIs 

PPIs also play essential roles in bacterial growth and division. Thousands of PPIs 

have been identified in well-studied bacteria such as Escherichia coli, Pseudomonas 

aeruginosa, Synechocystis spp., Bacillus subtilis and Streptococcus pneumoniae. The 

discovery of novel antibiotics targeting PPIs has evolved through five approaches in 

recent years: (i) bacterial division, (ii) DNA replication, (iii) bacterial membrane 

function, (iv) translation agents, (v) bacterial transcription. A brief introduction to the 

first four categories was presented in this session. 

(i) Bacterial division: Multiple PPIs involved in bacterial division are unique to 

prokaryotes. Cell division involves the cooperative invagination of the cytoplasmic 

membrane and the reconstruction of the peptidoglycan cell wall. PPIs between FtsZ 

and ZipA play an essential role in this bacterial process. Inhibition of these PPIs has 

A B C 
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been found to block cell division and the association of protofilaments into bundles 

[76]. Analysis of the X-ray crystal structure of FtsZ binding with ZipA (PDB ID: 1F47) 

revealed that an a-helix of FtsZ forms PPIs with ZipA through three key residues, 

Ile374, Phe377 and Leu378 [77]. Through high-throughput screening (HTS) and 

subsequent modifications, Kenny et al. discovered candidate compounds exhibiting 

moderate antimicrobial activities [78]. However, off-target activity was detected 

through fluorescence polarization studies, limiting the further clinical trials of these 

inhibitors. 

(ii) Bacterial DNA replication: DNA replication requires multiple proteins to replicate 

chromosomal information, separate the double-stranded DNA, terminate replication, 

and repair replication errors. Previous research has focused on the sliding clamp (SC) 

protein hub and single-stranded DNA binding protein (SSB). In bacteria, the SC 

surrounds the double-stranded DNA and recruits multiple DNA polymerases, 

including polymerases Ⅰ, Ⅱ, Ⅲ, Ⅳ and Ⅴ [79], to form a protein hub with multiple PPIs. 

Although the SC is conserved in bacteria, it differs from its eukaryotic homolog [80], 

providing possibilities for discovering novel antibiotics that target PPIs in this SC 

protein hub. The X-ray crystal structure of SC binding with DNA polymerase Ⅲ, 

crystallized in 2008, revealed that a conserved primary sequence of polymerase Ⅲ 

comprising 9 residues, participates in the PPIs (PDB ID: 3D1F) [81]. Through HTS, 

one rhodanine-like compound was obtained and co-crystallized with the SC from E. 

coli. It was found that this compound occupied a similar binding site to the linear 

sequence of DNA polymerase Ⅲ (PDB ID: 3D1G). However, the rhodanine-like 

structure has been identified as a PAINS structure that causes cytotoxicity to normal 

cells [82]. Nonetheless, this discovery holds promising prospects for the development 

of inhibitors targeting PPIs in the SC protein hub. Further screening based on the 

binding site of the rhodanine-like compound led to the identification of multiple 

small-molecule and peptide inhibitors. 

Another essential protein in DNA replication is SSB, which binds to single-stranded 

DNA to prevent replication from stalling [83] and also recruits multiple partner proteins, 
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such as exonuclease I (Exo I) [84]. PPIs between Exo I and two linear sequences on the 

C-terminal of SSB were identified through co-crystallization (PDB ID:3C94) , and 

their function in replication was found to be associated with DNA mismatch repair [85]. 

Keck et al. employed high-throughput fluorescence polarization screening and 

identified four hits, termed as CFAM, BCBP, BOTP and MPTA [86]. Co-

crystallization of these compounds with Exo I was conducted and yielded two X-ray 

structures of CFAM and BCBP. They were found to occupy the binding site B 

between Exo I and SSB, although alanine mutations on the primary sequence 

indicated that this site is not necessary for PPI construction [87]. While these 

compounds exhibited inhibition of Exo I activity, further research is required to 

understand their inhibitory mechanism on the PPIs between Exo I and SSB. 

(iii) Bacterial membrane function: Gram-negative bacteria possess an outer membrane 

that acts as a selective permeation barrier, leading to intrinsic resistance to antibiotics 

[88]. A network of -barrel outer membrane proteins is transported to the outer 

membrane through various pathways, involving PPIs between functional proteins. 

PPIs in the -barrel assembly machine (Bam) complex have been targeted on the 

discovery of novel antibiotics. In Bam complex, BamA was found to bind 

conservatively with BamD in the Gram-negative bacteria [89]. Two binding sites were 

identified through X-ray structure co-crystallization of BamA with BamD (PDB 

ID:5D0Q), both formed by secondary structures of BamD [90]. The binding site 

surrounded by residues Ser769 to Trp776 of BamA was shown to be necessary for 

interactions with BamD [91]. In 2020, Li Y et al. conducted a yeast two-hybrid assay to 

screen over 25,000 compounds and identified a promising inhibitor named IMB-H4, 

with the MIC value ranging from 4 to 32 g/mL against different E. coli strains. 

However, further testing is required to determine its direct inhibition of the PPIs 

between BamA and BamD.  

(iv) Translation agents: The discovery of novel antibiotics targeting bacterial 

translation has been associated with toxin-antitoxin (TA) systems in recent years. TA 

systems are known to regulate self-inhibition of cell growth in bacteria, and certain 
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TA systems also function in bacterial translation to exert effects, including VapBC 

family, HicBA, PemK-like protein family, and HipAB [92]. Peptide antibiotics 

targeting PPIs between toxins and antitoxins have been discovered based on crystal 

structures of these TA systems. Unlike small-molecule antibiotics, peptide inhibitors 

mimic the binding interface of partner proteins to competitively disrupt the formation 

of PPIs. 

1.5.3 Discovery of novel antibiotics targeting on PPIs in bacterial transcription  

As mentioned above, RNAP serves as a key enzyme that regulates bacterial 

transcription in conjunction with various transcription factors. During the initiation 

step, the Sigma factor (σ) is essential for recognizing specific promoters by 

interacting with RNAP [93]. While bacteria exhibit multiple paralogs, the major σ 

factor has been identified as conserved in both Gram-positive and Gram-negative 

bacteria, lacking homologs in eukaryotes [94]. Targeting the PPIs between σ and RNAP 

holds promise for the discovery of novel antibiotics with a broad antibacterial 

spectrum. In the complex of σ factor with RNAP in Thermus thermophilus, it has been 

observed that the N-terminal domain-2 of the σ factor binds to the ’ subunit of 

RNAP (PDB ID: 1IW7, Figure 8A) [95]. ELISA-based binding tests have identified 

Glu166, Gln165, and Met169 on the σ factor as key residues contributing to these 

PPIs [96]. Similarly, Arg264, Arg267, and Arg270 on the ’ subunit of RNAP have also 

been found to be essential. Notably, Arg264 and Arg267 form hydrogen bonds with 

key residues on the σ factor, while Arg270, along with Leu271 and Ile280, creates a 

hydrophobic pocket. Lewis et al. constructed a pharmacophore model based on the 

key residues of the σ factor and conducted screening, resulting in the identification of 

three hits with an indole-like structure. Through gel electrophoresis and isothermal 

titration calorimetry experiments in vitro, a compound called GKL003 (Figure 8B) 

was found to competitively bind to the ’ subunit of RNAP, thereby disrupting the 

PPIs. However, GKL003 exhibited poor inhibition of cell growth in both Gram-

positive and Gram-negative bacteria (＞1mM). Building upon this study, Ma C et al. 
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optimized the pharmacophores based on key residues of the ’ subunit of RNAP and 

performed virtual screening on the MiniMaybridge database, which contains 530,000 

compounds [97]. Among the 27 hits obtained from the screening, compound C5 

exhibited the most potent inhibitory activity against the PPIs in the ELISA-based 

binding assay. Furthermore, compound C3 (Figure 8C), which showed lower 

inhibitory activity than C5, was selected for further modifications due to its chemical 

structure [98]. The substituted aromatic rings in C3 provided ideal sites for 

modification, and structure-activity relationship (SARs) studies were conducted. 

Rational design involving the substitution of isosteres and bioisosteres was employed 

to modify the substituted aromatic rings and linking regions.  

 

 

Figure 8. A): The identified PPIs constructed by ' subunit of RNAP (in magenta) and factor  (in 

green). B): compound GKL003 achieved by the virtual screening and how it fitted into the 

A 

B C 
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pharmacophore model generated by Lewis et al. [96] The pharmacophores included hydrogen-bond 

acceptor (in green) and donor (in pink), hydrophobic group (in cyan) and exclusion zone (in grey). 

C): compound C3 reported Ma C et al. and its potential sites for modifications, including 

substituted aromatic rings (in red, blue and purple separately) and linking regions (in green and 

yellow). 

Additionally, Sartini et al. developed a bioluminescence resonance energy transfer 

assay in yeast to evaluate 4,960 candidate compounds from the screening, based on 

the known compounds GKL003 and C5 [99]. Subsequently, an ELISA-based binding 

assay and antimicrobial activity test were conducted on seven promising hits. The 

results demonstrated that four hits exhibited moderate inhibition compared to 

GKL003. Notably, the authors also constructed a pharmacophore model based on 

these hits and GKL003, using another X-ray crystal structure of factor σ interacting 

with RNAP in E. coli (PDB ID: 4YG2). The pharmacophores revealed some 

differences from those reported by Lewis, as certain residues, such as Asn294 and 

Glu295 on the ’ subunit of RNAP, were identified as key residues for hydrogen 

bonding with inhibitors. These differences could potentially be attributed to variations 

in residue participation in the PPIs across different bacterial categories. 

Apart from factor σ, another potential target for the discovery of novel antibiotics in 

bacterial transcription is the PPIs formed by NusB and NusE, which play a crucial 

role in the formation of the nucleation complex for antitermination, a process 

necessary for rRNA transcription [100]. The interface of these PPIs is composed of the 

α1-helix of NusE and a pocket in NusB. Key residues involved in this interaction have 

been identified as His15, Arg16, and Asp19 of NusE, as well as Tyr18, Arg76, and 

Glu81 of NusB (PDB ID: 3R2C) [101]. These residues form five essential hydrogen 

bonds that contribute to stabilizing the PPIs. Cossar et al. performed sequence 

alignment of NusE and NusB from various bacterial categories and demonstrated a 

highly conserved sequence in the 1-helix of NusE, suggesting its potential for the 

discovery of novel antibiotics with a broad antimicrobial spectrum. Based on the key 

residues in the 1-helix of NusE, they constructed a pharmacophore model and 
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conducted virtual screening on the MiniMaybridge database. Through modifications 

of the lead compound identified during the screening, they eventually obtained a 

promising candidate compound, referred to as compound 22, which exhibited 

favorable inhibition of the PPIs (55% at 25 M) and demonstrated antimicrobial 

activity against selected Gram-positive strains (MIC ≤ 3 g/mL) [102]. Although 

compound 22 displayed significant cytotoxicity in tested human cell lines, it indicates 

the potential for discovering novel antibiotics targeting the PPIs of the NusB-NusE 

heterodimer. 

1.5.4 Commonly utilized screening strategies on the discovery of novel antibiotics 

targeting on PPIs 

In previous studies focused on discovering novel antibiotics targeting PPIs, the initial 

step involved defining the structure of the PPI interface and identifying the key 

residues involved in its formation. If the potential binding site formed by these key 

residues was suitable for small-molecule compounds, a rational screening strategy 

was necessary to identify promising hits from known compounds. High-throughput 

screening, fragment screening and virtual screening were commonly employed as 

screening strategies. 

HTS has proven effective in the discovery of drugs targeting traditional targets. 

However, the compound libraries for HTS were typically built based on compounds 

that fit the binding model of traditional receptor-ligand drug targets. The distinct 

characteristics of the potential binding pocket on PPIs and the inhibitors targeting 

them resulted in lower hit rates for HTS [104]. Fragment screening, on the other hand, 

was favored for the discovery of PPI inhibitors. This method involves screening 

fragment libraries to identify fragments that exhibit weak to moderate affinity for the 

key residues on the PPIs [105]. These fragment hits are subsequently linked rationally 

to generate lead compounds. However, the expensive detection instruments and the 

requirement for crystalized target proteins limit the widespread use of fragment 

screening [106]. 



36 

 

Considering the drawbacks of the other two screening strategies, virtual screening has 

been widely employed in the discovery of promising compounds targeting PPIs, 

particularly when X-ray crystal structures of the PPIs are available. Virtual screening 

offers high screening rates and consumes fewer biological assay resources [107]. 

Virtual screening methods can be classified into two approaches: structure-based and 

ligand-based. Structure-based screening relies on docking simulations of target 

proteins with compounds from selected libraries [108]. A scoring function, which is a 

mathematical algorithm, evaluates the docking fitness of the compounds. Structure-

based virtual screening requires significant effort, as compound libraries typically 

contain thousands of compounds. Ligand-based screening, on the other hand, utilizes 

the structural and physicochemical properties of ligands for the target protein and 

inactive molecules to identify molecular similarities [109]. Pharmacophore modeling, 

based on the general configurations or spatial arrangements of molecules, is employed 

to define chemical features that interact with target proteins [110]. Given the absence of 

a natural ligand, pharmacophore modeling based on the key residues involved in the 

target PPIs has become a valuable and effective method for virtual screening of novel 

compounds [111]. 

1.6 Potential of PPIs between NusG and RNAP on acting as a target 

for small-molecule antibiotics  

In this chapter, it has been demonstrated that the function of NusG in bacterial 

transcription relies on its interactions with various enzymatic proteins involved in the 

process. The NGN domain of NusG directly binds to RNAP, the key enzyme in 

transcription. The NGN domain maintains a highly conserved - sandwich structure 

in prokaryotes. Upon recruitment, NusG acts as an essential component in the TEC. 

Inhibition of the backtracking pause by NusG has been shown to be beneficial for 

transcription elongation in bacteria universally. It is predicted that NusG stabilizes the 

positively charged surface of its binding region with RNAP. Interactions between the 

KOW domain of NusG and NusE, the ribosomal S10 protein, have also been 
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identified in purified TECs. However, studies on its role in transcription-translation 

coupling have not detected a direct effect on mRNA translation. In Rho-dependent 

transcription termination, NusG has been found to accelerate the isomerization of Rho, 

thereby stimulating the termination process through interactions between its KOW 

domain and the motor domain of Rho. These protein-protein interactions provide 

opportunities for targeting NusG as a potential strategy for the discovery of novel 

small-molecule antibiotics. Disrupting the PPIs between NusG and RNAP/Rho with 

antibiotics may exhibit promising antimicrobial activities against antibiotic-resistant 

pathogens. Analysis of the X-ray structures of NusG in complex with RNAP and Rho 

has identified the PPIs between them. In comparison to its stimulation of specific 

Rho-dependent termination sites, NusG is observed to universally inhibit the 

backtracking pause in bacteria through its PPIs with RNAP. Furthermore, the distinct 

binding site of the NGN domain with Pol II in eukaryotes provides selectivity for 

potential antibiotics targeting this PPI in bacteria. In the pursuit of discovering broad-

spectrum antibiotics, the PPIs between the NGN domain and RNAP hold potential for 

the discovery of novel small-molecule antibiotics. Since no antibiotics targeting these 

PPIs have been reported, virtual screening based on pharmacophores constructed by 

key residues is a favorable strategy for identifying promising lead compounds for 

further modification and biological testing. The next chapter will provide a detailed 

description of the procedures involved in the discovery and rational design of these 

novel antibiotics. 
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Chapter Ⅱ: 

The discovery, synthesis and SARs analysis on novel small-

molecular antibiotics targeting on PPIs between NusG and 

RNAP 

2.1 Definition on key residues of PPIs between NusG and RNAP 

To investigate the interaction model of NusG with RNAP, the X-ray crystal structure 

of the NusG-RNAP complex from E. coli (PDB ID: 5TBZ) was obtained from the 

Protein Data Bank (PDB) [112]. The complex was prepared using the Clean Protein 

module of Discovery Studio 2016. Among the three identified binding sites in this 

complex, it was observed that interactions between the linking -helix of NusG and 

-protrusion of RNAP were easily disrupted upon loading of the DNA duplex during 

transcription [32]. Therefore, the focus was directed towards the other two sites, we 

defined NusG as the partner protein to detect its interactions with the ’-CH and -GL 

of RNAP. Previous studies have demonstrated the conservation of certain residues on 

these subunits, which were selected as key residues for pharmacophore modeling 

[96][113]. Figure 9 illustrates the interactions formed by Arg270, Arg271, Arg278 and 

Arg281 on the ’-CH, as well as Arg470, Arg473, Lys496 and Glu504 on the -GL. 

Since arginine residues often play a crucial role in PPIs, particular attention was given 

to the interactions involving arginine. Arg270, Arg278 and Arg281 on the ’-CH 

formed three hydrogen bonds with shorter bond lengths (2.53, 2.58 and 2.71 Å) 

compared to the hydrogen bond formed by Arg470 (2.72 Å) on the -GL. Additionally, 

Arg470 and Arg473 on the -GL contributed to two hydrophobic interactions. (5.28 Å 

and 4.52 Å). Furthermore, Arg271 on the ’-CH formed an electrostatic interaction. 

These findings suggest that the four arginine residues on the ’-CH play a more 

significant role in the construction of PPIs. Moreover, these four arginine residues 

contribute to the formation of a potential pocket capable of accommodating small-
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molecule inhibitors. Considering the pharmacophore modeling, Arg270, Arg278, and 

Arg281 were considered as hydrogen bond acceptors or donors to generate the 

binding site as receptors. 

 

Figure 9: The binding model of NGN domain (displayed in grey mesh) with the ’-CH (displayed 

in purple mesh) and -GL (displayed in blue mesh) of RNAP. There are three residues on the ’-

CH being marked with Arg270, Arg278 and Arg 281, which build conventional hydrogen-bonds 

(green dotted line) in the length of 2.53 to 2.71 Å, while Arg271 forms an electrostatic interaction 

(orange dotted line). In comparison, the length of hydrogen-bond constructed by Arg470 on the -

GL is 2.72 Å and hydrophobic interactions (pink dotted line) formed by Arg470 and Arg473 are 

5.28 Å and 4.52 Å. Extra hydrophobic interactions, electrostatic interactions and hydrogen-bonds 



40 

 

being formed by other conserved residues on the -GL, Lys496 and Glu504, were also displayed 

but predicted to be unnecessary for the PPIs construction. 

2.2 Discovery of the lead compound through the Virtual Screening  

Using the receptor definition of the ’-CH of RNAP, we employed the Receptor-

Ligand Pharmacophore Generation in the Pharmacophore module to generate 

pharmacophores. These pharmacophores were categorized into hydrophobic, 

hydrogen bond donor, and hydrogen bond acceptor features. To refine the generated 

pharmacophores, we eliminated the excluded volume model and performed clustering 

analysis. This process allowed us to retain only the relevant and effective 

pharmacophores associated with the key arginine residues. The resulting 

pharmacophore model, which is suitable for subsequent virtual screening, is shown in 

Figure 10.  

 

Figure 10.  Pharmacophores being generated when defining Arg270, Arg278 and Arg 281 on the ’ 

subunit of RNAP (displayed in magenta ribbon) as the potential binding site. These selected 

pharmacophores based on three key residues contributed on the formation of hydrogen-bonds with 

NusG, being defined as hydrogen bond acceptor (in green sphere). 

Following the generation of the pharmacophore model, virtual screening was 
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performed using the Search 3D Database in the Pharmacophore module. The 

MiniMaybridge database was utilized, resulting in 57 hits with FitValues ranging from 

2.8656 to 0.086479. To filter the hits, ADMET prediction was conducted to assess 

their drug-likeness and pharmacokinetic properties, which include absorption, 

distribution, metabolism, excretion, and toxicity [114]. The ADMET Descriptors in 

Small Molecules module of Discovery Studio 2016 was employed to grade each 

property and identify favorable levels for the hits. Based on the FitValue and 

favorable drug-like ADMET properties (not shown), the top ten hits were selected for 

antimicrobial activity evaluation. For the antimicrobial activity evaluation, a panel of 

bacteria was used, including seven pathogens from the “WHO priority pathogens list 

for guiding R&D of new antibiotics” [5]. The panel consisted of three Gram-positive 

pathogens: Enterococcus faecalis, Staphylococcus aureus, Streptococcus pneumonia; 

and four Gram-negative ones: Acinetobacter baumannii, Pseudomonas aeruginosa, 

Enterobacter spp. and Escherichia coli. Antibiotic susceptibility testing was 

performed using standard strains based on the Clinical & Laboratory Standards 

Institute (CLSI) guideline. The positive controls included multiple broad-spectrum 

antibiotics such as vancomycin, oxacillin, gentamicin, rifampicin, ciprofloxacin, and 

colistin. The MIC values, shown in Table 1, revealed that only AW00783 exhibited 

acceptable antimicrobial activity against Streptococcus pneumonia, with a MIC value 

of 256 g/mL. This compound also demonstrated a promising FitValue and favorable 

ADMET properties based on previous studies. Therefore, AW00783 was selected as 

the lead compound for further modifications. 

Table 1. Antimicrobial activities of hits against typical pathogens (MIC g/mL). 

No. Name EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

1 KM06753 >256 >256 >256 >256 >256 >256 >256 >256 

2 AW00783 >256 >256 >256 256 >256 >256 >256 >256 

3 RF00627 >256 >256 >256 >256 >256 >256 >256 >256 
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4 NRB00386 >256 >256 >256 >256 >256 >256 >256 >256 

5 SP00883 >256 >256 >256 >256 >256 >256 >256 >256 

6 JFD03984 >256 >256 >256 >256 >256 >256 >256 >256 

7 RH01573 >256 >256 >256 >256 >256 >256 >256 >256 

8 NRB03988 >256 >256 >256 >256 >256 >256 >256 >256 

9 SPB01943 >256 >256 >256 >256 >256 >256 >256 >256 

10 RDR01935 >256 >256 >256 >256 >256 >256 >256 >256 

 Vancomycin 1 2 0.5 1 >64 >64 >64 >64 

 Oxacillin 32 1 1 2 >64 >64 ≥64 ≥64 

 Gentamicin 16 0.5 2 16 32 2 1 1 

 Rifampicin  4 0.015625 ≤0.0625 ≤0.0625 4 32 ≥64 64 

 Ciprofloxacin 4 2 2 2 0.5 0.25 ≤0.0625 0.0625 

 Colistin     0.5 ≤64 >256 ≤16 

EFAE: Enterococcus faecalis ATCC® 19433, SAURa: Staphylococcus. aureus ATCC® 25923, 

SAURb: S. aureus ATCC® 29213, SPNE: Streptococcus pneumonia ATCC® 49619, ABAU: 

Acinetobacter baumannii ATCC® 19606, PAER: Pseudomonas aeruginosa ATCC® 27853, 

ECLO: Enterobacter cloacae ATCC® 13047, ECOL: E. Coli ATCC® 25922. 

2.3 Modifications based on the lead compound 

The modifications of the lead compound were guided by the analysis of its binding 

model with the ’-CH of RNAP. AW00783 had three components that fit into the 

pharmacophore model (Figure 11A). When defined as the ligand to generate 



43 

 

interactions, the nitro group on its benzene ring, which fit into two pharmacophores, 

also formed an electrostatic interaction with Arg270 (Figure 11B). Additionally, one 

nitrogen atom of the pyrimidine acted as a hydrogen bond acceptor, binding with 

Arg281. The substituted aromatic rings were easily modifiable and amenable to SARs 

analysis. However, the hydroxy group, which fit into the pharmacophore formed by 

Arg278, did not form direct interactions. Furthermore, Asn274 was found to create a 

π-donor interaction with the benzene ring and an additional hydrogen-bond with the 

nitrogen atom on the linking region. It appeared that Arg278 and Arg281 formed 

bottom region of the potential binding pocket, which could be expanded due to the 

flexible side-chain of Arg270 (Figure 11C). Therefore, the flexible linear linker 

between the terminal aromatic rings could also be modified and elongated. Following 

classical drug-design strategies, the four-atom linker adjacent to the hydroxy group 

could be replaced by a six-membered aromatic ring, while maintaining the relative 

position of other components on the linking region (Figure 11D). Based on these 

considerations, derivatives of the lead compound were classified into two categories 

based on the linking region, referred to as "aminoethyl derivatives" and "aromatic 

derivatives”. 

 

A B 
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Figure 11. A): The chemical structure of AW00783, fitting into the pharmacophore model; B): 

The binding model of AW00783 with the ’-CH. Its interactions with key residues included an 

electrostatic interaction with Arg270 and a hydrogen-bond with Arg281. While a π-donor 

interaction (grey dotted line) and an extra hydrogen-bond were detected to be constructed by 

Asn274; C): The configuration of AW00783 inside the binding pocket whose surface was 

exhibited in mesh; D): Two categories of derivatives being modified from AW00783. Modified 

components were marked in different colors, including the terminal aromatic rings (Ar1 colored in 

red; Ar2 colored in blue), moieties adjacent to terminal rings (X1 colored in orange; X2 colored in 

yellow), hydroxy group on the linking region (in green) and a four-atoms proportion of the linker 

(modified by aromatic ring Ar3, colored in purple). 

In aminoethyl derivatives, we selected substituted 2’-pyrimidine, 2’-pyridine, 3’-

pyridine and benzene rings as the terminal rings, each with various substitution 

groups. These substitutions included electron-withdrawing or -donating groups, as 

well as hydrogen-bond donors or acceptors, all targeting the positively charged 

guanidine side-chain of arginine. We maintained the central structure of the 

aminoethyl linker, which contributed to the formation of hydrogen bonds and fit into 

the pharmacophore model. However, we modified the moieties adjacent to the 

terminal rings for SARs analysis. In the aromatic derivatives, except for similar 

modifications on terminal rings and moieties adjacent to them, the middle ring was 

determined as aromatic, heteroaromatic or substituted aromatic. Additionally, we 

substituted the hydroxy group with carbonyl, acylamino or sulfonamino for SARs 

C D 
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analysis, as the increased rigidity of aromatic derivatives might result in alterations to 

their binding models with the ’-CH. Furthermore, it appeared that the binding pocket 

could expand due to the flexible side-chain of arginine and accommodate more rigid 

structures (Figure 11C). Cyclization of the hydroxy group with the terminal aromatic 

ring was also conducted, while preserving a hydrogen bond donor to maintain the 

hydrogen bonds with Arg278 and Arg270. In Scheme 1, we listed modifications on 

different components in both categories and provided examples of typical substitution 

groups utilized. 

Scheme 1. Modifications on aminoethyl and aromatic derivatives. The modified components were 

marked in different colors and typical substitution groups were listed. 

2.3.1 Synthetic routes of aminoethyl derivatives  

Aminoethyl derivatives were prepared by nucleophilic substitution reaction of a 

substrate in Formula (A) with the other one in Formula (B) in ethanol (Scheme 2). 

The synthetic routes of different substrate A and B were displayed in the following 

schemes.  

 

Scheme 2. Synthesis of aminoethyl derivatives. Reagent and condition: (a) DIPEA, EtOH, reflux, 
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8h.  

The synthetic routes of substrates A have been classified into four categories based on 

the structure of their aromatic rings and adjacent components (Scheme 3). Starting 

materials, which are substituted compounds, undergo reactions either with 

ethylenediamine monohydrate or 2-(Boc-amino)ethyl bromide to yield the desired 

products. 

 

Scheme 3. Synthesis of substrates A. 1): Reagent and condition: K2CO3, THF, reflux, overnight; 

2): Reagents and conditions: CuCl, Cs2CO3, DMSO, 120 ℃, 8h; 3): Reagent and condition: Et3N, 

DCM, rt, overnight; 4): Reagents and conditions: (a): K2CO3, DMF, 65 ℃, 8h; (b): CF3COOH, 

DCM, reflux, 8h. 

Substrates B were synthesized through a substitution reaction between starting 

materials containing different nucleophilic groups and epichlorohydrin (Scheme 4). 

The reactions were carried out under diverse conditions, which were selected based 

on the reactivity of the specific nucleophiles involved. 
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Scheme 4. Synthesis of substrates B. 1): Reagent and condition: KI, Cs2CO3, DMF, 80 ℃, 

overnight; 2): Reagent and condition: (a): Zn(SO3CF3)2, CHCl3, 60 ℃, 12h; (b): KI, MeCN, 80 ℃, 

6h. 3): Reagent and condition:  K2CO3, MeCN, 85 ℃, 8h; 4): Reagent and condition: TBAB, 1M 

NaOH aqueous solution, rt, 18h; 5): Reagent and condition: KOH, water : dioxane = 1: 1, rt, 8h. 

2.3.2 Synthetic routes of aromatic derivatives  

The general synthetic route of aromatic derivatives is illustrated in Scheme 5. It 

involves a palladium-catalyzed coupling reaction between substituted chloropyridine 

or iodobenzene and aminoacetophenone. This coupling reaction generates 

intermediate C. Subsequently, halogenation is performed on intermediate C, resulting 

in the formation of intermediates D. These intermediates D then undergo reactions 

with the nucleophilic group present in the substituted aromatic reactants. Finally, the 

carbonyl group in intermediates E is reduced, leading to the formation of the desired 

target compounds.  
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Scheme 5: The synthetic route of aromatic derivatives initiating from a palladium-catalysed 

coupling reaction. Reagents and conditions: (a) Pd(OAc)2, X-Phos, Cs2CO3, toluene, 120 ℃, 8h; 

(b) CuBr2, CHCl3 : EA = 1 : 1, 60 ℃, overnight; (c) K2CO3, acetone, reflux, 6h; (d) NaBH4, 

MeOH, rt, 8h. 

The synthetic route for aromatic derivatives with alternative X1 or Ar3 moieties 

exhibits variations in the initial step, as depicted in Scheme 6. Depending on the 

specific substitution requirements, two distinct approaches were employed. In 

Scheme 6-1, nucleophilic aromatic substitution reactions were employed for the 

substitution on X1, utilizing either oxygen or sulfur nucleophiles. The subsequent 

halogenation step was carried out under more rigorous conditions to enhance the 

overall yield. In Scheme 6-2, bromide starting materials with alternative Ar3 moieties 

were utilized for the palladium-catalyzed coupling reaction. After the formation of 

intermediates C, the subsequent steps followed a similar pattern to the general 

synthetic route. 
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Scheme 6: The synthetic route of aromatic derivatives with alternative X1 or Ar3 components. 1): 

Reagents and conditions: (a) Cs2CO3, NMP, 120℃, overnight; (b) NBS, TsOH, MeCN, 90 ℃, 8h; 

(c) K2CO3, acetone, reflux, 6h; (d) NaBH4, MeOH, rt, 8h; 2): Reagents and conditions: (a) 

Pd2(dba)3, Cs2CO3, X-Phos, toluene, 80 ℃, 24h; (b) CuBr2, CHCl3 : EA = 1 : 1, 60 ℃, overnight; 

(c) K2CO3, acetone, reflux, 6h; (d) NaBH4, MeOH, rt, 8h. 

