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Supplementary Figures

Figure S1. Evaluating Rab27A (PDB: 3BC1, chain A) hotspots using FTMap server.! This
server identifies binding pockets within a protein surface by evaluating binding energy of
molecules with different physicochemical properties. A) and B) demonstrate that organic
molecule clusters predominantly occupy the nucleotide binding site and the WF pocket.
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Figure S2. Last purification step for fRab27A-C188. Size-exclusion chromatography (SEC)
fractions A10 to B8 were pooled to obtain pure recombinant protein. Gel lanes: 1. ladder; 2.
SEC input; SEC fractions: 3. A8; 4. A9; 5. A10; 6. A11; 7. B1; 8. B3; 9. B4; 10. B5; 11. B6; 12.
B7; 13. B8; 14. B9; 15. B10.
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Figure S3. Structure of reported Rab27A non-covalent inhibitors: BMD-112 and Nexinhib 203.
Motifs commonly associated with PAINS are highlighted in blue, such as catechols and vinyl
ketones.*
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RABSA mmmmmmmmmmm o 215
RABSC ~  mmmmmmmmmmmmmmmmm 216
RAB22A mmmmmmmmmmm e 194
RAB22B(31) ——————mmmmmmmmmmmm oo 194
RAB20 mmmmmmmmmmm oo 234
RAB28 mmmmmmmmmmmmmmme 221
RAB29  mmmmmmmmmmemmm 203
RAB32 mmmmmmmmmmmmmmmee 225
RAB38  mmmmmmmmmmm e 211
RAB34  mmmmmmmmmmmmmm 259
RAB36 ~ mmmmmmmmmmm e 333
RAB42 mmmmmmmmmmmmmmmmm 218
RAB39A mmmmmmmmmmm e 217
RAB39B mmmmmmmmmmm oo 213
RABTB mmmmmmmmmmmmmmmmm 199
RABTA  mmmmmmmmmmm e 207
RABOA s 201
RAB9B  mmmmmmmmmmm e 201
RAB23 mmmmmmmmmmm e 237
RAB40C KGNSLKRSKSIRPPQSPPQNCSRSNCKIS 281
RAB40B KRSSLRKVKLVRPPQSPPKNCTRNSCKIS 278
RAB40A K-SSLCKVEIVCPPQSPPKNCTRNSCKIS 277
RAB4GAL KRSSLCKVKIVCPPQSPPKNCTRNSCKIS 278
RAB33A mmmmmmmmmmmmmmm 237
RAB33B mmmmmmmmmmmmmmmme 229
RAB30 mmmmmmmmmmm e 203
RABL9  mmmmmmmmmmm e 217
RAB43 mmmmmmmmmmmmmmm 212
RABL8  mmmmmmmmmmmmmmmme 206
RAB2A mmmmmmmmmmm e 212
RAB2B  mmmmmmmmmmm oo 216
RABL4  mmmmmmmmmmm e 215
RABAA oo 218
RAB4B  mmmmmmmmmmm e 213
RAB25 ~  mmmmmmmmmmmmmmm 213
RABLIA ——mmmmmmmmmmmmm 216
RABLIB ~  ——mmmmmmmmm oo 218
RAB12 mmmmmmmmmmm oo 244
RAB26 ~  mmmmmmmmmmm oo 256
RAB37 ~ mmmmmmmmmmmmmmmee 223
RAB3D ~  mmmmmmmmmmmmmmmee 219
RAB3B  mmmmmmmmmmm o 219
RAB3A mmmmmmmmmmm e 220
RAB3C ~ mmmmmmmmmmm e 227
RABL5S ~ mmmmmmmmmmmmmmmm 212
RABI3 ~ mmmmmmmmmmmmmmme 203
RABLO ~  mmmmmmmmmmm oo 200
RAB8A mmmmmmmmmmmmmmm 207
RAB8B ~  mmmmmmmmmmmmmmmmmmm 207
RAB35 ~  mmmmmmmmmmmmmmmm 201
RABIA  mmmmmmmmmmmmmmm 205
RABIB ~  —mmmmmmmmmm o 201

Figure S4. Full Sequence alignment of Rab proteins in phylogenetic order compared to Rab27A
and B (top). Unique cysteines C123 and C188 are highlighted in red.
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Figure S5. Tryptic digestion and peptide mass fingerprinting for labelling site-ID of A) AO1-
fRab27A-C188 and B) B01-fRab27A-C188.
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Figure S6. Biochemical characterisation of hits. A-B) gIT data against fRab27A-C123,
fRab27A-C188, nRab27A-C123, nRab27A-C188 and GSH including labelling half-lives for
resynthesised hits A01 (A) and B01 (B). C-D) ku¢/[l] graphs for A01 against fRab27A-C188 (C),
and for B01 against fRab27A-C123 (D)



