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1. Experimental Procedures for Compounds 1-16 

Materials and Methods 

All reagents and solvents were purchased from commercial sources and used without further 

purification. Flash column chromatography was performed using silica gel (200−300 mesh). All reactions 

were monitored by TLC (pre-coated EMD silica gel 60 F254 TLC aluminum sheets and visualized with a 

UV lamp or appropriate stains) and/or LCMS (Waters Acquity UPLC system, 2 or 4 min run of a 10-90% 

mobile phase gradient of acetonitrile in water [+0.1% formic acid]). NMR spectra were obtained on 

Bruker AV400 or AV500 instruments, and data was analyzed using the MestReNova 

NMR software (Mestrelab Research S. L.). Chemical shifts (δ) are expressed in 

ppm and are internally referenced for 1H NMR (CHCl3 7.26 ppm, DMSO-d6 2.50 ppm) and 13C 

NMR (CDCl3 77.16 ppm, DMSO-d6 39.52 ppm). X-ray data was collected at room temperature on a Bruker 

D8 QUEST instrument with an IμS Mo microfocus source (λ = 0.7107 Å) and a PHOTON-III detector.  

 

NMR spectra for the final proline containing derivatives commonly exist as rotamer populations in 

DMSO-d6. The activated ketone in the novel warhead creates a transient reversible-equilibrium under 

acid modified (f.ex., TFA, formic acid) aqueous chromatography conditions, as represented by the 

appearance of a leading non-baseline separated second (minor) peak in the chromatogram. Occasionally, 

some compounds also show similar interactions/equilibrium in NMR, including interactions of the P2-

proline nitrogen with the warhead ketone. The isolation of individual components of these non-baseline 

separated material, and re-injection results in the same equilibrium appearance. Hence, when doing 

chromatographic separations under reversed-phase conditions containing acidic modifiers, the entirety 

of this peak (leading minor-peak + the later-eluting major peak) should be isolated as a single peak. 

Alternatively, reversed-phase separation can be carried out without the presence of an acidic modifier, 

with a slight compromise on sharpness of the peak.     
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Synthesis of 4-fluoro-N-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-(2,3,5,6-

tetrafluorophenoxy)butan-2-yl)amino)pentan-2-yl)-1H-indole-2-carboxamide (1) 

 

Step 1A: To a stirred solution of methyl (S)-2-((tert-butoxycarbonyl)amino)-3-((S)-2-

oxopyrrolidin-3-yl)propanoate (1-1) (14.5 g, 50.64 mmol, 1.0 eq) in tetrahydrofuran (50 mL), 

lithium hydroxide monohydrate (2.55 g, 60.77 mmol, 1.2 eq) in water (10 mL) was added at 0 °C 

and the reaction mixture was stirred at 0 °C for 1 h. After completion, the reaction mixture was 

acidified with 2 N hydrochloric acid to pH~5 and extracted with ethyl acetate (3 × 300 mL). The 

combined organic layer was dried over anhydrous sodium sulphate and concentrated under 

reduced pressure to afford (S)-2-((tert-butoxycarbonyl)amino)-3-((S)-2-oxopyrrolidin-3-

yl)propanoic acid (1-2, 11.0 g, 40.4 mmol, 80%) as a pale yellow gum. TLC system: EtOAc:pet-

ether (7:3); Rf : 0.1. 
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Step 1B: To a stirred solution of (S)-2-((tert-butoxycarbonyl)amino)-3-((S)-2-oxopyrrolidin-3-

yl)propanoic acid (1-2) (11.0 g, 36.72 mmol, 1.0 eq) in tetrahydrofuran (300 mL), N-

methylmorpholine (4.83 g, 47.74 mmol, 1.3 eq) was added, then isobutyl chloroformate (10.18 

g, 73.45 mmol, 2.0 eq) was added at -10 °C, and the reaction mixture was stirred at -10 °C for 1 

h. After completion, the reaction mixture was filtered and washed with tetrahydrofuran (50 

mL). Freshly prepared diazomethane in diethyl ether (prepared from 5.0 mol equivalent of 

diazald) was added to the filtrate at -10 °C, and the reaction mixture was stirred at room 

temperature for 1 h. After completion, the reaction mixture was diluted with water (100 mL) 

and extracted with ethyl acetate (3 × 300 mL). The combined organic layer was dried over 

anhydrous sodium sulphate and evaporated under reduced pressure to afford tert-butyl ((S)-4-

diazo-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)butan-2-yl)carbamate (1-3, 10.8 g, crude, ~36.44 mmol) 

as a yellow liquid. TLC system: EtOAc:pet-ether (7:3); Rf : 0.1. 

Step 1C: To a stirred solution of tert-butyl ((S)-4-diazo-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)butan-

2-yl)carbamate (1-3, 10.8 g, 36.44 mmol, 1.0 eq) in tetrahydrofuran (300 mL) was added 48% 

aqueous hydrobromic acid (6.87 g, 43.73 mmol, 1.2 eq) dropwise at 0 °C and the mixture was 

stirred at 0°C for 30 min. After completion, the reaction mixture was basified with saturated 

sodium bicarbonate and extracted with ethyl acetate (3 × 150 mL). The combined organic layer 

was dried over anhydrous sodium sulphate and concentrated under reduced pressure to afford 

tert-butyl ((S)-4-bromo-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)butan-2-yl)carbamate (1-4, 12.5 g, 

crude, ~35.79 mmol) as a yellow liquid. TLC system: EtOAc:pet-ether (7:3); Rf : 0.4. 

Step 1D: To the mixture of tert-butyl ((S)-4-bromo-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)butan-2-

yl)carbamate (12.5 g, 35.79 mmol, 1.0 eq) and 2,3,5,6-tetrafluorophenol (5.94 g, 35.79 mmol, 

1.0 eq) in dimethylformamide (50 mL), potassium fluoride (6.47 g, 111.33 mmol, 3.1 eq) was 

added, and the reaction mixture was stirred at room temperature for 24 h. After completion, 

the reaction mixture was diluted with water (100 mL) and extracted with ethyl acetate (3 × 300 

mL). The combined organic layer was dried over anhydrous sodium sulfate and evaporated 

under reduced pressure to give crude product. The crude residue was then purified by silica gel 

(230-400 mesh) column chromatography using 40-60% ethyl acetate in pet-ether as a gradient 

to afford tert-butyl ((S)-3-oxo-1-((R)-2-oxopyrrolidin-3-yl)-4-(2,3,5,6-tetrafluorophenoxy)butan-
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2-yl)carbamate (1-5, 7.1 g, 16.3 mmol, 45% over 3 steps) as a brown solid. TLC system: 

EtOAc:pet-ether (7:3); Rf: 0.5.  LCMS M/Z 435.22 (M+1); 1H NMR (400 MHz, DMSO-d6) δ 7.65-

7.47 (m, 3H), 5.30-5.19 (m, 2H), 4.16-4.10 (m, 1H), 3.16-3.12 (m, 2H), 2.25-2.10 (m, 2H), 1.92-

1.85 (m, 1H), 1.67-1.56 (m, 2H), 1.39 (s, 9H).  

