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Abstract  26 

The capsid assembly is an essential step for Hepatitis B Virus (HBV) life cycle and is an important 27 

target for anti-HBV drug development. In this report, we identified a hit compound with aminothiazole 28 

structure by the high throughput screening (HTS) which inhibited the interaction of HBV capsid protein 29 

within the cells. The structure hopping and SAR studies of the hit compound afforded compound 79 30 

with potent anti-HBV replication activity and good basic drug-like properties. The working mechanism 31 

studies showed that compound 79 could bind to the similar binding site of known HBV capsid inhibitor 32 

with heteroaryldihydropyrimidine (HAP) scaffold, through similar hydrophobic interactions but with a 33 

different hydrogen bond. This compound exerted potent inhibitory effect upon HBV production, either 34 

in cell culture or in mice with no obvious acute toxicity. We propose that further development of this 35 

compound could lead to novel potent anti-HBV inhibitors that target HBV capsid assembly.   36 

37 
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Introduction  38 

HBV has been a severe public health threat because it has infected approximate 257 million people 39 

worldwide in 2017[1]. The progression of HBV infection is highly correlated with cirrhosis and 40 

hepatocellular carcinoma. However, the currently available therapeutics including IFN-α and 41 

nucleot(s)ides have not been able to afford satisfying effects in clinical practice because of the high cost, 42 

severe side effects, or the development of viral drug resistance[2-4]. Moreover, neither IFN-α nor 43 

nucleot(s)ides could eradicate HBV infection because of the stable covalently-closed circular DNA 44 

(cccDNA) of HBV. Therefore, further development of new anti-HBV drugs targeting other vital process 45 

in the viral life cycle has been an urgent requirement [5, 6]. The HBV capsid assembly is one of the key 46 

steps for HBV replication and plays important roles in stabilizing cccDNA. Previous studies showed 47 

that blocking HBV capsid assembly led to effective inhibition of HBV replication and impaired the 48 

cccDNA stability [7-14].  Since the first HBV capsid assembly inhibitor BisANS was discovered [15], 49 

many HBV capsid assembly inhibitors with different scaffolds have been studied [16-21]. Among these 50 

HBV capsid inhibitors, the compounds with heteroaryldihydropyrimidine (HAP) structure including 51 

Bay 41-4109[10], GLS4 [22, 23], and NVR-010–001-E2 [24] showed potent anti-HBV activity in vitro 52 

and in vivo, and their binding models and working mechanisms against HBV capsid assembly have been 53 

elucidated [22, 25, 26].  54 

Most of the HBV capsid inhibitors were first discovered with the HTS system in which the expressed 55 

capsid proteins assembled in a non-cellular environment [10, 27, 28]. Therefore, this HTS system may 56 

not be able to investigate some important factors involved in capsid assembly in the cellular 57 

environment. To overcome this problem, we developed a capsid-GFP assay by using capsid protein 58 

fused with GFP fragments that was expressed in 293T cells. This screening method was designed to be 59 

more correlated with the real conditions that was required for HBV capsid assembly in viral replication 60 

and therefore, could identify hit compounds more efficiently and accurately. With our HTS system, we 61 
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identified a hit compound targeting HBV capsid assembly. Based on the hit compound, we discovered a 62 

new potent HBV capsid assembly inhibitor (79) and it was able to inhibit HBV replication inhibitor in 63 

vivo and in vitro. The aminothiazole structure of this active compound may have hydrogen bond 64 

interactions with Ser121 of HBV capsid protein. Our discoveries afforded a new scaffold for the 65 

development of new HBV capsid assembly inhibitor and shed light on the design of more potent 66 

structure.  67 

Results  68 

Section 1. High throughput screening of HBV capsid inhibitors 69 

To explore new HBV capsid inhibitors, we performed a cell-based high-throughput screening by 70 

using a bimolecular fluorescence complementation (BiFC) assay to determine the binding states of HBV 71 

capsid proteins in 293T cells. In brief, we first constructed plasmids of two nonfluorescent fragments of 72 

VFP (Venus fluorescent protein) fused with HBV capsid protein, which were HBVcAg-VFP-N1-154 73 

(HBc-VN) and HBVcAg-VFP-C155-239 (HBc-VC). These two fragments could reconstitute the 74 

fluorophore only when the HBV capsid proteins get close enough during the assembly of HBV capsids. 75 

The HBc-VN and HBc-VC plasmids were co-transfected into 293T cells and the cells were treated with 76 

a commercial drug-like chemical library composed of 40155 compounds at 50 µM (Figure 1A). After 77 

duplicated screening, 439 hit compounds were identified and they were further screened by anti-HBV 78 

replication assay in which the amount of HBV DNA was quantified by qPCR after the treatment. 125 79 

compounds showed activity to inhibit HBV replication at 50 µM and 9 hits at 5 µM in HepG2.2.15 cells 80 

(Figure 1B). Because one the hit compound (Figure 1B) showed low cytotoxicity (CC50>500µM, Figure 81 

1C) and high potency (IC50= 6.15 µM in anti-HBV replication assay, Figure 1D), we chose it for further 82 

studies. 83 

Section 2. SAR of hit compound and the structure hopping 84 
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We first conducted the structure-activity relationship (SAR) studies of the hit compound, with the 85 

synthesis methods showed in scheme 1 [29-31].  86 

 87 

Scheme 1. The syntheses of derivatives of hit compound (22). Reagents and conditions: (a) THF, rt; (b) 88 

n-BuLi, THF, -78℃; (c) Et3SiH, TFA, DCM, rt; (d) Pyridine, DCM, rt. 89 

In the SAR studies for this project, the compounds were first tested in the Capsid-GFP assay (CGA in 90 

Tables) and in the cytotoxicity assay. Only when the tested compound was active in Capsid-GFP assay 91 

at 50µM concentration and also showed no obvious cytotoxicity (CC50>50 µM), it would be tested in 92 

HBV replication assay. 93 

First, the alky-, aromatic or hetero cyclic modifications on the amide group (14-20, Table 1) did not 94 

afford better activity in Capsid-GFP assay. Replacement of p-fluorobenzene of the hit compound with 95 

p-chlorobenzene (21) afforded improvement on the anti-HBV replication activity (IC50 from 6.15 µM to 96 

3.62 µM). Therefore, in the further SAR studies, we focused on o-chlorobenzene as the substitution 97 

group. 98 

 99 

 100 

Table1.  The SAR studies of the hit compound 101 
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Compd. 

No. 

X R CGA 
(%)a 

CC50
b IC50

c clog
Pd 

14 -F 

 

N >50µM / 4.26 

15 -F 

 

0.60 N / 3.76 

16 -F 

 

0.53 N / 4.10 

17 -F 

 

N >50µM / 4.52 

18 -F 

Cl

Cl

 

N >50µM / 5.07 

19 -F 

 

N N / 4.04 

20 -F 

 

N >50µM / 5.93 

21 -Cl 

 

0.59 >50µM 3.62µM 4.34 

22 -Br 

 

N >50µM / 4.45 

23 -Br 

 

N >50µM / 5.54 

a: CGA, Capsid-GFP Assay. The percentage of inhibition with compounds at 50µM concentration in Capsid-GFP 102 
assay. N: test result did not show activity. 103 

b: CC50 (µM), median (50%)  cytotoxic concentration; N: CC50 value lower than 5µM and too toxic for further 104 
test. 105 

c: IC50 (µM), half maximal (50%) inhibitory concentration to inhibit of HBV replication. This test was performed 106 
only when capsid-GFP assay showed positive result and on obvious cytotoxicity was observed (CC50>50µM). 107 

d: clogP was calculated by LigandScout 4.1 108 
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These results prompted us to design compounds by referring with the successful HAP structure. After 109 

we compared the structures of hit compound with NVR-010-001-E2 (Scheme 2), we noticed that our hit 110 

compound possessed two hydrophobic groups: benzene (green) and thiophene (blue), which were 111 

similar with the ethyl (green) and thiazole groups (blue) in NVR-010-001-E2. The previous working 112 

mechanism studies of NVR-010-001-E2 already elucidated that these two groups had strong 113 

hydrophobic or aromatic interactions with the hydrophobic pockets of HBV capsid protein, and thus 114 

they were important for its activity [24]. Moreover, HAP structure had the halogenated benzene ring 115 

(cyan) which bound with the third hydrophobic pocket in HBV capsid protein. However, our hit 116 

compound lack of the third hydrophobic group. The docking studies also showed that the hit compound 117 

could bind in the same site as NVR-010-001-E2, but it was lack of a hydrophobic group to bind with the 118 

hydrophobic cavity that was occupied by the halogenated benzene of NVR-010-001-E2 (Figure S1.). 119 

Thus, we proposed that the methylene group on hit compound could be substituted with a hydrophobic 120 

group (cyan) to afford the necessary hydrophobic interaction (Scheme 2).  121 

 122 

Scheme 2. The design and structure hopping of hit compound. The hit compound has two 123 

hydrophobic groups (green and blue). Our design added one more hydrophobic group (cyan) 124 

enlightened by the capsid inhibitors in clinical trials with HAP structure (BAY41-4109 and 125 

NVR-010-001-E2). 126 
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Section 2.  SAR studies of the compounds with the third hydrophobic groups 127 

According to the analysis on the possible binding model of the hit compound described above, we 128 

designed and synthesized its derivatives with the methods described in scheme 3. 129 
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 131 

Scheme 3. The syntheses of compounds with three hydrophobic groups. Reagents and conditions: (a) 132 

SOCl2, DCM, Reflux; (b) K2CO3, DCM, Reflux; (c) TFA, DCM, rt; (d) Pyridine, DCM, rt; (e) Cs2CO3, 133 

DMF, rt. 134 

To explore the chemical diversity in the third hydrophobic groups on the methylene group, we 135 

synthesized the intermediates with chloro-subtituted methylene group (compound 8, Scheme 3A) to 136 

conveniently construct an ether link to install the third hydrophobic groups (compound 9, Scheme 3A). 137 

With the p-chloride substitution on benzene ring and with Boc groups in the amide position, different 138 

hydrophobic or aromatic rings were installed (24-33, Table 2). Among these tested compounds, the 139 

α-bromide-naphthalene groups (31) afforded good activities both in Capsid-GFP assay and anti-HBV 140 
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replication test. Next, we optimized compound 31 by replacing the Boc group with thiophene group and 141 

found this modification (33) afforded good activity in Capsid-GFP assay (CGA) but its cell toxicity was 142 

too high (CC50<5µΜ) to test its anti-HBV replication activity. It was also interesting that other aromatic 143 

groups tested in our studies (34-41) did not affect the activity in Capsid-GFP assay but led to the loss of 144 

activity to inhibit HBV replication. These data indicated that the size of the aromatic groups may not be 145 

important to interrupt the assembly of capsid protein, but the p-chloride benzene was important to 146 

inhibit HBV replication in cells. The SAR studies in this series of compounds afforded support on our 147 

hypothesis that the third hydrophobic groups could be a good position for further design. 148 

 149 

 150 

Table 2. The SAR studies of the compounds with the third hydrophobic groups  151 

Compd 

No. 

X R1 R2 CGA 
(%)a 

CC50 IC50 clogP 

24 -Cl 

 
 

N >50µM / 7.50 

25 -Cl 

  

N >50µM / 6.83 

26 -Cl 

  

N >50µM / 6.20 

27 -Cl 

 
 

N >50µM / 5.94 

28 -Cl 

  

N >50µM / 6.25 
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Compd 

No. 

X R1 R2 CGA 
(%)a 

CC50 IC50 clogP 

29 -Cl 

 

 

N >50µM / 7.13 

30 -Cl 

 

 

N >50µM / 7.36 

31 -Cl 

 
 

0.55 >50µM 2.27µM 7.00 

32 -Cl 

  

N >50µM / 7.52 

33 -Cl 

  

0.47 N / 7.71 

34 H 

  

0.64 N / 5.76 

35 H 

  

0.59 N / 5.65 

36 H 

  

0.64 N / 5.31 

37 H 

  

0.64 N / 5.01 

38 H 

 

 

0.26 N / 5.28 

39 H 

 

 

0.27 N / 5.90 
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Compd 

No. 

X R1 R2 CGA 
(%)a 

CC50 IC50 clogP 

40 H 

 

 

0.45 N / 5.77 

41 H 

  

0.47 N / 6.16 

Section 3. The SAR studies at thiophene group and its linker  152 

Based on the results of section 2, we first tested whether it would afford better activity to replace the 153 

amide group with alky-substituted amine groups. The Capsid-GFP assay showed that this type of 154 

modification totally abolished the activity to inhibit HBV replication (42-48, Table 3). It indicated that 155 

the aromatic ring or/and the amide structure were necessary for the activity, which fit our hypothesis 156 

that the large hydrophobic or aromatic groups were required in this position. 157 

 158 

Table 3. The SAR studies of alkyl-substituted amine 159 

Compd. 

No. 

R3 CGA (%)a CC50 IC50 clogP 

42 

 

0.55 N / 9.26 

43 

 

0.61 N / 8.62 

44 
 

0.37 N / 6.69 
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45 
 

0.38 N / 7.08 

46 

 

0.35 N / 7.39 

47 

 

0.40 N / 7.39 

48 

 

0.43 N / 7.47 

 160 

We then synthesized amide structure with alky or aromatic ring substitutions (Table 4). First, the small 161 

alkyl groups, such as cyclopropane (49) and neo-butyl (51), could maintain the activity in Capsid-GFP 162 

assay but did not afford any activity in HBV replication assay. The similar results were observed in the 163 

compounds with substitution groups (52-54) with hetero atoms. Second, among the compounds with 164 

substituted benzene ring (55), or benzene rings with electron donating groups (56, 57) or electron 165 

withdrawing groups (57-63), most of them were active in Capsid-GFP assay. Among these compounds, 166 

only compounds 57 and 61 showed potent anti-HBV replication activity but they had a too high LogP 167 

value for good DMPK properties. Therefore, we tried to install heterocycles (64-65) or carbohydrate 168 

precursor (66) in this position. However, these structures did not afford higher anti-HBV replication 169 

activity. Meanwhile, based on compound 57, we studied the effects of different linkage atoms. It turned 170 

out that the compound with nitrogen atoms (67) was still active in both assays, although less active than 171 

compound 57. However, the sulfur atom (68) led to the loss of the activity to inhibit HBV replication.  172 

 173 

Table 4. The SAR studies of alkyl- or aromatic-substituted amide 174 
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Compd. 

No. 

Y R4 CGA 
(%)a 

CC50 IC50 clogP 

49 -O 
 

0.67 N / 6.92 

50 -O  N >50µM / 8.15 

51 -O 
 

0.47 N / 7.62 

52 -O 

 

0.67 N / 7.51 

53 -O 

 

0.35 N / 6.75 

54 -O 

 

0.66 N / 7.00 

55 -O 

 

0.58 N / 7.65 

56 -O 

 

0.71 N / 7.96 

57 -O 

 

0.54 >50µM 1.45µM 7.66 

58 -O 

 

0.50 N / 7.79 

59 -O 

 

N >50µM / 8.42 

60 -O 

 

0.51 N / 7.93 

61 -O 

 

0.65 >50µM 3.55µM 8.55 

62 -O 

 

0.44 N / 8.07 
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Compd. 

No. 

Y R4 CGA 
(%)a 

CC50 IC50 clogP 

63 -O 

 

0.70 >50µM / 7.53 

64 -O 

 

0.64 N / 7.26 

65 -O 

 

0.45 N / 7.70 

66 -O 

 

0.40 N / 5.37 

67 -NH 

 

0.69 >50µ M 6.85µM 6.93 

68 -S 

 

0.49 N / 7.61 

 175 

To further optimize compound 57, we then tested if sulfonamide bond would better than amide 176 

(Table 5). Compound 69 showed that the sulfonamide bond would not decrease the activity in 177 

Capsid-GFP assay, but it was inactivity in anti-HBV test. We then synthesized derivatives with benzene 178 

(70) or substituted benzene rings (71-74). It turned out that only compound 70 afforded good activity in 179 

both Capsid-GFP assay and anti-HBV replication assay. We next try to install larger hydrophobic 180 

groups (75-78) and proposed that they could occupy the hydrophobic pocket better in the active site of 181 

capsid protein. However, these compounds did not show good activity in either assay. Finally, the 182 

quinoline (79) group showed good activities to abolish capsid assembly and to inhibit HBV replication. 183 

We then isolated the two enantiomers of compound 79 with chiral chromatography (Supplemental 184 

information).  Both of the enantiomers showed similar activities in Capsid-GFP assay and anti-HBV 185 

replication assay (Figure S2). These data indicated that the relatively large hydrophobic groups, such as 186 

quinoline in compound 79, would afford good binding affinity with the hydrophobic pocket in HBV 187 

capsid protein. The different activities between compounds 76 and compound 79 indicated that the 188 

nitrogen atom of quinoline on compound 79 may have strong interactions, such as hydrogen bonds, with 189 

certain amino acid residues in the binding pocket.  190 
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 191 

Table 5. The SAR studies of compounds with sulfonamide bonds 192 

Compd. 