Figure S7. Electron density maps for AO1 and BO1. 2Fo-Fc electron density maps (grey)
contoured at 1.0 o for ligands (pink) covalently bound to a cysteine residue (cyan). A) AO1
bound to fRab27A-C188 (full structure shown in Fig. 3B and 3C) and B) BO1 bound to fRab27A-
C123 (full structure shown in Fig. 3E and 3F) superimposed on the final model of the respective
ligands.
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Figure S8. Molecular dynamics and rotameric properties of Y122 in Rab27A. (A) Distribution of
chi-1 angles of Y122 during a 250 ns molecular dynamics simulation. (B) Structure of Rab27A,
coloured according to the C-alpha Root Mean Squared Fluctuations. Red colours (thicker
ribbon) correspond to more mobile regions, whereas blue regions are more rigid. (C) C-alpha
Root Mean Squared Fluctuations of Rab27A plotted against its primary sequence.



Supplementary Tables

Table S1. Data Processing and Refinement Statistics for fRab27A

Data Collection

Space group P3121
Unit cell parameters A) a=117.71,b=117.71,c = 115.67
Wavelength (A) 0.97949
Resolution (A) 50.97 - 2.32 (2.40 - 2.32)
Total reflections 80969 (7952)
Unique reflections 40486 (3976)
Multiplicity 2.0 (2.0)
Completeness (%) 99.96 (99.95)
<I>/<o(l)> 20.04 (3.29)
Rmerge 0.027 (0.240)
Rmeas 0.039 (0.340)
Wilson B factor 36.64
CCirp 0.999 (0.844)
Refinement
Reflections used in refinement 40483 (3976)
Reflections used for Riree 1945 (229)
Rwork (o/o) 0.159
Riree ((yo) . 0.198
Rmsd bond lengths (A) 0.008
Rmsd bond angles (°) 1.10
Average B factors (A2)/Number of atoms
Macromolecules 42.13/ 3426
Water molecules 47.12/398
Ligand non-H atoms gppnhp-Mg?+ 28.3/66
@/¥Y angles (%)
Ramachandran Most favored region (%) 97.79
Ramachandran allowed region (%) 2.1
Ramachandran outliers (%) 0.0
Rotamer outliers (%) 0.56

Statistics for the highest-resolution shell are shown in parentheses.

Rmerge = Z(lhl —<n >)/Z <>

Rieas = ZN(Nw/Nh = 1)(Ihi = < Ih >)/Z < In >



Table S2. Data Processing and Refinement Statistics for fRab27A-C188 covalently bound to A01

Data Collection

Space group . P212124
Unit cell parameters (A) a=61.71,b=76.82,c=117.82
Wavelength (A) 0.97949
Resolution (A) 36.52 -2.23 (2.31 -2.23)
Total reflections 54026 (3920)
Unique reflections 27128 (2005)
Multiplicity 2.0 (2.0)
Completeness (%) 96.86 (72.64)
<I>/<o(l)> 13.67 (2.01)
Rmerge 0.0340 (0.360)
Rmeas 0.048 (0.509)
Wilson B factor 41.61
CCir 1 (0.929)
Refinement
Reflections used in refinement 27126 (2005)
Reflections used for Riree 1342 (98)
Rwork (o/o) 0.177
Riree ((yo) . 0.224
Rmsd bond lengths (A) 0.255
Rmsd bond angles (°) 2.82
Average B factors (A2)/Number of atoms
Macromolecules 46.28/3287
Water molecules 50.94/179
Ligand non-H atoms gppnhp-Mg?+ 51.70/160
@/¥Y angles (%)
Ramachandran Most favored region (%) 98.02
Ramachandran allowed region (%) 1.98
Ramachandran outliers (%) 0.0
Rotamer outliers (%) 0.00

Statistics for the highest-resolution shell are shown in parentheses.

Rmerge = Z(lhl —<n >)/Z <>

Rieas = ZN(nw/h = 1)(Ini = < Ih >)/Z < Ih >



Table S3. Data Processing and Refinement Statistics for fRab27A-C123 covalently bound to BO1

Data Collection

Space group .
Unit cell parameters (A)
Wavelength (A)
Resolution (A)

Total reflections

Unique reflections

P212121

a=61.38, b=76.66,c=118.24
0.97949

64.33 -2.32 (2.40 - 2.32)
49537 (4902)

24831 (2455)

Multiplicity 2.0 (2.0)
Completeness (%) 99.82 (99.67)
<I>/<o(l)> 9.77 (2.23)
Rmerge 0.059 (0.325)
Rmeas 0.083 (0.460)
Wilson B factor 32.90

CCip2 0.993 (0.832)
Refinement

Reflections used in refinement

Reflections used for Riree

Rwork (o/o)

Rfree ((Vo) .