Step 1E: To a stirred solution of tert-butyl ((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-(2,3,5,6-

tetrafluorophenoxy)butan-2-yl)carbamate (1-5) (3.9 g, 8.66 mmol) in 1,4-dioxane (20 mL) was 

added 4 M HCl in 1,4-dioxane (8.66 mL, 34.64 mmol) at 0 °C and the resultant mixture was 

stirred at room temperature for 2 h. After completion, solvent was removed by under reduced 

pressure and the resulting crude product was washed with diethyl ether (2 × 30 mL) to afford 

(S)-3-((S)-2-amino-3-oxo-4-(2,3,5,6-tetrafluorophenoxy)butyl)pyrrolidin-2-one) hydrochloride 

(1-6, 3 g, 8.1 mmol, 93%) as a yellow oil. TLC system: MeOH: DCM (1:9); Rf: 0.2. 

Step 1F: To a stirred solution of (S)-3-((S)-2-amino-3-oxo-4-(2,3,5,6-

tetrafluorophenoxy)butyl)pyrrolidin-2-one (1-6, 3 g, 8.09 mmol) and (tert-butoxycarbonyl)-L-

leucine (1.87 g, 8.09 mmol, 1.0 eq) in DMF (30 mL), HATU (4 g, 10.52 mmol, 1.3 eq) was added, 

followed by DIPEA (4.4 mL, 24.28 mmol, 3.0 eq) at 0°C, and the resultant mixture was stirred at 

room temperature for 4 h. After completion, cold water (40 mL) was added to the reaction 

mixture and extracted with EtOAc (3 × 50 mL). The combined organic layer was dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to give crude 

product. The crude product was then purified by column chromatography over silica gel (230-

400 mesh) using 45-50 % ethyl acetate in pet-ether as a gradient to afford tert-butyl ((S)-4-

methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-(2,3,5,6-tetrafluorophenoxy)butan-2-

yl)amino)pentan-2-yl)carbamate (3 g, 5.48 mmol, 68%) as an off-white solid. TLC system: EtOAc: 

pet-ether (7:3); Rf: 0.6. 

To a stirred solution of tert-butyl ((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-

4-(2,3,5,6-tetrafluorophenoxy)butan-2-yl)amino)pentan-2-yl)carbamate (0.2 g, 0.37 mmol) in 

1,4-dioxane (20 mL) was added 4 M HCl in 1,4-dioxane (0.3 mL, 1.46 mmol) at 0 °C and the 

resultant mixture was stirred at room temperature for 2 h. After completion, solvent was 

removed under reduced pressure and the resulting crude residue was washed with diethyl 

ether (2 × 30 mL) to afford (S)-2-amino-4-methyl-N-((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-
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(2,3,5,6-tetrafluorophenoxy)butan-2-yl)pentanamide (1-7, 0.16 g, 0.33 mmol, 89%) as brown 

gummy solid. TLC system: EtOAc (100%); Rf: 0.1. LCMS [M+1]: 448.41. 

Step 1G: To a solution of 4-fluoro-1H-indole-2-carboxylic acid  (0.444 g, 2.48 mmol, 1.0 eq) in 

dry DMF (12 mL) at 0°C, the following was added: (S)-2-amino-4-methyl-N-((S)-3-oxo-1-((S)-2-

oxopyrrolidin-3-yl)-4-(2,3,5,6-tetrafluorophenoxy)butan-2-yl)pentanamide hydrochloride  (1-7, 

1.2 g, 2.48 mmol, 1.0 eq), HATU (1.131 g, 2.98 mmol, 1.2 eq), and DIPEA (1.77 mL, 9.92 mmol, 

4.0 eq). The resultant mixture was stirred at room temperature for 2 h. It was diluted with ethyl 

acetate (50 mL) and washed with saturated aqueous NaHCO3 (30 mL), followed by water (30 

mL) and brine (20 mL). The organic layer was dried over anhydrous sodium sulfate, filtered, and 

concentrated. The obtained residue was then purified by column chromatography over silica 

gel (230-400 mesh) using 50-55% EtOAc in pet-ether as an eluent) to afford 4-fluoro-N-((S)-4-

methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-(2,3,5,6-tetrafluorophenoxy)butan-2-

yl)amino)pentan-2-yl)-1H-indole-2-carboxamide (1, 0.6 g, 0.99 mmol, 40%) as an off-white solid. 

TLC system: EA: PE (70:30); Rf: 0.4.  1H NMR (400 MHz, DMSO-d6) δ 11.90 (d, J = 8.9 Hz, 1H), 

8.64-8.59 (m, 2H), 7.64 (s, 1H) 7.59-7.50 (m, 1H), 7.38 (d, J = 1.2 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 

7.19-7.16 (m, 1H), 6.82 (dd, J = 10.8, 3.6 Hz, 1H), 5.3-5.18 (m, 2H), 4.52-4.46 (m, 2H), 3.14-3.07 

(m, 2H), 2.35-1.95 (m, 3H), 1.78-1.52 (m, 5H), 0.94 (d, J = 6.8 Hz, 3H), 0.90 (d, J = 6.8 Hz, 3H); 

HRMS m/z calcd. for C29H30F5N4O5
+ [M+H]+ 609.2131, found 609.4000. 