No. 

R5 CGA (%)a CC50 IC50 clogP 

69 

 

0.44 N / 8.58 

70 

 

0.63 >50µM 2.32µM 8.51 

71 

 

N >50µM / 9.13 

72 

 

N >50µM / 9.08 

73 

 

0.50 N / 9.17 

74 

 

0.30 N / 8.56 

75 

 

N >50µM / 8.45 

76 

 

N >50µM / 9.67 

77 

 

N >50µM / 9.98 
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Compd. 

No. 

R5 CGA (%)a CC50 IC50 clogP 

78 

 

0.50 N / 8.52 

79 

 

0.63 >50µM 0.18µM 9.06 

 193 

Section 4. SAR studies at the 4-Chlorobenzene group  194 

In section 2, we observed that the chloride atom on benzene ring was required for the activity. So we 195 

used compound 57 as standard to further study whether the substitution groups in this position would 196 

increase the activity (Table 6).  The compounds with halogen atoms (80-83) were active in Capsid-GFP 197 

assay, but they did not afford better activity in HBV replication assay. Both nitrile and methylsulfonyl 198 

groups totally abolished both of the activities. These results, together with the results from section 2, 199 

indicated that the chloride group in this position is important for the anti-HBV activity. 200 

 201 

Table 6 The SAR studies at the 4-Chlorobenzene group 202 

Compd. 

No. 

X CGA 
(%)a 

CC50 IC50 clogP 

80 Br 0.78 >50µM / 7.77 

81 F 0.76 >50µM / 7.15 

82 -CN N N / 6.89 
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Compd. 

No. 

X CGA 
(%)a 

CC50 IC50 clogP 

83 

 

N N / 7.50 

 203 

Section 5. Compound 79 inhibited the HBV capsid assembly 204 

SAR studies afforded compound 79 as the best active compound. Then we performed further studies 205 

on how it disrupted the assembly of HBV capsid. We first co-transfected HBc-VN and 206 

HBc-VC-expressing plasmids into 293T cells and incubated for 48 h. Then we treated the cells with 207 

compound 79 at 0, 0.5, 5, or 50 µM respectively. The MFI (mean fluorescent intensity) of Envision 208 

showed that the GFP protein level was inhibited by compound 79 in a dose-dependent manner (Figure 209 

2A). Second, we confirmed that the interactions of HBV capsid protein was interrupted by compound 210 

79 with co-immunoprecipitation assay. The HA-tagged-HBc-VN-expressing plasmid was co-transfected 211 

with HA-tagged-HBc-VC-expressing plasmid into 293T cells. Treatment with compound 79 (50 µM, 212 

100 µM) obviously disrupted the dimerization of HBV capsid protein (Figure 2B, C). These results 213 

showed that compound 79 inhibited the HBV by disrupting the HBV capsid interactions. To further 214 

identify whether treatment of compound 79 had effect on capsid morphology, recombinant HBV capsid 215 

protein (HBV capsid protein 1-149, Cp149) was expressed in E.coli and purified, and then subjected to 216 

negative staining and examined with electronic microscopy (EM) [15, 26, 32].  After the treatment 217 

with compound 79, almost all capsids did not display a normal morphology (Figure 2D). These results 218 

showed that 79 inhibits the aggregation of HBVcAg and consequently disrupts the formation of HBV 219 

capsid. 220 

Section 6. The binding model of compound 79 with HBV capsid proteins. 221 
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To further elucidate the working mechanism of compound 79, we performed the molecular docking 222 

studies of compound 79 with the crystal structure of HBV capsid protein which included HAP ligand 223 

NVR-010-001-E2 (PDB: 5E0I). Frist, the optimized conformation of compound 79 was prepared. Then, 224 

the crystal structure of HBV capsid protein was also prepared by removing ligand and unrelated water 225 

molecules. We did not specify the HAP ligand site for compound 79 but instead we selected the whole 226 

protein for docking studies. The top 5 poses of compound 79 were just in the same binding pocket as the 227 

ligand (NVR-010-001-E2). Moreover, compound 79 and NVR-010-001-E2 showed quite similar 228 

binding models (Figure 3A). The bromonaphthalene group of 79 had strong hydrophobic or aromatic 229 

interactions with the hydrophobic pocket composed by Phe23, Phe24, Trp102, Tyr118, Leu140 of chain 230 

B, and Ala132 of chain C (Figure 3A). This was the largest hydrophobic pocket and it was the thiazole 231 

group of NVR-010-001-E2 that had bound in this pocket. The quinoline group of compound 79 bound 232 

with Thr109 and Val120 of Chain C and it was the similar position that 2-Bromo-4-Fluorophenyl of 233 

NVR-010-001-E2 had bound in (Figure 3A). The 4-cholorophenyl group of compound 79 had 234 

hydrophobic interactions with Val124 and Trp125 of Chain C (Figure 3B) and the chloride atom pointed 235 

to the solvent environment. Compound 79 had three important hydrophobic/aromatic interactions that 236 

were also important hydrophobic interactions for HAP inhibitor NVR-010-001-E2. Besides hydrophobic 237 

interactions, the nitrogen atoms of the thiazole group and the quinoline group of compound 79 may 238 

form hydrogen bound with Ser121 (Figure 3C). The hydrogen bonds between quinoline and Ser121 239 

afforded support on the SAR results of section 3 where we found that the naphthalene group (76, 77) or 240 

other aromatic groups could not good activity but only quinoline showed best activities.  241 

To verify the possible hydrogen bonds and the hydrophobic interaction between compound 79 and 242 

Ser121 and Tyr118 would be important for its activity, we constructed two mutant HBV capsid proteins 243 

Ser121A and Tyr118A.  The surface plasmon resonance (SPR) experiments showed that the binding 244 

affinity of compound 79 with wildtype HBV capsid protein was high (KD=5.93*10-6, Figure 4A). 245 

However, the HBV capsid mutants S121A and Y118A showed low binding affinity with compound 79 246 
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(Figure. 4B and 4C). These results showed that the hydrogen bond and hydrophobic interaction were 247 

vital for the binding affinity and activities of compound 79. 248 

Section 7. Compound 79 inhibits the HBV replication in vitro and in vivo. 249 

Compound 79 was applied to treat HepG2.2.15 cells (5×104) for 7 days, the HBV replication was 250 

detected by the quantitation of HBV DNA in the supernatant with real-time PCR. Compound 79 showed 251 

potent anti-HBV replication activity in a dose-dependent way (Figure 5A) with the IC50 value of 182.9 252 

nM (Figure 5B) in HepG2.2.15 cells.  253 

The in vivo efficacy of compound 79 was evaluated in BALB/c transgenic mice which were injected 254 

with replication-competent HBV DNA plasmid HBV-1.2mer and they could produce HBV DNA, 255 

HBeAg, HBsAg and HBcAg [33]. These mice were randomly divided into two groups and each group 256 

included 3 male BALB/c transgenic mice. We injected by tail vein with 30mg/kg compound 79 and 257 

DMSO, respectively. After 2 weeks, mice were scarified and the blood samples were collected to 258 

determine the antiviral activity. The data displayed here showed that compound 79 had a significant 259 

inhibition of HBV DNA level (Figure. 5C) and HBsAg level (Figure. 5D). Alternatively, to confirm the 260 

anti-HBV replication activity of compound 79 in vivo, the nude mice were subcutaneously inoculated 261 

with HepAD38 cells and then treated with or without compound 79 every 3 days. After 4 weeks, the 262 

HBV DNA level in the blood in the treated groups significantly lower than control and it showed that 263 

compound 79 had potent antiviral activity in vivo (Figure. 5E). Meanwhile, the HBVcAg level in the 264 

tumor tissue detected by immunofluorescence assay also decreased in the compound 79 treated group 265 

(Figure. 5F). 266 

Section 8. Compound 79 did not show obvious toxicity in acute toxicity test. 267 

The DMPK and toxic properties were the major concerns for the HBV capsid inhibitors [7, 9]. 268 

Compound 79 was tested in 5 male Balb/c mice with intraperitoneal injection in the dose of 0 mg/kg, 269 
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500 mg/kg, and 1000 mg/kg, respectively. These mice did not show significant change of body weight 270 

two weeks after the injections (Figure 6A). In the 14th day, the blood samples and the tissues of heart, 271 

liver, lung, spleen, and kidney were examined and no significant abnormity was found. The hepatic and 272 

renal functions including the levels of AST, ALT, BUN, and CRE were normal (Figure 6B-D). The 273 

histological sections of these organs were also normal (Figure 6E). These preliminary studies on the 274 

toxic properties of compound 79 showed that compound 79 could be a good start point to design new 275 

HBV capsid inhibitors for lead discoveries. 276 

Discussion and Conclusion 277 

In this report, we developed a cell-based HTS system and screened a commercial library, resulting one 278 

of the hit compounds with aminothiazole structure that could block HBV capsid assembly and inhibit 279 

HBV replication. In the light of the known working mechanism and structure biology data of active 280 

HAP compounds (NVR-010–001-E2 and GLS4), we proposed that our hit compound may have a 281 

similar binding model with HAP compounds. Based on this hypothesis, we predicted that the activity of 282 

the hit compound may be promoted if it possessed three hydrophobic groups to bind in the binding 283 

pocket composed by two HBV capsid proteins, as HAP compounds did. Among the compounds that we 284 

deigned and synthesized according to this hypothesis, compound 79 exhibited potent activity to block 285 

HBV capsid assembly in the Capsid-GFP assay and it led to the abnormal size and shape of HBV capsid. 286 

Compound 79 also inhibited HBV replication both in vitro and in vivo with no obvious acute toxicity. To 287 

elucidate the working mechanism of our effective compounds, we performed docking studies and it 288 

showed that compound 79 had similar binding model with ligand NVR-010–001-E2 and the third 289 

hydrophobic groups (bromo napthalene) showed strong hydrophobic interactions with pocket composed 290 

by Thr128, Tyr118 etc. The quinoline group had hydrophobic interaction with Val120 of Chain C and 291 

Thr109 of Chain B. Moreover, the docking studies showed that the nitrogen atoms of aminothiazole and 292 

quinoline groups were close to amino acid Ser121 and they could form hydrogen bonds. To acquire 293 
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better understand of the hydrogen bond interactions, we tested the binding affinity of compound 79 with 294 

WT HBV capsid protein and S121A mutant with SPR. Compound 79 showed high binding affinity with 295 

WT capsid protein but did not bind with the mutant S121A.  296 

Since the HBV capsid assembly process has been proved to be a novel anti-HBV target, both 297 

academia and industry have developed HBV capsid inhibitor with different scaffolds. The HAP structure 298 

has afforded some promising lead compounds or NCEs in clinical trials. However, the working 299 

mechanism of HAP compounds required that the active compounds must have three relatively large 300 

hydrophobic/aromatic substitution groups, thus bringing problems in their DMPK properties. Recently, 301 

the optimization of HAP structure has focused on the 6-C of dihydropyrimidine by installing various 302 

hydrophilic groups to afford better water solubility [7, 9]. The molecular docking data also suggested 303 

that this position may point to the solvent environment. Therefore, it could be useful to install 304 

hydrophilic groups to acquire both high anti-HBV replication activity and good water solubility. In 305 

addition, our work showed that compound 79 probably has a key hydrogen bond with Ser121, which has 306 

not been identified before. This hydrogen bond, together with other possible water participated 307 

hydrogen bonds, could afford strong binding affinity and also shed light on the design of new HBV 308 

capsid inhibitors to bind efficiently to Ser121.  309 

In conclusion, our work has identified 2-aminothiazole based HBV capsid inhibitors with potent 310 

anti-HBV replication activity. They may bind with HBV capsid protein by hydrophobic interactions and 311 

a hydrogen bond with Ser121. These active compounds, especially compound 79, could be a good start 312 

to develop new anti-HBV lead compounds or could be used as chemical tools to study the roles of HBV 313 

capsid in viral life cycle. 314 

Experimental methods 315 

General methods for chemistry. All starting materials were commercially available and used without 316 
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further purification. All reactions were carried out with the use of standard techniques under an inert 317 

atmosphere (Ar or N2). NMR spectra were generated on a Bruker 500 or 400MHz instrument and 318 

obtained as CDCl3 or DMSO-d6 solutions (reported in ppm), using CDCl3 as the reference standard 319 

(7.26 ppm) or DMSO-d6 (2.50 ppm). Mass spectral data (ESI) were gathered on Thermofisher LCQ or 320 

QE Mass spectrometry. HPLC (Agilent Prostar 218 or 1200) was employed for purity determination. 321 

Synthesis of derivatives of the hit compound 322 

 323 

A suspension of 1, 3-Thiazol-2-amine (1) (1g, 9.98 mmol), (Boc)2O (1.45g, 6.65 mmol) in anhydrous 324 

THF was stirred at room temperature for 16h. Upon completion, the reaction mixture was diluted with 325 

EtOAc and washed with brine. The organic layer was evaporated to dryness under reduced pressure. 326 

The crude product was purified by flash column chromatography on a silica column using 327 

c-hexane/acetone (6:1) as the eluent to get while powder compound 2. 328 

n-BuLi (1.5 mL 2.5 M in THF, 4 equiv) was added drop wise to compound 2 (1 mmol) in THF (5 329 

mL ) at -78℃ for 1 h and then benzaldehyde derivatives (3) (1.2 mmol) were added at -78℃ with stirring 330 

3-4h. After completion, the reaction system was quenched by adding 1M HCl, extracted with EtOAc 331 

and washed with brine. The organic phase was concentrated, and the residue was purified by flash 332 

column chromatography on a silica column using c-hexane/acetone (0-50%) to get compound 4. 333 

A mixture of compound 4 (1 equiv), triethylsilane (8 equiv) and TFA (14 equiv) in DCM (10 mL) 334 

was stirred overnight at room temperature. After removal of the solvent, the residue was dissolved with 335 
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DCM and washed with a saturated solution of aqueous NaHCO3 The organic layer was collected and 336 

purified using cyclohexane/acetone (0-30%) to get compound 5 337 

To a solution of compound 5 in pyridine (3 mL was added acyl chloride derivatives, the reaction 338 

mixture was stirred at room temperature for 2h. After concentration, the residue was dissolved in 339 

EtOAc, acidified with 1N HCl and washed with brine The organic phase was purified by flash column 340 

chromatography on a silica column using cyclohexane/acetone (15%-25%) to get compound 6 341 

General Procedures for the Synthesis of 24-41, 49-83 analogues for SAR studies 342 

To a solution of compound 4 (0.08 mmol) in 5 mL DCM was added SOCl2 (1 mL). The mixture was 343 

refluxed overnight at 80 ℃. Then the reaction mixture was concentrated in vacuo to get compound 7. It 344 

was used for the next reaction directly.  345 

To a solution of compound 7 in DCM was added compound 8 (0.12 mmol) and K2CO3 (0.24 mmol) 346 

The resulting mixture was refluxed at 80 ℃ for 3h before it was quenched with 5 mL of brine The 347 

organic layer was collected and purified by flash column chromatography on a silica column using 348 

cyclohexane/acetone (0-50%) to get compound 9. 349 

A mixture of compound 9 (1 equiv) and TFA (14 equiv) in DCM (10 mL) was stirred overnight at 350 

room temperature. Then the solvent was evaporated. The residue was washed with a saturated solution 351 

of aqueous NaHCO3 mand extracted with DCM The organic layer was collected and purified using 352 

cyclohexane/acetone (0-30%) to get compound 10. 353 

To a solution of compound 10 in pyridine was added acyl chloride or sulfuryl chloride derivatives 354 

(11), the reaction mixture was stirred at room temperature for 2h. After completion, the reaction system 355 

was quenched by adding 1M HCl, extracted with EtOAc and washed with brine. The residue was 356 

purified by flash column chromatography on a silica column using cyclohexane/acetone (15%-25%) to 357 
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get compound 12 358 

General procedures for the synthesis of 42-48 analogues for SAR studies.   359 

A mixture of compound 10, Cs2CO3 and halogen substituted alkanes in DMF was stirred overnight at 360 

room temperature .The resulting mixture was diluted with EtOAc and washed with brine. The organic 361 

layer was collected and purified by flash column chromatography on a silica column using 362 

cyclohexane/acetone (0-25%) to get compound 13. 363 

N-(5-(4-fluorobenzyl) thiazol-2-yl) cyclohexanecarboxamide (14) 364 

1H NMR (500 MHz, CDCl3) δ 7.21 – 7.16 (m, 2H), 7.06 (s, 1H), 7.00 (ddd, J = 8.7, 4.5, 2.6 Hz, 2H), 365 

4.03 (s, 2H), 2.48 – 2.39 (m, 1H), 2.34 (tt, J = 11.2, 3.6 Hz, 2H), 1.95 (d, J = 13.3 Hz, 6H), 1.84 – 1.73 366 