Aromatic derivatives with modification on the hydroxy group were synthesized 

through three distinct synthetic routes, as depicted in Scheme 7. Synthetic routes were 

designed for derivatives without a hydroxy group or with substitution by a 

sulfonamino group. In Scheme 7-1 and 7-3, the synthesis begins with a substitution 

reaction, followed by a hydrolysis reaction. These reactions generate substituted 

aniline intermediates, which serve as substrates for the final step: a palladium-

catalyzed coupling reaction, leading to the formation of the target compounds. In 

contrast, the synthetic route for derivatives substituted by an acylamino group follows 

a reverse sequence. It initiates with a palladium-catalyzed coupling reaction, followed 

by hydrolysis and subsequent substitution reactions (Scheme 7-2).  
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Scheme 7: The synthetic route of aromatic derivatives with alternative X1 or Ar3 components. 1): 

Reagents and conditions: (a) PPh3, DEAD, anhydrous THF, rt, overnight; (b) CF3COOH, DCM, 

reflux, 8h; (c) Pd(OAc)2, Cs2CO3, X-Phos, toluene, 120 ℃, 8h; 2): Reagents and conditions: (a) 

Pd(OAc)2, K2CO3, BINAP, toluene, 80 ℃, 24h; (b) NaOH, EtOH, reflux, 4h; (c) EDCI, 4-DMAP, 

DCM, rt, 24h; 3): Reagents and conditions: (a) Et3N, DCM, rt, 12h; (b) HCl, EtOH, 70 ℃, 4h; (c) 

Pd2(dba)3, Xantphos, NaOtBu, toluene, 110 ℃, 24h. 

The synthetic route for aromatic derivatives with cyclization is illustrated in Scheme 

8. The reaction involves the utilization of intermediate D1 or D2, which undergoes a 

reaction with 2-amino-4-nitrophenol to generate Schiff base intermediates. The 

synthesis of these derivatives involves two key processes: a condensation reaction and 

a nucleophilic substitution reaction. The condensation reaction occurs between the 

carbonyl group of intermediate D1 or D2 and the amino group of 2-amino-4-

nitrophenol, resulting in the formation of the Schiff base intermediates.  

Scheme 7: The synthetic route of aromatic derivatives with further cyclization. Reagents and 

conditions: (a) Tetrabutylammonium hydrogen sulfate, K2CO3, DCM, reflux, 6h; (b) NaBH4, 

MeOH, rt, 8h. 
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2.4 Antimicrobial activity tests and SARs analysis 

In our study, we employed the same strains that were previously used for testing the 

hits in antibiotic susceptibility testing. Upon evaluation, several derivatives displayed 

enhanced antimicrobial activity against both Gram-positive and Gram-negative strains, 

surpassing that of the lead compound. Based on their favorable antimicrobial activity, 

we carefully selected promising candidate compounds specifically targeting Gram-

positive and Gram-negative strains for further biological testing. Additionally, we 

performed a comprehensive analysis of SARs on these selected compounds. This 

analysis helped us identify key structural features and modifications that contribute to 

their enhanced antimicrobial properties. 

2.4.1 SARs analysis on aminoethyl derivatives 

Modifications were initially carried out on the two terminal aromatic rings of the lead 

compound, focusing on aminoethyl derivatives. Compound GⅠ-1, lacking a 

substitution group on Ar1, exhibited no antimicrobial activities according to Table 2-1. 

This observation suggests that the presence of the trifluoromethyl group on Ar1 might 

contribute to the formation of a hydrogen bond with Arg281, rather than the nitrogen 

atom of pyrimidine. This hypothesis was confirmed by the moderate activities of 

compound GⅠ-8, where the benzene ring substituted Ar1. Furthermore, compounds 

GⅠ-2 to GⅠ-6, with a trifluoromethyl substitution on the pyridine ring, indicated that 

the position of the substitution group on the aromatic ring was also influential in terms 

of antimicrobial activity. Among these derivatives, GⅠ-4 and GⅠ-8 exhibited 

promising activity and were selected for further modifications. Simultaneously, the 

evaluation of derivatives with different substitution groups on Ar2 demonstrated that 

trifluoromethyl remained the preferred choice compared to other hydrogen-bond 

acceptors, as shown in Table 2-2. The decreased activities of compounds GⅠ-10 to 

GⅠ-13, with alternative hydrogen-bond acceptors, suggested that the steric bulk of the 

substitution group influenced its compatibility within the pharmacophore formed by 
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Arg270. Although the nitro group contributed to both hydrogen bonding and 

electrostatic interactions, it exhibited weaker affinity for the ’-CH compared to the 

trifluoromethyl group, as observed in the binding model of AW00783. Additionally, 

these three selected derivatives (GⅠ-4, GⅠ-8 and GⅠ-14) demonstrated improved 

antimicrobial activities against Gram-negative strains compared to the lead compound. 

Table 2: The antimicrobial activity evaluation on aminoethyl derivatives with different terminal 

aromatic rings (MIC g/mL) 

 

Ar1 R1 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 

/ GⅠ-1 >256 >256 >256 >256 >256 >256 >256 >256 

2-CF3 GⅠ-2 >256 256 256 128 >256 >256 >256 >256 

 

1-CF3 GⅠ-3 128 128 64 32 256 >256 256 256 

2-CF3 GⅠ-4 128 32 32 64 128 >256 128 128 

3-CF3 GⅠ-5 128 128 128 64 >256 >256 256 >256 

4-CF3 GⅠ-6 256 128 128 64 >256 >256 >256 >256 

2-F GⅠ-7 >256 >256 >256 >256 >256 >256 >256 >256 

 
o-CF3 GⅠ-8 128 64 64 64 128 >256 128 128 

 

Ar2 R2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 

/ GⅠ-9 >256 >256 >256 128 >256 >256 >256 >256 

p-

COOCH3 
GⅠ-10 >256 >256 >256 256 >256 >256 >256 >256 

p-F GⅠ-11 >256 >256 256 128 >256 >256 >256 >256 
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m, p-2F GⅠ-12 256 256 256 64 256 >256 256 128 

p-OMe GⅠ-13 >256 >256 >256 256 >256 >256 >256 >256 

p-CF3 GⅠ-14 256 64 64 32 128 >256 >256 >256 

Further modifications were conducted on the substitution group of Ar1 when it was 

substituted with trifluoromethyl on Ar2. Compound GⅠ-19, with trifluoromethyl on 

the o-position of the benzene ring, exhibited the most potent antimicrobial activities 

against Gram-positive strains, particularly with a MIC value of 4 g/mL against 

SPNE, as shown in Table 3-1. In contrast, when the cyano group, known for its role 

as a hydrogen-bond acceptor and commonly used in rational drug design [115], was 

substituted on the same position, antimicrobial activities of compound GⅠ-21 declined. 

Meanwhile, modifications on substitution groups of Ar2 in compound GⅠ-19 did not 

yield more promising derivatives, as indicated in Table 3-2. This finding suggests that 

the trifluoromethyl group at a specific position, acting as a hydrogen-bond acceptor, is 

the optimal substitution group on the terminal aromatic rings. 

Table 3: The antimicrobial activity evaluation on further modifications based on GⅠ-4, GⅠ-8 and 

GⅠ-14 (MIC g/mL) 

 

Ar1 R1 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 

2-CF3 GⅠ-15 64 64 32 16 64 >256 >256 64 

 

p-Ph GⅠ-16 >256 >256 256 >256 >256 >256 >256 >256 

p-CF3 GⅠ-17 ≥32 64 32 8 256 >256 256 ≥128 

m-CF3 GⅠ-18 >256 >256 >256 >256 >256 >256 >256 >256 

o-CF3 GⅠ-19 64 32 32 4 256 >256 128 128 

o-NO2 GⅠ-20 128 128 128 32 >256 >256 128 >256 
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o-CN GⅠ-21 128 128 128 64 128 >256 128 16 

 

Ar2 R2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 

m-CF3 GⅠ-22 16 32 32 16 32 >256 32 32 

o-CF3 GⅠ-23 32 64 32 32 64 >256 64 64 

p-CN GⅠ-24 >256 >256 ≥128 128 >256 >256 >256 >256 

In addition to the modifications on Ar1 and Ar2, we also investigated the impact of 

lengthening the aminoethyl linker and modifying moieties adjacent to Ar2, as 

indicated in Table 4. To lengthen the linker, we inserted one methylene group 

between the X2 atom and Ar2. However, compared to the activity of GⅠ-19, these 

derivatives with the inserted methylene group showed a decline in antimicrobial 

activity. Furthermore, we conducted substitutions on the oxygen atom based on the 

principle of isosterism [116]. When comparing it with GⅠ-15, which exhibited the best 

antimicrobial activities among the previous pyridine derivatives, compound GⅠ-30 

with thioether substitution in the linking region stood out as the only exception. It 

displayed improved activities against both Gram-positive and Gram-negative strains, 

as shown in Table 4-1. 

Table 4: The antimicrobial activity evaluation on derivatives with modifications on the moiety 

adjacent to Ar2 (MIC g/mL) 

 

R1 X2 R2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

2-CF3 

NH p-CF3 GⅠ-25 ≥16 128 32 16 32 >256 64 64 

OCH2 / GⅠ-26 256 256 128 128 >256 >256 256 256 
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p-CF3 GⅠ-27 32 32 32 16 64 >256 256 128 

m-CF3 GⅠ-28 ≥64 64 32 32 ≥128 >256 ≥256 64 

o-CF3 GⅠ-29 ≥128 64 64 64 ≥128 >256 ≥128 128 

SCH2 p-CF3 GⅠ-30 32 16 8 16 ≥32 >256 ≥64 32 

2-NO2 OCH2 p-CF3 GⅠ-31 128 128 64 64 128 >256 128 128 

 

R1 X2 R2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

o-CF3 OCH2 

p-CF3 GⅠ-32 64 64 64 32 64 >256 128 64 

m-CF3 GⅠ-33 >256 >256 ≥128 128 >256 >256 >256 >256 

o-CF3 GⅠ-34 >256 >256 ≥128 128 >256 >256 >256 >256 

In addition to the modifications on the moiety adjacent to Ar2, similar modifications 

were conducted on the moiety adjacent to Ar1, as shown in Table 5. We initially 

modified it with sulfonamino, a moiety widely used in multiple small-molecular drugs 

[117]. With thioether on the linking region, compounds GⅠ-37, GⅠ-38 and GⅠ-39 

exhibited slightly improved antimicrobial activities compared to GⅠ-19, with the best 

MIC value of 4 g/mL against SPNE. The presence of a sulfide in drugs has been 

shown to establish non-bonding interactions with nitrogen or oxygen atoms, as well as 

intermolecular interactions with aromatic rings and sulfur atoms in residues [118]. 

Additionally, the bond length and angle of thioether differ from those of amino and 

ether, which can alter the configuration of these derivatives to facilitate their binding 

within the target site. Furthermore, compound GⅠ-36, modified with oxygen on the X1, 

displayed increased activities against Gram-negative strains, particularly with a MIC 

value of 8 g/mL against ECOL, as shown in Table 5-1. This improvement in activity 

may be attributed to enhanced penetration through the bacterial membrane. However, 

further biological testing is required to validate this hypothesis. 
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Table 5): The antimicrobial activity evaluation on derivatives with further modifications on the 

aminoethyl linker (MIC g/mL) 

 

X1 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

SO2NH GⅠ-35 64 64 64 32 ≥64 >256 128 64 

O GⅠ-36 16 32 16 8 ≥16 >256 ≥32 8 

S GⅠ-37 8 16 8 4 ≥32 >256 128 16 

 

X1 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

NH GⅠ-38 16 32 16 ≥4 ≥32 >256 ≥64 16 

S GⅠ-39 32 32 16 4 >256 >256 >256 >256 

In conclusion, based on the conducted modifications on the terminal aromatic rings of 

aminoethyl derivatives, it was determined that substituting benzene with a 

trifluoromethyl group at a specific position is the optimal choice. This trifluoromethyl 

group acts as a hydrogen-bond acceptor, enabling interactions with Arg270 and 

Arg281. The decreased antimicrobial activities observed in derivatives with other 

hydrogen-bond acceptors and a lengthened linker indicate that the steric bulk and 

configuration of the derivatives play a role in their occupancy within the binding 

pocket and their ability to form interactions with key residues. The favorable activities 

observed in derivatives with a thioether on the linker further support this hypothesis. 

2.4.2 SARs analysis on aromatic derivatives  

Based on the SAR analysis of aminoethyl derivatives, it is likely that the 
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configuration of aromatic compounds occupying the target site undergoes some 

changes due to increased rigidity in the chemical structure. Modifications were made 

to the terminal aromatic rings and substitution groups on them. In comparison to other 

hydrogen-bond acceptors such as nitro, cyano, fluoride, and methoxy, compounds 

with trifluoromethyl-substituted aromatic rings demonstrated good activities against 

Gram-positive strains, as shown in Table 6. Among these derivatives, compound GⅡ-

16 showed the most potent antimicrobial activities against SAURa and SAURb, with 

the MIC value of 1 g/mL. However, modifications on the trifluoromethyl group with 

a thioether substitution resulted in reduced antimicrobial activities (GⅡ-11 and GⅡ-

18). This suggests that the construction of hydrogen bonds may also contribute to the 

binding of aromatic derivatives with the target protein. Furthermore, compound GⅡ-

20, with a trifluoromethyl-substituted thiazole acting as Ar1, exhibited no 

antimicrobial activities (Table 6-3). This indicates that the presence of a six-

membered aromatic ring is necessary for the construction of hydrogen bonds. 

Moreover, these aromatic derivatives showed no activities against Gram-negative 

strains, which may be attributed to decreased penetration due to increased rigidity in 

their chemical structures. 

Table 6: The antimicrobial activity evaluation on aromatic derivatives with modified aromatic 

rings, Ar1 and Ar2 (MIC g/mL) 

 

Ar2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 

GⅡ-1 32 >256 8 32 >256 >256 >256 >256 

 
GⅡ-2 64 32 16 8 >256 >256 >256 >256 

 
GⅡ-3 64 16 4 4 >256 >256 >256 >256 
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Ar2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 
GⅡ-4 64 >256 64 16 >256 >256 >256 >256 

 
GⅡ-5 32 32 32 8 >256 >256 >256 >256 

 
GⅡ-6 32 8 4 16 >256 >256 >256 >256 

 
GⅡ-7 16 8 8 4 >256 >256 >256 >256 

 

GⅡ-8 >256 64 32 8 >256 >256 >256 >256 

 
GⅡ-9 >256 >256 8 4 >256 >256 >256 >256 

 
GⅡ-10 >256 >256 64 8 >256 >256 >256 >256 

 
GⅡ-11 >256 >256 128 16 >256 >256 >256 >256 

 
GⅡ-12 >256 16 8 16 >256 >256 >256 >256 

 
GⅡ-13 >256 >256 >256 128 >256 >256 >256 >256 

 
GⅡ-14 >256 32 16 8 >256 >256 >256 >256 

 

Ar2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 
GⅡ-15 ≥16 8 4 4 >256 >256 >256 >256 

 

GⅡ-16 8 1 1 ≥8 ≥32 >256 >256 >256 

 
GⅡ-17 >256 >256 >256 >256 >256 >256 >256 >256 
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GⅡ-18 >256 >256 >256 32 >256 >256 >256 >256 

 

GⅡ-19 >256 >256 >256 16 >256 >256 >256 >256 

 
GⅡ-20 >256 >256 >256 >256 >256 >256 >256 >256 

Further modifications were performed based on GⅡ-6, which displayed moderate 

antimicrobial activities. Similar to the strategy employed for aminoethyl derivatives, 

modifications were made to the linking moiety adjacent to Ar1 and Ar2, as shown in 

Table 7. However, these derivatives exhibited decreased antimicrobial activities 

compared to GⅡ-6. The alterations made to the bond length and angle in these 

derivatives led to changes in their configuration, which hindered their occupation 

within the binding pocket. These structural changes likely impacted the interactions 

with key residues and affected the overall antimicrobial activity. 

Table 7: The antimicrobial activity evaluation on aromatic derivatives with modifications on the 

moiety adjacent to Ar1 and Ar2 (MIC g/mL) 

 

X1 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

O GⅡ-21 >256 >256 >256 16 >256 >256 >256 >256 

S GⅡ-22 >256 >256 >256 32 >256 >256 >256 >256 

 

X2 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

OCH2 GⅡ-23 >256 >256 16 4 >256 >256 >256 >256 

S GⅡ-24 32 ≥128 64 16 >256 >256 >256 >256 



60 

 

Modifications were made to the hydroxy group in order to investigate its role in 

binding with the '-CH, as shown in Table 8. In the docking model of lead compound, 

the hydroxy group was observed to fit into the pharmacophore formed by Arg278 but 

did not form direct interactions. Compound GⅡ-25 exhibited poor antimicrobial 

activities, and GⅡ-26 showed no activity at all. This suggests that the hydroxy group 

is essential in the linking region for maintaining antimicrobial activity. Additionally, 

the linking moiety Y was modified with acylamino and sulfonamino groups, which 

can act as both hydrogen bond acceptors and donors. Compounds GⅡ-27 and GⅡ-28 

exhibited moderate but still reduced antimicrobial activities. These modifications with 

carbonyl, acylamino, and sulfonamino groups altered the configuration of the 

derivatives. It is speculated that the hydroxy group functions as a hydrogen-bond 

donor to interact with key residues on the target protein, contributing to the overall 

binding affinity and antimicrobial activity. 

Table 8: The antimicrobial activity evaluation on aromatic derivatives with modifications on the 

linker between Ar2 and Ar3 (MIC g/mL) 

 

Y Compd. EFAE SAURa SAURb SPNE 
ABA

U 
PAER ECLO ECOL 

 GⅡ-25 >256 >256 >256 128 >256 >256 >256 >256 

 
GⅡ-26 >256 >256 >256 >256 >256 >256 >256 >256 

 
GⅡ-27 >256 >256 32 32 >256 >256 >256 >256 

 
GⅡ-28 >256 128 64 16 >256 >256 >256 >256 

Modifications were made on Ar3, including the addition of substitution groups and 

the replacement with heteroaromatic rings, as shown in Table 9. Among these 

compounds, compound GⅡ-29 with a pyridine substitution exhibited slightly 
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decreased activities compared to GⅡ-6. This suggests that the nitrogen atom in the 

pyridine ring is unnecessary for binding with the target protein. However, when Ar3 

was substituted with a trifluoromethyl group, a decline in activities was observed. 

This indicates that the additional hydrogen-bond acceptor displayed hindrance in 

interactions with the target protein due to steric effects. Furthermore, compound GⅡ-

31, in which the linking region was translocated to the m-position, only exhibited 

moderate activities against SPNE. The translocation of the hydroxy group also 

imposed steric hindrance due to changes in configuration. 

Table 9: The antimicrobial activity evaluation on aromatic derivatives with modifications on Ar3 

(MIC g/mL) 

 

Ar3 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 
GⅡ-29 32 32 32 8 >256 >256 >256 >256 

 
GⅡ-30 64 >256 >256 32 >256 >256 >256 >256 

 
GⅡ-31 >256 >256 >256 8 >256 >256 >256 >256 

In the final stage of modifications, derivatives with further cyclization were evaluated, 

and it was found that these compounds exhibited minimal to no antimicrobial 

activities against all tested strains, except for SPNE (Table 10). 

Table 10: The antimicrobial activity evaluation on aromatic derivatives with further cyclization 

(MIC g/mL) 
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Ar1 Compd. EFAE SAURa SAURb SPNE ABAU PAER ECLO ECOL 

 
GⅡ-32 >256 >256 >256 32 >256 >256 >256 >256 

 
GⅡ-33 >256 >256 >256 4 >256 >256 >256 >256 

Based on the analysis of SARs for aromatic derivatives, it was found that the 

trifluoromethyl group exhibited the most favorable substitution on the terminal 

aromatic rings. However, the configuration of the aromatic derivatives played a 

crucial role in their antimicrobial activities and could be easily influenced by the 

linking region and middle aromatic ring. The hydroxy group was identified as an 

essential component for stabilizing the binding with the target protein by acting as a 

hydrogen bond donor. Introducing other linking moieties with hydrogen bond donors 

or acceptors, as well as additional substitution groups on the middle ring, led to a 

decrease in antimicrobial activities. This suggests that the middle aromatic ring 

offered a promising configuration for establishing interactions with key residues on 

the '-CH of RNAP, although these interactions were not direct. In comparison to the 

aminoethyl derivatives, the moderately rigid nature of aromatic derivatives appeared 

to be advantageous for binding with the '-CH and exhibiting improved antimicrobial 

activities against Gram-positive strains. Conversely, aminoethyl derivatives with a 

flexible linker demonstrated good activities against Gram-negative strains, possibly 

due to their ability to penetrate the bacterial membrane effectively. Based on their 

antimicrobial activities, four promising candidate compounds were selected for 

further investigation: GⅠ-19, GⅠ-36, GⅠ-39 from aminoethyl derivatives and GⅡ-16 

from aromatic derivatives. These compounds underwent in silico docking simulations 

and subsequent biological testing to explore their binding interactions and evaluate 

their antimicrobial efficacy. 

 

 

 



63 

 

Chapter Ⅲ: 

In-silico analysis, cytotoxicity and fluorescence microscopy 

testing on candidate compounds  

3.1 Docking simulation and prediction on ADMET properties 

To predict the binding models of the candidate compounds, in silico docking 

simulations were performed using the CDocker module in Discovery Studio 2016 to 

simulate the docking models of these candidate compounds with the '-CH of RNAP. 

The binding site was defined based on key residues, namely Arg270, Arg278, and 

Arg281, which were known to establish essential interactions with NusG. The 

candidate compounds were prepared using Prepare Ligands and Full Minimization 

modules with default parameters. During the CDocker module operation, the Pose 

Cluster Radius parameter was set to 0.5 to ensure diversity in the configurations of 

the candidate compounds in their docking models. Based on the CDocker energy and 

CDocker interaction energy, promising docking models were obtained for the four 

compounds (Figure 12). These docking models exhibited some differences compared 

to the lead compound. In the binding model of GⅠ-19, hydrogen-bonds were formed 

by its trifluoromethyl and hydroxy groups with Asn274, Arg275, Arg278, and Arg281, 

which aligned with the SARs analysis on aminoethyl derivatives. Additionally, 

electrostatic and hydrophobic interactions were observed with Arg271 (Figure 12A).  

Compared with the binding model of GⅠ-19, compound GⅠ-36 also constructed 

hydrogen-bonds with Asn274 and Arg278, along with a hydrophobic interaction with 

Arg271. However, it only formed an electrostatic interaction with Arg281 because its 

trifluoromethyl group on Ar2 was positioned far away from Arg281 (Figure 12B). On 

the other hand, compound GⅠ-39 exhibited a distinct binding model with only one 

hydrogen bond formed between its hydroxy group and Arg278. Its configuration in 

this binding model changed to create an additional hydrophobic interaction with 
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Leu292 due to the presence of the thioether linker (Figure 12C). Unlike the binding 

models of aminoethyl derivatives, the hydroxy group of GⅡ-16 moved futher away 

from Arg278 due to the steric effect of middle aromatic ring (Figure 12D). Although 

the hydroxy group approached Arg270 closely, no direct interactions were detected 

between them. However, the trifluoromethyl groups on its terminal aromatic rings still 

formed hydrogen bonds with Arg275, Asn277, and Arg278. Hydrophobic interactions 

with Arg270 and Arg271 were also observed in this binding model. In summary, the 

binding models of these candidate compounds all exhibited non-covalent interactions 

with the identified key residues on the ’-CH of RNAP. In summary, the binding 

models of these candidate compounds all exhibited non-covalent interactions with the 

identified key residues on the '-CH. This supports the hypothesis presented in the 

previous chapter that the trifluoromethyl and hydroxy groups contribute to stabilizing 

the binding of these compounds with RNAP and exhibit antimicrobial activities. It is 

important to note that the docking simulations were conducted without considering 

the dynamic flexibility of the target protein in the physiological environment. The 

flexible side-chain of key arginine residues probably build a binding pocket for 

inhibitors which was difficult to be predicted by the docking simulation.  

 

A B 
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Figure 12. The binding models of compound GⅠ-19 (A), GⅠ-36 (B), GⅠ-39 (C) and GⅡ-16 (D). 

The ligand and residues interacting with them were displayed in stick and the carbon atoms of 

ligands were colored in yellow. Essential non-covalent interactions being formed was displayed in 

dotted lines including hydrogen-bonds (in green), hydrophobic interactions (in pink) and 

electrostatic interactions (in orange). Chemical structure of candidate compounds was displayed 

with their relative position in the binding pocket, which was marked by residues interacting with 

them.  

We also performed ADMET properties prediction on these candidate compounds, and 

the results are summarized in Table 11. All these derivatives exhibited high 

lipophilicity and low aqueous solubility, as indicated by their log(Sw) values . These 

characteristics are commonly observed in reported inhibitors of PPIs. In terms of 

absorption, these compounds displayed favorable oral absorption and bioavailability. 

However, they exhibited a high level of plasma protein binding (PPB), which suggests 

potential limitations in their distribution in vivo according to the free drug hypothesis 

[119]. Prediction of their inhibition on CYP2D6 indicated that these compounds acted 

as CYP2D6 inhibitors. The CYP2D6 enzyme is known to play a crucial role in the 

metabolism of many clinical drugs [120]. Inhibiting this enzyme suggests that the 

candidate compounds may have a longer half-life in vivo , but there is a potential for 

toxic accumulation. Additionally, the prediction of blood-brain barrier (BBB) 

D C 
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permeability and hepatotoxicity indicated that these compounds had the potential for 

central nervous system toxicity but not hepatotoxicity. Overall, the docking 

simulation and prediction of ADMET properties demonstrated that these candidate 

compounds possess drug-like properties and show potential for further in vivo testing. 

Table 11: The ADMET properties prediction on GⅠ-19, GⅠ-36, GⅠ-39 and GⅡ-16 

Principal descriptors GⅠ-19 GⅠ-36 GⅠ-39 GⅡ-16 Standard Range 

log(Sw) -5.602 -5.386 -6.354 -7.215 ˂ -6.0 very low, ˂ -4.1 low 

Absorption level 0 0 0 1 
0 (good absorption), 

1 (moderate absorption)  

EXT PPB True True True True 
true (highly bound), 

false (not highly bound) 

EXT 

CYP2D6#Prediction 
True True True True 

true (CYP2D6 inhibitor), 

false (no inhibition on 

CYP2D6) 

BBB level 1 1 0 0 

0 (brain-blood ratio higher 

than 5:1),  

1 (brain-blood ratio between 

1:1 and 5:1) 

EXT 

Hepatotoxic#Prediction 
False False False False 

true (hepatotoxic), 

false (no hepatotoxic) 

3.2 In vitro cytotoxicity assay 

We have conducted an in vitro cytotoxicity assay on the candidate compounds derived 

from the aminoethyl derivative. The human lung carcinoma cell line A549 and human 

keratinocytes HaCaT were utilized in this assay. And the CC50, defined as the 

concentration of the selected compound at which it reduced cell viability by 50%, was 

determined to assess their cytotoxicity. As shown in Table 12, compound GⅠ-19 

exhibited mild cytotoxicity at concentrations of 10-17 M. This finding is consistent 

with previous reports that aniline derivatives possess cytotoxic properties [121]. By 
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replacing the amino group of the linker, compounds GⅠ-36 and GⅠ-39 showed a 

moderate improvement in CC50 values, ranging from 14 to 40 M. Additionally, the 

therapeutic index (TI) was calculated to compare the cytotoxicity of candidate 

compounds with antimicrobial activity. Compounds with higher TI values are 

predicted to be more effective and safer for further in vivo testing. Compound GⅠ-39 

exhibited a preferred TI value of 5-6, compared to compounds GⅠ-19 and GⅠ-36, 

which had TI values of 2-4. It is important to note that cell-based cytotoxicity assays 

provide preliminary testing and further evaluation through in vivo toxicity assays, 

along with pharmacokinetic studies, is necessary to fully assess the toxicity profile of 

these compounds. 

Table 12: cytotoxicity of GⅠ-19, GⅠ-36 and GⅠ-39 against human A549 and HaCaT cell lines. 

Cpd. MICa (g/ml) CC50 (M) Therapeutic Indexb 

A549 HaCaT A549 HaCaT 

GⅠ-19 4 10.47±0.70 17.12±2.33 2 4 

GⅠ-36 8 14.87±2.69 38.42±5.02 2 4 

GⅠ-39 4 20.78±3.18 24.91±2.67 5 6 

DDPc  7.70±0.58 7.83±0.66   

a S. pneumonia ATCC® 49619 

b Calculated by CC50 (M)/ ½ MIC (M) 

c DDP: cisplatin 

3.3 Fluorescence microscopy  

The cellular effects of compounds GⅠ-19, GⅠ-36 and GⅠ-39 were investigated through 

fluorescence microscopy experiments. The B. subtilis strain BS1048 was used, which 
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carries the green fluorescence protein (GFP)-tagged ’-subunit of RNAP due to the 

fusion of gfp to the rpoC gene. When observed under a microscope, the fluorescent 

signal was localized to the nucleoid region, which is the central chromosome-

containing area of the cell (Figure 13A-BLK) [122]. As a positive control, the 

fluorescent signal became delocalized in rifampicin-treated cells (Figure 13A-Pos. 

Ctrl). Similar delocalization was observed in cells treated with the candidate 

compounds, and their antimicrobial activities against BS1048 strains were evaluated 

separately. The minimum inhibitory concentration (MIC) values for the candidate 

compounds were determined as follows: 16 g/mL for GⅠ-19 (Figure 13B), 8 g/mL 

for GⅠ-36 (Figure 13C) and 2 g/mL for GⅠ-39 (Figure 13D). Compared to the 

untreated cells, delocalization of the fluorescent signal was already observed in cells 

treated with lower concentrations of the candidate compounds (Figure 13B-4 g/mL, 

C-4 g/mL and D-1 g/mL). This indicates that the compounds affect the localization 

of the GFP-tagged β'-subunit of RNAP in the cells. 

    

     

A 

B 



69 

 

    

    

Figure 13. The confocal microscopy results of BS1048 cells with GFP-tagged RNAP. A): 

untreated cells and the positive control which was treated by rifampicin at the concentration of 

0.125 g/mL. B): GⅠ19-treated cells with compound at the concentration of 4, 8, 16 g/mL. C): 

GⅠ36-treated cells with compound at the concentration of 4, 8 g/mL. D): GⅠ39-treated cells with 

compound at the concentration of 1, 2 g/mL. 