Synthesis of N1-(2-fluorophenyl)-N2-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-

yl)-4-(2,3,5,6-tetrafluorophenoxy)butan-2-yl)amino)pentan-2-yl)oxalamide (2) 

 

Compound 2 (off-white solid) was synthesized according to the procedure outlined for 1, using 

2-((2-fluorophenyl)amino)-2-oxoacetic acid (CAS 84944-15-0, Combo-Blocks Inc. part# QZ-3085) 

as the P2 cap. 
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1H NMR (400 MHz, DMSO-d6) δ 10.23 (s, 1H), 8.98 (d, J = 8.3 Hz, 1H), 8.56 (d, J = 7.9 Hz, 1H), 

7.73 (td, J = 7.8, 1.9 Hz, 1H), 7.66 (br s, 1H), 7.61 – 7.51 (m, 1H), 7.39 – 7.18 (m, 3H), 5.25 (d, J = 

17.7 Hz, 1H), 5.17 (d, J = 17.8 Hz, 1H), 4.52 – 4.44 (m, 1H), 4.42 – 4.32 (m, 1H), 3.20 – 3.06 (m, 

2H), 2.31 – 2.22 (m, 1H), 2.16 – 2.05 (m, 1H), 2.02 – 1.92 (m, 1H), 1.81 – 1.72 (m, 1H), 1.70 – 

1.43 (m, 4H), 0.93 – 0.86 (m, 6H); 19F NMR (376 MHz, DMSO-d6) δ -76.54, -125.96, -143.21 (dd, J 

= 22.6, 8.7 Hz), -159.38 (dd, J = 23.2, 9.1 Hz); HRMS m/z calcd. for C28H30F5N4O6
+ [M+H]+ 

613.2080, found 613.4393. 

Synthesis of N1-(2-fluorophenyl)-N2-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-

yl)-4-(trifluoromethoxy)butan-2-yl)amino)pentan-2-yl)oxalamide (3) 

 

Step 3A: To a stirred solution of 2-fluoroaniline (3.0 g, 26.98 mmol, 1.0 eq) in DCM (30 mL) at 0 

°C was added ethyl 2-chloro-2-oxoacetate (3.7 g, 28.33 mmol, 1.05 eq) and TEA (4.02 mL, 28.33 

mmol, 1.05 eq) was added dropwise over 5 min, and the mixture was stirred at room 

temperature for 2 h. After completion, volatiles were removed through vacuum at 25 °C. The 

obtained crude product was dissolved in diethyl ether (100 mL) and filtered through a pad of 

celite washed with diethyl ether (5 × 50 mL). The collected filtrate was dried over Na2SO4, 

concentrated under reduced pressure to afford ethyl 2-((2-fluorophenyl)amino)-2-oxoacetate 

(4.0 g) as a colorless gummy liquid. TLC system: EtOAc: pet-ether (3:7); Rf: 0.6. 

To a solution of 2-oxo-2-(phenylamino)acetate (4.0 g, 20.29 mmol, 1.0 eq) in THF (30.0 mL) at 

0°C, was added LiOH.H2O (1.0 g, 24.35 mmol, 1.2 eq) in water (10 mL). The resultant mixture 
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was stirred at room temperature for 1 h. After completion, the reaction mixture was acidified 

to pH ∼4 using 5% aq. HCl (40 mL), and the aqueous layer was extracted with ethyl acetate (2 × 

70 mL). The combined organic layer was dried over anhydrous sodium sulfate, filtered and 

concentrated to yield 2-((2-fluorophenyl)amino)-2-oxoacetic acid (3-2) (3.2 g, 17.4 mmol, 65% 

over two steps) as a colorless gummy liquid. TLC system: EtOAc: pet-ether (7:3); Rf: 0.1. 

Step 3B: To a solution of 2-((2-fluorophenyl)amino)-2-oxoacetic acid (3-2) (5.0 g, 27.2 mmol, 1.0 

eq) in anhydrous DMF (40 mL) the following was added: methyl L-leucinate hydrochloride  (4.0 

g, 27.2 mmol, 1.0 eq), HATU (13.47 g, 35.3 mmol, 1.3 eq), and DIPEA (14.2 mL, 81.6 mmol, 3.0 

eq) at 0 °C. The resultant mixture was stirred at room temperature for 2 h. After completion, 

the reaction mixture was diluted with ethyl acetate (100 mL), washed with saturated aqueous 

NaHCO3 (70 mL), followed by water (70 mL) and brine (40 mL). The organic layer was dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to give crude 

product. The crude product was then purified by column chromatography over silica gel (230-

400 mesh) (using 20-30% EtOAc in pet-ether as an eluent) to afford methyl (2-((2-

fluorophenyl)amino)-2-oxoacetyl)-L-leucinate 3-3 (4.0 g, 12.8 mmol, 47%) as an off-white solid. 

TLC system: EtOAc: pet-ether (3:7); Rf: 0.5. 

Step 3C: To a solution of methyl (2-((2-fluorophenyl)amino)-2-oxoacetyl)-L-leucinate (3-3) (4.0 

g, 12.8 mmol, 1.0 eq) in THF (30.0 mL) at 0 °C, LiOH.H2O (0.65 g, 15.48 mmol, 1.2 eq) in water 

(7.0 mL) was added. The resultant mixture was stirred at room temperature for 1 h. After 

completion, the reaction mixture was acidified to pH ∼4 using 5% aq. HCl (20 mL), and the 

aqueous layer was extracted with ethyl acetate (2 × 70 mL). The combined organic layer was 

dried over anhydrous sodium sulfate, filtered, and concentrated to yield (2-((2-

fluorophenyl)amino)-2-oxoacetyl)-L-leucine (3-4) (3.2 g, 10.8 mmol, 84%) as a colorless gummy 

liquid. TLC system: EtOAc: pet-ether (7:3); Rf: 0.1.  LC MS M/Z = 295.24 (M-H)- 1H NMR (400 

MHz, DMSO-d6) δ 12.81 (s, 1H), 10.30 (s, 1H), 9.09 (d, J = 8.3 Hz, 1H), 7.69-7.65 (m, 1H), 7.34-

7.25 (m, 3H), 4.34-4.29 (m, 1H), 1.83 (t, J = 10.5 Hz, 1H), 1.59-1.56 (m, 2H), 0.91-0.87 (m, 6H). 