Rmsd bond lengths (A)

Rmsd bond angles (°)

Average B factors (A2)/Number of atoms
Macromolecules

Water molecules

Ligand non-H atoms gppnhp-Mg?+

@/¥Y angles (%)
Ramachandran Most favored region (%)
Ramachandran allowed region (%)
Ramachandran outliers (%)
Rotamer outliers (%)

24809 (2448)
1209 (116)
0.183

0.254

0.008

1.02

35.73/3449
38.33/249
41.01/176

96.59
3.41
0.0
0.84

Statistics for the highest-resolution shell are shown in parentheses.

Rmerge = Z(lhl —<n >)/Z <>

Rieas = ZN(nw/h = 1)(Ini = < Ih >)/Z < Ih >



Table S4. Data from intact mass spectrometry and gIT screen used for hit validation against fRab27A-
C123 (top) and fRab27A-C188 (bottom).

fRab27A-C123

qIT half- MS
REF life Mono-modification by intact protein MS half- Validated
life
CA32/228 4.2 214h Yes: expect 250 Da, observed 252 34.3h No
CA84 2.3004E-12 - Wrong mass: expect 255 Da, observed 326 - No
&%11‘;4 2.9 47h | Yes: expect 292 Da, observed 293 6.6 h Yes
CA92 4.8 - Wrong mass: expect 268 Da, observed 352 - No
fRab27A-C188
qIT half- MS
REF life Mono-modification by intact protein MS half- Validated
life

CA32/228 7.6 - Wrong mass: expect 250 Da, observed 359 No
CA84 2.3 - Protein degraded No
CA89 1.6 43h Yes: expect 284 Da, observed 282 7.4h Yes
CA144
(B01) 2.4 45h Yes: expect 292 Da, observed 291 11.8 h No
EL1062
(A01) 2.5 26.2h Yes: expect 231 Da, observed 231 32.5h Yes
EL1064 2.2 12.8 h Yes: expect 252 Da, observed 253 15.8 h Yes
CA193 2 - Wrong mass: expect 209 Da, observed 261 No
CA187 1.7 4.3h Yes: expect 252 Da, observed 250 13.2h No
CA53 5.7 - No labelling No




Materials and Methods

Protein expression and purification

All Rab27A constructs contain the sequence for human Rab27A (UniProt entry P51159,
residues 1-192, mutations: Q78L and C123S or C188S or both as specified), which was cloned
into a pET15b vector (Invitrogen) including a N-terminal His-tag followed by a Tobacco Etch
Virus (TEV) recognition site (ENLYFQ|G). Fusion constructs also contain the C-terminus of
Slp2a SHD1 (SFLTEEEQEAIMKVLQRDAALKRAEEER (residues 5-32)) linked to the N-
terminus of Rab27A via a flexible poly glycine-serine linker (GSGSGSG). For protein
expression, plasmids were transformed to E. coli BL21 cells and spread on LB agar plates
containing 100 mg/L Ampicillin for selection. Single colonies were picked for amplification and
incubated overnight into LB media containing 100 mg/L Ampicillin at 37°C, shaking. Big scale
cultures were inoculated using these overnight cultures at 1% v/v, and grown at 37 °C until
absorbance at 600 nm reached 0.7. Protein expression was induced using 0.5 mM isopropy! -
D-1-thiogalactopyranoside (IPTG) at 37 °C for 3 hours. Subsequently cells were pelleted at 4k
rom for 10 min, then re-suspended in lysis buffer containing 500 mM NaCl, 10 mM imidazole,
5 mM MgClz2 and 50 mM Tris at pH 8.0 Cells were lysed with a cell disruptor at 25K psi and
centrifuged at 15k rpm for 45 min. The supernatant was loaded on Ni=-NTA resin equilibrated
with lysis buffer, washed extensively and eluted using buffer containing 500 mM NaCl, 300 mM
imidazole, 5 mM MgClz and 50 mM Tris at pH 8.0 The protein was dialyzed for 6 h using 100
mM NaCl, 5 mM MgClzand 50 mM Tris, pH 8.0 Afterwards TEV protease (obtained in-house as
previously described®) was added to the protein solution at a molar ratio of 1/20 in the presence
of 1 mM DTT, and the solution was incubated overnight at 4 °C, shaking. The solution was
dialyzed using 100 mM NaCl, 5 mM MgCl2 and 50 mM Tris, pH 8 and then loaded on Ni2.-NTA
resin. The flowthrough was collected, concentrated to 5.5 mg/mL in 150 mM NaCl, 5 mM MgCla,
20 mM Tris pH 8 buffer. Then a 10x buffer containing 10 mM ZnCl, and 2 M (NH4)2SO4, 4 molar
excess of GppNHp and 25 units of Antarctic phosphatase (New England Biolabs) were added to
the solution and incubated overnight at 4 °C. Finally the sample was loaded on a superdex S-75
gel filtration column at a flow rate of 1 mL/min. The column was pre-equilibrated with 150 mM
NaCl, 5 mM MgCl2, and 20 mM Tris at pH 8 for crystallography. The peaks corresponding to
Rab27A constructs were analysed by SDS-PAGE, pooled, concentrated and flash frozen using
liquid nitrogen. All Rab27A constructs containing exposed cysteines at C123 or C188 were
purified in buffer containing an additional 0.1% B-mercaptoethanol (BME) during Ni2*-NTA steps.

