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BIOLOGICAL SUPPLEMENTARY MATERIAL 

Biological Data 

Supple. Figure 1 

Structures of the 24 thioimidazoline containing compounds identified in the HTS assay that are not 

dexamethasone sensitizers. Highlighted in red is the thioimidazoline substructure common to the 

four lead dexamethasone sensitizers (compounds 1-4). Also highlighted in red are substructures 

common to at least one of the four lead dexamethasone sensitizers (compounds 1-4). 
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Supple. Figure 2 

Ex vivo efficacy of compounds (1-4) in combination with dexamethasone against ALL xenograft 

cells. ALL-19 cells were exposed to compound (1-4), dexamethasone (Dex), or both in combination 

at a 1:1 fixed-ratio of concentrations for 48 h. Cell viability was assessed by Alamar Blue assay. 

Each data point represents the mean ± SEM of three independent experiments.  
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Supple. Table 1 

ALL-19 xenograft cells were exposed to compound (1-4), dexamethasone, or both in combination at 

a 1:1 fixed-ratio of concentrations for 48 h. Cell sensitivity was then assessed by Alamar Blue assay. 

Deviation from Bliss-additivity was calculated at each tested dose, where synery is defined as a 

positive deviation, additive effect as no deviation, and antagonism as a negative deviation.  

 

  
Cmpd 

 

Glucocorticoid 
Deviation from Bliss-Additivity at each tested concentration; 

 2.5 µM  5  µM    10 µM   20 µM   40  µM    Median        Comb. Effect 
1 dexamethasone 0.05 0.08 0.13 0.21 0.04 0.08 synergy 
2 dexamethasone 0.07 0.08 0.15 0.17 0.06 0.08 synergy 
3 dexamethasone 0.02 0.04 0.11 0.15 0.15 0.11 synergy 
4 dexamethasone 0.03 0.07 0.12 0.16 0.02 0.07 synergy 

 

Supple. Table 2 

Combination effects of 1 and glucocorticoids ex vivo against ALL-19 xenograft cells. ALL-19 

xenograft cells were exposed to 1, glucocorticoid, or both in combination at a fixed-ratio of 

concentrations for 48 h. Cell viability was assessed by Alamar Blue assay. Deviation from Bliss-

additivity was calculated at each tested dose, where synery is defined as a positive deviation, 

additive effect as no deviation, and antagonism as a negative deviation. 

 

  
Cmpd 

 

Glucocorticoid 
Deviation from Bliss-Additivity at each tested concentration; 

 2.5 µM  5  µM    10 µM   20 µM   40  µM    Median        Comb. Effect 
1 dexamethasone 0.05 0.08 0.13 0.21 0.04 0.08 synergy 
1 prednisolone 0.06 0.11 0.15 0.29 0.20 0.15 synergy 
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Supple. Figure 3 

Synergistic antileukemic effects of 1 and dexamethasone ex vivo against ALL-19 xenograft cells. (a) 

ALL-19 cells were exposed to 1, dexamethasone (Dex), or both in combination at a fixed-ratio of 

concentrations for 48 h. Cell viability was assessed by Alamar Blue assay. (b) ALL-19 cells were 

exposed to 1, Dex, or both in combination at a fixed-ratio of concentrations for 48 h. Cell viability 

was assessed by flow cytometry, a direct measure of cell viability. Each data point represents the 

mean ± SEM of three independent experiments. 
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Supple. Figure 4  

Order of addition experiments with 1 and dexamethasone on ALL-19. (a) ALL-19 cells were treated 

simultaneously with a dose-response of 1 ± 1 µM dexamethasone for 48 h. (b) ALL-19 cells were pre-

treated for 12 h with 1 before the addition of ± 1 µM dexamethasone for 48 h. (c) ALL-19 cells were pre-

treated for 24 h with 1 before the addition of ± 1 µM dexamethasone for 48 h. (d) ALL-19 cells were pre-

treated for 24 h with ± 1 µM dexamethasone before the addition of 1 for 24 h. For each treatment cells 

were exposed to dexamethasone for 48 h. The cell viability was calculated relative to dexamethasone 

treated controls (combination) or DMSO treated controls (1 alone). Each data point represents the mean 

± SEM of 3 independent experiments.  
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Supple. Figure 5 

Ex vivo efficacy of 1 in combination with dexamethasone against ALL xenograft cells (ALL-4, 

