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ABSTRACT

Components of the chromatin remodelling SWI/SNF complex are recurrently mutated in
tumours, suggesting that altering the activity of the complex plays a role in oncogenesis.
However, the role that the individual subunits play in this process is not clear. We set out to
develop an inhibitor compound targeting the bromodomain of BRD9 in order to evaluate its
function within the SWI/SNF complex. Here, we present the discovery and development of a
potent and selective BRD9 bromodomain inhibitor series based on a new pyridinone-like
scaffold arising from two parallel screening approaches consisting of a fragment based
screening and a virtual screening of proprietary libraries. Crystallographic information of the
inhibitors bound to BRD9 guided their development with respect to potency for BRD9 and
selectivity against BRD4. These compounds modulate BRD9 bromodomain cellular function
and display anti-tumour activity in an AML xenograft model. Two chemical probes, BI-9564
and BI-7273, were identified that should prove useful in further exploring BRD9
bromodomain biology in both in vitro and in vivo settings, not only in oncology but

potentially also in neurology, immunology and inflammation.



Chromatin remodelling complexes regulate nucleosome positioning along DNA.! These
complexes are required for a variety of processes including chromatin organisation,
transcriptional regulation, decatenation of chromatids during mitosis and DNA repair.” The
mammalian SWI/SNF (SWItch/Sucrose Non-Fermentable) complex is one of four
mammalian chromatin remodelling complexes. Recurrent inactivating mutations in certain
subunits of this complex have been identified in different cancers. Despite its known roles in
tumor suppression, the mammalian SWI/SNF complex has recently received attention as a
potential target for therapeutic inhibition. This stems from the recognition that residual
SWI/SNF complexes are critical for the growth of genetically defined cancers, including
SWI/SNF mutant and Max mutant tumors as well as acute leukemias.** In acute leukemias, it
was found that the SWI/SNF complex supports an oncogenic transcriptional program. In the
absence of the SWI/SNF ATPase Brgl, leukemic cells arrest in G1 and differentiate. A recent
study highlighted a role of another SWI/SNF subunit, BRD?9, in leukemia growth. The BRD9
bromodomain (BD) was shown to be required for the proliferation of acute myeloid leukemia

(AML) cells®.

Over the last decade, chemical probe compounds have been shown to be invaluable in the
elucidation of protein function.®’ We set out to develop a probe compound targeting the
bromodomain of BRD9 in order to evaluate the function of this domain within the SWI/SNF
complex. Bromodomains are protein-binding domains with an affinity to lysine-acetylated
target proteins.® The acetyl-lysine binding pockets of these domains have been shown to be
amenable to inhibition by drug-like small molecules and the activity of several inhibitors
directed against Bromodomain and Extra-Terminal motif (BET) containing proteins (BRD2,
BRD3, BRD4 and BRD-T) is being clinically assessed in cancer, including hematopoietic
malignancies,®*° and atherosclerosis (http://www.resverlogix.com/blog/tag/atherosclerosis/).

A key selectivity parameter in designing our tool compounds was to avoid activity against



BET family proteins, due to the pleiotropic effects that BET inhibitors exert on various

cellular processes.™

In this paper, we describe the discovery and development of a potent and selective BRD9
bromodomain inhibitor series based on a new scaffold arising from two parallel screening
approaches consisting of a fragment based screening, as well as a virtual screening of
proprietary libraries. In particular, we report the structure-based design of the BRD9 inhibitor
B1-7273, which was previously demonstrated to mimic genetic perturbation of BRD9.> We
further describe a second BRD9 inhibitor, BI-9564, which displays enhanced selectivity
against the BRD7 bromodomain as well as improved pharmacokinetic properties when
compared to BI-7273. These two chemical probes, BI-9564 and BI1-7273, should prove useful

in further probing BRD9 bromodomain biology in both in vitro and in vivo settings.

RESULTS

Binding the BRD9 bromodomain with an isoquinolinone or a pyridinone scaffold

Two parallel screening approaches were followed to identify BRD9 bromodomain binders.
Three parallel biophysical assays, a differential scanning fluorimetry (DSF) assay, a surface
plasmon resonance (SPR) assay and a microscale thermophoresis (MST) assay, were used to
screen our proprietary fragment library of around 1700 compounds against the BRD9
bromodomain (Supporting Information Figure 1, Supporting Information Figure 2 &
Supporting Information Table 1). Of note, this is one of the first fragment screening
applications described for the MST technology.'? The hits coming from these three screening
methods were validated in an orthogonal binding assay using >N HSQC NMR (Heteronuclear

Single Quantum Coherence Nuclear Magnetic Resonance) (Supporting Information Figure 3).
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77 hits showed significant cross peak shifts in the 2D *H/ >N HSQC NMR spectra and 55 of
these compounds were successfully soaked into the crystals of the BRD9 bromodomain. After
quantification of the binding affinity of the 77 compounds by SPR, 12 compounds displayed a
dissociation constant (Kp) below 100 uM. Additionally, a proprietary high concentration
screening (HiCoS) library of ~ 74,500 compounds was screened by Glide docking,*® followed
by BRD9 bromodomain pharmacophore mapping and finally filtering based on molecular
weight (MW < 280) and lipophilicity (clogP < 2) (Supporting Information Figure 4). This
virtual screening led to the selection of 208 available compounds, which were measured in
DSF and SPR (% ctrl) assays. The binding affinity (Kp) of the hits was quantified using SPR
(Supporting Information Figure 1) leading to the discovery of 23 additional candidates of
which 11 compounds had their binding mode elucidated by X-ray co-crystal structure
determination. All 23 compounds were resynthesized and had their binding affinity confirmed
by SPR. Eleven compounds had a Kp below 100 uM by SPR (Supporting Information Figure
1). Structure based medicinal chemistry was then initiated using the X-ray co-crystal
structures of the fragments obtained in the BRD9 bromodomain (Supporting Information

Figures 5-8 & Supporting Information Table 2).

The compound series containing the methylpyridopyrimidinone or the dimethylpyridinone
scaffold were selected as promising starting points [Kp(1, SPR) = 37.5 uM, Kp(2, SPR) = 9.1
uM] (Figure la with the scaffold highlighted). The binding mode of the two compounds
showed similar binding in the BRD9 anchor region (Figures 1b-c & Supporting Information
Figures 5-8). The carbonyl of the pyridinone functionality makes two hydrogen bonds with
the protein: a direct H-bond with the N ®H, side chain of Asn100 and an H-bond to Tyr57 via
a conserved water molecule. A methyl group (either from the N-methyl or from the methyl
alpha to the carbonyl) occupies a small lipophilic pocket surrounded by four conserved water

molecules. The binding mode of these small acetylated lysine mimic binders is typical of



those reported for other bromodomains.® Indeed, similar binding activity was observed
towards BET family members [eg. ICso (1, BRD4-BD1) = 80.2 uM and ICs (2, BRD4-BD1)
= 3.7 uM] for both fragments, highlighting the challenge of achieving high selectivity against
BRD4. Additionally, the aromatic pyridinone core in compounds 1 and 2 makes a r-stacking
interaction with the Tyr106 in the BRD9 bromodomain. The distance between the aromatic
core and Tyr106 was measured at 3.4 A and 3.7 A for 1 and 2, respectively (optimal aromatic
C-aromatic C parallel offset stacking is 3.4-3.6 A).** Finally, in the specific case of compound
2, we observe a C-H r-interaction between 1le53 and the phenyl moiety (distance CH3-phenyl

3.6 A) which could be beneficial for improving potency towards BRD9 (Figure 1c).

In parallel to the biophysical SPR assay, we developed a biochemical assay measuring the
inhibitory effect of our compounds on the binding between acetylated histone H3 and BRD9
bromodomain. This assay showed good correlation with the data obtained by SPR [Kp(1, SPR)
=37.5 UM vs. ICs0(1) = 48.9 uM; Kp(2, SPR) = 9.1 UM vs. ICs50(2) = 9.4 uM]. As the aim of
the project was to develop a potent and selective inhibitor, we developed in vitro peptide
displacement assays to routinely monitor the inhibitory effect of our compounds on the
binding between BRD9, BRD7, BRD4-BD1, BRD4-BD2 or BRD2-BD1 bromodomains and

acetylated histone H3 or H4.

Structure-based design of BRD9 bromodomain inhibitors

Acetylated histones bind to their bromodomain partners via their N-acetylated lysine tails, in
particular interacting with a conserved asparagine (BRD9 bromodomain is Asn100) in the
anchor region and along a region previously referred to as the “N-side”*® (Figures 1b-c).
Considering that this binding mode is conserved among all bromodomains, we decided to

concentrate on improving potency by growing the initial fragment towards the less conserved
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“ZA channel” area (Figures 1b-c), as we anticipated that this approach would give us a greater

chance of successfully achieving selectivity against BET family members.

In order to optimise the ZA channel linker, we used the dimethylpyridinone scaffold as an
anchor binder. Both methyl and carbonyl functions on this scaffold are essential for effective
binding to the BRD9 bromodomain; indeed removal of one of the methyl groups [position 1
(N-Me) or 3] or removal of the carbonyl moiety (eg. replacement of anchor binder by 2,6-
dimethylpyridine) led to a loss of binding. In the ZA channel of the BRD9 bromodomain, we
identified Phe44 (Figures 1b-c) as an amino acid of interest and hypothesised that addressing
this interaction could improve potency. Compound 2 showed a sub-optimal edge to face
interaction (referred also as T-stacking) with Phe44 [distance Phe44-phenyl (2) = 4.67 A vs.
optimal aromatic C-aromatic C edge to face distance: 3.6-3.9 AM]. It is reported that
introduction of electron donating groups on the facially substituted phenyl improves T-
stacking.'® Following this principle, we replaced the amide functional group by a methylene
dimethylamine (compound 3, Table 1), which led to an 8-fold increase in potency.
Introduction of additional electron donating groups onto the phenyl ring further enhanced
potency by improving T-stacking with Phe44 (compounds 4 to 8, Table 1). Using 4-
(dimethylamino)methyl-3,5-dimethoxyphenyl as a ZA channel linker (compound 5) increased
the potency ~170-fold compared to the initial starting hit 2 [ICso(5, BRD9) = 54 nM vs. 1Cs0(2,
BRD9) = 9338 nM]. It was possible to further boost potency by addressing the backbone
carbonyl of His42 with either a hydroxyl moiety or an amine moiety (compounds 9 and 10,
Table 1). The azetidine substituent provided the best vector to the His42 carbonyl without
interfering with the optimal T-stacking of the dimethoxyphenyl ZA channel linker with Phe44.
4-(3-Aminoazedinylmethyl)-3,5-dimethoxyphenyl dimethylpyridinone (10) exhibited low
nanomolar activity [ICs0(10, BRD9) = 9 nM]. Binding of the structurally closely related

compound 9 was confirmed by X-ray co-crystal structure determination (Figure 2a,



Supporting Information Figures 9-10 & Supporting Information Table 2). The anchor region
binding is similar to the one observed with fragment 2: the pyridinone core binds through its
carbonyl to Asn100 and to the conserved water molecule bound to Tyr57, a methyl group
occupies the small lipophilic pocket and the pyridinone makes a n-stacking interaction with
Tyrl106. In the ZA channel, the dimethoxyphenyl linker adopts a conformation that permits
optimal T-stacking with Phe44, the distance between the aromatic core and Phe44 now being
the ideal 3.9 A, while keeping the C-H m-interaction with 11e53, the distance between aromatic
core and 11e53 being 3.6 A. The azedin-3-ol forms an H-bond to His42 and additionally for
this molecule we observe an induced fit with Phe47 closing onto the molecule due to a C-H =-

interaction with the methoxy group of compound 9.

While improving the potency towards BRD9, we also observed an enhancement of the
selectivity against the first bromodomain of BRD4 (BRD4-BD1) compared to starting hit 2,
which showed higher potency for the off-target BRD4-BD1 than for BRD9. Encouraged by
these results, we investigated modifications in the anchor region in order to further improve
selectivity. As stated previously, we considered essential that our final BRD9 chemical probes
were inactive against BRD4-BD1 and other BET family members to avoid any
misinterpretation of biological results [i.e. ICs(BET family members) > 100uM]. After
comparing the surface of BRD9 and BRD4-BD1, we hypothesised that enhanced selectivity
could be achieved by forcing a clash with key amino acids in the anchor region or the ZA
channel of BRD4-BD1. This could be done by introducing substituents at the 4 or 6 position
on the pyridine-2-one core of our inhibitors to force the torsion angle between the anchor
binder ring and the ZA channel linker ring (Table 2). A methyl group at position 4 (or 6)
forced a twist between the 2 aryl moieties “anchor binder” pyridine-2-one and “ZA channel
linker” (measured torsion angle ~ -60° vs. -27° to -44° when hydrogen is present) and indeed

translated to an improvement of selectivity against the BET family (compounds 11 and 12,
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Table 2). Based on the same principle, an aromatic ring merged to the pyridinone scaffold
gave an improved selectivity against the BET family, and concomitantly improved the =-
stacking interaction with Tyr106 in the BRD9 anchor region (compounds 13 to 18, Table 2).
The most efficient inhibitor was 2-methyl-2,7-naphthyridin-1-one compound 15 (BI-7273)
with a three-fold increase in affinity for BRD9 and 50-fold increase in selectivity against
BRD4-BD1 over compound 5 (selectivity BRD9 vs. BRD4-BD1: ~ 100-fold for compound
5; > 5200-fold for BI-7273). BI-7273 forms an additional positive interaction with the
carbonyl of Asn100 in BRD9; indeed the presence of a nitrogen atom at position 7 on the
naphthyridinone ring acidifies the CH bond at position 8 permitting the interaction with the
carbonyl side chain of Asnl100 (Figure 2b, Supporting Information Figures 11-12 &
Supporting Information Table 2). This translates into an improved potency for the BRD9
bromodomain. BI-7273 displays no measureable activity towards BET family bromodomains
up to a concentration of 100 uM, in our biochemical Alpha assay which can be explained by a
potential clash of the anchor part of the molecule with Leu92 in BRD4-BD1 and a clash of the
tri-substituted phenyl linker of the molecule with Glu85 and Trp81 in BRD4-BD1 (Figures

3a-b, superimposition of BI-7273 with BRD4-BD1 surface).

