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Protein expression and purification methods
Production of bromodomain proteins was carried out as previously described'. TR-FRET assay conditions

have been reported previously.” >

Synthesis of biotinylated probes for TR-FRET assays. The synthesis and characterization of

biotinylated probe molecules has been previously reported.?

Cell-based assay

The bromodomain chromatin-release (“dot”) assay has been described previously for the CBP
bromodomain. * Briefly, a cell line derived from U208, U20S-C433, expressing a ZsGreen fluorescence
tag fused to a nuclear localization signal sequence (MDPKKKRKVDPKKRKVDPKKKRKYV) followed
by CECR2 bromodomain (M404-H515), was used to visualize the localization of the bromodomain. In
the absence of target engagement, the fluorescence signal is seen in the nucleus and is diffuse. Addition of
inhibitor results in the formation of large nuclear puncta (“dots”) that are quantified and converted to

compound ECs, values as previously described.”
Crystallography methods

Crystals of the CECR2 ligand complex were grown by vapor diffusion with a precipitant solution of 1.5
M lithium sulfate and 0.1 M Tris-HCI pH 8.5 combined with protein solution at a ratio of 4:3. Protein
concentration was 21.5 mg/mL with final ligand concentration at 2 mM. Crystals grew after 3—4 weeks
of incubation at 4 °C. Data were collected at the Advanced Photon Source (APS beamline: SER-CAT
22BM) at a wavelength of 1.00 A. Crystals were dipped in a 1:1 mixture of paratone and paraffin oil prior
to flash cooling in liquid nitrogen. The data were integrated and scaled to 2.7 A resolution with
HKL.2000° and determined to be of space group 1222 (Table 1). The initial structure was determined by

the molecular replacement method using PHASER®, using an internal bromodomain structure as a search
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model. The model was adjusted using COOT’, and the final refinement was performed with BUSTER®’

to an Rge. value of 22.2% and included four protein molecules per asymmetric unit.

Table S1. Crystallographic data collection and refinement statistics for Compound 6
bound to CECR2 [PDB 5V§84].

Data Collection
Wavelength (A) 1.0
Resolution range* 50.0-2.70 (2.8 -2.7)
Space group 1222
Unit cell (a,b,c,a.,p,y) 101.18 116.49 132.93 90 90 90
Total reflections 133,846
Unique reflections 21,604 (2117)
Multiplicity 6.2 (6.2)
Completeness (%) 99 (100)
Mean I/sigma(I) 16.3 (2.4)
Wilson B-factor 72.8
Rmerge 0.07 (052)
Refinement
Resolution 43.8-2.7(2.83 -2.7)
Reflections used in refinement 21,595 (1,900)
Ryork/ Riree (%0) 20.6/22.2 (24.4/25.7)
Number of non-hydrogen atoms 3,521
macromolecules 3,359
ligands 138
solvent 24
Protein residues 406
RMS(bonds) 0.010
RMS(angles) 0.96
Ramachandran favored (%) 97
Ramachandran allowed (%) 2.5
Ramachandran outliers (%) 0
Rotamer outliers (%) 6.4
Clashscore 13.70
Average B-factor 84.34
macromolecules 78.30
ligands 78.49
solvent 61.95
Number of TLS groups 16

*Statistics for the highest-resolution shell are shown in parentheses.
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Figure S1. Comparison of the Compound 6 structure with Apo structure residues Phe459, Tyr520,
Met506 in red. Compound 6 is shown as green sticks and H-bond interactions are represented as black

dashes.
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Table S2. TR-FRET assay data for compounds Tables 1 and 2 including standard deviations.

Compound CECR2 BRD4(1) BRD4(2) BRD9 TAF1(2)
ICso (uM)

2 0.78+0.3 >20 17.2+0.7 >20 6.1+0.6

3 0.50+0.04 >20 19.2+04 17.8+2 8.4+0.2

4 0.33+0.06 >20 6.1+0.5 1111 3.6+0.5

5 0.50+0.01 >20 >20 >20 16.1+0.3

6 0.20 £ 0.02 >20 >20 3.5+0.0 16.5+0.4

7 0.19 £ 0.02 >20 >20 44+0.1 11.9+2
Compound CECR2 BRD4(1) BRD9 TAF1(2)

1Cso (UM)

8 0.2410.1 >20 5+0.3 2.1+0.6
9 0.2+0.06 >20 11.4+0.3 3.4+0.8
10 0.13+0.02 >20 8.5+0.2 2.8+0.5
11 0.083 £0.02 >20 6.1+£0.7 1.8+0.2
12 0.055 £ 0.004 >20 5.7+0.8 2.8+0.3
13 0.071+0.01 >20 58+1 2.7+0.3
14 0.093 £ 0.02 >20 7.6+0.7 5.1+0.5
15 0.052 £+ 0.001 >20 3.5+0.2 3.3+0.3
16 0.059 £ 0.002 >20 69+%1 3.4+04
17 0.045 £ 0.02 >20 3.31£0.3 2.5+0.6
18 0.046 £ 0.001 >20 1.7+0.2 24104
19 0.044 £ 0.02 >20 1.5+0.2 25+0.8
20 0.045 +0.01 >20 2604 2604
21 0.016 £ 0.002 >20 1.6+0.1 1.4+0.1
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2.5 pM Compound 21

Figure S2. Displacement of a CECR2 ZsGreen fusion protein from chromatin. Control cells in DMSO in

Figure S1A, and aggregate dots resulting from displacement highlighted in Figure S1B.
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Figure S3. Representative dose-response curve for compound 21 in CECR2 dot assay.
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Table S3. CECR2 dot assay data for 6 replicate experiments (A-F), measuring the percent

activation observed at 10 concentrations for compound 21 (ECso= 370 nM).

Percent activation

Conc (uM)
of compd A B C D E F
21
40 100.1 96.2 99.9 88.0 100.0 101.4
20 111.0 106.9 97.6 91.8 102.2 107.1
10 97.7 89.6 87.6 92.3 106.5
5 102.0 108.5 102.4 99.3 105.1 105.5
2.5 99.2 99.2 86.4 87.5 93.3 99.2
1.25 74.4 81.4 744 86.6 95.6 87.7
0.625 63.2 62.9 56.3 62.7 448 65.8
0.315 48.0 45.5 6.1 -1.9 -0.3 -0.4
0.16 9.7 10.6 -5.1 -7.7 -0.2 0.2
0.08 0.4 -0.4 0.1 -2.5 -0.3 0.7
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Figure S4. BROMOscan data for GNE-886. Kd values are the average of 2 independent experiments.

S8



Table S3. BROMOscan®™ bromodomain selectivity data for compound 21 (GNE-886) provided by

DiscoveRx Corp., Fremont, CA, USA, http://www.discoverx.com. This screen measured binding

competition against immobilized ligands for 40 DNA-tagged bromodomains. Compound Kd values are an

average of 2 independent experiments.

Target GNE-886 Target GNE-886 Target GNE-886
Gene Kd(hM) | BRD4(2) >10000 FALZ >10000
Symbol
BRDA4(full-

ATAD2A | >10000 | lengthshort- |  >10000 GCN5L2 | >10000

iS0.)

ATAD2B | >10000 BRD7 1100 PBRML1(2) | >10000
BAZ2A | >10000 BRDS(1) >10000 | PBRM1(5) | >10000
BAZ2B | >10000 BRDS(2) >10000 PCAF >10000
BRD1 >10000 BRD9 2000 SMARCA2 | >10000

BRD2(1) | >10000 BRDT(1) >10000 | SMARCA4 | >10000

BRD2(1,2) | >10000 | BRDT(1,2) >10000 TAF1(2) 620

BRD2(2) 5300 BRDT(2) >10000 TAFIL(2) | 2400

BRD3(1) | >10000 BRPF1 >10000 TR(')'\r:(z)‘;(Br >10000

BRD3(1,2) | >10000 BRPF3 >10000 | TRIM24(PHI ) 6000

D,Bromo.)
BRD3(2) 4900 CECR?2 42 TRIM33(PH| 1 5000
D,Bromo.)
BRD4(1) | >10000 | CREBBP >10000 WDRY9(2) | >10000
BRD4(1,2) | >10000 EP300 >10000

S9


http://www.discoverx.com/

Table S4: Kinase selectivity data for Compound 21 (GNE-886). Invitrogen panel of 35 kinases,

percent inhibition at 1.0 uM.

