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General Experimental 

All reagents and solvents were commercial grade and purified prior to use when necessary. Analytical 
thin layer chromatography (TLC) was performed on Sorbent Technologies HL 0.25 mm silica gel plates 
with UV indicator. Visualization was accomplished by irradiation under a 254 nm UV lamp and/or the 
use of an iodine chamber. Chromatography on silica gel was performed using Silica Gel 60 (230-400 
mesh) from Sorbent Technologies.  1H and 13C NMR spectra were recorded on a Bruker DRX-400 (400 
and 100 MHz, respectively) NMR instrument. Chemical shifts are reported in ppm from the solvent 
resonance as an internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d 
= doublet, t = triplet, m = multiplet, bs = broad singlet), coupling constant (Hz), and number of protons.  
Low resolution mass spectra were obtained on an Agilent 6130 Quadrupole LC/MS with electrospray 
ionization (RT = retention time).  Optical rotations were measured on a JASCO P-2000 digital 
polarimeter at room temperature. Concentration (c) in g/100 mL and solvent are given in parentheses.  
Preparative purification was performed on a Gilson chromatograph using a Luna 5u C18(2) 100A AXIA 
column (30x50 mm) using a water/acetonitrile gradient.  Chiral separations were performed on a Thar 
Investigator II supercritical fluid chromatograph (SFC) using Lux Cellulose 4 (10x250 mm), Chiralpak 
IA (10x250 mm), and Chiralpak ID (10x250 mm) columns.   
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General Procedure: 

2-amino-N-(2-ethoxyphenyl)benzamide (3).  To a dry argon-filled flask was added anthrinilic acid, 1, (1 
eq), and 3 drops of dimethylformamide (DMF) and ether as solvent. To the solution, thionyl chloride (2 
eq) was added dropwise at 0 oC. The mixture was refluxed for 2 hours. On completion, ether and 
remaining thionyl chloride were removed under reduced pressure.  The mixture was cooled to 0 oC, 
followed by addition of 0.5 ml pyridine, 2,4-dimethoxyaniline, 2, (1.2 eq) and ether as solvent. The 
solution was allowed to warm up to room temperature and stir for 2 h. After removing solvents under 
reduced pressure, the crude product was purified via reverse phase preparative chromatography (Gilson, 
Acetonitrile-0.5% NH4OH in water), which yielded 2-amino-N-(2-ethoxyphenyl)benzamide, 3, as yellow 
solid, 77% yield. 1H NMR (400.1 MHz, CDCl3): δ 8.48-8.46 (m, 1H), 7.52-7.50 (m, 1H), 7.30-7.26 (m, 
1H), 7.10-7.00 (m, 2H), 6.94-6.92 (m, 1H), 6.75 (t, 2H, J = 6.87 Hz), 5.62 (s, 2H), 4.18-4.13 (m, 2H), 
1.50 (t, 3H, J = 6.94 Hz) 13C NMR (100.6 MHz, CDCl3): δ 167.3, 149.3, 147.7, 132.6, 128.0, 127.2, 123.7, 
121.0, 119.9, 117.6, 116.9, 116.7, 111.0, 64.3, 15.0. LCMS: RT = 1.01 min, >98% @ 215 and 254 nm, 
m/z = 257.0 [M + H]+. 

2-(cyclopropanesulfonamido)-N-(2-ethoxyphenyl)benzamide, 4l (ML382).  To dry vial was added 2-
amino-N-(2-ethoxyphenyl)benzamide, 3, (1 eq), cyclopropanesulfonyl chloride (2 eq), pyridine (4 eq) and 
DCM as solvent. The mixture was stirred for 16 h at room temperature. On completion, the crude product 
was purified by reverse phase preparative chromatography (Gilson, Acetonitrile-0.5% NH4OH in water).  
LCMS: RT = 1.13 min, >95% @ 215 and 254 nm, m/z = 360.9 [M]+.  1H NMR (400.1 MHz, CDCl3): δ 
10.45 (s, 1H), 8.67 (s, 1H), 8.45-8.43 (m, 1H), 7.85 (d, J = 8.38 Hz, 1H), 7.64 (d, J = 8.02 Hz, 1H), 7.56-
7.52 (m, 1H), 7.28-7.22 (m, 1H), 7.15-7.11 (m, 1H), 7.06-7.02 (m, 1H), 6.96-6.94 (m, 1H), 4.22-4.16 (m, 
2H), 2.56-2.50 (m, 1H), 1.51 (t, J = 6.97 Hz, 3H), 1.27-1.25 (m, 2H), 0.95-0.92 (m, 2H). 