Finally, while investigating modifications on the ZA linker part, we discovered that para-
substituted dimethoxy groups resulted in an enhanced selectivity for BRD9 over its closest
homologue BRD7 (Table 3). We believe that this selectivity might stem from differences in
flexibility between the two proteins. Based on the protein melting properties shown in the
thermal shift assay, we hypothesised that the BRD7 bromodomain was more flexible and
dynamic in solution than BRD9. Compound 21 (BI-9564) was slightly less potent towards
BRD9 compared to BI-7273 in the Alpha assay, but showed an improved selectivity against
BRD7 (45-fold more potent for BRD9 vs. BRD7) and most importantly it remained inactive

towards the BET family members (Scheme 1). The binding mode of BI1-9564 in the BRD9



bromodomain was confirmed by X-ray co-crystal structure determination (Figure 2c,
Supporting Information Figures 13-14 & Supporting Information Table 2). BI-9564 bound
with an induced fit of Phe47 in the ZA channel, similar to compound 9. Synthesis of para-
substituted dimethoxy analogues of BI-9564, which could directly address the carbonyl of
His42 with either a benzyl amine linker or sulphonamide linker at the 4 position of the ZA
linker, yielded compounds with an improved BRD9 potency and similar selectivity profile
compared to BI-9564. However, these compounds later presented less attractive
pharmacokinetic properties (eg. low permeability or high efflux ratio), which made them

unsuitable for in-vivo testing.

Finally, BI1-9564 and BI-7273 binding affinities towards BRD9 were measured by isothermal
titration calorimetry (ITC) and bromoKdELECT® (Figure 4, Table 4 & Supporting
Information Figures 17-18). High affinity binding to the BRD9 bromodomain was confirmed
for both compounds [Kp(B1-7273, ITC) = 15.4 nM and Kp(BI-9564, ITC) = 14.1 nM]. BI-
7273 and B1-9564 were selected as BRD9 bromodomain chemical probes for further in vitro

and in vivo profiling.

BI1-9564 and BI-7273 are potent, selective and cell permeable BRD9 bromodomain

inhibitors

Target engagement in the cell was demonstrated in a semi-quantitative FRAP assay*® using a
green fluorescent protein-BRD9 fusion protein expressed in U20S cells. BI-9564 showed
inhibition of BRD9 in cells at 100 nM, while BI-7273 was active in the cell at 1uM (1uM
being the lowest concentration tested) (Figures 5a-d, Table 4). No compound related toxicity

was observed in U20S cell lines after 24 hours.
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To assess selectivity, the compounds were profiled against a variety of other bromodomains.
Bromodomain selectivity was checked by differential scanning fluorimetry for 48
bromodomains followed by ITC Kp determination (Table 4 & Supporting Information Figures
15-16 & 19-20). The same selectivity pattern was observed using the bromoMAX® /
bromodKdMAX® technology (32 bromodomains screened, Supporting Information Figures
17-18). High selectivity against BET family members was confirmed, with Kp values
exceeding 10 pM. Aside from BRD9, the only two bromodomains identified as additional
targets belonged to the highly homologous BRD7 and CECR2 (Table 4 & Supporting
Information Figures 19-20). Although BI-9564 showed potency at 1uM in a BRD7 FRAP
assay (Table 4 and & Supporting Information Figure 22), no cellular inhibition of the CECR2
bromodomain was observed at this concentration (CECR2 FRAP assay: Table 4 & Supporting

Information Figure 23).

Further profiling was conducted to assess the selectivity over a range of targets, in particular
kinases and G-protein coupled receptors (GPCRs). Concentrations of B1-9564 of less than 5
UM showed no activity against 324 kinases and at 10uM an inhibition > 40% was observed
for only 2 out of 55 GPCRs (Table 4 & Supporting Information Figure 24). BI-7273 showed

an inhibition below 40% against 31 kinases at 10 pM concentration.

Inhibition of cellular proliferation by BI-9564 and BI-7273

The cellular response to BRD9 inhibition was assessed in a broad cancer cell line panel.
Treatment of the panel with BI-9564 resulted in selective growth inhibition of a significant
proportion of AML cell lines tested (Supporting Information Figure 31). This result was in

agreement with evidence of BI-7273 activity in the murine AML RN2 cell line.”
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Additionally to the lack of cellular activity of BI-9564 in the CECR2 FRAP assay
(Supporting Information Figure 23), CECR2 mRNA expression was hardly detectable in any
of the 8 sensitive cell lines, suggesting that the anti-proliferative effect was not due to the
effects of the compound on this bromodomain. The most sensitive cell line was the human
acute myeloid eosinophilic leukemia cell line EOL-1 [ECso(BI-9564, EOL-1)=800 nM,;

ECso(BI-7273, EOL-1)=1400 nM] (Figure 6, Supporting Information Figure 31)

As observed from the phenotype of murine cells exposed to BI-7273°, BRD9 inhibition
translated into a potent but only partial inhibition of MYC expression in AML cell lines
(Supporting Information Figures 32 a-d). The rationale behind the inhibition of MYC
expression is currently not understood. Complete suppression of MYC expression, observed
at higher concentrations with some of the less selective compounds, was likely due to the
effects of the compounds on BET family members [eg. 1Cs50(BI-7189, BRD4-BD1) = 78 uM,

ICs50(BI-7271, BRD4-BD1) = 22 uM] (Supporting Information Figures 32 a-b).

BRD9 can fulfil its cellular function in murine leukemia cells when its bromodomain is
exchanged with the BRD4 bromodomain.> These domain-swap experiments were used to
demonstrate that the antiproliferative activities of BI-7273 in this cell line are due to its effect
on the BRD9 bromodomain. Using a similar domain-swap strategy, we also found that BRD9
is a relevant target underlying the anti-proliferative effects of BI1-9564, suggesting on-target
effects at concentrations below 5 uM. However, we also noted a degree of off-target effects of
BI1-9564 in this murine leukemia cell line, when used at higher compound concentrations.
Nonetheless, these findings suggested that BI-9574 is a suitable chemical probe for probing

the function of BRD9 in vitro and in vivo settings.

Pharmacokinetic profiling of BI1-9564 and BI-7273
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Both compounds, BI-7273 and BI-9564, showed attractive ADME/PK profiles for in vivo
proof-of-concept studies, namely high solubility at pH 6.8, moderate to high in vitro
metabolic stability, low plasma protein binding, no cytochrome P450 inhibition together with
moderate to high absorptive permeability and moderate in vivo plasma clearances upon i.v.
dosing (Table 4, Supporting Information Figure 25 & Supporting Information Figure 28).
Despite elevated efflux ratios in the Caco-2 transporter assay, both compounds displayed high
oral bioavailability (Table 4, Supporting Information Figures 25-30). In order to explore the
potential of BI-9564 and BI-7273 as in vivo chemical probes, female BomTac:NMRI-
Foxnlnu mice were given two doses orally (20 and 180 mg/kg p.o.) and the compound
concentration in plasma over time was measured. Dose-dependent, but non-linear AUCs were
obtained for both compounds, achieving exposures that were higher compared to the ECs
levels determined for both compounds in proliferation assays with EOL-1 cells (Figure 6). BI-
9564 presented twice as high compound exposure over time than BI-7273 and a higher oral
bioavailability (Table 4). This justified in vivo efficacy experiments in mice at the highest
dose of BI1-9564 (180 mg/kg p.o.) in the disseminated EOL-1 AML mouse model (summary
of properties: Table 4, Supporting Information Figures 26-27 & Supporting Information

Figures 29-30).

B1-9564 showed efficacy in a disseminated mouse model of AML

Prior to performing efficacy studies, one week tolerability studies were carried out using 180
mg/kg of BI-9564 in non-tumour bearing female CIEA-NOG mice. Continuous daily dosing

of the selected dose was well tolerated with a medium weight change on day 7 of -3.8% (n=4).

The human acute myeloid eosinophilic leukemia cell line EOL-1 was chosen for in vivo

experiments as it was the most sensitive cell line in vitro to BRD9 inhibition. A disseminated
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model, that more closely reflects the clinical situation compared to a subcutaneous xenograft,
was chosen to assess the efficacy of BI-9564. 10" EOL-1 cells, stably transduced with a
luciferase-expressing vector to allow continuous assessment of tumour load by
bioluminescence, were injected in the tail vein of CIEA-NOG mice. Oral treatment with 180
mg/kg of BI-9564 was initiated on day 5 and applied daily (g.d.) with an interruption at day
18 and 19. A significant (p=0.0086) reduction in tumour growth (measured in average
Radiance [p/s/cm?/sr]) compared to controls was observed on day 18 resulting in a median
tumour growth inhibition (TGI) value of 52% (Figure 7a). Imaging data on day 18 provided
evidence of a significantly reduced disease burden (Figure 7b) in BI1-9564-treated mice. The
animals were closely monitored for clinical signs and were sacrificed when the disease burden
exceeded a pre-specified grade, as a surrogate endpoint for survival. Increase of tumour
burden in the control mice resulted in body weight loss at the end of the study. On day 18,
dosing with B1-9564 was interrupted for 2 days, as continuous body weight loss was observed
and a body loss of 15% was observed in one mouse. The body weight loss might be
explainable by an increased tumor burden, as on this day the control group showed a median
body weight loss of -11 compared to -8 in the treated group, however tolerability issues with
the compound cannot be ruled out (Figure 7c). In the disseminated EOL-1 mouse model, the
median survival of the vehicle (Natrosol 0.5%) treated control animals was 20 days. Median
survival of the animals treated with 180 mg/kg BI1-9564 resulted in a modest but significant
additional survival benefit of 2 days, compared to the control group (Figure 7d).
Pharmacokinetic analysis of plasma samples taken on the last day of treatment showed that
systemic exposure had been reached, with an AUC(0-last) of 119,000 nM-h, as expected from
single dose PK experiments in mice (Table 4). While the anti-leukemia effects of BI1-9564 in
this model are modest, these experiments demonstrate that B1-9564 is a suitable probe to

evaluate the effects of in vivo modulation of BRD9 bromodomain activity.
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DISCUSSION

Epigenetic modifications have been linked to many diseases, in particular cancer and
immune/inflammatory disorders. The molecular machinery required to read and modify
chromatin has been shown to comprise large protein complexes where the activities of
multiple domains is coordinated. The need to identify the activities that drive disease
pathology has spurred the development of high quality inhibitors to probe the function of

individual domains in the context of the native cellular complexes.

In this paper, we have focused on the bromodomain of BRD9, a subunit of the SWI/SNF
chromatin remodeling complex. Our study describes how a combination of FBS and virtual
screening of proprietary libraries allowed us to identify a new scaffold class of BRD9
bromodomain inhibitors. BI-9564 and BI-7273 are the first cellular potent BRD9
bromodomain inhibitors which are inactive on the BET family. This was principally achieved
following a structure guided chemical optimization leading to introduction of 2-methyl-2,7-
naphthyridin-1-one as an anchor region binder. Optimization of the compounds focused on
addressing all key interactions as efficiently as possible, keeping the overall size of the final
molecule small and the ligand efficiency high [MW(BI-7273) = MW(BI1-9564) = 353.4 Da,
ligand efficiency(BI-7273) = 0.41 & LE(BI-9564) = 0.38, lipophilic ligand efficiency(BI-
7273) = 5.7 & LLE(BI-9564) = 5.7]. The overall ADME properties of the 2 compounds
permit them to be used in in vivo experiments. Early work in a disseminated mouse model of
AML showed efficacy for BI-9564 (dose: 180mg/kg) with a median TGI value of 52% on day

18, which translated into an additional survival benefit compared to the control group.

Three structurally unrelated BRD9 inhibitors have been recently published in the literature:

LP99*°, 1-BRD9% and ketone “compound 28! (Supporting Information Figure 33), prone to

15



make important contributions to further understanding BRD9 biology. However a
combination of high potency and high selectivity (in particular versus the BET family) has so
far not been achieved.?? BI-7273 and B1-9564 combine both sufficiently high potency and
selectivity (see Table 4). The ADME parameters of these 2 inhibitors will in addition allow
the scientific community to elucidate the role of BRD9, either as a single agent or in
combination with other inhibitors in in vitro as well as in in vivo settings. B1-9564 is available
to the scientific community via the SGC consortium as a BRD9/BRD7 potent, selective, cell
permeable and non-cytotoxic probe compound (http://www.thesgc.org/chemical-probes/Bl-
9564). We believe that this molecular probe will provide a useful tool to broaden the study of
chromatin regulators not only in oncology but potentially also in additional therapeutic areas

such as neurology, immunology?®% and inflammation.*®
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Figure 1. Binding mode of methylpyridopyrimidinone 1 or the dimethylpyridinone 2 scaffold in BRD9
bromodomain

(a) Structures and binding affinities of compounds 1 and 2 identified by FBS screening and virtual screening of
HiCos library respectively

(b) and (c) Binding mode of 1 and 2 in the BRD9 bromodomain respectively: H-bond to Asn100, water bridged
interaction with Tyr57, n-stacking with Tyr106, C-H n-interaction with 11e53. The protein is shown as a surface
representation colored in grey. Important amino acids for binding to the BRD9 bromodomain are indicated. ZA
channel, anchor region and N-side are indicated in blue.
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AN .

Figure 2. Binding mode of BRD9 bromodomain inhibitors.

a) Binding mode of compound 9 in the BRD9 bromodomain: H-bond to Asn100, water-bridged interaction with
Tyr57, n-stacking with Tyr106, C-H n-interaction with 11e53, T-stacking with Phe44, H-bond to His42, induced
fit Phe47/ C-H n-interaction. b) Binding mode of compound 15 (BI-7273) in the BRD9 bromodomain®: two H-
bonds to Asn100, water-mediated hydrogen bond with Tyr57, n-stacking with Tyr106, C-H r-interaction with
Ile53, T-stacking with Phe44. c¢) Binding mode of compound 21 (B1-9564) in BRD9 bromodomain: two H-bonds
to Asn100, water-bridged interaction with Tyr57, n-stacking with Tyr106, C-H n-interaction with 1153, T-
stacking with Phe44, induced fit Phe47/ C-H r-interaction.
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Table 2. SAR for BRD9, BRD4-BD1, BRD4-BD2, BRD2-BD1 and BRD?7 activity (*Alpha format, mean value;
number of measurements: 2 to 5)
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Figure 3. X-ray co-crystal structure of BI-7273 (yellow) in BRD9 (not shown) & aligned with BRD4-BD1
(green)

a) & b) Clash between BI1-7273 and BRD4-BD1 bromodomain amino acids (Trp81, Glu 85 & Leu 92) is shown.