Kinase GNE-886 Kinase GNE-886
@1.0uM @1.0uM
AKT1 2.5 MAP4KA4 6.5
Abl 9 MEK1 3.5
Aurora_B 1 MST3 3
CDK2/cyclinA 0.5 MYLK3(caMLCK) 1.5
CDK5/p25 -1.5 Mink1 10
CHK1 10.5 MuSK 1.5
CLK2 6.5 PIM1 2.5
CSF1R 6 PKA 1.5
DMPK 0.5 PLK1 -2
EphAl 3.5 RIPK2 -0.5
FIt3 2.5 RSK3 4.5
GSK3_ beta 3.5 Ret 1
IRAK4 11.5 SIK2 0.5
InsR 3.5 Src 3
JAK1 -5 TGFBR1 3
JNK1 alphal 9.5 TrkA 11.5
Lck 18.5 Yes 4
p38_alpha(direct) 3
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Chemistry Methods. All solvents and reagents were used as obtained. NMR analysis
performed in a deuterated solvent with a Varian Avance 300-MHz or Bruker Avance 400- or
500-MHz NMR spectrometers, referenced to trimethylsilane (TMS). Chemical shifts are
expressed as & units using TMS as the external standard (in NMR description, s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, and br = broad peak). All coupling constants (/)
are reported in Hertz. Mass spectra were measured with a Finnigan SSQ710C spectrometer using
an ESI source coupled to a Waters 600MS high performance liquid chromatography (HPLC)
system operating in reverse-phase mode with an X-bridge Phenyl column of dimensions 150 mm
by 2.6 mm, with 5 um sized particles. Preparatory-scale silica gel chromatography was
performed using medium-pressure liquid chromatography (MPLC) on a CombiFlash Companion
(Teledyne ISCO) with RediSep normal phase silica gel (35—60 um) columns and UV detection at
254 nm. Reverse-phase (HPLC) was used to purify compounds as needed by elution from a
Phenomenex Gemini-NX C18 column (20.2 x 50 mm, 5 um) as stationary phase using mobile
phase indicated, and operating at a 35 mL/min flow rate on a Waters 3100 mass-directed prep
instrument. Chiral separation was performed on a Thar 80 prep SFC with ChiralCel OD-H
column (250 x 30 mm, 5 um) as stationary phase using mobile phase as indicated, and operating
at a 40 mL/min flow rate. Chemical purities were >95% for all final compounds as assessed by
LC/MS analysis. The following analytical methods were used to determine chemical purity of
final compounds: 1) HPLC-Agilent 1200, water with 0.05% TFA, acetonitrile with 0.05% TFA
(buffer B), Agilent SB-C18, 1.8 uM, 2.1 x 30 mm, 25 °C, 3-95% buffer B in 8.5 min, 95% in 2.5
min, 400 puL/min, 220 nm and 254 nm, equipped with Agilent quadrupole 6140, ESI positive,

90-1300 amu. 2) Chrial SFC, ChiralCel AD-H column, 150 x 4.6 mm, 5 um, CO, mobile phase
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A, with methanol with 0.05% diethylamine (mobile phase buffer B), 40 °C, 40% buffer B 2.35
mL/min.

Scheme S1. Synthesis of carboxylic acid Intermediate 25.

(o) o
Ts H
/ Pd(dppf)Cl,, CO - N
HN | N Et;N, MeOH Cs,CO3, Mel N I
A / . Dioxane N
Br HO (o)
23 24 25

Compound 23. methyl 7-oxo-1-(p-tolylsulfonyl)-6H-pyrrolo[2,3-c]pyridine-4-carboxylate

[1,1'-bis(diphenylphosphino)ferrocene]palladium(ll) dichloride (5.0 g, 8.5 mmol) was added to a
mixture of 4-bromo-1-(p-tolylsulfonyl)-6H-pyrrolo[2,3-c]pyridin-7-one’(10.0 g, 27.3 mmol),
EtsN (20.0 mL, 143.5 mmol) in methanol (1 L). After addition, the mixture was stirred under CO
atmosphere (50 psi) at 80 °C for 24 h, at which time TLC (petroleum ether :ethyl acetate=1:1)
showed the completion of the reaction. The resulting mixture was concentrated under reduced
pressure and the residue was purified by flash column (petroleum ether : ethyl acetate=5:1 to 3:1)
to give the title compound (Intermediate B) (7.5 g, 79.5% yield) as a brown solid. *H NMR (400
MHz, DMSO-d6): § 11.79 (s, 1 H), 8.03 (d, J = 3.6 Hz, 1 H), 7.88 (d, J = 8.4 Hz, 2 H), 7.80 (s, 1

H),7.37 (d, J = 8.0 Hz, 2 H), 7.05 (d, J = 3.2 Hz, 1 H), 3.77 (s, 3 H), 2.33 (s, 3 H).
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Compound  24. methyl  6-methyl-7-oxo-1-(p-tolylsulfonyl)pyrrolo[2,3-c]pyridine-4-

carboxylate

Methyl iodide (18.1 g, 127.24 mmol) was added dropwise to a stirred solution of methyl 7-oxo-
1-(p-tolylsulfonyl)-6H-pyrrolo[2,3-c]pyridine-4-carboxylate (11.6 g, 33.49 mmol) and Cs,CO;
(13.1 g, 40.18 mmol) in dioxane (230 mL). After addition, the resulting mixture was stirred at
room temperature for 4 hr, at which time TLC indicated the reaction was completed. The solid
was removed by filtration and the filtrate was concentrated. The residue was dissolved in ethyl
acetate (250 mL) and washed with water (50 mL x 2). The organic layer was dried over sodium
sulfate and concentrated under reduced pressure to give the title compound (11.0 g, 91.1% yield)
as a white solid. This crude was used into next step without further purification. LCMS m/z
(M+H) 360.9.
Intermediate 25. 6-methyl-7-0xo-1H-pyrrolo[2,3-c]pyridine-4-carboxylic acid
o
AR
s

HO™ ~O
Sodium hydroxide (6.0 g, 150.0 mmol) was added in portions to a stirred solution of methyl 6-
methyl-7-oxo-1-(p-tolylsulfonyl)pyrrolo[2,3-c]pyridine-4-carboxylate (12.0 g, 33.3 mmol) in
methanol/water (260/30 mL). After addition, the mixture was stirred at 80 °C for 2 h, at which
time LCMS indicated the reaction had gone to completion. After cooling, the mixture was
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concentrated under reduced pressure. The residue was dissolved in water (30 mL) and the
aqueous solution was acidified to pH 3-4 using 5 N hydrochloric acid. The resulting precipitate
was collected by filtration, washed with water, and dried under reduced pressure to give the title
compound (Intermediate C) (4.3 g, 67.2% yield) as a brown solid. This crude material was used
in the next step without further treatment. LCMS m/z (M+H) 192.8.

Intermediate 26. 6-allyl-7-oxo-1H-pyrrolo[2,3-c]pyridine-4-carboxylic acid

HO™ ~O
Intermediate 26 was prepared in a similar fashion as Intermediate 25, utilizing allyl bromide as
alkylating agent and potassium carbonate as base, (4.04 g, 91% vyield over 2 steps). LCMS m/z

(M+H) 240.1, 219.3

Scheme S2. Synthesis of carboxylic acid Intermediate 33.

Cl OMe /I\ OMe H o H
N N
NI N2 yeoNal MeoH NI N NO2 MgBr Nl XN TMSCI, KI HN | N
> [ >
= = THF P ACN/ H,0, 75 °C X /
Br Br Br Br
27 28 29 30
Pd(dppf)CI H Allyl bromid N i N i H
2 y romiade, \/\ N

CO,TEA HN N K,CO, N | NaoH =~ N N
T T e | p [ X Y/, | p

MeOH N DMF MeOH, H,0 X

0% “OMe O~ "OMe 07 OH

31
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Compound 28. 5-bromo-2-methoxy-3-nitropyridine

OMe

NS N0

|/

Br
Sodium methoxide (17.2 g, 318.4 mmol) was added to a stirred solution of 5-bromo-2-chloro-3-
nitropyridine (15.0 g, 64.2 mmol) in methanol (125 mL). After addition, the reaction mixture
was heated at reflux for 2 h. The mixture was concentrated under reduced pressure, and the
residue was diluted with water (200 mL). The resulting precipitate was collected by filtration,
washed with water, and dried under reduced pressure to give the title compound (12.0 g, 81.5%
yield) as a brown solid. *H NMR (400MHz, CDCls):  8.43 (d, J = 2.4 Hz, 1 H), 8.38 (d, J = 2.0
Hz, 1 H), 4.09 (s, 3 H).
Compound 29. 4-bromo-7-methoxy-2-methyl-1H-pyrrolo[2,3-c]pyridine

OMe

2T

N
L
Br
Isopropenyl magnesium bromide (0.5 M in THF, 105.0 mL, 55.0 mmol) was added dropwise to a
stirred and cooled (-78°C) solution of 5-bromo-2-methoxy-3-nitropyridine (4.0 g, 17.1 mmol) in
THF (40 mL). After addition, the resulting mixture was allowed to warm to room temperature
gradually and stirred for an additional 3 h. The reaction mixture was quenched by addition of 1
M aqueous ammonium chloride (150 mL), and then extracted with ethyl acetate (3 x 100 mL).