Step 3D: To a stirred solution (2-((2-fluorophenyl)amino)-2-oxoacetyl)-D-leucine (3-4, 0.224 g, 

0.757 mmol, 1.0 eq) and (S)-3-((S)-2-amino-3-oxo-4-(trifluoromethoxy)butyl)pyrrolidin-2-one 

hydrochloride (compound 20 in main manuscript, 0.22 g, 0.757 mmol, 1.0 eq) in DMF (4 mL), 
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HATU (0.374 g, 0.983 mmol, 1.3 eq) was added, followed by DIPEA (0.53 mL, 3.028  mmol, 4.0 

eq) at 0 °C, and the mixture was stirred at room temperature for 2 h. After completion, water 

(25 mL) was added to the reaction mixture and extracted with ethyl acetate (3 × 25 mL). The 

combined organic layer was washed with brine (1 × 25 mL) dried over anhydrous sodium 

sulfate, concentrated under reduced pressure to give crude residue. The crude product was 

then purified by flash column chromatography over silica gel (230-400 mesh) to afford N1-(2-

fluorophenyl)-N2-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-

(trifluoromethoxy)butan-2-yl)amino)pentan-2-yl)oxalamide 3 (0.15 g, 0.282 mmol, 37%) as an 

off-white solid. TLC system: EtOAc (100%); Rf: 0.2. Analytical Data: LC MS M/Z = 533.47 (M+1); 

1H NMR (400 MHz, DMSO-d6) δ 10.21 (s, 1H), 9.01 (d, J = 8.2 Hz, 1H), 8.58 (d, J = 7.6 Hz, 1H), 

7.76-7.67 (m, 1H), 7.67 (s, 1H), 7.34-7.21 (m, 3H), 4.98 (q, J = 15.9 Hz, 2H), 4.42-4.36 (m, 2H), 

3.17-3.12 (m, 2H), 2.49-2.26 (m, 2H), 2.10-2.06 (m, 1H), 1.97-1.90 (m, 1H), 1.96-1.54 (m, 5H), 

0.90 (q, J = 5.6 Hz, 6H).   

Synthesis of (S)-5-(2-((2-fluorophenyl)amino)-2-oxoacetyl)-N-((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-

yl)-4-(trifluoromethoxy)butan-2-yl)-5-azaspiro[2.4]heptane-6-carboxamide (4) 

 

Compound 4 (white solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990.  

1H NMR (400 MHz, DMSO-d6) δ 10.21 (s, 0.7H), 10.09 (d, J = 1.6 Hz, 0.3H), 8.60 (t, J = 7.7 Hz, 

1H), 7.87 (td, J = 7.6, 3.5 Hz, 0.4H), 7.71 – 7.53 (m, 1.6H), 7.40 – 7.06 (m, 3H), 5.23 – 4.86 (m, 

3H), 4.56 (dd, J = 8.6, 4.4 Hz, 0.4H), 4.44 (ddd, J = 11.6, 7.9, 3.8 Hz, 0.4H), 4.35 (ddd, J = 11.5, 

7.7, 3.6 Hz, 0.6H), 3.92 (d, J = 11.5 Hz, 0.4H), 3.82 (d, J = 11.5 Hz, 0.4H), 3.62 (d, J = 12.2 Hz, 

0.6H), 3.22 – 3.00 (m, 1.6H), 2.89 (td, J = 9.3, 7.1 Hz, 0.8H), overlap at DMSO signal, 2.35 – 2.08 
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(m, 2H), 1.98 (ddd, J = 13.7, 11.6, 4.1 Hz, 2H), 1.86 – 1.44 (m, 3H), 0.73 – 0.42 (m, 4H); HRMS 

m/z calcd. for C24H27F4N4O6
+ [M+H]+ 543.1861, found 543.1788. 

. 

Synthesis of (1R,2S,5S)-3-(2-(tert-butylamino)-2-oxoacetyl)-6,6-dimethyl-N-((S)-3-oxo-1-((S)-2-

oxopyrrolidin-3-yl)-4-(trifluoromethoxy)butan-2-yl)-3-azabicyclo[3.1.0]hexane-2-carboxamide 

(5) 

 

Compound 5 (white solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990. 

1H NMR (500 MHz, DMSO-d6) δ 8.75 (d, J = 7.4 Hz, 0.3H), 8.65 (d, J = 7.7 Hz, 0.5H), 7.86 (s, 0.5H), 

7.80 (s, 0.3H), 7.68 (s, 0.3H), 7.65 (s, 0.6H), 5.13 – 4.94 (m, 2H), 4.80 (s, 0.6H), 4.45 – 4.34 (m, 

1H), 4.22 (s, 0.4H), 3.96 (dd, J = 12.0, 5.5 Hz, 0.4H), 3.83 (d, J = 12.1 Hz, 0.4H), 3.66 – 3.53 (m, 

1.2H), 3.22 – 3.03 (m, 2H), 2.31 – 2.24 (m, 0.3H), 2.19 – 2.10 (m, 1H), 2.02 – 1.93 (m, 1H), 1.70 – 

1.60 (m, 2H), 1.55 (dd, J = 7.7, 5.4 Hz, 0.4H), 1.48 (d, J = 7.6 Hz, 0.6H), 1.39 (dd, J = 7.7, 4.8 Hz, 
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0.6H), 1.33 (d, J = 7.7 Hz, 0.4H), 1.30 (overlap, 3H), 1.25 (s, 6H), 1.04 (s, 3H), 0.93 – 0.86 (m, 3H); 

HRMS m/z calcd. for C23H34F3N4O6
+ [M+H]+ 519.2425, found 519.8129. 

Synthesis of (1S,3aR,6aS)-2-(2-(tert-butylamino)-2-oxoacetyl)-N-((S)-3-oxo-1-((S)-2-

oxopyrrolidin-3-yl)-4-(trifluoromethoxy)butan-2-yl)octahydrocyclopenta[c]pyrrole-1-

carboxamide (6)  

 

Compound 6 (white solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990.  

1H NMR (499 MHz, DMSO-d6) δ 8.67 (d, J = 7.5 Hz, 0.4H), 8.57 (d, J = 7.7 Hz, 0.6H), 7.91 (s, 

0.6H), 7.83 (s, 0.4H), 7.66 (s, 0.4H), 7.63 (s, 0.6H), 5.13-4.90 (m, 2H), 4.70 (d, J = 2.3 Hz, 0.4H), 

4.35 (tt, J = 7.6, 3.5 Hz, 1H), 4.12 (d, J = 4.1 Hz, 0.6H), 3.93 (dd, J = 11.8, 7.8 Hz, 0.6H), 3.68-3.57 

(m, 1.4H), 3.48-3.35 (m, 1H), 3.24-2.98 (m, 2H), 2.76-2.63 (m, 1H), 2.35-2.20 (m, 1H), 2.13 (dt, J 

= 13.0, 7.6 Hz, 1H), 2.05-1.35 (m, 9H), 1.30 (s, 3.6H), 1.26 (s, 5.4H); HRMS m/z calcd. for 

C23H34F3N4O6
+ [M+H]+ 519.2425, found 519.0526. 