BI-7273 (compound 17) is shown as a surface representation colored in blue (mesh). The BRD4-BD1 protein is
shown as a surface representation colored in grey
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HaC CHy “CH,

Compound R1 1Cx 1Cx 1Cx 1Cs 1Cx Litt. Name
(BRD9) (BRD4- (BRD4- (BRD2- (BRD7)
[WM]* BD1) BD2) BD1) [M]*
[PM]*  [nM]*  [nM]*

19 CHa 134 61917  >100000 59555 3283
~ o]
N N\CH3
CHs
20 oriy 507 43998 67479 30330 2976
\/@Hs
CHy
21 ohy 75 >100000 >100000 >100000 3410 BI1-9564%
N 0
|
=z
@
22 cH, 134 47095 86973 21687 4307

Table 3. SAR for BRD9, BRD4-BD1, BRD4-BD2, BRD2-BD1 and BRD?7 activity (*Alpha format, mean value;
number of measurements: 2 to 5)

(a) http://www.thesgc.org/chemical-probes/BI-9564
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Scheme 1. Synthesis of BI-9564

Reagents and conditions: (a) NaH, Mel, DMF, rt, 71%; (b) HNMe,.HCI, NaOAc, AcOH, DCM, rt, 89%; (c)
B,pin,, KOAc, Pd(dppf)Cl,, 1,4-dioxane, 90°C, 63%; (d) Pd(dppf)Cl,-DCM, Na,CO; aq, DMF, 100°C, 17%
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Figure 4. ITC analysis of compounds BI-7273 and B1-9564 (T = 293.15 K)

a) Compound BI-7273 binds with a Kp, value of 15.4 nM (AH = -12.1 kcal/mol); b) B1-9564 with a Ky value of

14.1 nM (AH = -11.2 kcal/mol).
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Figure 5. Recovery After Photobleaching (FRAP) assay U20S cells transfected with GFP-BRD?9.

a) Shown are recovery half times of wild type cells treated with DMSO in the absence or presence of 2.5uM
SAHA or treated with BI-7273 at 1 uM and SAHA as indicated. In addition, cells expressing GFP-BRD9 with a
bromodomain inactivating mutant (N100F) were analysed. . Significant differences to cells treated with SAHA
of p< 0.0001 are shown by ****: b) Time dependence of fluorescence recovery in the bleached area of cells
expressing wt or mutant GFP-BRD9 with the corresponding treatment as in (a); ¢) Shown are recovery half times
of cells expressing wt GFP-BRD? treated with various concentrations of DMSO and BI1-9564 in the presence or
absence of SAHA as indicated. Cells expressing GFP-BRD9 mutant (N100F) were treated as indicated.
Significant differences to cells treated with SAHA of p< 0.0001 are shown by ****: d) Time dependence of
fluorescence recovery in the bleached area of cells expressing wt or mutant GFP-BRD9 with the corresponding
treatment as in (c).

Curves represent averaged data of at least 20 replicates.
BI1-7273 shows potency (100% inhibition) at 1 uM in the BRD9 FRAP assay.

B1-9564 shows potency (~90% inhibition) at 0.1 puM in the BRD9 FRAP assay. Both compounds showed no
toxicity in U20S cells after 24h.

The N10O0F construct is a negative control BRD9 mutant in which Asn100 is replaced by Phe100 and therefore
acetylated histone cannot bind anymore due to the lack of interaction to the anchor Asn and also steric hindrance.
SAHA is added to the mixture to increase the signal to noise ratio by inhibiting the deacetylation of histones.
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PK profile
Mouse 5 mg/kg i.v. bolus plasma CL (% Qu)

Mouse 5 mg/kg i.v. bolus plasma Vss

Mouse 20mg/kg p.o. AUC(0-last) / Crmax/ Foral
Mouse 180mg/kg p.o. AUC(0-last) / Cmax / Fora
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BRD7 +9.7°C
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All other bromodomains < 2°C
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> 10 uM
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187 nM

All 31 kinases < 43%

5130 nM
3850 nM
> 20,000 nM

n.d.

Full inhibition at 1pM
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Table 4. Summary of properties of BI-7273 and BI-9564
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> 100 uM
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“90% inhibition at 100 nM
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Full inhibition at 1pM
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35% / 23% / 42%
> 50uM (2C8, 2C9, 2C19, 3A4),
49 uM (2D6)
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65%
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Figure 6. BI-7273 and BI1-9564 block EOL-1 cell proliferation with ECs,s of 1400 nM and 800 nM,
respectively.
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Figure 7. Efficacy and tolerability of the BRD9 inhibitor B1-9564 in a xenograft model of human AML.
Data for Figure a-d was collected in the same in vivo experiment.

a) CIEA-NOG mice were injected intravenously with 1 x 10" EOL-1 AML cells. Starting on day 5 after cell
injection, mice were orally treated with vehicle (daily) or with 180 mg/kg B1-9564 (qd5-17 and qd20-22). With
the help of bioluminescence imaging the tumor burden was assessed in each animal on day 5, 8, 11, 14 and 18
and calculated as median average radiance [p/s/cm?2/sr]. One-sided decreasing Mann-Whitney tests were used to
compare tumor volumes.

b) Bioluminescence imaging on day 18: (upper) vehicle control, (lower) 180 mg/kg BI-9564.

c) The Kaplan-Meier curve shows prolonged survival of animals treated with 180 mg/kg BI1-9564 (vehicle =
black line, 180 mg/kg B1-9564 = blue line). The P-value was calculated by Mann-Whitney test.

d) The average body weight changes in percentage of initial weight.
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EXPERIMENTAL SECTION

Unless otherwise indicated all reactions were carried out in standard commercially available
glassware using standard synthetic chemistry methods. Air-sensitive and moisture-sensitive
reactions were performed under an atmosphere of dry nitrogen or argon with dried glassware.
Commercial starting materials were used without further purification. Solvents used for
reactions were of commercial “dry”- or “extra-dry” or “analytical” grade. All other solvents

used were reagent grade.

Preparative RP-HPLC was carried out on Agilent or Gilson systems using columns from
Waters (Sunfire C18 OBD, 5 or 10 pm, 20x50 mm, 30x50 mm or 50x150 mm; X-Bridge C18
OBD, 5 or 10 um, 20x50, 30x50, or 50x150 mm) or YMC (Triart C18, 5 or 10 um, 20x50
mm, or 30x50 mm). Unless otherwise indicated compounds were eluted with MeCN/water
gradients using either acidic (0.2 % HCOOH or TFA) or basic water (5 mL 2 M NH;,HCO; +

2 mL NHj3 (32 %) made up to 1 L with water).

NMR experiments were recorded on Bruker Avance 400 MHz and 500 MHz spectrometers at
298K. Samples were dissolved in 600uL DMSO-d6 or CDCl; and TMS was added as an
internal standard. 1D 1H spectra were acquired with 30° excitation pulses and an interpulse
delay of 4.2 sec with 64k datapoints and 20 ppm sweep width. 1D 13C spectra were acquired
with broadband composite pulse decoupling (WALTZ16) and an interpulse delay of 3.3 sec
with 64k datapoints and a sweep width of 240 ppm. Processing and analysis of 1D spectra
was performed with Bruker Topspin 2.0 software. No zero filling was performed and spectra
were manually integrated after automatic baseline correction. Chemical shifts are reported in

ppm on the 5 scale.

Analytical LC/MS data [LC/MS(BAS1)] were measured on an Agilent HPLC 1100 Series

with Agilent LC/MSD SL detector using a Waters X-Bridge C18, 2.5 um, 2.1x20mm column
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(Part.No. 186003201) and solvent A [20mM aqueous NH4,HCO3/ NH3 (pH 9)] and solvent B
[acetonitrile HPLC grade] as eluent (additional settings: flow 1mL/min; injection volume 5 pl;
column temp. 60 °C). Standard gradient: 0.00 min:10 % B; 0.00 — 1.50 min: 10 % -> 95 % B;
1.50 — 2.00 min: 95 % B; 2.00 — 2.10 min: 95 % -> 10 % B. For some intermediates analytical
LC/MS data was measured using different methods: LC/MS(INT1) was measured on a
Shamadzu HPLC LC-20AB, SPD-M20A 190-370 nm system using a Luna C18(2), 5 pm,
50x2 mm column and solvent A [H,O containing 0.0375 % TFA] and solvent B [acetonitrile
HPLC grade containing 0.018 % TFA] as eluent (additional settings: flow 0.8 mL/min,
column temp. 40 °C). Standard gradient: 0.00 min:10 % B; 0.00 — 4.00 min: 10 % -> 80 % B;
4.00 — 4.90 min: 80 % B; 4.90 — 4.92 min: 80 % B -> 10 % B; 4.92 — 5.50 min: 10 % B.
LC/MS(INT2) was measured on an Agilent HPLC 1200 Series (DAD 200-400 nm) with an
Agilent 6120 MS system using a Luna C18(2), 3 pum, 30x2mm column and solvent A [H,0
containing 0.0375 % TFA] and solvent B [acetonitrile HPLC grade containing 0.018 % TFA]
as eluent (additional settings: flow 1.0 mL/min, column temp. 50 °C). Standard gradient: 0.00
min:10 % B; 0.00 — 1.15 min: 10 % -> 80 % B; 1.15 — 1.55 min: 80 % B; 1.55 — 1.56 min:

80 % B -> 10 % B; 1.56 — 2.99 min: 10 % B.

HRMS data were recorded using a Thermo Scientific Orbitrap Elite Hybrid lon Trap/Orbitrap
Spectrometer system with an Ultimate 3000 Series LPG-3400XRS Pump system. The mass
calibration was performed using the Pierce LTQ Velos ESI positive ion calibration solution

from Thermo Scientific (Lot PF200011, Product Nr. 88323)

Compound 1 is commercially available from e.g. ChemDiv.

Selected Experimental Procedures:

4-bromo-2-methyl-1,2-dihydro-2,7-naphthyridin-1-one (24)
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Sodium hydride (3.41 g; 142 mmol) is added slowly to a cooled solution (0 °C) of 4-bromo-
1,2-dihydro-2,7-naphthyridin-1-one (23) (16.0 g; 71.1 mmol; commercial from Activate) in
DMF (300 mL) and the resulting mixture is stirred for 0.5 h. Methyl iodide (40.4 g; 285 mmol)
is added slowly and stirring is continued for 2 h. The reaction mixture is quenched with ice
water whereupon the product precipitates. The solid is collected by filtration, washed and
dried in vacuo to give pure 4-bromo-2-methyl-1,2-dihydro-2,7-naphthyridin-1-one (24) (12.0
g; 50.2 mmol; 71 %). *H-NMR (400 MHz, DMSO-ds) & 9.36 (s, 1H), 8.87 (d, J = 5.6 Hz, 1H),
8.26 (s, 1H), 7.62 (d, J = 5.6 Hz, 1H), 3.53 (s, 3H); LC/MS (BAS1): [M+H]" = 239/241; tg =

0.92.

[(4-Bromo-2,5-dimethoxyphenyl)methyl]dimethylamine (26)

A solution of NaOAc (6.10 g; 44.9 mmol), AcOH (2.45 g; 40.8mmol) and dimethylamine
hydrochloride (6.98 g; 85.7 mmol) in DCM (160 mL) is stirred for 10 min at rt. 4-Bromo-2,5-
dimethoxybenzaldehyde (25) (10.0 g; 40.8 mmol) is added and stirring is continued. After 30
min sodium triacetoxyborohydride (17.2 g; 81.6 mmol) is added in one portion and the
reaction mixture is stirred at rt for 16 h. Saturated NaHCO3 solution is added and the layers
are separated. The aqueous layer is extracted three times with DCM. The combined organic
layer is dried over MgSQy, filtered and evaporated to give [(4-bromo-2,5-dimethoxyphenyl)-
methyl]dimethylamine (10.0 g; 36.5 mmol; 89 %). *H NMR (500 MHz, DMSO-d6) & 7.17 (d,
J=1.4 Hz, 1H), 7.06 (s, 1H), 3.78 (d, J = 1.5 Hz, 3H), 3.74 (d, J = 1.4 Hz, 3H), 3.35 (s, 2H),

2.16 (s, 6H); LC/MS (BASL): [M+H]+ = 274/276; tR = 1.11 min.

{[2,5-dimethoxy 4 -(tetramethyl -1,3,2 -dioxaborolan -2 -yl)phenyl]methyl}dimethylamine (27)
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[(4-bromo-2,6-dimethoxyphenyl)methyl]dimethylamine (26) (7.80 g; 28.5 mmol) and
bis(pinacolato)diboron (21.7 g; 85.5 mol) are dissolved/suspended in 1,4-dioxane (150 mL)
under N,. Potassium acetate (8.43 g; 49.6 mmol) and Pd(dppf)Cl, (1.00 g; 1.37 mmol) is
added and the mixture is stirred at 90° C for 8 h. After cooling to rt, the mixture is
concentrated and the residue is taken-up in DCM. Water is added, the layers are separated and
the aqueous phase is extracted three times with DCM. The combined organic layer is dried
over Na,SOy, filtered and evaporated. The crude product is purified by preparative RP-HPLC
using a MeCN/water (0.2 % TFA added to the water) gradient as eluent to give the TFA salt
of  {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]Jmethyl}-dimethylamine
(27) which is transferred into the corresponding hydrochloride by dissolving and stirring in
HCI/MeOH for 30 min (5.80 g; 18.1 mmol; 63 %). *H NMR (500 MHz, DMSO-d6) & 10.15
(s, 1H, prot. amine), 7.24 (s, 1H), 7.16 (s, 1H), 4.24 (d, J = 5.4 Hz, 2H), 3.80 (s, 3H), 3.74 (s,
3H), 2.70 (d, J = 4.9 Hz, 6H), 1.29 (s, 12H); LC/MS (BAS1): [M+H]" = 240 (Ester cleaved);

tr = 0.70 min.