The combined organic extracts were dried over sodium sulfate and concentrated under reduced

pressure. The residue was purified by silica gel chromatography (petroleum ether : ethyl acetate
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= 10:1) to give the title compound (1.65 g, 39.9% yield) as brown oil. LCMS m/z (M+H) 240.1,
242.1.
Compound 30. 4-bromo-2-methyl-1,6-dihydropyrrolo[2,3-c]pyridin-7-one
o
H
HN N
S Y
Br
Hydrogen bromide (40% aqueous, 20 mL) was added to a solution of 4-bromo-7-methoxy-2-
methyl-1H-pyrrolo[2,3-c]pyridine (1.65 g, 6.8 mmol) in ethanol (10 mL). After addition, the
reaction mixture was heated at 90°C for 15 h, at which time TLC indicated the reaction had gone
to completion. The mixture was cooled to 0 °C and the resulting solid was collected by filtration.
This solid was washed with water and dried to give title compound (Intermediate B, 0.9 g, 57.9%

yield) as a brown solid. *H NMR (400MHz, DMSO-d6): & 12.06 (s, 1 H), 11.00 (s, 1 H), 7.03 (s,

1 H),5.97 (s, 1 H), 2.29 (s, 3 H). LCMS m/z (M+H) 226.8, 228.8

Compound 31. Methyl 2-methyl-7-ox0-6,7-dihydro-1H-pyrrolo[2,3-c]pyridine-4-

carboxylate

o)
H

HN | N

S /
o” o~

A mixture of 4-bromo-2-methyl-1H-pyrrolo[2,3-c]pyridin-7(6H)-one (Intermediate E) (9.0 g,
39.6 mmol), EtsN (15 ml, 107.6 mmol) and Pd(dppf)Cl, (2.4 g, 3.3 mmol) in methanol (1.0 L)
was heated at 80 °C under CO atmosphere (50 psi) for 18 h, at which time LCMS showed the

completion of the reaction. After cooled, the solvent was evaporated under reduced pressure.
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The residue was diluted with water (150 mL) and the resulting precipitate was collected by
filtration. The solid was washed with water (10 mL x 2), isopropanol (10 mL x 2) and dried to
give the title compound (5.0 g, 61% yield) as a white solid. *H NMR (400 MHz, DMSO-dg) &
11.94 (s, 1 H), 11.32 (s, 1 H), 7.63 (d, J = 6.4, 1 H), 6.44 (s, 1 H), 3.76 (s, 3 H), 2.30 (s, 3 H).

LCMS m/z (M+H) 207.0.

Intermediate 33. 6-allyl-2-methyl-7-0x0-6,7-dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxylic acid

To a solution of methyl 2-methyl-7-0x0-6,7-dihydro-1H-pyrrolo[2,3-c]pyridine-4- carboxylate
(10.0 g, 48.5 mmol) in DMF (100 mL) was added K,COj3 (20.1 g, 145.0 mmol) and allyl
bromide (5.9 g, 48.5 mmol). After addition, the mixture was stirred at ambient temperature for
12 h, at which time LCMS showed the completion of the reaction. The reaction mixture was
diluted with ice-water (200 mL). The resulting precipitate was collected by filtration, washed
with water and dried.

A suspension of the above crude product in methanol (150 mL) and was added KOH (10.9 g,
194 mmol) in water (50 mL). The mixture was heated at 50 °C for 4 h, at which time LCMS
showed the completion of the reaction. Methanol was evaporated under reduced pressure, and
the aqueous solution was acidified by adding 2M HCI to pH 2. The resulting precipitate was
collected by filtration and dried to give the title compound (10.2 g, 91% vyield) as a grey solid. *H
NMR (400 MHz, DMSO-dg) & 12.51 (s, 1H), 12.04-11.89 (m, 1H), 7.93 (s, 1H), 6.48 (dd, J = 2.4
Hz, 1H), 5.98 (ddt, J = 17.2, 10.6, 5.4 Hz, 1H), 5.23 — 5.13 (m, 1H), 5.07 (ddt, J = 17.1, 1.7, 1.7

Hz , 1H), 4.68 (dt, J = 5.7, 1.7 Hz, 2H), 2.34 (s, 3H). LCMS m/z (M+H) 233.3
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Compound 1. 6-methyl-N-(1-methyl-4-piperidyl)-7-oxo-1H-pyrrolo[2,3-c]pyridine-4-

carboxamide

To a solution of 6-methyl-7-oxo-1H-pyrrolo[2,3-c]pyridine-4-carboxylic acid (30 mg, 0.156
mmol, 1.0 equiv) in DMF (1.0 mL) was added N1,N1-dimethylcyclohexane-1,4-diamine
dihydrochloride (18.7 mg, 0.187 mmol, 1.2 equiv), HATU (78 mg, 0.203 mmol, 1.3 equiv) and
N,N-diisopropylethylamine (110 uL, 0.624 mmol, 4.0 equiv). Reaction was stirred at room
temperature for 16 hr. The reaction mixture was concentrated under vacuum and the crude
product was purified by Prep-HPLC (Column, Gemini C18 100x30 mm; mobile phase,
CH3CN:NH40H/H20 (10 mmol/L) = 5%-85%, 10min; flow rate, 70 mL/min; Detector, UV 254
nm) to give 21.7 mg (44%) of N-[4-(dimethylamino)cyclohexyl]-6-methyl-7-oxo-1H-
pyrrolo[2,3-c]pyridine-4-carboxamide as an off white solid. *H NMR (400 MHz, DMSO0-d6) &
12.03 (s, 1H), 7.81 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.30 (s, 1H), 6.68 (dd, J = 2.9, 1.2 Hz, 1H),
3.77 — 3.63 (M, 1H), 3.55 (s, 3H), 2.75 (d, J = 11.7 Hz, 2H), 2.16 (s, 3H), 2.00 — 1.89 (m, 2H),

1.78 (d, J = 12.5 Hz, 2H), 1.62 — 1.47 (m, 2H). LCMS m/z (M+H) 289

The following compounds were prepared in a similar manner as compound 1.

S18



Compound 2. N,6-dimethyl-N-(1-methyl-4-piperidyl)-7-oxo-1H-pyrrolo[2,3-c]pyridine-4-
carboxamide, 13 mg (30%). *H NMR (400 MHz, DMSO-dg) § 12.11 (s, 1H), 7.36 (s, 1H), 7.31
(d, J = 2.6 Hz, 1H), 6.18 (d, J = 2.7 Hz, 1H), 3.95 (s, 1H), 3.52 (s, 3H), 2.84 — 2.76 (m, 5H), 2.12
(s, 3H), 1.85 — 1.73 (M, 4H), 1.61 — 1.54 (m, 2H). LCMS m/z (M+H) 303.2

Compound 3. N-(1-isopropyl-4-piperidyl)-N,6-dimethyl-7-oxo-1H-pyrrolo[2,3-c]pyridine-4-
carboxamide, 21 mg (41% yield). *H NMR (400 MHz, DMSO-d6) & 12.11 (s, 1H), 7.36 (s, 1H),
7.32 (t,J = 2.7 Hz, 1H), 6.21 — 6.15 (m, 1H), 3.93 (s, 1H), 3.52 (s, 3H), 2.85 — 2.77 (m, 5H), 2.66
(p, J = 6.6 Hz, 1H), 2.10 — 2.02 (m, 2H), 1.81 — 1.66 (m, 2H), 1.65 — 1.57 (m, 2H), 0.92 (d, J =

6.5 Hz, 6H). LCMS m/z (M+H) 331.2

Compound 4. N,6-dimethyl-7-oxo-N-[1-(1-phenylethyl)-4-piperidyl]-1H-pyrrolo[2,3-

c]pyridine-4-carboxamide

Step 1: N-methyl-1-(1-phenylethyl)piperidin-4-amine dihydrochloride
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cl
- CIX ~H
N H