(m, 6H), 1.72 – 1.62 (m, 3H), 1.52 (dtd, J = 24.2, 12.4, 3.1 Hz, 7H), 1.39 – 1.17 (m, 11H). ESI-MS m/z: 367 

319.42 [M+H] +. 368 

13C NMR (101 MHz, DMSO) δ 175.79 (s), 163.94 (s), 161.53 (s), 158.95 (s), 138.38 (s), 136.36 (s), 369 

132.69 (s), 131.99 (d, J = 8.0 Hz), 117.43 – 117.22 (m), 117.04 (d, J = 21.2 Hz), 45.09 (s), 32.87 (s), 370 

30.60 (s), 26.97 (d, J = 23.4 Hz), 26.73 – 26.48 (m). 371 

N-(5-(4-fluorobenzyl) thiazol-2-yl) benzamide (15) 372 

1H NMR (500 MHz, CDCl3) δ 8.24 (dt, J = 8.7, 1.7 Hz, 1H), 8.17 – 8.13 (m, 2H), 7.66 – 7.62 (m, 1H), 373 

7.59 – 7.52 (m, 3H), 7.50 – 7.45 (m, 1H), 7.24 – 7.19 (m, 3H), 7.09 (s, 1H), 7.07 – 7.01 (m, 3H), 4.18 374 

(s, 1H), 4.08 (s, 2H), 2.17 (s, 1H), 1.26 (s, 1H). ESI-MS m/z: 313.36 [M+H] +. 375 

13C NMR (101 MHz, DMSO) δ 166.85 (s), 163.98 (s), 161.57 (s), 159.66 (s), 138.28 (s), 135.28 (d, J = 376 

203.1 Hz), 134.08 (s), 133.28 (s), 132.07 (d, J = 8.0 Hz), 130.36 (s), 129.91 (s), 117.09 (d, J = 21.2 Hz), 377 

116.94 – 116.70 (m), 32.90 (s). 378 

N-(5-(4-fluorobenzyl) thiazol-2-yl)-4-methylbenzamide (16) 379 

1H NMR (500 MHz, CDCl3) δ 7.91 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.0 Hz, 3H), 7.22 – 7.17 (m, 2H), 380 

7.04 – 6.98 (m, 2H), 6.92 (s, 1H), 4.05 (s, 2H), 2.44 (s, 3H). ESI-MS m/z: 327.39 [M+H] +. 381 

13C NMR (101 MHz, DMSO) δ 166.66 (s), 163.97 (s), 161.57 (s), 159.71 (s), 144.52 (s), 138.29 (s), 382 

136.34 (s), 133.18 (s), 132.06 (d, J = 8.0 Hz), 131.23 (s), 130.91 (s), 129.94 (s), 117.22 (s), 117.08 (d, J 383 
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= 21.2 Hz), 32.89 (s), 22.89 (s). 384 

4-Bromo-N-(5-(4-fluorobenzyl) thiazol-2-yl) benzamide (17) 385 

1H NMR (500 MHz, CDCl3) δ 8.12 – 8.07 (m, 1H), 7.93 – 7.88 (m, 2H), 7.66 – 7.61 (m, 2H), 7.60 (dd, 386 

J = 6.1, 3.6 Hz, 1H), 7.22 – 7.17 (m, 2H), 7.07 – 7.01 (m, 2H), 6.90 (s, 1H), 4.18 (s, 1H), 4.06 (s, 2H), 387 

1.26 (s, 1H). ESI-MS m/z: 392.26 [M+H] +. 388 

13C NMR (101 MHz, DMSO) δ 166.25 (s), 163.98 (s), 161.58 (s), 159.76 (s), 138.22 (s), 133.40 (s), 389 

132.06 (d, J = 10.4 Hz), 128.16 (s), 117.20 (s), 116.99 (s), 32.91 (s). 390 

2,4-Dichloro-N-(5-(4-fluorobenzyl) thiazol-2-yl) benzamide (18) 391 

1H NMR (500 MHz, CDCl3) δ 7.66 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 1.9 Hz, 1H), 7.36 (dd, J = 8.3, 2.0 392 

Hz, 1H), 7.20 – 7.15 (m, 2H), 7.03 (ddd, J = 8.7, 5.4, 2.1 Hz, 2H), 6.51 (s, 1H), 4.01 (s, 2H). ESI-MS 393 

m/z: 382.25 [M+H] +. 394 

13C NMR (101 MHz, DMSO) δ 165.66 (s), 164.00 (s), 161.59 (s), 158.56 (s), 138.26 (s), 137.44 (s), 395 

136.50 (s), 135.22 (s), 133.85 (s), 133.40 (s), 132.60 (s), 132.06 (d, J = 8.0 Hz), 131.15 (s), 129.25 (s), 396 

117.23 (s), 117.02 (s), 32.90 (s). 397 

N-(5-(4-chlorobenzyl) thiazol-2-yl)-2,4-difluorobenzamide (19) 398 

1H NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 15.3, 8.8 Hz, 1H), 7.29 (d, J = 8.3 Hz, 2H), 7.18 (d, J = 8.3 399 

Hz, 3H), 7.10 – 7.02 (m, 1H), 6.99 – 6.90 (m, 1H), 4.07 (s, 2H), 1.26 (s, 3H). ESI-MS m/z:365.80 400 

[M+H] +. 401 

13C NMR (101 MHz, DMSO) δ 167.87 (d, J = 12.2 Hz), 165.97 (d, J = 2.9 Hz), 165.24 (dd, J = 23.1, 402 

12.6 Hz), 162.54 (d, J = 13.0 Hz), 136.37 (s), 135.81 (d, J = 9.5 Hz), 132.04 (d, J = 7.9 Hz), 117.93 (d, J 403 

= 6.8 Hz), 117.20 (s), 116.99 (s), 113.73 (dd, J = 21.6, 3.3 Hz), 107.41 (s), 107.15 (s), 106.89 (s), 32.88 404 

(s). 405 

N1, N6-bis(5-(4-fluorobenzyl) thiazol-2-yl) adipamide (20) 406 

1H NMR (500 MHz, DMSO-d6) δ 7.27 (dd, J = 8.6, 5.6 Hz, 2H), 7.19 (s, 1H), 7.13 – 7.08 (m, 2H), 4.04 407 

(s, 6H), 3.10 (dd, J = 3.2, 1.6 Hz, 1H), 2.36 (d, J = 5.6 Hz, 3H), 1.53 (s, 3H). ESI-MS m/z: 527.20 408 

[M+H] +. 409 

13C NMR (101 MHz, DMSO) δ 172.71 (s), 163.92 (s), 161.52 (s), 158.77 (s), 138.34 (s), 136.37 (s), 410 
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132.72 (s), 132.01 (d, J = 8.0 Hz), 117.04 (d, J = 21.2 Hz), 36.36 (s), 32.86 (s), 26.11 (s). 411 

N-(5-(4-chlorobenzyl) thiazol-2-yl) thiophene-2-carboxamide (21) 412 

1H NMR (400 MHz, DMSO-d6) δ 12.55 (s, 1H), 8.16 (s, 1H), 7.91 (d, J = 4.9 Hz, 1H), 7.38 (d, J = 8.4 413 

Hz, 2H), 7.34 – 7.28 (m, 3H), 7.24 – 7.19 (m, 1H), 4.11 (s, 2H), 2.08 (s, 1H). ESI-MS m/z:335.84 414 

[M+H] +. 415 

13C NMR (101 MHz, DMSO) δ 141.05 (s), 135.12 (s), 132.96 (s), 132.51 (s), 132.11 (s), 130.33 (s), 416 

33.02 (s). 417 

N-(5-(4-bromobenzyl) thiazol-2-yl) thiophene-2-carboxamide (22) 418 

1H NMR (400 MHz, DMSO-d6) δ 12.55 (s, 1H), 8.16 (s, 1H), 7.91 (d, J = 4.9 Hz, 1H), 7.51 (d, J = 8.3 419 

Hz, 2H), 7.31 (s, 1H), 7.28 – 7.19 (m, 3H), 4.09 (s, 2H), 2.08 (s, 1H), 1.23 (s, 1H). ESI-MS m/z: 380.29 420 

[M+H] +. 421 

13C NMR (101 MHz, DMSO) δ 141.46 (s), 134.99 (s), 133.24 (s), 132.45 (s), 130.23 (s), 121.39 (s), 422 

119.73 (s), 33.08 (s). 423 

N-(5-(4-bromobenzyl) thiazol-2-yl)-2-naphthamide (23) 424 

1H NMR (500 MHz, CDCl3) δ 11.99 (s, 1H), 8.49 (s, 1H), 8.02 (dd, J = 8.6, 1.7 Hz, 1H), 7.94 (dd, J = 425 

8.4, 3.3 Hz, 2H), 7.89 (d, J = 8.1 Hz, 1H), 7.65 (dd, J = 11.1, 4.0 Hz, 1H), 7.57 (t, J = 7.1 Hz, 1H), 7.38 426 

(d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.3 Hz, 2H), 6.76 (s, 1H), 3.95 (s, 2H). ESI-MS m/z:424.33 [M+H] +. 427 

13C NMR (101 MHz, DMSO) δ 166.96 (s), 159.90 (s), 141.60 (s), 136.48 (s), 133.84 (s), 133.44 – 428 

132.31 (m), 131.08 (t, J = 24.6 Hz), 130.86 – 130.59 (m), 130.41 (s), 130.05 (d, J = 13.8 Hz), 129.51 (s), 429 

128.79 (s), 126.14 (s), 121.40 (s), 33.09 (s). 430 

tert-Butyl (5-((4-chlorophenyl) (4-isopropyl-2-methylphenoxy) methyl) thiazol-2-yl) carbamate 431 

(24) 432 

1H NMR (500 MHz, Chloroform-d) δ 11.53 (s, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 433 

7.07 – 7.01 (m, 2H), 6.73 (d, J = 7.5 Hz, 1H), 6.60 (s, 1H), 6.32 (s, 1H), 2.74 (dt, J = 13.7, 6.9 Hz, 1H), 434 

2.26 (s, 3H), 1.59 (s, 4H), 1.47 (s, 9H), 1.34 (d, J = 2.6 Hz, 1H), 1.26 (s, 1H), 1.15 – 1.10 (m, 6H). 435 

ESI-MS m/z: 474.03 [M+H] +. 436 

13C NMR (101 MHz, DMSO) δ 148.90 (s), 138.22 (s), 134.21 (s), 132.19 (s), 130.54 (d, J = 9.3 Hz), 437 
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130.02 (s), 129.65 (d, J = 22.3 Hz), 125.82 (s), 120.60 (s), 113.87 (s), 86.52 (s), 83.05 (s), 75.18 (s), 438 

35.06 (s), 29.69 (s), 29.22 (s), 25.61 (s), 17.63 (s). 439 

tert-Butyl (5-((4-bromophenoxy) (4-chlorophenyl) methyl) thiazol-2-yl) carbamate (25)  440 

1H NMR (400 MHz, CDCl3) δ 11.32 (d, J = 17.4 Hz, 1H), 7.40 (d, J = 8.5 Hz, 2H), 7.36 (s, 1H), 7.33 (t, 441 

J = 1.8 Hz, 2H), 7.31 (d, J = 2.2 Hz, 1H), 6.98 (s, 1H), 6.82 – 6.77 (m, 2H), 6.26 (s, 1H), 1.47 (s, 9H). 442 

ESI-MS m/z: 496.82 [M+H] +. 443 

13C NMR (101 MHz, DMSO) δ 162.48 (s), 158.60 (s), 157.76 (s), 154.61 (s), 141.13 (s), 138.61 (s), 444 

134.77 – 134.64 (m), 134.64 – 133.56 (m), 132.74 (s), 130.64 (d, J = 9.3 Hz), 129.97 (d, J = 17.5 Hz), 445 

129.55 (s), 120.34 (d, J = 13.6 Hz), 119.38 (s), 114.85 (s), 111.73 (s), 83.11 (s), 75.91 (s), 29.79 (s), 446 

29.43 (d, J = 47.8 Hz). 447 

tert-Butyl (5-((3-chloro-4-fluorophenoxy) (4-chlorophenyl) methyl) thiazol-2-yl) carbamate (26) 448 

1H NMR (500 MHz, CDCl3) δ 7.29 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.0 Hz, 449 

1H), 6.84 (d, J = 11.3 Hz, 1H), 6.74 (d, J = 1.0 Hz, 1H), 5.82 (s, 1H), 1.44 (s, 9H). ESI-MS m/z: 470.36 450 

[M+H] +. 451 

13C NMR (101 MHz, CD3CN) δ 169.81 (s), 154.21 (s), 143.28 (s), 138.71 (s), 132.71 (d, J = 12.2 Hz), 452 

132.06 (d, J = 15.3 Hz), 130.74 (s), 130.34 (s), 130.06 (s), 129.49 (s), 129.25 (s), 127.49 (s), 121.96 (s), 453 

120.84 (s), 117.31 (s), 62.82 (s), 40.89 (s), 31.25 (s), 15.19 (s). 454 

tert-Butyl (5-((4-chlorophenyl) (3-cyanophenoxy) methyl) thiazol-2-yl) carbamate (27) 455 

1H NMR (500 MHz, Chloroform-d) δ 11.40 (s, 1H), 7.39 (q, J = 8.4 Hz, 5H), 7.33 (d, J = 7.6 Hz, 1H), 456 

7.24 (s, 1H), 7.16 (d, J = 7.4 Hz, 2H), 6.99 (s, 1H), 6.32 (s, 1H), 2.17 (d, J = 0.9 Hz, 2H), 1.47 (s, 9H), 457 

1.42 (s, 3H), 1.34 (s, 2H), 1.25 (s, 2H). ESI-MS m/z: 442.93 [M+H] +. 458 

13C NMR (101 MHz, DMSO) δ 163.45 (s), 158.38 (s), 157.17 (s), 154.64 (s), 153.65 (s), 140.79 (s), 459 

136.05 (s), 132.10 – 129.83 (m), 129.56 (s), 121.33 (s), 118.76 (s), 118.24 (s), 102.84 (s), 65.10 (s), 460 

63.06 (s), 62.29 (s), 29.69 (s), 29.18 (s), 16.30 (d, J = 9.9 Hz), 15.83 (s). 461 

tert-Butyl (5-((4-chlorophenyl) (4-(2-methoxyethyl) phenoxy) methyl) thiazol-2-yl) carbamate (28) 462 

1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.5 Hz, 463 

2H), 6.98 (s, 1H), 6.83 (d, J = 8.6 Hz, 2H), 6.26 (s, 1H), 3.54 (t, J = 7.0 Hz, 2H), 3.33 (s, 3H), 2.79 (t, J 464 
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= 7.0 Hz, 2H), 1.47 (s, 9H), 1.43 (s, 5H), 1.34 (s, 2H), 1.26 (s, 3H). ESI-MS m/z: 476 [M+H] +. 465 

13C NMR (101 MHz, DMSO) δ 162.27 (s), 156.84 (s), 131.58 (s), 130.53 (s), 129.89 (s), 117.82 (s), 466 

83.07 (s), 75.64 (s), 74.67 (s), 59.58 (s), 36.25 (s), 29.68 (s). 467 

tert-Butyl (5-((3-bromo-5-methylphenoxy) (4-chlorophenyl) methyl) thiazol-2-yl) carbamate (29) 468 

1H NMR (400 MHz, CDCl3) δ 11.51 (s, 1H), 7.39 (s, 2H), 7.36 (s, 2H), 6.99 (s, 1H), 6.93 (s, 1H), 6.87 469 

(s, 1H), 6.67 (s, 1H), 6.27 (s, 1H), 2.25 (s, 3H), 1.48 (s, 9H). ESI-MS m/z: 510.84 [M+H] +. 470 

13C NMR (101 MHz, DMSO) δ 162.47 (s), 160.22 (s), 159.22 (s), 154.61 (s), 143.08 (d, J = 27.2 Hz), 471 

141.14 (s), 138.55 (s), 134.50 (s), 132.76 (s), 130.60 (s), 129.85 (s), 129.56 (s), 126.79 (s), 124.14 (s), 472 

123.44 (d, J = 13.0 Hz), 118.19 (s), 118.17 – 117.04 (m), 117.04 – 116.77 (m), 83.11 (s), 75.65 (s), 473 

29.67 (s), 29.20 (s), 22.52 (s). 474 

tert-Butyl (5-((4-(benzyloxy) phenoxy) (4-chlorophenyl) methyl) thiazol-2-yl) carbamate (30) 475 

1H NMR (500 MHz, Chloroform-d) δ 11.35 (s, 1H), 7.42 (s, 1H), 7.41 (s, 2H), 7.38 (d, J = 3.7 Hz, 2H), 476 

7.37 (s, 1H), 7.35 (s, 1H), 7.32 (d, J = 10.6 Hz, 2H), 6.96 (s, 1H), 6.83 (s, 4H), 6.18 (s, 1H), 4.97 (s, 477 