4 {4-[(dimethylamino)methyl] -2,5-dimethoxyphenyl}-2-methyl-1,2 -dihydro-2,7 -naphthyridin-

1-one (21, BI-9564)

4-bromo-2-methyl-1,2-dihydro-2,7-naphthyridin-1-one (24) (7.44 g; 31.1 mmol), 27 (10.0 g;
31.1 mmol) and Pd(dppf)Cl,-DCM (2.54 g; 3.11 mmol) are suspended in DMF (100 mL)
under argon. A degassed Na,COgs-solution (2N; 38.9 mL; 77.8 mmol) is subsequently added
and the resulting mixture is heated at 100 °C for 2 h. After cooling to rt, DMF is evaporated
and a mixture of MeOH/DCM is added. All solids are filtered off and the filtrate is evaporated
again to give the crude material which is purified by flash chromatography on SiO; using a

MeOH/DCM gradient as eluent to give 4-{4-[(dimethylamino)methyl]-2,5-dimethoxy-
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phenyl}-2-methyl-1,2-dihydro-2,7-naphthyridin-1-one  (21) (3.40g; 9.62 mmol; 31 %).
Further purification is achieved by preparative RP-HPLC (X-Bridge C 18 50x100 mm; 10 um)
using a MeCN/water gradient as eluent to give highly pure material (1.90 g; 5.38 mmol,;
17 %). *H NMR (500 MHz, DMSO-dg) & 9.41 (s, 1H), 8.64 (d, J = 5.6 Hz, 1H), 7.74 (s, 1H),
7.12 (s, 1H), 7.03 (d, J = 5.6 Hz, 1H), 6.93 (s, 1H), 3.75 (s, 3H), 3.63 (s, 3H), 3.58 (s, 3H),
3.48 — 3.44 (m, 2H), 2.22 (s, 6H); *C NMR (125 MHz, DMSO-d6) & 161.1, 151.7, 151.4,
150.8, 150.6, 142.0, 138.5, 128.4, 122.2, 120.0, 118.6, 115.1, 113.6, 113.5, 57.1, 56.5, 56.2,
45.8 (2C), 36.8. HRMS (CI+): calculated for CyH24N303 (MH+) 354.18122, found

354.18091, A -0.88 ppm; LC/MS (BASL): [M+H]" = 354; tg = 0.91 min.
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Synthesis of Compounds

List of abbreviations

AcOH Acetic acid

MeCN Acetonitrile

Boc tert.butoxy carbonyl; di-tert-butyl dicarbonate
cHex Cyclohexane

DAD Diode array detector

DCM Dichloromethane, CHCl,

dppf 1,1'-Bis(diphenylphosphino)ferrocene
DIPEA Diisopropylethyl amine

DME 1,2-Dimethoxyethane

DMF N,N-Dimethylformamide

DMSO Dimethylsulphoxide

EtOAc or EA Ethyl acetate

EtOH Ethanol

h Hour(s)

HPLC High performance liquid chromatography
HRMS High resolution mass spectroscopy
INT Intermediate

KOAc Potassium acetate

LC Liquid Chromatography

M Molar (mol/L)

MeOH Methanol

pL Microliter

pm Micrometer

min Minute(s)

mL Milliliter

mm Millimeter

MS Mass spectrometry

MsClI Methanesulfonyl chloride

nm Nanometer

N Normal
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NMR Nuclear magnetic resonance

PE Petrolether

Pd.dbas Tris(dibenzylideneacetone)dipalladium(0)
Pd(dppf)Cl, [1,1"-Bis(diphenylphosphino)ferrocene]dichloropalladium(ll)
ppm Parts per million

prot. Protonated

RP Reversed phase

rt Room temperature (20 to 25°C)

SM Starting material

TEA Triethylamine

TFA Trifluoroacetic acid

THF Tetrahydrofuran

tr Retention time [min]

XPhos 2-Dicyclohexylphosphino-2',4’,6'-triisopropylbiphenyl

General Methods

Unless otherwise indicated all reactions were carried out in standard commercially available
glassware using standard synthetic chemistry methods. Air-sensitive and moisture-sensitive
reactions were performed under an atmosphere of dry nitrogen or argon with dried glassware.
Commercial starting materials were used without further purification. Solvents used for
reactions were of commercial “dry”- or “extra-dry” or “analytical” grade. All other solvents

used were reagent grade.

Preparative RP-HPLC was carried out on Agilent or Gilson systems using columns from
Waters (Sunfire C18 OBD, 5 or 10 pm, 20x50 mm, 30x50 mm or 50x150 mm; X-Bridge C18
OBD, 5 or 10 um, 20x50, 30x50, or 50x150 mm) or YMC (Triart C18, 5 or 10 um, 20x50
mm, or 30x50 mm). Unless otherwise indicated compounds were eluted with MeCN/water
gradients using either acidic (0.2 % HCOOH or TFA) or basic water (5 mL 2 M NH,HCO; +
2 mL NH; (32 %) made up to 1 L with water).

NMR experiments were recorded on Bruker Avance 400 MHz and 500 MHz spectrometers at
298K. Samples were dissolved in 600puL DMSO-d6 or CDCl; and TMS was added as an
internal standard. 1D 1H spectra were acquired with 30° excitation pulses and an interpulse

delay of 4.2 sec with 64k datapoints and 20 ppm sweep width. 1D 13C spectra were acquired
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with broadband composite pulse decoupling (WALTZ16) and an interpulse delay of 3.3 sec
with 64k datapoints and a sweep width of 240 ppm. Processing and analysis of 1D spectra
was performed with Bruker Topspin 2.0 software. No zero filling was performed and spectra
were manually integrated after automatic baseline correction. Chemical shifts are reported in

ppm on the & scale.

Analytical LC/MS data [LC/MS(BASL1)] were measured on an Agilent HPLC 1100 Series
with Agilent LC/MSD SL detector using a Waters X-Bridge C18, 2.5 um, 2.1x20mm column
(Part.No. 186003201) and solvent A [20mM aqueous NH4;HCO3/ NH3; (pH 9)] and solvent B
[acetonitrile HPLC grade] as eluent (additional settings: flow 1mL/min; injection volume 5 pl;
column temp. 60 °C). Standard gradient: 0.00 min:10 % B; 0.00 — 1.50 min: 10 % -> 95 % B;
1.50 — 2.00 min: 95 % B; 2.00 — 2.10 min: 95 % -> 10 % B. For some intermediates analytical
LC/MS data was measured using different methods: LC/MS(31) was measured on a
Shamadzu HPLC LC-20AB, SPD-M20A 190-370 nm system using a Luna C18(2), 5 pm,
50x2 mm column and solvent A [H,O containing 0.0375 % TFA] and solvent B [acetonitrile
HPLC grade containing 0.018 % TFA] as eluent (additional settings: flow 0.8 mL/min,
column temp. 40 °C). Standard gradient: 0.00 min:10 % B; 0.00 — 4.00 min: 10 % -> 80 % B;
4.00 — 4.90 min: 80 % B; 4.90 — 4.92 min: 80 % B -> 10 % B; 4.92 — 5.50 min: 10 % B.
LC/MS(32) was measured on an Agilent HPLC 1200 Series (DAD 200-400 nm) with an
Agilent 6120 MS system using a Luna C18(2), 3 um, 30x2mm column and solvent A [H,0
containing 0.0375 % TFA] and solvent B [acetonitrile HPLC grade containing 0.018 % TFA]
as eluent (additional settings: flow 1.0 mL/min, column temp. 50 °C). Standard gradient: 0.00
min:10 % B; 0.00 — 1.15 min: 10 % -> 80 % B; 1.15 — 1.55 min: 80 % B; 1.55 — 1.56 min:
80 % B -> 10 % B; 1.56 — 2.99 min: 10 % B.

HRMS data were recorded using a Thermo Scientific Orbitrap Elite Hybrid lon Trap/Orbitrap
Spectrometer system with an Ultimate 3000 Series LPG-3400XRS Pump system. The mass
calibration was performed using the Pierce LTQ Velos ESI positive ion calibration solution
from Thermo Scientific (Lot PF200011, Product Nr. 88323)

Compound 1 is commercially available from e.g. ChemDiv.

Synthesis of compound 2
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Supplementary Scheme 1: Synthesis of compound (2)

4-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-yl)benzamide (2)

o
~

N

N

N\~
HN o

5-bromo-1,3-dimethyl-1,2-dihydropyridin-2-one (28) (83.3 mg; 412 pumol; commercial from
AlfaAesar) and (4-carbamoylphenyl)boronic acid (29) (66.0 mg; 400 pumol; commercial from
ABCR) and Pd(dppf)Cl,-DCM (32.7 mg; 40.0 umol) are suspended in DMF (800 uL) under
argon. A degassed Na,COgs-solution (2N; 500 pL; 1.00 mmol) is subsequently added and the
resulting mixture is heated at 100 °C for 3 h. After cooling to rt, water is added (several drops)
and the mixture is filtered and purified by preparative RP-HPLC (column: Sunfire C-18
30x50 mm) using a MeCN/water gradient under acidic conditions. The product containing
fractions are freeze dried. Further purification is achieved by automated silica gel
chromatography (Combiflash; column: Redisep RF, 12g) using a DCM/MeOH gradient as
eluent (100:0 --> 90:10; MeOH). The product containing fractions are evaporated, dissolved
in MeCN/water and freeze dried to give 4-(1,5-dimethyl-6-0xo0-1,6-dihydropyridin-3-
yl)benzamide (2) (38.6 mg; 159 pmol; 40 %). *H NMR (500 MHz, DMSO-d6) & 8.11 (s, 1H),
7.99 (s, 1H), 7.92 (d, J = 7.9 Hz, 2H), 7.82 (s, 1H), 7.67 (d, J = 7.9 Hz, 2H), 7.34 (s, 1H), 3.53
(s, 3H), 2.09 (s, 3H); **C NMR (125 MHz, DMSO) § 167.9, 162.2, 139.5, 136.0, 135.6, 132.6,
128.6 (2C), 128.3, 125.1 (2C), 116.7, 37.8, 17.5; HRMS (CI+): calculated for C14H;5N,0;
(MH+) 243.11280, found 243.11235, A -1.85 ppm; LC/MS (BAS1): [M+H]" = 243; tg = 0.39.
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Synthesis of compound 3

(0] (0]
~
~n ~n N
. | S H A
Pd(dppf)Cl PBr, PN
—_— —_ =
NaZCO DMF CH,Cl, CH,CI,
\N
HO Br |
28 30 31 L 32 3

Supplementary Scheme 2: Synthesis of compound (3)
5-[4-(hydroxymethyl)phenyl]-1,3-dimethyl-1,2-dihydropyridin-2-one (31)

o

HO

5-bromo-1,3-dimethyl-1,2-dihydropyridin-2-one (28) (9.70 g; 48.0 mmol; commercial from
AlfaAesar), [4-(hydroxymethyl)phenyl]boronic acid (30) (10.9 g; 71.7 mmol; commercial
from ABCR) and Cs,COs; (46.9 g; 144 mmol) are dissolved in a 5:1 mixture of 1,4-dioxane
and water (200 mL). Pd(dppf)Cl, (3.84 g; 5.25 mmol) is added under an inert atmosphere
(argon) and the mixture is heated at 90 °C for 12 h. After cooling, 1,4-dioxane is removed
under reduced pressure, water is added and the mixture is extracted three times with DCM.
The combined organic layer is washed with brine, dried over Na,SQO,, filtered and evaporated.
The crude product is purified by flash chromatography on SiO, using a PE/EA gradient (5:1 -->
2:1). The product containing fractions are evaporated to give pure 5-[4-
(hydroxymethyl)phenyl]-1,3-dimethyl-1,2-dihydropyridin-2-one  (31) (4.40 g; 19.2 mmol,
40 %). *H NMR (400 MHz, DMSO-d6) & 7.99 (s, 1H), 7.74 (s, 1H), 7.53 (d, J = 8.3 Hz, 2H),
7.35 (d, J = 8.0 Hz, 2H), 5.21 (s, 1H), 4.51 (s, 2H), 3.52 (s, 3H), 2.09 (s, 3H); LC/MS (BASL):
[M+H]" = 230; tg = 0.69.

5-{4-[(dimethylamino)methyl]phenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one (3)
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|
31 (500 mg; 2.18 mmol) is dissolved in DCM (10 mL) and cooled to 0 °C in an ice bath.
Phosphorous tribromide (295 mg; 1.09 mmol) is added dropwise and the resulting mixture is
stirred for 30 min. at 0 °C. After completion, water is added and the mixture is extracted three
times with DCM. The combined aqueous layer is washed with brine, dried over Na;SQO,,
filtered and evaporated to give crude 5-[4-(bromomethyl)phenyl]-1,3-dimethyl-1,2-
dihydropyridin-2-one (32), which is used without further purification.

Crude 32 is dissolved in DCM (5 mL). Dimethylamine (5.45 mL; 10.9 mmol, 2M solution in
MeOH) is added and the resulting mixture is stirred at rt for 12 h. All solvents are removed
under reduced pressure and the residue is taken-up in a small amount of MeCN and purified
by preparative RP HPLC. The product containing fractions are freeze dried to give 5-{4-
[(dimethylamino)methyl]phenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one (3) (40.0 mg; 156
umol; 7.2 %). *H NMR (500 MHz, DMSO-d6) & 7.97 (s, 1H), 7.73 (s, 1H), 7.52 (d, J = 7.8
Hz, 2H), 7.31 (d, J = 7.8 Hz, 2H), 3.52 (s, 3H), 3.39 (s, 2H), 2.15 (s, 6H), 2.08 (s, 3H); **C
NMR (125 MHz, DMSO) & 162.1, 137.9, 136.3, 135.4, 134.7, 129.7 (2C), 128.1, 125.6 (2C),
117.5, 63.5, 45.4 (2C), 37.7, 17.5; HRMS (CI+): calculated for C16H21N,0 (MH+) 257.16483,
found 257.16484, A — 0.1 ppm; LC/MS (BAS1): [M+H]" = 257; tg = 0.93.