%
To a 40 mL vial was added 1-bromoethylbenzene (475 mg, 2.6 mmol) tert-butyl N-methyl-N-(4-
piperidyl)carbamate (500 mg, 2.3 mmol), acetonitrile (4 mL), and N,N-diisopropylethylamine
(2.2 mL 7.0 mmol). The reaction was capped and shaken at 80°C overnight. The reaction was
cooled to room temperature, then extracted with ethyl acetate/water. The organic phase was
concentrated under reduced pressure. The crude product was then taken up in 10 mL methanol,
and 10 mL of 4M HCI in dioxane was added. The reaction was stirred for 1h. The resulting

precipitate was collected by filtration, and washed 2x with ethyl acetate, yielding desired product

as a white solid (510 mg, 75% over two steps). LCMS m/z (M+H) 219.3

Step 2: N,6-dimethyl-7-oxo-N-[1-(1-phenylethyl)-4-piperidyl]-1H-pyrrolo[2,3-c]pyridine-4-

carboxamide
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Compound 4 was prepared in a similar manner to compound 1, utilizing Int 25 and N-methyl-1-
(1-phenylethyl)piperidin-4-amine dihydrochloride from step 1, 71 mg (53% vyield). LCMS m/z

(M+H) 393.3

Compound 5 was prepared in a similar manner to compound 1, utilizing Int 26 and N-methyl-1-
(1-phenylethyl)piperidin-4-amine dihydrochloride from step 1, 87 mg (60% vyield). *H NMR
(400 MHz, DMSO-d6) & 7.41 — 7.12 (m, 7H), 6.16 (d, J = 2.7 Hz, 1H), 3.51 (s, 3H), 3.48 — 3.37

(m, 1H), 3.09 — 2.59 (m, 4H), 1.94 — 1.59 (m, 6H), 1.33 — 1.23 (M, 3H). LCMS m/z (M+H) 419.4

Compounds 6 & 7.

H H
s YV
“N"So N0
Compound 6 Compound 7
Peak 1 Peak 2

The racemic mixture was prepared in a similar manner to compound 1, utilizing Int 33 and N-
methyl-1-(1-phenylethyl)piperidin-4-amine dihydrochloride from step 1. The racemate was then
separated by SFC (SFC80; Chiralpak OD 250 X 30 mm 1.D., 5um; Supercritical CO, /

MeOH+NH3.H,0= 60/40; 40 ml/min, 100 bars, 40 °C) to give yield purified enantiomers:
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Compound 6 (Peak 1): 6-allyl-N,2-dimethyl-7-oxo-N-(1-(1-phenylethyl)piperidin-4-yl)-6,7-
dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (19.2 mg, 7%) as white solid. 'H NMR (400
MHz, 340K, DMSO-dg) § 11.67 (s, 1H), 7.35 — 7.25 (m, 4H), 7.25 — 7.17 (m, 1H), 7.12 (s, 1H),
6.01 —5.86 (m, 2H), 5.11 (ddt, J = 10.3, 1.5, 1.5 Hz, 1H), 5.02 (ddt, J = 17.1, 1.6, 1.6 Hz, 1H),
4.58 (dt, J = 5.5, 1.6 Hz, 2H), 3.91 — 3.86 (m, 1H), 3.52 — 3.47 (m, 1H), 3.05 — 2.97 (m, 1H),
2.86 — 2.77 (m, 4H), 2.30 (s, 3H), 2.00 — 1.66 (M, 4H), 1.65 — 1.50 (m, 2H), 1.28 (d, J = 6.8 Hz,

3H). LCMS m/z (M+H): 433. Retention time, 6.77 minutes. Enatiomeric ratio: 97:3.

Compound 7 (Peak 2): 6-allyl-N,2-dimethyl-7-oxo-N-(1-(1-phenylethyl)piperidin-4-y1)-6,7-
dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (37.4 mg, 13%) as a white solid. *"H NMR
(400 MHz, DMSO-dg) & 11.69 (s, 1H), 7.34 — 7.26 (m, 4H), 7.25 — 7.17 (m, 1H), 7.12 (s, 1H),
6.00 — 5.87 (m, 2H), 5.10 (ddt, J = 10.3, 1.6, 1.6 Hz, 1H), 5.02 (ddt, J = 17.2, 1.7, 1.7 Hz, 1H),
4.58 (dd, J = 5.6, 1.8 Hz, 2H), 3.90 — 3.85 (m, 1H), 3.50 — 3.41 (m, 1H), 3.04 — 2.94 (m, 1H),
2.90 — 2.75 (m, 4H), 2.31 (s, 3H), 1.95 — 1.65 (m, 4H), 1.65 — 1.48 (m, 2H), 1.27 (d, J = 6.8 Hz,

3H). LCMS [M+H]: 433. Retention time 12.25 minutes. Enantiomeric ratio >99:1.

Compound 8: 6-allyl-N-methyl-7-o0xo-N-(1-pyrimidin-4-yl-4-piperidyl)-1H-pyrrolo[2,3-

c]pyridine-4-carboxamide
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Step 1:
tert-butyl methyl(1-(pyrimidin-4-yl)piperidin-4-yl)carbamate

NN

A mixture of tert-butyl methyl(piperidin-4-yl)carbamate (500 mg, 2.3 mmol), cesium carbonate
(836 mg, 2.6 mmol) and 4-chloropyrimidine (294 mg, 2.6 mmol) in DMF (10 mL) was heated at
80 °C for 3 h, at which time LCMS indicated full conversion of starting material. The reaction
mixture was poured into ice water (10 mL) and extracted with ethyl acetate (3 x 20 mL). The
combined organic extracts were dried over sodium sulfate and concentrated under reduced
pressure to give the title compound (450 mg, 66.0% yield) as a yellow solid. This crude material

was used in the next step without further purification.

Step 2:
N-methyl-1-(pyrimidin-4-yl)piperidin-4-amine hydrochloride
N4\|N
V\N
-

N c

H
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To a cooled (0 °C) solution of tert-butyl methyl(1-(pyrimidin-4-yl)piperidin-4-yl)carbamate (300
mg, 1.0 mmol) in ethyl acetate (50 mL) was added hydrogen chloride (2M in ethyl acetate, 10
mL). After addition, the reaction mixture was stirred at 25 °C for 3 h. The solvent was
evaporated under reduced pressure to give the crude title compound (165 mg, 72% vyield) as a
yellow solid.

Step 3:

N,6-dimethyl-7-0xo0-N-(1-pyrimidin-4-yl-4-piperidyl)-1H-pyrrolo[2,3-c]pyridine-4-carboxamide

A mixture of Intermediate 26 (50 mg, 0.23 mmol), triethylamine (93 mg, 0.92 mmol), HATU (94
mg, 0.24 mmol) and 1-(pyrimidin-4-yl)piperidin-4-amine hydrochloride (62 mg, 0.27 mmol) in
DMF (1 mL) was stirred at 25 °C overnight. The reaction was then diluted with DCM, washed
with water, and the organic phase concentrated under reduced pressure. The residue was purified
by preparative HPLC, acetonitrile : water (10 nM ammonia) : 32%-62%, to give the title
compound. 6-allyl-N-methyl-7-oxo-N-(1-pyrimidin-4-yl-4-piperidyl)-1H-pyrrolo[2,3-c]pyridine-
4-carboxamide (32 mg, 35% yield). *H NMR (400 MHz, DMSO-d6) & 12.14 (s, 1H), 8.47 (d, J

= 1.2 Hz, 1H), 8.15 (d, J = 6.2 Hz, 1H), 7.43 — 7.25 (m, 2H), 6.85 (dd, J = 6.4, 1.3 Hz, 1H), 6.24
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(t, J = 2.3 Hz, 1H), 5.99 (ddt, J = 17.2, 10.5, 5.3 Hz, 1H), 5.17 (ddt, J = 10.3, 1.4, 1.4 Hz, 1H),
5.13 — 5.01 (m, 1H), 4.72 — 458 (m, 2H), 4.51 (d, J = 13.1 Hz, 2H), 4.33 (s, 1H), 2.79 (s, 5H),
1.72 (td, J = 11.4, 10.2, 3.8 Hz, 4H). LCMS m/z (M+H) 393.2