In addition, the strain BS128 carries the GFP-targeted NusG expressed through the 

fusion of the gfp gene with the nusG gene [123]. In untreated BS128 cells, the 

fluorescent signal exhibited a similar localization pattern to that observed in BS1048 

cells, which is consistent with the known function of NusG in bacterial transcription 

(Figure 14A-BLK). As a positive control, rifampicin-treated cells were used, and the 

antimicrobial activities against BS128 strains were evaluated. The MIC values of GⅠ-

19 and GⅠ-36 showed a decline to 4 g/mL, following a similar trend to rifampicin 

treatment (Figure 14B and C). However, compound GⅠ-39 exhibited decreased but 

still moderate activities, with a MIC value of 8 g/mL (Figure 14D). Similar to the 

observations in BS1048 cells, treatment with these candidate compounds at lower 

concentrations resulted in delocalization of the fluorescent signal in cells (Figure 

14B-1 g/mL, C-1 g/mL and D-2 g/mL). As the concentration increased, the 

diffusion of the fluorescent signal outside the nucleoid region became more 

C 

D 
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pronounced. These results from the fluorescence microscopy experiment demonstrate 

that these three candidate compounds have the ability to disrupt the normal 

localization of the bacterial transcription complex when assessed at the cellular level. 

    

     

     

     

Figure 14. The confocal microscopy results of BS128 cells with GFP-tagged NusG. A): untreated 

cells and the positive control which was treated with rifampicin at the concentration of 0.03125 

g/mL. B): GⅠ19-treated cells with compound at the concentration of 1, 2, 4 g/mL. C): GⅠ36-

A 

B 

C 

D 
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treated cells with compound at the concentration of 1, 2, 4 g/mL. D): GⅠ39-treated cells with 

compound at the concentration of 2, 4, 8 g/mL. 
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Chapter Ⅳ: 

Conclusion and Prospect 

In this project, we employed a rational drug discovery strategy to identify small-

molecule antibiotics targeting the PPIs between the NGN domain of the NusG protein 

and the ’ subunit of RNAP. We conducted virtual screening using a pharmacophore 

model based on key residues involved in these PPIs. The screening was performed on 

the MiniMaybridge database, resulting in 57 hits. Further evaluation through 

antibiotic susceptibility testing led us to discover a promising lead compound named 

AW00783. Based on this lead compound, we carried out modifications to generate 72 

compounds classified into two categories: aminoethyl derivatives and aromatic 

derivatives. We evaluated the antimicrobial activity of these compounds against 

selected Gram-positive and Gram-negative strains to analyze the SARs analysis o 

within each category. Through SARs analysis, we selected four candidate compounds, 

GⅠ-19, GⅠ-36, GⅠ-39 and GⅡ-16 for further studies.  

As first-in-class small-molecule antibiotics targeting the PPIs between RNAP and 

NusG, further testing of our candidate compounds was deemed necessary. In silico 

docking simulations confirmed that the candidate compounds formed non-covalent 

interactions with multiple residues on the ’-subunit in their binding models. 

Consistent with the SAR analysis, certain functional groups such as trifluoromethyl 

on terminal aromatic rings and hydroxy on the linking region were identified as 

necessary for interacting with key residues. Further biological testing was required to 

identify the key residues involved in the PPIs and accurately determine the binding 

sites of the candidate compounds. In vitro cytotoxicity testing and in silico ADMET 

properties prediction demonstrated that the candidate compounds possessed drug-like 

properties, despite showing mild cytotoxicity in vitro. Therefore, further in vitro and 

in vivo PK testing was necessary to assess their drug-like properties for further 

modifications. 
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In conclusion, we have successfully employed a rational drug discovery strategy to 

generate small-molecule antibiotics that target the ’-CH of RNAP through a rational 

drug-discovery strategy (Figure 15). These candidate compounds exhibited promising 

antimicrobial activities against both Gram-positive and -negative pathogens. However, 

further biological testing is required to validate their efficacy and safety profiles. 

 

Figure 15. The procedure on the discovery of novel small-molecular antibiotic targeting on the 

’-CH of RNAP. 
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Chapter Ⅴ: 

Experimental Section 

5.1 Chemistry 

Chemicals and reagents being utilized in synthesis, unless otherwise stated, were in 

commercial grade and required no purification. All reactions were monitored by thin-

layer chromatography (TLC) on glass sheets (Silica gel F254) which were visualized 

under UV light. And flash chromatography purification was conducted by using silica 

gel (200-300 mesh) column. 1H-NMR (400 MHz or 600 MHz) and 13C-NMR (100 

MHz or 150 MHz) spectra were measured on Bruker Advance-III spectrometer with 

TMS as an internal standard. Chemical shifts were presented in δ (ppm) and coupling 

constants (J) in Hz. High resolution mass spectrometry (HRMS) spectra were 

measured by Agilent 6540 liquid chromatography-electrospray ionization (LC-EI) 

QTOF Mass spectrometer. HPLC analysis was performed on Waters HPLC system 

including 2535 quaternary gradient module, 2707 autosampler and 2998 photodiode 

array (PDA) detector with a XBridge C18, 4.6×100 mm,  5 M column.  

5.1.1 The synthesis on substrates of aminoethyl derivatives  

N1-(pyrimidin-2-yl)ethane-1,2-diamine (A1) 

To a solution of 2-chloropyrimidine (50 mg, 0.44 mmol) and K2CO3 (72.4 mg, 0.52 

mmol) in THF, ethylenediamine monohydrate (170.5 mg, 2.18 mmol) was added at 

room temperature. The mixture was stirred at reflux for overnight and monitored to 

react completely. After cooling to room temperature and filtration, the filtrate was 

concentrated and purified by column chromatography on silica gel with the elution 

fluid of DCM/MeOH (50:1-20:1, with additional drops of aqueous ammonia). Pale 

yellow solid was achieved in 50.1 mg with 83.1% yield. 1H NMR (600 MHz, DMSO-

d6) δ 8.24 (d, J = 4.8 Hz, 2H), 7.24 (t, J = 5.7 Hz, 1H), 6.53 (t, J = 4.8 Hz, 1H), 3.30 
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(q, J = 6.2 Hz, 2H), 2.72 (t, J = 6.5 Hz, 2H). 

N1-(5-(trifluoromethyl)pyrimidin-2-yl)ethane-1,2-diamine (A2) 

To a solution of 2-chloro-5-(trifluoromethyl)pyrimidine (50 mg, 0.27 mmol) and 

K2CO3 (45.4 mg, 0.33 mmol) in THF, ethylenediamine monohydrate (107 mg, 1.37 

mmol) was added at room temperature. The mixture was stirred at reflux for overnight 

and monitored to react completely. After cooling to room temperature and filtration, 

the filtrate was concentrated and purified by column chromatography on silica gel 

with the elution fluid of DCM/MeOH (50:1-20:1, with additional drops of aqueous 

ammonia). Pale yellow solid was achieved in 49.7 mg with 87.9% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 8.62-8.52 (m, 2H), 8.12 (t, J = 5.7 Hz, 1H), 3.37 (s, 2H), 2.74 

(d, J = 12.9 Hz, 2H). 

N1-(4-(trifluoromethyl)pyrimidin-2-yl)ethane-1,2-diamine (A3) 

To a solution of 2-chloro-4-(trifluoromethyl)pyrimidine (50 mg, 0.27 mmol) and 

K2CO3 (45.4 mg, 0.33 mmol) in THF, ethylenediamine monohydrate (107 mg, 1.37 

mmol) was added at room temperature. The mixture was stirred at reflux for overnight 

and monitored to react completely. After cooling to room temperature and filtration, 

the filtrate was concentrated and purified by column chromatography on silica gel 

with the elution fluid of DCM/MeOH (50:1-20:1, with additional drops of aqueous 

ammonia). Pale yellow solid was achieved in 48.2 mg with 85.4% yield. 1H NMR 

(600 MHz, DMSO-d6) δ 8.59 (d, J = 26.5 Hz, 1H), 7.87 (d, J = 29.7 Hz, 1H), 6.95 (d, 

J = 4.9 Hz, 1H), 3.58 (s, 4H). 

N1-(6-(trifluoromethyl)pyridin-2-yl)ethane-1,2-diamine (A4) 

To a solution of 2-chloro-6-(trifluoromethyl)pyridine (50 mg, 0.28 mmol) and K2CO3 

(45.7 mg, 0.34 mmol) in THF, ethylenediamine monohydrate (107.6 mg, 1.38 mmol) 

was added at room temperature. The mixture was stirred at reflux for overnight and 

monitored to react completely. After cooling to room temperature and filtration, the 

filtrate was concentrated and purified by column chromatography on silica gel with 
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the elution fluid of DCM/MeOH (100:1-30:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 48.1 mg with 85.1% yield. 1H NMR (600 

MHz, Chloroform-d) δ 7.52 (t, J = 7.9 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.57 (d, J = 

8.5 Hz, 1H), 5.18 (s, 1H), 3.42 (q, J = 5.8 Hz, 2H), 2.97 (t, J = 5.9 Hz, 2H). 

N1-(5-(trifluoromethyl)pyridin-2-yl)ethane-1,2-diamine (A5) 

To a solution of 2-chloro-5-(trifluoromethyl)pyridine (50 mg, 0.28 mmol) and K2CO3 

(45.7 mg, 0.34 mmol) in THF, ethylenediamine monohydrate (107.6 mg, 1.38 mmol) 

was added at room temperature. The mixture was stirred at reflux for overnight and 

monitored to react completely. After cooling to room temperature and filtration, the 

filtrate was concentrated and purified by column chromatography on silica gel with 

the elution fluid of DCM/MeOH (100:1-30:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 47.6 mg with 84.2% yield. 1H NMR (400 

MHz, Chloroform-d) δ 8.34 (d, J = 2.2 Hz, 1H), 7.58 (dd, J = 8.8, 2.4 Hz, 1H), 6.46 

(d, J = 8.8 Hz, 1H), 5.38 (s, 1H), 3.45 (q, J = 5.8 Hz, 2H), 2.99 (s, 2H). 

N1-(4-(trifluoromethyl)pyridin-2-yl)ethane-1,2-diamine (A6) 

To a solution of 2-chloro-4-(trifluoromethyl)pyridine (50 mg, 0.28 mmol) and K2CO3 

(45.7 mg, 0.34 mmol) in THF, ethylenediamine monohydrate (107.6 mg, 1.38 mmol) 

was added at room temperature. The mixture was stirred at reflux for overnight and 

monitored to react completely. After cooling to room temperature and filtration, the 

filtrate was concentrated and purified by column chromatography on silica gel with 

the elution fluid of DCM/MeOH (100:1-30:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 48.4 mg with 85.6% yield. 1H NMR (600 

MHz, Chloroform-d) δ 8.22 (d, J = 5.3 Hz, 1H), 6.75 (dd, J = 5.3, 1.4 Hz, 1H), 6.61 (s, 

1H), 5.23 (s, 1H), 3.43 (q, J = 5.8 Hz, 2H), 2.99 (t, J = 5.9 Hz, 2H). 

N1-(3-(trifluoromethyl)pyridin-2-yl)ethane-1,2-diamine (A7) 

To a solution of 2-chloro-3-(trifluoromethyl)pyridine (50 mg, 0.28 mmol) and K2CO3 

(45.7 mg, 0.34 mmol) in THF, ethylenediamine monohydrate (107.6 mg, 1.38 mmol) 
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was added at room temperature. The mixture was stirred at reflux for overnight and 

monitored to react completely. After cooling to room temperature and filtration, the 

filtrate was concentrated and purified by column chromatography on silica gel with 

the elution fluid of DCM/MeOH (100:1-30:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 46.4 mg with 82.2% yield. 1H NMR (600 

MHz, Chloroform-d) δ 8.28-8.24 (m, 1H), 7.66 (dd, J = 7.6, 1.7 Hz, 1H), 6.63 (dd, J = 

7.5, 5.0 Hz, 1H), 5.38 (s, 1H), 3.58 (q, J = 5.7 Hz, 2H), 2.98 (t, J = 6.0 Hz, 2H). 

N1-(5-fluoropyridin-2-yl)ethane-1,2-diamine (A8) 

To a solution of 2-chloro-5-fluoropyridine (50 mg, 0.38 mmol) and K2CO3 (63 mg, 

0.46 mmol) in THF, ethylenediamine monohydrate (148.5 mg, 1.9 mmol) was added 

at room temperature. The mixture was stirred at reflux for overnight and monitored to 

react completely. After cooling to room temperature and filtration, the filtrate was 

concentrated and purified by column chromatography on silica gel with the elution 

fluid of DCM/MeOH (100:1-30:1, with additional drops of aqueous ammonia). Pale 

yellow oil was achieved in 46.1 mg with 78.2% yield. 1H NMR (600 MHz, DMSO-d6) 

δ 7.73 (s, 1H), 7.14 (d, J = 8.7 Hz, 1H), 7.01 (d, J = 8.7 Hz, 1H), 6.15 (s, 1H), 3.07-

3.00 (m, 2H), 2.72 (d, J = 6.8 Hz, 2H). 

N1-(5-nitropyridin-2-yl)ethane-1,2-diamine (A9) 

To a solution of 2-chloro-5-nitropyridine (50 mg, 0.32 mmol) and K2CO3 (52.3 mg, 

0.38 mmol) in THF, ethylenediamine monohydrate (123.2 mg, 1.58 mmol) was added 

at room temperature. The mixture was stirred at reflux for overnight and monitored to 

react completely. After cooling to room temperature and filtration, the filtrate was 

concentrated and purified by column chromatography on silica gel with the elution 

fluid of DCM/MeOH (100:1-30:1, with additional drops of aqueous ammonia). 

Yellow oil was achieved in 49.2 mg with 85.6% yield. 1H NMR (600 MHz, DMSO-d6) 

δ 8.91 (d, J = 2.8 Hz, 1H), 8.15-8.05 (m, 1H), 6.62 (d, J = 9.3 Hz, 1H), 3.50 (s, 2H), 

2.85 (t, J = 6.2 Hz, 2H). 

N1-(2-(trifluoromethyl)phenyl)ethane-1,2-diamine (A10) 
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To a solution of 1-iodo-2-(trifluoromethyl)benzene (50 mg, 0.18 mmol), CuCl (3.6 

mg, 0.038 mmol) and Cs2CO3 (119.8 mg, 0.37 mmol) in DMSO, ethylenediamine 

monohydrate (71.8 mg, 0.92 mmol) was added at room temperature. The mixture was 

stirred at 120 ℃ for 8 hours and monitored to react completely. After cooling to room 

temperature and filtration, water was added and the filtrate was extracted with ethyl 

acetate for three times and washed with saturated brine. The combined organic layer 

was dried over anhydrous Na2SO4 and purified by column chromatography on silica 

gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional drops of 

aqueous ammonia). Pale yellow oil was achieved in 26.4 mg with 70.3% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 7.46 (d, J = 7.7 Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 

6.79-6.71 (m, 2H), 4.79 (s, 1H), 3.27 (q, J = 5.7 Hz, 2H), 3.02 (t, J = 5.9 Hz, 2H). 

N1-([1,1'-biphenyl]-4-yl)ethane-1,2-diamine (A11) 

To a solution of 4-iodo-1,1'-biphenyl (50 mg, 0.18 mmol), CuCl (3.5 mg, 0.037 mmol) 

and Cs2CO3 (116.3 mg, 0.36 mmol) in DMSO, ethylenediamine monohydrate (69.7 

mg, 0.89 mmol) was added at room temperature. The mixture was stirred at 120 ℃ 

for 8 hours and monitored to react completely. After cooling to room temperature and 

filtration, water was added and the filtrate was extracted with ethyl acetate for three 

times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of DCM/MeOH (200:1-100:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 28.5 mg with 75.2% yield. 1H NMR (400 

MHz, Chloroform-d) δ 8.26 (d, J = 1.6 Hz, 1H), 7.57-7.54 (m, 2H), 7.49-7.46 (m, 2H), 

7.42 (t, J = 7.7 Hz, 2H), 7.31 (d, J = 1.3 Hz, 2H), 6.75-6.70 (m, 2H), 3.62 (q, J = 6.0 

Hz, 2H), 3.40 (t, J = 5.8 Hz, 2H). 

N1-(4-(trifluoromethyl)phenyl)ethane-1,2-diamine (A12) 

To a solution of 1-iodo-4-(trifluoromethyl)benzene (50 mg, 0.18 mmol), CuCl (3.6 

mg, 0.038 mmol) and Cs2CO3 (119.8 mg, 0.37 mmol) in DMSO, ethylenediamine 

monohydrate (71.8 mg, 0.92 mmol) was added at room temperature. The mixture was 
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stirred at 120 ℃ for 8 hours and monitored to react completely. After cooling to room 

temperature and filtration, water was added and the filtrate was extracted with ethyl 

acetate for three times and washed with saturated brine. The combined organic layer 

was dried over anhydrous Na2SO4 and purified by column chromatography on silica 

gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional drops of 

aqueous ammonia). Pale yellow oil was achieved in 27.1 mg with 72.2% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.27 (s, 1H), 7.43 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 

8.4 Hz, 2H), 5.89 (s, 1H), 4.50 (s, 1H), 3.61 (q, J = 6.0 Hz, 2H), 3.37 (q, J = 5.6 Hz, 

2H). 

N1-(3-(trifluoromethyl)phenyl)ethane-1,2-diamine (A13) 

To a solution of 1-iodo-3-(trifluoromethyl)benzene (50 mg, 0.18 mmol), CuCl (3.6 

mg, 0.038 mmol) and Cs2CO3 (119.8 mg, 0.37 mmol) in DMSO, ethylenediamine 

monohydrate (71.8 mg, 0.92 mmol) was added at room temperature. The mixture was 

stirred at 120 ℃ for 8 hours and monitored to react completely. After cooling to room 

temperature and filtration, water was added and the filtrate was extracted with ethyl 

acetate for three times and washed with saturated brine. The combined organic layer 

was dried over anhydrous Na2SO4 and purified by column chromatography on silica 

gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional drops of 

aqueous ammonia). Pale yellow oil was achieved in 28.1 mg with 74.8% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 7.26 (d, J = 7.9 Hz, 1H), 6.95 (d, J = 7.6 Hz, 1H), 

6.84 (d, J = 2.4 Hz, 1H), 6.79 (dd, J = 8.2, 2.3 Hz, 1H), 4.34 (s, 1H), 3.22 (t, J = 5.8 

Hz, 2H), 3.00 (t, J = 5.8 Hz, 2H). 

N1-(2-nitrophenyl)ethane-1,2-diamine (A14) 

To a solution of 1-iodo-2-nitrobenzene (50 mg, 0.2 mmol), CuCl (4 mg, 0.041 mmol) 

and Cs2CO3 (130.9 mg, 0.4 mmol) in DMSO, ethylenediamine monohydrate (76.4 mg, 

1 mmol) was added at room temperature. The mixture was stirred at 120 ℃ for 8 

hours and monitored to react completely. After cooling to room temperature and 

filtration, water was added and the filtrate was extracted with ethyl acetate for three 
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times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of DCM/MeOH (200:1-100:1, with additional drops of aqueous 

ammonia). Yellow oil was achieved in 27.8 mg with 76.4% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.27 (s, 1H), 8.18 (dt, J = 8.6, 2.8 Hz, 1H), 7.44 (m, J = 8.9, 5.3, 2.1 

Hz, 1H), 6.88 (dd, J = 8.7, 2.6 Hz, 1H), 6.65 (m, J = 8.8, 7.3, 3.5 Hz, 1H), 3.44-3.36 

(m, 2H), 3.07 (td, J = 6.1, 3.1 Hz, 2H). 

2-((2-aminoethyl)amino)benzonitrile (A15) 

To a solution of 2-iodobenzonitrile (50 mg, 0.22 mmol), CuCl (4.3 mg, 0.044 mmol) 

and Cs2CO3 (142.3 mg, 0.44 mmol) in DMSO, ethylenediamine monohydrate (83.1 

mg, 1.1 mmol) was added at room temperature. The mixture was stirred at 120 ℃ for 

8 hours and monitored to react completely. After cooling to room temperature and 

filtration, water was added and the filtrate was extracted with ethyl acetate for three 

times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of DCM/MeOH (200:1-100:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 27.6 mg with 78.5% yield. 1H NMR (600 

MHz, Chloroform-d) δ 7.40 (td, J = 7.6, 1.5 Hz, 2H), 6.72-6.68 (m, 2H), 3.40 (t, J = 

5.8 Hz, 2H), 3.07 (t, J = 5.8 Hz, 2H). 

N-(2-aminoethyl)-2-(trifluoromethyl)benzenesulfonamide (A16) 

To a solution of ethylenediamine monohydrate (16 mg, 0.2 mmol) and triethylamine 

(62.1 mg, 0.61 mmol) in DCM, 2-(trifluoromethyl)benzenesulfonyl chloride (50 mg, 

0.2 mmol) was added dropwise in ice bath. After warming to room temperature, the 

mixture was stirred for overnight and monitored to react completely. The mixture was 

concentrated and purified by column chromatography on silica gel with the elution 

fluid of DCM/MeOH (200:1-50:1, with additional drops of aqueous ammonia). 

Yellow oil was achieved in 50.5 mg with 92.1% yield. 1H NMR (400 MHz, Methanol-

d4) δ 8.23-8.17 (m, 1H), 7.98 (dd, J = 6.9, 2.2 Hz, 1H), 7.83 (m, J = 6.1, 5.3, 2.7 Hz, 
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2H), 3.05 (t, J = 6.2 Hz, 2H), 2.78 (t, J = 6.2 Hz, 2H). 

2-(2-(trifluoromethyl)phenoxy)ethan-1-amine (A17) 

To a solution of 2-(trifluoromethyl)phenol (50 mg, 0.31 mmol) and K2CO3 (426.3 mg, 

3.08 mmol) in DMF, tert-butyl (2-bromoethyl)carbamate (82.9 mg, 0.37 mmol) was 

added at room temperature. The mixture was stirred at 65 ℃ for 8 hours and 

monitored to react completely. After cooling to room temperature and filtration, water 

was added and the filtrate was extracted with ethyl acetate for three times and washed 

with saturated brine. The combined organic layer was dried over anhydrous Na2SO4 

and purified by column chromatography on silica gel with the elution fluid of 

Hexane/EA (10:1-5:1). tert-butyl (2-(2-(trifluoromethyl)phenoxy)ethyl)carbamate was 

achieved in 83.6 mg with 88.8% yield. 1H NMR (400 MHz, Methanol-d4) δ 7.55 (m, J 

= 14.0, 7.7, 1.7 Hz, 2H), 7.16 (d, J = 8.3 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 4.13 (t, J = 

5.9 Hz, 2H), 3.48 (m, J = 5.9, 4.6 Hz, 2H), 1.45 (s, 9H). 

To a solution of tert-butyl (2-(2-(trifluoromethyl)phenoxy)ethyl)carbamate (50 mg, 

0.16 mmol) in DCM, TFA (186.7 mg, 1.64 mmol) was added at room temperature. 

The mixture was stirred at reflux for 8 hours and monitored to react completely. After 

cooling to room temperature, NaOH aqueous (1M) solution was added in ice bath to 

regulate the pH value ranging from 8 to 10. The mixture was extracted with DCM for 

three times and washed with saturated brine. The combined organic layer was dried 

over anhydrous Na2SO4 and concentrated. Pale yellow oil was achieved in 32.1 mg 

with 95.6% yield. 1H NMR (600 MHz, Chloroform-d) δ 7.62 (dd, J = 7.8, 1.5 Hz, 1H), 

7.56-7.52 (m, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.01 (d, J = 8.3 Hz, 1H), 4.22 (t, J = 5.0 

Hz, 2H), 3.86 (q, J = 5.4 Hz, 2H). 

2-((2-(trifluoromethyl)phenyl)thio)ethan-1-amine (A18) 

To a solution of 2-(trifluoromethyl)benzenethiol (50 mg, 0.28 mmol) and K2CO3 

(387.8 mg, 2.81 mmol) in DMF, tert-butyl (2-bromoethyl)carbamate (75.5 mg, 0.34 

mmol) was added at room temperature. The mixture was stirred at 65 ℃ for 8 hours 

and monitored to react completely. After cooling to room temperature and filtration, 



82 

 

water was added and the filtrate was extracted with ethyl acetate for three times and 

washed with saturated brine. The combined organic layer was dried over anhydrous 

Na2SO4 and purified by column chromatography on silica gel with the elution fluid of 

Hexane/EA (10:1-5:1). tert-butyl (2-((2-(trifluoromethyl)phenyl)thio)ethyl)carbamate 

was achieved in 58.8 mg with 65.2% yield. 1H NMR (400 MHz, Methanol-d4) δ 7.67 

(t, J = 7.8 Hz, 2H), 7.55 (t, J = 7.8 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 4.85 (d, J = 1.9 

Hz, 1H), 3.32-3.24 (m, 2H), 3.11 (dd, J = 8.3, 6.1 Hz, 2H), 1.44 (s, 9H). 

To a solution of tert-butyl (2-((2-(trifluoromethyl)phenyl)thio)ethyl)carbamate (50 mg, 

0.15 mmol) in DCM, TFA (177.4 mg, 1.56 mmol) was added at room temperature. 

The mixture was stirred at reflux for 8 hours and monitored to react completely. After 

cooling to room temperature, NaOH aqueous (1M) solution was added in ice bath to 

regulate the pH value ranging from 8 to 10. The mixture was extracted with DCM for 

three times and washed with saturated brine. The combined organic layer was dried 

over anhydrous Na2SO4 and concentrated. Pale yellow oil was achieved in 33.1 mg 

with 96.3% yield. 1H NMR (600 MHz, Chloroform-d) δ 7.67-7.63 (m, 1H), 7.53 (d, J 

= 7.9 Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H), 7.29 (d, J = 15.3 Hz, 1H), 3.07 (td, J = 6.3, 1.6 

Hz, 2H), 2.92 (td, J = 6.3, 1.7 Hz, 2H). 

2-((4-nitrophenoxy)methyl)oxirane (B1) 

The solution of 4-nitrophenol (50 mg, 0.36 mmol), Cs2CO3 (175.7 mg, 0.54 mmol) 

and KI (11.9 mg, 0.072 mmol) in DMF being stirred at room temperature for 30 

minutes, 2-(chloromethyl)oxirane (99.8 mg, 1.08 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Yellow oil was achieved in 57.9 mg with 82.6% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 8.25-8.19 (m, 2H), 7.22-7.16 (m, 2H), 4.53 (dd, J = 11.5, 2.5 Hz, 1H), 
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4.00 (dd, J = 11.5, 6.6 Hz, 1H), 3.39 (m, J = 6.8, 5.0, 2.6 Hz, 1H), 2.88 (t, J = 4.6 Hz, 

1H), 2.75 (dd, J = 5.1, 2.6 Hz, 1H). 

2-(phenoxymethyl)oxirane (B2) 

The solution of phenol (50 mg, 0.53 mmol), Cs2CO3 (259.7 mg, 0.8 mmol) and KI 

(17.6 mg, 0.072 mmol) in DMF being stirred at room temperature for 30 minutes, 2-

(chloromethyl)oxirane (147.5 mg, 1.59 mmol) was added at room temperature. The 

solution was stirred at 80 ℃ for overnight and monitored to react completely. After 

cooling to room temperature and filtration, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-50:1). Pale 

yellow oil was achieved in 67.2 mg with 84.2% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.36-7.30 (m, 2H), 7.04-6.94 (m, 3H), 4.25 (dd, J = 11.0, 3.1 Hz, 

1H), 3.97 (dd, J = 11.0, 5.7 Hz, 1H), 3.38 (m, J = 5.7, 4.1, 2.8 Hz, 1H), 2.92 (t, J = 4.5 

Hz, 1H), 2.78 (dd, J = 5.0, 2.7 Hz, 1H). 

methyl 4-(oxiran-2-ylmethoxy)benzoate (B3) 

The solution of methyl 4-hydroxybenzoate (50 mg, 0.33 mmol), Cs2CO3 (160.6 mg, 

0.49 mmol) and KI (10.9 mg, 0.066 mmol) in DMF being stirred at room temperature 

for 30 minutes, 2-(chloromethyl)oxirane (91.2 mg, 0.99 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 54 mg with 78.9% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 8.00-7.98 (m, 2H), 6.95-6.92 (m, 2H), 4.30 (dd, J = 11.0, 3.0 Hz, 

1H), 3.98 (dd, J = 11.0, 5.9 Hz, 1H), 3.88 (s, 3H), 3.38 (m, J = 5.7, 4.0, 2.7 Hz, 1H), 

2.93 (t, J = 4.5 Hz, 1H), 2.77 (dd, J = 4.9, 2.6 Hz, 1H). 
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2-((4-fluorophenoxy)methyl)oxirane (B4) 

The solution of 4-fluorophenol (50 mg, 0.45 mmol), Cs2CO3 (218 mg, 0.67 mmol) 

and KI (14.8 mg, 0.089 mmol) in DMF being stirred at room temperature for 30 

minutes, 2-(chloromethyl)oxirane (123.8 mg, 1.34 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 62.6 mg with 83.5% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.56 (d, J = 8.3 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 4.32 (m, J = 11.1, 

2.0 Hz, 1H), 3.98 (m, J = 11.1, 6.0, 1.9 Hz, 1H), 3.38 (m, J = 2.5 Hz, 1H), 2.98-2.91 

(m, 1H), 2.78 (m, J = 4.6, 2.1 Hz, 1H). 

2-((3,4-difluorophenoxy)methyl)oxirane (B5) 

The solution of 3,4-difluorophenol (50 mg, 0.38 mmol), Cs2CO3 (187.8 mg, 0.58 

mmol) and KI (12.8 mg, 0.077 mmol) in DMF being stirred at room temperature for 

30 minutes, 2-(chloromethyl)oxirane (106.7 mg, 1.15 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 58.6 mg with 81.9% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.07 (q, J = 9.3 Hz, 1H), 6.76 (m, J = 11.9, 6.5, 3.0 Hz, 1H), 6.63 (m, 

J = 8.5, 3.2, 1.7 Hz, 1H), 4.23 (dd, J = 11.0, 2.8 Hz, 1H), 3.87 (dd, J = 11.0, 5.9 Hz, 

1H), 3.35 (m, J = 6.0, 4.0, 2.8 Hz, 1H), 2.93 (t, J = 4.5 Hz, 1H), 2.76 (dd, J = 4.8, 2.6 

Hz, 1H). 