 

All analogs were made following the General Procedure above: 
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N-(2-ethoxyphenyl)-2-(methylsulfonamido)benzamide (4a) 

1H NMR (400.1 MHz, CDCl3) δ (ppm): 1.49 (t, J = 7.0 Hz, 3H), 3.05 (s, 3H), 4.14-4.19 (q, J = 7.0 Hz, 
2H), 6.92-6.94(m, 1H), 6.99-7.03(m, 1H), 7.09-7.13 (m, 1H), 7.19-7.23 (m, 1H), 7.52-7.56 (m, 1H), 7.64-
7.66(m, 1H), 7.78-7.80 (m, 1H), 8.38-8.41 (m, 1H), 8.67 (s, 1H), 10.58 (s, 1H).  13C NMR (100.6 MHz, 
CDCl3): 14.9, 39.9, 64.4, 111.1, 120.1, 120.2, 121.0, 121.1, 123.6, 124.9, 126.9, 127.0, 133.3, 139.7, 
147.8.  LC/MS: RT = 1.068 min, m/z = 334.9 [M]+. 
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N-(2-Methoxyphenyl)-2-(methylsulfonamido)benzamide (4b).  Purchased compound. 
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4c  
1H NMR (400.1 MHz, CDCl3) δ (ppm): 2.43 (s, 3H), 3.06 (s, 3H),  7.14-7.18 (m, 1H), 7.21-7.25 (m ,1H), 
7.34-7.38 (m, 1H), 7.53-7.58 (m , 1H), 7.74-7.81 (m ,1H), 8.34 (d , J = 8.2 Hz, 1H), 9.22 (s, 1H), 10.63 (s, 
1H).  13C NMR (100.6 MHz CDCl3) δ (ppm): 166.58, 140.06, 137.46, 133.71, 132.97, 129.07, 127.21, 
126.77, 125.57, 123.65, 121.18, 120.54, 120.07, 40.12, 19.19.  LC/MS: RT = 1.008 min, m/z = 336.9 [M]+. 
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Ethyl 2-(2-(methylsulfonamido)benzamido)benzoate (4d).  Purchased compound. 
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N-(5-Chloro-2-methoxyphenyl)-2-(methylsulfonamido)benzamide (4e).  Purchased compound. 
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N-(2-Methoxy-4-methylphenyl)-2-(methylsulfonamido)benzamide (4f).  Purchased compound. 
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2-(N-methylmethylsulfonamido)-N-(2-(methylthio)phenyl)benzamide (4g). 

1H NMR (400.1 MHz, CDCl3) δ (ppm): 2.40 (s, 3H), 2.98 (s, 3H), 3.39 (s, 3H), 7.11-7.15 (m, 3H), 7.33 (t, 
J = 7.6 Hz, 1H), 7.45-7.50 (m, 3H), 7.52-7.57 (m ,3H), 7.80 (d, J = 7.2 Hz, 1H), 8.38 (d, J = 8.1 Hz, 1H), 
9.13 (s, 1H).  13C NMR (100.6 MHz , CDCl3) δ (ppm): 165.61, 138.87, 138.08, 136.47, 132.65, 131.81, 
129.68, 128.97, 128.72, 128.63, 126.85, 125.20, 121.48, 39.27, 37.33, 19.05.  LC/MS: RT = 0.970 min, 
m/z = 350.8 [M]+. 
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Ethyl 2-(2-(N-methylmethylsulfonamido)benzamido)benzoate (4h).  Purchased compound. 
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N-(2-ethoxyphenyl)-2-(N-methylmethylsulfonamido)benzamide (4i). 