Compound 9: 6-allyl-N-methyl-7-oxo-N-[1-[6-(trifluoromethyl)pyrimidin-4-yl]-4-piperidyl]-
1H-pyrrolo[2,3-c]pyridine-4-carboxamide (49% yield). *H NMR (400 MHz, DMSO-d6) & 12.16
(s, 1H), 8.61 (d, J = 1.1 Hz, 1H), 7.38 — 7.27 (m, 3H), 6.25 (d, J = 2.7 Hz, 1H), 6.06 — 5.92 (m,
1H), 5.22 —5.13 (m, 1H), 5.12 — 5.02 (m, 1H), 4.68 — 4.60 (m, 2H), 4.41 — 4.36 (m, 1H), 3.35 —
3.23 (m, 2H), 2.96 (s, 2H), 2.79 (s, 3H), 1.79 — 1.72 (m, 4H). LCMS m/z (M+H) 461.2
Compound 10: 6-allyl-N-[1-(6-methoxypyrimidin-4-yl)-4-piperidyl]-N-methyl-7-oxo-1H-
pyrrolo[2,3-c]pyridine-4-carboxamide (31% vyield). *H NMR (400 MHz, DMSO-d6) & 12.15 (s,
1H), 8.23 (d, J = 0.8 Hz, 1H), 7.34 (d, J = 2.8 Hz, 1H), 7.30 (s, 1H), 6.24 (d, J = 2.7 Hz, 1H),
6.10 (d, J = 0.9 Hz, 1H), 6.06 — 5.91 (m, 1H), 5.21 — 5.12 (m, 1H), 5.12 — 5.01 (m, 1H), 4.64 (d,
J =55, 1.5 Hz, 2H), 4.45 (d, J = 13.1 Hz, 2H), 4.30 (s, 1H), 3.81 (s, 3H), 3.37 — 3.25 (m, 1H),
2.78 (s, 5H), 1.74 — 1.62 (m, 4H). LCMS m/z (M+H) 423.2.

Compound 11: 6-allyl-N-[1-(6-cyclopropylpyrimidin-4-yl)-4-piperidyl]-N-methyl-7-oxo-1H-
pyrrolo[2,3-c]pyridine-4-carboxamide (34% yield). *"H NMR (400 MHz, DMSO-d6) & 12.16 (s,
1H), 8.30 (d, J = 1.0 Hz, 1H), 7.38 — 7.28 (m, 2H), 6.79 (d, J = 1.2 Hz, 1H), 6.24 (dd, J = 2.9, 1.4
Hz, 1H), 6.06 — 5.91 (m, 1H), 5.21 — 5.13 (m, 1H), 5.12 — 5.01 (m, 1H), 4.67 — 4.60 (m, 2H),
4.51 (d, J = 13.2 Hz, 2H), 4.44 — 4.18 (m, 1H), 3.37 — 3.23 (M, 22H), 2.91 — 2.72 (m, 5H), 1.95 —

1.84 (m, 1H), 1.76 — 1.63 (m, 4H), 0.98 — 0.84 (m, 4H). LCMS m/z (M+H) 433.2

Compound 12: 6-allyl-N-[1-(6-tert-butylpyrimidin-4-yl)-4-piperidyl]-N-methyl-7-ox0-1H-
pyrrolo[2,3-c]pyridine-4-carboxamide (11% yield). *H NMR (400 MHz, DMSO-d6) & 12.15 (s,

1H), 8.14 (d, J = 6.1 Hz, 1H), 7.32 (d, J = 19.9 Hz, 2H), 6.63 (d, J = 6.2 Hz, 1H), 6.24 (d, J = 2.8
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Hz, 1H), 5.99 (ddt, J = 17.0, 10.4, 5.4 Hz, 1H), 5.17 (ddt, J = 10.2, 1.3, 1.3 Hz, 1H), 5.07 (ddt, J
=17.3, 1.6, 1.6 Hz, 1H), 4.64 (dt, J = 5.8, 1.6 Hz, 2H), 4.55 (s, 1H), 2.79 (s, 5H), 1.73 (td, J =
11.4, 10.2, 4.0 Hz, 4H), 1.27 (s, 9H). LCMS m/z (M+H) 449.2G0

Compound 13: 6-allyl-N-[1-(6-methoxy-2-methyl-pyrimidin-4-yl)-4-piperidyl]-N-methyl-7-
oxo-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (32 % yield). *H NMR (400 MHz, DMSO-d6) &
12.15 (s, 1H), 7.37 — 7.27 (m, 2H), 6.23 (d, J = 2.7 Hz, 1H), 6.06 — 5.88 (m, 2H), 5.17 (d, J =
10.2 Hz, 1H), 5.11 — 5.02 (m, 1H), 4.63 (d, J = 5.4 Hz, 2H), 4.45 (d, J = 13.0 Hz, 2H), 4.29 (s,
OH), 3.79 (s, 3H), 2.93 — 2.68 (m, 5H), 2.31 (s, 3H), 1.69 (t, J = 5.9 Hz, 4H). LCMS m/z (M+H)
437.2

Compound 14: 6-allyl-N-[1-(2,6-dimethylpyrimidin-4-yl)-4-piperidyl]-N-methyl-7-oxo-1H-
pyrrolo[2,3-c]pyridine-4-carboxamide (36% yield). 1H NMR (400 MHz, DMSO-d6) 6 12.16 (s,
1H), 7.38 — 7.27 (m, 2H), 6.53 (s, 1H), 6.28 — 6.21 (m, 1H), 6.06 — 5.91 (m, 1H), 5.21 — 5.13 (m,
1H), 5.12 - 5.01 (m, 1H), 4.64 (dt, J = 5.4, 1.6 Hz, 2H), 4.51 (d, J = 13.1 Hz, 2H), 4.31 (s, 1H),

2.81 - 2.76 (m, 5H), 2.31 (s, 3H), 2.20 (s, 3H), 1.75 — 1.61 (m, 4H). LCMS m/z (M+H) 421.2

Compound 15: 6-allyl-N-[1-(6-cyclopropyl-2-methyl-pyrimidin-4-yl)-4-piperidyl]-N-methyl-7-
oxo-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (11%). 1H NMR (400 MHz, DMSO-d6) 6 12.15
(s, 1H), 7.38 — 7.27 (m, 2H), 6.57 (s, 1H), 6.24 (d, J = 2.6 Hz, 1H), 5.99 (ddt, J = 15.9, 10.3, 5.3
Hz, 1H), 5.17 (d, J = 10.2 Hz, 1H), 5.07 (d, J = 17.2 Hz, 1H), 4.64 (d, J = 5.4 Hz, 2H), 4.51 (d, J
=13.0 Hz, 2H), 4.31 (s, 1H), 2.78 (s, 5H), 2.27 (s, 3H), 1.85 (tt, J = 8.7, 5.1 Hz, 1H), 1.68 (d, J =

18.8 Hz, 4H), 0.95 — 0.80 (m, 4H). LCMS m/z (M+H) 447.2

Compound 16: 6-allyl-N-methyl-7-oxo-N-[1-(6-pyrazol-1-ylpyrimidin-4-yl)-4-piperidyl]-1H-

pyrrolo[2,3-c]pyridine-4-carboxamide
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Step 1
tert-butyl (1-(6-chloropyrimidin-4-yl)piperidin-4-yl)(methyl)carbamate

_Boc
N

To a solution of 4,6-dichloropyrimidine (5.2 g, 35.00 mmol) in DMF (100 mL) were added tert-
butyl methyl(piperidin-4-yl)carbamate (5.0 g, 23.33 mmol) and cesium carbonate (15.2 g, 46.66
mmol). After addition, the reaction mixture was heated at 80 °C for 16 h, at which time LCMS

indicated the reaction had gone to completion. The solution was poured into ice water, and

S27



extracted with ethyl acetate (3 x 20 mL). The combined organic layers were dried over sodium
sulfate and concentrated under reduced pressure. The crude product was purified by silica gel
chromatography column (Hexanes/ethyl acetate = 5:1) to give the title compound (7.0 g, 92%

yield) as a colorless oil.

Step 2

1-(6-chloropyrimidin-4-yl)-N-methylpiperidin-4-amine hydrochloride

To a solution of tert-butyl (1-(6-chloropyrimidin-4-yl)piperidin-4-yl)(methyl) carbamate (7.0 g,
21.42 mmol) in ethyl acetate (25 mL) was added a solution of hydrogen chloride (2 in ethyl
acetate, 10 mL). After addition, the mixture was stirred at room temperature for 3 h, at which
time LCMS indicated the reaction had gone to completion. The solution was concentrated under

reduced pressure to give the crude title compound (4.5 g, 80% vyield) as a yellow oil.