2-((4-methoxyphenoxy)methyl)oxirane (B6) 
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The solution of 4-methoxyphenol (50 mg, 0.4 mmol), Cs2CO3 (196.9 mg, 0.6 mmol) 

and KI (13.4 mg, 0.08 mmol) in DMF being stirred at room temperature for 30 

minutes, 2-(chloromethyl)oxirane (111.8 mg, 1.21 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Yellow oil was achieved in 55.3 mg with 76.2% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.28 (t, J = 3.4 Hz, 2H), 6.92-6.87 (m, 2H), 4.23 (dd, J = 11.1, 3.1 

Hz, 1H), 3.96 (dd, J = 11.1, 5.7 Hz, 1H), 3.39-3.33 (m, 1H), 2.93 (t, J = 4.5 Hz, 1H), 

2.77 (dd, J = 4.9, 2.7 Hz, 1H), 2.47 (s, 3H). 

2-((4-(trifluoromethyl)phenoxy)methyl)oxirane (B7) 

The solution of 4-(trifluoromethyl)phenol (50 mg, 0.31 mmol), Cs2CO3 (150.7 mg, 

0.46 mmol) and KI (10.2 mg, 0.062 mmol) in DMF being stirred at room temperature 

for 30 minutes, 2-(chloromethyl)oxirane (85.6 mg, 0.93 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 57.4 mg with 85.3% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.60-7.49 (m, 2H), 7.04-6.93 (m, 2H), 4.30 (m, J = 11.1, 2.2 Hz, 1H), 

3.94 (m, J = 10.9, 5.9, 3.1 Hz, 1H), 3.35 (m, J = 5.6, 4.1, 2.6 Hz, 1H), 2.90 (dd, J = 

5.7, 3.3 Hz, 1H), 2.75 (m, J = 4.8, 2.5 Hz, 1H). 

2-((3-(trifluoromethyl)phenoxy)methyl)oxirane (B8) 

The solution of 3-(trifluoromethyl)phenol (50 mg, 0.31 mmol), Cs2CO3 (150.7 mg, 

0.46 mmol) and KI (10.2 mg, 0.062 mmol) in DMF being stirred at room temperature 
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for 30 minutes, 2-(chloromethyl)oxirane (85.6 mg, 0.93 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 55 mg with 81.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.41 (t, J = 8.0 Hz, 1H), 7.25 (s, 1H), 7.17 (d, J = 2.1 Hz, 1H), 7.12 

(dd, J = 8.3, 2.5 Hz, 1H), 4.31 (dt, J = 10.9, 2.2 Hz, 1H), 3.97 (m, J = 11.1, 5.9, 1.5 

Hz, 1H), 3.39 (m, J = 8.7, 4.4, 2.1, 1.7 Hz, 1H), 2.94 (td, J = 4.5, 1.4 Hz, 1H), 2.79 (dt, 

J = 4.4, 2.0 Hz, 1H). 

2-((2-(trifluoromethyl)phenoxy)methyl)oxirane (B9) 

The solution of 2-(trifluoromethyl)phenol (50 mg, 0.31 mmol), Cs2CO3 (150.7 mg, 

0.46 mmol) and KI (10.2 mg, 0.062 mmol) in DMF being stirred at room temperature 

for 30 minutes, 2-(chloromethyl)oxirane (85.6 mg, 0.93 mmol) was added at room 

temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 56.2 mg with 83.5% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.59 (dd, J = 7.6, 1.6 Hz, 1H), 7.50 (td, J = 8.0, 1.6 Hz, 1H), 7.05 (t, 

J = 8.4 Hz, 2H), 4.35 (dd, J = 11.2, 2.9 Hz, 1H), 4.12 (dd, J = 11.2, 5.0 Hz, 1H), 3.39 

(m, J = 5.0, 2.9 Hz, 1H), 2.92 (t, J = 4.6 Hz, 1H), 2.85 (dd, J = 5.0, 2.6 Hz, 1H). 

4-(oxiran-2-ylmethoxy)benzonitrile (B10) 

The solution of 4-hydroxybenzonitrile (50 mg, 0.42 mmol), Cs2CO3 (205.1 mg, 0.63 

mmol) and KI (13.9 mg, 0.084 mmol) in DMF being stirred at room temperature for 

30 minutes, 2-(chloromethyl)oxirane (116.5 mg, 1.26 mmol) was added at room 
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temperature. The solution was stirred at 80 ℃ for overnight and monitored to react 

completely. After cooling to room temperature and filtration, water was added and the 

filtrate was extracted with ethyl acetate for three times and washed with saturated 

brine. The combined organic layer was dried over anhydrous Na2SO4 and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (200:1-

50:1). Pale yellow oil was achieved in 60.9 mg with 82.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.63-7.54 (m, 2H), 7.02-6.95 (m, 2H), 4.34 (dd, J = 11.1, 2.8 Hz, 

1H), 3.96 (dd, J = 11.2, 5.9 Hz, 1H), 3.37 (m, J = 6.8, 5.5, 2.8 Hz, 1H), 2.93 (t, J = 4.5 

Hz, 1H), 2.77 (dd, J = 4.8, 2.6 Hz, 1H).  

N-(oxiran-2-ylmethyl)-4-(trifluoromethyl)aniline (B11) 

The solution of 4-(trifluoromethyl)aniline (50 mg, 0.31 mmol) and Zn(SO3CF3)2 (13.3 

mg, 0.062 mmol) in CHCl3, 2-(chloromethyl)oxirane (28.7 mg, 0.31 mmol) was 

added dropwise in ice bath. The solution was stirred at 60 ℃ for 12 hours and 

monitored to react completely. After cooling to room temperature and filtration, water 

was added and the filtrate was extracted with ethyl acetate for three times and washed 

with saturated brine. The combined organic layer was dried over anhydrous Na2SO4 

and concentrated to achieve the crude product. The solution of 1-chloro-3-((4-

(trifluoromethyl)phenyl)amino)propan-2-ol (67.3 mg, 0.27 mmol) and KI (8 mg, 0.05 

mmol) in MeCN was stirred at 80 ℃ for 6 hours. and monitored to react completely. 

After cooling to room temperature and filtration, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of DCM/MeOH (200:1-100:1). 

Yellow oil was achieved in 42.5 mg with 73.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.44 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 8.4 Hz, 2H), 4.23 (s, 1H), 3.63 

(m, J = 13.8, 5.8, 2.7 Hz, 1H), 3.35-3.18 (m, 2H), 2.86 (t, J = 4.3 Hz, 1H), 2.71 (dd, J 

= 4.8, 2.6 Hz, 1H). 

2-(((4-(trifluoromethyl)phenyl)thio)methyl)oxirane (B12) 
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The solution of 4-(trifluoromethyl)benzenethiol (50 mg, 0.28 mmol) and K2CO3 (58.2 

mg, 0.42 mmol) in MeCN, 2-(chloromethyl)oxirane (51.9 mg, 0.56 mmol) was added 

at room temperature. The solution was stirred at 85 ℃ for 8 hours and monitored to 

react completely. After cooling to room temperature and filtration, water was added 

and the filtrate was extracted with ethyl acetate for three times and washed with 

saturated brine. The combined organic layer was dried over anhydrous Na2SO4 and 

purified by column chromatography on silica gel with the elution fluid of Hexane/EA 

(200:1-50:1). Yellow oil was achieved in 53.8 mg with 81.8% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.55 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 8.3 Hz, 2H), 3.25-3.18 

(m, 2H), 3.12 (dd, J = 15.5, 6.5 Hz, 1H), 2.86-2.82 (m, 1H), 2.64 (dd, J = 4.9, 2.3 Hz, 

1H). 

2-((benzyloxy)methyl)oxirane (B13) 

The solution of 2-(chloromethyl)oxirane (51.3 mg, 0.56 mmol) and TBAB (16.3 mg, 

0.023 mmol) in 1M NaOH aqueous solution, benzyl alcohol (50 mg, 0.46 mmol) was 

added dropwise in ice bath. After warming to room temperature, the solution was 

stirred for 18 hours and monitored to react completely. The reaction was quenched 

with iced water and extracted with ethyl acetate for three times and washed with 

saturated brine. The combined organic layer was dried over anhydrous Na2SO4 and 

purified by column chromatography on silica gel with the elution fluid of Hexane/EA 

(200:1-100:1). Pale yellow oil was achieved in 68.1 mg with 89.7% yield. 

2-(((4-(trifluoromethyl)benzyl)oxy)methyl)oxirane (B14) 

The solution of 2-(chloromethyl)oxirane (31.5 mg, 0.34 mmol) and TBAB (10 mg, 

0.014 mmol) in 1M NaOH aqueous solution, (4-(trifluoromethyl)phenyl)methanol (50 

mg, 0.28 mmol) was added dropwise in ice bath. After warming to room temperature, 

the solution was stirred for 18 hours and monitored to react completely. The reaction 

was quenched with iced water and extracted with ethyl acetate for three times and 

washed with saturated brine. The combined organic layer was dried over anhydrous 

Na2SO4 and purified by column chromatography on silica gel with the elution fluid of 
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Hexane/EA (200:1-50:1). Pale yellow oil was achieved in 59.5 mg with 90.2% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.56 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 

2H), 4.31 (dd, J = 11.1, 2.8 Hz, 1H), 3.99-3.91 (m, 1H), 3.38 (m, J = 5.5, 3.9, 2.7 Hz, 

1H), 2.93 (t, J = 4.5 Hz, 1H), 2.78 (dd, J = 4.9, 2.6 Hz, 1H). 

2-(((3-(trifluoromethyl)benzyl)oxy)methyl)oxirane (B15) 

The solution of 2-(chloromethyl)oxirane (31.5 mg, 0.34 mmol) and TBAB (10 mg, 

0.014 mmol) in 1M NaOH aqueous solution, (3-(trifluoromethyl)phenyl)methanol (50 

mg, 0.28 mmol) was added dropwise in ice bath. After warming to room temperature, 

the solution was stirred for 18 hours and monitored to react completely. The reaction 

was quenched with iced water and extracted with ethyl acetate for three times and 

washed with saturated brine. The combined organic layer was dried over anhydrous 

Na2SO4 and purified by column chromatography on silica gel with the elution fluid of 

Hexane/EA (200:1-50:1). Pale yellow oil was achieved in 57.7 mg with 87.6% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.56 (tt, J = 24.8, 5.9 Hz, 4H), 4.66 (m, J = 12.3, 

5.2 Hz, 2H), 3.86 (m, J = 11.5, 2.9 Hz, 1H), 3.47 (dt, J = 11.4, 5.7 Hz, 1H), 3.23 (m, J 

= 6.1, 3.0 Hz, 1H), 2.84 (q, J = 5.1 Hz, 1H), 2.65 (dt, J = 5.1, 2.7 Hz, 1H). 

2-(((2-(trifluoromethyl)benzyl)oxy)methyl)oxirane (B16) 

The solution of 2-(chloromethyl)oxirane (31.5 mg, 0.34 mmol) and TBAB (10 mg, 

0.014 mmol) in 1M NaOH aqueous solution, (2-(trifluoromethyl)phenyl)methanol (50 

mg, 0.28 mmol) was added dropwise in ice bath. After warming to room temperature, 

the solution was stirred for 18 hours and monitored to react completely. The reaction 

was quenched with iced water and extracted with ethyl acetate for three times and 

washed with saturated brine. The combined organic layer was dried over anhydrous 

Na2SO4 and purified by column chromatography on silica gel with the elution fluid of 

Hexane/EA (200:1-50:1). Pale yellow oil was achieved in 60.1 mg with 91.2% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.78-7.55 (m, 3H), 7.40 (t, J = 7.7 Hz, 1H), 

4.85-4.73 (m, 2H), 3.86 (dd, J = 11.3, 3.0 Hz, 1H), 3.52 (dd, J = 11.4, 5.9 Hz, 1H), 

3.25 (m, J = 5.9, 4.1, 2.8 Hz, 1H), 2.85 (t, J = 4.6 Hz, 1H), 2.68 (dd, J = 5.0, 2.7 Hz, 
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1H). 

2-(((4-(trifluoromethyl)benzyl)thio)methyl)oxirane (B17) 

The solution of 2-(chloromethyl)oxirane (72.2 mg, 0.78 mmol) and KOH (43.8 mg, 

0.78 mmol) in dioxane and water (1:1), (4-(trifluoromethyl)phenyl)methanethiol (50 

mg, 0.26 mmol) was added dropwise in ice bath. The solution was warmed to room 

temperature for 8 hours and monitored to react completely. The mixture was extracted 

with ethyl acetate for three times and washed with saturated brine. The combined 

organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). 

Yellow oil was achieved in 52.8 mg with 81.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.60 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 3.93-3.82 (m, 2H), 

3.14 (m, J = 6.3, 4.2, 2.7 Hz, 1H), 2.79 (t, J = 4.4 Hz, 1H), 2.66-2.51 (m, 3H). 

5.1.2 The synthesis on aminoethyl derivatives  

1-(4-nitrophenoxy)-3-((2-(pyrimidin-2-ylamino)ethyl)amino)propan-2-ol (GⅠ-1) 

To a solution of A1 (30 mg, 0.22 mmol) and B1 (42.4 mg, 0.22 mmol) in ethanol, 

DIPEA (56.1 mg, 0.43 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 52.9 mg with 73.2% yield. 

1H NMR (400 MHz, Chloroform-d)  8.27 (d, J = 4.8 Hz, 2H), 8.23-8.18 (m, 2H), 

7.00-6.95 (m, 2H), 6.55 (dd, J = 5.4, 4.3 Hz, 1H), 5.46 (s, 1H), 4.11-4.08 (m, 3H), 

3.57 (q, J = 5.8 Hz, 2H), 2.97-2.91 (m, 3H), 2.86-2.80 (m, 1H); 13C NMR (101 MHz, 

Chloroform-d)  163.6, 162.5, 158.1, 141.8, 125.9, 114.6, 110.8, 71.1, 68.2, 51.3, 49.1, 

41.2. HRMS(ESI): calcd for C15H19N5O4, [M + H]+ 334.1515; found, 334.1514. 

HPLC purity: 97.06%.  

1-(4-nitrophenoxy)-3-((2-((5-(trifluoromethyl)pyrimidin-2-
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yl)amino)ethyl)amino)propan-2-ol (GⅠ-2) 

To a solution of A2 (30 mg, 0.15 mmol) and B1 (28.4 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 41.5 mg with 70.8% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.47 (s, 2H), 8.25-8.17 (m, 2H), 7.01-6.95 (m, 2H), 

6.01 (s, 1H), 4.14-4.07 (m, 3H), 3.62 (q, J = 5.8 Hz, 2H), 2.95 (m, J = 9.5, 3.8, 3.0 Hz, 

3H), 2.84 (dd, J = 12.3, 7.3 Hz, 1H), 2.39 (s, 2H). 13C NMR (101 MHz, Chloroform-d) 

δ 163.5, 163.4, 155.8, 155.8, 155.8, 155.7, 141.8, 125.9, 125.3, 114.5, 114.2, 71.0, 

68.3, 51.3, 48.6, 41.2. HRMS(ESI): calcd for C16H18F3N5O4, [M + H]+ 402.1389; 

found, 402.1382. HPLC purity: 97.06%. 

1-(4-nitrophenoxy)-3-((2-((6-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-3) 

To a solution of A4 (30 mg, 0.15 mmol) and B1 (28.5 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 38.9 mg with 66.2% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.18 (d, J = 8.9 Hz, 2H), 7.50 (t, J = 7.9 Hz, 1H), 

6.94 (dd, J = 15.7, 8.1 Hz, 3H), 6.54 (d, J = 8.5 Hz, 1H), 5.16 (t, J = 5.6 Hz, 1H), 4.09 

(d, J = 7.0 Hz, 3H), 3.48 (q, J = 5.8 Hz, 2H), 2.93 (dd, J = 9.6, 4.4 Hz, 3H), 2.82 (dd, 

J = 12.3, 7.2 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 163.6, 158.6, 146.6, 

146.3, 141.7, 138.1, 125.9, 123.0, 120.3, 114.5, 110.3, 109.1, 109.1, 71.1, 68.2, 51.3, 

48.8, 41.5. HRMS(ESI): calcd for C17H19F3N4O4, [M + H]+ 401.1437; found, 

401.1431. HPLC purity: 92.9%. 
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1-(4-nitrophenoxy)-3-((2-((5-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-4) 

To a solution of A5 (30 mg, 0.15 mmol) and B1 (28.5 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 37.7 mg with 64.7% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.29 (s, 1H), 8.15 (d, J = 8.8 Hz, 2H), 7.55 (d, J = 

8.8 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 6.42 (d, J = 8.8 Hz, 1H), 5.59 (t, J = 5.7 Hz, 

1H), 4.19-4.04 (m, 3H), 3.49 (q, J = 5.3, 4.8 Hz, 2H), 2.97-2.89 (m, 3H), 2.83 (dd, J = 

12.3, 7.9 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 163.6, 160.3, 145.9, 145.8, 

141.7, 134.4, 125.9, 123.2, 115.6, 115.3, 114.5, 106.6, 71.2, 68.3, 51.5, 48.6, 41.4. 

HRMS(ESI): calcd for C17H19F3N4O4, [M + H]+ 401.1437; found, 401.1433. HPLC 

purity: 91.7%. 

1-(4-nitrophenoxy)-3-((2-((4-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-5) 

To a solution of A6 (30 mg, 0.15 mmol) and B1 (28.5 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 42.1 mg with 71.9% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.25-8.16 (m, 3H), 6.97 (dd, J = 9.0, 1.5 Hz, 2H), 

6.75 (d, J = 5.3 Hz, 1H), 6.58 (s, 1H), 5.15 (s, 1H), 4.14-4.07 (m, 3H), 3.49 (q, J = 5.7 

Hz, 2H), 3.00-2.91 (m, 3H), 2.84 (dd, J = 12.4, 7.1 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 163.5, 158.9, 149.4, 141.8, 139.8, 139.5, 125.9, 124.4, 121.6, 114.5, 

108.2, 108.2, 71.0, 68.3, 51.4, 48.7, 41.7. HRMS(ESI): calcd for C17H19F3N4O4, [M + 
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H]+ 401.1437; found, 401.1431. HPLC purity: 98.44%. 

1-(4-nitrophenoxy)-3-((2-((3-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-6) 

To a solution of A7 (30 mg, 0.15 mmol) and B1 (28.5 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 40.1 mg with 68.5% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.28-8.15 (m, 3H), 7.65 (d, J = 7.6 Hz, 1H), 7.00-

6.93 (m, 2H), 6.62 (dd, J = 7.6, 5.0 Hz, 1H), 5.41 (d, J = 5.4 Hz, 1H), 4.11 (q, J = 3.9 

Hz, 3H), 3.63 (q, J = 5.6 Hz, 2H), 2.97 (m, J = 12.4, 10.4, 4.8 Hz, 3H), 2.84 (dd, J = 

12.3, 6.5 Hz, 1H), 2.57(s, 2H). 13C NMR (101 MHz, Chloroform-d) δ 163.6, 154.7, 

151.6, 141.7, 135.2, 135.1, 135.1, 135.0, 125.9, 125.8, 123.1, 120.4, 114.5, 111.5, 

108.8, 108.5, 108.2, 71.0, 68.3, 51.1, 48.6, 40.9. HRMS(ESI): calcd for C17H19F3N4O4, 

[M + H]+ 401.1437; found, 401.143. HPLC purity: 98.7%. 

1-((2-((5-fluoropyridin-2-yl)amino)ethyl)amino)-3-(4-nitrophenoxy)propan-2-ol 

(GⅠ-7) 

To a solution of A8 (30 mg, 0.19 mmol) and B1 (37.7 mg, 0.19 mmol) in ethanol, 

DIPEA (49.9 mg, 0.39 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 47.1 mg with 69.5% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.25-8.13 (m, 4H), 7.01-6.94 (m, 2H), 5.50 (t, J = 

5.7 Hz, 1H), 4.09 (s, 3H), 3.53 (q, J = 5.8 Hz, 2H), 2.96-2.90 (m, 3H), 2.82 (dd, J = 

12.3, 6.8 Hz, 1H), 2.30 (s, 2H). 13C NMR (101 MHz, Chloroform-d) δ 163.6, 159.5, 

153.4, 150.9, 145.7, 145.4, 141.8, 125.9, 114.5, 71.1, 68.2, 51.3, 48.9, 41.8. 
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HRMS(ESI): calcd for C15H18FN5O4, [M + H]+ 352.1469; found, 352.1478. HPLC 

purity: 95.72%. 

1-(4-nitrophenoxy)-3-((2-((2-(trifluoromethyl)phenyl)amino)ethyl)amino)propan-

2-ol (GⅠ-8) 

To a solution of A10 (30 mg, 0.15 mmol) and B1 (28.7 mg, 0.15 mmol) in ethanol, 

DIPEA (38 mg, 0.29 mmol) was added at room temperature. The solution was stirred 

at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). Yellow solid was achieved in 42.8 mg with 73.1% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.25-8.17 (m, 2H), 7.46 (d, J = 7.6 Hz, 1H), 

7.39 (t, J = 7.9 Hz, 1H), 7.01-6.95 (m, 2H), 6.76 (dd, J = 8.2, 5.2 Hz, 2H), 4.91 (s, 

1H), 4.13 (s, 3H), 3.30 (m, J = 6.8, 3.4 Hz, 2H), 3.08-2.94 (m, 3H), 2.89-2.82 (m, 1H). 

13C NMR (101 MHz, Chloroform-d) δ 163.6, 145.7, 145.7, 141.8, 133.2, 129.3, 126.8, 

126.7, 126.7, 126.6, 125.9, 123.9, 121.2, 116.1, 114.5, 114.0, 113.7, 113.4, 113.1, 

111.9, 71.0, 68.5, 51.0, 48.0, 42.8. HRMS(ESI): calcd for C18H20F3N3O4, [M + H]+ 

400.1484; found, 400.1491. HPLC purity: 95.37%. 

1-phenoxy-3-((2-((4-(trifluoromethyl)pyrimidin-2-yl)amino)ethyl)amino)propan-

2-ol (GⅠ-9) 

To a solution of A3 (30 mg, 0.15 mmol) and B2 (21.9 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 38.6 mg with 74.5% yield. 

1H NMR (400 MHz, Chloroform-d)  8.44 (s, 1H), 7.27 (d, J = 7.6 Hz, 2H), 6.99-6.84 

(m, 3H), 6.77 (s, 1H), 6.53 (s, 1H), 4.15 (s, 1H), 3.98 (s, 2H), 3.59 (s, 2H), 2.96-2.80 

(m, 4H). 13C NMR (101 MHz, Chloroform-d)  162.5, 160.4, 158.6, 156.9, 156.5, 



95 

 

156.2, 155.8, 129.5, 121.9, 121.1, 119.2, 116.4, 114.5, 105.3, 70.6, 68.7, 51.8, 48.6, 

41.1. HRMS(ESI): calcd for C16H19F3N4O2, [M + H]+ 357.1538; found, 357.153. 

HPLC purity: 97.91%. 

methyl 4-(2-hydroxy-3-((2-((4-(trifluoromethyl)pyrimidin-2-

yl)amino)ethyl)amino)propoxy)benzoate (GⅠ-10) 

To a solution of A3 (30 mg, 0.15 mmol) and B3 (30.3 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 41.4 mg with 68.3% yield. 

1H NMR (400 MHz, Chloroform-d)  8.40 (s, 1H), 7.91 (d, J = 8.5 Hz, 2H), 6.84 (d, J 

= 8.5 Hz, 2H), 6.74 (d, J = 4.9 Hz, 1H), 6.50 (t, J = 5.9 Hz, 1H), 4.12 (m, J = 9.3, 4.9 

Hz, 1H), 4.02-3.95 (m, 2H), 3.84 (s, 3H), 3.56 (q, J = 5.8 Hz, 4H), 2.92-2.83 (m, 3H), 

2.79 (dd, J = 12.1, 8.1 Hz, 1H). 13C NMR (101 MHz, Chloroform-d)  166.7, 162.5, 

162.3, 160.3, 156.8, 156.5, 156.1, 131.5, 122.8, 121.8, 119.1, 114.0, 105.4, 105.3, 

105.3, 70.7, 68.4, 51.8, 51.6, 48.6, 41.0. HRMS(ESI): calcd for C18H21F3N4O4, [M + 

H]+ 415.1593; found, 415.1586. HPLC purity: 98.5%. 

1-(4-fluorophenoxy)-3-((2-((4-(trifluoromethyl)pyrimidin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-11) 

To a solution of A3 (30 mg, 0.15 mmol) and B4 (24.5 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 39.4 mg with 72.1% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.46 (s, 1H), 6.96 (t, J = 8.4 Hz, 2H), 6.90-6.72 

(m, 3H), 6.17 (s, 1H), 4.15-4.04 (m, 1H), 3.95 (d, J = 5.2 Hz, 2H), 3.60 (q, J = 6.0 Hz, 



96 

 

2H), 3.10-2.52 (m, 6H). 13C NMR (101 MHz, Chloroform-d) δ 162.5, 160.4, 158.6, 

157.0, 156.6, 156.2, 155.9, 154.7, 154.7, 121.9, 119.1, 116.4, 115.9, 115.7, 115.6, 

115.5, 105.5, 105.5, 71.2, 68.6, 51.6, 48.6, 41.1. HRMS(ESI): calcd for C16H18F4N4O2, 

[M + H]+ 375.1444; found, 375.1438. HPLC purity: 98.74%. 

1-(3,4-difluorophenoxy)-3-((2-((4-(trifluoromethyl)pyrimidin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-12) 

To a solution of A3 (30 mg, 0.15 mmol) and B5 (27.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 42.2 mg with 73.3% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.46 (d, J = 4.9 Hz, 1H), 7.04 (q, J = 9.4 Hz, 

1H), 6.81 (d, J = 4.9 Hz, 1H), 6.72 (m, J = 12.1, 6.6, 3.0 Hz, 1H), 6.60 (dd, J = 8.9, 

4.2 Hz, 1H), 6.18 (t, J = 5.8 Hz, 1H), 4.09 (m, J = 9.1, 4.7 Hz, 1H), 3.93 (d, J = 5.1 

Hz, 2H), 3.60 (q, J = 5.8 Hz, 2H), 2.95-2.70 (m, 6H). 13C NMR (101 MHz, 

Chloroform-d) δ 162.5, 160.4, 157.0, 156.6, 156.2, 154.9, 154.9, 154.9, 154.8, 151.7, 

151.6, 149.2, 149.1, 146.4, 146.3, 144.0, 143.9, 124.6, 121.8, 119.1, 117.3, 117.3, 

117.1, 117.1, 116.4, 109.8, 109.8, 109.8, 109.7, 105.6, 105.5, 105.5, 104.3, 104.1, 

71.3, 68.4, 51.5, 48.6, 41.1. HRMS(ESI): calcd for C16H17F5N4O2, [M + H]+ 393.135; 

found, 393.1343. HPLC purity: 98.98%. 

1-(4-methoxyphenoxy)-3-((2-((4-(trifluoromethyl)pyrimidin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-13) 

To a solution of A3 (30 mg, 0.15 mmol) and B6 (26.2 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 
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of aqueous ammonia). Pale yellow solid was achieved in 40.1 mg with 71.3% yield. 

1H NMR (400 MHz, Chloroform-d)  8.52-8.41 (m, 1H), 6.82 (m, J = 11.8, 3.7 Hz, 

5H), 6.14 (s, 1H), 4.09 (m, J = 9.0, 5.1 Hz, 1H), 3.94 (d, J = 5.2 Hz, 2H), 3.77 (s, 3H), 

3.59 (q, J = 5.8 Hz, 2H), 2.95-2.87 (m, 3H), 2.81 (m, J = 12.1, 7.8 Hz, 1H). 13C NMR 

(101 MHz, Chloroform-d)  162.5, 160.4, 156.6, 156.2, 154.1, 152.7, 121.9, 119.1, 

115.5, 114.7, 105.5, 105.5, 71.3, 68.8, 55.7, 51.7, 48.6, 41.2. HRMS(ESI): calcd for 

C17H21F3N4O3, [M + H]+ 387.1644; found, 387.1644. HPLC purity: 99.02%. 

1-(4-(trifluoromethyl)phenoxy)-3-((2-((4-(trifluoromethyl)pyrimidin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-14) 

To a solution of A3 (30 mg, 0.15 mmol) and B7 (31.8 mg, 0.15 mmol) in ethanol, 

DIPEA (37.6 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 41.5 mg with 67.2% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.46 (s, 1H), 7.53 (d, J = 8.6 Hz, 2H), 6.96 (d, J 

= 8.6 Hz, 2H), 6.81 (d, J = 4.9 Hz, 1H), 6.20 (t, J = 5.7 Hz, 1H), 4.14 (m, J = 9.2, 5.0 

Hz, 1H), 4.03 (d, J = 5.1 Hz, 2H), 3.61 (q, J = 5.7 Hz, 2H), 3.08-2.74 (m, 6H). 13C 

NMR (101 MHz, Chloroform-d) δ 162.5, 161.0, 160.4, 156.6, 156.2, 127.0, 126.9, 

126.9, 126.9, 125.7, 123.4, 123.1, 123.0, 121.8, 119.1, 114.5, 105.6, 105.5, 70.6, 68.4, 

51.5, 48.7, 41.1. HRMS(ESI): calcd for C17H18F6N4O2, [M + H]+ 425.1412; found, 

425.1406. HPLC purity: 96.47%. 

1-(4-(trifluoromethyl)phenoxy)-3-((2-((5-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-15) 

To a solution of A5 (30 mg, 0.15 mmol) and B7 (31.9 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 
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on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 42.2 mg with 68.7% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.36-8.27 (m, 1H), 7.55 (t, J = 8.7 Hz, 3H), 

6.96 (d, J = 8.5 Hz, 2H), 6.41 (d, J = 8.8 Hz, 1H), 5.28 (s, 1H), 4.10 (m, J = 10.0, 5.8, 

2.8 Hz, 1H), 4.06-4.00 (m, 2H), 3.49 (q, J = 5.7 Hz, 2H), 2.97-2.89 (m, 3H), 2.82 (dd, 

J = 12.2, 7.7 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 161.0, 160.3, 146.1, 

146.1, 146.0, 146.0, 134.4, 134.4, 134.3, 130.9, 127.0, 127.0, 126.9, 126.9, 125.9, 

125.7, 123.5, 123.2, 123.0, 115.8, 115.4, 114.5, 106.6, 70.5, 68.5, 51.4, 48.6, 41.5. 

HRMS(ESI): calcd for C18H19F6N3O2, [M + H]+ 424.146; found, 424.1454. HPLC 

purity: 99.4%. 