ALL-7, ALL-31, ALL-16 and ALL-3). Xenograft cells were exposed to 1, dexamethasone (Dex), or 

both in combination at a fixed-ratio of concentrations for 48 h. Cell viability was assessed by Alamar 

Blue assay. Each data point represents the mean ± SEM of three independent experiments. 
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Supple. Table 3 

Xenograft cells were exposed to 1, dexamethasone, or both in combination at a fixed-ratio of 

concentrations for 48 h. Cell sensitivity was then assessed by Alamar Blue assay. The ratio of 1 to 

dexamaethasone (1/Dex ratio) is determined from single agent assays. Deviation from Bliss-

additivity was calculated at each tested dose, where synery is defined as a positive deviation, 

additive effect as no deviation, and antagonism as a negative deviation.  

Where, BCP-ALL, B-cell precursor ALL; Ph+, Philadelphia chromosome-positive; Bi, 

Biphenotypic; MLL, Mixed Lineage Leukemia 

 

  
Xenograft 

Subtype Dex 
stratification 

1/Dex 
ratio 

Deviation from Bliss-Additivity at each tested concentration of 1; 
 2.5 µM  5  µM    10 µM   20 µM   40  µM    Median        Comb. Effect 

ALL-4 BCP-ALL, Ph
+ resistant 1:1 0.09 0.14 0.24 0.22 0.11 0.14 synergy 

ALL-7 BCP-ALL, Bi resistant 1:1 - -0.02 -0.02 0.30 0.52 0.14 synergy 
ALL-31 T-cell ALL resistant 1:1 0.01 0.02 0.07 0.17 0.31 0.07 synergy 
ALL-16 T-cell ALL sensitive 2500:1 -0.07 -0.12 -0.11 -0.08 -0.07 -0.08 antagonism 
ALL-3 MLL sensitive 5000:9 -0.08 -0.13 -0.14 -0.07 -0.02 -0.08 antagonism 

 

Supple. Figure 6 

Crystal structures of compound 1 (green) and compound 6 (purple) with cycloheptane rings overlaid. 
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Supple. Figure 7 

Ex vivo efficacy of compounds (1-16) in combination with dexamethasone against ALL xenograft 

cells. ALL-19 cells were exposed to compound (1-16), dexamethasone (Dex), or both in 

combination at a 1:1 fixed-ratio of concentrations for 48 h. Cell viability was assessed by Alamar 

Blue assay. Each data point represents the mean ± SEM of three independent experiments.  
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Supple. Table 4 

ALL-19 xenograft cells were exposed to compound (1-16), dexamethasone, or both in combination 

at a 1:1 fixed-ratio of concentrations for 48 h. Cell sensitivity was then assessed by Alamar Blue 

assay. Deviation from Bliss-additivity was calculated at each tested dose, where synery is defined as 

a positive deviation, additive effect as no deviation, and antagonism as a negative deviation.  
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Supple. Figure 8 

Ex vivo stability of compounds in liver microsomes. Compounds were exposed to mouse liver 

microsomes for up to 90 mins. Each data point represents the mean ± SEM of three independent 

experiments.  
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Supple. Table 5 

Ex vivo stability of compounds in liver microsomes. Compounds were exposed to mouse liver 

microsomes for up to 90 mins. Half-life values were calculated from one phase exponential decay 

curves.  

 

  1 2 3 4 Dex Vincristine 
Half-life 
(mins) 

2.0 9.4 29.2 8.4 > 90 25.4 

 



S21 

 

Supple. Figure 9 

Ex vivo efficacy of compounds (synthesized 3, 19-34) in combination with dexamethasone against 

ALL xenograft cells. ALL-19 cells were exposed to compound (synthesized 3, 19-34), 

dexamethasone (Dex), or both in combination at a 1:1 fixed-ratio of concentrations for 48 h. Cell 

viability was assessed by Alamar Blue assay. Each data point represents the mean ± SEM of three 

independent experiments. 
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Supple. Table 6 

ALL-19 xenograft cells were exposed to compound (synthesized 3, 19-34), dexamethasone, or both 

in combination at a 1:1 fixed-ratio of concentrations for 48 h. Cell sensitivity was then assessed by 

Alamar Blue assay. Deviation from Bliss-additivity was calculated at each tested dose, where synery 

is defined as a positive deviation, additive effect as no deviation, and antagonism as a negative 

deviation.  
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Supple. Figure 10 