Step 3

tert-butyl (1-(6-(1 H-pyrazol-1-yl)pyrimidin-4-yl)piperidin-4-yl)(methyl)carbamate
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To a solution of tert-butyl (1-(6-chloropyrimidin-4-yl)piperidin-4-yl)(methyl) carbamate (600
mg, 1.84 mmol) in DMF (10 mL) was added 1H-pyrazole (150 mg, 2.20 mmol) and cesium
carbonate (1.2 g, 3.67 mmol). After addition, the reaction mixture was heated at 80 °C for 12 h,
at which time LCMS indicated the reaction had gone to completion. After cooled, the solid was
removed by filtration and the filtrate was concentrated under reduced pressure. The residue was
dissolved in ethyl acetate (50 mL), washed with water (2 x 30 mL), dried over sodium sulfate

and concentrated to give the crude title compound (500 mg, 76 % yield) as a yellow solid.

Step 4
1-(6-(1H-pyrazol-1-yl)pyrimidin-4-yl)-N-methylpiperidin-4-amine hydrochloride

“NH
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app:ds:acetonitrile

To a solution of tert-butyl (1-(6-(1H-pyrazol-1-yl)pyrimidin-4-yl)piperidin-4-yl)(methyl)
carbamate (500 mg, 1.39 mmol) in ethyl acetate (10 mL) was added hydrogen chloride (2M in
ethyl acetate, 10 mL) at 0 °C. After addition, the mixture was stirred at ambient temperature for
2 h, at which time LCMS indicated the reaction had gone to completion. The solution was
concentrated under reduced pressure to give the crude title compound (400 mg, 97% vyield) as a

white solid.

Step 5
6-allyl-N-methyl-7-oxo-N-[1-(6-pyrazol-1-ylpyrimidin-4-yl)-4-piperidyl]-1H-pyrrolo[2,3-
c]pyridine-4-carboxamide

o H
\/\N N
Y/

AN

To a solution of 1-(6-(1H-pyrazol-1-yl)pyrimidin-4-yl)-N-methylpiperidin-4-amine
hydrochloride (216 mg, 0.73 mmol) in DMF (4 mL) was added 6-allyl-7-oxo -6,7-dihydro-1H-
pyrrolo[2,3-c]pyridine-4-carboxylic acid (80 mg, 0.37 mmol), N-ethyl-N-isopropylpropan-2-
amine (142 mg, 1.1 mmol) and HATU (181 mg, 0.48 mmol). After addition, the mixture was
stirred at ambient temperature for 1.5 h, at which time LCMS indicated that the reaction had
gone to completion. The solvent was removed under reduce pressure. The residue was dissolved
in ethyl acetate (20 mL), washed with brine (2 x 15 mL) and concentrated. The crude product

was purified by reverse phase chromatography (acetonitrile 40% / 0.1% NH,OH in water) to
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give the title compound (12.8 mg, 8% yield) as a yellow solid. *H NMR (400 MHz, DMSO-ds):
512.19 (s, 1 H), 8.68 (s, 1 H), 8.49 (s, 1 H), 7.91 (s, 1 H), 7.34 (d, J = 11.6 Hz, 2 H), 7.24 (s, 1
H), 6.63 (s, 1 H), 6.24 (s, 1 H), 5.99-5.94 (m, 1 H), 5.16 (d, J=10.0 Hz, 1 H ), 5.06 (d, J = 17.2
Hz, 1 H), 4.64-4.40 (m, 5 H), 3.03 (s, 2 H), 2.78 (s, 3 H), 1.79 (s, 4 H). LCMS m/z (M+H)

459.1.

Compound 17: 6-allyl-N-(1-(6-(furan-2-yl)pyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-0x0-6,7-

dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide

Step 1:

1-(6-chloropyrimidin-4-yl)-N-methylpiperidin-4-amine hydrochloride
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To a solution of tert-butyl (1-(6-chloropyrimidin-4-yl)piperidin-4-yl)(methyl)carbamate (7.0 g,
21.5 mmol) in ethyl acetate (50 mL) was added hydrogen chloride (2M in ethyl acetate, 50 mL).
The reaction mixture was stirred at ambient temperature for 3 hours and then concentrated under
reduced pressure to give the crude title compound as hydrogen chloride salt (5.5 g, 98%). This

material was used directly in the next step without purification.

Step 2:
6-allyl-N-(1-(6-chloropyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-0x0-6,7-dihydro-1H-

pyrrolo[2,3-c]pyridine-4-carboxamide

To a solution of 6-allyl-7-0x0-6,7-dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxylic acid (2.8 g,
12.8 mmol), HATU (5.9 g, 15.4 mmol) and triethylamine (3.9 g, 38.5 mmol) in DMF (100 mL)
was added 1-(6-chloropyrimidin-4-yl)-N-methylpiperidin-4-amine hydrochloride (4.4 g, 16.7
mmol). The mixture was stirred at 20 °C for 16 hours. The solution was poured into water (100

mL) and extracted with ethyl acetate (3 x 100 mL). The combined organic layers were
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concentrated under reduced pressure and the residue was purified by silica gel chromatography

(Hexanes/ethyl acetate=1:1) to give the title compound (2.8 g, 51%) as a yellow solid.

Step 3:

6-allyl-N-(1-(6-(furan-2-yl)pyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-oxo0-6,7-dihydro-1H-

pyrrolo[2,3-c]pyridine-4-carboxamide

To a solution of 6-allyl-N-(1-(6-chloropyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-0x0-6,7-
dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (100 mg, 0.23 mmol) in dioxane / water
(2.5/0.5 mL) was added furan-2-ylboronic acid (39 mg, 0.35 mmol), cesium carbonate (153 mg,
0.47 mmol) and Pd(dppf)Cl, (17 mg, 0.02 mmol). The mixture was stirred at 85 °C for 30 min by
microwave under N,. After cooled, the organic solution was concentrated under reduced
pressure and the residue was purified by preparative HPLC (acetonitrile 20-50% / 0.1% NH40H
in water) to give 6-allyl-N-(1-(6-(furan-2-yl)pyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-0x0-6,7-
dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (16.9 mg, 16%) as a white solid. *H NMR
(400 MHz, DMSO-dg): & 12.19 (br. s, 1H), 8.47 (s, 1 H), 7.88 (s, 1H), 7.36 — 7.32 (m, 2 H), 7.20
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~7.19 (m, 1 H), 7.05 (s, 1 H), 6.68 — 6.66 (M, 1H), 6.25 — 6.24 (m, 1H), 6.00 — 5.98 (m, 1 H),
5.18 — 5.15 (m, 1 H), 5.09 — 5.04 (m, 1 H), 4.65 — 4.50 (M, 4 H), 4.37 — 4.33 (m, 1H), 2.94 - 2.90

(m, 2 H), 2.79 (s, 3H), 1.78 — 1.73 (m, 4H). LCMS m/z (M+H) 459.1

Compound 18: 6-allyl-N-methyl-N-[1-[6-(o-tolyl)pyrimidin-4-yl]-4-piperidyl]-7-oxo-1H-

pyrrolo[2,3-c]pyridine-4-carboxamide

To an 8 mL vial was added tert-butyl N-[1-(6-chloropyrimidin-4-yl)-4-piperidyl]-N-methyl-

carbamate (200 mg, 0.61 mmol), o-tolylboronic acid (166 mg, 1.22 mmol), XPhos (0.05 equiv.,
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15 mg 0.03 mmol) XPhos Precatalyst (26 mg, 0.03 mmol), 1,4-dioxane (2 mL), and potassium
phosphate tribasic 2M in water (0.92 mL, 1.836 mmol, 2.0 mol/L). The reaction was capped and
shaken at 90°C for 1h. The reaction was cooled to room temperature then diluted with DCM and
washed with water. The organic was then concentrated under reduced pressure. LCMS m/z

(M+H) 383.3

The crude was taken up with 1 mL DCM, and 1 mL trifluoroacetic acid was added. The reaction
was capped and shaken at room temperature for 1h, and was then concentrated under reduced

pressure and carried directly on to the amide coupling step. LCMS m/z (M+H) 283.3

Step 2: 6-allyl-N-methyl-N-[1-[6-(o-tolyl)pyrimidin-4-yl]-4-piperidyl]-7-oxo-1H-pyrrolo[2,3-

c]pyridine-4-carboxamide

The amide was prepared in a similar manner as Compound 1. 6-allyl-N-methyl-N-[1-[6-(o-
tolyl)pyrimidin-4-yl]-4-piperidyl]-7-oxo-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (156 mg, 54
% yield). *"H NMR (400 MHz, DMSO0-d6) & 12.15 (s, 1H), 8.55 (d, J = 1.1 Hz, 1H), 7.42 — 7.22
(m, 6H), 6.90 (d, J = 1.3 Hz, 1H), 6.25 (d, J = 2.6 Hz, 1H), 5.99 (ddt, J = 17.0, 10.5, 5.4 Hz, 1H),