1-((2-([1,1'-biphenyl]-4-ylamino)ethyl)amino)-3-(4-

(trifluoromethyl)phenoxy)propan-2-ol (GⅠ-16) 

To a solution of A11 (30 mg, 0.14 mmol) and B7 (30.8 mg, 0.14 mmol) in ethanol, 

DIPEA (36.5 mg, 0.28 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 42.2 mg with 70.6% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.56 (d, J = 8.1 Hz, 4H), 7.47 (d, J = 8.2 Hz, 

2H), 7.43 (d, J = 7.6 Hz, 2H), 7.29 (d, J = 8.2 Hz, 1H), 6.99 (d, J = 8.4 Hz, 2H), 6.73 

(d, J = 8.3 Hz, 2H), 4.16-4.03 (m, 4H), 3.33 (q, J = 5.1 Hz, 2H), 3.01-2.91 (m, 3H), 

2.85 (dd, J = 12.2, 7.5 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 161.0, 147.6, 

141.1, 130.6, 128.7, 128.0, 127.0, 127.0, 127.0, 126.9, 126.3, 126.1, 125.7, 123.5, 

123.1, 123.0, 114.5, 113.2, 70.6, 68.5, 51.5, 48.8, 43.7. HRMS(ESI): calcd for 

C24H25F3N2O2, [M + H]+ 431.1946; found, 431.1939. HPLC purity: 99.02%. 

1-(4-(trifluoromethyl)phenoxy)-3-((2-((4-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-17) 

To a solution of A12 (30 mg, 0.15 mmol) and B7 (32.1 mg, 0.15 mmol) in ethanol, 
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DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 42.2 mg with 68.8% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.54 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 8.3 Hz, 

2H), 6.95 (d, J = 8.4 Hz, 2H), 6.61 (d, J = 8.3 Hz, 2H), 4.47 (t, J = 5.5 Hz, 1H), 4.12 

(m, J = 9.9, 7.8, 4.3 Hz, 1H), 4.06-3.98 (m, 2H), 3.28 (q, J = 5.5 Hz, 2H), 2.97-2.87 

(m, 3H), 2.82 (dd, J = 12.2, 7.8 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 160.9, 

150.7, 128.4, 127.0, 127.0, 127.0, 126.9, 126.7, 126.6, 126.6, 126.6, 126.3, 125.7, 

123.6, 123.5, 123.2, 123.0, 119.1, 118.7, 114.5, 111.9, 70.5, 68.5, 51.5, 48.4, 43.0. 

HRMS(ESI): calcd for C19H20F6N2O2, [M + H]+ 423.1507; found, 423.1503. HPLC 

purity: 97.3%. 

1-(4-(trifluoromethyl)phenoxy)-3-((2-((3-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-18) 

To a solution of A13 (30 mg, 0.15 mmol) and B7 (32.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 44.3 mg with 71.1% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 4.4 Hz, 

1H), 6.98 (t, J = 8.8 Hz, 3H), 6.88-6.74 (m, 2H), 4.29 (s, 1H), 4.17-4.02 (m, 3H), 3.30 

(s, 2H), 3.06-2.81 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 161.0, 148.4, 131.8, 

131.4, 131.1, 129.6, 128.4, 127.0, 127.0, 126.9, 126.9, 125.7, 123.5, 123.2, 123.0, 

116.0, 114.5, 114.0, 113.9, 113.9, 113.9, 108.9, 108.9, 108.9, 70.5, 68.5, 51.4, 48.5, 

43.3. HRMS(ESI): calcd for C19H20F6N2O2, [M + H]+ 423.1507; found, 423.1520. 

HPLC purity: 98.83%. 
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1-(4-(trifluoromethyl)phenoxy)-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-19) 

To a solution of A10 (30 mg, 0.15 mmol) and B7 (32.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 41.3 mg with 66.1% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.56 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 7.8 Hz, 

1H), 7.39 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 7.8 Hz, 2H), 4.93 

(d, J = 5.2 Hz, 1H), 4.15-4.05 (m, 3H), 3.30 (q, J = 6.0 Hz, 2H), 3.07-2.93 (m, 3H), 

2.85 (dd, J = 12.3, 6.6 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 161.0, 145.7, 

133.1, 127.0, 126.9, 116.1, 114.5, 111.9, 70.5, 68.7, 51.2, 48.1, 42.9. HRMS(ESI): 

calcd for C19H20F6N2O2, [M + H]+ 423.1507; found, 423.1503. HPLC purity: 92.86%. 

1-((2-((2-nitrophenyl)amino)ethyl)amino)-3-(4-(trifluoromethyl)phenoxy)propan-

2-ol (GⅠ-20) 

To a solution of A14 (30 mg, 0.17 mmol) and B7 (36.1 mg, 0.17 mmol) in ethanol, 

DIPEA (42.8 mg, 0.33 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). Yellow solid was achieved in 41.9 mg with 63.9% yield. 

1H NMR (600 MHz, Chloroform-d) δ 8.40 (d, J = 5.1 Hz, 1H), 8.19 (dd, J = 8.6, 1.5 

Hz, 1H), 7.55 (d, J = 8.4 Hz, 2H), 7.45 (m, J = 8.5, 7.0, 1.5 Hz, 1H), 7.01 (d, J = 8.5 

Hz, 2H), 6.86 (d, J = 8.6 Hz, 1H), 6.67 (m, J = 8.4, 6.9, 1.1 Hz, 1H), 4.12 (m, J = 16.0, 

8.2, 4.4 Hz, 3H), 3.44 (q, J = 5.9 Hz, 2H), 3.13-2.97 (m, 3H), 2.88 (dd, J = 12.2, 6.2 

Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 161.0, 145.4, 136.2, 132.1, 127.0, 

127.0, 126.9, 126.9, 125.7, 123.4, 123.1, 123.0, 115.4, 114.5, 113.8, 70.4, 68.7, 51.1, 



101 

 

47.9, 42.4. HRMS(ESI): calcd for C18H20F3N3O4, [M + H]+ 400.1484; found, 

400.1490. HPLC purity: 99.68%. 

2-((2-((2-hydroxy-3-(4-

(trifluoromethyl)phenoxy)propyl)amino)ethyl)amino)benzonitrile(GⅠ-21) 

To a solution of A15 (30 mg, 0.19 mmol) and B7 (40.6 mg, 0.19 mmol) in ethanol, 

DIPEA (48.1 mg, 0.37 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 47.4 mg with 66.4% yield. 

1H NMR (600 MHz, Chloroform-d) δ 7.56 (d, J = 8.5 Hz, 2H), 7.40 (m, J = 7.5, 5.9, 

1.8 Hz, 2H), 7.02 (d, J = 8.5 Hz, 2H), 6.73-6.67 (m, 2H), 5.13 (d, J = 5.9 Hz, 1H), 

4.12 (m, J = 13.1, 4.1 Hz, 3H), 3.33 (m, J = 5.6, 2.0 Hz, 2H), 3.06-2.95 (m, 3H), 2.86 

(dd, J = 12.2, 6.5 Hz, 1H). 13C NMR (151 MHz, Chloroform-d) δ 161.0, 150.4, 134.3, 

132.8, 127.0, 127.0, 126.9, 126.9, 125.3, 123.5, 123.4, 123.2, 118.0, 116.7, 114.6, 

110.8, 96.0, 70.5, 68.8, 51.2, 48.1, 42.7. HRMS(ESI): calcd for C19H20F3N3O2, [M + 

H]+ 380.1586; found, 380.1593. HPLC purity: 98.38%. 

1-(3-(trifluoromethyl)phenoxy)-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-22) 

To a solution of A10 (30 mg, 0.15 mmol) and B8 (32.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 42.4 mg with 68.6% yield. 

1H NMR (600 MHz, Chloroform-d) δ 7.49-7.44 (m, 1H), 7.40 (m, J = 10.6, 7.9 Hz, 

2H), 7.27 (d, J = 20.1 Hz, 1H), 7.17 (t, J = 2.0 Hz, 1H), 7.10 (dd, J = 8.3, 2.5 Hz, 1H), 

6.78-6.73 (m, 2H), 4.93 (s, 1H), 4.15-4.05 (m, 3H), 3.31 (h, J = 5.8, 5.1 Hz, 2H), 



102 

 

3.06-2.94 (m, 3H), 2.85 (dd, J = 12.2, 6.9 Hz, 1H). 13C NMR (101 MHz, Chloroform-

d) δ 158.7, 145.7, 133.1, 132.1, 131.7, 130.0, 127.9, 126.8, 126.7, 126.6, 126.6, 125.2, 

123.9, 122.5, 121.2, 117.9, 117.8, 117.8, 117.7, 116.0, 114.0, 113.7, 113.5, 111.9, 

111.4, 111.4, 111.4, 111.3, 70.6, 68.7, 51.2, 48.1, 42.9. HRMS(ESI): calcd for 

C19H20F6N3O2, [M + H]+ 423.1507; found, 423.1518.  HPLC purity: 96.63%. 

1-(2-(trifluoromethyl)phenoxy)-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-23) 

To a solution of A10 (30 mg, 0.15 mmol) and B9 (32.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 40.6 mg with 65.2% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.59 (d, J = 7.7 Hz, 1H), 7.51 (t, J = 8.0 Hz, 

1H), 7.45 (d, J = 7.8 Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 7.08-7.00 (m, 2H), 6.74 (t, J = 

8.3 Hz, 2H), 4.96 (s, 1H), 4.14 (d, J = 2.5 Hz, 3H), 3.29 (q, J = 5.3 Hz, 2H), 3.04-2.94 

(m, 3H), 2.90 (dd, J = 10.9, 4.1 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 156.4, 

145.8, 133.4, 133.1, 129.3, 127.1, 127.1, 127.0, 127.0, 126.7, 126.6, 126.6, 126.5, 

125.1, 123.9, 122.4, 120.5, 118.9, 118.6, 115.9, 113.7, 113.4, 113.1, 112.9, 111.9, 71.0, 

68.6, 51.0, 48.1, 42.8. HRMS(ESI): calcd for C19H20F6N3O2, [M + H]+ 423.1507; 

found, 423.1509. HPLC purity: 96.79%. 

4-(2-hydroxy-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propoxy)benzonitrile(GⅠ-24) 

To a solution of A10 (30 mg, 0.15 mmol) and B10 (25.7 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 
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drops of aqueous ammonia). White solid was achieved in 42.1 mg with 75.4% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.63-7.57 (m, 2H), 7.46 (d, J = 7.8 Hz, 1H), 

7.39 (t, J = 7.9 Hz, 1H), 7.00-6.95 (m, 2H), 6.79-6.72 (m, 2H), 4.91 (s, 1H), 4.15-4.06 

(m, 3H), 3.34-3.25 (m, 2H), 3.07-2.93 (m, 3H), 2.84 (dd, J = 12.3, 6.3 Hz, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 161.8, 145.7, 145.7, 134.0, 133.2, 126.8, 126.7, 

126.7, 126.6, 123.9, 119.1, 116.1, 115.2, 113.7, 113.4, 111.9, 104.4, 70.6, 68.5, 51.1, 

48.1, 42.9. HRMS(ESI): calcd for C19H20F3N3O2, [M + H]+ 380.1586; found, 

380.1590. HPLC purity: 96.25%. 

1-((4-(trifluoromethyl)phenyl)amino)-3-((2-((5-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-25) 

To a solution of A5 (30 mg, 0.15 mmol) and B11 (31.8 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 36.2 mg with 58.8% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.32 (s, 1H), 7.59 (d, J = 8.8 Hz, 1H), 7.40 (d, J 

= 8.3 Hz, 2H), 6.62 (d, J = 8.3 Hz, 2H), 6.42 (d, J = 8.9 Hz, 1H), 5.40 (t, J = 5.7 Hz, 

1H), 4.58 (s, 1H), 3.94 (m, J = 8.0, 3.8 Hz, 1H), 3.48 (q, J = 5.8 Hz, 2H), 3.30 (dd, J = 

12.9, 3.7 Hz, 1H), 3.13 (dd, J = 12.8, 7.1 Hz, 1H), 2.99-2.39 (m, 6H). 13C NMR (101 

MHz, Chloroform-d) δ 160.3, 150.7, 146.0, 146.0, 145.9, 134.5, 134.4, 128.9, 126.7, 

126.6, 126.6, 126.6, 126.2, 125.9, 123.6, 123.2, 119.3, 119.0, 118.6, 115.9, 115.5, 

115.2, 112.1, 106.5, 68.3, 52.8, 52.8, 48.7, 47.3, 47.3, 41.6. HRMS(ESI): calcd for 

C18H21F6N4O, [M + H]+ 423.1620; found, 423.1614. HPLC purity: 98.89%. 

1-(benzyloxy)-3-((2-((5-(trifluoromethyl)pyridin-2-yl)amino)ethyl)amino)propan-

2-ol (GⅠ-26) 

To a solution of A5 (30 mg, 0.15 mmol) and B13 (24 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 
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stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 39.9 mg with 73.3% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.33 (d, J = 2.1 Hz, 1H), 7.57 (dd, J = 8.9, 2.4 

Hz, 1H), 7.41-7.29 (m, 5H), 6.42 (d, J = 8.8 Hz, 1H), 5.42 (s, 1H), 4.57 (s, 2H), 3.94 

(m, J = 7.6, 4.1 Hz, 1H), 3.57-3.44 (m, 4H), 2.91 (t, J = 5.8 Hz, 2H), 2.75 (m, J = 12.2, 

5.8 Hz, 2H). 13C NMR (101 MHz, Chloroform-d) δ 160.3, 146.0, 146.0, 145.9, 137.8, 

134.3, 134.2, 134.2, 134.2, 128.5, 127.9, 127.8, 125.9, 123.3, 115.6, 115.3, 106.8, 

73.5, 72.7, 69.0, 51.7, 48.5, 41.3. HRMS(ESI): calcd for C18H22F3N3O2, [M + H]+ 

370.1742; found, 370.1734. HPLC purity: 95.09%. 

1-((4-(trifluoromethyl)benzyl)oxy)-3-((2-((5-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-27) 

To a solution of A5 (30 mg, 0.15 mmol) and B14 (33.9 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 37.1 mg with 58.7% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.32 (d, J = 2.3 Hz, 1H), 7.65-7.53 (m, 3H), 

7.44 (d, J = 8.0 Hz, 2H), 6.41 (d, J = 8.8 Hz, 1H), 5.50 (t, J = 5.5 Hz, 1H), 4.61 (s, 

2H), 3.95 (m, J = 7.8, 6.1, 3.9 Hz, 1H), 3.58-3.49 (m, 2H), 3.45 (q, J = 5.7 Hz, 2H), 

2.90 (t, J = 5.8 Hz, 2H), 2.80-2.69 (m, 2H). 13C NMR (101 MHz, Chloroform-d) δ 

160.3, 146.0, 145.9, 142.0, 134.3, 134.3, 130.1, 129.8, 127.6, 125.9, 125.4, 125.4, 

125.4, 125.3, 123.2, 122.7, 115.6, 115.2, 106.6, 73.2, 72.6, 69.1, 51.7, 48.5, 41.4. 

HRMS(ESI): calcd for C19H21F6N3O2, [M + H]+ 438.1616; found, 438.1612. HPLC 

purity: 97.4%. 

1-((3-(trifluoromethyl)benzyl)oxy)-3-((2-((5-(trifluoromethyl)pyridin-2-
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yl)amino)ethyl)amino)propan-2-ol (GⅠ-28) 

To a solution of A5 (30 mg, 0.15 mmol) and B15 (33.9 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 33.8 mg with 53.5% yield. 

1H NMR (400 MHz, Chloroform-d) δ 8.33 (d, J = 2.3 Hz, 1H), 7.61-7.46 (m, 5H), 

6.42 (d, J = 8.8 Hz, 1H), 5.36 (s, 1H), 4.62 (s, 2H), 3.95 (m, J = 7.9, 6.3, 3.9 Hz, 1H), 

3.59-3.52 (m, 2H), 3.47 (q, J = 5.7 Hz, 2H), 2.92 (t, J = 5.8 Hz, 2H), 2.83-2.69 (m, 

2H). 13C NMR (101 MHz, Chloroform-d) δ 160.3, 139.0, 130.8, 128.9, 124.6, 124.2, 

115.3, 73.1, 72.7, 69.1, 51.7, 48.5, 41.4. HRMS(ESI): calcd for C19H21F6N3O2, [M + 

H]+ 438.1616; found, 438.1629. HPLC purity: 93.05% 

1-((2-(trifluoromethyl)benzyl)oxy)-3-((2-((5-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-29) 

To a solution of A5 (30 mg, 0.15 mmol) and B16 (33.9 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Pale yellow solid was achieved in 34.2 mg with 54.1% yield. 

1H NMR (600 MHz, Chloroform-d) δ 8.33-8.30 (m, 1H), 7.66 (t, J = 7.6 Hz, 2H), 

7.58-7.53 (m, 2H), 7.40 (t, J = 7.7 Hz, 1H), 6.42 (d, J = 8.8 Hz, 1H), 5.49 (s, 1H), 

4.74 (s, 2H), 3.97 (m, J = 10.1, 7.5, 3.2 Hz, 1H), 3.59 (dd, J = 9.6, 3.9 Hz, 1H), 3.55 

(dd, J = 9.6, 6.3 Hz, 1H), 3.48-3.44 (m, 2H), 2.91 (t, J = 5.8 Hz, 2H), 2.79 (dd, J = 

12.2, 3.7 Hz, 1H), 2.74 (dd, J = 12.2, 8.0 Hz, 1H). 13C NMR (151 MHz, Chloroform-d) 

δ 160.3, 146.0, 146.0, 146.0, 145.9, 136.5, 134.3, 134.2, 134.2, 134.2, 132.0, 129.1, 

128.0, 127.8, 127.6, 127.4, 127.3, 127.0, 125.9, 125.9, 125.9, 125.8, 125.5, 125.2, 
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123.7, 123.4, 121.9, 121.6, 115.7, 115.5, 115.2, 115.0, 73.4, 69.5, 69.1, 51.7, 48.5, 

41.4. HRMS(ESI): calcd for C19H21F6N3O2, [M + H]+ 438.1616; found, 438.1628. 

HPLC purity: 94.01% 

1-((4-(trifluoromethyl)benzyl)thio)-3-((2-((5-(trifluoromethyl)pyridin-2-

yl)amino)ethyl)amino)propan-2-ol (GⅠ-30) 

To a solution of A5 (30 mg, 0.15 mmol) and B17 (36.3 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 43.7 mg with 65.9% yield. 1H 

NMR (400 MHz, Chloroform-d) δ 8.38-8.28 (m, 1H), 7.58 (dd, J = 8.6, 3.2 Hz, 3H), 

7.45 (d, J = 8.0 Hz, 2H), 6.43 (d, J = 8.8 Hz, 1H), 5.38 (s, 1H), 3.81 (s, 3H), 3.46 (q, J 

= 5.7 Hz, 2H), 2.89 (m, J = 5.7, 1.4 Hz, 2H), 2.78 (dd, J = 12.1, 3.3 Hz, 1H), 2.65-

2.51 (m, 3H). 13C NMR (101 MHz, Chloroform-d) δ 160.3, 146.1, 146.0, 146.0, 146.0, 

142.3, 134.4, 134.3, 134.3, 134.3, 129.6, 129.3, 129.2, 125.9, 125.6, 125.5, 125.5, 

125.5, 125.4, 123.2, 122.7, 115.7, 115.3, 106.6, 68.7, 53.9, 48.5, 41.5, 36.3, 36.2. 

HRMS(ESI): calcd for C19H21F6N3OS, [M + H]+ 454.1388; found, 454.1385. HPLC 

purity: 93.19%. 

1-((2-((5-nitropyridin-2-yl)amino)ethyl)amino)-3-((4-

(trifluoromethyl)benzyl)oxy)propan-2-ol (GⅠ-31) 

To a solution of A9 (30 mg, 0.16 mmol) and B14 (38.2 mg, 0.16 mmol) in ethanol, 

DIPEA (42.6 mg, 0.33 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). Yellow solid was achieved in 43.1 mg with 69.7% yield. 1H 

NMR (600 MHz, Chloroform-d) δ 9.02 (d, J = 2.7 Hz, 1H), 8.18 (d, J = 9.1 Hz, 1H), 
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7.63 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 7.9 Hz, 2H), 6.38 (d, J = 9.2 Hz, 1H), 5.95 (s, 

1H), 4.63 (s, 2H), 3.96 (m, J = 10.4, 3.8 Hz, 1H), 3.59-3.50 (m, 4H), 2.95 (t, J = 5.8 

Hz, 2H), 2.81 (dd, J = 12.2, 3.7 Hz, 1H), 2.74 (dd, J = 12.2, 7.9 Hz, 1H). 13C NMR 

(151 MHz, Chloroform-d) δ 161.1, 147.0, 141.9, 135.8, 130.2, 129.9, 127.6, 125.5, 

125.4, 125.4, 125.4, 125.0, 123.2, 121.4, 73.1, 72.7, 69.2, 51.6, 48.2, 41.5. 

HRMS(ESI): calcd for C18H21F3N4O4, [M + H]+ 415.1593; found, 415.1601.  HPLC 

purity: 98.35%. 

1-((4-(trifluoromethyl)benzyl)oxy)-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-32) 

To a solution of A10 (30 mg, 0.15 mmol) and B14 (34.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 39.9 mg with 62.2% yield. 

1H NMR (600 MHz, Chloroform-d) δ 7.61 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 7.9 Hz, 

3H), 7.41-7.36 (m, 1H), 6.75 (d, J = 7.9 Hz, 2H), 4.94 (d, J = 5.4 Hz, 1H), 4.62 (s, 

2H), 3.94 (m, J = 6.8, 4.0 Hz, 1H), 3.56 (m, J = 9.7, 5.1 Hz, 2H), 3.27 (q, J = 5.6 Hz, 

2H), 3.00-2.92 (m, 2H), 2.81 (m, J = 11.9, 4.1, 1.5 Hz, 1H), 2.73 (m, J = 12.1, 7.3, 1.1 

Hz, 1H). 13C NMR (151 MHz, Chloroform-d) δ 145.8, 142.1, 133.1, 120.0, 129.8, 

127.6, 126.7, 126.7, 126.6, 126.6, 126.1, 125.4, 125.4, 125.4, 125.3, 125.0, 124.3, 

123.2, 115.9, 113.6, 113.4, 111.9, 73.1, 72.6, 69.3, 51.4, 48.0, 42.9. HRMS(ESI): 

calcd for C20H22F6N2O2, [M + H]+ 437.1664; found, 437.1669. HPLC purity: 92.05%. 

1-((3-(trifluoromethyl)benzyl)oxy)-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-33) 

To a solution of A10 (30 mg, 0.15 mmol) and B15 (34.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 
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temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 38.1 mg with 59.4% yield. 

1H NMR (600 MHz, Chloroform-d) δ 7.62 (s, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.53 (d, J 

= 7.7 Hz, 1H), 7.49-7.44 (m, 2H), 7.40-7.36 (m, 1H), 6.74 (t, J = 8.1 Hz, 2H), 4.94 (t, 

J = 5.1 Hz, 1H), 4.61 (s, 2H), 3.94 (m, J = 7.9, 6.5, 4.0 Hz, 1H), 3.57 (m, J = 9.7, 5.1 

Hz, 2H), 3.26 (q, J = 5.7 Hz, 2H), 2.96 (h, J = 5.9 Hz, 2H), 2.81 (dd, J = 12.1, 4.1 Hz, 

1H), 2.72 (dd, J = 12.1, 7.3 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 145.8, 

145.8, 145.8, 139.1, 133.1, 130.8, 130.6, 128.9, 128.8, 126.7, 126.6, 126.6, 126.5, 

125.5, 124.6, 124.5, 124.5, 124.5, 124.4, 124.3, 124.3, 124.2, 124.2, 123.9, 122.8, 

115.9, 113.9, 113.7, 113.6, 113.4, 113.3, 113.1, 111.9, 111.8, 73.1, 72.7, 69.2, 51.4, 

48.0, 42.8. HRMS(ESI): calcd for C20H22F6N2O2, [M + H]+ 437.1664; found, 

437.1664. HPLC purity: 98.51%. 

1-((2-(trifluoromethyl)benzyl)oxy)-3-((2-((2-

(trifluoromethyl)phenyl)amino)ethyl)amino)propan-2-ol (GⅠ-34) 

To a solution of A10 (30 mg, 0.15 mmol) and B16 (34.1 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

refluxed for 3 hours and monitored to react completely. The mixture was concentrated 

and purified by column chromatography on silica gel with the elution fluid of 

DCM/MeOH (200:1-100:1, with additional drops of aqueous ammonia). White solid 

was achieved in 42.9 mg with 67.6% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.67 

(d, J = 7.9 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.42 (m, J = 24.0, 7.9 Hz, 3H), 6.74 (t, J 

= 8.1 Hz, 2H), 4.94 (d, J = 5.3 Hz, 1H), 4.76 (s, 2H), 3.96 (m, J = 6.2, 4.1 Hz, 1H), 

3.60 (h, J = 5.8 Hz, 2H), 3.27 (q, J = 5.6 Hz, 2H), 2.97 (m, J = 5.7, 2.0 Hz, 2H), 2.86-

2.71 (m, 2H). 13C NMR (101 MHz, Chloroform-d) δ 145.8, 145.8, 145.8, 136.7, 136.7, 

133.1, 132.0, 129.3, 129.1, 128.4, 128.2, 127.9, 127.6, 127.3, 126.7, 126.7, 126.6, 

126.6, 126.5, 125.9, 125.9, 125.8, 125.8, 125.7, 123.9, 123.0, 120.2, 115.9, 114.0, 

113.7, 113.4, 113.1, 111.9, 73.3, 69.5, 69.2, 51.5, 48.0, 42.9. HRMS(ESI): calcd for 

C20H22F6N2O2, [M + H]+ 437.1664; found, 437.1663. HPLC purity: 99.4%. 
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N-(2-((2-hydroxy-3-(4-(trifluoromethyl)phenoxy)propyl)amino)ethyl)-2-

(trifluoromethyl)benzenesulfonamide (GⅠ-35) 

To a solution of A16 (30 mg, 0.11 mmol) and B16 (24.4 mg, 0.11 mmol) in ethanol, 

DIPEA (28.9 mg, 0.22 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (100:1-50:1, with additional drops 

of aqueous ammonia). White solid was achieved in 37.7 mg with 69.3% yield. 1H 

NMR (600 MHz, DMSO-d6) δ 8.11 (dd, J = 8.1, 3.0 Hz, 1H), 7.98 (dd, J = 8.1, 2.6 Hz, 

1H), 7.89 (t, J = 7.7 Hz, 1H), 7.83 (t, J = 7.7 Hz, 1H), 7.63 (dd, J = 9.0, 2.8 Hz, 2H), 

7.11 (d, J = 8.5 Hz, 2H), 5.06 (s, 1H), 4.02 (m, J = 9.9, 4.4, 1.6 Hz, 1H), 3.93 (m, J = 

9.3, 6.2, 2.5 Hz, 1H), 3.84 (h, J = 5.6 Hz, 1H), 2.99-2.93 (m, 2H), 2.61 (m, J = 12.9, 

5.1, 4.2 Hz, 3H), 2.54 (m, J = 10.7, 6.5, 3.7 Hz, 1H). 13C NMR (151 MHz, DMSO-d6) 

δ 162.0, 140.0, 133.7, 133.7, 133.2, 133.2, 130.4, 128.9, 128.9, 128.8, 128.8, 127.4, 

127.3, 127.3, 127.3, 126.7, 126.5, 126.5, 126.1, 125.9, 124.3, 124.1, 122.5, 121.8, 

121.5, 121.3, 121.3, 115.4, 71.4, 68.5, 52.3, 49.2, 43.3. HRMS(ESI): calcd for 

C19H20F6N2O4S, [M + H]+ 487.1126; found, 487.1132. HPLC purity: 99.23%. 

1-(4-(trifluoromethyl)phenoxy)-3-((2-(2-

(trifluoromethyl)phenoxy)ethyl)amino)propan-2-ol (GⅠ-36) 

To a solution of A17 (30 mg, 0.15 mmol) and B7 (31.9 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 37.4 mg with 60.3% yield. 

1H NMR (600 MHz, DMSO-d6) δ 7.62 (dd, J = 16.9, 8.2 Hz, 4H), 7.27 (d, J = 8.4 Hz, 

1H), 7.10 (t, J = 8.2 Hz, 3H), 5.09 (d, J = 5.0 Hz, 1H), 4.16 (t, J = 5.6 Hz, 2H), 4.04 

(dd, J = 9.8, 4.5 Hz, 1H), 3.96 (dd, J = 9.8, 6.1 Hz, 1H), 3.90 (t, J = 5.9 Hz, 1H), 2.94 
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(t, J = 5.6 Hz, 2H), 2.76 (dd, J = 12.0, 4.8 Hz, 1H), 2.68 (dd, J = 11.9, 6.7 Hz, 1H). 

113C NMR (151 MHz, DMSO-d6) δ 162.0, 156.9, 134.7, 130.1, 127.4, 127.4, 127.3, 

127.3, 127.1, 127.1, 127.1, 126.0, 125.2, 124.2, 123.4, 121.5, 121.3, 120.7, 117.8, 

117.6, 117.4, 115.4, 114.1, 71.4, 69.0, 68.5, 52.5, 48.6. HRMS(ESI): calcd for 

C19H19F6NO3, [M + H]+ 424.1347; found, 424.1355. HPLC purity: 95.69%. 

1-(4-(trifluoromethyl)phenoxy)-3-((2-((2-

(trifluoromethyl)phenyl)thio)ethyl)amino)propan-2-ol (GⅠ-37) 

To a solution of A18 (30 mg, 0.14 mmol) and B7 (29.6 mg, 0.14 mmol) in ethanol, 

DIPEA (35.1 mg, 0.27 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 34.5 mg with 58.1% yield. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 (d, J = 7.9 Hz, 1H), 7.59-7.46 (m, 4H), 

7.33 (t, J = 7.6 Hz, 1H), 6.99 (d, J = 8.4 Hz, 2H), 4.08-4.01 (m, 3H), 3.17 (m, J = 6.4, 

2.2 Hz, 2H), 2.99-2.87 (m, 3H), 2.83-2.76 (m, 1H). 13C NMR (101 MHz, Chloroform-

d) δ 161.1, 135.4, 132.0, 131.6, 130.6, 130.3, 127.0, 127.0, 127.0, 126.9, 126.9, 126.9, 

126.3, 125.7, 125.1, 123.4, 123.1, 123.0, 122.4, 120.3, 114.5, 70.5, 68.2, 51.1, 47.9, 

35.2. HRMS(ESI): calcd for C19H19F6NO2S, [M + H]+ 440.1119; found, 440.1120. 

HPLC purity: 98.46%. 