2H), 1.58 (s, 4H), 1.47 (s, 9H), 1.34 (s, 1H), 1.26 (s, 1H). ESI-MS m/z: 524.04 [M+H] +. 478 

13C NMR (101 MHz, DMSO) δ 162.32 (s), 154.96 (s), 154.77 (d, J = 32.1 Hz), 152.52 (s), 141.73 (s), 479 

139.07 (s), 138.27 (s), 134.30 (s), 133.45 (s), 130.48 (s), 130.20 (s), 129.94 (s), 129.52 (d, J = 9.6 Hz), 480 

119.35 (s), 117.39 (s), 83.05 (s), 76.42 (s), 71.45 (s), 29.68 (s). 481 

tert-Butyl (5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) carbamate 482 

(31) 483 

1H NMR (500 MHz, MeOD) δ 7.94 (d, J = 2.1 Hz, 1H), 7.76 (d, J = 9.0 Hz, 1H), 7.67 (d, J = 8.9 Hz, 484 

1H), 7.36 (dd, J = 9.2, 1.8 Hz, 1H), 7.25 (d, J = 2.4 Hz, 1H), 7.23 (t, J = 3.7 Hz, 3H), 7.19 (d, J = 9.0 485 

Hz, 1H), 7.06 (s, 1H), 6.61 (s, 1H), 2.15 (s, 1H), 1.47 (s, 9H). FTMS-c ESI m/z: 545.01319 [M-H] -. 486 

13C NMR (101 MHz, CD3CN) δ 162.23 (s), 158.11 (s), 154.33 (s), 154.00 (s), 142.83 (s), 136.97 (s), 487 

133.83 (s), 133.62 (s), 133.46 – 132.72 (m), 132.65 (s), 132.11 (d, J = 9.4 Hz), 130.90 (s), 130.25 (dd, J 488 

= 28.2, 18.3 Hz), 129.59 (s), 127.36 (s), 121.64 (s), 120.84 (s), 117.34 (s), 83.00 (s), 62.84 (s), 40.66 (s), 489 

28.69 (s), 15.20 (s). 490 

tert-Butyl (5-((4-benzylphenoxy) (4-chlorophenyl) methyl) thiazol-2-yl) carbamate (32) 491 
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1H NMR (400 MHz, CDCl3) δ 11.33 (s, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.29 – 492 

7.23 (m, 4H), 7.19 (d, J = 7.1 Hz, 1H), 7.14 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 6.98 (s, 1H), 493 

6.83 (d, J = 8.5 Hz, 2H), 6.26 (s, 1H), 3.88 (s, 2H), 1.47 (s, 9H). ESI-MS m/z: 508.04 [M+H] +. 494 

13C NMR (101 MHz, DMSO) δ 162.31 (s), 156.81 (s), 154.60 (s), 143.28 (s), 141.62 (s), 138.24 (s), 495 

136.12 (s), 134.32 (s), 133.35 (s), 131.45 (s), 130.52 (s), 130.32 (d, J = 22.4 Hz), 129.86 (s), 127.70 (s), 496 

119.83 (s), 117.99 (s), 83.06 (s), 75.70 (s), 29.66 (s). 497 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)thiophene-2-carboxami498 

de (33) 499 

1H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H), 7.87 – 7.82 (m, 1H), 7.78 (d, J = 9.2 Hz, 2H), 7.67 – 7.63 500 

(m, 1H), 7.53 – 7.48 (m, 1H), 7.37 (d, J = 8.9 Hz, 1H), 7.13 (dd, J = 9.4, 4.3 Hz, 5H), 6.86 (s, 1H), 6.32 501 

(s, 1H), 4.84 (s, 2H), 1.43 (s, 7H). ESI-MS m/z:555.89 [M+H] +. 502 

13C NMR (101 MHz, DMSO) δ 170.87 (s), 161.05 (s), 148.10 (s), 143.28 (s), 139.95 (s), 137.15 (s), 503 

136.84 (s), 135.16 (s), 133.15 (s), 132.49 (s), 132.18 (s), 131.54 (s), 130.71 (s), 130.12 (s), 129.95 (d, J 504 

= 25.0 Hz), 128.68 (s), 126.20 (s), 125.73 (s), 120.88 (s). 505 

N-(5-(((4-bromobenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (34) 506 

1H NMR (500 MHz, CDCl3) δ 7.88 – 7.82 (m, 1H), 7.50 – 7.45 (m, 3H), 7.39 (ddd, J = 8.2, 5.5, 3.2 Hz, 507 

3H), 7.34 (ddd, J = 10.0, 5.6, 2.9 Hz, 1H), 7.24 (s, 1H), 7.11 – 7.07 (m, 1H), 6.76 (d, J = 1.0 Hz, 1H), 508 

5.81 (s, 1H), 5.28 (s, 2H), 1.35 (d, J = 19.3 Hz, 1H), 1.27 (d, J = 15.1 Hz, 2H). ESI-MS m/z: 486.42 509 

[M+H] +. 510 

13C NMR (101 MHz, DMSO) δ 169.41 (s), 167.83 (s), 145.05 (s), 144.56 (s), 137.60 (s), 133.46 (s), 511 

133.11 – 132.92 (m), 132.69 (d, J = 27.0 Hz), 132.34 (s), 130.20 (s), 129.91 (s), 129.44 (s), 127.93 (s), 512 

125.04 (s), 123.08 (s), 70.51 (s), 52.11 (s). 513 

N-(5-(((4-chlorobenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide(35) 514 

1H NMR (500 MHz, CDCl3) δ 7.97 – 7.86 (m, 1H), 7.50 – 7.47 (m, 1H), 7.47 – 7.42 (m, 1H), 7.40 – 515 

7.36 (m, 2H), 7.36 – 7.30 (m, 3H), 7.29 (s, 1H), 7.28 (d, J = 4.8 Hz, 1H), 7.10 (dt, J = 4.9, 3.5 Hz, 1H), 516 

6.83 – 6.76 (m, 1H), 6.44 (s, 1H), 6.02 (s, 1H), 5.82 (s, 1H), 5.43 (s, 1H), 5.32 (ddd, J = 39.3, 20.1, 10.8 517 

Hz, 2H), 2.17 (s, 1H), 1.26 (s, 1H). ESI-MS m/z: 441.97 [M+H] +. 518 

13C NMR (126 MHz, CD3CN) δ 166.87 (s), 143.14 (s), 142.57 (s), 135.26 (s), 133.41 (s), 131.10 (s), 519 
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130.77 (s), 129.96 (s), 128.77 (s), 128.57 (s), 127.98 (d, J = 6.1 Hz), 126.23 (s), 123.07 (s), 69.56 (s), 520 

50.67 (s). 521 

N-(5-(((4-methylbenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (36) 522 

1H NMR (500 MHz, CDCl3) δ 7.91 – 7.85 (m, 1H), 7.53 – 7.45 (m, 1H), 7.36 (dddd, J = 25.5, 12.3, 6.7, 523 

2.1 Hz, 5H), 7.21 (d, J = 8.0 Hz, 1H), 7.19 – 7.11 (m, 2H), 7.11 – 7.07 (m, 1H), 6.79 (d, J = 0.9 Hz, 524 

1H), 6.46 (d, J = 1.0 Hz, 1H), 6.01 (s, 1H), 5.80 (s, 1H), 5.39 – 5.23 (m, 2H), 2.34 (dd, J = 8.3, 4.3 Hz, 525 

3H). ESI-MS m/z: 421.55 [M+H] +. 526 

13C NMR (126 MHz, CD3CN) δ 168.37 (s), 166.75 (s), 143.27 (s), 142.63 (s), 138.07 (s), 133.37 (s), 527 

131.01 (s), 130.69 (s), 129.38 (s), 128.55 (s), 128.24 (s), 127.95 (d, J = 6.1 Hz), 126.20 (s), 123.16 (s), 528 

69.56 (s), 51.17 (s), 20.16 (s). 529 

N-(5-(((4-methoxybenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (37) 530 

1H NMR (500 MHz, CDCl3) δ 7.89 (dt, J = 6.8, 1.9 Hz, 1H), 7.47 (ddd, J = 4.9, 3.0, 1.2 Hz, 1H), 7.44 – 531 

7.30 (m, 6H), 7.10 (dd, J = 4.9, 3.7 Hz, 1H), 6.86 (dt, J = 5.8, 5.3 Hz, 2H), 6.80 – 6.75 (m, 1H), 6.47 (d, 532 

J = 0.9 Hz, 1H), 5.78 (s, 1H), 5.40 (s, 1H), 5.29 – 5.19 (m, 2H), 3.80 – 3.76 (m, 3H), 2.17 (s, 1H) 533 

ESI-MS m/z: 437.55 [M+H] +.. 534 

13C NMR (126 MHz, CD3CN) δ 168.37 (s), 166.66 (s), 159.59 (s), 143.29 (s), 142.63 (s), 131.02 (s), 535 

130.71 (s), 129.88 (s), 128.69 (d, J = 33.4 Hz), 128.33 (s), 127.97 (s), 126.99 (s), 126.20 (s), 123.09 (s), 536 

114.09 (s), 69.58 (s), 54.94 (s), 50.91 (s). 537 

N-(5-(((2,4-difluorobenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (38) 538 

1H NMR (500 MHz, CDCl3) δ 7.91 – 7.86 (m, 3H), 7.66 (ddt, J = 25.3, 18.6, 7.5 Hz, 4H), 7.51 – 7.30 539 

(m, 21H), 7.13 – 7.08 (m, 3H), 6.95 – 6.79 (m, 9H), 6.57 (s, 1H), 5.83 (s, 1H), 5.47 (s, 1H), 5.33 (s, 4H), 540 

5.28 – 5.24 (m, 2H), 2.17 (s, 1H), 1.26 (s, 2H). ESI-MS m/z: 443.50 [M+H] +. 541 

13C NMR (101 MHz, CD3CN) δ 169.76 (s), 168.27 (s), 144.41 (s), 143.94 (s), 133.77 (dd, J = 9.9, 5.4 542 

Hz), 132.49 (s), 132.19 (s), 131.87 (s), 129.91 (s), 129.33 (d, J = 3.8 Hz), 127.59 (s), 124.68 (s), 112.99 543 

(s), 112.77 (s), 105.48 (s), 105.22 (s), 104.96 (s), 70.91 (s). 544 

N-(5-(((2-bromo-4-fluorobenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (39) 545 

1H NMR (500 MHz, CDCl3) δ 7.90 – 7.84 (m, 1H), 7.59 – 7.54 (m, 1H), 7.47 (qd, J = 9.0, 4.9 Hz, 2H), 546 
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7.41 (dd, J = 12.4, 6.9 Hz, 2H), 7.37 – 7.30 (m, 3H), 7.09 (dt, J = 8.6, 2.3 Hz, 1H), 7.05 – 6.96 (m, 1H), 547 

6.95 (s, 1H), 6.88 (s, 1H), 6.63 (s, 1H), 5.82 (s, 1H), 5.50 – 5.28 (m, 3H), 2.17 (s, 1H). ESI-MS m/z: 548 

504.41 [M+H] +. 549 

13C NMR (101 MHz, DMSO) δ 169.46 (s), 167.99 (s), 164.40 (s), 161.93 (s), 145.05 (s), 144.45 (s), 550 

133.48 (d, J = 18.2 Hz), 133.34 – 132.54 (m), 132.54 – 132.27 (m), 130.22 (s), 130.02 (d, J = 31.7 Hz), 551 

129.43 (s), 127.94 (s), 125.10 (s), 124.59 (d, J = 10.0 Hz), 122.43 – 122.01 (m), 121.85 (d, J = 24.8 Hz), 552 

117.16 (s), 116.95 (s), 70.45 (s), 52.46 (s). 553 

N-(5-(((2-bromo-5-methoxybenzyl)oxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (40) 554 

1H NMR (500 MHz, CDCl3) δ 7.89 (dd, J = 6.6, 3.7 Hz, 1H), 7.49 – 7.44 (m, 2H), 7.41 (ddd, J = 10.2, 555 

8.0, 2.0 Hz, 2H), 7.37 (dd, J = 9.6, 4.8 Hz, 1H), 7.34 – 7.30 (m, 1H), 7.12 – 7.07 (m, 1H), 7.06 (d, J = 556 

3.0 Hz, 1H), 7.01 (d, J = 2.9 Hz, 1H), 6.97 (d, J = 10.3 Hz, 1H), 6.75 (tdd, J = 11.6, 8.1, 3.8 Hz, 1H), 557 

6.04 (s, 1H), 5.83 (s, 1H), 5.56 – 5.40 (m, 2H), 5.39 (s, 1H), 5.32 (s, 1H), 3.67 (t, J = 8.8 Hz, 3H), 2.17 558 

(s, 1H), 1.26 (s, 1H). ESI-MS m/z: 516.44 [M+H] + 559 

13C NMR (101 MHz, DMSO) δ 169.46 (s), 168.00 (s), 160.68 (s), 145.11 (s), 144.47 (s), 138.00 (s), 560 

135.48 (s), 133.58 (s), 132.61 (d, J = 9.0 Hz), 130.16 (s), 129.85 (s), 129.42 (s), 127.88 (s), 125.00 (s), 561 

117.55 (s), 116.83 (s), 114.40 (s), 70.42 (s), 57.21 (s), 52.91 (s). 562 

N-(5-((naphthalen-2-ylmethoxy)(phenyl)methyl)thiazol-2-yl)thiophene-2-carboxamide (41) 563 

1H NMR (500 MHz, CDCl3) δ 7.91 (tdd, J = 4.8, 3.8, 1.2 Hz, 2H), 7.86 – 7.76 (m, 7H), 7.55 – 7.45 (m, 564 

8H), 7.44 – 7.29 (m, 9H), 7.14 – 7.08 (m, 2H), 6.84 (s, 1H), 6.53 (s, 1H), 6.01 (s, 1H), 5.80 (s, 1H), 5.52 565 

(d, J = 2.8 Hz, 2H), 2.17 (s, 2H), 1.26 (s, 2H). ESI-MS m/z: 457.58 [M+H] + 566 

13C NMR (126 MHz, CD3CN) δ 168.42 (s), 166.94 (s), 143.23 (s), 142.63 (s), 133.86 (s), 133.22 (s), 567 

132.90 (s), 131.05 (s), 130.74 (s), 128.57 (d, J = 5.4 Hz), 127.95 (d, J = 5.1 Hz), 127.71 (d, J = 15.0 568 

Hz), 127.30 (s), 126.59 (s), 126.47 (d, J = 20.9 Hz), 126.22 (s), 125.87 (s), 123.24 (s), 69.58 (s), 51.57 569 

(s). 570 

5-(((6-Bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl)-N-(2-ethylhexyl) thiazol-2-amine (42) 571 

1H NMR (300 MHz, DMSO-d6) δ 8.16 (d, J = 2.1 Hz, 1H), 7.92 (d, J = 9.2 Hz, 1H), 7.52 (t, J = 9.8 Hz, 572 

2H), 7.29 (t, J = 7.3 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 17.0 Hz, 3H), 6.48 (s, 1H), 5.76 (s, 573 

1H), 3.99 – 3.89 (m, 1H), 3.82 (s, 1H), 2.08 (s, 1H), 1.39 (s, 4H), 1.27 – 1.08 (m, 8H), 0.88 – 0.70 (m, 574 
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7H). ESI-MS m/z: 558.99 [M+H] +. 575 

13C NMR (101 MHz, CD3CN) δ 169.85 (s), 156.18 (s), 143.81 (s), 138.81 (s), 132.63 (s), 132.35 (s), 576 

132.03 (d, J = 13.2 Hz), 130.60 (s), 130.30 (d, J = 9.1 Hz), 129.49 (s), 128.88 (s), 127.42 (s), 124.90 (d, 577 

J = 5.8 Hz), 117.79 (s), 117.42 (d, J = 8.7 Hz), 73.03 (s), 40.90 (d, J = 33.9 Hz), 40.64 (s), 31.45 (d, J = 578 

8.6 Hz), 30.10 (s), 24.77 (d, J = 10.0 Hz), 24.12 (d, J = 3.1 Hz), 14.77 (s), 11.77 (d, J = 7.3 Hz). 579 

5-(((6-Bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl)-N-(cyclohexylmethyl) 580 

thiazol-2-amine (43) 581 

1H NMR (300 MHz, DMSO-d6) δ 8.17 (d, J = 2.1 Hz, 1H), 7.90 (d, J = 9.2 Hz, 1H), 7.56 – 7.46 (m, 582 

2H), 7.31 (d, J = 8.6 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.90 (s, 1H), 6.77 (s, 2H), 6.48 (s, 1H), 2.08 (s, 583 

1H), 1.60 (s, 4H), 1.39 (s, 3H), 1.27 (dd, J = 16.5, 13.7 Hz, 6H), 1.12 (d, J = 11.3 Hz, 3H), 0.84 (d, J = 584 