1H NMR (400.1 MHz, CDCl3) δ (ppm): 1.42 (t, J = 7.0 Hz, 3H), 2.99 (s, 3H), 3.33 (s, 3H), 4.11-4.16 (q, J 
= 7.0 Hz, 2H), 6.89-6.91 (m, 1H), 6.96-7.00 (m, 1H), 7.05-7.09 (m ,1H), 7.44-7.48 (m ,2H), 7.51-7.55 
(m ,1H), 7.79-7.81 (m ,1H), 8.49-8.52 (dd, J = 1.3, 8.0 Hz, 1H), 8.93 (s, 1H).  13C NMR (100.6 MHz, 
CDCl3) δ (ppm): 165.28, 147.78, 138.64, 136.38, 131.70, 129.89, 129.01, 128.88, 127.69, 124.50, 120.94, 
120.43, 111.18, 64.31, 39.19, 37.80, 14.82.  LC/MS: RT = 1.002 min, m/z = 348.9 [M]+. 
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N-(2-Ethoxyphenyl)-2-(phenylsulfonamido)benzamide (4j).  Purchased compound. 
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N-(2-(methylthio)phenyl)-2-(phenylsulfonamido)benzamide (4k).  Purchased compound. 

N
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2-(2-chloroethylsulfonamido)-N-(2-ethoxyphenyl)benzamide (4m). 

1H NMR (400.1 MHz, CDCl3) δ (ppm): 1.49 (t, J = 7.0 Hz, 3H), 3.53-3.57 (m, 2H), 3.83-3.87 (m, 2H), 
4.14-4.20 (q, J = 7.0 Hz, 2H), 6.92-6.94 (dd,  J = 1.1, 8.1 Hz, 1H), 7.00-7.04 (m, 1H), 7.10-7.14 (m, 1H), 
7.21-7.23 (m ,1H), 7.53-7.57 (m ,1H), 7.65-7.67 (dd, J = 1.3, 8.0 Hz, 1H), 7.79-7.81 (dd, J = 0.7, 8.3 Hz, 
1H), 8.37-8.39 (dd, J = 1.5, 8.0 Hz, 1H), 8.68 (s, 1H), 10.80 (s, 1H).  13C NMR (100.6 MHz, CDCl3): 15.0, 
36.2, 53.9, 64.5, 111.1, 120.4, 120.7, 121.2, 122.1, 124.2, 124.6, 124.9,  126.8, 133.1, 138.6, 147.8, 166.1.  
LC/MS: RT = 1.232 min, m/z = 382.8 [M]+. 
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N-(2-ethoxyphenyl)-2-(ethylsulfonamido)benzamide (4n). 

1H NMR (400.1 MHz, CDCl3) δ (ppm): 1.36 (t, J = 7.5 Hz, 3H), 1.47-1.51 (t, J = 6.9 Hz, 3H), 3.14-3.19 
(q, J = 7.5 Hz, 2H), 4.14-4.19 (q, J = 6.9 Hz, 2H), 6.91-6.94 (m ,1H), 6.99-7.03 (m ,1H), 7.08-7.13 
(m ,1H), 7.16-7.20 (m ,1H), 7.49-7.53 (m, 1H), 7.62-7.64 (dd, J = 1.1 Hz, 7.9, 1H), 7.81 (d, J = 8.3 Hz, 
1H), 8.39-8.41 (dd, J = 1.4, 7.9 Hz, 1H), 8.66 (s, 1H), 10.60 (s, 1H).  13C NMR (100.6 MHz, CDCl3): 8.2, 
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14.9, 46.5, 64.4, 111.1, 119.7, 120.2, 120.8, 121.0, 123.3, 124.8, 126.9, 127.0, 133.3, 139.9, 147.8, 166.2.  
LC/MS: RT = 1.129 min, m/z = 348.9  [M]+. 
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N-(2-Ethoxyphenyl)-2-(1-methylethylsulfonamido)benzamide (4o). 

LC/MS: >98% @ 215 and 254 nm, m/z = 362.9  [M]+. 
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2-(Cyclopropylmethylsulfonamido)-N-(2-ethoxyphenyl)benzamide (4p). 