1-((2-((2-(trifluoromethyl)phenyl)amino)ethyl)amino)-3-((4-

(trifluoromethyl)phenyl)thio)propan-2-ol (GⅠ-38) 

To a solution of A10 (30 mg, 0.15 mmol) and B12 (34.4 mg, 0.15 mmol) in ethanol, 

DIPEA (37.8 mg, 0.29 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). White solid was achieved in 34.3 mg with 70.7% yield. 
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1H NMR (400 MHz, Chloroform-d) δ 7.53 (d, J = 8.2 Hz, 2H), 7.42 (m, J = 15.6, 7.9 

Hz, 4H), 6.75 (dd, J = 8.1, 5.4 Hz, 2H), 4.87 (s, 1H), 3.86 (m, J = 7.3, 3.9 Hz, 1H), 

3.34-3.22 (m, 2H), 3.20-3.09 (m, 2H), 3.03-2.88 (m, 3H), 2.72 (dd, J = 12.2, 7.5 Hz, 

1H). 13C NMR (101 MHz, Chloroform-d) δ 145.7, 145.7, 141.3, 133.1, 128.4, 128.1, 

128.0, 127.7, 126.8, 126.7, 126.7, 126.6, 126.6, 125.8, 125.8, 125.7, 125.7, 125.4, 

123.9, 122.7, 116.1, 113.7, 113.4, 111.9, 68.5, 53.4, 48.0, 42.9, 37.7. HRMS(ESI): 

calcd for C19H20F6N2OS, [M + H]+ 439.1279; found, 439.1279. HPLC purity: 96.13%. 

1-((4-(trifluoromethyl)phenyl)thio)-3-((2-((2-

(trifluoromethyl)phenyl)thio)ethyl)amino)propan-2-ol (GⅠ-39) 

To a solution of A18 (30 mg, 0.14 mmol) and B12 (31.8 mg, 0.14 mmol) in ethanol, 

DIPEA (35.1 mg, 0.27 mmol) was added at room temperature. The solution was 

stirred at reflux for 8 hours and monitored to react completely. After warming to room 

temperature, the mixture was concentrated and purified by column chromatography 

on silica gel with the elution fluid of DCM/MeOH (200:1-100:1, with additional 

drops of aqueous ammonia). Pale yellow solid was achieved in 46.8 mg with 66.4% 

yield. 1H NMR (600 MHz, Chloroform-d) δ 7.70 -7.67 (m, 1H), 7.54 (t, J = 8.6 Hz, 

3H), 7.49 (t, J = 7.7 Hz, 1H), 7.43 (d, J = 8.2 Hz, 2H), 7.33 (t, J = 7.6 Hz, 1H), 3.82 

(m, J = 12.0, 6.1, 3.6 Hz, 1H), 3.18-3.10 (m, 4H), 2.93-2.84 (m, 3H), 2.65 (dd, J = 

12.2, 8.1 Hz, 1H). 13C NMR (151 MHz, Chloroform-d) δ 141.5, 135.4, 132.0, 131.6, 

130.6, 130.4, 127.9, 127.9, 127.7, 127.5, 127.0, 127.0, 126.9, 126.9, 126.3, 125.8, 

125.8, 125.7, 125.7, 125.0, 124.6, 123.2, 122.8, 68.2, 53.3, 47.8, 37.5, 35.2. 

HRMS(ESI): calcd for C19H19F6NOS2, [M + H]+ 456.0890; found, 456.0893. HPLC 

purity: 95.63%. 

5.1.3 The synthesis on intermediates of aromatic derivatives 

1-(4-((5-(trifluoromethyl)pyridin-2-yl)amino)phenyl)ethan-1-one (C1) 

To a solution of 2-chloro-5-(trifluoromethyl)pyridine (1 g, 5.51 mmol), 1-(4-

aminophenyl)ethan-1-one (893.5 mg, 6.61 mmol) in toluene, Pd(OAc)2 (224.5 mg, 
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1.1 mmol), X-Phos (525.2 mg, 1.1 mmol) and Cs2CO3 (2.7 g, 8.26 mmol) was added. 

The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to room 

temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (100:1-50:1). Pale 

yellow solid was achieved in 1.35 g with 87.8% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 8.44 (d, J = 2.7 Hz, 1H), 8.02 (d, J = 8.6 Hz, 1H), 7.60 (d, J = 8.4 Hz, 

2H), 7.53 (dd, J = 8.7, 2.7 Hz, 1H), 7.25 (d, J = 8.3 Hz, 2H), 6.64-6.53 (m, 1H), 2.70 

(s, 3H). 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (C2) 

To a solution of 1-iodo-4-(trifluoromethyl)benzene (1 g, 3.68 mmol), 1-(4-

aminophenyl)ethan-1-one (596.3 mg, 4.41 mmol) in toluene, Pd(OAc)2 (165.1 mg, 

0.74 mmol), X-Phos (350.5 mg, 0.74 mmol) and Cs2CO3 (1.8 g, 5.51 mmol) was 

added. The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to 

room temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). Pale 

yellow solid was achieved in 867.3 mg with 84.2% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.96-7.92 (m, 2H), 7.58 (d, J = 8.3 Hz, 2H), 7.24 (d, J = 8.3 Hz, 2H), 

7.15-7.11 (m, 2H), 6.47 (s, 1H), 2.58 (s, 3H). 

1-(4-((3-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (C3) 

To a solution of 1-iodo-3-(trifluoromethyl)benzene (1 g, 3.68 mmol), 1-(4-

aminophenyl)ethan-1-one (596.3 mg, 4.41 mmol) in toluene, Pd(OAc)2 (165.1 mg, 

0.74 mmol), X-Phos (350.5 mg, 0.74 mmol) and Cs2CO3 (1.8 g, 5.51 mmol) was 

added. The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to 

room temperature and filtration with diatomite, water was added and the filtrate was 



113 

 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). Pale 

yellow solid was achieved in 889.9 mg with 86.4% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.96-7.91 (m, 2H), 7.49-7.42 (m, 2H), 7.38-7.30 (m, 2H), 7.10-7.04 

(m, 2H), 6.21 (s, 1H), 2.58 (s, 3H).  

1-(4-((2-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (C4) 

To a solution of 1-iodo-2-(trifluoromethyl)benzene (1 g, 3.68 mmol), 1-(4-

aminophenyl)ethan-1-one (596.3 mg, 4.41 mmol) in toluene, Pd(OAc)2 (165.1 mg, 

0.74 mmol), X-Phos (350.5 mg, 0.74 mmol) and Cs2CO3 (1.8 g, 5.51 mmol) was 

added. The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to 

room temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). Pale 

yellow solid was achieved in 869.3 mg with 84.4% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.77 (dd, J = 8.6, 1.3 Hz, 2H), 7.55 (d, J = 7.9 Hz, 1H), 7.42-7.37 (m, 

2H), 7.07 (dt, J = 8.4, 4.1 Hz, 1H), 6.90 (dd, J = 8.6, 1.3 Hz, 2H), 6.56 (s, 1H), 2.43 (d, 

J = 1.2 Hz, 3H). 

1-(4-((4-methoxyphenyl)amino)phenyl)ethan-1-one (C5) 

To a solution of 1-iodo-4-methoxybenzene (1 g, 4.27 mmol), 1-(4-

aminophenyl)ethan-1-one (693.1 mg, 5.13 mmol) in toluene, Pd(OAc)2 (191.9 mg, 

0.85 mmol), X-Phos (407.4 mg, 0.85 mmol) and Cs2CO3 (2.09 g, 6.41 mmol) was 

added. The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to 

room temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). Pale 
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yellow solid was achieved in 787.9 mg with 76.5% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.89-7.81 (m, 2H), 7.19-7.14 (m, 2H), 6.96-6.91 (m, 2H), 6.86-6.81 

(m, 2H), 6.05-5.97 (m, 1H), 3.85 (s, 3H), 2.53 (s, 3H).  

1-(4-((4-(methylthio)phenyl)amino)phenyl)ethan-1-one (C6) 

To a solution of (4-iodophenyl)(methyl)sulfane (1 g, 4 mmol), 1-(4-

aminophenyl)ethan-1-one (648.5 mg, 4.8 mmol) in toluene, Pd(OAc)2 (179.5 mg, 

0.79 mmol), X-Phos (381.2 mg, 0.79 mmol) and Cs2CO3 (1.95 g, 6 mmol) was added. 

The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to room 

temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). Pale 

yellow solid was achieved in 748.8 mg with 72.7% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.88-7.83 (m, 2H), 7.29-7.24 (m, 2H), 7.14-7.10 (m, 2H), 7.01 (s, 

1H), 6.98-6.94 (m, 2H), 6.73 (s, 1H), 2.54 (s, 3H), 2.49 (s, 3H). 

2-((4-acetylphenyl)amino)benzonitrile (C7) 

To a solution of 2-iodobenzonitrile (1 g, 4.37 mmol), 1-(4-aminophenyl)ethan-1-one 

(708.2 mg, 5.24 mmol) in toluene, Pd(OAc)2 (196.1 mg, 0.87 mmol), X-Phos (416.3 

mg, 0.87 mmol) and Cs2CO3 (2.13 g, 6.55 mmol) was added. The mixture was stirred 

under nitrogen at 120 ℃ for 8 hours. After cooling to room temperature and filtration 

with diatomite, water was added and the filtrate was extracted with ethyl acetate for 

three times and washed with saturated brine. The combined organic layer was dried 

over anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of Hexane/EA (100:1-50:1). Pale yellow solid was achieved in 672.6 mg 

with 65.3% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.00-7.96 (m, 2H), 7.61 (dd, 

J = 7.7, 1.5 Hz, 1H), 7.54-7.44 (m, 2H), 7.20 (d, J = 8.7 Hz, 2H), 7.07-7.02 (m, 1H), 

6.55 (s, 1H), 2.60 (s, 3H).  

1-(4-(4-(trifluoromethyl)phenoxy)phenyl)ethan-1-one (C8) 
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To a solution of 4-(trifluoromethyl)phenol (1 g, 6.17 mmol) in NMP, 1-(4-

fluorophenyl)ethan-1-one (852.1 mg, 6.17 mmol) and Cs2CO3 (4.02 g, 12.34 mmol) 

was added. The mixture was stirred at 120 ℃ under nitrogen for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, water was added and the filtrate was extracted with ethyl acetate for three 

times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of Hexane/EA (200:1-100:1). Pale yellow solid was achieved in 1.54 g 

with 89.1% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.03-7.99 (m, 2H), 7.66 (d, J 

= 8.5 Hz, 2H), 7.15 (d, J = 8.3 Hz, 2H), 7.11-7.07 (m, 2H), 2.62 (s, 3H).  

1-(4-((4-(trifluoromethyl)phenyl)thio)phenyl)ethan-1-one (C9) 

To a solution of 4-(trifluoromethyl)benzenethiol (1 g, 5.61 mmol) in NMP, 1-(4-

fluorophenyl)ethan-1-one (775.3 mg, 5.61 mmol) and Cs2CO3 (3.66 g, 11.23 mmol) 

was added. The mixture was stirred at 120 ℃ under nitrogen for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, water was added and the filtrate was extracted with ethyl acetate for three 

times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of Hexane/EA (200:1-100:1). Yellow solid was achieved in 1.03 g with 

62.3% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.94-7.90 (m, 2H), 7.61 (d, J = 8.5 

Hz, 2H), 7.49 (d, J = 8.2 Hz, 2H), 7.42-7.38 (m, 2H), 2.61 (s, 3H). 

1-(6-((4-(trifluoromethyl)phenyl)amino)pyridin-3-yl)ethan-1-one (C10) 

To a solution of 4-(trifluoromethyl)aniline (1 g, 6.21 mmol) and 1-(6-bromopyridin-3-

yl)ethan-1-one (1.24 g, 6.21 mmol) in toluene, Pd2(dba)3 (1.14 g, 1.24 mmol), X-Phos 

(1.18 g, 2.48 mmol) and Cs2CO3 (3.03 g, 9.31 mmol) was added. The mixture was 

stirred under nitrogen at 80 ℃ for 24 hours. After cooling to room temperature and 

filtration with diatomite, water was added and the filtrate was extracted with ethyl 

acetate for three times and washed with saturated brine. The combined organic layer 
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was dried over anhydrous Na2SO4 and purified by column chromatography on silica 

gel with the elution fluid of Hexane/EA (100:1-50:1). Pale yellow solid was achieved 

in 1.48 g with 85.5% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.88 (s, 1H), 8.15 

(dd, J = 8.8, 2.2 Hz, 1H), 7.63 (s, 4H), 7.18 (s, 1H), 6.88 (d, J = 8.8 Hz, 1H), 2.59 (s, 

3H). 

1-(2-(trifluoromethyl)-4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one 

(C11) 

To a solution of 4-(trifluoromethyl)aniline (1 g, 6.21 mmol), 1-(4-bromo-2-

(trifluoromethyl)phenyl)ethan-1-one (1.66 g, 6.21 mmol) in toluene, Pd2(dba)3 (1.14 g, 

1.24 mmol), X-Phos (1.18 g, 2.48 mmol) and Cs2CO3 (3.03 g, 9.31 mmol) was added. 

The mixture was stirred under nitrogen at 80 ℃ for 24 hours. After cooling to room 

temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). 

White solid was achieved in 1.98 g with 92.1% yield. 1H NMR (400 MHz, DMSO-d6) 

δ 9.39 (s, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 7.5 Hz, 

2H), 7.33 (d, J = 8.4 Hz, 2H). 

1-(4-((4-(trifluoromethyl)thiazol-2-yl)amino)phenyl)ethan-1-one (C12) 

To a solution of 4-(trifluoromethyl)thiazol-2-amine (1 g, 5.95 mmol), 1-(4-

bromophenyl)ethan-1-one (1.18 g, 5.95 mmol) in toluene, Pd2(dba)3 (1.09 g, 1.19 

mmol), X-Phos (1.13 g, 2.38 mmol) and Cs2CO3 (2.91 g, 8.92 mmol) was added. The 

mixture was stirred under nitrogen at 80 ℃ for 24 hours. After cooling to room 

temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (100:1-50:1). Pale 

yellow solid was achieved in 999.6 mg with 58.8% yield. 1H NMR (400 MHz, 
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Chloroform-d) δ 8.05-8.01 (m, 2H), 7.55 (s, 1H), 7.50-7.46 (m, 2H), 7.21 (s, 1H), 

2.61 (s, 3H).  

1-(3-((2-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (C13) 

To a solution of 1-iodo-2-(trifluoromethyl)benzene (1 g, 3.68 mmol), 1-(3-

aminophenyl)ethan-1-one (596.3 mg, 4.41 mmol) in toluene, Pd(OAc)2 (165.1 mg, 

0.74 mmol), X-Phos (350.5 mg, 0.74 mmol) and Cs2CO3 (1.8 g, 5.51 mmol) was 

added. The mixture was stirred under nitrogen at 120 ℃ for 8 hours. After cooling to 

room temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). Pale 

yellow solid was achieved in 855.9 mg with 83.1% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.69 (t, J = 2.0 Hz, 1H), 7.61 (m, J = 6.3, 4.4, 3.1 Hz, 2H), 7.46-7.39 

(m, 2H), 7.36 (d, J = 8.3 Hz, 1H), 7.31 (m, J = 8.0, 2.4, 1.1 Hz, 1H), 7.04 (t, J = 7.6 

Hz, 1H), 6.15 (s, 1H), 2.62 (s, 3H). 

2-bromo-1-(4-((5-(trifluoromethyl)pyridin-2-yl)amino)phenyl)ethan-1-one (D1) 

To a solution of C1 (500 mg, 1.78 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(438.3 mg, 1.96 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (100:1-50:1). Yellow solid was 

achieved in 316.5 mg with 49.4% yield. 1H NMR (600 MHz, Chloroform-d) δ 8.57 (s, 

1H), 8.04-8.01 (m, 2H), 7.80 (dd, J = 8.8, 2.4 Hz, 1H), 7.65-7.62 (m, 2H), 7.16 (s, 

1H), 6.97 (dd, J = 8.9, 4.3 Hz, 1H), 4.45 (s, 2H). 

2-bromo-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (D2) 

To a solution of C2 (500 mg, 1.79 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(439.9 mg, 1.97 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 
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monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Yellow solid was 

achieved in 284.1 mg with 44.3% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.97 (d, 

J = 8.4 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.5 Hz, 

2H), 6.34 (s, 1H), 4.41 (s, 2H).  

2-bromo-1-(4-((3-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (D3) 

To a solution of C3 (500 mg, 1.79 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(439.9 mg, 1.97 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA Hexane/EA (200:1-150:1). Yellow solid 

was achieved in 262.3 mg with 40.9% yield. 1H NMR (400 MHz, Chloroform-d) δ 

7.97 (d, J = 2.0 Hz, 1H), 7.95 (d, J = 2.1 Hz, 1H), 7.52-7.44 (m, 2H), 7.41-7.34 (m, 

2H), 7.07 (d, J = 2.0 Hz, 1H), 7.06 (d, J = 2.0 Hz, 1H), 6.27 (s, 1H), 4.41 (s, 2H). 

2-bromo-1-(4-((2-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (D4) 

To a solution of C4 (500 mg, 1.79 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(439.9 mg, 1.97 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Yellow solid was 

achieved in 278.9 mg with 43.5% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.24 (d, 

J = 2.1 Hz, 1H), 7.81 (dt, J = 8.7, 2.1 Hz, 1H), 7.75 (dd, J = 8.0, 1.5 Hz, 1H), 7.63-

7.57 (m, 1H), 7.54 (d, J = 8.2 Hz, 1H), 7.35-7.30 (m, 1H), 7.07 (dd, J = 8.6, 1.9 Hz, 

1H), 6.89 (s, 1H), 4.36 (d, J = 2.0 Hz, 2H). 

2-bromo-1-(4-((4-methoxyphenyl)amino)phenyl)ethan-1-one (D5) 

To a solution of C5 (500 mg, 2.07 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 
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(509.1 mg, 2.28 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Yellow solid was 

achieved in 244.2 mg with 36.8% yield. 1H NMR (600 MHz, Chloroform-d) δ 7.78 (d, 

J = 8.7 Hz, 2H), 7.10-7.06 (m, 2H), 6.87-6.83 (m, 2H), 6.76-6.72 (m, 2H), 4.28 (s, 

2H), 3.76 (s, 3H). 

2-bromo-1-(4-((4-(methylthio)phenyl)amino)phenyl)ethan-1-one (D6) 

To a solution of C6 (500 mg, 1.94 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(477.3 mg, 2.14 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Yellow solid was 

achieved in 223.4 mg with 34.2% yield.  

2-((4-(2-bromoacetyl)phenyl)amino)benzonitrile (D7) 

To a solution of C7 (500 mg, 2.12 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(519.9 mg, 2.33 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (100:1-50:1). Yellow solid was 

achieved in 259.4 mg with 38.9% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.99-

7.94 (m, 2H), 7.78-7.75 (m, 1H), 7.67-7.64 (m, 1H), 7.47 (td, J = 7.7, 1.2 Hz, 1H), 

7.39-7.35 (m, 3H), 4.43 (s, 2H). 

2-bromo-1-(4-(4-(trifluoromethyl)phenoxy)phenyl)ethan-1-one (D8) 

To a solution of C8 (500 mg, 1.78 mmol) and TsOH (307.2 mg, 1.78 mmol) in 

acetonitrile, NBS (349.3 mg, 1.96 mmol) was added in ice bath. After warming to 

room temperature, the mixture was stirred at 90 ℃ for 8 hours and monitored to react 
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completely. After cooling to room temperature, the solution was concentrated and 

purified by column chromatography on silica gel with the elution fluid of Hexane/EA 

(200:1-150:1). Yellow solid was achieved in 437.6 mg with 68.3% yield. 1H NMR 

(400 MHz, Chloroform-d) δ 8.08-8.02 (m, 2H), 7.69 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 

8.4 Hz, 2H), 7.12-7.08 (m, 2H), 4.44 (s, 2H). 

2-bromo-1-(4-((4-(trifluoromethyl)phenyl)thio)phenyl)ethan-1-one (D9) 

To a solution of C9 (500 mg, 1.69 mmol) and TsOH (290.6 mg, 1.69 mmol) in 

acetonitrile, NBS (330.4 mg, 1.86 mmol) was added in ice bath. After warming to 

room temperature, the mixture was stirred at 90 ℃ for 8 hours and monitored to react 

completely. After cooling to room temperature, the solution was concentrated and 

purified by column chromatography on silica gel with the elution fluid of Hexane/EA 

(200:1-150:1). Yellow solid was achieved in 410.3 mg with 64.8% yield. 1H NMR 

(600 MHz, Chloroform-d) δ 7.48 (d, J = 8.2 Hz, 2H), 7.43-7.40 (m, 2H), 7.32 (d, J = 

8.1 Hz, 2H), 7.28 (d, J = 2.0 Hz, 2H), 4.14 (s, 2H). 

2-bromo-1-(6-((4-(trifluoromethyl)phenyl)amino)pyridin-3-yl)ethan-1-one (D10) 

To a solution of C10 (500 mg, 1.78 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(438.3 mg, 1.96 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (100:1-50:1). Yellow solid was 

achieved in 228.1 mg with 35.6% yield. 1H NMR (600 MHz, Chloroform-d) δ 8.87 (d, 

J = 2.3 Hz, 1H), 8.14 (dd, J = 8.8, 2.3 Hz, 1H), 7.65-7.59 (m, 4H), 7.19 (s, 1H), 6.89 

(d, J = 8.8 Hz, 1H), 4.61 (s, 2H). 

2-bromo-1-(2-(trifluoromethyl)-4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (D11) 

To a solution of C11 (500 mg, 1.44 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(353.8 mg, 1.58 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 
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monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Pale yellow solid was 

achieved in 279.2 mg with 45.5% yield. 1H NMR (600 MHz, Chloroform-d) δ 7.62 

(dd, J = 13.1, 8.4 Hz, 3H), 7.42 (d, J = 2.3 Hz, 1H), 7.31-7.28 (m, 1H), 7.25 (d, J = 

8.3 Hz, 2H), 6.47 (s, 1H), 4.39 (s, 2H).  

2-bromo-1-(4-((4-(trifluoromethyl)thiazol-2-yl)amino)phenyl)ethan-1-one (D12) 

To a solution of C12 (500 mg, 1.75 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(429.1 mg, 1.92 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Yellow solid was 

achieved in 190.1 mg with 29.8% yield. 1H NMR (600 MHz, DMSO-d6) δ 11.11 (d, J 

= 2.1 Hz, 1H), 8.03 (d, J = 8.6 Hz, 2H), 7.81 (d, J = 4.6 Hz, 1H), 7.74 (dd, J = 8.7, 1.5 

Hz, 2H), 4.84 (d, J = 1.6 Hz, 2H). 

2-bromo-1-(3-((2-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (D13) 

To a solution of C13 (500 mg, 1.79 mmol) in a mixture of CHCl3 and EA (1:1), CuBr2 

(439.9 mg, 1.97 mmol) was added. The mixture was stirred at 60 ℃ for overnight and 

monitored to react completely. After cooling to room temperature and filtration with 

diatomite, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (200:1-150:1). Yellow solid was 

achieved in 283.4 mg with 44.2% yield. 1H NMR (600 MHz, Chloroform-d) δ 7.71 (t, 

J = 2.0 Hz, 1H), 7.65-7.60 (m, 2H), 7.45 (q, J = 8.1 Hz, 2H), 7.39 (d, J = 8.3 Hz, 1H), 

7.33 (dd, J = 8.1, 2.4 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.16 (s, 1H), 4.45 (s, 2H). 

2-(4-bromo-2,6-difluorophenoxy)-1-(4-((5-(trifluoromethyl)pyridin-2-

yl)amino)phenyl)ethan-1-one (E1) 

To a solution of 4-bromo-2,6-difluorophenol (87.3 mg, 0.42 mmol) in acetone, K2CO3 
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(76.9 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D1 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 122.4 mg with 90.2% yield. 1H NMR (600 MHz, 

DMSO-d6) δ 10.13 (s, 1H), 8.62-8.58 (m, 1H), 7.97 (dd, J = 8.9, 2.4 Hz, 1H), 7.91 (q, 

J = 9.0 Hz, 4H), 7.50 (dd, J = 8.4, 1.4 Hz, 2H), 7.07 (d, J = 8.9 Hz, 1H), 5.64 (s, 2H). 

2-(3,4-difluorophenoxy)-1-(4-((5-(trifluoromethyl)pyridin-2-

yl)amino)phenyl)ethan-1-one (E2) 

To a solution of 3,4-difluorophenol (54.3 mg, 0.42 mmol) in acetone, K2CO3 (76.96 

mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D1 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 103.8 mg with 91.3% yield. 1H NMR (600 MHz, 

DMSO-d6) δ 10.12 (s, 1H), 8.61 (d, J = 2.4 Hz, 1H), 8.01-7.96 (m, 3H), 7.91 (d, J = 

8.6 Hz, 2H), 7.35 (q, J = 9.6 Hz, 1H), 7.15 (m, J = 12.7, 6.7, 3.0 Hz, 1H), 7.07 (d, J = 

8.9 Hz, 1H), 6.82 (dd, J = 8.6, 4.2 Hz, 1H), 5.54 (s, 2H).  

2-(4-(trifluoromethyl)phenoxy)-1-(4-((5-(trifluoromethyl)pyridin-2-

yl)amino)phenyl)ethan-1-one (E3) 

To a solution of 4-(trifluoromethyl)phenol (67.7 mg, 0.42 mmol) in acetone, K2CO3 

(76.9 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D1 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 
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yellow solid was achieved in 111.1 mg with 90.6% yield. 1H NMR (600 MHz, 

DMSO-d6) δ 10.13 (s, 1H), 8.60 (d, J = 2.5 Hz, 1H), 8.02-7.95 (m, 3H), 7.92 (d, J = 

8.8 Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.9 Hz, 

1H), 5.65 (s, 2H).  

2-(4-bromo-2,6-difluorophenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E4) 

To a solution of 4-bromo-2,6-difluorophenol (87.5 mg, 0.42 mmol) in acetone, K2CO3 

(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 123.3 mg with 90.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.94-7.89 (m, 2H), 7.60 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H), 

7.16-7.08 (m, 4H), 6.37 (s, 1H), 5.40 (s, 2H). 

2-(3,4-difluorophenoxy)-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-

one (E5) 

To a solution of 3,4-difluorophenol (54.5 mg, 0.42 mmol) in acetone, K2CO3 (77.2 mg, 

0.56 mmol) was added. The mixture was stirred at room temperature for 30 minutes. 

With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at reflux for 6 

hours and monitored to react completely. After cooling to room temperature and 

filtration, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale yellow solid was 

achieved in 100.8 mg with 88.6% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.96 (d, 

J = 8.5 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.5 Hz, 

2H), 7.08 (q, J = 9.4 Hz, 1H), 6.79 (m, J = 11.8, 6.4, 3.0 Hz, 1H), 6.68-6.63 (m, 1H), 

6.42 (s, 1H), 5.21 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((4-
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(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E6/GⅡ-26) 

To a solution of 4-(trifluoromethyl)phenol (67.9 mg, 0.42 mmol) in acetone, K2CO3 

(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 111.6 mg with 91% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.99 (d, J = 8.7 Hz, 2H), 7.59 (dd, J = 17.4, 8.4 Hz, 4H), 7.27 (d, J = 

8.0 Hz, 2H), 7.18-7.12 (m, 2H), 7.02 (d, J = 8.5 Hz, 2H), 6.35 (s, 1H), 5.30 (s, 2H). 

13C NMR (151 MHz, Chloroform-d) δ 191.72 160.5, 147.5, 143.7, 130.5, 127.2, 127.0, 

127.0, 127.0, 126.9, 126.9, 125.2, 123.8, 123.6, 123.4, 118.9, 118.8, 116.0, 116.0, 

114.8, 114.7, 70.5, 29.7. HRMS(ESI): calcd for C22H15F6NO, [M - H]- 438.0929; 

found, 438.0938. HPLC purity: 99.06%. 

2-(3-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E7) 

To a solution of 3-(trifluoromethyl)phenol (67.9 mg, 0.42 mmol) in acetone, K2CO3 

(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 110 mg with 89.7% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.04-7.96 (m, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.42 (t, J = 8.0 Hz, 1H), 

7.27 (d, J = 8.3 Hz, 3H), 7.24-7.10 (m, 4H), 6.36 (s, 1H), 5.28 (s, 2H). 

2-(2-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E8) 

To a solution of 2-(trifluoromethyl)phenol (67.9 mg, 0.42 mmol) in acetone, K2CO3 
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(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 109.4 mg with 89.2% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.05-7.99 (m, 2H), 7.63-7.57 (m, 3H), 7.49-7.43 (m, 1H), 7.25 (d, J 

= 8.3 Hz, 2H), 7.15-7.09 (m, 2H), 7.05 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 

6.40 (d, J = 5.0 Hz, 1H), 5.29 (s, 2H).  

2-(4-nitrophenoxy)-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one 

(E9) 

To a solution of 4-nitrophenol (58.3 mg, 0.42 mmol) in acetone, K2CO3 (77.2 mg, 

0.56 mmol) was added. The mixture was stirred at room temperature for 30 minutes. 

With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at reflux for 6 

hours and monitored to react completely. After cooling to room temperature and 

filtration, the filtrate was concentrated and purified by column chromatography on 

silica gel with the elution fluid of Hexane/EA (50:1-20:1). Yellow solid was achieved 

in 108.6 mg with 93.4% yield. 1H NMR (400 MHz, Chloroform-d) δ 8.27-8.18 (m, 

2H), 7.97 (d, J = 8.7 Hz, 2H), 7.62 (d, J = 8.3 Hz, 2H), 7.26 (s, 2H), 7.20-7.11 (m, 

2H), 7.08-6.96 (m, 2H), 6.36 (s, 1H), 5.38 (s, 2H). 

4-(2-oxo-2-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethoxy)benzonitrile (E10) 

To a solution of 4-hydroxybenzonitrile (49.9 mg, 0.42 mmol) in acetone, K2CO3 (77.2 

mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 104.3 mg with 94.2% yield. 1H NMR (600 MHz, 
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Chloroform-d) δ 7.96 (d, J = 8.2 Hz, 2H), 7.61 (dd, J = 8.3, 5.2 Hz, 4H), 7.27 (d, J = 

8.1 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.6 Hz, 2H), 6.45 (s, 1H), 5.33 (s, 

2H). 