6.7 Hz, 3H). ESI-MS m/z: 542.99 [M+H] +. 585 

13C NMR (101 MHz, CD3CN) δ 169.87 (s), 139.03 (s), 132.40 (s), 131.97 (s), 130.71 (s), 130.23 (d, J = 586 

5.4 Hz), 129.42 (s), 128.84 (s), 127.15 (s), 125.03 (s), 117.45 (s), 75.93 (s), 41.22 (s), 39.01 (s), 30.82 587 

(d, J = 8.8 Hz), 27.52 (s), 26.92 (s). 588 

5-(((6-Bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl)-N-(2-methoxyethyl) thiazol-2-amine 589 

(44) 590 

1H NMR (300 MHz, DMSO-d6) δ 8.17 (d, J = 2.2 Hz, 1H), 7.91 (d, J = 9.1 Hz, 2H), 7.55 – 7.48 (m, 591 

2H), 7.32 (d, J = 8.6 Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 6.79 (d, J = 13.2 Hz, 3H), 6.51 (s, 1H), 4.25 – 592 

4.15 (m, 1H), 4.06 (s, 1H), 3.43 (d, J = 7.3 Hz, 2H), 3.21 (s, 3H), 2.08 (s, 1H), 1.39 (s, 3H). ESI-MS 593 

m/z: 504.93 [M+H] +. 594 

13C NMR (101 MHz, DMSO) δ 170.55 (s), 155.90 (s), 144.51 (s), 139.51 (s), 132.52 (s), 132.25 (s), 595 

130.75 (t, J = 15.3 Hz), 129.84 (s), 128.19 (s), 126.81 (s), 125.99 (s), 118.58 (s), 118.19 (s), 72.14 (s), 596 

70.18 (s), 60.01 (s). 597 

5-(((6-Bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl)-N-(3-methoxypropyl) 598 

thiazol-2-amine (45) 599 

1H NMR (300 MHz, DMSO-d6) δ 8.18 (d, J = 2.1 Hz, 1H), 7.92 (d, J = 9.1 Hz, 1H), 7.58 – 7.46 (m, 600 

2H), 7.31 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.91 (s, 1H), 6.77 (s, 2H), 6.48 (s, 1H), 4.09 (dt, 601 

J = 11.1, 5.7 Hz, 1H), 3.96 (s, 1H), 3.14 (s, 4H), 2.09 (s, 1H), 1.72 (dd, J = 12.3, 6.1 Hz, 2H), 1.40 (s, 602 
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10H). ESI-MS m/z: 518.94 [M+H] +. 603 

13C NMR (126 MHz, CD3CN) δ 168.45 (s), 154.43 (s), 142.77 (s), 137.75 (s), 131.17 (s), 130.99 (s), 604 

130.68 (d, J = 10.0 Hz), 129.43 (s), 128.91 (s), 128.05 (s), 127.38 (s), 125.72 (s), 123.67 (s), 115.91 (s), 605 

68.57 (s), 65.96 (s), 57.71 (s), 39.91 (s), 30.67 (s), 29.84 – 28.75 (m), 28.92 – 28.75 (m). 606 

Ethyl 4-((5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) amino) 607 

butanoate (46) 608 

1H NMR (500 MHz, DMSO-d6) δ 8.17 (d, J = 2.1 Hz, 1H), 7.92 (d, J = 9.1 Hz, 1H), 7.53 (d, J = 9.2 Hz, 609 

1H), 7.48 (d, J = 9.1 Hz, 1H), 7.29 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.91 (s, 1H), 6.75 (s, 610 

2H), 6.47 (s, 1H), 4.11 – 4.05 (m, 1H), 4.05 – 3.98 (m, 2H), 3.93 (s, 1H), 2.08 (s, 2H), 1.77 (s, 2H), 1.39 611 

(s, 5H), 1.17 (t, J = 7.1 Hz, 3H). ESI-MS m/z: 560.92 [M+H] +. 612 

13C NMR (126 MHz, CD3CN) δ 172.91 (s), 168.82 (s), 154.28 (s), 142.68 (s), 137.21 (s), 131.25 (s), 613 

130.90 (dd, J = 53.2, 20.1 Hz), 130.54 – 130.29 (m), 129.50 (s), 128.86 (d, J = 17.9 Hz), 128.08 (s), 614 

127.04 (s), 125.67 (s), 123.58 (s), 116.58 (s), 115.83 (s), 67.90 (s), 60.09 (s), 30.12 (s), 24.31 (s), 13.60 615 

(s). 616 

Methyl 5-((5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) amino) 617 

pentanoate (47) 618 

1H NMR (300 MHz, DMSO-d6) δ 8.17 (d, J = 2.1 Hz, 1H), 7.92 (d, J = 9.1 Hz, 1H), 7.52 (dd, J = 13.1, 619 

5.6 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.88 (s, 1H), 6.79 (s, 2H), 6.48 (s, 1H), 620 

4.05 (s, 1H), 3.91 (s, 1H), 3.58 (s, 3H), 2.24 (t, J = 7.1 Hz, 2H), 2.08 (s, 1H), 1.39 (s, 3H). ESI-MS m/z: 621 

560.92 [M+H] +. 622 

13C NMR (101 MHz, DMSO) δ 174.89 (s), 170.71 (s), 155.86 (s), 144.80 (s), 139.62 (s), 132.93 – 623 

132.71 (m), 132.34 (d, J = 21.9 Hz), 131.05 (s), 130.52 (d, J = 12.5 Hz), 129.78 (s), 127.78 (s), 126.66 624 

(s), 125.40 (s), 117.98 (d, J = 7.5 Hz), 69.96 (s), 53.04 (s), 34.74 (s), 29.89 (s), 22.80 (s). 625 

5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl)-N-((tetrahydro-2H-pyran-4-yl) 626 

methyl) thiazol-2-amine (48) 627 

1H NMR (300 MHz, DMSO-d6) δ 8.18 (d, J = 2.1 Hz, 1H), 7.92 (d, J = 9.1 Hz, 1H), 7.52 (dd, J = 14.1, 628 

5.6 Hz, 2H), 7.34 – 7.28 (m, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.90 (s, 1H), 6.77 (s, 2H), 6.49 (s, 1H), 3.90 629 

(d, J = 6.3 Hz, 1H), 3.86 – 3.69 (m, 3H), 3.20 (dd, J = 22.7, 11.4 Hz, 2H), 1.51 (d, J = 12.6 Hz, 2H), 630 
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1.39 (s, 4H), 1.20 (dd, J = 24.6, 7.7 Hz, 3H). ESI-MS m/z: 544.96 [M+H] +. 631 

13C NMR (126 MHz, CD3CN) δ 168.46 (s), 154.50 (s), 140.28 (d, J = 639.7 Hz), 137.74 (s), 131.41 – 632 

131.27 (m), 131.02 (s), 130.94 – 130.75 (m), 130.63 (s), 129.43 (s), 128.89 (s), 128.09 (s), 127.41 (s), 633 

125.77 (s), 123.75 (s), 116.54 (s), 116.07 (s), 73.79 (s), 66.97 (s), 39.87 (s), 35.02 (s), 29.43 (d, J = 19.3 634 

Hz). 635 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) 636 

cyclopropanecarboxamide (49) 637 

1H NMR (500 MHz, DMSO) δ 12.32 (s, 2H), 12.04 (s, 1H), 8.27 (d, J = 16.1 Hz, 2H), 7.94 (d, J = 9.0 638 

Hz, 1H), 7.67 (d, J = 9.0 Hz, 1H), 7.34 (dd, J = 11.5, 8.6 Hz, 4H), 7.11 (d, J = 8.4 Hz, 2H), 6.67 (s, 1H), 639 

1.39 (s, 4H), 0.90 – 0.73 (m, 11H). ESI-MS m/z: 514.83 [M+H] +. 640 

13C NMR (126 MHz, CD3CN) δ 172.73 (s), 171.84 (s), 158.28 (s), 141.20 (s), 136.59 (s), 133.46 (s), 641 

132.09 (s), 132.02 – 131.41 (m), 130.88 (s), 130.59 (s), 129.82 (s), 129.55 – 128.88 (m), 128.70 (d, J = 642 

12.1 Hz), 128.38 (d, J = 7.7 Hz), 126.49 (s), 124.37 (s), 40.25 (s), 13.74 (s), 12.38 (s), 9.09 (d, J = 10.2 643 

Hz), 7.97 (s), 7.69 (s). 644 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) hexanamide (50) 645 

1H NMR (300 MHz, Chloroform-d) δ 11.43 (s, 1H), 8.02 (d, J = 2.0 Hz, 1H), 7.83 (d, J = 9.3 Hz, 1H), 646 

7.74 (d, J = 8.9 Hz, 1H), 7.48 (dd, J = 9.2, 2.0 Hz, 1H), 7.29 – 7.18 (m, 4H), 7.13 (d, J = 8.3 Hz, 3H), 647 

6.37 (s, 1H), 2.37 (t, J = 7.5 Hz, 3H), 2.17 (dt, J = 16.2, 7.5 Hz, 1H), 1.61 (dp, J = 22.6, 7.5 Hz, 7H), 648 

1.40 – 1.14 (m, 11H), 0.86 (q, J = 7.0 Hz, 7H). ESI-MS m/z: 544.90 [M+H] +. 649 

13C NMR (101 MHz, DMSO) δ 172.91 (d, J = 19.5 Hz), 159.89 (s), 148.66 (s), 143.26 (s), 138.57 (s), 650 

134.99 (s), 132.83 (d, J = 11.8 Hz), 132.48 (s), 132.17 (s), 131.54 (s), 130.95 (s), 130.65 (s), 130.15 (s), 651 

128.53 (s), 126.27 (s), 120.73 (s), 36.54 (s), 34.74 (s), 32.44 (d, J = 15.6 Hz), 26.18 (s), 25.36 (s), 23.63 652 

(s), 15.58 (s). 653 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)pivalamide (51) 654 

1H NMR (500 MHz, DMSO) δ 11.63 (s, 1H), 10.24 (s, 1H), 8.09 (d, J = 2.1 Hz, 1H), 7.79 (t, J = 14.5 655 

Hz, 1H), 7.46 (d, J = 9.0 Hz, 1H), 7.32 (t, J = 6.0 Hz, 3H), 7.24 (d, J = 8.9 Hz, 1H), 7.17 (d, J = 8.5 Hz, 656 

2H), 6.60 (s, 1H), 1.39 (s, 4H), 1.18 (s, 9H). ESI-MS m/z: 530.88 [M+H] + 657 

13C NMR (126 MHz, CD3CN) δ 169.75 (s), 157.76 (s), 152.90 (s), 141.69 (s), 136.11 (s), 132.86 (s), 658 
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132.14 (s), 131.73 (d, J = 9.8 Hz), 131.50 (s), 131.26 (s), 130.74 (d, J = 9.0 Hz), 129.44 (s), 128.87 (dd, 659 

J = 36.1, 24.0 Hz), 128.18 (s), 126.00 (s), 48.49 (s), 28.85 (s). 660 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl)-2-ethylbutanamide 661 

(52) 662 

1H NMR (500 MHz, DMSO) δ 8.25 (d, J = 2.1 Hz, 1H), 8.12 – 8.07 (m, 1H), 7.90 (d, J = 9.0 Hz, 1H), 663 

7.61 (dd, J = 9.1, 2.0 Hz, 1H), 7.31 (dd, J = 8.7, 3.7 Hz, 3H), 7.11 (d, J = 8.5 Hz, 2H), 6.83 (d, J = 2.1 664 

Hz, 3H), 6.40 (s, 1H), 3.33 (s, 19H), 1.39 (s, 8H), 1.23 (s, 1H), 1.09 (t, J = 7.0 Hz, 4H), 1.03 – 0.95 (m, 665 

5H). ESI-MS m/z:546.00 [M+H] +. 666 

13C NMR (126 MHz, CD3CN) δ 168.67 (s), 152.93 (s), 147.94 (s), 141.42 (s), 137.52 (s), 133.25 (s), 667 

131.63 (s), 130.68 (d, J = 26.4 Hz), 130.57 – 130.03 (m), 129.49 (s), 129.11 (d, J = 17.6 Hz), 128.12 (d, 668 

J = 18.8 Hz), 126.66 (s), 124.69 (s), 41.94 (s), 41.65 (s), 40.45 (s), 13.59 (s), 12.58 (s). 669 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) 670 

tetrahydrofuran-2-carboxamide (53) 671 

1H NMR (400 MHz, DMSO-d6) δ 8.06 (d, J = 2.1 Hz, 1H), 7.89 (s, 1H), 7.75 (d, J = 8.9 Hz, 1H), 7.44 672 

(dd, J = 9.2, 1.7 Hz, 1H), 7.34 – 7.27 (m, 3H), 7.22 (d, J = 8.9 Hz, 1H), 7.14 (d, J = 8.5 Hz, 2H), 6.58 (s, 673 

1H), 4.45 (ddd, J = 7.1, 5.0, 1.8 Hz, 1H), 4.27 (dd, J = 8.4, 4.8 Hz, 0H), 4.01 (q, J = 7.1 Hz, 1H), 3.89 674 

(qd, J = 6.9, 4.6 Hz, 1H), 3.82 – 3.70 (m, 2H), 2.18 – 2.07 (m, 1H), 1.96 (s, 1H), 1.91 – 1.74 (m, 4H). 675 

ESI-MS m/z:544.86 [M+H] +. 676 

13C NMR (101 MHz, DMSO) δ 173.22 (s), 155.15 (s), 138.19 (s), 134.63 (s), 132.27 (s), 131.06 (s), 677 

130.83 (s), 130.46 (s), 129.90 (s), 127.44 (s), 121.56 (s), 117.12 (s), 78.63 (s), 77.73 (s), 70.72 (s), 70.08 678 

(s), 31.71 (s), 26.94 (s). 679 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) 680 

tetrahydro-2H-pyran-4-carboxamide (54) 681 

1H NMR (400 MHz, DMSO-d6) δ8.11 (d, J = 2.0 Hz, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.92 (s, 1H), 7.80 682 

(d, J = 8.9 Hz, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.53 – 7.41 (m, 2H), 7.40 – 7.32 683 

(m, 3H), 7.27 (d, J = 8.9 Hz, 1H), 7.19 (d, J = 8.4 Hz, 2H), 6.62 (s, 1H), 3.96 – 3.79 (m, 3H), 2.78 – 684 

2.65 (m, 1H), 2.28 (t, J = 6.6 Hz, 1H), 2.02 (s, 1H), 1.84 – 1.51 (m, 7H), 1.26 (s, 1H), 1.20 (dd, J = 13.0, 685 

5.9 Hz, 1H). ESI-MS m/z: 559 [M+H] +. 686 

13C NMR (101 MHz, DMSO) δ 174.53 (s), 159.58 (s), 155.14 (s), 143.82 (s), 138.08 (s), 134.11 (s), 687 
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132.92 (s), 132.32 (d, J = 11.1 Hz), 131.80 (s), 131.04 (s), 130.79 (s), 130.42 (s), 129.89 (s), 127.51 (s), 688 

121.91 (s), 121.54 (s), 121.02 (s), 117.10 (s), 68.02 (s), 30.32 (d, J = 9.9 Hz), 28.26 (s). 689 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)benzamide (55) 690 

1H NMR (500 MHz, MeOD) δ 8.03 – 8.00 (m, 1H), 7.96 – 7.93 (m, 3H), 7.80 (d, J = 8.9 Hz, 1H), 7.69 691 

(d, J = 8.9 Hz, 1H), 7.58 (d, J = 7.4 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.47 – 7.43 (m, 1H), 7.37 (dd, J = 692 

9.2, 1.9 Hz, 1H), 7.27 – 7.23 (m, 5H), 7.21 (d, J = 8.9 Hz, 1H), 6.68 (s, 1H), 1.45 (s, 9H). ESI-MS m/z: 693 

549.87 [M+H] +. 694 

13C NMR (101 MHz, CD3CN) δ 166.79 (s), 160.35 (s), 154.28 (s), 142.68 (s), 137.37 (s), 134.84 (s), 695 

134.26 (s), 134.26 – 133.61 (m), 132.98 (s), 132.65 (s), 132.12 (d, J = 8.1 Hz), 130.92 (s), 130.56 (s), 696 

130.31 (s), 129.88 (d, J = 10.9 Hz), 129.59 (s), 129.20 (s), 127.32 (s), 121.73 (s), 120.87 (s), 117.40 (s), 697 

40.67 (s). 698 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl)-4-methylbenzamide 699 

(56) 700 

1H NMR (500 MHz, DMSO) δ 12.40 (s, 1H), 10.28 (s, 1H), 8.09 (d, J = 2.1 Hz, 1H), 7.92 (d, J = 8.2 701 

Hz, 3H), 7.77 (d, J = 8.9 Hz, 1H), 7.61 (dd, J = 12.2, 7.3 Hz, 8H), 7.57 – 7.49 (m, 5H), 7.47 (d, J = 8.6 702 