LC/MS: >98% @ 215 and 254 nm, m/z = 374.9  [M]+. 
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N-(2-Ethoxyphenyl)-2-(propylsulfonamido)benzamide (4q). 

LC/MS: >98% @ 215 and 254 nm, m/z = 362.9  [M]+. 
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2-(2,2-Dimethylpropylsulfonamido)-N-(2-ethoxyphenyl)benzamide (4r). 

LC/MS: >98% @ 215 and 254 nm, m/z = 390.9  [M]+. 
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2-(Cyclohexanesulfonamido)-N-(2-ethoxyphenyl)benzamide (4s). 

LC/MS: >98% @ 215 and 254 nm, m/z = 402.9  [M]+. 
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2-(Butylsulfonamido)-N-(2-ethoxyphenyl)benzamide (4t). 

LC/MS: >98% @ 215 and 254 nm, m/z = 376.9  [M]+. 
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N-(2-Ethoxyphenyl)-2-(2-methylpropylsulfonamido)benzamide (4u). 

LC/MS: >98% @ 215 and 254 nm, m/z = 376.9  [M]+. 

 

 

  



S8 
 

In Vitro Pharmacology Methods 

Cell based Ca2+ imaging assay to detect MrgX1 activation.  The purpose of this assay is to identify test 
compounds that act as an allosteric agonist for MrgX1. This assay employs a HEK293 cell line that stably 
expresses MrgX1 protein. The cells, which loaded with fluorescent dye-Flou4, are treated with test 
compounds, followed by measurement of calcium flux. Those HEK293 cells stably expressing MrgX1 
were plated into 96-well plates. On the following day, cells were incubated with Fluo4 solution at 37 °C 
for 30min and at RT for 30 min after removing media. 10 µM compounds were added to the assay buffer 
with dye for 80 sec followed by adding 10 nM BAM8-22 for 75 sec and recorded the change of 
fluorescence by Flexstation3 imaging plate reader. Compound effect was evaluated by the calculated 
fluorescence ratio. If the compound causes more than 3 times the standard deviation of the B-scores of the 
library compounds, the compound is then considered to be active as an agonist of the MrgX1 protein. 
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In Vitro DMPK Methods: 

The metabolism of ML382 was investigated in human, rat and mouse hepatic microsomes (BD 
Biosciences, Billerica, MA) using substrate depletion methodology (% test article remaining).  A 
potassium phosphate-buffered reaction mixture (0.1 M, pH 7.4) of test article (1 µM) and microsomes 
(0.5 mg/mL) was pre-incubated (5 min) at 37°C prior to the addition of NADPH (1 mM).  The 
incubations, performed in 96-well plates, were continued at 37 °C under ambient oxygenation and 
aliquots (80 µL) were removed at selected time intervals (0, 3, 7, 15, 25 and 45 min).  Protein was 
precipitated by the addition of chilled acetonitrile (160 µL), containing glyburide as an internal standard 
(50 ng/mL), and centrifuged at 3000 rpm (4°C) for 10 min.  Resulting supernatants were transferred to 
new 96-well plates in preparation for LC/MS/MS analysis.  The in vitro half-life (t1/2, min, Eq. 1), 
intrinsic clearance (CLint, mL/min/kg, Eq. 2) and subsequent predicted hepatic clearance (CLhep, 
mL/min/kg, Eq. 3) were determined employing the following equations: 

(1) t1/2 = Ln(2) / k ; where k represents the slope from linear regression analysis (% test article 
remaining) 

(2) CLint = (0.693 / t1/2) (rxn volume / mg of microsomes) (45 mg microsomes / gram of liver) (20a 
gm of liver / kg body weight); ascale-up factors of 20 (human) and 45 (rat) 