Ex vivo efficacy of J9 in combination with dexamethasone against ALL xenograft cells (ALL-50, 

ETP-2, ALL-16 and ALL-54). Xenograft cells were exposed to J9, dexamethasone (Dex), or both in 

combination at a fixed-ratio of concentrations for 48 h. Cell viability was assessed by Alamar Blue 

assay. Each data point represents the mean ± SEM of three independent experiments. 
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Supple. Table 7 

Xenograft cells were exposed to J9, dexamethasone, or both in combination at a fixed-ratio of 

concentrations for 48 h. Cell sensitivity was then assessed by Alamar Blue assay. The ratio of J9 to 

dexamaethasone (J9/Dex ratio) is determined from single agent assays. Deviation from Bliss-

additivity was calculated at each tested dose, where synery is defined as a positive deviation, 

additive effect as no deviation, and antagonism as a negative deviation. 

 

  
Xenograft 

Subtype Dex 
stratification 

J9/Dex 
ratio 

Deviation from Bliss-Additivity at each tested concentration of J9; 
 2.5 µM  5  µM    10 µM   20 µM   40  µM    Median        Comb. Effect 

ALL-19 BCP-ALL resistant 1:1 -0.10 -0.11 -0.15 -0.13 -0.10 -0.11 antagonism 
ALL-50 BCP-ALL resistant 1:1 - - - - - - - 
ALL-54 BCP-ALL sensitive 500:3 -0.02 -0.08 -0.12 -0.15 -0.10 -0.10 antagonism 
ALL-31 T-cell ALL resistant 1:1 0.02 -0.02 -0.06 -0.08 -0.11 -0.06 antagonism 
ETP-2 T-cell ALL resistant 1:1 -0.05 -0.12 -0.14 -0.11 -0.06 -0.11 antagonism 

ALL-16 T-cell ALL sensitive 2500:1 -0.05 -0.04 -0.04 -0.01 -0.01 -0.04 antagonism 
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CHEMICAL SUPPLEMENTARY MATERIAL 

Spectra for Compound 1  
1H NMR Compound 1 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylacetamide  

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 1 
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13C NMR Compound 1 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylacetamide  

 

13
C NMR (CDCl3, 300 MHz) 

Compound 1 

CDCl3 
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1H-1H COSY Compound 1 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylacetamide  

 

1
H-1H COSY (CDCl3, 300 MHz) 

Compound 1 
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1H-13C HSQC Compound 1 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylacetamide 

 

1
H-13C HSQC (CDCl3, 300 MHz) 

Compound 1 
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LCMS Compound 1 

 

Calcd for C12H22N3OS+ 
= 256.1478 
Compound 1 
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HRMS(ESI) Compound 1 

 

C1_Pos_Full #8 RT: 0.41 AV: 1 NL: 8.61E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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533.2720 1818.51031605.5178766.4124 1060.8954346.4139 900.3790 1974.76381252.7418 1423.6304

Calcd for C12H22N3OS+ 
= 256.1478 
Compound 1 
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1H NMR Compound 1, purchased 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylacetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 1 
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13C NMR Compound 1, purchased 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylacetamide 

 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 1 
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LCMS Compound 1, purchased 

 

Calcd for C12H22N3OS+ 
= 256.1478 
Compound 1 
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Spectra for Compound 2 

1H NMR Compound 2 

2-(((4,5-dihydro-1H-imidazol-2-yl)thio)methyl)benzo[d]thiazole 

 

1
H NMR (CD3OD, 300 MHz) 

Compound 2 

CD3OD 

H2O 
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13C NMR Compound 2 

2-(((4,5-dihydro-1H-imidazol-2-yl)thio)methyl)benzo[d]thiazole 

 

13
C NMR (CD3OD, 300 MHz) 

Compound 2 

CD3OD 
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LCMS Compound 2 

 

Calcd for C11H12N3S2+ 
= 250.0467 
Compound 2 
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Spectra for Compound 3 

1H NMR Compound 3 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenylacetamide 

 

1
H NMR (CD3OD, 300 MHz) 

Compound 3 
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13C NMR Compound 3 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 3 



S41 

 

LCMS Compound 3 

 
 