Hz, 1H), 7.36 (s, 1H), 7.31 (dd, J = 11.2, 8.4 Hz, 4H), 7.24 (d, J = 9.0 Hz, 1H), 7.19 (d, J = 8.5 Hz, 2H), 703 

6.63 (s, 1H), 2.35 (s, 3H). ESI-MS m/z: 562.67 [M-H] +. 704 

13C NMR (101 MHz, CD3CN) δ 166.36 (s), 159.98 (s), 154.54 (s), 144.88 (s), 142.91 (s), 137.48 (s), 705 

134.88 (s), 134.44 (s), 133.85 – 133.13 (m), 133.13 – 132.58 (m), 132.06 (s), 130.97 (s), 130.93 – 706 

130.22 (m), 130.09 (d, J = 12.0 Hz), 129.55 (s), 129.26 (s), 127.30 (s), 121.76 (s), 120.96 (s), 117.25 (s), 707 

21.97 (s). 708 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl)-4-methoxybenzamide 709 

(57) 710 

1H NMR (500 MHz, DMSO-d6) δ 8.08 (d, J = 1.7 Hz, 1H), 8.02 (d, J = 8.8 Hz, 3H), 7.92 (s, 1H), 7.77 711 

(d, J = 8.9 Hz, 1H), 7.45 (d, J = 8.3 Hz, 3H), 7.36 (s, 1H), 7.27 (s, 1H), 7.24 (d, J = 9.0 Hz, 1H), 7.21 (d, 712 

J = 7.5 Hz, 1H), 7.13 (d, J = 8.3 Hz, 2H), 7.02 (d, J = 8.8 Hz, 3H), 6.60 (s, 1H), 3.81 (s, 4H). ESI-MS 713 

m/z: 579.89 [M+H] +. 714 

13C NMR (101 MHz, DMSO) δ 166.27 (s), 164.56 (s), 160.68 (s), 158.07 (s), 157.55 (s), 141.35 (s), 715 

134.96 (s), 134.03 (d, J = 21.5 Hz), 133.61 (d, J = 10.4 Hz), 133.36 – 133.02 (m), 132.05 (s), 131.61 (s), 716 
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130.87 (s), 130.73 – 130.72 (m), 130.42 (d, J = 33.5 Hz), 129.82 (s), 129.44 (s), 129.02 (s), 128.56 (s), 717 

128.13 (s), 125.83 (s), 115.71 (s), 57.34 (s), 49.29 (s), 28.18 (s), 15.72 (s), 15.25 (s). 718 

 719 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl)-4-fluorobenzamide 720 

(58) 721 

1H NMR (500 MHz, Methanol-d4) δ 8.09 – 8.05 (m, 1H), 8.03 (dd, J = 8.8, 5.3 Hz, 2H), 7.96 (d, J = 2.0 722 

Hz, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.69 (d, J = 8.9 Hz, 1H), 7.41 – 7.36 (m, 1H), 7.25 (s, 5H), 7.23 (d, J 723 

= 8.8 Hz, 2H), 7.21 – 7.17 (m, 1H), 6.68 (s, 1H). ESI-MS m/z: 568.86 [M+H] +. 724 

13C NMR (101 MHz, CD3CN) δ 163.91 (s), 152.53 (s), 142.75 (s), 141.56 (s), 139.27 (s), 135.04 (s), 725 

133.01 (s), 132.23 (d, J = 12.3 Hz), 131.46 (s), 130.57 (s), 129.88 (s), 129.63 (s), 127.76 (s), 125.57 (d, 726 

J = 15.5 Hz), 120.91 (s), 42.08 (s). 727 

4-bromo-N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) benzamide 728 

(59) 729 

1H NMR (500 MHz, Methanol-d4) δ 7.95 (d, J = 2.1 Hz, 1H), 7.87 (d, J = 8.6 Hz, 2H), 7.80 (d, J = 9.2 730 

Hz, 1H), 7.68 (t, J = 8.3 Hz, 3H), 7.37 (dd, J = 9.2, 2.2 Hz, 1H), 7.25 (s, 5H), 7.22 (s, 1H), 7.20 (s, 1H), 731 

6.68 (s, 1H). ESI-MS m/z: 629.76 [M+H] +. 732 

13C NMR (101 MHz, CD3CN) δ 165.79 (s), 159.96 (s), 154.24 (s), 142.71 (s), 137.36 (s), 135.11 (s), 733 

133.05 (d, J = 13.9 Hz), 132.64 (s), 132.12 (s), 131.12 (s), 130.87 (s), 130.59 (s), 130.35 (s), 129.60 (s), 734 

128.14 (s), 127.27 (s), 121.79 (s), 120.85 (s), 117.42 (s), 40.69 (s). 735 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) 736 

thiazol-2-yl)-2,4-difluorobenzamide (60) 737 

1H NMR (500 MHz, Methanol-d4) δ 7.96 (d, J = 2.1 Hz, 1H), 7.86 (dd, J = 8.6, 6.5 Hz, 1H), 7.83 – 7.78 738 

(m, 1H), 7.69 (d, J = 8.9 Hz, 1H), 7.38 (dd, J = 9.2, 1.7 Hz, 1H), 7.28 – 7.23 (m, 5H), 7.21 (d, J = 8.9 739 

Hz, 1H), 7.16 – 7.11 (m, 1H), 7.11 – 7.08 (m, 1H), 6.68 (s, 1H). ESI-MS m/z: 586.85 [M+H] +. 740 

13C NMR (101 MHz, CD3CN) δ 162.19 (s), 158.95 (s), 154.22 (s), 142.71 (s), 137.60 (s), 135.45 (s), 741 

134.19 (d, J = 13.6 Hz), 133.00 (s), 132.62 (s), 132.14 (d, J = 5.9 Hz), 130.73 (d, J = 24.4 Hz), 130.59 – 742 

130.48 (m), 130.36 (s), 129.59 (s), 127.26 (s), 121.76 (s), 120.84 (s), 117.43 (s), 113.64 (d, J = 21.7 Hz), 743 
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113.51 – 113.33 (m), 106.58 – 106.30 (m), 106.29 (s), 106.02 (t, J = 26.7 Hz), 40.68 (s). 744 

2-Bromo-N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) 745 

thiazol-2-yl)-4-fluorobenzamide (61) 746 

1H NMR (400 MHz, DMSO-d6) δ 8.13 (d, J = 2.1 Hz, 1H), 8.02 (s, 1H), 7.82 (d, J = 8.9 Hz, 1H), 7.70 747 

(dd, J = 8.7, 2.5 Hz, 1H), 7.67 (s, 1H), 7.57 – 7.49 (m, 1H), 7.45 (s, 1H), 7.40 – 7.35 (m, 3H), 7.29 (d, J 748 

= 8.9 Hz, 1H), 7.22 (d, J = 8.5 Hz, 2H), 6.68 (s, 1H). FTMS-cESI m/z: 644.88861 [M-H] -. 749 

13C NMR (126 MHz, CD3CN) δ 164.68 (s), 164.10 (s), 162.09 (s), 158.21 (s), 152.84 (s), 141.06 (s), 750 

135.45 (s), 134.18 (s), 132.92 (s), 131.71 (s), 131.40 – 130.95 (m), 130.81 (s), 129.77 – 129.58 (m), 751 

129.39 (d, J = 23.8 Hz), 129.09 (s), 128.26 (s), 125.80 (s), 120.60 (s), 120.26 (dd, J = 20.9, 10.8 Hz), 752 

119.43 (s), 116.09 (s), 115.86 – 115.17 (m), 114.98 (d, J = 21.8 Hz). 753 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) 754 

thiazol-2-yl)-2,4,5-trifluorobenzamide (62) 755 

1H NMR (400 MHz, DMSO-d6) δ 10.33 (s, 1H), 8.07 (d, J = 2.1 Hz, 1H), 7.94 (s, 0H), 7.85 – 7.78 (m, 756 

1H), 7.77 (d, J = 8.8 Hz, 1H), 7.66 (td, J = 10.2, 6.5 Hz, 1H), 7.47 (d, J = 9.1 Hz, 1H), 7.38 (s, 1H), 7.31 757 

(d, J = 8.5 Hz, 2H), 7.23 (d, J = 8.9 Hz, 1H), 7.17 (d, J = 8.5 Hz, 3H), 6.61 (s, 1H). ESI-MS m/z: 604.84 758 

[M+H] +. 759 

13C NMR (126 MHz, CD3CN) δ 159.83 (s), 157.42 (s), 152.87 (s), 141.35 (s), 136.25 (s), 134.29 (s), 760 

131.62 (s), 131.24 (s), 130.75 (s), 129.64 – 129.54 (m), 129.36 (d, J = 24.0 Hz), 129.02 (s), 128.23 (s), 761 

125.87 (s), 120.35 (s), 119.44 (s), 118.92 (d, J = 21.2 Hz), 118.82 – 118.63 (m), 116.06 (s), 107.24 – 762 

106.78 (m), 106.64 (s), 106.63 – 106.45 (m). 763 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl)-3-cyanobenzamide 764 

(63) 765 

1H NMR (500 MHz, DMSO-d6) δ 8.49 (s, 1H), 8.32 (d, J = 8.1 Hz, 1H), 8.14 (d, J = 2.1 Hz, 1H), 8.10 766 

(d, J = 7.7 Hz, 1H), 8.00 (d, J = 8.3 Hz, 1H), 7.83 (d, J = 8.9 Hz, 1H), 7.77 (t, J = 7.9 Hz, 1H), 7.53 (d, J 767 

= 8.3 Hz, 1H), 7.46 (s, 1H), 7.38 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.9 Hz, 1H), 7.23 (d, J = 8.5 Hz, 3H), 768 

6.68 (s, 1H). ESI-MS m/z: 576 [M+H] +. 769 

13C NMR (126 MHz, CD3CN) δ 163.73 (s), 158.49 (s), 152.86 (s), 141.34 (s), 135.74 (d, J = 12.5 Hz), 770 

133.88 (d, J = 7.1 Hz), 132.24 (s), 131.83 (s), 131.62 (s), 131.26 (s), 130.74 (s), 129.73 (s), 129.50 (s), 771 

129.13 (d, J = 31.3 Hz), 128.99 – 128.73 (m), 128.25 (s), 125.94 (s), 120.36 (s), 119.45 (s), 116.07 (s), 772 
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112.57 (s). 773 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)-3,5-dimethylisoxazole-4774 

-carboxamide (64) 775 

1H NMR (500 MHz, DMSO) δ 13.86 (s, 1H), 10.39 (s, 1H), 8.10 (d, J = 2.1 Hz, 1H), 7.80 (d, J = 8.9 776 

Hz, 1H), 7.54 – 7.47 (m, 2H), 7.32 (d, J = 8.5 Hz, 2H), 7.23 (d, J = 8.9 Hz, 1H), 7.18 (d, J = 8.5 Hz, 777 

2H), 6.56 (s, 1H), 6.30 (dd, J = 17.3, 1.5 Hz, 1H), 6.20 – 6.13 (m, 1H), 5.92 (dd, J = 10.3, 1.5 Hz, 1H), 778 

4.01 (q, J = 7.1 Hz, 2H), 1.97 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H). ESI-MS m/z:569.87 [M+H] +. 779 

13C NMR (101 MHz, DMSO) δ 172.95 (s), 155.19 (s), 132.36 (d, J = 14.0 Hz), 131.06 (s), 130.52 (s), 780 

129.92 (s), 121.60 (s), 117.14 (s), 61.58 (s), 15.92 (s), 14.27 (s), 13.14 (s), 12.44 (s). 781 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)-6-chloronicotinamide 782 

(65) 783 

1H NMR (500 MHz, MeOD) δ 8.94 (d, J = 2.4 Hz, 1H), 8.31 (dd, J = 8.4, 2.5 Hz, 1H), 7.94 (d, J = 2.1 784 

Hz, 1H), 7.80 (d, J = 9.0 Hz, 1H), 7.68 (d, J = 8.9 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.37 (dd, J = 9.2, 785 

1.8 Hz, 1H), 7.25 (s, 4H), 7.22 (d, J = 5.8 Hz, 2H), 7.19 (d, J = 5.0 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 786 

7.10 (t, J = 7.3 Hz, 1H), 6.65 (s, 1H), 2.31 (s, 1H), 2.15 (s, 1H). ESI-MS m/z:586.30 [M+H] +. 787 

13C NMR (101 MHz, DMSO) δ 155.22 (s), 151.58 (s), 143.58 (s), 141.14 (s), 133.00 (s), 132.39 (d, J = 788 

18.0 Hz), 131.79 (s), 131.46 – 130.33 (m), 129.94 (s), 127.39 (s), 126.07 (s), 121.60 (s), 117.15 (s). 789 

 (2S,3R,4R,5S)-6-((5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) 790 

carbamoyl) tetrahydro-2H-pyran-2,3,4,5-tetrayl tetraacetate (66) 791 

1H NMR (300 MHz, Chloroform-d) δ 8.12 (s, 1H), 8.01 (d, J = 2.1 Hz, 1H), 7.87 (d, J = 9.2 Hz, 1H), 792 

7.74 (d, J = 8.9 Hz, 1H), 7.49 (dd, J = 9.2, 2.1 Hz, 1H), 7.26 (d, J = 4.5 Hz, 5H), 7.21 (d, J = 2.1 Hz, 793 

1H), 7.15 (d, J = 8.3 Hz, 2H), 7.09 (d, J = 0.8 Hz, 1H), 6.30 (s, 1H), 5.77 (d, J = 7.8 Hz, 1H), 5.36 – 794 

5.10 (m, 4H), 4.23 – 4.07 (m, 2H), 3.75 (s, 3H), 3.04 (d, J = 7.6 Hz, 6H), 2.14 – 2.10 (m, 5H), 2.06 – 795 

2.01 (m, 12H), 1.44 (d, J = 7.3 Hz, 1H), 1.37 (s, 2H), 1.30 – 1.23 (m, 8H). ESI-MS m/z:791.03 [M+H] 796 
+. 797 

13C NMR (126 MHz, CD3CN) δ 169.73 (s), 169.32 (d, J = 8.6 Hz), 168.90 (s), 164.33 (s), 152.81 (s), 798 

141.39 (s), 136.48 (d, J = 16.3 Hz), 134.33 (s), 131.60 (s), 131.24 (s), 130.74 (s), 129.79 – 129.02 (m), 799 

129.00 (s), 128.31 (d, J = 22.6 Hz), 127.70 (s), 125.85 (s), 119.45 (s), 116.09 (s), 110.00 (s), 91.09 (s), 800 

72.83 (d, J = 8.3 Hz), 71.29 (s), 69.65 (d, J = 25.6 Hz), 68.63 (d, J = 7.9 Hz), 39.28 (s), 27.32 (s), 19.91 801 
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(d, J = 21.9 Hz). 802 

N-(5-((4-chlorophenyl)(naphthalen-1-ylamino)methyl)thiazol-2-yl)-4-methoxybenzamide (67) 803 

1H NMR (400 MHz, DMSO) δ 12.32 (s, 1H), 8.10 (d, J = 7.9 Hz, 1H), 8.03 (d, J = 8.8 Hz, 2H), 7.95 (d, 804 

J = 8.3 Hz, 1H), 7.41 – 7.33 (m, 4H), 7.26 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 6.98 (s, 1H), 805 

6.85 (d, J = 7.9 Hz, 1H), 6.63 (d, J = 7.9 Hz, 1H), 6.38 (s, 1H), 5.72 (s, 2H), 3.82 (s, 3H), 2.08 (s, 1H), 806 

1.39 (s, 3H), 1.23 (s, 1H). FTMS-cESI m/z: 498.10519 [M-H] -. 807 

13C NMR (101 MHz, CD3CN) δ 165.92 (s), 164.58 (s), 159.99 (s), 144.85 (s), 144.06 (s), 137.44 (s), 808 

137.12 (s), 133.31 (d, J = 9.1 Hz), 131.75 (s), 131.27 (s), 129.83 (s), 129.05 (s), 128.73 (s), 127.52 (s), 809 

125.91 (s), 125.68 (s), 125.63 – 125.45 (m), 125.28 (d, J = 21.1 Hz), 123.58 (s), 115.23 (s), 109.19 (s), 810 

56.69 (s). 811 

N-(5-((4-chlorophenyl)(naphthalen-2-ylthio)methyl)thiazol-2-yl)-4-methoxybenzamide (68) 812 

1H NMR (400 MHz, DMSO) δ 12.37 (s, 1H), 8.04 (d, J = 8.7 Hz, 2H), 7.93 (s, 1H), 7.83 (t, J = 8.4 Hz, 813 

2H), 7.80 – 7.76 (m, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.8 Hz, 1H), 7.49 – 7.46 (m, 2H), 7.42 (d, 814 