2-(4-(methylthio)phenoxy)-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-

1-one (E11) 

To a solution of 4-(methylthio)phenol (58.7 mg, 0.42 mmol) in acetone, K2CO3 (77.2 

mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D2 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 104.1 mg with 89.32% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.02-7.97 (m, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.28-7.23 (m, 4H), 7.16-

7.12 (m, 2H), 6.94-6.89 (m, 2H), 6.33 (s, 1H), 5.21 (s, 2H), 2.46 (s, 3H). 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((5-(trifluoromethyl)pyridin-2-

yl)oxy)ethan-1-one (E12) 

To a solution of 5-(trifluoromethyl)pyridin-2-ol (68.3 mg, 0.42 mmol) in acetone, 

K2CO3 (77.2 mg, 0.56 mmol) was added. The mixture was stirred at room 

temperature for 30 minutes. With the following addition of D2 (100 mg, 0.28 mmol), 

it was stirred at reflux for 6 hours and monitored to react completely. After cooling to 

room temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 112.5 mg with 91.5% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 9.38 (s, 1H), 8.38 (s, 1H), 7.99 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 7.7 Hz, 

1H), 7.66 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H), 6.60 

(d, J = 9.7 Hz, 1H), 5.50 (s, 2H). 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((4-(trifluoromethyl)pyridin-2-

yl)oxy)ethan-1-one (E13) 
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To a solution of 4-(trifluoromethyl)pyridin-2-ol (68.3 mg, 0.42 mmol) in acetone, 

K2CO3 (77.2 mg, 0.56 mmol) was added. The mixture was stirred at room 

temperature for 30 minutes. With the following addition of D2 (100 mg, 0.28 mmol), 

it was stirred at reflux for 6 hours and monitored to react completely. After cooling to 

room temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 114.7 mg with 93.3% yield. 1H NMR (600 MHz, 

DMSO-d6) δ 9.39 (s, 1H), 8.01-7.98 (m, 2H), 7.93 (d, J = 7.0 Hz, 1H), 7.66 (d, J = 8.4 

Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.29-7.26 (m, 2H), 6.85 (d, J = 2.1 Hz, 1H), 6.58 

(dd, J = 7.1, 2.0 Hz, 1H), 5.51 (s, 2H). 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((5-(trifluoromethyl)pyridin-3-

yl)oxy)ethan-1-one (E14) 

To a solution of 5-(trifluoromethyl)pyridin-3-ol (68.3 mg, 0.42 mmol) in acetone, 

K2CO3 (77.2 mg, 0.56 mmol) was added. The mixture was stirred at room 

temperature for 30 minutes. With the following addition of D2 (100 mg, 0.28 mmol), 

it was stirred at reflux for 6 hours and monitored to react completely. After cooling to 

room temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 110.5 mg with 89.9% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.54 (d, J = 2.3 Hz, 2H), 7.95 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.3 Hz, 

2H), 7.45-7.41 (m, 1H), 7.26 (s, 2H), 7.16 (d, J = 8.6 Hz, 2H), 6.61 (t, J = 8.3 Hz, 1H), 

5.39 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((3-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E15) 

To a solution of 4-(trifluoromethyl)phenol (67.9 mg, 0.42 mmol) in acetone, K2CO3 

(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D3 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 
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temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 110.5 mg with 90.1% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.94 (dd, J = 14.8, 8.6 Hz, 2H), 7.54 (d, J = 8.5 Hz, 1H), 7.45 (dd, J 

= 15.2, 7.5 Hz, 2H), 7.40-7.28 (m, 2H), 7.11-6.98 (m, 3H), 5.31 (s, 1H), 2.58 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((2-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E16) 

To a solution of 4-(trifluoromethyl)phenol (67.9 mg, 0.42 mmol) in acetone, K2CO3 

(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D4 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 113.6 mg with 92.6% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.99-7.93 (m, 2H), 7.70 (d, J = 7.8 Hz, 1H), 7.59-7.52 (m, 4H), 7.23 

(m, J = 8.3, 4.4 Hz, 1H), 7.03 (dd, J = 11.1, 8.5 Hz, 4H), 6.34 (s, 1H), 5.29 (s, 2H). 

1-(4-((4-methoxyphenyl)amino)phenyl)-2-(4-(trifluoromethyl)phenoxy)ethan-1-

one (E17) 

To a solution of 4-(trifluoromethyl)phenol (75.9 mg, 0.47 mmol) in acetone, K2CO3 

(86.3 mg, 0.62 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D5 (100 mg, 0.31 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 111 mg with 88.6% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.90-7.83 (m, 2H), 7.53 (d, J = 8.5 Hz, 2H), 7.18-7.12 (m, 2H), 6.99 

(d, J = 8.5 Hz, 2H), 6.95-6.90 (m, 2H), 6.85-6.79 (m, 2H), 6.01 (s, 1H), 5.24 (s, 2H), 

3.83 (s, 3H). 
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1-(4-((4-(methylthio)phenyl)amino)phenyl)-2-(4-(trifluoromethyl)phenoxy)ethan-

1-one (E18) 

To a solution of 4-(trifluoromethyl)phenol (72.3 mg, 0.45 mmol) in acetone, K2CO3 

(82.2 mg, 0.59 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D6 (100 mg, 0.3 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Yellow 

solid was achieved in 115.1 mg with 92.7% yield. 1H NMR (400 MHz, Chloroform-d) 

δ 7.95-7.90 (m, 2H), 7.56 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 

8.4 Hz, 2H), 7.00 (dd, J = 13.8, 8.6 Hz, 4H), 6.13 (s, 1H), 5.28 (s, 2H), 2.52 (s, 3H). 

2-((4-(2-(4-(trifluoromethyl)phenoxy)acetyl)phenyl)amino)benzonitrile (E19) 

To a solution of 4-(trifluoromethyl)phenol (77.2 mg, 0.47 mmol) in acetone, K2CO3 

(87.7 mg, 0.63 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D7 (100 mg, 0.32 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 116.1 mg with 92.3% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.04-7.98 (m, 2H), 7.64 (dd, J = 7.9, 1.5 Hz, 1H), 7.59-7.48 (m, 4H), 

7.23-7.19 (m, 2H), 7.13-7.07 (m, 1H), 7.02 (d, J = 8.6 Hz, 2H), 6.66 (s, 1H), 5.31 (s, 

2H). 

2-((4-(trifluoromethyl)benzyl)oxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E20) 

To a solution of (4-(trifluoromethyl)phenyl)methanol (73.8 mg, 0.42 mmol) in 

acetone, K2CO3 (77.2 mg, 0.56 mmol) was added. The mixture was stirred at room 

temperature for 30 minutes. With the following addition of D2 (100 mg, 0.28 mmol), 

it was stirred at reflux for 6 hours and monitored to react completely. After cooling to 
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room temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 114.8 mg with 90.7% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.85-7.81 (m, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 

7.45 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.3 Hz, 2H), 7.04-7.02 (m, 2H), 6.22 (s, 1H), 

4.68 (d, J = 2.5 Hz, 4H). 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((4-

(trifluoromethyl)phenyl)thio)ethan-1-one (E21) 

To a solution of 4-(trifluoromethyl)benzenethiol (74.6 mg, 0.42 mmol) in acetone, 

K2CO3 (77.2 mg, 0.56 mmol) was added. The mixture was stirred at room 

temperature for 30 minutes. With the following addition of D2 (100 mg, 0.28 mmol), 

it was stirred at reflux for 6 hours and monitored to react completely. After cooling to 

room temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 103.2 mg with 81.2% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.98-7.93 (m, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 

7.48 (d, J = 8.3 Hz, 2H), 7.27-7.24 (m, 2H), 7.15-7.12 (m, 2H), 6.32 (s, 1H), 4.33 (s, 

2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(4-(4-(trifluoromethyl)phenoxy)phenyl)ethan-

1-one (E22) 

To a solution of 4-(trifluoromethyl)phenol (67.7 mg, 0.42 mmol) in acetone, K2CO3 

(76.9 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D8 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 106.3 mg with 86.7% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.99 (d, J = 8.6 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 7.42 (t, J = 7.8 Hz, 
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2H), 7.11- 6.97 (m, 6H), 5.29 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)thio)phenyl)ethan-1-one (E23) 

To a solution of 4-(trifluoromethyl)phenol (64.8 mg, 0.39 mmol) in acetone, K2CO3 

(73.7 mg, 0.53 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D9 (100 mg, 0.26 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 111.4 mg with 91.6% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.97-7.93 (m, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.56 (dd, J = 8.4, 5.8 Hz, 

4H), 7.41-7.37 (m, 2H), 7.01 (d, J = 8.5 Hz, 2H), 5.30 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(6-((4-(trifluoromethyl)phenyl)amino)pyridin-

3-yl)ethan-1-one (E24) 

To a solution of 4-(trifluoromethyl)phenol (67.7 mg, 0.42 mmol) in acetone, K2CO3 

(76.9 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D10 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). Pale 

yellow solid was achieved in 96.4 mg with 78.6% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.95 (s, 1H), 8.20 (dd, J = 8.9, 2.0 Hz, 1H), 7.69-7.55 (m, 7H), 7.03 

(d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.9 Hz, 1H), 5.24 (s, 2H).  

1-(2-(trifluoromethyl)-4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-(4-

(trifluoromethyl)phenoxy)ethan-1-one (E25) 

To a solution of 4-(trifluoromethyl)phenol (57.1 mg, 0.35 mmol) in acetone, K2CO3 

(64.9 mg, 0.47 mmol) was added. The mixture was stirred at room temperature for 30 



132 

 

minutes. With the following addition of D11 (100 mg, 0.23 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). White 

solid was achieved in 96.8 mg with 81.3% yield. 1H NMR (400 MHz, Chloroform-d) 

δ 7.61 (dd, J = 8.4, 6.1 Hz, 3H), 7.55 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 2.3 Hz, 1H), 

7.29 (dd, J = 8.6, 2.3 Hz, 1H), 7.24 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 6.51 

(s, 1H), 5.12 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((4-(trifluoromethyl)thiazol-2-

yl)amino)phenyl)ethan-1-one (E26) 

To a solution of 4-(trifluoromethyl)phenol (66.6 mg, 0.41 mmol) in acetone, K2CO3 

(75.7 mg, 0.55 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D12 (100 mg, 0.27 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 108.4 mg with 88.7% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.07 (d, J = 8.7 Hz, 2H), 7.68 (s, 1H), 7.57 (dd, J = 8.8, 5.2 Hz, 4H), 

7.24 (s, 1H), 7.02 (d, J = 8.5 Hz, 2H), 5.33 (s, 2H). 

2-(4-(trifluoromethyl)phenoxy)-1-(3-((2-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-one (E27) 

To a solution of 4-(trifluoromethyl)phenol (67.9 mg, 0.42 mmol) in acetone, K2CO3 

(77.2 mg, 0.56 mmol) was added. The mixture was stirred at room temperature for 30 

minutes. With the following addition of D13 (100 mg, 0.28 mmol), it was stirred at 

reflux for 6 hours and monitored to react completely. After cooling to room 

temperature and filtration, the filtrate was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (50:1-20:1). Pale 

yellow solid was achieved in 113.1 mg with 92.2% yield. 1H NMR (400 MHz, 
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Chloroform-d) δ 7.70 (t, J = 2.0 Hz, 1H), 7.66-7.55 (m, 4H), 7.45 (td, J = 7.8, 2.9 Hz, 

2H), 7.40-7.34 (m, 2H), 7.08 (t, J = 7.5 Hz, 1H), 7.01 (d, J = 8.5 Hz, 2H), 6.16 (s, 1H), 

5.34 (s, 2H).  

tert-butyl (4-(2-(4-(trifluoromethyl)phenoxy)ethyl)phenyl)carbamate (F1) 

To a solution of tert-butyl (4-(2-hydroxyethyl)phenyl)carbamate (1 g, 4.21 mmol), 4-

(trifluoromethyl)phenol (683.2 mg, 4.21 mmol) and triphenylphosphine (1.33 g, 5.06 

mmol) in anhydrous THF, DEAD  (880.7 mg, 5.06 mmol) was added in ice bath. The 

mixture was stirred in ice bath for 1 hour and was warmed to room temperature for 

overnight. When being monitored to react completely, it was concentrated and 

purified by column chromatography on silica gel with the elution fluid of Hexane/EA 

(20:1-10:1). White solid was achieved in 1.11 g with 69.2% yield.  

methyl 4-((4-(trifluoromethyl)phenyl)amino)benzoate (F2) 

To a solution of 4-(trifluoromethyl)aniline (1 g, 6.21 mmol) and methyl 4-

bromobenzoate (1.6 g, 7.45 mmol) in toluene, Pd(OAc)2 (83.6 mg, 0.37 mmol), 

BINAP (772.9 mg, 1.24 mmol) and K2CO3 (2.57 g, 18.62 mmol) was added. The 

mixture was stirred under nitrogen at 80 ℃ for 24 hours. After cooling to room 

temperature and filtration with diatomite, water was added and the filtrate was 

extracted with ethyl acetate for three times and washed with saturated brine. The 

combined organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (200:1-100:1). 

White solid was achieved in 1.38 mg with 75.5% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.01-7.97 (m, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 

7.15-7.10 (m, 2H), 6.31 (s, 1H), 3.92 (s, 3H). 

 N-(4-(N-(4-(trifluoromethyl)benzyl)sulfamoyl)phenyl)acetamide (F3) 

To a solution of (4-(trifluoromethyl)phenyl)methanamine (749.6 mg, 4.28 mmol) and 

triethylaminemethyl (1.3 g, 12.84 mmol) in anhydrous DCM, 4-

acetamidobenzenesulfonyl chloride (1 g, 4.28 mmol) was added. The mixture was 
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stirred at room temperature for 12 hours and monitored to react completely. It was 

concentrated and purified by column chromatography on silica gel with the elution 

fluid of Hexane/EA (10:1-5:1). Pale yellow solid was achieved in 1.31 g with 82.8% 

yield. 1H NMR (400 MHz, Chloroform-d) δ 7.82 (d, J = 8.8 Hz, 2H), 7.67 (d, J = 8.5 

Hz, 2H), 7.56 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.2 Hz, 3H), 4.75 (t, J = 6.5 Hz, 1H), 

4.24 (d, J = 6.4 Hz, 2H), 2.26 (s, 3H). 

4-(2-(4-(trifluoromethyl)phenoxy)ethyl)aniline (G1) 

To a solution of F1 (500 mg, 1.31 mmol) in DCM, TFA (1.49 g, 13.11 mmol) was 

added. The mixture was stirred at reflux for 8 hours and monitored to react completely. 

After cooling to room temperature, 1M NaOH aqueous solution was added in ice bath 

to regulate the pH value ranging from 8 to 10. The mixture was extracted with DCM 

for three times and washed with saturated brine. The combined organic layer was 

dried over anhydrous Na2SO4 and purified by column chromatography on silica gel 

with the elution fluid of Hexane/EA (5:1-2:1, with additional drops of aqueous 

ammonia). Pale yellow oil was achieved in 352.9 mg with 95.7% yield. 1H NMR (400 

MHz, Chloroform-d) δ 7.56 (d, J = 8.6 Hz, 2H), 7.14-7.07 (m, 2H), 6.97 (d, J = 8.6 

Hz, 2H), 6.71-6.66 (m, 2H), 4.17 (t, J = 7.2 Hz, 2H), 3.66 (s, 2H), 3.04 (t, J = 7.2 Hz, 

2H). 

4-((4-(trifluoromethyl)phenyl)amino)benzoic acid (G2) 

To a solution of F2 (500 mg, 1.69 mmol) in EtOH, NaOH (338.6 mg, 8.47 mmol) was 

added. The mixture was stirred at reflux for 4 hours and monitored to react completely. 

After cooling to room temperature and being concentrated under vacuum, dilute 

hydrochloric acid (~10%) was added in ice bath to regulate the pH value ranging from 

3 to 5. The mixture was extracted with DCM for three times and washed with 

saturated brine. The combined organic layer was dried over anhydrous Na2SO4 and 

purified by column chromatography on silica gel with the elution fluid of Hexane/EA 

(10:1-5:1, with additional drops of acetic acid). Pale yellow solid was achieved in 

465.3 mg with 97.7% yield. 1H NMR (400 MHz, DMSO-d6) δ 12.48 (s, 1H), 9.13 (s, 
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1H), 7.85 (d, J = 8.6 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.19 

(d, J = 8.6 Hz, 2H).  

4-amino-N-(4-(trifluoromethyl)benzyl)benzenesulfonamide (G3) 

To a solution of F3 (500 mg, 1.34 mmol) in EtOH, dilute hydrochloric acid (~10%, 

170 mL) was added in ice bath. After warming to the room temperature, the mixture 

was stirred at 70 ℃ for 4 hours and monitored to react completely. After cooling to 

room temperature and being concentrated under vacuum, 1M NaOH aqueous solution 

was added in ice bath to regulate the pH value ranging from 8 to 10. The mixture was 

extracted with DCM for three times and washed with saturated brine. The combined 

organic layer was dried over anhydrous Na2SO4 and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1, with 

additional drops of aqueous ammonia). Pale yellow solid was achieved in 421.8 mg 

with 95.1% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.68-7.62 (m, 2H), 7.56 (d, J 

= 8.0 Hz, 2H), 7.37 (d, J = 7.9 Hz, 2H), 6.72-6.66 (m, 2H), 4.67 (d, J = 6.4 Hz, 1H), 

4.20 (d, J = 6.5 Hz, 2H). 

N-(4-(6-nitro-2H-benzo[b][1,4]oxazin-3-yl)phenyl)-5-(trifluoromethyl)pyridin-2-

amine (H1) 

To a solution of 2-amino-4-nitrophenol (64.4 mg, 0.42 mmol) in DCM, 

tetrabutylammonium hydrogen sulfate (18.9 mg, 0.06 mmol) and K2CO3 (76.9 mg, 

0.56 mmol) was added. The mixture was stirred at room temperature for 2 hours. With 

the following adding of D1 (100 mg, 0.28 mmol), the solution was stirred at reflux for 

6 hours and monitored to react completely. After cooling to room temperature and 

filtration, it was concentrated and purified by column chromatography on silica gel 

with the elution fluid of Hexane/EA (20:1-10:1). Orange solid was achieved in 90.2 

mg with 78.2% yield. 1H NMR (600 MHz, DMSO-d6) δ 10.09 (s, 1H), 8.59 (d, J = 3.0 

Hz, 1H), 8.08 (t, J = 2.5 Hz, 1H), 8.06-8.00 (m, 3H), 7.96-7.91 (m, 3H), 7.14 (dd, J = 

9.0, 3.2 Hz, 1H), 7.07 (t, J = 7.7 Hz, 1H), 5.41 (d, J = 3.2 Hz, 2H).  

4-(6-nitro-2H-benzo[b][1,4]oxazin-3-yl)-N-(4-(trifluoromethyl)phenyl)aniline (H2) 
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To a solution of 2-amino-4-nitrophenol (64.6 mg, 0.42 mmol) in DCM, 

tetrabutylammonium hydrogen sulfate (19 mg, 0.06 mmol) and K2CO3 (77.2 mg, 0.56 

mmol) was added. The mixture was stirred at room temperature for 2 hours. With the 

following adding of D2 (100 mg, 0.28 mmol), the solution was stirred at reflux for 6 

hours and monitored to react completely. After cooling to room temperature and 

filtration, it was concentrated and purified by column chromatography on silica gel 

with the elution fluid of Hexane/EA (50:1-20:1). Orange solid was achieved in 89.8 

mg with 77.9% yield. 1H NMR (600 MHz, DMSO-d6) δ 9.27 (s, 1H), 8.08-7.98 (m, 

4H), 7.63 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.6 Hz, 2H), 7.14 

(d, J = 8.8 Hz, 1H), 5.39 (s, 2H).  

5.1.4 The synthesis on aminoethyl derivatives  

2-(4-bromo-2,6-difluorophenoxy)-1-(4-((5-(trifluoromethyl)pyridin-2-

yl)amino)phenyl)ethan-1-ol (GⅡ-1) 

To a solution of E1 (50 mg, 0.1 mmol) in MeOH, NaBH4 (7.8 mg, 0.2 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 38.3 mg with 76.3% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.46 (s, 1H), 7.69 (dd, J = 9.0, 2.5 Hz, 1H), 7.47-7.36 (m, 4H), 7.15 

(t, J = 6.1 Hz, 2H), 6.94 (s, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.14-5.05 (m, 1H), 4.30 (dd, 

J = 10.3, 3.2 Hz, 1H), 4.13 (t, J = 9.5 Hz, 1H), 3.04 (s, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 158.0, 157.0, 154.5, 154.5, 139.0, 134.9, 134.6, 127.5, 121.4, 116.3, 

116.3, 116.2, 116.1, 114.7, 114.6, 114.5, 107.4, 79.5, 72.4. HRMS(ESI): calcd for 

C20H14BrF5N2O2, [M + H]+ 489.0237; found, 489.0235. HPLC purity: 99.72%. 

2-(3,4-difluorophenoxy)-1-(4-((5-(trifluoromethyl)pyridin-2-

yl)amino)phenyl)ethan-1-ol (GⅡ-2) 

To a solution of E2 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.3 mg, 0.24 mmol) was 
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added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 39 mg with 77.7% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.47 (s, 1H), 7.70 (dd, J = 8.8, 2.4 Hz, 1H), 7.50-7.39 (m, 4H), 7.09 

(q, J = 9.3 Hz, 1H), 6.97 (s, 1H), 6.87 (d, J = 8.8 Hz, 1H), 6.77 (m, J = 11.8, 6.5, 3.0 

Hz, 1H), 6.69-6.61 (m, 1H), 5.13 (dd, J = 8.4, 3.4 Hz, 1H), 4.09-3.98 (m, 2H), 2.88 (s, 

1H). 13C NMR (101 MHz, Chloroform-d) δ 158.0, 154.7, 154.6, 151.8, 151.6, 149.2, 

146.6, 146.5, 144.2, 144.1, 139.1, 135.1, 134.9, 134.9, 127.4, 125.5, 122.8, 121.4, 

117.4, 117.2, 109.9, 109.9, 109.9, 109.9, 104.5, 104.3, 73.9, 72.1. HRMS(ESI): calcd 

for C20H15F5N2O2, [M + H]+ 411.1132; found, 411.1131. HPLC purity: 99.85%.  

2-(4-(trifluoromethyl)phenoxy)-1-(4-((5-(trifluoromethyl)pyridin-2-

yl)amino)phenyl)ethan-1-ol (GⅡ-3) 

To a solution of E3 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 37.6 mg with 74.9% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.45 (s, 1H), 7.69 (dd, J = 8.8, 2.4 Hz, 1H), 7.57 (d, J = 8.5 Hz, 2H), 

7.48 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 6.87 (d, J 

= 8.8 Hz, 1H), 5.17 (dd, J = 8.2, 3.6 Hz, 1H), 4.19-4.08 (m, 2H), 3.22 (s, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 160.8, 158.1, 139.2, 135.3, 135.0, 135.0, 134.9, 

134.9, 128.2, 127.5, 127.1, 127.0, 127.0, 127.0, 125.7, 125.5, 123.7, 123.4, 123.0, 

122.8, 121.5, 117.9, 117.5, 114.6, 107.5, 73.3, 72.0. HRMS(ESI): calcd for 

C21H16F6N2O2, [M + H]+ 443.1194; found, 443.1187. HPLC purity: 99.59%. 

2-(4-bromo-2,6-difluorophenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-4) 

To a solution of E4 (50 mg, 0.1 mmol) in MeOH, NaBH4 (7.8 mg, 0.2 mmol) was 
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added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark 

yellow oil was achieved in 46.8 mg with 93.2% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.50 (d, J = 8.4 Hz, 2H), 7.42-7.35 (m, 2H), 7.20-7.10 (m, 4H), 7.06 

(d, J = 8.4 Hz, 2H), 5.99 (s, 1H), 5.10-5.03 (m, 1H), 4.30 (dd, J = 10.2, 3.1 Hz, 1H), 

4.13 (t, J = 9.6 Hz, 1H), 2.95 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 157.1, 

157.0, 154.6, 154.5, 146.4, 141.3, 135.0, 134.9, 134.8, 133.0, 127.6, 126.8, 126.7, 

126.7, 126.7, 125.9, 123.2, 122.1, 121.8, 121.5, 119.7, 116.3, 116.3, 116.2, 116.1, 

115.6, 114.7, 114.6, 114.5, 79.6, 72.4. HRMS(ESI): calcd for C21H15BrF5NO2, [M + 

H]+ 488.0285; found, 488.0273. HPLC purity: 99.19%. 

2-(3,4-difluorophenoxy)-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-

ol (GⅡ-5) 

To a solution of E5 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.3 mg, 0.24 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark 

yellow oil was achieved in 45.4 mg with 90.4% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.51 (d, J = 8.4 Hz, 2H), 7.44-7.40 (m, 2H), 7.21-7.17 (m, 2H), 7.12-

7.07 (m, 3H), 6.78 (m, J = 11.8, 6.5, 3.0 Hz, 1H), 6.65 (m, J = 8.6, 3.2, 1.7 Hz, 1H), 

6.04-5.99 (m, 1H), 5.11 (dd, J = 8.7, 3.2 Hz, 1H), 4.08-3.98 (m, 2H), 2.76-2.69 (m, 

1H). 13C NMR (151 MHz, Chloroform-d) δ 154.7, 154.7, 154.7, 154.6, 151.3, 151.3, 

149.7, 149.6, 146.4, 146.2, 146.1, 144.6, 144.5, 141.4, 133.5, 127.6, 126.8, 126.8, 

126.7, 126.7, 125.4, 123.6, 122.1, 121.9, 119.7, 117.4, 117.3, 115.6, 110.0, 109.9, 

109.9, 109.9, 104.5, 104.3, 74.0, 72.1. HRMS(ESI): calcd for C21H16F5NO2, [M + H]+ 

410.1179; found, 410.1178. HPLC purity: 98.75%. 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-6) 
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To a solution of E6 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark  

yellow oil was achieved in 46.6 mg with 92.9% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.58 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.4 Hz, 

2H), 7.22-7.16 (m, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.5 Hz, 2H), 6.06 (s, 

1H), 5.15 (dd, J = 8.5, 3.4 Hz, 1H), 4.19-4.08 (m, 2H), 2.88 (d, J = 7.0 Hz, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 160.8, 146.4, 141.5, 133.5, 127.6, 127.1, 127.0, 

127.0, 127.0, 126.8, 126.8, 126.7, 126.7, 125.9, 125.7, 123.7, 123.3, 123.2, 123.0, 

122.2, 121.9, 121.5, 119.7, 115.7, 114.6, 73.3, 72.1. HRMS(ESI): calcd for 

C22H17F6NO2, [M - H]- 440.1085; found, 440.1080. HPLC purity: 98.04%. 

2-(3-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-7) 

To a solution of E7 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark 

yellow oil was achieved in 46.3 mg with 92.2% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.51 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.2 Hz, 3H), 7.28 (d, J = 2.0 Hz, 

1H), 7.19 (dd, J = 9.0, 2.4 Hz, 3H), 7.13 (dd, J = 8.3, 2.5 Hz, 1H), 7.09 (d, J = 8.4 Hz, 

2H), 6.03 (s, 1H), 5.14 (dd, J = 8.6, 3.3 Hz, 1H), 4.18-4.07 (m, 2H), 2.81 (s, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 158.5, 146.4, 141.4, 133.6, 132.4, 132.1, 131.8, 

131.5, 130.1, 127.6, 126.8, 126.8, 126.7, 126.7, 125.9, 125.2, 123.2, 122.5, 122.2, 

121.8, 121.5, 119.7, 118.2, 118.1, 118.0, 115.6, 111.4, 111.3, 73.4, 72.2. HRMS(ESI): 

calcd for C22H17F6NO2, [M - H]- 440.1085; found, 440.1093. HPLC purity: 99.44%. 

2-(2-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-8) 
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To a solution of E8 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 46.4 mg with 92.4% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.63 (dd, J = 7.8, 1.6 Hz, 1H), 7.50 (d, J = 8.3 Hz, 3H), 7.46-7.43 (m, 

2H), 7.20-7.17 (m, 2H), 7.08 (dd, J = 8.0, 4.9 Hz, 3H), 7.00 (d, J = 8.3 Hz, 1H), 6.01 

(s, 1H), 5.17 (dd, J = 8.6, 3.3 Hz, 1H), 4.25 (dd, J = 9.1, 3.3 Hz, 1H), 4.09 (t, J = 8.9 

Hz, 1H), 2.93 (s, 1H). 13C NMR (151 MHz, Chloroform-d) δ 156.2, 146.5, 141.3, 

133.4, 127.7, 127.3, 127.2, 127.2, 127.2, 126.8, 126.7, 126.7, 126.7, 125.5, 124.7, 

123.7, 122.9, 122.0, 121.8, 120.8, 119.8, 119.0, 118.8, 115.6, 113.1, 74.0, 71.9. 

HRMS(ESI): calcd for C22H17F6NO2, [M - H]- 440.1085; found, 440.1092. HPLC 

purity: 99.58%. 

2-(4-nitrophenoxy)-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol 

(GⅡ-9) 

To a solution of E9 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.1 mg, 0.24 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Yellow 

solid was achieved in 37.4 mg with 74.5% yield. 1H NMR (600 MHz, Chloroform-d) 

δ 8.24 (d, J = 9.0 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.1 Hz, 2H), 7.20 (d, 

J = 8.1 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.9 Hz, 2H), 6.03 (s, 1H), 5.17 

(dd, J = 8.4, 3.4 Hz, 1H), 4.22-4.13 (m, 2H), 2.68 (s, 1H). 13C NMR (151 MHz, 

Chloroform-d) δ 163.4, 146.2, 141.9, 141.6, 133.2, 127.6, 127.2, 126.8, 126.8, 126.8, 

126.7, 126.0, 125.4, 123.6, 122.5, 122.3, 122.1, 119.6, 115.8, 114.6, 73.7, 72.1. 

HRMS(ESI): calcd for C21H17F3N2O4, [M - H]- 417.1062; found, 417.1067. HPLC 

purity: 100%. 

4-(2-hydroxy-2-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethoxy)benzonitrile 
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(GⅡ-10) 

To a solution of E10 (50 mg, 0.13 mmol) in MeOH, NaBH4 (9.5 mg, 0.25 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). White 

solid was achieved in 42.1 mg with 83.8% yield. 1H NMR (600 MHz, DMSO-d6) δ 

8.72 (s, 1H), 7.77-7.73 (m, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.42-7.38 (m, 2H), 7.18-

7.15 (m, 2H), 7.14-7.10 (m, 4H), 5.66 (d, J = 4.6 Hz, 1H), 4.91 (dt, J = 7.3, 4.6 Hz, 

1H), 4.15-4.09 (m, 2H). 13C NMR (151 MHz, DMSO-d6) δ 162.5, 148.1, 141.1, 135.8, 

134.6, 128.0, 127.0, 127.0, 127.0, 126.9, 126.3, 124.5, 119.6, 119.3, 119.1, 118.9, 

118.7, 118.4, 116.2, 114.9, 103.2, 73.7, 70.8. HRMS(ESI): calcd for C22H17F3N2O2, 

[M - H]- 397.1164; found, 397.1173. HPLC purity: 97.74%. 