Synthesis of (S)-5-(4-methyl-2-oxopentanoyl)-N-((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-

(trifluoromethoxy)butan-2-yl)-5-azaspiro[2.4]heptane-6-carboxamide (7) 

  

Compound 7 (white solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990. 

1H NMR (400 MHz, DMSO-d6) δ 8.65 (d, J = 7.6 Hz, 0.2H), 8.53 (d, J = 7.9 Hz, 0.2H), 7.68 (d, J = 

13.2 Hz, 0.6H), 5.11 – 4.55 (m, 2H), 4.50 – 4.31 (m, 1H), 4.24 – 3.82 (m, 0.4H), 3.68 – 3.40 (m, 

1.6H), 3.22 – 3.05 (m, 2H), 2.81 – 2.61 (m, 2H), 2.42 – 1.89 (m, 5H), 1.87 – 1.74 (m, 1H), 1.73 – 



S12 

 

1.36 (m, 3H), 0.98 – 0.79 (m, 6H), 0.70 – 0.39 (m, 4H); HRMS m/z calcd. for C22H31F3N3O6
+ 

[M+H]+ 490.2159, found 490.1619. 

Synthesis of (S)-5-((E)-4-methylpent-2-enoyl)-N-((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-

(trifluoromethoxy)butan-2-yl)-5-azaspiro[2.4]heptane-6-carboxamide (8) 

 

Compound 8 (white solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990. 

1H NMR (400 MHz, DMSO-d6) δ 8.76 – 8.32 (m, 0.5H), 7.90 – 7.33 (m, 1H), 6.85 – 6.58 (m, 1H), 

6.09 (dd, J = 15.1, 1.5 Hz, 1H), 5.91 (t, J = 14.1 Hz, 0.4H), 5.16 – 4.93 (m, 1H), 4.85 (d, J = 17.3 Hz, 

0.5H), 4.76 – 4.61 (m, 0.4H), 4.55 – 4.29 (m, 1.5H), 3.97 – 3.69 (m, 1H), 3.64 – 3.44 (m, 2H), 3.22 

– 2.95 (m, 2H), 2.27 – 2.05 (m, 3H), 2.03 – 1.91 (m, 1H), 1.83 – 1.45 (m, 3H), 1.08 – 0.91 (m, 6H), 

0.63 – 0.41 (m, 4H); HRMS m/z calcd. for C22H31F3N3O5
+ [M+H]+ 474.2210, found 474.2299. 

Synthesis of (S)-5-(1-hydroxy-3,3-dimethylcyclobutane-1-carbonyl)-N-((S)-3-oxo-1-((S)-2-

oxopyrrolidin-3-yl)-4-(trifluoromethoxy)butan-2-yl)-5-azaspiro[2.4]heptane-6-carboxamide (9) 

 

Compound 9 (white solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990. 

1H NMR (400 MHz, DMSO-d6) δ 8.50 – 8.41 (m, 0.8H), 7.69 (s, 0.7H), 5.78 – 5.63 (m, 0.6H), 5.09 

– 4.80 (m, 2H), 4.42 – 4.26 (m, 2H), 3.65 – 3.46 (m, 1.6H), 3.23 – 3.05 (m, 2.6H), 2.46 – 2.23 (m, 

3H), 2.21 – 2.06 (m, 1H), 1.97 (qd, J = 8.5, 4.3 Hz, 2H), 1.90 – 1.53 (m, 5H), 1.20 – 1.11 (m, 3H), 



S13 

 

0.98 (s, 0.5H), 0.93 (s, 3H), 0.64 – 0.35 (m, 4H); HRMS m/z calcd. for C23H33F3N3O6
+ [M+H]+ 

504.2316, found 504.6798. 

Synthesis of (S)-5-acetyl-N-((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-(trifluoromethoxy)butan-2-

yl)-5-azaspiro[2.4]heptane-6-carboxamide (10) 

 

Compound 10 (waxy solid) was synthesized according to the procedure outlined (main 

manuscript) for CMX990, where simple acylation of P2-NH was done instead of a more 

elaborated N-cap. 

1H NMR (400 MHz, DMSO-d6) δ 8.74 (d, J = 7.3 Hz, 0.3H), 8.46 (d, J = 7.8 Hz, 0.3H), 7.79 – 7.28 

(m, 1H), 6.23 – 5.78 (m, 0.4H), 5.03 (d, J = 17.2 Hz, 1H), 4.84 (d, J = 17.4 Hz, 0.6H), 4.59 – 4.28 

(m, 2H), 4.03 – 3.67 (m, 0.7H), 3.59 – 3.40 (m, 1.3H), 3.22 – 3.00 (m, 2H), 2.29 – 2.05 (m, 5H), 

2.04 – 1.78 (m, 4H), 1.76 – 1.36 (m, 3H), 0.73 – 0.35 (m, 4H); HRMS m/z calcd. for C18H25F3N3O5
+ 

[M+H]+ 420.1741, found 420.5356. 

Synthesis of N1-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-

(trifluoromethoxy)butan-2-yl)amino)pentan-2-yl)-N2-(2,2,2-trifluoroethyl)oxalamide (11) 

 

Compound 11 (off-white solid) was synthesized according to the procedure outlined for 

compound 3.  

1H NMR (400 MHz, DMSO-d6) δ 9.38 (t, J = 6.7 Hz, 0.5H), 8.86 (d, J = 8.4 Hz, 0.5H), 8.59 (d, J = 7.6 

Hz, 1H), 7.68 (s, 1H), 4.99 (d, J = 17.2 Hz, 1H), 4.94 (d, J = 17.1 Hz, 1H), 4.46 – 4.38 (m, 1H), 4.37 

– 4.28 (m, 1H), 4.02 – 3.84 (m, 2H), 3.22 – 3.03 (m, 2H), 2.26 (tt, J = 10.0, 4.9 Hz, 1H), 2.15 – 2.03 
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(m, 1H), 2.01 – 1.90 (m, 1H), 1.78 – 1.47 (m, overlapped 5H), 0.89 (d, J = 6.1 Hz, 3H), 0.85 (d, J = 

6.0 Hz, 3H); HRMS m/z calcd. for C19H27F6N4O6
+ [M+H]+ 521.1829, found 521.6230. 

Synthesis of N1-(3-fluorobicyclo[1.1.1]pentan-1-yl)-N2-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-

oxopyrrolidin-3-yl)-4-(trifluoromethoxy)butan-2-yl)amino)pentan-2-yl)oxalamide (12) 

 

Compound 12 (off-white solid) was synthesized according to the procedure outlined for 

compound 3.  