J = 8.4 Hz, 2H), 7.35 (s, 1H), 7.04 (d, J = 8.8 Hz, 2H), 6.36 (s, 1H), 3.82 (s, 3H), 1.39 (s, 3H). ESI-MS 815 

m/z: 517.06 [M+H] +. 816 

13C NMR (101 MHz, DMSO) δ 164.56 (s), 141.35 (s), 134.96 (s), 134.03 (d, J = 21.5 Hz), 133.61 (d, J 817 

= 10.4 Hz), 133.36 – 133.02 (m), 132.05 (s), 131.61 (s), 130.87 (s), 130.73 – 130.72 (m), 130.42 (d, J = 818 

33.5 Hz), 129.82 (s), 129.44 (s), 129.02 (s), 128.56 (s), 128.13 (s), 115.71 (s), 57.34 (s). 819 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)thiophene-2-sulfonamid820 

e (69) 821 

1H NMR (500 MHz, MeOD) δ 7.98 (dd, J = 5.2, 1.5 Hz, 2H), 7.94 (dd, J = 3.9, 1.4 Hz, 1H), 7.88 (d, J = 822 

9.2 Hz, 1H), 7.73 (d, J = 8.9 Hz, 1H), 7.68 (dd, J = 5.0, 1.3 Hz, 1H), 7.49 (dd, J = 3.7, 1.3 Hz, 1H), 7.46 823 

(dd, J = 9.2, 2.0 Hz, 1H), 7.32 (d, J = 1.2 Hz, 1H), 7.29 (d, J = 5.8 Hz, 4H), 7.19 (d, J = 8.9 Hz, 1H), 824 

7.10 (dd, J = 4.9, 4.0 Hz, 1H), 7.03 (dd, J = 5.0, 3.8 Hz, 1H), 6.34 (s, 1H), 2.16 (s, 6H), 1.45 (s, 1H), 825 

1.34 (s, 1H), 1.30 (s, 3H), 1.28 (s, 2H). ESI-MS m/z: 591.95 [M+H] + 826 

13C NMR (101 MHz, CD3CN) δ 166.03 (s), 154.53 (s), 142.75 (s), 140.13 (s), 139.60 (d, J = 5.1 Hz), 827 

135.37 (s), 133.91 (s), 133.69 (s), 133.27 (s), 132.71 (s), 132.31 (t, J = 35.9 Hz), 131.66 – 130.70 (m), 828 

129.87 (s), 129.49 (s), 128.69 (s), 127.58 (s), 126.39 (s), 121.94 (s), 120.92 (s). 829 
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N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) benzenesulfonamide 830 

(70) 831 

1H NMR (500 MHz, MeOD) δ 8.00 (d, J = 2.1 Hz, 1H), 7.91 (dd, J = 8.5, 1.0 Hz, 2H), 7.74 (d, J = 8.9 832 

Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.59 – 7.54 (m, 3H), 7.47 – 7.46 (m, 1H), 7.45 (s, 1H), 7.43 (d, J = 2.9 833 

Hz, 1H), 7.41 (s, 1H), 7.34 (d, J = 1.3 Hz, 1H), 7.31 (s, 3H), 7.24 – 7.18 (m, 3H), 7.15 (d, J = 7.4 Hz, 834 

2H), 7.11 (t, J = 7.2 Hz, 1H), 6.35 (s, 1H), 4.58 (s, 1H), 2.16 (s, 8H). FTMS-c ESI m/z: 835 

584.95402[M-H] -.  836 

13C NMR (101 MHz, DMSO) δ 154.01 (s), 136.23 (s), 133.33 (s), 131.59 (s), 130.97 (s), 130.33 – 837 

129.17 (m), 128.76 (s), 128.03 (s), 126.41 – 125.83 (m), 125.19 (s), 121.10 (s), 120.23 (s), 116.15 (s). 838 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)-2,5-dimethyl-benzenesu839 

lfonamide(71) 840 

1H NMR (500 MHz, MeOD) δ 8.01 (d, J = 2.1 Hz, 1H), 7.91 (d, J = 9.2 Hz, 1H), 7.75 (d, J = 8.9 Hz, 841 

1H), 7.72 (s, 1H), 7.59 (s, 1H), 7.49 (dd, J = 9.2, 2.0 Hz, 1H), 7.34 (dd, J = 6.7, 1.9 Hz, 5H), 7.26 (d, J = 842 

7.5 Hz, 2H), 7.21 (d, J = 8.9 Hz, 1H), 7.16 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 7.7 Hz, 1H), 6.38 (s, 1H), 843 

2.32 (d, J = 7.2 Hz, 6H), 2.07 (d, J = 15.7 Hz, 6H), 1.46 (s, 13H). ESI-MS m/z: 613.97 [M+H] +. 844 

13C NMR (101 MHz, CD3CN) δ 164.54 (s), 154.60 (s), 138.05 (s), 137.49 (s), 137.29 (s), 136.47 (s), 845 

135.52 (s), 134.80 (d, J = 18.6 Hz), 133.79 (dd, J = 21.9, 14.8 Hz), 132.74 (s), 132.22 (s), 132.00 (s), 846 

131.07 (d, J = 11.5 Hz), 129.93 (s), 129.41 (s), 127.19 (s), 126.38 (s), 121.71 (s), 120.94 (s), 21.14 (d, J 847 

= 17.5 Hz), 20.12 (s), 19.85 (s). 848 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)-4-ethylbenzene-sulfona849 

mide (72) 850 

1H NMR (500 MHz, MeOD) δ 7.98 (d, J = 2.1 Hz, 1H), 7.89 – 7.83 (m, 1H), 7.81 (d, J = 8.4 Hz, 2H), 851 

7.72 (d, J = 8.9 Hz, 1H), 7.48 (d, J = 8.3 Hz, 2H), 7.45 (dd, J = 9.1, 2.0 Hz, 1H), 7.31 – 7.28 (m, 5H), 852 

7.25 (dd, J = 8.1, 6.7 Hz, 4H), 7.18 (d, J = 8.9 Hz, 1H), 6.33 (s, 1H), 1.29 (dd, J = 5.4, 2.5 Hz, 2H), 1.23 853 

(dd, J = 7.6, 3.8 Hz, 4H). ESI-MS m/z: 613.99 [M+H] +. 854 

13C NMR (101 MHz, CD3CN) δ 165.30 (s), 154.50 (s), 151.23 (s), 140.11 (s), 139.44 (s), 133.72 (d, J = 855 

11.0 Hz), 132.70 (s), 132.13 (d, J = 18.8 Hz), 131.00 (dd, J = 17.9, 12.5 Hz), 130.00 (s), 129.74 (d, J = 856 

23.1 Hz), 127.66 (s), 126.94 (s), 126.51 (s), 121.78 (s), 120.91 (s), 29.77 (d, J = 16.3 Hz), 15.86 (s), 857 

15.57 (s). 858 
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N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)-4-chloro-benzenesulfon859 

amide(73) 860 

1H NMR (500 MHz, MeOD) δ 8.00 (d, J = 2.1 Hz, 1H), 7.91 (d, J = 9.1 Hz, 1H), 7.87 – 7.83 (m, 2H), 861 

7.75 (d, J = 8.9 Hz, 1H), 7.54 – 7.51 (m, 2H), 7.50 (dd, J = 9.2, 2.0 Hz, 1H), 7.46 – 7.40 (m, 4H), 7.35 862 

(d, J = 1.2 Hz, 1H), 7.31 (s, 4H), 7.21 (s, 1H), 7.15 (d, J = 7.5 Hz, 1H), 6.36 (s, 1H), 2.32 (s, 1H), 2.15 863 

(s, 1H). ESI-MS m/z:629.36 [M+H] +. 864 

13C NMR (101 MHz, CD3CN) δ 166.00 (s), 154.52 (s), 143.04 (s), 140.96 (s), 140.08 (d, J = 7.6 Hz), 865 

135.23 (s), 133.69 (s), 132.73 (s), 132.26 (d, J = 6.5 Hz), 132.02 (s), 131.11 (d, J = 12.3 Hz), 130.78 – 866 

130.77 (m), 130.60 (d, J = 23.4 Hz), 129.87 (s), 129.04 (s), 127.44 (s), 126.46 (s), 121.62 (s), 120.95 (s), 867 

41.76 (s). 868 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) 869 

thiazol-2-yl)-6-chloropyridine-3-sulfonamide (74) 870 

1H NMR (400 MHz, DMSO-d6) δ 8.70 (d, J = 2.5 Hz, 1H), 8.12 (d, J = 2.5 Hz, 1H), 8.10 (d, J = 2.3 Hz, 871 

1H), 8.03 (s, 1H), 7.79 (d, J = 8.9 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.55 – 7.47 (m, 1H), 7.31 (d, J = 872 

8.5 Hz, 2H), 7.22 (d, J = 8.9 Hz, 1H), 7.19 – 7.10 (m, 3H), 6.40 (s, 1H), 1.97 (s, 2H). ESI-MS m/z: 873 

622.35 [M+H] +. 874 

13C NMR (126 MHz, CD3CN) δ 147.17 (s), 136.98 (s), 130.80 (s), 129.54 (s), 128.36 (s), 127.42 (s), 875 

124.59 (s), 121.59 (s).  876 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)-2,3-dihydrobenzofuran877 

-5-sulfonamide (75) 878 

1H NMR (500 MHz, DMSO) δ 10.49 (s, 1H), 8.23 – 8.09 (m, 1H), 7.86 – 7.76 (m, 1H), 7.74 – 7.51 (m, 879 

2H), 7.42 – 7.11 (m, 3H), 6.80 (dd, J = 28.0, 8.3 Hz, 1H), 6.45 (s, 1H), 4.02 (q, J = 7.1 Hz, 1H), 3.18 – 880 

3.07 (m, 2H). ESI-MS m/z: 627.96 [M+H] +. 881 

13C NMR (101 MHz, DMSO) δ 167.47 (s), 165.10 (s), 155.42 (s), 134.02 (s), 133.63 (s), 133.29 (s), 882 

132.95 (s), 132.35 (s), 131.52 (s), 130.78 (d, J = 61.3 Hz), 130.14 (s), 128.98 (s), 128.34 (s), 127.12 (s), 883 

126.51 (s), 124.96 (s), 122.46 (s), 121.61 (s), 119.34 (s), 117.50 (s), 111.14 (s), 110.51 (s), 74.80 (s), 884 

74.11 (s), 30.05 (d, J = 27.5 Hz), 29.91 – 29.81 (m). 885 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)naphthalene-2-sulfonam886 
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ide (76) 887 

1H NMR (500 MHz, MeOD) δ 8.51 (s, 1H), 7.97 (d, J = 2.1 Hz, 1H), 7.96 (s, 1H), 7.90 (d, J = 9.2 Hz, 888 

1H), 7.74 – 7.68 (m, 3H), 7.66 (d, J = 8.8 Hz, 3H), 7.63 – 7.57 (m, 2H), 7.56 – 7.50 (m, 2H), 7.46 (dd, J 889 

= 9.2, 1.9 Hz, 1H), 7.41 (d, J = 1.4 Hz, 1H), 7.40 – 7.36 (m, 1H), 7.34 – 7.28 (m, 4H), 7.27 (d, J = 8.7 890 

Hz, 1H), 7.19 (d, J = 8.9 Hz, 1H), 7.04 (dd, J = 8.6, 1.8 Hz, 1H), 6.38 (s, 1H), 2.15 (s, 2H), 1.30 (s, 2H). 891 

ESI-MS m/z: 635.98 [M+H] + 892 

13C NMR (101 MHz, CD3CN) δ 165.86 (s), 154.57 (s), 140.08 (s), 138.78 (s), 136.82 (s), 135.79 (s), 893 

133.67 (s), 133.35 (s), 132.93 – 132.27 (m), 132.23 (s), 132.03 (s), 131.65 (s), 131.32 – 130.41 (m), 894 

130.43 – 130.41 (m), 130.43 – 129.60 (m), 129.24 (s), 128.91 (d, J = 16.7 Hz), 127.89 (s), 127.33 (s), 895 

126.56 (s), 123.56 (s), 122.41 (s), 121.80 (s), 120.91 (s). 896 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) 897 

thiazol-2-yl)-4-methylnaphthalene-1-sulfonamide (77) 898 

1H NMR (400 MHz, DMSO-d6) δ 10.50 (s, 1H), 8.27 (d, J = 11.0 Hz, 1H), 8.20 – 8.09 (m, 3H), 8.03 (d, 899 

J = 8.6 Hz, 1H), 7.96 (s, 1H), 7.83 (d, J = 8.2 Hz, 3H), 7.73 (d, J = 7.5 Hz, 1H), 7.61 (t, J = 8.0 Hz, 2H), 900 

7.58 – 7.53 (m, 1H), 7.50 – 7.44 (m, 1H), 7.36 (dd, J = 12.5, 8.1 Hz, 3H), 7.23 (d, J = 8.9 Hz, 1H), 7.17 901 

(t, J = 7.1 Hz, 3H), 6.58 (d, J = 7.5 Hz, 2H), 4.01 (q, J = 7.1 Hz, 2H), 2.73 (s, 3H), 1.16 (t, J = 7.1 Hz, 902 

4H). ESI-MS m/z: 651.00 [M+H] +. 903 

13C NMR (101 MHz, DMSO) δ 164.54 (s), 155.41 (s), 146.63 (s), 143.00 (s), 141.90 (s), 135.97 (s), 904 

135.40 (s), 134.26 (s), 133.86 (s), 133.36 (s), 132.88 (s), 132.42 (s), 131.62 (s), 131.21 (s), 130.65 (s), 905 

130.12 (s), 128.96 (d, J = 14.2 Hz), 128.67 (s), 128.34 (s), 127.83 (s), 126.74 (d, J = 16.2 Hz), 126.40 906 

(s), 125.92 (s), 123.87 (s), 123.32 (s), 121.60 (s), 119.29 (s), 117.52 (s), 21.62 (s), 21.41 (s). 907 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-chlorophenyl)methyl)thiazol-2-yl)benzo[c][1,2,5]thiadiazol908 

e-4-sulfonamide (78) 909 

1H NMR (500 MHz, DMSO) δ 10.49 (s, 1H), 8.39 (t, J = 17.7 Hz, 1H), 8.27 (d, J = 8.8 Hz, 1H), 8.19 (d, 910 

J = 2.1 Hz, 1H), 8.08 (dd, J = 22.5, 7.1 Hz, 3H), 7.85 (d, J = 8.9 Hz, 1H), 7.82 – 7.69 (m, 2H), 7.66 (dd, 911 

J = 9.2, 2.0 Hz, 1H), 7.47 (d, J = 8.5 Hz, 2H), 7.24 (dd, J = 8.5, 6.1 Hz, 3H), 6.99 (dd, J = 8.7, 7.3 Hz, 912 

1H), 6.69 (s, 1H). ESI-MS m/z: 643.98 [M+H] +. 913 

13C NMR (126 MHz, CD3CN) δ 154.96 (s), 154.05 (s), 153.30 (s), 147.77 (s), 139.23 (s), 136.26 (s), 914 

132.33 (d, J = 27.1 Hz), 131.53 (s), 130.87 (d, J = 35.3 Hz), 129.80 (d, J = 27.4 Hz), 129.53 (s), 129.53 915 
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(s), 129.53 (s), 128.52 (s), 128.12 (s), 126.74 (s), 126.12 (s), 125.93 (s), 125.31 (d, J = 25.5 Hz), 121.29 916 

(s), 119.58 (s). 917 

N-(5-(((6-bromonaphthalen-2-yl) oxy) (4-chlorophenyl) methyl) thiazol-2-yl) 918 

quinoline-8-sulfonamide (79) 919 

1H NMR (400 MHz, DMSO-d6) δ 10.43 (s, 1H), 8.58 (s, 1H), 8.34 (d, J = 8.3 Hz, 1H), 8.19 (d, J = 2.0 920 

Hz, 1H), 8.16 (dd, J = 8.4, 1.4 Hz, 1H), 8.13 (d, J = 6.5 Hz, 1H), 8.07 (t, J = 6.7 Hz, 2H), 8.03 (d, J = 921 

8.5 Hz, 1H), 7.96 (s, 1H), 7.86 (d, J = 8.9 Hz, 1H), 7.67 (dd, J = 9.2, 1.6 Hz, 1H), 7.61 (t, J = 7.8 Hz, 922 

1H), 7.52 (dd, J = 8.3, 4.2 Hz, 1H), 7.48 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.5 Hz, 1H), 7.32 (d, J = 8.4 923 

Hz, 2H), 7.26 (d, J = 8.9 Hz, 1H), 7.18 (s, 1H), 6.99 (dd, J = 8.3, 4.1 Hz, 1H), 6.76 (t, J = 7.8 Hz, 1H), 924 

6.66 (s, 1H), 2.07 (s, 6H). FTMS-cESI m/z: 633.94895 [M-H] -. 925 

13C NMR (101 MHz, DMSO) δ 167.67 (s), 155.53 (s), 153.21 (s), 150.83 (s), 143.77 (s), 142.40 (s), 926 