5.17 (ddt, J = 10.3, 1.4, 1.4 Hz, 1H), 5.07 (ddt, J = 17.2, 1.6, 1.6 Hz, 1H), 4.64 (dt, J = 5.6, 1.6
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Hz, 3H), 4.34 (s, 1H), 2.88 (s, 1H), 2.80 (s, 3H), 2.34 (s, 3H), 1.75 (t, J = 6.5 Hz, 4H). LCMS

m/z (M+H) 483.2

Compounds 19-20 were prepared in a manner similar to Compound 13

Compound 19: 6-allyl-N-(1-(6-(2-fluorophenyl)pyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-oxo-
6,7-dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (22 mg, 16% yield). *H NMR (400 MHz,

CD3OD): & 8.74 (s, 1 H), 7.79-7.70 (m, 2 H), 7.45 — 7.36 (m, 5 H), 6.39 (s, 1 H), 6.08 — 6.00 (m,

1 H), 5.37 —5.33 (M, 1 H), 5.25 — 5.21 (m, 2H), 4.73 - 4.74 (m, 2 H), 4.50 — 4.47 (m, 2 H), 3.36-

3.34 (m, 1 H), 2.96 - 2.90 (m, 4 H), 2.20 - 1.99 (M, 4 H). LCMS m/z (M+H) 487

Compound 20: 6-allyl-N-(1-(6-(2-methoxyphenyl)pyrimidin-4-yl)piperidin-4-yl)-N-methyl-7-
ox0-6,7-dihydro-1H-pyrrolo[2,3-c]pyridine-4-carboxamide (20 mg, 17% yield). *H NMR (400
MHz, DMSO-de): 6 12.19 (br. s, 1H), 8.56 (s, 1 H), 7.78 — 7.75 (m, 1 H), 7.42 — 7.40 (m, 1 H),
7.38-7.36 (M, 1 H), 7.30 (s, 1 H), 7.25 (s, 1H), 7.15 — 7.13 (m, 1H), 7.06 — 7.04 (m, 1H), 6.25 —
6.24 (m, 1 H), 5.99 — 5.95 (m, 1 H), 5.18 — 5.15 (m, 1 H), 5.08 — 5.06 (m, 1H), 5.04 — 5.03 (M, 2
H), 4.55 — 4.48 (m, 2 H), 4.35 — 4.30 (m, 1H), 3.84 (s, 3H), 2.96 — 2.90 (m, 2 H), 2.50 (s, 3H),

1.75 - 1.69 (m, 4H). LCMS m/z (M+H) 499

Compound 21: 6-allyl-N-[1-[6-(3-methoxyphenyl)pyrimidin-4-yl]-4-piperidyl]-N-methyl-7-
oxo-1H-pyrrolo[2,3-c]pyridine-4-carboxamide. Compound 21 was prepared in a similar manner
to Compound 8, starting from 4-chloro-6-(3-methoxyphenyl)pyrimidine. (165 mg, 33% vyield).
'H NMR (400 MHz, DMSO-86) & 11.88 (s, 1H), 8.55 (d, J = 1.1 Hz, 1H), 7.73 — 7.64 (m, 2H),
7.38 (t, J = 7.9 Hz, 1H), 7.30 (d, J = 2.8 Hz, 1H), 7.27 — 7.21 (m, 2H), 7.03 (dd, J = 8.0, 2.6 Hz,
1H), 6.24 (d, J = 2.8 Hz, 1H), 5.99 (ddt, J = 17.2, 10.7, 5.5 Hz, 1H), 5.18 (ddt, J = 10.3, 1.5, 1.5

Hz, 1H), 5.12 (ddt, J = 17.2, 1.7 , 1.7 Hz, 1H), 4.70 — 4.58 (m, 4H), 4.35 (p, J = 8.5 Hz, 1H),
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3.83 (s, 3H), 2.96 — 2.84 (m, 2H), 2.81 (s, 3H), 1.79 (td, J = 9.4, 8.3, 4.2 Hz, 4H). “C NMR
(101 MHz, DMSO0-86, 360 K) 5 167.98, 162.60, 162.33, 160.26, 158.42, 154.17, 139.69, 134.73,
129.99, 128.60, 127.99, 127.85, 123.47, 119.75, 117.43, 116.30, 112.96, 111.73, 102.78, 99.06,
55.86, 54.26, 49.38, 43.69, 30.50, 28.95. HRMS: calcd for CpsH31NgOs m/z (M+H) 499.2452,

found 499.2430.
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Modeling Methods. The figures of crystal structures were created using MOE version 2014.09
(Chemical Computing Group, Inc.) with the exception of Figures 1 and 9, which were created
using PyMol version 1.5.0.5 (Schrodinger, LLC). The Proasis water scores were computed using
Proasis version 3 (Desert Scientific Software). The model of 3 bound to CECR2 was created in
MOE, starting from a crystal structure of CECR2 with ethylene glycol bound in the Kac-binding
pocket (PDB: 3NXB). Chain A of this structure was superimposed to the structure of 4 in
BRD?Y, and 3 was manually built starting from the aligned small molecule 4. Ethylene glycol
and water were removed from the CECR2 pocket, resulting in a complex of 3 and the
bromodomain of CECR2. This complex was minimized using the MMFFs force field with
default minimization parameters but with protein residues other than those contacting 3 fixed.
Residues in the pocket were tethered with default restraints, and no restraints were used on 3
during minimization.

Molecular Modeling Coordinates

ATOM 1 N ASP B 438 -28.730 -13.743 -1.095 1.00 51.77 N1+
ATOM 2 CA ASP B 438 -28.817 -12.255 -0.923 1.00 56.42 C
ATOM 3 C ASP B 438 -27.465 -11.599 -1.185 1.00 62.16 C
ATOM 4 0 ASP B 438 -26.422 -12.251 -1.121 1.00 47.27 @)
ATOM 5 CB ASP B 438 -29.372 -11.842 0.468 1.00 57.46 C
ATOM 6 CG ASP B 438 -28.395 -12.094 1.643 1.00 55.41 C
ATOM 7 ODl1 ASP B 438 -28.704 -11.657 2.779 1.00 60.73 ¢}
ATOM 8 OD2 ASP B 438 -27.340 -12.729 1.465 1.00 61.13 0l-
ATOM 9 N ASP B 439 -27.504 -10.299 -1.456 1.00 57.94 N
ATOM 10 CA ASP B 439 -26.325 -9.571 -1.894 1.00 50.16 C
ATOM 11 ¢C ASP B 439 -25.260 -9.472 -0.814 1.00 42.82 C
ATOM 12 O ASP B 439 -24.079 -9.517 -1.124 1.00 41.93 0
ATOM 13 CB ASP B 439 -26.716 -8.193 -2.421 1.00 60.81 C
ATOM 14 CG ASP B 439 -27.405 -8.256 -3.778 1.00 54.12 C
ATOM 15 OD1 ASP B 439 -27.660 -9.363 -4.288 1.00 60.12 o]
ATOM 16 OD2 ASP B 439 -27.682 -7.185 -4.338 1.00 44.60 0l-
ATOM 17 N PHE B 440 -25.678 -9.378 0.444 1.00 36.96 N
ATOM 18 CA PHE B 440 -24.755 -9.413 1.586 1.00 45.25 C
ATOM 19 C PHE B 440 -23.862 -10.666 1.547 1.00 38.56 C
ATOM 20 O PHE B 440 -22.647 -10.553 1.558 1.00 37.07 ¢}
ATOM 21 CB PHE B 440 -25.520 -9.373 2.931 1.00 47.85 C
ATOM 22 CG PHE B 440 -24.644 -9.657 4.148 1.00 46.28 C
ATOM 23 CD1 PHE B 440 -23.923 -8.634 4.760 1.00 40.43 C
ATOM 24 CD2 PHE B 440 -24.547 -10.948 4.673 1.00 48.58 C
ATOM 25 CE1 PHE B 440 -23.098 -8.895 5.866 1.00 50.16 C
ATOM 26 CE2 PHE B 440 -23.730 -11.218 5.781 1.00 58.11 C
ATOM 27 CZ PHE B 440 -23.003 -10.183 6.376 1.00 55.96 C
ATOM 28 N THR B 441 -24.480 -11.843 1.531 1.00 36.85 N
ATOM 29 CA THR B 441 -23.752 -13.132 1.535 1.00 36.79 C
ATOM 30 C THR B 441 -22.889 -13.266 0.288 1.00 31.60 C
ATOM 31 O THR B 441 -21.741 -13.685 0.373 1.00 35.17 0
ATOM 32 CB THR B 441 -24.740 -14.324 1.613 1.00 40.93 C
ATOM 33 CG2 THR B 441 -24.028 -15.687 1.560 1.00 40.54 C
ATOM 34 OGl THR B 441 -25.465 -14.234 2.834 1.00 36.69 ¢
ATOM 35 N ALA B 442 -23.450 -12.876 -0.859 1.00 30.99 N
ATOM 36 CA ALA B 442 -22.759 -12.924 -2.117 1.00 29.01 C
ATOM 37 C ALA B 442 -21.507 -12.036 -2.076 1.00 32.63 C
ATOM 38 O ALA B 442 -20.419 -12.478 -2.432 1.00 25.61 ¢
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HETATM 858 C19 LIG 0 4.201 -0.221 1.496 1.00 0.00 c
HETATM 859 C20 LIG 0 4.660 0.605 0.489 1.00 0.00 c
HETATM 860 022 LIG 0 0.790 1.329 -1.178 1.00 0.00 @)
HETATM 861 C LIG 0 2.061 -1.819 3.266 1.00 0.00 c
HETATM 862 O LIG 0 3.063 -2.520 3.366 1.00 0.00 ¢
HETATM 863 N LIG 0 1.105 -1.655 4.256 1.00 0.00 N
HETATM 864 N LIG 0 0.316 =-2.333 8.335 1.00 0.00 N1+
HETATM 865 C LIG 0 0.159 =-2.791 9.760 1.00 0.00 c
HETATM 866 C LIG 0 -0.328 -3.298 7.370 1.00 0.00 c
HETATM 867 C LIG 0 -0.290 -2.704 5.971 1.00 0.00 c
HETATM 868 C LIG 0 1.137 =-2.347 5.540 1.00 0.00 c
HETATM 869 C LIG 0 1.830 -1.467 6.583 1.00 0.00 c
HETATM 870 C LIG 0 1.756 -2.058 7.983 1.00 0.00 c
TER 871 LIG 0