Calcd for C14H20N3OS+ 

= 278.1322 

Compound 3 
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1H NMR Compound 3, purchased 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenylacetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 3 

CDCl3 
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13C NMR Compound 3, purchased 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 3 

CDCl3 
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LCMS Compound 3, purchased 

 

Calcd for C14H20N3OS+ 
= 278.1322 
Compound 3 
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Spectra for Compound 4 

LCMS Compound 4 

 

Calcd for C18H20N3OS+ 
= 326.1322 
Compound 4 
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Spectra for Compound 5 

1H NMR Compound 5 

imidazolidine-2-thione  

 

(CD3)2SO 

1
H NMR ((CD3)2SO, 300 MHz) 

Compound 5 
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LCMS Compound 5 

 

Calcd for C3H6N2S 
= 102.0252 
Compound 5 
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Spectra for Compound 6 

1H NMR Compound 6 

2-chloro-N-cycloheptylacetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 6 

CDCl3 
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13C NMR Compound 6 

2-chloro-N-cycloheptylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 6 

CDCl3 
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Spectra for Compound 7 

1H NMR Compound 7 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)acetic acid 

 

(CD3)2SO 

1
H NMR ((CD3)2SO, 300 MHz) 

Compound 7 
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13C NMR Compound 7 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)acetic acid 

 

13
C NMR ((CD3)2SO, 300 MHz) 

Compound 7 

(CD3)2SO 
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1H-13C HSQC Compound 7 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)acetic acid 

 

1H-13C NMR ((CD3)2SO,  
300 MHz) Compound 7 



S53 

 

LCMS Compound 7 

 

Calcd for C5H9N2O2S+ 
= 161.0379 
Compound 7 
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HRMS(ESI) Compound 7 

 

A11_Pos_Full #12 RT: 0.63 AV: 1 NL: 2.23E7
T: FTMS + c NSI Full ms [50.00-2000.00]
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Calcd for C5H9N2O2S+ 
= 161.0379 
Compound 7 
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Spectra for Compound 8 

LCMS Compound 8 

 

Calcd for C10H20N4S2+ 
= 260.1118 
Compound 8 
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Spectra for Compound 9 

LCMS Compound 9 

 

Calcd for C10H18N3OS+ 
= 228.1165 
Compound 9 
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Spectra for Compound 10 

1H NMR Compound 10-6 

3-chloro-N-cycloheptylpropanamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 10-6 
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13C NMR Compound 10-6 

3-chloro-N-cycloheptylpropanamide 

 

13
C NMR (CD3OD, 300 MHz) 

Compound 10-6 

CD3OD 
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LCMS Compound 10-6 

 

Calcd for C10H18ClNO 
[M + H] = 204.1157 
Compound 10-6 
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HRMS(ESI) Compound 10-6 

 

CA10_Pos #1 RT: 0.02 AV: 1 NL: 7.30E7
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C10H18ClNO 
[M + Na] = 226.0975 
Compound 10-6 
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1H NMR Compound 10 

3-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylpropanamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 10 

CDCl3 
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13C NMR Compound 10 

3-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylpropanamide 

 

CDCl3 

13
C NMR (CDCl3,  

300 MHz) Compound 10 
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1H-1H COSY Compound 10 

3-((4,5-dihydro-1H-imidazol-2-yl)thio)-N cycloheptylpropanamide 

 

1
H-1H COSY (CDCl3,  

300 MHz) Compound 10 
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1H-13C HSQC Compound 10 

3-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cycloheptylpropanamide 

 

1
H-13C HSQC (CDCl3,  
300MHz) Compound 10 
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LCMS Compound 10 

 

Calcd for C13H24N3OS+ 
= 270.1635 
Compound 10 
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HRMS(ESI) Compound 10 

 

A10_Pos_Full #8 RT: 0.39 AV: 1 NL: 1.92E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C13H24N3OS+ 
= 270.1635 
Compound 10 
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Spectra for Compound 11 

1H NMR Compound 11-6 

2-chloro-N-cyclopentylacetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 11-6 
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13C NMR Compound 11-6 

2-chloro-N-cyclopentylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 11-6 

CDCl3 
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LCMS Compound 11-6 

 

Calcd for C7H12ClNO 
[M] = 161.0607 
Compound 11-6 
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HRMS(ESI) Compound 11-6 

 