Protein labelling and purification

To a 15 mL falcon tube were added 600 uL of desired construct (100 uM stock), 100 uL of 50%
w/v TCEP-agarose beads (ThermoFisher), and 1.8 mL of 100 mM NaCl, 5 mM MgCl,, and
20 mM HEPES pH 8.0. 50 pL of ligand (50 mM stock) were diluted with 2.45 mL of 100 mM
NaCl, 5 mM MgClz, and 20 mM HEPES pH 8.0, followed by centrifugation (2400 rpm, 5 min).
The supernatant was added to the protein mixture and incubated at 4 °C. The reaction was
monitored as described in the QIT protocol (v. infra). When the labelling reached 90%, the
labelled protein solution was concentrated to 0.5 mL by using a Vivaspin 20 filter (5000 MWCO).
The protein was diluted with 4.5 mL of 100 mM NaCl, 5 mM MgCl,, and 20 mM HEPES pH 8.0
and concentrated again to 0.5 mL (5x), to remove excess compound, then purified by superdex
S-75 gel filtration at a flow rate of 1 mL/min in 150 mM NaCl, 5 mM MgClz, and 20 mM Tris at pH
8 for crystallography.



Protein crystallisation

Pure samples of fRab27A-C188 labelled with A01 and fRab27A-C123 labelled with BO1 were
concentrated to 15 mg/mL, in buffer containing 150 mM NaCl, 5 mM MgClz, and 20 mM Tris at
pH 8.0. Crystals were grown at 4 °C using the sitting-drop vapor-diffusion method with a mother
liquor containing 120 mM MgClz, 50 mM bis-Tris, and 15% 2-propanol, pH 6.8.

Crystal diffraction, data collection and data processing

Data collections were carried out at i02 beamline in Diamond Light Source (Oxford, UK) at 100K
of temperature, wavelength 0.9795 A, and using a Pilatus detector. Data were collected at 0.2°-
0.5° oscillations per image and 200° total oscillation per crystal. Data was integrated, scaled and
reduced using DIALS.® Initial phases were calculated using the molecular replacement program
Phaser.” The coordinates of Rab27A from chain A of the Rab27A-Slp2a complex (PDB:3BC1)
without the nucleotide and the magnesium ion were used as the search model. Subsequently,
the initial model generated by phaser was refined through an iterative cycle using COOT® and
REFMACS5.'° Final model structures were validated using the Molprobity server'' at
http://molprobity.biochem.duke.edu. All structure images were prepared using Pymol (DelLano
Scientific LLC, http://pymol.sourceforge.net/). X-ray data collection, processing and refinement
statistics are given in Table S1.

Molecular dynamics simulations

The Rab27A structure (PDB: 3BC1) was simulated with bound GTP and Mg?*. The structure
was parametrised using the latest CHARMMS36 force field*, solvated with Tip3p waters'? and
neutralised with Na* and CI- ions at a concentration of 150 mM. Temperature was coupled for
100 ps at 300 K with the V-rescale method,' with positional restraints on the protein heavy
atoms. Pressure was then coupled at 1 bar for another 100 ps with position restraints, using the
Berendsen algorithm.™ The Particle mesh Ewald method™ was used for electrostatic
interactions, and LINCS'® to define the constraints. The integration timestep was 2 fs. The final
production simulation was extended for 250 ns. The simulation and data analysis were carried
out using the GROMACS simulation package.'”

qIT assay for screening and hit validation

126 electrophilic acrylamides (see supplementary excel file) were screened in the qlT assay
adapted from Craven et al’®. Briefly, the reaction buffer (20 mM HEPES pH 8.0, 100 mM NaCl,
5 mM MgCl:) and quench buffer (20 mM HEPES pH 7.4, 100 mM NaCl, 5 mM MgClz) were
prepared, filtered, de-gassed, and re-gassed with Ar for 15 min on ice. Reaction setup: To each
well of a 96-well PCR plate (reaction plate), 8 uL of 50% w/v TCEP-agarose beads in reaction
buffer was added, followed by the addition of 92 L of 10.87 uM protein or glutathione (GSH). In
a separate 96-well PCR plate (ligand plate), 3 yL of DMSO or 50 mM ligand in DMSO was
added to 147 pL reaction buffer and centrifuged (1k rpm, 5 min, 4 °C). 100 uL of ligand solution
or DMSO control from the ligand plate was added to the reaction plate (final concentration: 5 uM
protein/GSH and 500 uM ligand). After mixing, the TCEP-agarose beads were pelleted by
centrifugation (1k rpm, 5 min, 4 °C) and the plate was kept at 4 °C.