1H NMR (400 MHz, DMSO-d6) δ 9.56 (s, 1H), 8.70 (d, J = 8.4 Hz, 1H), 8.52 (d, J = 7.7 Hz, 1H), 7.67 

(s, 1H), 4.98 (d, J = 17.0 Hz, 1H), 4.92 (d, J = 17.1 Hz, 1H), 4.41 (ddd, J = 11.4, 7.7, 3.9 Hz, 1H), 

4.30 (ddd, J = 10.2, 8.4, 3.7 Hz, 1H), 3.23 – 3.04 (m, 2H), 2.36 (d, J = 2.2 Hz, 6H), 2.25 (qd, J = 

10.1, 4.0 Hz, 1H), 2.13 – 2.01 (m, 1H), 2.01 – 1.89 (m, 1H), 1.76 – 1.57 (m, 3H), 1.57 – 1.45 (m, 

2H), 0.88 (d, J = 5.9 Hz, 3H), 0.84 (d, J = 5.7 Hz, 3H); HRMS m/z calcd. for C22H31F4N4O6
+ [M+H]+ 

523.2174, found 523.4171. 

Synthesis of 5-(2-fluoropropan-2-yl)-N-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-

3-yl)-4-(trifluoromethoxy)butan-2-yl)amino)pentan-2-yl)isoxazole-3-carboxamide (13) 

 

Compound 13 (off-white solid) was synthesized analogous to the procedure outlined for 

compound 3.  

1H NMR (499 MHz, DMSO-d6) δ 8.88 (d, J = 7.7 Hz, 1H), 8.59 (d, J = 7.7 Hz, 1H), 7.65 (s, 1H), 6.97 

(d, J = 1.9 Hz, 1H), 5.00 (d, J = 17.0 Hz, 1H), 4.93 (d, J = 17.0 Hz, 1H), 4.49 – 4.37 (m, 2H), 3.20 – 

3.06 (m, 2H), 2.32 – 2.04 (m, 2H), 1.97 (ddd, J = 13.9, 11.1, 4.2 Hz, 1H), 1.79 (s, 3H), 1.74 (s, 3H), 
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1.72 – 1.48 (m, 4H), 0.92 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.5 Hz, 3H); HRMS m/z calcd. for 

C22H31F4N4O6
+ [M+H]+ 523.2174, found 523.1797. 

Synthesis of (R)-N-((S)-4-methyl-1-oxo-1-(((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-yl)-4-

(trifluoromethoxy)butan-2-yl)amino)pentan-2-yl)tetrahydrofuran-2-carboxamide (14) 

 

Compound 14 (off-white solid) was synthesized analogous to the procedure outlined for 

compound 3.  

1H NMR (400 MHz, DMSO-d6) δ 8.57 (d, J = 7.4 Hz, 1H), 7.75 – 7.66 (m, 2H), 4.98 (s, 2H), 4.45 – 

4.35 (m, 1H), 4.34 – 4.18 (m, 2H), 3.92 (dt, J = 7.7, 6.3 Hz, 1H), 3.77 (dt, J = 7.8, 6.3 Hz, 1H), 3.22 

– 3.04 (m, 2H), 2.30 – 2.19 (m, 1H), 2.17 – 2.04 (m, 2H), 2.02 – 1.91 (m, 1H), 1.89 – 1.75 (m, 3H), 

1.72 – 1.42 (m, 5H), 0.91 (d, J = 6.0 Hz, 3H), 0.86 (d, J = 6.1 Hz, 3H); HRMS m/z calcd. for 

C20H31F3N3O6
+ [M+H]+ 466.2159, found 466.3391. 

Synthesis of N1-(2-fluorophenyl)-N2-((S)-1-(((S)-4-hydroxy-3-oxo-1-((S)-2-oxopyrrolidin-3-

yl)butan-2-yl)amino)-4-methyl-1-oxopentan-2-yl)oxalamide (15) 

 

Compound 15 (off-white solid) was synthesized analogous to the procedure outlined for 

compound 3, using the hydroxymethyl ketone warhead described in literature 1.  

1H NMR (499 MHz, DMSO-d6) δ 10.27 (s, 1H), 8.87 (d, J = 8.6 Hz, 1H), 8.48 (d, J = 7.9 Hz, 1H), 

7.70 (td, J = 7.9, 1.8 Hz, 1H), 7.64 (s, 1H), 7.39 – 7.19 (m, 3H), 5.10 (t, J = 5.9 Hz, 1H), 4.53 – 4.35 

(m, 2H), 4.24 (dd, J = 18.7, 6.1 Hz, 1H), 4.14 (dd, J = 18.6, 5.9 Hz, 1H), 3.20 – 3.07 (m, 2H), 2.33 – 

2.25 (m, 1H), 2.15 – 2.08 (m, 1H), 1.92 (ddd, J = 13.8, 11.3, 4.1 Hz, 1H), 1.80 – 1.49 (m, 5H), 1.30 
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– 1.22 (m, 1H), 0.91 (d, J = 6.2 Hz, 3H), 0.89 (d, J = 6.1 Hz, 3H); HRMS m/z calcd. for C22H30FN4O6
+ 

[M+H]+ 465.2144, found 465.3612. 

Synthesis of (2S,4R)-1-((R)-2-hydroxy-4-methylpentanoyl)-N-((S)-3-oxo-1-((S)-2-oxopyrrolidin-3-

yl)-4-(trifluoromethoxy)butan-2-yl)-4-(trifluoromethyl)pyrrolidine-2-carboxamide (16) 

 

Compound 16 was synthesized according to the procedure outlined (main manuscript) for 

CMX990. 