CA1_Pos #2 RT: 0.04 AV: 1 NL: 1.99E7
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C7H12ClNO 
[M + Na] = 184.0505 
Compound 11-6 
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1H NMR Compound 11 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclopentylacetamide 

 

CD3OD 

H2O 

1
H NMR (CD3OD, 300 MHz) 

Compound 11 
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1
H NMR (CDCl3, 300 MHz) 

Compound 11 

CDCl3 
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13C NMR Compound 11 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclopentylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 11 

CDCl3 
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1H-1H COSY Compound 11 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclopentylacetamide 

 

1
H-

1
H COSY (CDCl3, 300 MHz) 

Compound 11 
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1H-13C HSQC Compound 11 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclopentylacetamide 

 

1
H-

13
C HSQC (CDCl3,  

300 MHz) Compound 11 
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LCMS Compound 11 

 

Calcd for C10H18N3OS+ 
= 228.1165 
Compound 11 
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 HRMS(ESI) Compound 11 

 

FA1_Pos #1 RT: 0.02 AV: 1 NL: 3.72E7
T: FTMS + p NSI Full ms [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

228.1163

339.1169

455.2254

907.7723
491.3127

754.2883535.1659 1796.45791598.3929 1971.59331058.3510 1310.6011

Calcd for C10H18N3OS+ 
= 228.1165 
Compound 11 



S78 

 

Spectra for Compound 12 

1H NMR Compound 12-6 

2-chloro-N-cyclohexylacetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 12-6 
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13C NMR Compound 12-6 

2-chloro-N-cyclohexylacetamide 

 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 12-6 
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LCMS Compound 12-6 

 

Calcd for C8H14ClNO 
[M] = 175.0764 
Compound 12-6 
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HRMS(ESI) Compound 12-6 

 

CA2_Pos #4 RT: 0.10 AV: 1 NL: 7.45E7
T: FTMS + p NSI Full ms [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

198.0655

491.3127

685.4350301.1407

437.1930
860.5122 1795.0720963.5878 1590.0811 1971.5654

782.4415
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Calcd for C8H14ClNO 
[M + Na] = 198.0662 
Compound 12-6 
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1H NMR Compound 12 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclohexylacetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 12 



S83 

 

13C NMR Compound 12 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclohexylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 12 

CDCl3 
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1H-1H COSY Compound 12 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclohexylacetamide 

 

1
H-

1
H COSY (CDCl3, 300 MHz) 

Compound 12 
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1H-13C HSQC Compound 12 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-cyclohexylacetamide 

 

1
H-

13
C HSQC (CDCl3,  

300MHz) Compound 12 
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LCMS Compound 12 

 

Calcd for C11H20N3OS+ 
= 242.1322 
Compound 12 
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 HRMS(ESI) Compound 12 

 

A2_Pos_Full #2 RT: 0.08 AV: 1 NL: 7.96E6
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C11H20N3OS+ 
= 242.1322 
Compound 12 
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Spectra for Compound 13 

1H NMR Compound 13-6 

 2-chloro-N,N-dicyclohexylacetamide 

 

CD3OD 

H2O 

1
H NMR (CD3OD, 300 MHz) 

Compound 13-6 
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13C NMR Compound 13-6 

2-chloro-N,N-dicyclohexylacetamide 

 

CD3OD 

13
C NMR (CD3OD, 300 MHz) 

Compound 13-6 
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LCMS Compound 13-6 

 

Calcd for C14H24ClNO 
[M] = 257.1546 
Compound 13-6 
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HRMS(ESI) Compound 13-6 

 

CA9_Pos #2 RT: 0.03 AV: 1 NL: 1.26E7
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C14H24ClNO 
[M] = 257.1546 
Compound 13-6 
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1H NMR Compound 13 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N,N-dicyclohexylacetamide 

 

CD3OD 

H2O 

C2H3N 

1
H NMR (CD3OD, 300 MHz) 

Compound 13 
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13C NMR Compound 13 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N,N-dicyclohexylacetamide 

 

13
C NMR (CD3OD, 300 MHz) 

Compound 13 

CD3OD 
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1H-1H COSY Compound 13 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N,N-dicyclohexylacetamide 

 

1
H-

1
H COSY (CD3OD, 300MHz) 

Compound 13 
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1H-13C HSQC Compound 13 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N,N-dicyclohexylacetamide 

 