139.13 (s), 137.87 – 137.04 (m), 134.99 (s), 133.50 (s), 132.77 (s), 132.35 (d, J = 11.1 Hz), 131.99 – 927 

131.08 (m), 131.18 (s), 131.40 – 130.50 (m), 130.06 (s), 129.51 (s), 129.02 (s), 126.93 (s), 125.34 (s), 928 

124.69 (s), 124.11 (d, J = 15.5 Hz), 121.66 (s), 119.86 (s), 117.41 (s), 32.51 (s). 929 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-bromophenyl)methyl)thiazol-2-yl)-4-methoxy-benzamide(930 

80) 931 

1H NMR (500 MHz, DMSO) δ 8.08 (d, J = 1.7 Hz, 1H), 8.02 (d, J = 8.8 Hz, 3H), 7.92 (s, 1H), 7.77 (d, J 932 

= 8.9 Hz, 1H), 7.45 (d, J = 8.3 Hz, 3H), 7.36 (s, 1H), 7.28 (d, J = 8.5 Hz, 1H), 7.24 (d, J = 9.0 Hz, 1H), 933 

7.21 (d, J = 7.5 Hz, 1H), 7.13 (d, J = 8.3 Hz, 2H), 7.02 (d, J = 8.8 Hz, 3H), 6.60 (s, 1H), 3.81 (s, 4H). 934 

ESI-MS m/z: 624.34 [M+H] +. 935 

13C NMR (126 MHz, CD3CN) δ 164.48 (s), 163.21 (s), 158.71 (s), 152.87 (s), 142.04 (s), 136.20 (s), 936 

133.12 (s), 131.19 (s), 130.72 (s), 129.89 (d, J = 6.3 Hz), 129.18 (s), 128.94 (s), 128.35 (s), 127.85 (s), 937 

125.99 (s), 124.47 (s), 120.44 (s), 119.52 (d, J = 19.3 Hz), 116.03 (s), 113.86 (s), 55.34 (s). 938 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-fluorophenyl)methyl)thiazol-2-yl)-4-methoxy-benzamide(8939 

1) 940 

1H NMR (500 MHz, DMSO) δ 8.08 (d, J = 2.1 Hz, 1H), 8.02 (d, J = 8.9 Hz, 2H), 7.99 – 7.86 (m, 1H), 941 

7.78 (t, J = 9.5 Hz, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.30 (s, 1H), 7.27 – 7.20 (m, 3H), 7.09 (t, J = 8.8 Hz, 942 

2H), 7.02 (d, J = 8.9 Hz, 2H), 6.62 (s, 1H), 3.81 (s, 3H). ESI-MS m/z: 563.44 [M+H] +. 943 

13C NMR (126 MHz, CD3CN) δ 130.69 (s), 129.88 (s), 129.61 (s), 128.96 (d, J = 29.6 Hz), 114.85 (d, J 944 
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= 21.3 Hz), 113.88 (s), 55.33 (s), 39.12 (s), 30.67 (s), 29.50 (s). 945 

N-(5-(((6-bromonaphthalen-2-yl)oxy)(4-cyanophenyl)methyl)thiazol-2-yl)-4-methoxy-benzamide(8946 

2) 947 

1H NMR (500 MHz, DMSO) δ 10.32 (s, 1H), 8.10 (d, J = 2.1 Hz, 1H), 8.03 (d, J = 8.9 Hz, 3H), 7.76 948 

(dd, J = 31.5, 8.7 Hz, 3H), 7.55 – 7.40 (m, 2H), 7.32 (d, J = 8.2 Hz, 1H), 7.23 (d, J = 8.9 Hz, 1H), 7.03 949 

(d, J = 8.9 Hz, 2H), 6.71 (s, 1H), 3.82 (s, 3H). ESI-MS m/z: 570.46 [M+H] + 950 

13C NMR (126 MHz, CD3CN) δ 132.12 (s), 130.78 (s), 129.95 (s), 129.46 (s), 128.52 (s), 119.49 (s), 951 

113.92 (s), 55.35 (s). 952 

N-(5-(((7-bromonaphthalen-2-yl)oxy)(4-(methylsulfonyl)phenyl)methyl)thiazol-2-yl)-4-methoxybe953 

nzamide (83) 954 

1H NMR (500 MHz, DMSO) δ 12.35 (s, 1H), 10.33 (s, 1H), 8.11 (d, J = 2.0 Hz, 1H), 8.03 (d, J = 8.9 Hz, 955 

2H), 7.83 (d, J = 8.5 Hz, 2H), 7.80 (d, J = 8.9 Hz, 1H), 7.52 (s, 1H), 7.45 (s, 1H), 7.41 (d, J = 8.3 Hz, 956 

2H), 7.24 (d, J = 8.9 Hz, 1H), 7.03 (d, J = 8.9 Hz, 2H), 6.73 (s, 1H), 3.82 (s, 3H), 3.16 (s, 3H), 2.07 (s, 957 

1H). ESI-MS m/z: 623.54 [M+H] + 958 

13C NMR (101 MHz, CD3CN) δ 165.85 (s), 164.69 (s), 160.70 (s), 154.24 (s), 150.44 (s), 140.29 (s), 959 

137.13 (s), 133.68 (s), 132.28 (t, J = 25.7 Hz), 132.04 – 131.51 (m), 131.51 – 131.43 (m), 131.43 – 960 

130.48 (m), 130.49 – 130.31 (m), 128.64 (dd, J = 187.0, 116.2 Hz), 126.93 (s), 126.93 (s), 125.62 (s), 961 

121.49 (s), 120.91 (s), 115.28 (s), 56.72 (s), 44.94 (s). 962 

Plasmid construction. Plasmids of two nonfluorescent fragments of VFP (N1-154aa and C155-239aa) 963 

were constructed into pcDNA 3.1 vector. Then they were fused these two fragments with HBV capsid 964 

protein, which were HBVcAg-VFP-N1-154 (HBc-VN) and HBVcAg-VFP-C155-239 (HBc-VC). 965 

High throughput screening (HTS) of HBV capsid assembly inhibitors. The HBc-VN and HBc-VC 966 

plasmids were co-transfected into 293T cells and the cells were treated with a commercial drug-like 967 

chemical library composed of 40155 compounds at 50 µM concentration with TECAN EVO150. After 968 

48 h, the wells containing GFP-positive cells were detected by an Envision system (Perkin Elmer). After 969 

the active compounds were confirmed by the same system, they were further tested for their potential 970 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

46

anti-HBV replication activity by an anti-HBV-1replication assay. HepG2.2.15 cells (5×106) were seeded 971 

into a 96-well-plate. After cells attached, the active compounds were added into each well. Then, the 972 

HBV replication was monitored by the detection of HBV DNA copies in supernatant after 4 days. The 973 

amount of HBV DNA was quantified by qPCR.  974 

Protein purification. The plasmid pET32a harboring His-tagged HBVcAg or Cp149 genes were 975 

transformed into E. Coli BL21 competent cells (Novagen) respectively. After the expression of proteins 976 

was induced by 1 mM isopropylthio-β-d-galactoside, the bacterial cells were lysed by sonication. The 977 

insoluble fraction was pelleted at 10,000 × g for 10 min, and the supernatant was applied to a 978 

Ni-conjugated agarose bead column (GE). After washing, the bound His fusion proteins were eluted 979 

with 500 µM imidazole. Then the proteins were suspended in PBS buffer and the concentration was 980 

measured by the Bradford method. The samples were then aliquoted and frozen at −80 oC. 981 

Electro microscopy. HBV capsid protein (Cp149, 10 µM) in 50 mM pH 7.5 HEPES buffer was 982 

incubated for 1 h with different concentrations of compounds prior to assembly. Assembly was initiated 983 

by adding 1 M NaCl solution to 50 mM. The assembly reactions were allowed to equilibrate for 60h at 984 

23 ℃. The supernatants were determined by transmission electron microscopy. Samples were adsorbed 985 

to freshly glow-discharged grids and stained with 2% uranyl acetate.  Grids were carbon-coated 986 

collodion on a 300-mesh copper substrate. Samples were visualized on a JEOL JEM-100CX II 987 

transmission electron microscope [15, 26, 32].  988 

SPR The recombinant HBV capsid 149-His protein was immobilized on a CM5 Sensor Chip 989 

(carboxymethylated dextran covalently attached to a gold surface) with an amine coupling kit from GE 990 

Healthcare. The recombinant HBV capsid149-His protein was pre-incubated with different 991 

concentration of compound 79 in a PBS buffer (10 mM) with 1% DMSO. The signals were recorded 992 

with a BiacoreT100 instrument with the standard protocol. 993 
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HBV replication assay in cells HepG2.2.15 cells (5×104) were seeded into 96-well plate and then 994 

treated with or without different concertation of 79. After 7 days, the HBV replication was detected by 995 

the quantitation of HBV DNA in the supernatant after by real-time PCR with a commercial kit based on 996 

real time quantitative PCR from Daan Gene.  997 

HBV replication assay in mice The in vivo efficacy of compound 79 was evaluated in BALB/c 998 

transgenic mice which were injected with replication-competent HBV DNA plasmid HBV-1.2mer. 999 

These transgenic mice were purchased from Vitalstar Company and could produce HBV DNA, HBeAg, 1000 

HBsAg and HBcAg [33]. These mice were randomly divided into two groups and each group was 3 1001 

male BALB/c transgenic mice. The compound 79 at 30mg/kg and DMSO were injected by tail vein 1002 

manner respectively. After 2 weeks, mice were scarified and the blood samples were collected to 1003 

determine the antiviral activity. Alternatively, to further characterize compound 79 in vivo, another HBV 1004 

mouse model was applied to assess compound 79. The nude mice were subcutaneously inoculated with 1005 

HepAD38 cells and then treated with or without compound 79 every 3 days. After 4 weeks, mice were 1006 

scarified. The blood samples yielded similar results and show the potent antiviral activity. Meanwhile, 1007 

the immunofluorescence assay of HBVcAg in the tumor tissue was also decreased in the compound 79 1008 

treated group. 1009 

Molecular docking modeling. The docking studies were prepared with Ligandscout (4.1) with MMFF 1010 

94 energy minimization. The HBV capsid protein (PDB: 5E0I) were prepared with ligandscout (4.1) by 1011 

removing the ligand and unnecessary water molecules. Then the whole protein was selected for docking 1012 

and the prepared molecules were inserted. The docking was carried out by AutoDock Vina 1013 

1.1(Exhaustiveness =20, Max. Energy difference= 3).  1014 

Acute toxicity test Compounds were tested in 5 male Balb/c mice with intraperitoneal injection at the 1015 

dose of 0 mg/kg, 500 mg/kg, and 1000 mg/kg, respectively. On the 14th day, the tissues of heart, liver, 1016 

lung, spleen and kidney were examined. The hepatic and renal functions including the levels of AST, 1017 
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ALT, BUN, and CRE were examined. 1018 

Supporting Information. This material is available free of charge via the Internet at http://pubs.acs.org. 1019 
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Figure 1. The cell-based HTS system for HBV capsid inhibitors. (A) The design of HTS for HBV 1032 

capsid inhibitor. (B) The flow chart of multiple screening and the hit compound in this study. (C) Effect 1033 

of the hit compound on the cell viability. Hit compound did not show obvious toxicity in 293T cells at 1034 

500 µM. (D) The IC50 of hit compound was 6.153µM in HepG2.2.15 cells. Error bars represent the 1035 

average of three independent experiments. 1036 

Figure 2. Compound 79 inhibits HBV capsid assembly. (A) The MFI analysis for the effect of 1037 

compound 79 on the intensity of VFP fluorescence. HBc-VN and HBc-VC were co-transfected into 1038 

HEK293T cells and then the cells were treated with DMSO or multiple concentrations (0.5, 5, or 50 µM) 1039 

of compound 79 respectively. After 48 h, the fluorescence was detected by microplate reader and 1040 
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representative fluorescence microscope images were shown. Compound 79 effectively inhibited the 1041 

fluorescence concentration-dependently. (B) HEK293T cells were transfected with HBc-VN-HA or 1042 

HBc-VC-FALG and then were treated with DMSO, 50 µM and 100 µM compound 79 respectively. 1043 

After 48 h, cells were harvested for western blot with primary antibodies of HA, FLAG and GAPDH. 1044 

(C) HEK293T cells were co-transfected with HBc-VN-HA and HBc-VC-FALG and then were treated 1045 

with DMSO and compound 79 respectively. After 48 h, cells were harvested for co-IP assay with 1046 

anti-HA beads. (D) Transmission electron micrographs of assembly of 10 µM Cp149 in assembly 1047 

reactions (50 mM NaCl). Normal HBV capsid assembly was observed in DMSO treated group. 1048 

Non-capsid particles were observed when treated with compound 79 (0.2 µM and 4 µM). Non-particle 1049 

oligomers were induced by compound 79 (10 µM and 50 µM). Compound GLS4 (50µM) abolished 1050 

HBV capsid assembly as positive control. Lamivudine (50µM) did not induce any abnormalities in 1051 

HBV capsid assembly.  1052 

Figure 3. The molecular docking studies of compound 79. (A) Compound 79 (yellow) bound in the 1053 

interface of two subunits (B, cyan and C, magenta) of HBV capsid, the similar pocket in which the 1054 

NVR-010–001-E2 (green) bound (left). The analysis of docking results showed the hydrophobic 1055 

interactions and hydrogen bonds of compound 79 with HBV capsid protein. (B) Molecular modeling 1056 

showed that the bromo-naphtalene group of compound 79 had hydrophobic/aromatic interactions with 1057 

F23, F24, W102 and Y118 of Chian B (left). The quinoline group had hydrophobic interactions with 1058 

Val120 of Chain C and Thr109 of Chain B (middle). The Chloro-benzene group had hydrophobic 1059 

interaction with W125 of Chain C (right). (C). The S121 was close to the nitrogen atoms of thiazole and 1060 

quinoline groups of compound 79 and they could form hydrogen bonds. 1061 

Figure 4. The surface plasmon resonance (SPR) studies of compound 79 with wildtype and mutant 1062 

HBV capsid proteins. (A) The binding affinity of compound 79 and wild type HBV capsid (HBVcAg) 1063 

was KD = 5.93*10-6 M. (B) Compound 79 did not bind with mutant HBV capsid protein 1064 
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(HBVcAg-S121A).  (C) Compound 79 did not bind with mutant HBV capsid protein 1065 

(HBVcAg-Y118A). 1066 

Figure 5. Compound 79 inhibits the HBV replication in vitro and in vivo. (A) HepG2.2.15 cell were 1067 

seeded into 96-well plate and then the cells were treated with DMSO or multiple concentrations (0.5, 5, 1068 

or 50 µM) of compound 79 and GLS4 respectively. After 7 days, the HBV replication was detected by 1069 

the quantitation of HBV DNA in the supernatant by real-time PCR. Both Compound 79 and GLS4 1070 

inhibited HBV replication effectively in a concentration dependent manner. (B) The quantitative 1071 

experiments showed the IC50 value of compound 79 in HepG2.2.15 cell was 182.9 nM. (C-D) HBV 1072 

transgenic mice were detected HBV DNA copies at day 0 by extracting the eyeball blood samples and 1073 

then randomly divided into two groups. These mice were treated with 30 mg/kg compound 79 or DMSO 1074 

every 2 days. After 2 weeks, mice were scarified and the blood samples were collected to determine the 1075 

antiviral activity. The HBV DNA copies were determined by real-time PCR (C) and the HBsAg were 1076 

detected by HBsAg ELISA kit (D). (E-F) Xenografts were established using HepAD38 cell line in 1077 

female NOD-SCID mice. Two groups were randomly assigned and injected with DMSO or 30 mg/kg 1078 

compound 79 by orthotopic injection every 3 days (n = 3). After 4 weeks, mice were scarified and the 1079 

liver samples were collected to determine the HBV DNA levels by real-time PCR (E). Representative 1080 

immunofluorescent staining of tumor tissues with HBVcAg antibody and DAPI (F). 1081 

Figure 6. Compound 79 showed low acute toxicities. (A) The measurement of weight of male Balb/c 1082 

mice after intraperitoneally injected with compound 79 (0.5g/Kg or 1g/Kg). (B-D) Compound 79 did 1083 

not cause obvious toxicities on the hepatic and renal function of mice (BUN: Blood urea nitrogen, CRE: 1084 

Creatine, AST: Aspartate Transaminase, ALT: Alanine transaminase). (E) The vital organs from the mice 1085 

treated with various doses of compounds 79 were histologically sectioned and HE stained and 1086 

compound 79 did not cause obvious damage on these organs.  1087 
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Highlights 

� A class of Aminothiazole derivatives was explored as potential anti-HBV replication agents 

through high- throughput screening and structure-activity relationship studies. 

� Compound 79 disrupted HBV capsid assembly in vitro.  

� Compound 79 inhibited the HBV replication in cells (IC50=0.18 µM) and in animal models. 

� Compound 79 showed low toxicity in the acute toxicity assay. 

 