1H NMR (400 MHz, DMSO-d6) δ 8.79 (d, J = 7.2 Hz, 0.3H), 8.68 (d, J = 7.7 Hz, 0.7H), 7.74 (s, 0.3H), 

7.66 (s, 0.7H), 5.30 – 4.80 (m, 3H), 4.45 – 4.38 (m, 1H), 4.38 – 4.30 (m, 0.7H), 4.21 – 4.12 (m, 

0.7H), 4.02 – 3.89 (m, 1H), 3.81 – 3.72 (m, 0.7H), 3.60 (d, J = 8.1 Hz, 0.5H), 3.21 – 3.05 (m, 2H), 

2.62 – 2.54 (m, overlap to DMSO), 2.43 – 2.17 (m, 2H), 2.17 – 1.84 (m, 3H), 1.82 – 1.53 (m, 3H), 

1.49 – 1.37 (m, 1H), 1.35 – 1.19 (m, 2H), 0.96 – 0.78 (m, 6H); HRMS m/z calcd. for C21H30F6N3O6
+ 

[M+H]+ 534.2033, found 534.3318. 
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2. CMX990 Single Crystal Structure Information 

Empirical formula C22H32F3N3O6 

Formula weight 491.50 

Temperature 294(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group 
 

P21 

Unit cell dimensions a = 6.26460(10) Å            α = 90° 
b = 21.3342(4) Å              β = 93.1118(7)° 
c = 9.3051(2) Å                 ɣ = 90° 

Volume 1241.80(4) Å3 

Z 2 

Density (calculated) 1.314 Mg/m3 

Absorption coefficient 0.110 mm-1 

F(000) 520 

Crystal size 0.260 x 0.240 x 0.180 mm3 

Θ range for data collection 2.391 to 30.630° 

Index ranges -8<=h<=8, -30<=k<=30, -13<=l<=13 

Reflections collected 45011 

Independent reflections 7558 [R(int) = 0.0449] 

Completeness to θ = 25.242° 98.3 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7461 and 0.6922 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7558 / 177 / 367 

Goodness-of-fit on F2 1.028 

Final R indices [I>2σ(I)] R1 = 0.0476, wR2 = 0.1196 

R indices (all data) R1 = 0.0672, wR2 = 0.1330 

Absolute structure parameter -0.19(18) 

Largest diff. peak and hole 0.223 and -0.158 e.Å-3 

Measurement Bruker D8 QUEST PHOTON-III Detector 

Software Used SHELXTL-PLUS 
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3. In Vitro Biology 

The following viral strains were obtained through BEI Resources, NIAID, NIH: Isolate HCOV-19 USA-

WA1/2020 (NR-52281), Isolate hCoV-19/USA/OR-OHSU-PHL00037/2021 (Alpha Variant, NR- 55461), 

Isolate HCOV-19/USA/PHC658/2021 (Delta Variant, NR-55691), isolate HCOV-19/USA/MD-HP20874/2021 

(Omicron Variant, NR-56461), Human Coronavirus, OC43 (NR-52725), and Human Coronavirus, 229E 

(NR-52726).  The SARS-CoV-2 assays were conducted as described previously 2.  HCoV-OC43 was 

propagated in HCT-8 cells (ATCC CCL-244) and compound activity was assayed in a high-content imaging 

assay after a 48 hr incubation using the mouse monoclonal antibody OC-43 strain clone 541-8F (Sigma 

Millipore MAB9012) and goat anti-mouse H+L conjugated Alexa 488 secondary (Thermo Fisher Scientific 

A11001).  HCoV-229E was propagated in MRC-5 pd25 cells (Sigma cat # 05081101-1VL) and compound 

activity determined by assessing cell viability at 120 hr post-infection using CellTiter-Glo® (Promega 

No G7573).  The uninfected cytotoxicity counter screens were incubated in parallel with the antiviral 

assays and cell viability assessed using CellTiter-Glo®.    

SARS-CoV-2 Mpro Enzymatic Assay 

Direct inhibition of the SARS-CoV-2 3CL protease was evaluated in a biochemical assay with 50 nM 

recombinant SARS-CoV-2 3CLpro and 15 µM fluorogenic substrate (Dabcyl-TSAVLQSGFRK-Glu(EDANS)) 

in a buffer of 50 mM Tris-HCl, pH 7.3, 1 mM EDTA, 0.01% BSA, and 0.001% Triton. SARS-CoV-2 3CLpro 

dissolved in 25 µL assay buffer was mixed with 12-point serial dilutions of compound. The mixture was 

incubated at 37°C for 30 min before addition of the substrate. The fluorescence signal at 350 nm 

(excitation)/490 nm (emission) was immediately measured every 2 min for 10 min with SpectraMax® M5 

multi-mode microplate reader at 37°C. RFU at the 6th min of reactions with compound at various 

concentrations compared to the reaction with the lowest concentration were used to generate IC50 

curves. 
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4. DMPK Assays 

Microsomal stability and plasma protein binding studies  

Studies were carried out at WuXi AppTec (Shanghai, China). For LC/MS/MS analysis, test and 

control compounds were quantified using peak area ratio of analyte and internal standard. The 

metabolic stability in liver microsomes was determined using the compound depletion 

approach and quantified by LC/MS/MS. Human, mouse, rat, dog, or cyno microsomes were 

used (BD Gentest). The rate and extent of metabolism was determined by the disappearance of 

the parent compound, allowing for the determination of in vitro half-life (t1/2), intrinsic 

clearance (Clint), and the extraction ratio (ER) in various species. Protein binding in plasma was 

determined using equilibrium dialysis. Compounds were tested at 2 μM in triplicate, and 

concentrations were quantified by LC/MS/MS. 

Hepatocyte stability studies  

Studies were carried out at Aragen Life Sciences (India). Stability of test article (1 µM) was 

monitored at 0, 15, 30, 60, 90, and 120 min in the presence of hepatocytes (source = Thermo 

Fisher Scientific, cell density = 0.4 million/mL), and the data (%Remaining, half-life, Clearance) 

generated in duplicate (analysis = LCMS/MS quantification of test article using an internal 

standard).  

hERG manual patch clamp assay  

Compounds were tested for effect on hERG potassium channels using the whole-cell patch 

clamp technique with a Multiclamp 700 patch-clamp amplifier (Molecular Devices, USA) at 
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WuXi AppTec (Shanghai, China). CHO cells stably expressing hERG potassium channels from 

Aviva Biosciences (San Diego, CA) were tested with compounds at five concentrations, in a 

three-fold serial dilution starting at 30 μM, compared to vehicle (negative) control and 

amitriptyline (WuXi AppTec, Shanghai, China) (positive) controls. Percentage of control (vehicle) 

values were calculated in duplicate for each concentration of drug, and data analysis was 

performed using Clampfit (V10.7, Molecular Deveices) and GraphPad Prism.  