Synthesis of compound 4

Lot g RS

1. MsCl, DIPEA,
\i?/ 35 CH,Cl,
—_—
Pd(dppf)CI *CH C| Pd(d * H
ppf)CL*CH,CI 2. N
B KOAc, 1,4-dioxane 2 N
Na,CO,, DMF
28 34

Supplementary Scheme 3: Synthesis of compound (4)
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1,3-dimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-dihydropyridin-2-one (34)

5-bromo-1,3-dimethyl-1,2-dihydropyridin-2-one (28) (10.0 g; 49.5 mmol), bis(pinacolato)-
diboron (33) (17.2 g; 67.7 mmol, commercial from CombiBlocks), Pd(dppf)Cl,-DCM (2.00 g;
2.45 mmol) and potassium acetate (9.42 g; 96.0 mmol) are suspended in 1,4-dioxane (100 mL)
under argon and the resulting mixture is heated at 90 °C for 3 h. After cooling to rt the
reaction mixture is filtered through Celite and washed with 1,4-dioxane (2x 100 mL). The
filtrate is concentrated under reduced pressure, the residue is taken-up in DCM (200 mL) and
washed with water (100 mL). The organic layer is dried over Na,SQO,, filtered and
concentrated in vacuo. The crude product is purified by silica gel chromatography
(Combiflash; column: Redisep RF, 330g) using a cHex/EA gradient as eluent (100:0 -->
0:100). The product containing fractions are evaporated to give 1,3-dimethyl-5-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1,2-dihydropyridin-2-one (34) (8.35 g; 33.5 mmol; 68 %) as a dark
yellow oil, which slowly crystallizes. *H NMR (400 MHz, DMSO-d6) & 7.87 (s, 1H), 7.39 (s,
1H), 3.46 (s, 3H), 1.98 (s, 3H), 1.26 (s, 12H); LC/MS (BAS1): [M+H]" = 250; tz = 0.87.

5-[4-(hydroxymethyl)-3-methoxyphenyl]-1,3-dimethyl-1,2-dihydropyridin-2-one (36)

(4-bromo-2-methoxyphenyl)-methanol (35) (1.05 g 4.84 mmol; commercial from Aldrich), 34
(2.20 g; 4.82 mmol) and Pd(dppf)Cl,-DCM (393 mg; 481 umol) are suspended in DMF (5
mL) under argon. A degassed solution of sodium carbonate (2N; 6.02 mL; 12.0 mmol) is
added and the resulting mixture is heated at 100 °C for 1 h. After cooling to rt water is added

and the mixture is extracted three times with DCM (30 mL each). The combined organic layer
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is dried over Na,SO,, filtered and evaporated. The crude product is purified by silica gel
chromatography (Combiflash; column: Redisep RF, 40g) using a cHex/EA gradient as eluent
(100:0 --> 0:100). The product containing fractions are evaporated to give 5-[4-
(hydroxymethyl)-3-methoxyphenyl]-1,3-dimethyl-1,2-dihydropyridin-2-one (36) (0.97 g; 3.74
mmol; 77 %). *H NMR (500 MHz, DMSO-d6) § 8.00 (d, J = 2.5 Hz, 1H), 7.77 (d, J = 2.6 Hz,
1H), 7.38 (d, J = 7.8 Hz, 1H), 7.14 (dd, J = 7.9, 1.7 Hz, 1H), 7.10 (d, J = 1.7 Hz, 1H), 4.98 (t,
J =5.5 Hz, 1H), 4.50 (d, J = 5.5 Hz, 2H), 3.86 (s, 3H), 3.53 (s, 3H), 2.10 (s, 3H); LC/MS
(BAS1): [M+H]" = 260; tg = 0.95.

5-{4-[(dimethylamino)methyl]-3-methoxyphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one
(4)

36 (100 mg; 386 pmol) is dissolved in DCM (1.0 mL). DIPEA (149 mg; 1.16 mmol) and
methansulfonyl chloride (66.2 mg; 578 umol) is added drop wise and the mixture is stirred at
rt for 16 h. Dimethylamine hydrochloride (94.6 mg; 1.16 mmol) is added and stirring is
continued for 8 h. The reaction mixture is concentrated under reduced pressure, dissolved in
DMSO (1.0 mL) and purified by preparative RP-HPLC (column: X-Bridge C-18 30x50 mm)
using a MeCN/water gradient under basic conditions. The product containing fractions are
freeze dried. Further purification is achieved by preparative RP-HPLC (column: Sunfire C-18
30x50 mm) using a MeCN/water gradient under acidic conditions. The product containing
fractions are freeze dried to give pure 5-{4-[(dimethylamino)methyl]-3-methoxyphenyl}-1,3-
dimethyl-1,2-dihydropyridin-2-one (4) (18.1 mg; 63.2 umol; 16 %). *"H NMR (500 MHz,
DMSO0-d6) 6 9.32 (s, 1H, ammonium ion), 8.12 (d, J = 2.7 Hz, 1H), 7.86 — 7.81 (m, 1H), 7.44
(d, J = 7.8 Hz, 1H), 7.29 (d, J = 1.8 Hz, 1H), 7.25 (dd, J = 7.9, 1.7 Hz, 1H), 4.25 (s, 2H), 3.95
(s, 3H), 3.54 (s, 3H), 2.74 (s, 6H), 2.10 (s, 3H); *C NMR (125 MHz, DMSO, 1 C missing) &
162.2, 158.8, 140.2, 136.2, 135.6, 133.5, 128.2, 117.7, 116.8, 108.6, 56.4, 55.3, 42.7 (2C),
37.8, 17.5; HRMS (CI+): calculated for C17H23N20, (MH+) 287.17540, found 287.17523, A -
0.60 ppm; LC/MS (BAS1): [M+H]" = 287; t = 0.91.
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Synthesis of compound 5

Br

B
r NHMe,*Hcl 34,
NaOAc, AcOH Pd(dppf)CI,*CH,Cl,
~ ~ > o o~ >
o o NaBH(OAC), Na,CO,
= CH,CI, \hll DMF
37 38

Supplementary Scheme 4: Synthesis of compound (5)
[(4-Bromo-2,6-dimethoxyphenyl)methyl]dimethylamine (38)

Br

A mixture of NaOAc (17.7 g; 216 mmol), AcOH (8.65 g; 144 mmol) and dimethylamine
hydrochloride (17.6 g; 216 mmol) in DCM (600 mL) is stirred for 10 min at rt. 4-Bromo-2,6-
dimethoxybenzaldehyde (37) (35.3 g; 144 mmol, commercial from Activate) is added and
stirring is continued. After 30 min sodium triacetoxyborohydride (63.1 g; 298 mmol) is added
in one portion and the reaction mixture is stirred at rt for 16 h. Saturated NaHCOj3 solution is
added and the layers are separated. The aqueous layer is extracted three times with DCM. The
combined organic layer is dried over MgSOQy, filtered and evaporated to give pure [(4-bromo-
2,6-dimethoxyphenyl)methyl]dimethylamine (38) (27.3 g; 99.6 mmol; 69 %). *H-NMR (400
MHz, CDCl3): 8 6.70 (s, 2H), 3.81 (s, 6H), 3.48 (s, 2H), 2.26 (s, 6H); LC/MS (BAS1):
[M+H]" = 274/276; tr = 1.11 min.

5-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-
one (5)
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38 (110 mg; 401 pmol), 1,3-dimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-
dihydropyridin-2-one (34) (100 mg; 401 umol) and Pd(dppf)Cl,-DCM (32.7 mg; 40.1 pmol)
are suspended in DMF (800 pL) under argon. A degassed solution of sodium carbonate (2N,
500 pL; 1.00 mmol) is added and the resulting mixture is heated at 100 °C for 1 h. After
cooling to rt, water is added and the mixture is purified by preparative RP-HPLC (column: X-
Bridge C-18 30x50 mm) using a MeCN/water gradient under basic conditions. The product
containing fractions are freeze dried to give 5-{4-[(dimethylamino)methyl]-3,5-
dimethoxyphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one (5) (48.3 mg; 153 umol; 38 %). 'H
NMR (500 MHz, DMSO-d6) 6 8.04 (d, J = 2.8 Hz, 1H), 7.81 (dd, J = 2.6, 1.3 Hz, 1H), 6.79 (s,
2H), 3.83 (s, 6H), 3.54 (s, 3H), 3.39 (s, 2H), 2.10 (s, 3H), 2.09 (s, 6H); **C NMR (125 MHz,
DMSO) 6 162.2, 159.6 (2C), 137.4, 136.5, 135.1, 127.9, 118.0, 112.9, 101.6 (2C), 56.3 (2C),
49.9, 45.4 (2C), 37.7, 17.5; HRMS (CI+): calculated for CigHosN,03 (MH+) 317.18597,
found 317.18558, A -1.26 ppm; LC/MS (BAS1): [M+H]" = 317; tg = 0.88 min.

Synthesis of compound 6

Br

34,
Pd(dppf)Cl, HCHO, HCOOH
~ —_— _—
o Cs,CO, AcOH
Il 1,4-dioxane
N
39 40 41 6

Supplementary Scheme 5: Synthesis of compound (6)
5-{4-[(dimethylamino)methyl]-3-methoxy-5-methylphenyl}-1,3-dimethyl-1,2-dihydro-
pyridin-2-one (6)
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To a solution of 4-bromo-2-methoxy-6-methyl-benzonitrile (39) (1.00 g; 4.42 mmol;
commercial from ArkPharm) and 1,3-dimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-
dihydropyridin-2-one (34) (1.10 g; 4.42 mmol) in 1,4-dioxane (50 mL) and water (2 mL) is
added cesium carbonate (4.50 g; 13.9 mmol) and Pd(dppf)Cl, (200 mg; 0.27 mmol). The
reaction mixture is stirred at 90 °C for 2 h. The reaction mixture is then filtered through celite.
The filtrate is concentrated, dissolved in EA and washed with brine. The combined organic
layer is dried over Na,SQ,, filtered and concentrated under reduced pressure. The residue is
purified by preparative RP-HPLC using a MeCN/water gradient as eluent to give 4-(1,5-
dimethyl-6-o0x0-1,6-dihydro-pyridin-3-yl)-2-methoxy-6-methylbenzonitrile (40) (480 mg;
1.79 mmol; 40 %) which is directly used for the next step. LC/MS(INT1): (M+H)+ =269; tg =
1.16 min. To a solution of 40 (200 mg; 745 pmol) in MeOH (15 mL) is added aqueous
ammonia (500 pL) and Raney-Ni (200 mg). The mixture is degassed and refilled with H,
twice and stirred at rt under 50 Psi for 16 h. The reaction mixture is filtered and the residue is
washed with THF/MeOH. The filtrated is then concentrated to give 5-{4-
[(dimethylamino)methyl]-3-methoxy-5-methylphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-

one (41) (150 mg; 550 pumol; 74 %), which is directly used in the next step. LC/MS(INT2):
(M+H)+ =273; tg = 0.8 min. A mixture of 41 (50.0 mg; 184 umol), agqueous formaldehyde (50
pL), formic acid (50 uL) and acetic acid (1.0 mL) is heated at reflux for 16 h. After cooling to
rt, the reaction mixture is concentrated under reduced pressure and the residue is dissolved in
MeOH and purified by preparative RP-HPLC using a McCN/water gradient as eluent. The
product containing fractions are freeze dried to give 5-{4-[(dimethylamino)methyl]-3-
methoxy-5-methylphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one (6) (28.0 mg; 93.2 pmol;
51 %). *H NMR (500 MHz, DMSO-d6) & 9.38 (s, 1H, prot. amine), 8.11 (s, 1H), 7.82 (s, 1H),
7.14 (s, 1H), 7.12 (s, 1H), 4.26 (d, J = 5.6 Hz, 2H), 3.93 (s, 3H), 3.54 (s, 3H), 2.72 — 2.78 (m,
6H), 2.44 (s, 3H), 2.10 (s, 3H); *C NMR (125 MHz, DMSO) § 162.2, 159.2, 140.8, 139.2,
136.2, 135.5, 128.1, 120.1, 116.9, 115.9, 106.0, 56.5, 52.5, 42.9 (2C), 37.8, 20.0, 17.5; HRMS
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(Cl+): calculated for C1gH25N20, (MH+) 301.19105, found 301.19069, A -1.21 ppm; LC/MS
(BAS1): [M+H]+ = 301; tz = 1.02 min.

Synthesis of compound 7

33, O ° 28
Pd(dppf)Cl, Pd(dppf)Cl, 1. Raney-Ni
~ —_— —_—
o KOAc ~o Cs,CO, 2. HCHO, HCOOH

Il 1,4-dioxane 1,4-dioxane AcCOH

N Il
N

42 43 44 7

Supplementary Scheme 6: Synthesis of compound (7)

5-{4-[(dimethylamino)methyl]-3-ethyl-5-methoxyphenyl}-1,3-dimethyl-1,2-dihydro-
pyridin-2-one (7)

To a solution of 4-bromo-2-ethyl-6-methoxybenzonitrile (42) (480 mg; 2.00 mmol;
commercial from FCHGroup) and bis(pinacolato)diboron (33) (558 mg; 2.20 mmol) in 1,4-
dioxane (9.0 mL) is added Pd(dppf)Cl, (146 mg; 0.20 mmol) and potassium acetate (588 mg;
6.00 mmol) and the mixture is refluxed for 24 h. After cooling to rt, EA and water is added,
the layers are separated and the aqueous layer is extracted three times with EA. The combined
organic layer is dried over Na SOy, filtered and evaporated. The crude material is purified by
silica gel chromatography to give 2-ethyl-6-methoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-
yl)benzonitrile (43) (570 mg; 1.98 mmol; 99 %) which is directly used for the next step.
LC/MS(INT2): (M+H)+ =288; tg = 1.86 min. To a solution of 43 (570 mg; 1.99 mmol) and
5-bromo-1,3-dimethyl-1,2-dihydropyridin-2-one (28) (440 mg; 2.18 mmol) in 1,4-dioxane (20
mL) and water (1.0 mL) is added Cs,CO3 (2.00 g; 6.15 mmol) and Pd(dppf)Cl, (100 mg; 137
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pmol). The mixture is heated to 90 °C for 2 h. The reaction is filtered over a pad of celite and
the filtrate is concentrated. The residue is dissolved in EA, washed with brine. The combined
organic layer is dried over Na,SO,, filtered and concentrated under reduced pressure. The
crude material is purified by preparative RP-HPLC to give 4-(1,5-dimethyl-6-oxo0-1,6-
dihydropyridin-3-yl)-2-ethyl-6-methoxybenzonitrile (44) (350 mg; 1.24 mmol; 62 %), which
is directly used for the next step. LC-MS(INT2): (M+H)" = 283; tz = 1.36 min. To a solution
of 44 (350 mg; 1.24 mmol) in MeOH (20.0 mL) is added ag. NH3 (1.0 mL) and Raney nickel
(300 mg). The mixture is degassed and refilled with H, twice and stirred under 50 Psi at rt for
16 h. The reaction mixture is filter, washed with THF/MeOH and concentrated to give 5-[4-
(aminomethyl)-3-ethyl-5-methoxyphenyl]-1,3-dimethyl-1,2-dihydropyridin-2-one, which is
without further purification dissolved in AcOH (2.0 mL). Agueous formaldehyde (100 ul) and
formic acid (100 pL) is added and the mixture is heated to reflux for 24 h. After cooling to rt
the reaction mixture is evaporated, taken-up in MeOH and purified by preparative RP-HPLC
to give 5-{4-[(dimethylamino)methyl]-3-ethyl-5-methoxyphenyl}-1,3-dimethyl-1,2-
dihydropyridin-2-one (7) (32.8 mg; 104 umol; 8.4 % for last two steps). *H NMR (500 MHz,
DMSO-d6) 6 9.15 (s, 1H; prot. amine), 8.12 (s, 1H), 7.83 (s, 1H), 7.15 (s, 1H), 7.12 (s, 1H),
4.28 (d, J = 5.8 Hz, 2H), 3.93 (s, 3H), 3.54 (s, 3H), 2.73 — 2.79 (m, 8H), 2.10 (s, 3H), 1.18 (t, J
= 7.4 Hz, 3H); *C NMR (125 MHz, DMSO) & 162.2, 159.1, 146.6, 139.5, 136.2, 135.5,
128.1, 118.4, 117.0, 115.1, 106.0, 56.5, 52.1, 42.9 (2C), 37.7, 25.8, 17.5, 16.3; HRMS (CI+):
calculated for CigH»7N,O, (MH+) 315.20670, found 315.20627, A -0.43 ppm; LC/MS
(BAS1): [M+H]+ = 315; tr = 1.09 min.