2-(4-(methylthio)phenoxy)-1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)ethan-

1-ol (GⅡ-11) 

To a solution of E11 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.1 mg, 0.24 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 45.3 mg with 90.1% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.50 (d, J = 8.4 Hz, 2H), 7.44-7.40 (m, 2H), 7.30-7.27 (m, 2H), 7.19-

7.16 (m, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.92-6.89 (m, 2H), 6.06 (s, 1H), 5.11 (dd, J = 

8.8, 3.1 Hz, 1H), 4.10 (dd, J = 9.5, 3.3 Hz, 1H), 4.03 (t, J = 9.1 Hz, 1H), 2.95 (s, 1H), 

2.47 (s, 3H). 13C NMR (151 MHz, Chloroform-d) δ 156.9, 146.5, 141.3, 133.8, 129.9, 

129.7, 127.6, 126.8, 126.8, 126.7, 126.7, 125.5, 123.7, 122.0, 121.7, 119.7, 115.6, 

115.4, 73.4, 72.2, 17.8. HRMS(ESI): calcd for C22H20F3NO2S, [M - H]- 418.1089; 

found, 418.1097. HPLC purity: 96.22%. 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((5-(trifluoromethyl)pyridin-2-

yl)oxy)ethan-1-ol (GⅡ-12) 
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To a solution of E12 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 46.4 mg with 92.4% yield. 1H NMR (400 MHz, DMSO-

d6) δ 8.72 (s, 1H), 8.15 (d, J = 2.7 Hz, 1H), 7.67 (dd, J = 9.6, 2.8 Hz, 1H), 7.50 (d, J = 

8.4 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.15 (dd, J = 18.0, 8.3 Hz, 4H), 6.57 (d, J = 9.5 

Hz, 1H), 5.68 (d, J = 4.9 Hz, 1H), 4.80 (dt, J = 8.9, 4.2 Hz, 1H), 4.24 (dd, J = 12.9, 

3.6 Hz, 1H), 3.90 (dd, J = 12.9, 9.2 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 161.6, 

148.0, 141.3, 136.0, 135.7, 127.4, 126.9, 126.9, 126.7, 125.7, 124.0, 123.0, 120.4, 

119.4, 119.1, 118.7, 115.0, 107.0, 106.7, 79.7, 79.4, 79.1, 69.7, 56.7. HRMS(ESI): 

calcd for C21H16F6N2O2, [M - H]- 441.1038; found, 441.1047. HPLC purity: 99.56%. 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((4-(trifluoromethyl)pyridin-2-

yl)oxy)ethan-1-ol (GⅡ-13) 

To a solution of E13 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 46 mg with 91.6% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.50 (d, J = 8.4 Hz, 2H), 7.39 (dd, J = 10.2, 7.7 Hz, 3H), 7.17 (s, 2H), 

7.07 (d, J = 8.4 Hz, 2H), 6.88 (s, 1H), 6.31 (dd, J = 7.1, 1.9 Hz, 1H), 6.06 (s, 1H), 

5.12 (d, J = 8.3 Hz, 1H), 4.49 (dd, J = 13.4, 3.0 Hz, 1H), 3.88 (dd, J = 13.4, 8.4 Hz, 

1H), 3.40 (d, J = 3.6 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 162.5, 146.3, 

141.9, 141.6, 141.4, 140.6, 134.9, 127.0, 126.8, 126.7, 123.4, 123.2, 122.2, 121.9, 

119.7, 118.1, 115.6, 101.1, 101.1, 72.1, 58.0. HRMS(ESI): calcd for C21H16F6N2O2, 

[M - H]- 441.1038; found, 441.1050. HPLC purity: 99.45%. 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((5-(trifluoromethyl)pyridin-3-

yl)oxy)ethan-1-ol (GⅡ-14) 
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To a solution of E14 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 46.7 mg with 92.9% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 8.51 (q, J = 3.0 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.45-7.41 (m, 3H), 

7.19 (d, J = 8.1 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 6.11 (q, J = 4.3, 3.8 Hz, 1H), 5.16 

(dd, J = 7.6, 4.2 Hz, 1H), 4.21-4.16 (m, 2H), 3.20-3.02 (m, 1H). 13C NMR (151 MHz, 

Chloroform-d) δ 154.5, 146.2, 141.7, 139.0, 138.9, 138.9, 138.9, 133.3, 127.6, 127.3, 

127.1, 126.8, 126.8, 126.7, 126.7, 125.4, 124.1, 123.6, 122.3, 122.2, 122.0, 121.8, 

119.6, 117.9, 117.9, 117.8, 117.8, 115.8, 73.7, 72.1. HRMS(ESI): calcd for 

C21H16F6N2O2, [M + H]+ 443.1194; found, 443.1191. HPLC purity: 99.11%. 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((3-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-15) 

To a solution of E15 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark 

yellow oil was achieved in 46.1 mg with 91.7% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.58 (d, J = 8.4 Hz, 2H), 7.39 (dd, J = 18.9, 8.1 Hz, 3H), 7.30 (d, J = 

10.9 Hz, 1H), 7.24-7.12 (m, 4H), 7.02 (d, J = 8.4 Hz, 2H), 5.99 (s, 1H), 5.13 (dd, J = 

8.4, 3.5 Hz, 1H), 4.17-4.10 (m, 2H), 2.91 (s, 1H). 13C NMR (101 MHz, Chloroform-d) 

δ 171.4, 160.9, 143.7, 142.1, 132.9, 132.3, 131.9, 131.6, 131.3, 129.9, 128.4, 127.7, 

127.1, 127.0, 127.0, 126.9, 125.7, 125.4, 123.9, 123.6, 123.3, 123.0, 122.7, 120.3, 

120.1, 118.7, 117.3, 117.3, 117.3, 117.2, 114.6, 113.5, 113.5, 113.5, 113.4, 73.3, 72.2. 

HRMS(ESI): calcd for C21H16F6N2O2, [M - H]- 440.1085; found, 440.1095. HPLC 

purity: 96.82%. 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((2-
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(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-16) 

To a solution of E16 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 45.4 mg with 90.5% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.60 (dd, J = 10.4, 8.1 Hz, 3H), 7.45-7.36 (m, 4H), 7.16 (d, J = 8.5 

Hz, 2H), 7.04-6.98 (m, 3H), 6.12 (s, 1H), 5.14 (dd, J = 8.5, 3.4 Hz, 1H), 4.18-4.07 (m, 

2H), 2.75 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 160.8, 142.0, 141.7, 133.3, 

132.7, 127.6, 127.1, 127.0, 127.0, 127.0, 126.0, 125.7, 123.6, 123.3, 123.0, 120.3, 

119.8, 118.3, 118.2, 117.9, 114.6, 73.3, 72.1. HRMS(ESI): calcd for C21H16F6N2O2, 

[M - H]- 440.1085; found, 440.1097. HPLC purity: 98.82%. 

1-(4-((4-methoxyphenyl)amino)phenyl)-2-(4-(trifluoromethyl)phenoxy)ethan-1-ol 

(GⅡ-17) 

To a solution of E17 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.4 mg, 0.25 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 44.1 mg with 87.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.57 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.15-6.98 (m, 4H), 

6.92 (dd, J = 13.0, 8.9 Hz, 4H), 5.08 (d, J = 6.4 Hz, 1H), 4.14-4.07 (m, 2H), 3.83 (s, 

3H). 13C NMR (101 MHz, Chloroform-d) δ 160.9, 155.6, 145.6, 135.3, 130.1, 127.5, 

127.0, 127.0, 127.0, 126.9, 125.7, 123.5, 123.2, 123.0, 122.9, 122.6, 115.4, 114.7, 

114.6, 73.4, 72.2, 55.6. HRMS(ESI): calcd for C22H20F3NO3, [M + H]+ 404.1474; 

found, 404.1466. HPLC purity: 98.89%. 

1-(4-((4-(methylthio)phenyl)amino)phenyl)-2-(4-(trifluoromethyl)phenoxy)ethan-

1-ol (GⅡ-18) 

To a solution of E18 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.1 mg, 0.24 mmol) was 
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added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 44.8 mg with 89.3% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.58 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 7.28-7.25 (m, 2H), 

7.09-6.99 (m, 6H), 5.77 (s, 1H), 5.11 (dd, J = 8.6, 3.3 Hz, 1H), 4.16-4.07 (m, 2H), 

2.69 (s, 1H), 2.49 (s, 3H). 13C NMR (151 MHz, Chloroform-d) δ 160.9, 143.4, 140.8, 

131.6, 129.7, 129.7, 127.5, 127.0, 127.0, 127.0, 127.0, 126.4, 125.2, 123.5, 123.4, 

123.3, 120.1, 119.0, 117.4, 114.6, 73.4, 72.2, 17.7. HRMS(ESI): calcd for 

C22H20F3NO2S, [M - H]- 418.1089; found, 418.1094. HPLC purity: 92.71%. 

2-((4-(1-hydroxy-2-(4-(trifluoromethyl)phenoxy)ethyl)phenyl)amino)benzonitrile 

(GⅡ-19) 

To a solution of E19 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.5 mg, 0.25 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). White 

solid was achieved in 47.5 mg with 94.6% yield. 1H NMR (600 MHz, Chloroform-d) 

δ 9.61 (s, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.50 (dd, J = 7.9, 1.4 Hz, 1H), 7.42 (d, J = 8.2 

Hz, 2H), 7.37 (d, J = 8.3 Hz, 1H), 7.33 (dd, J = 8.3, 6.7 Hz, 1H), 7.27 (d, J = 8.2 Hz, 

2H), 7.02 (d, J = 8.5 Hz, 2H), 6.81 (t, J = 7.5 Hz, 1H), 5.14 (d, J = 8.6 Hz, 1H), 4.17-

4.09 (m, 2H), 2.74 (d, J = 2.5 Hz, 1H). 13C NMR (151 MHz, Chloroform-d) δ 171.6, 

160.9, 146.1, 141.5, 133.4, 133.0, 129.9, 129.9, 128.3, 127.4, 127.0, 127.0, 127.0, 

127.0, 126.5, 125.2, 123.7, 123.5, 123.4, 123.3, 121.2, 117.9, 116.1, 115.4, 114.6, 73.4, 

72.2. HRMS(ESI): calcd for C22H17F3N2O2, [M + H]+ 399.1320; found, 399.1320. 

HPLC purity: 96.16%. 

 2-(4-(trifluoromethyl)phenoxy)-1-(4-((4-(trifluoromethyl)thiazol-2-

yl)amino)phenyl)ethan-1-ol (GⅡ-20) 

To a solution of E26 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.5 mg, 0.22 mmol) was 
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added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). White 

solid was achieved in 45.3 mg with 90.2% yield. 1H NMR (400 MHz, DMSO-d6) δ 

10.59 (s, 1H), 7.66-7.60 (m, 3H), 7.59-7.54 (m, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.13 (d, 

J = 8.6 Hz, 2H), 5.67 (d, J = 4.5 Hz, 1H), 4.91 (q, J = 5.5 Hz, 1H), 4.09 (d, J = 5.8 Hz, 

2H). 13C NMR (101 MHz, DMSO-d6) δ 165.8, 161.9, 140.1, 136.3, 127.7, 127.4, 

117.5, 115.5, 73.6, 70.8. HRMS(ESI): calcd for C19H14F6N2O2S, [M - H]- 447.0602; 

found, 447.0611. HPLC purity: 99.27%. 

2-(4-(trifluoromethyl)phenoxy)-1-(4-(4-(trifluoromethyl)phenoxy)phenyl)ethan-

1-ol (GⅡ-21) 

To a solution of E22 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow oil was achieved in 46 mg with 91.6% yield. 1H NMR (400 MHz, Chloroform-

d) δ 7.64-7.46 (m, 6H), 7.14-6.98 (m, 6H), 5.19 (dd, J = 8.5, 3.3 Hz, 1H), 4.20-4.07 

(m, 2H), 2.81 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 160.7, 160.2, 155.8, 

135.4, 128.1, 127.2, 127.2, 127.2, 127.1, 127.1, 127.1, 127.0, 125.6, 125.5, 125.3, 

125.0, 123.8, 123.4, 122.9, 122.8, 120.0, 118.0, 114.6, 73.3, 72.0. HRMS(ESI): calcd 

for C22H16F6O3, [M - H]- 441.0925; found, 441.0926. HPLC purity: 94.17%. 

2-(4-(trifluoromethyl)phenoxy)-1-(4-((4-

(trifluoromethyl)phenyl)thio)phenyl)ethan-1-ol (GⅡ-22) 

To a solution of E23 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.3 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 45 mg with 89.7% yield. 1H NMR (600 MHz, 
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Chloroform-d) δ 7.58 (d, J = 8.6 Hz, 2H), 7.52 (d, J = 9.1 Hz, 6H), 7.32 (d, J = 8.2 Hz, 

2H), 7.01 (d, J = 8.5 Hz, 2H), 5.20 (dt, J = 8.6, 2.6 Hz, 1H), 4.18 (dd, J = 9.4, 3.3 Hz, 

1H), 4.09 (t, J = 9.0 Hz, 1H), 2.82 (d, J = 6.6 Hz, 1H). 13C NMR (151 MHz, 

Chloroform-d) δ 160.7, 142.3, 139.8, 133.4, 132.9, 128.7, 128.4, 128.2, 127.6, 127.1, 

127.1, 127.1, 127.0, 127.0, 125.9, 125.9, 125.9, 125.9, 125.2, 124.9, 123.8, 123.6, 

123.4, 123.1, 114.6, 73.2, 72.0. HRMS(ESI): calcd for C22H16F6O2S, [M - H]- 

457.0697; found, 457.0707.  HPLC purity: 98.94%. 

2-((4-(trifluoromethyl)benzyl)oxy)-1-(4-((4-

(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-23) 

To a solution of E20 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.3 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Pale 

yellow solid was achieved in 43.7 mg with 87.1% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 7.64 (d, J = 8.0 Hz, 2H), 7.51-7.47 (m, 4H), 7.38-7.35 (m, 2H), 7.17- 

7.13 (m, 2H), 7.06 (d, J = 8.4 Hz, 2H), 5.96 (s, 1H), 4.95 (dd, J = 8.8, 3.2 Hz, 1H), 

4.73-4.66 (m, 2H), 3.68 (dd, J = 9.7, 3.3 Hz, 1H), 3.58 (t, J = 9.3 Hz, 1H), 2.77 (s, 

1H). 13C NMR (151 MHz, Chloroform-d) δ 146.5, 141.8, 141.0, 134.4, 129.9, 127.7, 

127.5, 126.7, 126.7, 125.5, 119.8, 115.4, 76.0, 72.6. HRMS(ESI): calcd for 

C23H19F6NO2, [M - H]- 454.1242; found, 454.1248. HPLC purity: 99.03%. 

1-(4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-((4-

(trifluoromethyl)phenyl)thio)ethan-1-ol (GⅡ-24) 

To a solution of E21 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.3 mg, 0.22 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark 

yellow oil was achieved in 46.7 mg with 93.1% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.56 (d, J = 8.1 Hz, 2H), 7.49 (dd, J = 15.5, 8.3 Hz, 4H), 7.35 (d, J = 
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8.2 Hz, 2H), 7.15 (d, J = 8.2 Hz, 2H), 7.07 (d, J = 8.3 Hz, 2H), 6.00 (s, 1H), 4.82 (dd, 

J = 8.8, 4.0 Hz, 1H), 3.40 (dd, J = 13.7, 4.1 Hz, 1H), 3.27 (dd, J = 13.7, 8.7 Hz, 1H), 

2.71 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 146.3, 141.3, 140.8, 136.1, 128.6, 

128.4, 128.3, 128.1, 128.0, 127.7, 127.2, 126.8, 126.8, 126.7, 126.7, 125.9, 125.9, 

125.8, 125.8, 125.4, 123.2, 122.7, 122.5, 122.2, 121.9, 121.5, 119.7, 115.6, 71.8, 42.3. 

HRMS(ESI): calcd for C22H17F6NOS, [M - H]- 456.0857; found, 456.0862. HPLC 

purity: 98.74%. 

4-(trifluoromethyl)-N-(4-(2-(4-(trifluoromethyl)phenoxy)ethyl)phenyl)aniline 

(GⅡ-25) 

To a solution of 1-iodo-4-(trifluoromethyl)benzene (48.3 mg, 0.18 mmol) and G1 (50 

mg, 0.18 mmol) in toluene, Pd(OAc)2 (7.9 mg, 0.04 mmol), X-Phos (16.9 mg, 0.04 

mmol) and Cs2CO3 (86.9 mg, 0.27 mmol) was added. The mixture was stirred under 

nitrogen at 120 ℃ for 8 hours. After cooling to room temperature and filtration with 

diatomite, water was added and the filtrate was extracted with ethyl acetate for three 

times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of Hexane/EA (20:1-10:1). Pale yellow oil was achieved in 67.4 mg with 

89.2% yield. 1H NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 8.5 Hz, 2H), 7.50 (d, J 

= 8.4 Hz, 2H), 7.29 (d, J = 4.8 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.4 Hz, 

2H), 7.00 (d, J = 8.5 Hz, 2H), 5.92 (s, 1H), 4.24 (t, J = 6.9 Hz, 2H), 3.13 (t, J = 6.9 Hz, 

2H). 13C NMR (101 MHz, Chloroform-d) δ 161.3, 146.9, 139.7, 132.6, 130.1, 128.5, 

127.0, 126.9, 126.9, 126.8, 126.8, 126.7, 126.7, 126.6, 126.0, 125.8, 123.4, 123.3, 

123.1, 123.1, 122.8, 122.0, 121.7, 121.4, 120.5, 115.1, 114.5, 68.9, 35.0. HRMS(ESI): 

calcd for C22H17F6NO, [M - H]- 424.1136; found, 424.1144. HPLC purity: 100%. 

N-(4-(trifluoromethyl)benzyl)-4-((4-(trifluoromethyl)phenyl)amino)benzamide 

(GⅡ-27) 

To a solution of G2 (50 mg, 0.18 mmol), EDCI (82.8 mg, 0.53 mmol) and 4-DMAP 

(2.2 mg, 0.02 mmol) in DCM, (4-(trifluoromethyl)phenyl)methanamine (31.1 mg, 
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0.18 mmol) was added dropwise in ice bath. After warming to room temperature, the 

mixture was stirred for 24 hours and monitored to react completely. It was 

concentrated and purified by column chromatography on silica gel with the elution 

fluid of Hexane/EA (50:1-20:1). Pale yellow solid was achieved in 69.1 mg with 88.6% 

yield. 1H NMR (400 MHz, Chloroform-d) δ 7.80-7.74 (m, 2H), 7.56 (dd, J = 22.6, 8.2 

Hz, 4H), 7.45 (d, J = 8.0 Hz, 2H), 7.19-7.10 (m, 4H), 6.70 (t, J = 5.9 Hz, 1H), 6.43 (s, 

1H), 4.69 (d, J = 5.9 Hz, 2H). 13C NMR (101 MHz, Chloroform-d) δ 167.0, 145.2, 

144.8, 142.5, 129.9, 129.6, 129.3, 128.8, 127.9, 126.8, 126.8, 126.8, 126.7, 126.6, 

125.7, 125.7, 125.6, 125.6, 125.4, 123.6, 123.2, 123.0, 122.7, 117.4, 117.1, 43.5. 

HRMS(ESI): calcd for C22H16F6N2O, [M + H]+ 439.1245; found, 439.1245. HPLC 

purity: 99.26%. 

N-(4-(trifluoromethyl)benzyl)-4-((4-(trifluoromethyl)phenyl)amino)benzamide 

(GⅡ-28) 

To a solution of 1-iodo-4-(trifluoromethyl)benzene (41.2 mg, 0.15 mmol) and G3 (50 

mg, 0.15 mmol) in toluene, Pd2(dba)3 (13.9 mg, 0.02 mmol), XantPhos (17.5 mg, 0.03 

mmol) and NaOtBu (29.1 mg, 0.3 mmol) was added. The mixture was stirred under 

nitrogen at 110 ℃ for 24 hours. After cooling to room temperature and filtration with 

diatomite, water was added and the filtrate was extracted with ethyl acetate for three 

times and washed with saturated brine. The combined organic layer was dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel with the 

elution fluid of Hexane/EA (20:1-10:1). White solid was achieved in 49.8 mg with 

69.4% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.21 (s, 1H), 8.11 (t, J = 6.4 Hz, 1H), 

7.69-7.59 (m, 6H), 7.48 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.25-7.20 (m, 

2H), 4.10-4.05 (m, 2H). 13C NMR (151 MHz, DMSO-d6) δ 146.2, 145.7, 142.9, 131.4, 

128.9, 128.7, 128.3, 128.1, 127.3, 127.01, 127.0, 127.0, 125.9, 125.5, 125.5, 125.5, 

125.4, 125.4, 124.1, 123.7, 121.4, 121.2, 117.6, 116.6, 45.9. HRMS(ESI): calcd for 

C21H16F6N2O2S, [M - H]- 473.0758; found, 473.0762. HPLC purity: 97.15%. 

2-(4-(trifluoromethyl)phenoxy)-1-(6-((4-(trifluoromethyl)phenyl)amino)pyridin-
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3-yl)ethan-1-ol (GⅡ-29) 

To a solution of E24 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (2:1-1:1). Pale 

yellow solid was achieved in 27.8 mg with 55.4% yield. 1H NMR (600 MHz, 

Chloroform-d) δ 8.33 (s, 1H), 7.72 (dd, J = 8.6, 2.2 Hz, 1H), 7.61-7.55 (m, 4H), 7.52-

7.48 (m, 2H), 6.98 (dd, J = 27.0, 8.5 Hz, 4H), 5.13 (dd, J = 8.0, 3.8 Hz, 1H), 4.16-

4.10 (m, 2H). 13C NMR (151 MHz, Chloroform-d) δ 160.6, 154.8, 146.5, 143.5, 136.3, 

127.2, 127.1, 127.1, 127.1, 127.0, 127.0, 126.6, 126.6, 126.5, 126.5, 125.2, 125.2, 

124.0, 123.8, 123.6, 123.4, 123.4, 118.4, 114.6, 109.8, 72.9, 70.2. HRMS(ESI): calcd 

for C21H16F6N2O2, [M + H]+ 443.1194; found, 473.1198. HPLC purity: 97.69%. 

1-(2-(trifluoromethyl)-4-((4-(trifluoromethyl)phenyl)amino)phenyl)-2-(4-

(trifluoromethyl)phenoxy)ethan-1-ol (GⅡ-30) 

To a solution of E25 (50 mg, 0.09 mmol) in MeOH, NaBH4 (7.5 mg, 0.19 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). White 

solid was achieved in 38.2 mg with 76.2% yield. 1H NMR (600 MHz, Chloroform-d) 

δ 7.83 (d, J = 8.4 Hz, 1H), 7.58 (t, J = 9.2 Hz, 4H), 7.43-7.38 (m, 2H), 7.14 (d, J = 8.3 

Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.13 (s, 1H), 5.53 (d, J = 8.7 Hz, 1H), 4.18 (dd, J = 

9.6, 2.7 Hz, 1H), 4.03 (t, J = 9.2 Hz, 1H), 2.85 (s, 1H). 13C NMR (151 MHz, 

Chloroform-d) δ 160.7, 145.0, 141.9, 130.8, 130.0, 129.9, 129.0, 128.8, 128.6, 127.1, 

127.1, 127.0, 127.0, 127.0, 127.0, 126.9, 125.2, 125.2, 124.8, 123.9, 123.7, 123.5, 

123.5, 123.4, 123.4, 123.3, 123.0, 121.6, 116.7, 115.6, 115.6, 115.5, 115.5, 114.6, 72.9, 

67.9. HRMS(ESI): calcd for C23H16F9NO2, [M - H]- 508.0959; found, 508.0975. 

HPLC purity: 99.25%. 

2-(4-(trifluoromethyl)phenoxy)-1-(3-((2-
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(trifluoromethyl)phenyl)amino)phenyl)ethan-1-ol (GⅡ-31) 

To a solution of E27 (50 mg, 0.11 mmol) in MeOH, NaBH4 (8.6 mg, 0.23 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 8 

hours and monitored to react completely. It was concentrated and purified by column 

chromatography on silica gel with the elution fluid of Hexane/EA (5:1-2:1). Dark 

yellow oil was achieved in 46.4 mg with 92.4% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.59 (dd, J = 11.5, 8.2 Hz, 3H), 7.44-7.32 (m, 3H), 7.24 (t, J = 1.9 

Hz, 1H), 7.14-7.09 (m, 2H), 7.01 (d, J = 8.4 Hz, 3H), 6.13 (s, 1H), 5.14 (dd, J = 8.6, 

3.2 Hz, 1H), 4.20-4.07 (m, 2H), 2.77 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 

160.8, 142.3, 141.6, 141.0, 132.7, 129.8, 127.1, 127.0, 127.0, 127.0, 126.0, 125.7, 

123.7, 123.4, 123.3, 123.0, 120.3, 120.3, 119.5, 118.3, 118.2, 117.9, 117.5, 114.6, 73.4, 

72.3. HRMS(ESI): calcd for C22H17F6NO2, [M - H]- 440.1085; found, 440.1093. 

HPLC purity: 98.59%. 

N-(4-(6-nitro-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)phenyl)-5-

(trifluoromethyl)pyridin-2-amine (GⅡ-32) 

To a solution of H1 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.13 mg, 0.24 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 

overnight and monitored to react completely. It was concentrated and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (10:1-5:1). 

Yellow solid was achieved in 32.5 mg with 64.8% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 8.49 (s, 1H), 7.72 (dd, J = 8.7, 2.4 Hz, 1H), 7.66 (dt, J = 8.5, 2.5 Hz, 

1H), 7.60 (d, J = 2.6 Hz, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 6.94-

6.81 (m, 3H), 4.58-4.52 (m, 1H), 4.41 (dt, J = 10.7, 2.5 Hz, 1H), 4.33 (s, 1H), 4.08 

(dd, J = 10.8, 8.5 Hz, 1H). 13C NMR (151 MHz, Chloroform-d) δ 157.7, 148.8, 146.1, 

146.1, 142.1, 139.7, 134.9, 134.9, 133.9, 133.0, 129.9, 129.9, 128.2, 125.0, 121.3, 

118.1, 117.9, 116.5, 115.2, 110.2, 107.9, 71.1, 53.1. HRMS(ESI): calcd for 

C20H15F3N4O3, [M + H]+ 417.1175; found, 417.1164. HPLC purity: 94.68%. 

4-(6-nitro-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)-N-(4-
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(trifluoromethyl)phenyl)aniline (GⅡ-33) 

To a solution of H2 (50 mg, 0.12 mmol) in MeOH, NaBH4 (9.15 mg, 0.24 mmol) was 

added in ice bath. After warming to room temperature, the mixture was stirred for 

overnight and monitored to react completely. It was concentrated and purified by 

column chromatography on silica gel with the elution fluid of Hexane/EA (20:1-10:1). 

Yellow solid was achieved in 31.8 mg with 63.3% yield. 1H NMR (400 MHz, 

Chloroform-d) δ 7.65 (dd, J = 8.8, 2.6 Hz, 1H), 7.59 (d, J = 2.6 Hz, 1H), 7.52 (d, J = 

8.4 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.22-7.18 (m, 2H), 7.11 (d, J = 8.4 Hz, 2H), 

6.92 (d, J = 8.8 Hz, 1H), 6.02 (s, 1H), 4.52 (dd, J = 8.6, 3.0 Hz, 1H), 4.40 (dt, J = 10.8, 

2.4 Hz, 1H), 4.32 (s, 1H), 4.08 (dd, J = 10.8, 8.6 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 148.8, 146.0, 142.1, 141.9, 134.0, 131.6, 128.3, 126.8, 126.8, 119.6, 

116.4, 116.0, 115.2, 110.2, 71.2, 53.1. HRMS(ESI): calcd for C21H17F3N3O3, [M + H]+ 

416.1222; found, 416.1218. HPLC purity: 92.43%. 

5.2 Biology 

5.2.1 Bacterial strains and antibiotic controls 

The bacterial strains used in this study for microdilution assay were as follows: 

Enterococcus faecalis ATCC® 19433, SAURa: S. aureus ATCC® 25923, SAURb: S. 

aureus ATCC® 29213, SPNE: Streptococcus pneumonia ATCC® 49619, ABAU: 

Acinetobacter baumannii ATCC® 19606, PAER: Pseudomonas aeruginosa ATCC® 

27853, ECLO: Enterobacter cloacae ATCC® 13047, ECOL: Escherichia coli 

ATCC® 25922. (The American Type Culture Collection, Manassas, Virginia, United 

States). The antibiotic controls were purchased from Sigma-Aldrich (St. Louis, 

Missouri, United States). 

5.2.2 Determination of MIC value 

The antimicrobial activity of the compounds was determined by broth microdilution 

according to the Clinical and Laboratory Standards Institute (CLSI) guidelines [124]. 
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The test medium was cation-adjusted Mueller–Hinton broth (MHB) if not specified 

elsewhere. Serial twofold dilutions of the tested compound were performed starting 

from 256 to 0.5 μg/mL, and the bacterial cell inoculum was adjusted to approximately 

5 × 105 CFU per mL. Results were taken after 20 hours of incubation at 37 °C. The 

MIC value was defined as the lowest concentration of antibiotic with no visible 

growth. Experiments were performed in at least duplicates. 

5.2.3 Cytotoxicity assay  

Human HepG2 liver cancer and A549 lung carcinoma cell lines were used in this 

study. The cells were seeded at 2.5 × 105 per well. After 24 hours of incubation, the 

tested compounds will be added in a twofold serial dilution ranging from 1.562 to 50 

μM. The plates were incubated at 37 °C. At 48 h and 72 h after adding the compound, 

the MTT assay was performed as described previously [103]. Cisplatin was used as the 

positive control, and DMSO was used as the negative control. 

5.2.4 Fluorescence microscopy 

B. subtilis strain BS1048 (RNAP β′-GFP) and B. subtilis strain BS128 (NusG-GFP) 

was grown on an LB agar plate and selected by chloramphenicol (5 g/mL). A single 

colony was incubated in an LB medium at 37 °C until OD600 ~ 0.6. The compounds 

at gradient final concentrations were then added to the culture and allowed to incubate 

for further 15 min. The cell culture (2.5 μL) was placed onto 1.2% freshly made 

agarose plate and covered with a coverslip prior to imaging. A Nikon Eclipse Ti2-E 

Live-cell Fluorescence Imaging System equipped with a 60×/1.4 oil objective and 

multi-wavelength LED illumination system was used to capture the fluorescence 

images. The fluorescence images were processed with Nikon NIS-Elements Image 

Analysis software. 
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HPLC analysis of compounds 
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