Mini-Ames  

Mini-Ames study was done at WuXi AppTec (Shanghai, China) to evaluate the test article 

CMX990, for its ability to induce reverse mutations both in the presence and absence of S9 mix 

at the histidine locus in the genome of four strains of Salmonella typhimurium (TA98, TA100, 

TA1535, and TA97a) and at the tryptophan locus in the genome of Escherichia coli WP2 uvrA 

(pKM101). Assay was conducted in the presence and absence of S9 mix along with the 

concurrent negative/solvent control (DMSO) using six wells and positive controls using three 

wells. The tested dose levels in the mutagenicity assay with five tester strains in the presence 

and absence of S9 mix were 1.5, 4, 10, 25, 64, 160, 400, and 1000 µg per well, three wells per 

dose.  The study was conducted using fresh cultures of the bacterial strains and fresh test article 

formulations. 

In vitro micronucleus induction  

In vitro microwell micronucleus screening assay in Chinese hamster ovary cells (CHO-WBL, 

Merck Research Laboratories, USA) was carried out at WuXi AppTec (Shanghai, China). 

Clastogenicity/aneugenicity was measured by the extent of micronucleus formation with and 
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without exogenous metabolic activation (Aroclor 1254 induced rat liver S9, Molecular Toxicology 

(Boone, NC). Cultures of CHO-WBL cells in Microwell 8-well chamber slides (Thermo Fisher 

Scientific Inc.) were exposed in duplicate to multiple concentrations of test article as well as to 

positive (cyclophosphamide monohydrate, mitomycin C) and solvent controls. In the S9 

activated test system (test article concentrations: 50, 100, 245, 491.5 µg/mL), exposure was for 

3 h; in the non-activated test system (test article concentrations: 50, 100, 240, 260, 280, 300, 

320, 340, 360, 380, 400, 420, 440, 460, 480 µg/mL), treatment was for 3 h and for 24 h. Cells 

were fixed and stained with acridine orange, and 2000 binucleated cells (1000 binucleated 

cells/culture) were scored for each test and control article concentration. 

Direct and Time-Dependent Inhibition of Cytochrome P450 Enzymes in Human Liver 

Microsomes 

CMX990 was tested (WuXi AppTec, China) over a test concentration range of 0.00545 to 50.0 

µM in pooled human liver microsomes (0.1 mg protein/mL, mixed gender) for inhibition of 

human cytochrome (CYP) P450 isozymes (CYPs 1A2, 2B6, 2C8, 2C9, 2C19, 2D6 and 3A4). Assays 

(n=2) were performed in 0.1 M potassium phosphate buffer (pH 7.4), with a pre-incubation time 

of 0 and 30 minutes at 37°C with and without NADPH (1 mM). Bioanalysis was conducted by LC-

MS/MS. 

B/P ratio 

The ratio of CMX990 (incubation concentration = 1 µM) in whole blood over plasma (KB/P), the 

respective drug concentrations in the erythrocytes to plasma (KE/P), and % recovery in blood 
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were measured in assays (controls = diclofenac, chloroquine, chlorthalidone) conducted at WuXi 

AppTec, China.  

In vitro safety profiling assays  

The Eurofins SafetyScreen44TM Panel (Cerep) was used to assess the off-target effects of 

CMX990 at a single concentration of 10 μM. Electrophysiological assays (cardiac panel) were 

conducted to profile the compound for activities on the ion channel targets (voltage-Gated 

Sodium: HEK-Nav1.5, voltage-Gated Calcium: HEK-Cav1.2, voltage-Gated Potassium: CHO-hERG) 

using the QPatch electrophysiological platform at Eurofins Panlabs Inc. 

In vitro peptidase selectivity panel was executed at Eurofins Panlabs Inc. against a panel of ~30 

mammalian serine and cysteine peptidases to assess potential off-target pharmacology that 

might lead to toxicity. Test compound initially was measured against the specified enzymes at a 

single concentration (10 μM) to determine % inhibition relative to controls; assays were 

performed in duplicate. Follow-up IC50 analysis was conducted if the % inhibition at 10 μM was 

greater than 50% using 5 concentrations (10, 3, 1, 0.3, and 0.1 μM) of the test compound to 

determine IC50 if possible. 

In vivo assays 

Animal Study: Animal Care and Compound Application. 

Animal experimental procedures were approved by the Institutional Animal Care and Use 

Committee (IACUC) of the respective study locations. Pharmacokinetic studies were conducted 

at Aragen (India), Calibr (San Diego, CA), or Pharmaron Inc. (China) 
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Pharmacokinetics in animals [CD1-mouse, SD-rat, Syrian hamster, beagle dog, or cynomolgus 

monkeys] 

For all (IV or PO) reported pharmacokinetic studies in this manuscript, three fasted animals per 

study group were administered the test article as a solution in 50% PEG 300, 10% ethanol, and 

40% saline. Blood samples were collected at 0.083, 0.5, 1, 3, 5, 8, and 24 hr post-doing for IV 

studies; and at 0.5, 1, 3, 5, 8, and 24 hr post-dosing for PO studies.  

The blood samples were centrifuged to obtain the plasma, which was stored below -20°C until 

analysis. Plasma concentrations were determined by liquid chromatography/tandem mass 

spectrometry (LC−MS/MS). The PK parameters were determined by non-compartmental 

methods using WinNonLin (v6.1 or higher version, Certara Inc.). 
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5. Characterization data for Compounds 1-16 

Compound #1: 1H NMR and HPLC Chromatogram 
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Compound #2: 1H NMR and LCMS Spectra 
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Compound #3: 1H NMR and LCMS Spectra 
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Compound #4: 1H NMR and HPLC Chromatogram 
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Compound #5: 1H NMR and HPLC Chromatogram 
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Compound #6: 1H NMR and HPLC Chromatogram 
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Compound #7: 1H NMR and LCMS 
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Compound #8: 1H NMR and LCMS 
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Compound #9: 1H NMR and LCMS 
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Compound #10: 1H NMR and LCMS 
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Compound #11: 1H NMR and HPLC Chromatogram 
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Compound #12: 1H NMR and HPLC Chromatogram 
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Compound #13: 1H NMR and HPLC Chromatogram 
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Compound #14: 1H NMR and HPLC Chromatogram 
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Compound #15: 1H NMR and LCMS 
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Compound #16: 1H NMR and HPLC Chromatogram 
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6. Spectral data for CMX990 

 

 

1H NMR 

19F NMR 
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13C NMR 

-  

HPLC Analysis Report – CMX990 
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IR Spectrum – CMX990 
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LCMS Conditions and Mass Spectrum – CMX990 
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