Synthesis of compound 8

Br
Br

I NHMe,*HClI o) 34
NaOAc, AcOH Pd(dppf)Cl,*CH,CI,
s o o/ -
o NaBH(OAcC), - Na,CO,, DMF
o7 CH,Cl, hll
25 26

Supplementary Scheme 7: Synthesis of compound (8)
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5-{4-[(dimethylamino)methyl]-2,5-dimethoxyphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-
one (8)

26 (120 mg; 438 pmol), 1,3-dimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-
dihydropyridin-2-one (34) (120 mg; 482 pumol), and Pd(dppf)Cl,-DCM (36.9 mg; 45.2 pumol)
are suspended in DMF (1.0 mL) under argon. A degassed solution of sodium carbonate (2N,
438 uL; 876 umol) is added and the resulting mixture is heated at 80 °C for 1 h. After cooling
to rt water is added and the mixture is purified by preparative RP-HPLC (column: X-Bridge
C-18 30x50 mm) using a MeCN/water gradient under basic conditions. The product
containing fractions are freeze dried to give 5-{4-[(dimethylamino)methyl]-2,5-
dimethoxyphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one (8) (48.0 mg; 152 umol; 35 %). 'H
NMR (500 MHz, DMSO-d6) & 7.73 (s, 1H), 7.53 (s, 1H), 7.02 (s, 1H), 6.88 (s, 1H), 3.77 (s,
3H), 3.72 (s, 3H), 3.49 (s, 3H), 3.39 (s, 2H), 2.18 (s, 6H), 2.05 (s, 3H); **C NMR (125 MHz,
DMSO) 6 161.9, 151.8, 150.4, 139.1, 136.6, 127.0, 126.8, 124.9, 115.7, 114.2, 113.1, 57.0,
56.6, 56.5, 45.7 (2C), 37.6, 17.5; HRMS (CI+): calculated for C1gH25N,03 (MH+) 317.18597,
found 317.18577, A -0.62 ppm; LC/MS (BASL): [M+H]+ = 317; tg = 0.98 min.

Synthesis of compound 9

H
N HCI
Br
Br g 34,

HO
NaOAc, AcOH Pd(dppf)Cl,*CH,CI,
N ~ -
~ . = o] o} >
o o NaBH(OAc), Na,CO,
07 CH,Cl, /C/N DMF
HO
37 45
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Supplementary Scheme 8: Synthesis of compound (9)
1-[(4-bromo-2,6-dimethoxyphenyl)methyl]azetidin-3-ol (45)

Br

A mixture of NaOAc (95.4 mg; 1.16 mmol), AcOH (46.6 mg; 776 umol) and azetidin-3-ol
(134 mg; 1.22 mmol) in DCM (2.0 mL) is stirred for 10 min at 0 °C. 4-Bromo-2,6-
dimethoxybenzaldehyde (37) (200 mg; 816 umol) is added and stirring is continued. After 30
min sodium triacetoxyborohydride (339 mg; 1.60 mmol) is added in one portion and the
reaction mixture is stirred at rt for 16 h. Saturated NaHCO3 solution is added and the layers
are separated. The aqueous layer is extracted three times with DCM. The combined organic
layer is dried over MgSO,, filtered and evaporated to give 1-[(4-bromo-2,6-
dimethoxyphenyl)methyl]azetidin-3-ol (45) (220 mg; 99.6 mmol; 89 %).

5-{4-[(3-hydroxyazetidin-1-yl)methyl]-3,5-dimethoxyphenyl}-1,3-dimethyl-1,2-
dihydropyridin-2-one (9)

45 (80.0 mg; 264 umol), 1,3-dimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-
dihydropyridin-2-one (34) (100 mg; 401 pmol) and Pd(dppf)Cl,-DCM (21.6 mg; 26.4 umol)
are suspended in DMF (800 L) under argon. A degassed solution of sodium carbonate (2N;
331 pL; 662 pumol) is added and the resulting mixture is heated to 100 °C for 1 h. After
cooling to rt water is added and the mixture is purified by preparative RP-HPLC (column: X-
Bridge C-18 30x50 mm) using a MeCN/water gradient under basic conditions. The product
containing fractions are freeze dried to give 5-{4-[(3-hydroxyazetidin-1-yl)methyl]-3,5-
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dimethoxyphenyl}-1,3-dimethyl-1,2-dihydropyridin-2-one (9) (22.7 mg; 65.9 umol; 25 %).
'H NMR (500 MHz, DMSO-d6) & 8.04 (d, J = 2.7 Hz, 1H), 7.81 (s, 1H), 6.79 (s, 2H), 5.12 (d,
J = 6.4 Hz, 1H), 3.98 — 4.06 (m, 1H), 3.83 (s, 6H), 3.51 — 3.55 (m, 5H), 3.31 (s, 3H), 2.79
(ddd, J = 6.2, 6.2, 2.2 Hz, 2H), 2.10 (s, 3H); *C NMR (125 MHz, DMSO) & 162.2, 159.4
(2C), 137.4, 136.5, 135.1, 127.9, 118.0, 112.3, 101.6 (2C), 63.4 (2C), 61.1, 56.2 (2C), 48.2,
37.7, 17.5; HRMS (CI+): calculated for C;19H25N,0,4 (MH+) 345.18088, found 345.18048, A -
1.17 ppm; LC/MS (BAS1): [M+H]" = 345; tr = 0.81 min.

Synthesis of compound 10

H
ni
boc—
Br 34, H
Pd(dppf)Cl,*CH,CI, NaOAc, AcOH
—_— —_—
~N -~
o 0 Na,CO;4 NaBH(OAc),
o7 DMF ~o < CHLCI,
37

Supplementary Scheme 9: Synthesis of compound (10)

4-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-yl)-2,6-dimethoxybenzaldehyde (46)

4-bromo-2,6-dimethoxybenzaldehyde (37) (518 mg; 2.11 mmol), 1,3-dimethyl-5-
(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-dihydropyridin-2-one (34) (500 mg; 2.01 mmol)
and Pd(dppf)Cl,-DCM (169 mg; 207 pumol) are suspended in DMF (4.0 mL) under argon. A
degassed solution of sodium carbonate (2N, 2.51 mL; 5.02 mmol) is added and the resulting
mixture is heated at 100 °C for 1 h. After cooling to rt, water is added and the mixture is

filtered and purified by by preparative RP-HPLC (column: X-Bridge C-18 30x50 mm) using a
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MeCN/water gradient under basic conditions. The product containing fractions are freeze
dried to give 4-(1,5-dimethyl-6-0xo-1,6-dihydropyridin-3-yl)-2,6-dimethoxy-benzaldehyde
(46) (460 mg; 1.60 mmol; 80 %). *H NMR (400 MHz, DMSO-d6) & 10.33 (s, 1H), 8.25 (d, J
= 2.5 Hz, 1H), 7.95 — 7.90 (m, 1H), 6.91 (s, 2H), 3.92 (s, 6H), 3.56 (s, 3H), 2.11 (s, 3H).
LC/MS (BAS1): [M+H]" = 288; tg = 0.84 min.

5-{4-[(3-aminoazetidin-1-yl)methyl]-3,5-dimethoxyphenyl}-1,3-dimethyl-1,2-
dihydropyridin-2-one (10)

A mixture of NaOAc (40.7 mg; 496 umol), AcOH (19.9 mg; 331 umol) and tert-butyl N-
(azetidin-3-yl)carbamate (85.4 mg; 496 umol; commercial from Chontech) in DCM (2.0 mL)
is stirred for 10 min at 0 °C. 46 (100 mg; 348 umol) is added and stirring is continued. After
30 min sodium triacetoxyborohydride (144 mg; 697 pmol) is added in one portion and the
reaction mixture is stirred at rt for 16 h. Saturated NaHCO3 solution is added and the layers
are separated. The aqueous layer is extracted three times with DCM. The combined organic
layer is dried over Na,SOy, filtered and evaporated. The crude material is purified by silica gel
chromatography (Combiflash; column: Redisep RF, 12g) using a DCM/MeOH gradient as
eluent (100:0 --> 90:10). The product containing fractions are evaporated to give tert-butyl N-
(1-{[4-(1,5-dimethyl-6-0x0-1,6-dihydropyridin-3-yl)-2,6-dimethoxyphenyl]-methyl }azetidin-
3-yl)carbamate (90.0 mg; 203 pumol; 58 %), which is directly dissolved in DCM (10 mL). HCI
in 1,4-dioxane (4N solution; 507 ul; 2.03 mmol) is added and the reaction mixture is stirred at
rt for 16 h. All volatiles are removed in vacuo and the residue is re-dissolved in MeOH. The
free base of 5-{4-[(3-aminoazetidin-1-yl)methyl]-3,5-dimethoxyphenyl}-1,3-dimethyl-1,2-
dihydropyridin-2-one (10) (60.0 mg; 175 pmol; 86 %) is generated using a SPX-cartridge. *H
NMR (400 MHz, DMSO-d6, 1H under DMSO signal) & 8.07 (d, J = 2.8 Hz, 1H), 7.83 (d, J =
2.6 Hz, 1H), 6.81 (s, 2H), 3.85 (s, 6H), 3.62 (s, 2H), 3.54 (s, 3H), 3.42 — 3.47 (m, 2H), 2.95 (t,
J = 6.0 Hz, 2H), 2.10 (s, 3H). HRMS (CI+): calculated for C19H26N303 (MH+) 344.19687,
found 344.19660, A -0.77 ppm; LC/MS (BAS1): [M+H]" = 344; tz = 0.94 min.
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Synthesis of compound 11 (BI-7189)*

0
HN K,CO,, Mel -
N
Br
47 Pd(dppf)CI,*CH,CI,
Na,CO,
Br DMF
33
o o” d,(db h o
P a),, KOAc, X-Phos
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1,4-dioxane
I ~
|
38 49

Supplementary Scheme 10: Synthesis of compound (11, BI-7189)

5-bromo-1,3,6-trimethyl-1,2-dihydropyridin-2-one (48)

To a suspension of 5-bromo-3,6-dimethyl-1,2-dihydropyridin-2-one (47) (2.54 g; 12.6 mmol)
and potassium carbonate (4.13 g; 29.9 mmol) in THF (25 mL), iodomethane (811 pL; 13.1
mmol) is added and the resulting mixture is stirred at 80 °C for 16 h. Ammonia (10% aqueous
solution; 30 mL) is added followed by water (50 mL). THF is removed under reduced
pressure and the aqueous residue is extracted three times with DCM. The combined organic
layer is dried over Na,SO, and concentrated in vacuo to give crude 5-bromo-1,3,6-trimethyl-
1,2-dihydropyridin-2-one (48) (2.58 g; 11.9 mmol; 95 %) which is used without further
purification. For analytical purposes a small amount was purified by silica gel
chromatography. *H NMR (400 MHz, DMSO-d6) & 7.47 (s, 1H), 3.51 (s, 3H), 2.47 (s, 3H),
1.98 (s, 3H); LC/MS (BAS1): [M+H]" = 216/218; t; = 0.84.

{[2,6-Dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]methyl}dimethylamine
(49)
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[(4-bromo-2,6-dimethoxyphenyl)methyl]dimethylamine (38) (15.7 g; 57.3 mmol) and
bis(pinacolato)diboron (33) (43.6 g; 1.86 mol) are dissolved/suspended in 1,4-dioxane (300
mL) under N,. Potassium acetate (17.0 g; 58.8 mmol), Pd.dbas (1.00 g; 1.09 mmol) and 2-
dicyclohexyl-phosphino-2’,4',6'-triisopropylbiphenyl (1.00 g; 2.10 mmol) is added and the
mixture is stirred at 90° C for 8 h. After cooling to rt the mixture is concentrated and the
residue is taken-up in DCM. Water is added, the layers are separated and the aqueous phase is
extracted two times with DCM. The combined organic layer is dried over Na,SO,, filtered
and evaporated. The crude product is purified by preparative RP-HPLC using a MeCN/water
(0.2 % TFA added to the water) gradient as eluent to give the TFA salt of {[2,6-dimethoxy-4-
(tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]Jmethyl}-dimethylamine ~ (49)  which is
transferred into the corresponding hydrochloride by dissolving and stirring in HCI/MeOH for
30 min (5.45 g; 17.0 mmol; 30 %). *H-NMR (500 MHz, DMSO-d6) & 9.44 (s, 1H), 6.95 (s,
2H), 4.21 (d, J = 5.3 Hz, 2H), 3.87 (s, 6H), 2.70 (d, J = 5.0 Hz, 6H), 1.32 (s, 12H); LC/MS
(BAS1): [M+H]" = 240 (ester cleaved under basic conditions); tz = 0.20 min.