HETATM 872 N2 LIG 0 0.610 -0.485 0.429 1.00 0.00 N
HETATM 873 N3 LIG 0 3.642 1.384 -0.571 1.00 0.00 N
HETATM 874 C13 LIG 0 2.559 -1.150 1.687 1.00 0.00 c
HETATM 875 Cl4 LIG 0 1.243 -1.264 1.400 1.00 0.00 c
HETATM 876 C15 LIG 0 -0.803 -0.719 0.172 1.00 0.00 C
HETATM 877 Clé LIG 0 1.296 0.506 -0.303 1.00 0.00 c
HETATM 878 C17 LIG 0 2.706 0.571 0.007 1.00 0.00 c
HETATM 879 C18 LIG 0 3.344 -0.201 0.961 1.00 0.00 c
HETATM 880 C19 LIG 0 4.697 0.197 0.992 1.00 0.00 c
HETATM 881 C20 LIG 0 4.857 1.170 0.026 1.00 0.00 c
HETATM 882 022 LIG 0 0.756 1.249 -1.118 1.00 0.00 0
HETATM 883 C LIG 0 3.057 =-2.041 2.782 1.00 0.00 c
HETATM 884 O LIG 0 2.317 -2.389 3.702 1.00 0.00 o
HETATM 885 N LIG 0 4.370 -2.458 2.667 1.00 0.00 N
HETATM 886 N LIG 0 7.195 -4.054 5.432 1.00 0.00 N1+
HETATM 887 C LIG 0 7.931 -4.870 6.459 1.00 0.00 c
HETATM 888 C LIG 0 5.926 -3.462 5.998 1.00 0.00 c
HETATM 889 C LIG 0 5.306 -2.538 4.960 1.00 0.00 c
HETATM 890 C LIG 0 5.003 -3.305 3.671 1.00 0.00 C
HETATM 891 C LIG 0 6.286 -3.940 3.128 1.00 0.00 c
HETATM 892 C LIG 0 6.946 -4.839 4.166 1.00 0.00 c

Supporting Information References:

1) Flynn, M.; Huang, O.; Poy, F.; Oppikofer, M.; Bellon, S.; Tang, Y.; Cochran, A.G. A
subset of human bromodomains recognizes butyryllysine and crotonyllysine
histonepeptide modifications. Structure 2015, 23, 1801-1814.

2) Crawford, T. D.; Tsui, V.; Flynn, E. M.; Wang, S.; Taylor, A. M.; Co6té, A.; Audia, J. E.;

Beresini, M. H.; Burdick, D. J.; Cummings, R. T.; Dakin, L. A.; Duplessis, M.; Good, A.

S52



S53

3)

4)

S)

6)

C.; Hewitt, M. C.; Huang, H.-R.; Jayaram, H.; Kiefer, J. R.; Jiang, Y.; Murray, J. M,;
Nasveschuk, C. G.; Pardo, E.; Poy, F.; Romero, F. A.; Tang, Y.; Wang, J.; Xu, Z.;
Zawadzke, L. E.; Zhu, X.; Albrecht, B. K.; Magnuson, S. R.; Bellon, S. F.; Cochran, A.
G. Diving Into the water: Inducible binding conformations for BRD4, TAF1(2), BRD9,
and CECR2 bromodomains. J. Med. Chem. 2016, 59, 5391-5402.

Albrecht, B. K.; Gehling, V. S.; Hewitt, M. C.; Vaswani, R. G.; Coté, A.; Leblanc, Y;
Nasveschuk, C. G.; Bellon, S.; Bergeron, L.; Campbell, R.; Cantone, N.; Cooper, M. R.;
Cummings, R. T.; Jayaram, H.; Joshi, S.; Mertz, J. A.; Neis, A.; Normant, E.; O'Meara,
M.; Pardo, E.; Poy, F.; Sandy, P.; Supko, J.; Sims, R. J. 3rd; Harmange, J. C.;Taylor, A.
M.; Audia, J. E. Identification of a benzoisoxazoloazepine inhibitor (CPI-0610) of the
bromodomain and extra-terminal (BET) family as a candidate for human clinical trials. J
Med Chem. 2016, 59, 1330-1339.

Ghosh, S.; Taylor, A.; Chin, M.; Huang, H.-R.; Conery, A. R.; Mertz, J. A.; Salmeron, A.;
Dakle, P. J.; Mele, D.; Cote, A.; Jayaram, H.; Setser, J. W.; Poy, F.; Hatzivassiliou, G.;
DeAlmeida-Nagata, D.; Sandy, P.; Hatton, C.; Romero, F. A.; Chiang, E.; Reimer, T.;
Crawford, T.; Pardo, E.; Watson, V. G.; Tsui, V.; Cochran, A. G.; Zawadzke, L.;
Harmange, J.-C.; Auida, J. E.; Bryant, B. M.; Cummings, R. T.; Magnuson, S. R.;
Grogan, J. L.; Bellon, S. F.; Albrecht, B. K.; Simms III, R. J.; Lora, J. M. Regulatory T
Cell modulation by CBP/EP300 bromodomain inhibition. J. Biol. Chem. 2016, 291, 13014—

13027.

Otwinowski, Z. & Minor, W. Processing of X-ray diffraction data collected in oscillation
mode. Meth. Enzymol. 1997, 276, 307-326.
McCoy, A.J., Grosse-Kunstleve, R.-W., Adams, P.D., Winn, M.D., Storoni, L.C., & Read,

R.J. Phaser crystallographic software. J. Appl. Cryst. 2007, 40, 658-674.



7) Emsley, P. & Cowtan, K. Coot: model-building tools for molecular graphics. Acta
crystallographica. Section D, Biological crystallography 2004, 60, 2126-2132.

8) Bricogne, G., Blanc, E., Brandl, M., Flensburg, C., Keller, P., Paciorek, W., Roversi, P.,
Sharff, A., Smart, O., Vonrhein, C. & Womack, T. BUSTER.

http://www.globalphasing.com. 2011

9) Bricogne, G. & Irwin, J. (1996). Proceedings of the CCP4 Study Weekend.
Macromolecular Refinement, edited by E. Dodson, M. Moore, A. Ralph & S. Bailey, pp.

85-92. Warrington: Daresbury Laboratory.

S54


http://www.globalphasing.com/