1
H-

13
C HSQC (CD3OD,  

300 MHz) Compound 13 
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LCMS Compound 13 

 

 

Calcd for C17H30N3OS+ 
= 324.2104 
Compound 13 
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 HRMS(ESI) Compound 13 

 

 

A9_Pos_Full #8 RT: 0.39 AV: 1 NL: 1.16E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C17H30N3OS+ 
= 324.2104 
Compound 13 
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Spectra for Compound 14 

1H NMR Compound 14-6 

 (R)-2-chloro-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 14-6 
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13C NMR Compound 14-6 

 (R)-2-chloro-N-(1-cyclohexylethyl)acetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 14-6 

CDCl3 
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LCMS Compound 14-6 

 

Calcd for C10H18ClNO 
[M] = 203.1077 
Compound 14-6 
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HRMS(ESI) Compound 14-6 

 

CA3_Pos #1 RT: 0.02 AV: 1 NL: 2.44E7
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C10H18ClNO 
[M + Na] = 226.0975 
Compound 14-6 
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1H NMR Compound 14 

(R)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

CH3OH 

1
H NMR (CDCl3, 300 MHz) 

Compound 14 
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13C NMR Compound 14 

(R)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 14 
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1H-1H COSY Compound 14 

(R)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

1
H-

1
H COSY (CDCl3,  

300 MHz) Compound 14 
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1H-13C HSQC Compound 14 

(R)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

1
H-

13
C HSQC (CDCl3,  

300MHz) Compound 14 
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LCMS Compound 14 

 

Calcd for C13H24N3OS+ 
= 270.1635 
Compound 14 
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HRMS(ESI) Compound 14 

 

A3_Pos_Full #4 RT: 0.18 AV: 1 NL: 7.12E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C13H24N3OS+ 
= 270.1635 
Compound 14 
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Spectra for Compound 15 

1H NMR Compound 15-6 

(S)-2-chloro-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 15-6 
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13C NMR Compound 15-6 

 (S)-2-chloro-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 15-6 
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LCMS Compound 15-6 

 

Calcd for C10H18ClNO 
[M] = 203.1077 
Compound 15-6 
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HRMS(ESI) Compound 15-6 

 

CA4_Pos #3 RT: 0.07 AV: 1 NL: 2.86E7
T: FTMS + p NSI Full ms [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

226.0971

907.7736

685.4362

477.3342
301.1412

1794.5983

855.7426

643.5267 1603.4583 1971.5898939.7638799.6788 1199.7773 1422.8956

Calcd for C10H18ClNO 
[M + Na] = 226.0975 
Compound 15-6 
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1H NMR Compound 15 

(S)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

CH3OH 

1
H NMR (CDCl3,  

300 MHz) Compound 15 
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13C NMR Compound 15 

 (S)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 15 
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1H-1H COSY Compound 15 

 (S)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

1
H-

1
H COSY (CDCl3, 

300 MHz) Compound 15 
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1H-13C HSQC Compound 15 

(S)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 

 

1
H-

13
C HSQC (CDCl3,  

300MHz) Compound 15 
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LCMS Compound 15 

 

Calcd for C13H24N3OS+ 
= 270.1635 
Compound 15 
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 HRMS(ESI) Compound 15 

 

A4_Pos_Full #1 RT: 0.02 AV: 1 NL: 1.01E8
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C13H24N3OS+ 
= 270.1635 
Compound 15 
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Spectra for Compound 16 

LCMS Compound 16 

 

Calcd for C11H20N3OS+ 
= 294.1635 
Compound 16 
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Spectra for Compound 19 

1H NMR Compound 19-6 

2-chloro-N-phenylacetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 19-6 

CDCl3 
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13C NMR Compound 19-6 

2-chloro-N-phenylacetamide 

 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 19-6 
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LCMS Compound 19-6 

 

Calcd for C8H8ClNO 
[M + H] = 170.0374 
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HRMS(ESI) Compound 19-6 

 

CA6_Pos #2 RT: 0.04 AV: 1 NL: 2.50E7
T: FTMS + p NSI Full ms [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

170.0368

469.3290

387.0508
301.1411

907.7736

685.4361

219.1744

1794.66561590.1698
855.7431

1971.5895643.5280

538.9937

1058.1761785.6646 1312.8064

937.8212

Calcd for C8H8ClNO 
[M + H] = 170.0374 
 



S123 

 