At a series of time points (t = 0.25. 1, 2, 4, 7, 24, 48, 72, and 96 h), a 3 yL aliquot in duplicate
from the reaction plate was quenched in a black 384-well plate, in which each well was pre-filled
with 27 pL of 7-Diethylamino-3-(4'-Maleimidylphenyl)-4-Methylcoumarin (CPM) solution (1.4 uM
in quench buffer). The fluorescence plate was spun down (1k rpm, 1 min) and incubated for
60 min at room temperature and then fluorescence intensity (excitation/emission: 384/470 nm)
was measured on an EnVision™ plate reader.

Data analysis: All analyses were conducted using Prism 9.0 software (Graphpad). Each
fluorescence readout was normalized to the average of the DMSO controls. The normalized
fluorescence was plotted against time. A one phase exponential decay was fitted to each plot
(constraints: Y(0) > 0.8; 0 < plateau < 0.3; k > 0). Data from at least three independent assay
replicates were used to generate the graphs in Fig. S5.

qlT assay for Kinact/Ki determination

The kinact/Ki values were determined from data obtained performing the gIT assay at different
compound concentrations (eight 1:1.5 dilutions starting from 250 uM) at room temperature,
quenching at different time-points (t= 10, 20, 30, 60, 120, 180, 240, 360, 1440 min). Kinetic
curves of thiol labelling over time were used to estimate kqbs Values, which were then plotted
against inhibitor concentration. The resulting linear data were analysed by linear regression to
obtain kinac/K| values.

Peptide mass fingerprint analysis

5 ug labelled or unlabelled recombinant Rab27A construct were run on a 12% SDS-PAGE gel
and stained by Coomassie Blue. The expected band was excised and washed in 150 uL of 50%
v/v MeCN/H:20 for 5 min at rt, shaking. The supernatant was discarded, and the solid was
washed with 150 pL of 50% v/v. MeCN/50 mM NHsHCO3 for 30 min at rt, shaking. The
supernatant was discarded, and the solid was washed with 150 yL of 50% v/v MeCN/10 mM
NHsHCOs; for 30 min at rt, shaking. The supernatant was dried in vacuo for 30 min at 45 °C,
then 15 pL of Trypsin (20 pg/100 pL in 50 mM NH4HCOs) were added. After 10 min at rt, the
mixture was diluted with 15 pL of 10 mM NH4HCO3 and incubated overnight at 37 °C, shaking.
The supernatant was diluted 1:1 with a-Cyano-4-hydroxycinnamic acid (10 mg/mL in 50% v/v
MeCN/H20 with 0.1% TFA) and anlysed by MALDI-QTOF.



Chemical Synthesis

Abbreviations

DMF (dimethylformamide), EtOAc (ethyl acetate), FCC (flash column chromatography), rt (room
temperature), TFA (trifluoroacetic acid), THF (tetrahydrofuran), TLC (thin layer
chromatography)

General Information

All chemicals were purchased from Sigma-Aldrich, Apollo Scientific, Acros Organics, Alfa Aesar
and used without further purification unless otherwise indicated. All reactions were monitored by
thin layer chromatography (TLC) using UV for visualisation unless otherwise stated.
Compounds were purified using either an automated system using pre-packed silica cartridges
with UV detection or by manual columns using an appropriate solvent mixture as detailed. 'H
and 3C NMR spectra were recorded on 400 MHz and 101 MHz respectively Bruker AV
instruments at room temperature unless specified otherwise and were referenced to residual
solvent signals. Data are presented as follows: chemical shift in ppm, multiplicity (br = broad,
app = apparent, s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, m = multiplet),
coupling constants in Hz, integration, and rotameric conformation if applicable. High-resolution
mass spectrometry (HRMS) and intact mass spectrometry data were obtained by the Imperial
Mass Spectrometry facility. m/z values are reported in Daltons (Da) to the nearest 0.0001 Da.