5-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-1,3,6-trimethyl-1,2-dihydro-
pyridin-2-one (11)

48 (100 mg; 462 pmol), 49 (216 mg; 672 umol) and Pd(dppf)Cl,-DCM (38.8 mg; 47.5 pmol)
are suspended in DMF (2.0 mL) under argon. A degassed Na,COs-solution (2N; 576 uL; 1.15
mmol) is subsequently added and the resulting mixture is heated to 100 °C for 1 h. After
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cooling to rt water is added (several drops) and the mixture is filtered and purified by
preparative RP-HPLC (column: X-Bridge C-18 30x50 mm) using a MeCN/water gradient
under basic conditions. The product containing fractions are freeze dried. Further purification
is achieved by automated silica gel chromatography (Combiflash; column: Redisep RF, 129)
using a DCM/MeOH gradient as eluent (100:0 --> 90:10; MeOH made basic with 0.1% NHj3).
The product containing fractions are evaporated, dissolved in MeCN/water and freeze dried to
give 5-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-1,3,6-trimethyl-1,2-dihydro-
pyridin-2-one (11) (46.0 mg; 139 pmol; 30 %). *H NMR (500 MHz, DMSO-d6) & 7.29 (s,
1H), 6.53 (s, 2H), 3.77 (s, 6H), 3.53 (s, 3H), 3.47 (s, 2H), 2.32 (s, 3H), 2.16 (s, 6H), 2.04 (s,
3H); **C NMR (125 MHz, DMSO, 1 C missing) & 162.7, 159.0 (2C), 141.9, 140.5, 138.7,
124.2, 118.9, 105.9 (2C), 56.2 (2C), 50.0, 45.3 (2C), 31.9, 18.5, 17.4; HRMS (Cl+):
calculated for CigH7N,O3 (MH+) 331.20162, found 331.20123, A -1.17 ppm; LC/MS
(BAS1): [M+H]" = 331; tr = 0.92.

Synthesis of compound 12

OI Cl) 33 Y
N K,COy Mel Pd(dppf)Cl,*CH,Cl, X | 38
L —— |

A KOAC, 1,4-dioxane =N Pd(dppf)Cl,*CH,CI,
o o ~
Br Br H Na,CO,, DMF
50 51 52

Supplementary Scheme 11: Synthesis of compound (12)
5-bromo-1,3,4-trimethyl-1,2-dihydropyridin-2-one (51)

o

Br

To a suspension of 5-bromo-3,4-dimethyl-1,2-dihydropyridin-2-one (50) (2.50 g; 12.4 mmol)
and potassium carbonate (4.28 g; 31.0 mmol) in THF (25 mL), iodomethane (840 uL; 13.6
mmol) is added and the resulting mixture is stirred at rt for 16 h. The reaction mixture is

evaporated and the crude material is purified by silica gel chromatography (Combiflash;
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column: Redisep RF, 40g) using a cHex/EA gradient as eluent (100:0 --> 50:50). Product
containing fractions are evaporated to give 5-bromo-1,3,4-trimethyl-1,2-dihydropyridin-2-one
(51) (2.30 g; 10.6 mmol; 86 %).

1,3,4-trimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-dihydropyridin-2-one (52)

51 (1.00 g; 4.63 mmol), bis(pinacolato)diboron (33) (1.76 g; 6.94 mmol), Pd(dppf)Cl,-DCM
(378 mg; 46.3 umol) and potassium acetate (908 mg; 9.26 mmol) are suspended in 1,4-
dioxane (5.0 mL) under argon and the resulting mixture is heated to 80 °C for 16 h. After
cooling to rt, the reaction mixture is concentrated under reduced pressure, the residue is taken-
up in DCM/MeOH and purified by silica gel chromatography (Combiflash; column: Redisep
RF, 40 g) using a chex/EA gradient as eluent (80:20 --> 20:80). The product containing
fractions are evaporated to give 1,3,4-trimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-
dihydropyridin-2-one (52) (1.20 g; 4.56 mmol; 98 %).

5-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-1,3,4-trimethyl-1,2-dihydro-
pyridin-2-one (12)

52 (100 mg; 380 umol), [(4-bromo-2,6-dimethoxyphenyl)methyl]dimethylamine (38) (104
mg; 379 pmol) and Pd(dppf)Cl,-DCM (31.0 mg; 38.0 umol) are suspended in DMF (800 uL)
under argon. A degassed Na,COgz-solution (2N; 475 pL; 950 pmol) is subsequently added and
the resulting mixture is heated at 100 °C for 1 h. After cooling to rt water is added (several

drops) and the mixture is filtered and purified by preparative RP-HPLC (column: X-Bridge C-
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18 30x50 mm) using a MeCN/water gradient under basic conditions. The product containing
fractions are freeze dried to give 5-{4-[(dimethylamino)methyl]-3,5-dimethoxy-phenyl}-
1,3,4-trimethyl-1,2-dihydropyridin-2-one (12) (22.8 mg; 69.0 pmol; 18 %). *H NMR (500
MHz, DMSO-d6) § 7.52 (s, 1H), 6.53 (d, J = 1.4 Hz, 2H), 3.77 (d, J = 1.4 Hz, 6H), 3.46 (d, J
= 1.4 Hz, 3H), 3.41 (s, 2H), 2.12 — 2.04 (m, 12H); *C NMR (125 MHz, DMSO) & 161.6,
158.9 (2C), 144.7, 138.4, 135.0, 124.9, 121.6, 113.2, 106.0 (2C), 56.2 (2C), 50.0, 45.5 (2C),
37.3, 18.0, 13.5. HRMS (CI+): calculated for CigH7N,O3 (MH+) 331.20162, found
331.20101, A -1.83 ppm; LC/MS (BAS1): [M+H]" = 331, tg = 1.02.

Synthesis of compound 13 (B1-7271)*

Q Q 49
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53 54

Supplementary Scheme 12: Synthesis of compound (13, BI-7271)

4-bromo-2-methyl-1,2-dihydroisoquinolin-1-one (54)

(@]

\N |
N

Br
To a suspension of 4-bromo-1,2-dihydroisoquinolin-1-one (53) (1.00 g; 4.46 mmol) and
potassium carbonate (1.17 g; 8.48 mmol) in THF (10 mL), iodomethane (323 uL; 5.09 mmol)
is added and the resulting mixture is stirred at rt for 16 h. Since HPLC-MS of the reaction
mixture indicates incomplete conversion, additional iodomethane (100 ul; 1.57 mmol) is
added and stirring is continued for 5h. Ammonia (10% aqueous solution; 30 mL) is added
followed by water (50 mL). THF is removed under reduced pressure whereupon a
precipitation occurs. The solid is collected by filtration, washed with cold water and dried in
vacuo to give 4-bromo-2-methyl-1,2-dihydroisoquinolin-1-one (54) (1.00 g; 4.20 mmol; 94 %)
as a yellow solid which is used without further purification. *H NMR (400 MHz, DMSO-d6)
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$8.28 (d, J = 8.0 Hz, 1H), 7.98 (s, 1H), 7.86 (t, J = 7.6 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.62
(t, J = 7.5 Hz, 1H), 3.52 (5, 3H): LC/MS (BASL): [M+H]" = 238/240; tg = 1.02.

4-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-2-methyl-1,2-dihydroisoquinolin-1-
one (13)

54 (130 mg; 546 pumol), {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenyl]lmethyl}-dimethylamine (49) (284 mg; 884 umol) and Pd(dppf)Cl,-DCM (44.6 mg;
54.6 umol) are suspended in DMF (2.0 mL) under argon. A degassed Na,COs-solution (2N;
683 uL; 1.37 mmol) is subsequently added and the resulting mixture is heated at 100 °C for 1
h. After cooling to rt water is added (several drops) and the mixture is filtered and purified by
preparative RP-HPLC (column: X-Bridge C-18 30x50 mm) using a MeCN/water gradient
under basic conditions. The product containing fractions are freeze dried. Further purification
is achieved by automated silica gel chromatography (Combiflash; column: Redisep RF, 129)
using a DCM/MeOH gradient as eluent (100:0 --> 80:20; MeOH made basic with 0.1% NH3).
The product containing fractions are evaporated, dissolved in MeCN/water and freeze dried to
give 4-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-2-methyl-1,2-dihydroisoquinolin-
1-one (13) (84.8 mg; 240 pmol; 44 %). *H NMR (500 MHz, DMSO-d6) & 8.34 (d, J = 7.1 Hz,
1H), 7.72 (dd, J = 8.3, 7.1, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.58 — 7.54 (m, 2H), 6.71 (s, 2H),
3.80 (s, 6H), 3.58 (s, 3H), 3.49 (s, 2H), 2.16 (s, 6H); *C NMR (125 MHz, DMSO) & 161.3,
159.3 (2C), 137.0, 136.3, 133.3, 132.8, 127.8, 127.1, 125.5, 124.8, 118.2, 113.4, 106.1 (2C),
56.3 (2C), 50.0, 45.4 (2C), 36.8; HRMS (CI+): calculated for C;H2sN,O3 (MH+) 353.18597,
found 353.18568, A -0.82 ppm; LC/MS (BAS1): [M+H]" = 353; tg = 1.05.

Synthesis of compound 14
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Supplementary Scheme 13: Synthesis of compound (14)

4-bromo-2-methyl-1,2-dihydro-2,7-naphthyridin-1-one (56)

To a suspension of 5-bromo-7,8-dihydro-1,7-naphthyridin-8-one (55) (900 mg; 4.00 mmol,
commercial from Princeton) and potassium carbonate (1.11 g; 8.03 mmol) in THF (40 mL),
iodomethane (430 uL; 6.78 mmol) is carefully added and the resulting mixture is stirred at rt
for 16 h. Since HPLC-MS of the reaction mixture indicates incomplete conversion additional
iodomethane (400 ul; 6.31 mmol) is added and stirring is continued for 24h. Ammonia (10%
aqueous solution; 30 mL) is added followed by water (50 mL). THF is removed under
reduced pressure and the aqueous layer is extracted three times with DCM (30 mL each). The
combined organic layer is dried over Na,SO,, filtered and evaporated to give 4-bromo-2-
methyl-1,2-dihydro-2,7-naphthyridin-1-one (56) (860 mg; 3.69 mmol; 90 %) which is used
without further purification. LC/MS (BAS1): [M+H]" = 239/241; tg = 0.87.

5-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-7-methyl-7,8-dihydro-1,7-
naphthyridin-8-one (14)
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56 (80.0 mg 418 umol), {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]methyl}-dimethylamine (49) (134 mg; 418 umol) and Pd(dppf)Cl, (61.0 mg; 83.4
pmol) are suspended in 1,4-dioxane (10 mL) and water (1 mL) under N,. Potassium carbonate
(173 mg; 1.25 mmol) is added and the resulting mixture is heated at 80 °C for 1 h. After
cooling to rt water is added and the mixture is extracted three times with EA. The combined
organic layer is washed with brine, dried over Na,SO;, filtered and evaporated. The residue is
purified by preparative RP-HPLC using a MeCN/water gradient under basic conditions. The
product containing fractions are freeze dried to give 5-{4-[(dimethylamino)methyl]-3,5-
dimethoxyphenyl}-7-methyl-7,8-dihydro-1,7-naphthyridin-8-one (14) (33.0 mg; 93.4 umol;
22 %). 'H NMR (500 MHz, DMSO-d6) & 8.83 (d, J = 4.2 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H),
7.74 — 7.65 (m, 2H), 6.74 (s, 2H), 3.81 (s, 6H), 3.59 — 3.65 (m, 5H), 2.28 (s, 6H); *C NMR
(125 MHz, DMSO, 1 C missing) & 160.2, 159.4 (2C), 149.6, 141.3, 136.6, 134.1, 133.3, 132.6,
127.1, 116.3, 106.0 (2C), 56.4 (2C), 50.0, 45.1 (2C), 37.3; HRMS (CI+): calculated for
CaoH24N303 (MH+) 354.18122, found 354.18067, A -1.55 ppm; LC/MS (BAS1): [M+H]* =
354; tr = 0.91.

Synthesis of compound 15 (B1-7273)"
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Supplementary Scheme 14: Synthesis of compound (15, BI-7273)

4-{4-[(dimethylamino)methyl]-2,6-dimethoxyphenyl}-2-methyl-1,2-dihydro-2,7-
naphthyridin-1-one (15)
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24 (200 mg; 837 umol) and {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]methyl}-dimethylamine (49) (375 mg; 1.26 mmol) and Pd(dppf)Cl,-DCM (70.4 mg;
86.2 umol) are suspended in DMF (2.0 mL) under argon. A degassed Na,COs-solution (2N;
1.05 mL; 2.10 mmol) is subsequently added and the resulting mixture is heated at 80 °C for 1
h. After cooling to rt, DMF is evaporated and a the residue is purified by flash
chromatography on silica gel using a DCM/MeOH gradient as eluent (0:100 --> 90:10; Meoh
made basic with 0.1% NH3) to give pre-purified material. Subsequent preparative RP-HPLC
chromatography vyields highly pure 4-{4-[(dimethylamino)methyl]-2,6-dimethoxy-phenyl}-2-
methyl-1,2-dihydro-2,7-naphthyridin-1-one (15) (210 mg; 594 pmol; 71 %). *H NMR (500
MHz, DMSO-d6) & 9.44 (s, 1H), 8.72 (d, J = 5.7 Hz, 1H), 7.86 (s, 1H), 7.56 (d, J = 5.7 Hz,
1H), 6.72 (s, 2H), 3.80 (s, 6H), 3.60 (s, 3H), 3.46 (s, 2H), 2.13 (s, 6H); *C NMR (125 MHz,
DMSO) & 160.9, 159.4 (2C), 151.4, 150.9, 141.5, 138.3, 135.5, 120.2, 117.8, 116.5, 113.9,
105.8 (2C), 56.3 (2C), 50.0, 45.5 (2C), 36.9; HRMS (CI+): calculated for CH24N303 (MH+)
354.1812, found 354.1808, A - 1.1 ppm; LC/MS (BAS1): [M+H]" = 354; tz = 0.91 min.