1H NMR Compound 19 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenylacetamide 

   

1
H NMR ((CD3)2SO, 300 MHz) 

Compound 19 

(CD3)2SO 

H2O 
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13C NMR Compound 19 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenylacetamide 

 
 

13
C NMR ((CD3)2SO, 300 MHz) 

Compound 19 

(CD3)2SO 
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LCMS Compound 19 

 

Calcd for C11H14N3OS+ 
= 236.0852 
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HRMS(ESI) Compound 19 

 

A6_Pos_Full #6 RT: 0.30 AV: 1 NL: 2.63E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C11H14N3OS+ 
= 236.0852 
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Spectra for Compound 20 

1H NMR Compound 20-6 

2-chloro-N-phenethylacetamide  

 

CD3OD 

H2O 

1
H NMR (CD3OD, 300 MHz) 

Compound 20-6 
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13C NMR Compound 20-6 

2-chloro-N-phenethylacetamide  

 

13
C NMR (CD3OD, 300 MHz) 

Compound 20-6 

CD3OD 
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LCMS Compound 20-6 

 

Calcd for C10H12ClNO 
= 197.0607 
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HRMS(ESI) Compound 20-6 

 

CA8_Pos #1 RT: 0.02 AV: 1 NL: 6.56E7
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C10H12ClNONa 
[M + Na] = 220.0505 
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1H NMR Compound 20 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenethylacetamide 

 

CD3OD 

H2O 

1
H NMR (CD3OD, 300 MHz) 

Compound 20 
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13C NMR Compound 20 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenethylacetamide 

 
 

CDCl3 

13
C NMR (CDCl3, 300 MHz) 

Compound 20 
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LCMS Compound 20 

 

Calcd for C13H18N3OS+  
= 264.1165 
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HRMS(ESI) Compound 20 

 

 
 

A8_Pos_Full #4 RT: 0.19 AV: 1 NL: 3.26E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C13H18N3OS+  
= 264.1165 
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Spectra for Compound 21 

1H NMR Compound 21 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(4-phenylbutyl)acetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 21  
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13C NMR Compound 21 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(4-phenylbutyl)acetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 21  
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LCMS Compound 21 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(4-phenylbutyl)acetamide 
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Spectra for Compound 22 

1H NMR Compound 22 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)acetamide

 

1
H NMR (CD3OD, 300 MHz) 

Compound 22  



S139 

 

13C NMR Compound 22 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)acetamide  

 

13
C NMR (CDCl3, 300 MHz) 

Compound 22  
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LCMS of Compound 22 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)acetamide
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Spectra for Compound 23 

LCMS Compound 23 

 

Calcd for C11H13FN3OS+  
= 254.0758 
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Spectra for Compound 24 

LCMS Compound 24 

 

Calcd for C11H13ClN3OS+ 
= 270.0462 
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Spectra for Compound 25 

LCMS Compound 25 

 

Calcd for C12H16N3OS+ 
= 250.1009 
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Spectra for Compound 26 

LCMS Compound 26 

 

Calcd for C12H16N3OS+ 
= 250.1009 
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Spectra for Compound 27 

1H NMR Compound 27-6 

2-chloro-N-(5,6,7,8-tetrahydro-2-naphthyl)acetamide 

 

CDCl3 

1
H NMR (CDCl3, 300 MHz) 

Compound 27-6 
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13C NMR Compound 27-6 

2-chloro-N-(5,6,7,8-tetrahydro-2-naphthyl)acetamide 

 

1
H NMR (CDCl3, 300 MHz) 
Compound 27-6 

CDCl3 



S147 

 

LCMS Compound 27-6 

 

Calcd for C12H14ClNO 
= 223.0764 
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HRMS(ESI) Compound 27-6 

 

CA5_Pos #2 RT: 0.04 AV: 1 NL: 1.67E6
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C12H14ClNONa 
[M + Na] = 246.0602 
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1H NMR Compound 27 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)- N-(5,6,7,8-tetrahydro-2-naphthyl)acetamide  

 

(CD3)2SO 

H2O 

1
H NMR ((CD3)2SO, 300 MHz) 

Compound 27 
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13C NMR Compound 27 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)- N-(5,6,7,8-tetrahydro-2-naphthyl)acetamide  

 

13
C NMR ((CD3)2SO, 300 MHz) 

Compound 27 

(CD3)2SO 
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LCMS Compound 27 

 