Scheme S1. Synthesis of hit fragment A01
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tert-butyl (4-(4-methoxyphenyl)-4-oxobutyl)carbamate (1)

0]

/@)J\/\/NHBOC
~o

(4-Methoxyphenyl)magnesium bromide (0.5 M in THF, 24 mL, 12 mmol) was added dropwise
over 30 min at —78 °C to a stirred solution of tert-butyl 2-oxopyrrolidine-1-carboxylate (1.7 mL,
10 mmol) in THF (40 mL). The reaction was stirred for 1 h at =78 °C, then slowly warmed to rt
and stirred for 1 h before the pH was adjusted to 1-3 using 1 M HCI. The solution was
concentrated in vacuo, then diluted with CH2Cl2 (70 mL) and NaHCOs (70 mL), and the aqueous
layer extracted with CH2Cl> (3x 50 mL). The combined organic layers were dried over MgSQe.,
filtered, concentrated in vacuo. The crude product was purified by FCC (6%—60%
EtOAc/hexane) to give the title compound 1 as a white amorphous solid (2.7 g, 91%).

H NMR (400 MHz, CDCls) 5 7.95-7.92 (2H, m), 6.94-6.91 (2H, m), 4.67 (br, 1H, NH), 3.87 (3H,
s), 3.24-3.19 (2H, m), 2.97 (2H, , J = 7.2 Hz), 1.92 (2H, p, J = 7.0 Hz), 1.42 (9H, s) ppm

3C NMR (101 MHz, CDCls) d 198.5, 163.6, 156.2, 130.4, 130.1, 113.9, 79.3, 55.6, 40.4, 35.5,
28.5, 24.8 ppm

5-(4-methoxyphenyl)-3,4-dihydro-2H-pyrrole (2)

o
Ketone 1 (0.59 g, 2.0 mmol) was stirred in neat TFA (1.5 mL) at rt for 3.5 h. After the reaction
was complete by TLC, the mixture was cooled to 0 °C and 50% w/v NaOH solution was added
to the mixture until pH 13-14. The aqueous layer was extracted with CH>Cl, (3x 25 mL), then
the combined organic layers were dried over MgSQs, filtered, and concentrated in vacuo to
afford the title compound 2 as a white crystalline solid which was used without further
purification (0.34 g, 96%).

'H NMR (400 MHz, CDCls) & 7.82-7.78 (2H, m), 6.94-6.90 (2H, m), 4.04 (2H, tt, J = 7.3,
1.9 Hz), 3.84 (3H, s), 2.95-2.90 (2H, m), 2.06—1.99 (2H, m) ppm

3C NMR (101 MHz, CDCls) 5 172.9, 161.5, 129.4, 127.5, 113.9, 61.4, 55.5, 35.0, 22.8 ppm

HRMS (ES) m/z Calculated for C11H1sNO [M+H]* 176.1075, found 176.1080 (A 2.8 ppm)



2-(4-methoxyphenyl)pyrrolidine (3)

N
QFIH
>0

To a stirring solution of imide 2 (0.30 g, 1.7 mmol) in MeOH/H20 4:1 (2.0 mL) was added NaBH4
(78 mg, 2.0 mmol) and the reaction was stirred for 20 h at rt. Additional NaBHs (20 mg,
0.8 mmol) was added and the reaction was stirred until completion as monitored by TLC. The
reaction mixture was acidified with 1 M HCI to pH 1-3 and stirred for an additional 30 min, then
1M NaOH was added until pH 13-15. The aqueous layer was extracted with CHxCl»
(3x 10 mL). The combined organic layers were dried over MgSOQsy, filtered, and concentrated in
vacuo to give the title compound 3 as a yellow oil (81 mg, 95%), which was used without further
purification.

H NMR (400 MHz, CDCls) & 7.30-7.26 (2H, m), 6.87-6.84 (2H, m), 4.05 (1H, t, J = 7.8 Hz),
3.79 (3H, s), 3.19 (1H, ddd, J = 10.3, 7.8, 5.3 Hz), 2.98 (1H, ddd, J = 10.3, 8.4, 6.6 Hz), 2.24
(1H, br s), 2.18-2.11 (1H, m), 1.99-1.78 (2H, m), 1.72-1.59 (1H, m) ppm

3C NMR (100 MHz, CDCls) d 158.6, 136.6, 127.8, 113.9, 62.3, 55.4, 47.0, 34.3, 25.7 ppm

HRMS (ES) m/z Calculated for C11H1sNO [M+H]* 178.1232, found 178.1232 (A 0.0 ppm)

1-(2-(4-methoxyphenyl)pyrrolidin-1-yl)prop-2-en-1-one (A01)

To a stirred solution of amine 3 (89 mg, 0.50 mmol) and EtsN (0.10 mL, 0.75 mmol) in CHxCl,
(1.5 mL) at 0 °C was added acryloyl chloride (49 uL, 0.60 mmol) in CH2Cl> (0.50 mL) dropwise.
The reaction was allowed to warm to rt, stirred for 2 h, diluted with CH>Cl> (10 mL) and then
quenched by slow addition of NaHCOs (10 mL). The aqueous layer was extracted with CHxCl>
(2x 10 mL) then the combined organic layers were dried over MgSOs., filtered, and concentrated
in vacuo. Purification by FCC (12%—-100% EtOAc/hexanes) afforded the title compound A01 as
a clear, colourless oil (79 mg, 68%).