(3) 
int
int

CLQ
CLQCLhep
+
⋅

=  

Plasma Protein Binding. Protein binding of ML382 was determined in human, rat and mouse plasma via 
equilibrium dialysis employing Single-Use RED Plates with inserts (ThermoFisher Scientific, Rochester, 
NY).  Briefly plasma (220 µL) was added to the 96 well plate containing test article (5 µL) and mixed 
thoroughly.  Subsequently, 200 µL of the plasma-test article mixture was transferred to the cis chamber 
(red) of the RED plate, with an accompanying 350 µL of phosphate buffer (25 mM, pH 7.4) in the trans 
chamber.  The RED plate was sealed and incubated 4 h at 37 °C with shaking.  At completion, 50 µL 
aliquots from each chamber were diluted 1:1 (50 µL) with either plasma (cis) or buffer (trans) and 
transferred to a new 96 well plate, at which time ice-cold acetonitrile (2 volumes) was added to extract the 
matrices.  The plate was centrifuged (3000 rpm, 10 min) and supernatants transferred to a new 96 well 
plate.  The sealed plate was stored at -20 °C until LC/MS/MS analysis. 

Liquid Chromatography/Mass Spectrometry Analysis. In vitro experiments.  ML382 was analyzed via 
electrospray ionization (ESI) on an AB Sciex API-4000 (Foster City, CA) triple-quadrupole instrument 
that was coupled with Shimadzu LC-10AD pumps (Columbia, MD) and a Leap Technologies CTC PAL 
auto-sampler (Carrboro, NC).  Analytes were separated by gradient elution using a Fortis C18 2.1 x 50 
mm, 3.5 µm column (Fortis Technologies Ltd, Cheshire, UK) thermostated at 40 °C.  HPLC mobile phase 
A was 0.1% NH4OH (pH unadjusted), mobile phase B was acetonitrile.  The gradient started at 30% B 
after a 0.2 min hold and was linearly increased to 90% B over 0.8 min; held at 90% B for 0.5 min and 
returned to 30% B in 0.1 min followed by a re-equilibration (0.9 min). The total run time was 2.5 min and 
the HPLC flow rate was 0.5 mL/min.  The source temperature was set at 500°C and mass spectral 
analyses were performed using multiple reaction monitoring (MRM) utilizing a Turbo-Ionspray® source 
in positive ionization mode (5.0 kV spray voltage).  LC/MS/MS analysis was performed employing a 
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TSQ QuantumULTRA that was coupled to a ThermoSurveyor LC system (Thermoelectron Corp., San Jose, 
CA) and a Leap Technologies CTC PAL auto-sampler (Carrboro, NC).  Chromatographic separation of 
analytes was achieved with an Acquity BEH C18 2.1 x 50 mm, 1.7 µm column (Waters, Taunton, MA). 
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Supplemental Figure 1. ML382 enhances the potency of BAM8-22 on MrgX1-
expressing HEK293 cells.  Dose response curve of BAM8-22 in presence (red circles) or 
absence of ML382 (black squares) determined by Ca

2+
 imaging assay. The EC50 of 

BAM8-22 in presence of maximal amount of ML382 (5 µM) is 2.87 ± 1.22 nM (95% 
confidence interval). In the absence of ML382, the EC50 of BAM8-22 is 18.67 ± 1.06 
nM (95% confidence interval). RFU: relative fluorescence units. The fitting was dose 
response fitting. The experiments were repeated three times. Error bars represent as 
Mean ± SEM.  

BAM: 
EC50 = 18.67 ± 1.06 nM 
BAM + 5μM ML382: 
EC50 = 2.87 ± 1.22 nM 
[95% confidence interval] 
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Supplemental Figure 2. ML382 has no effect on MrgX2-expressing HEK293 
cells.  Dose response curve of PAMP (an agonist of MrgX2)

[11]
 in presence (red 

circles) or absence of ML382 (black squares) determined by Ca
2+

 imaging 
assay. The EC50 of PAMP in presence of 5 µM ML382 is 316.12 ± 17.8 nM (95% 
confidence interval). In the absence of ML382, the EC50 of BAM8-22 is 211.86 
± 51.98 nM (95% confidence interval). RFU: relative fluorescence units. The 
fitting was dose response fitting. The experiments were repeated three times. 
Error bars represent as Mean ± SEM.  

PAMP: 
EC50=211.86 ± 51.98 nM  
PAMP + 5 μM ML382: 
EC50 = 316.12 ± 17.8 nM  
[95% confidence interval] 