Calcd for 
C15H20N3OS+  
= 290.1322 
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HRMS(ESI) Compound 27 

 
 

 

FA5_Pos #1 RT: 0.02 AV: 1 NL: 6.68E7
T: FTMS + p NSI Full ms [100.00-2000.00]
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Calcd for C15H20N3OS+  
= 290.1322 
 



S153 

 

Spectra for Compound 28 

LCMS of Compound 28-37 

2-chloro-N-isopropyl-N-phenethylacetamide 
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1H NMR Compound 28 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenethylacetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 28 
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13C NMR Compound 28 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenethylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 28 
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LCMS of Compound 28 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-phenethylacetamide 
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Spectra for Compound 29 

LCMS of Compound 29-37 

2-chloro-N-isopropyl-N-(4-phenylbutyl)acetamide 
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1H NMR Compound 29 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-(4-phenylbutyl)acetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 29 
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13C NMR Compound 29 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-(4-phenylbutyl)acetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 29 
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LCMS Compound 29 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-isopropyl-N-(4-phenylbutyl)acetamide 
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Spectra of Compound 30 

LCMS of Compound 30-37 

2-chloro-N-(3,3-diphenylpropyl)-N-isopropylacetamide 
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1H NMR Compound 30 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)-N-isopropylacetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 30 
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13C NMR Compound 30 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)-N-isopropylacetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 30 
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LCMS of Compound 30 

2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)-N-isopropylacetamide 
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Spectra for Compound 31 

1H NMR Compound 31 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenylacetamide   

 

1
H NMR (CDCl3, 300 MHz) 

Compound 31 
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13C NMR Compound 31 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenylacetamide   

 

13
C NMR (CDCl3, 300 MHz) 

Compound 31 
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LCMS Compound 31 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenylacetamide   
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Spectra for Compound 32 

LCMS of Compound 32-37 

2-chloro-N-(cyclohexylmethyl)-N-phenethylacetamide 
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1H NMR Compound 32 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenethylacetamide   

 

1
H NMR (CDCl3, 300 MHz) 

Compound 32 



S170 

 

13C NMR Compound 32 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenethylacetamide   

 

13
C NMR (CDCl3, 300 MHz) 

Compound 32 
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LCMS Compound 32 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-phenethylacetamide 
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Spectra of Compound 33 

LCMS of Compound 33-37 

2-chloro-N-(cyclohexylmethyl)-N-(4-phenylbutyl)acetamide 
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1H NMR Compound 33 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(4-phenylbutyl)acetamide   

 

1
H NMR (CDCl3, 300 MHz) 

Compound 33 



S174 

 

13C NMR Compound 33 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(4-phenylbutyl)acetamide   

 

13
C NMR (CDCl3, 300 MHz) 

Compound 33 
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LCMS Compound 33 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(4-phenylbutyl)acetamide   
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Spectra for Compound 34 

LCMS Compound 34-37 

2-chloro-N-(cyclohexylmethyl)-N-(3,3-diphenylpropyl)acetamide 
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1H NMR Compound 34 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)acetamide 

 

1
H NMR (CDCl3, 300 MHz) 

Compound 34 
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13C NMR Compound 34 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)acetamide 

 

13
C NMR (CDCl3, 300 MHz) 

Compound 34 
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LCMS Compound 34 

N-(cyclohexylmethyl)-2-((4,5-dihydro-1H-imidazol-2-yl)thio)-N-(3,3-diphenylpropyl)acetamide 
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Spectra for Compound J9 

1H NMR Compound J9 

 

N

N N

NH2

(CD3)2SO 

H2O 

1
H NMR ((CD3)2SO,  

300 MHz) Compound J9 
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13C NMR Compound J9 

 

N

N N

NH2

(CD3)2SO 

13
C NMR ((CD3)2SO,  

300 MHz) Compound J9 
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LCMS Compound J9 

 

 

 

Calcd for C12H12N4 + H 
= 213.1142 
Compound J9 

N

N N

NH2
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HRMS(ESI) Compound J9 

 

 
 

Ja_Pos_full #15 RT: 0.40 AV: 1 NL: 7.18E7
T: FTMS + c NSI Full ms [100.00-2000.00]
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Calcd for C12H12N4 + H 
= 213.1142 
Compound J9 

N

N N
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