"H NMR (400 MHz, CDCls) Rotameric ratio maj:min 0.76:0.24; & 7.09-7.03 (2H, m), 6.86—6.79
(2H, m), 6.53 (1H, dd, J = 16.8, 10.3 Hz, min. rot.), 6.34 (1H, dd, J = 16.8, 2.1 Hz, maj. rot.),
6.29 (1H, dd, J = 16.8, 2.2 Hz, ma|. rot.), 6.12 (1H, dd, J = 16.7, 10.3 Hz, maj. rot.), 5.66 (1H,
dd, J = 10.3, 2.2 Hz, min. rot.), 5.44 (1H, dd, J = 10.2, 2.2 Hz, maj. rot.), 5.21 (1H, dd, J = 8.0,
3.2 Hz, min. rot.), 5.00 (1H, dd, J = 7.8, 2.0 Hz, ma,j. rot.), 3.83-3.78 (1H, m), 3.77 (38H, s, maj.
rot.), 3.74 (3H, s, min. rot.), 3.72-3.65 (1H, m), 2.38-2.18 (1H, m), 2.01-1.80 (3H, m) ppm



3C NMR (100 MHz, CDCl3) d 165.4 (maj. rot.), 164.4 (min. rot.), 158.8 (maj. rot.), 158.4 (min.
rot.), 135.4 (maj. rot.), 135.0 (min. rot.), 129.0 (maj. rot.), 128.8 (min. rot.), 128.0 (min. rot.),
127.4 (maj. rot.), 126.7 (min. rot.), 126.6 (maj. rot.), 114.1 (maj. rot.), 113.9 (min. rot.), 60.8 (maj.
rot.), 60.2 (min. rot.), 55.3, 47.6 (min. rot.), 47.1 (maj. rot.), 36.4 (maj. rot.), 34.0 (min. rot.), 23.9
(min. rot.), 21.6 (maj. rot.) ppm

HRMS (ES) m/z Calculated for C14H1sNO» [M+H]* 232.1338, found 232.1340 (A 0.9 ppm)

Scheme S2. Synthesis of hit fragment BO1
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2-nitro-N-(2-(pyridin-2-yl)ethyl)aniline (4)

H

N N
L0

NO, 7

1-Fluoro-2-nitrobenzene (0.42 mL, 4.0 mmol), 2-(2-aminoethyl)pyridine (0.48 mL, 4.0 mmol) and
K2COs (1.1 g, 8.0 mmol) were dissolved in DMF (10 mL) and stirred at rt for 24 h. The reaction
mixture was then diluted with EtOAc (50 mL) and NaHCOs (50 mL). The aqueous layer was
extracted with EtOAc (3x 50 mL), then the combined organic layers were washed with 5% LiCl
(30 mL) and brine (30 mL), dried over MgSOQOu, filtered and concentrated in vacuo. Purification by



FCC (12%—-100% EtOAc/hexane) afforded the title compound 4 as a bright orange oil (0.83 g,
86%).

H NMR (400 MHz, CDCls) & 8.58 (1H, ddd, J = 4.9, 1.8, 0.9 Hz), 8.29 (1H, br s, NH), 8.12 (1H,
dd, J=8.7, 1.7 Hz), 7.61 (1H, dt, J= 7.7, 1.8 Hz), 7.40 (1H, ddd, J = 8.6, 7.0, 1.6 Hz), 7.20 (1H,
d, J=7.7 Hz), 7.15 (1H, ddd, J = 7.5, 4.9, 1.1 Hz), 6.90 (1H, d, J = 8.5 Hz), 6.60 (1H, ddd, J =
8.5, 6.9, 1.2 Hz), 3.73 (2H, dt, J = 6.8, 5.3 Hz), 3.17 (2H, t, J = 6.8 Hz) ppm

13C NMR (101 MHz, CDCls) & 158.5, 149.8, 145.4, 136.8, 136.3, 132.0, 126.9, 123.5, 121.9,
115.3, 113.8, 42.7, 37.3 ppm

HRMS (ES) m/z Calculated for C13H14N3O> [M+H]* 244.1086, found 244.1090 (A 1.6 ppm)

N'-(2-(pyridin-2-yl)ethyl)benzene-1,2-diamine (5)

H
N N
SR
NH» =
Pyridine 4 (0.65 mg, 2.7 mmol) was dissolved in MeOH (6.0 mL) and Pd/C (10%, 65.0 mg) was
added. The reaction mixture was degassed and flushed with H; three times, then stirred at rt

until reaction was complete by TLC. The reaction was filtered through celite to afford the title
compound 5 as a dark brown oil (0.56 g, 98%), which was used without further purification.

H NMR (400 MHz, CDCls) & 8.57 (1H, d, J = 4.6 Hz), 7.60 (1H, t, J = 7.7 Hz), 7.18 (1H, d, J =
7.8 Hz), 7.14 (1H, t, J = 6.2 Hz), 6.85-6.81 (1H, m), 6.73 (1H, d, J = 7.9 Hz), 6.71-6.66 (2H, m),
3.64 (3H, br), 3.53 (2H, t, J = 6.7 Hz), 3.14 (2H, t, J = 6.7 Hz) ppm

13C NMR (101 MHz, CDCls) & 159.9, 149.3, 137.4, 136.5, 134.6, 123.3, 121.5, 120.4, 118.7,
116.2, 112.0, 44.0, 37.5 ppm

HRMS (ES) m/z Calculated for C13H1sNs [M+H]* 214.1344, found 214.1346 (A 0.2 ppm)
1-(2-(pyridin-2-yl)ethyl)-1 H-benzo[d]imidazol-2-amine (6)

N
(L
N

N
4 \



Aniline 5 (0.57 mg, 2.7 mmol) was dissolved in MeOH (20 mL), then cyanogen bromide (0.60 g,
4.0 mmol) was added to the solution. The reaction was stirred at rt for 2h, and then
concentrated in vacuo. The residue was diluted with EtOAc (60 mL) and 1 M NaOH (50 mL),
and the aqueous layer extracted with EtOAc (3x 60 mL). The combined organic layers were
washed with brine (50 mL), dried over Na>SQs, filtered and concentrated in vacuo. Purification
by FCC (5% MeOH/CH2Cl2, 0.5% NH4sOH) afforded the title compound 6 as a purple-grey
powder (0.46 ¢, 73%).

Rr0.39 (10% MeOH/CH:Cl2, 0.5% NH4OH)

H NMR (400 MHz, CDCls) & 8.54 (1H, ddd, J = 4.9, 1.6, 0.7 Hz), 7.51 (1H, dt, J = 7.7, 1.8 Hz),
7.36 (1H, m), 7.16-7.03 (4H, m), 6.98 (1H, d, J = 7.9 Hz), 5.41 (2H, br), 4.48 (2H, 1, J = 6.0 Hz),
3.32 (2H, 1, J = 6.1 Hz) ppm

3C NMR (101 MHz, CDCls) d 157.4, 154.5, 149.0, 141.8, 137.1, 134.1, 124.4, 122.3, 121.6,
119.7, 116.2, 107.5, 40.7, 36.6 ppm

HRMS (ES) m/z Calculated for C1aH1sNs [M+H]* 239.1297, found 239.1297 (A 0.0 ppm)

N-(1-(2-(pyridin-2-yl)ethyl)-1H-benzo[ d]imidazol-2-yl)acrylamide (B01)
0]
\ M
o
N
N
4 \

Acroy! chloride (31 uL, 0.39 mmol) was dissolved in CHxCl> (1.0 mL) and the resulting solution
was added dropwise to a stirring solution of benzimidazole 6 (92 mg, 0.39 mmol) and EtsN
(81 pL, 0.58 mmol) in CHxCl> (1.0 mL) at 0 °C. The reaction was then allowed to warm to rt,
stirred for 2 h, diluted with CH2Cl2 (10 mL) and then quenched by addition of NaHCOs (10 mL).
The aqueous layer was extracted with CH2Cl> (3x 10 mL), then the combined organic layers
were dried over MgSOQs, filtered, and concentrated in vacuo. Purification by FCC (25%—-100%
EtOAc/hexane) afforded the title compound as a white solid (9.6 mg, 10%).

H NMR (400 MHz, CDCls) & 12.30 (s, 1H), 8.58 (ddd, J = 4.9, 1.9, 0.9 Hz, 1H), 7.51 (td, J = 7.7,
1.9 Hz, 1H), 7.31-7.25 (m, 1H), 7.21=7.10 (m, 4H), 7.06 (dt, J = 7.8, 1.1 Hz, 1H), 6.47 (d, J =
6.0 Hz, 2H), 5.76-5.64 (m, 1H), 4.59 (dd, J = 7.6, 6.7 Hz, 2H), 3.33 (t, J = 7.1 Hz, 2H) ppm

3C NMR (101 MHz, CDCls) d 176.5, 158.0, 153.5, 149.5, 137.1, 136.5, 129.6, 126.0, 123.7,
122.9,122.8,121.9, 111.2, 109.4, 42.0, 36.7 ppm

HRMS (ES) m/z Calculated for C1oH1sNs [M+H]* 215.1297, found 215.1297 (A 0.0 ppm)



NMR spectra for A0O1 and BO1
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