Synthesis of compound 16
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Supplementary Scheme 15: Synthesis of compound (16)

4-lodo-2-methyl-1,2-dihydro-2,6-naphthyridin-1-one (58)
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To a suspension of 4-iodo-1,2-dihydro-2,6-naphthyridin-1-one (57) (1.00 g; 3.68 mmol,
commercial from FCHGroup) and potassium carbonate (1.52 g; 11.0 mmol) in DMF (50 mL),
iodomethane (1.04 g; 7.32 mmol) is carefully added and the resulting mixture is stirred at rt
for 24 h. Water and EA are added, the layers are separated and the aqueous layer is extracted
three times with EA. The combined organic layer is washed with brine, dried over Na,SQO,,
filtered and evaporated to give 4-iodo-2-methyl-1,2-dihydro-2,6-naphthyridin-1-one (58) (450
mg; 1.57 mmol; 43 %) which is used without further purification. LC/MS(INT2): (M+H)+
=287; tr = 0.57 min.

4-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-2-methyl-1,2-dihydro-2,6-
naphthyridin-1-one (16)

58 (100 mg; 350 pmol), {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]methyl}-dimethylamine (49) (84.0 mg; 351 umol) and Pd(dppf)Cl; (51.0 mg; 69.8
pmol) are suspended in 1,4-dioxane (10 mL) and water (1 mL) under N,. Potassium carbonate
(145 mg; 1.05 mmol) is added and the resulting mixture is heated at 80 °C for 1 h. After
cooling to rt water is added and the mixture is extracted three times with EA. The combined
organic layer is washed with brine, dried over Na,SOy, filtered and evaporated. The residue is
purified by preparative RP-HPLC using a MeCN/water gradient under basic conditions. The
product containing fractions are freeze dried to give 4-{4-[(dimethylamino)methyl]-3,5-
dimethoxyphenyl}-2-methyl-1,2-dihydro-2,6-naphthyridin-1-one (16) (30.0 mg; 84.9 umol,
24 %). 'H NMR (500 MHz, DMSO-d6) & 9.02 (s, 1H), 8.71 (d, J = 5.2 Hz, 1H), 8.14 (d, J =
5.2 Hz, 1H), 7.73 (s, 1H), 6.81 (s, 2H), 3.83 (s, 6H), 3.68 (s, 2H), 3.62 (s, 3H), 2.31 (s, 6H);
3C NMR (125 MHz, DMSO, 1 C missing) & 160.3, 159.4 (2C), 148.3, 146.5, 136.2, 135.2,
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130.5, 130.0, 120.0, 116.4, 106.1 (2C), 56.4 (2C), 50.0, 45.0 (2C), 37.1; HRMS (CI+):
calculated for CyH24N303 (MH+) 354.18122, found 354.18061, A -1.71 ppm; LC/MS
(BAS1): [M+H]" = 354; tz = 0.96 min.

Synthesis of compound 17
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Supplementary Scheme 16: Synthesis of compound (17)

8-Bromo-6-methyl-5,6-dihydro-1,6-naphthyridin-5-one (60)

To a suspension of 8-bromo-5,6-dihydro-1,6-naphthyridin-5-one (59) (2.00 g; 8.89 mmol,
commercial from TCI) and potassium carbonate (3.68 g; 26.6 mmol) in DMF (50 mL),
iodomethane (2.52 g; 17.7 mmol) is carefully added and the resulting mixture is stirred at rt
for 24 h. Water and EA are added, the layers are separated and the aqueous layer is extracted
three times with EA. The combined organic layer is washed with brine, dried over Na,SQO,,
filtered and evaporated to give 8-bromo-6-methyl-5,6-dihydro-1,6-naphthyridin-5-one (60)
(1.50 g; 6.27 mmol; 71 %) which is used without further purification. 'H NMR (400 MHz,
CDCl3) 6 9.06 (d, J = 3.6 Hz, 1H), 8.73 (d, J = 8.0 Hz, 1H), 7.69 (s, 1H), 7.40 — 7.50 (m, 1H),
3.65 (s, 3H); LC/MS(INT2): (M+H)+ =239/241; tr = 0.52 min.

8-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-6-methyl-5,6-dihydro-1,6-
naphthyridin-5-one (17)
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60 (100 mg; 418 pumol), {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]methyl}-dimethylamine (49) (134 mg; 418 pumol) and Pd(dppf)Cl; (61.0 mg; 83.4
pmol) are suspended in 1,4-dioxane (10 mL) and water (1 mL) under N,. Potassium carbonate
(173 mg; 1.25 mmol) is added and the resulting mixture is heated at 80 °C for 1 h. After
cooling to rt water is added and the mixture is extracted three times with EA. The combined
organic layer is washed with brine, dried over Na,SOy, filtered and evaporated. The residue is
purified by preparative RP-HPLC using a MeCN/water gradient under basic conditions. The
product containing fractions are freeze dried to give 8-{4-[(dimethylamino)methyl]-3,5-
dimethoxyphenyl}-6-methyl-5,6-dihydro-1,6-naphthyridin-5-one (17) (35.0 mg; 99.0 pmol;
24 %). 'H NMR (500 MHz, DMSO-d6) & 9.40 (s, 1H, prot. amine), 8.96 (d, J = 4.5 Hz, 1H),
8.65 (d, J = 8.1 Hz, 1H), 8.00 (s, 1H), 7.60 (dd, J = 8.1, 4.5 Hz, 1H), 7.03 (s, 2H), 4.24 (s, 2H),
3.88 (s, 6H), 3.63 (s, 3H), 2.76 (s, 6H); *C NMR (125 MHz, DMSO) § 161.6, 158.7 (2C),
154.5, 151.6, 139.7, 137.7, 136.4, 122.5, 121.1, 118.3, 106.5 (2C), 105.2, 56.6 (2C), 49.9,
43.0 (2C), 36.9; HRMS (CI+): calculated for CyoH24N303 (MH+) 354.18122, found
354.18067, A -1.54 ppm; LC/MS (BAS1): [M+H]" = 354; tg = 0.96 min.

Synthesis of compound 18
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Supplementary Scheme 17: Synthesis of compound (18)
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8-Bromo-6-methyl-5H,6H-pyrido[4,3-d]pyrimidin-5-one (62)

To a suspension of 8-bromo-5H,6H-pyrido[4,3-d]pyrimidin-5-one (61) (1.00 g; 4.42 mmol,
commercial from FCHGroup) and potassium carbonate (1.19 g; 8.61 mmol) in THF (40 mL),
iodomethane (430 pL; 6.78 mmol) is carefully added and the resulting mixture is stirred at rt
for 16 h. Since HPLC-MS of the reaction mixture indicates incomplete conversion additional
iodomethane (400 ul; 6.31 mmol) is added and stirring is continued for 24h. Ammonia (10%
aqueous solution; 30 mL) is added whereupon precipitation occurs. The solid is filtered,
washed with water and dried in vacuo to give 8-bromo-6-methyl-5H,6H-pyrido[4,3-
d]pyrimidin-5-one (62) (890 mg; 3.71 mmol; 84 %) which is used without further purification.
'H NMR (400 MHz, DMSO-d6) & 9.48 (s, 1H), 9.47 (s, 1H), 8.54 (s, 1H), 3.54 (s, 3H);
LC/MS (BAS1): [M+H]" = 240/242; tz = 0.29 min.

8-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-6-methyl-5H,6H-pyrido[4,3-
d]pyrimidin-5-one (18)

62 (100 mg; 417 ppmol), {[2,6-dimethoxy-4-(tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]methyl}-dimethylamine (49) (170 mg; 529 pumol) and Pd(dppf)Cl,-DCM (34.0 mg;
41.6 pmol) are suspended in DMF (800 pL) under argon. A degassed Na,COs-solution (2N;
521 pL; 1.04 mmol) is subsequently added and the resulting mixture is heated at 100 °C for 1
h. After cooling to rt, water is added (several drops) and the mixture is filtered and purified by
preparative RP-HPLC (column: X-Bridge C-18 30x50 mm) using a MeCN/water gradient
under basic conditions. The product containing fractions are freeze dried. Further purification

is achieved by automated silica gel chromatography (Combiflash; column: Redisep RF, 129)
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using a DCM/MeOH gradient as eluent (100:0 --> 80:20; MeOH made basic with 0.1% NH3).
The product containing fractions are evaporated, dissolved in MeCN/water and freeze dried to
give 8-{4-[(dimethylamino)methyl]-3,5-dimethoxyphenyl}-6-methyl-5H,6H-pyrido[4,3-
d]pyrimidin-5-one (18) (35.4 mg; 99.9 pmol; 24 %). *H NMR (500 MHz, DMSO-d6) & 9.55
(s, 1H), 9.39 (s, 1H), 8.24 (s, 1H), 6.91 (s, 2H), 3.80 (s, 6H), 3.63 (s, 3H), 3.46 (s, 2H), 2.14 (s,
6H); **C NMR (125 MHz, DMSO) & 160.8, 160.6, 159.0, 158.8 (2C), 156.5, 142.8, 134.8,
117.9, 117.3, 113.5, 106.3 (2C), 56.2 (2C), 50.0, 45.4 (2C), 37.0; HRMS (CI+): calculated for
C1oH23N4O3 (MH+) 355.17647, found 355.17598, A -1.36 ppm; LC/MS (BAS1): [M+H]* =
355; tgr = 0.88 min.

Synthesis of compound 19
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Supplementary Scheme 18: Synthesis of compound (19)

1,3,4-Trimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-dihydropyridin-2-one (63)
and (1,2,5-trimethyl-6-0xo0-1,6-dihydropyridin-3-yl)boronic acid (64)

5-Bromo-1,3,6-trimethyl-1,2-dihydropyridin-2-one ~ (48) (6.30 g; 29.2 mmol),
bis(pinacolato)diboron (33) (29.6 g; 117 mmol), Pd,(dba); (0.60 g; 0.66 mmol) and 2-
dicyclohexyl-phosphino-2’,4’,6'-triisopropylbiphenyl (0.60 g; 1.26 mmol) (378 mg; 46.3 pmol)
and potassium acetate (9.00 g; 91.7 mmol) are suspended in 1,4-dioxane (80 mL) under N,

and the resulting mixture is heated at 60 °C for 48 h. After cooling to rt the reaction mixture is
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concentrated under reduced pressure, the residue is taken-up in EA, water is added and the
layers are separated. The aqueous layer is extracted three times with EA. The combined
organic layer is dried over Na,SOy, filtered and evaporated. The crude material is purified by
silica gel chromatography and subsequently by preparative RP-HPLC using a MeCN/water
gradient as eluent to give an inseparable mixture of 1,3,4-trimethyl-5-(tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,2-dihydropyridin-2-one ~ (63) and (1,2,5-trimethyl-6-0xo-1,6-
dihydropyridin-3-yl)boronic acid (64) (5.40 g; 20.5 mmol; 70 %), which is used for the next
step. *H NMR (500 MHz, DMSO-d6, 3H from 64 covered under DMSO signal) & 7.88 (s, 2 H,
64), 7.39 (s, 1H, 63 and 64), 3.46 (s, 3H, 63 and 64), 2.57 (s, 3H, 63), 1.96 (s, 3H, 63 and 64),
1.27 (s, 12H, 63); LC/MS (BAS1): [M+H]" = 264; tz = 1.16 min (Ester).

5-{4-[(Dimethylamino)methyl]-2,5-dimethoxyphenyl}-1,3,6-trimethyl-1,2-
dihydropyridin-2-one (19)

[(4-bromo-2,5-dimethoxyphenyl)methyl]dimethylamine (26) (313 mg; 1.14 mmol),
inseparable mixture of 63 and 64 (300 mg; 1.14 mmol) and Pd(dppf)Cl,-DCM (192 mg; 235
pmol) are suspended in DMF (3.0 mL) under argon. A degassed Na,CO3-solution (2N; 1.43
mL; 2.86 mmol) is subsequently added and the resulting mixture is heated at 100 °C for 1 h.
After cooling to rt, water is added (several drops) and the mixture is filtered and purified by
preparative RP-HPLC (column: X-Bridge C-18 30x50 mm) using a MeCN/water gradient
under basic conditions. The product containing fractions are freeze dried. Further purification
is achieved by automated silica gel chromatography (Combiflash; column: Redisep RF, 12g)
using a DCM/MeOH gradient as eluent (100:0 --> 90:10; MeOH made basic with 0.1% NH3).
The product containing fractions are evaporated, dissolved in MeCN/water and freeze dried to
give 5-{4-[(dimethylamino)-methyl]-2,5-dimethoxyphenyl}-1,3,6-trimethyl-1,2-dihydro-
pyridin-2-one (19) (8.30 mg; 25.1 pmol; 2.2 %). *H NMR (400 MHz, DMSO-d6) & 7.14 (s,
1H), 7.02 (s, 1H), 6.72 (s, 1H), 3.71 (2, 3H), 3.67 (s, 3H), 3.51 (s, 2H), 2.19 (s, 6H), 2.11 (s,
3H), 2.00 (s, 3H); LC/MS (BAS1): [M+H]" = 331; tr = 1.00 min.
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Synthesis of compound 20
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Supplementary Scheme 19: Synthesis of compound (20)

5-{4-[(Dimethylamino)methyl]-2,5-dimethoxyphenyl}-1,3,4-trimethyl-1,2-dihydro-
pyridin-2-one (20)

1,3,4-trimethyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-dihydropyridin-2-one (52) (80.0
mg; 304 pumol), [(4-bromo-2,5-dimethoxyphenyl)methyl]dimethylamine (26) (83.3 mg; 304
pmol) and Pd(dppf)Cl,-DCM (24.8 mg; 30.4 pmol) are suspended in DMF (800 uL) under
argon. A degassed Na,COs-solution (2N; 380 pL; 760 umol) is subsequently added and the
resulting mixture is heated at 100 °C for 1 h. After cooling to rt, water (several drops) is
added, the reaction mixture is filtered and purified by preparative RP-HPLC chromatography
(column: X-Bridge C-18 30x50 mm) using a MeCN/water gradient under basic conditions.
The product containing fractions are freeze dried to give 5-{4-[(dimethylamino)methyl]-2,5-
dimethoxyphenyl}-1,3,4-trimethyl-1,2-dihydropyridin-2-one  (20) (3.50 mg; 10.6 pmol,
3.5 %). *H NMR (500 MHz, DMSO0-d6) & 7.38 (s, 1H), 7.01 (s, 1H), 6.75 (d, ] = 1.5 Hz, 1H),
3.73(d, J = 1.5 Hz, 3H), 3.67 (d, J = 1.4 Hz, 3H), 3.39 - 3.44 (m, 5H), 2.19 (d, J = 1.6 Hz, 6H),
2.03 (s, 3H), 1.85 (s, 3H); *C NMR (125 MHz, DMSO) & 161.8, 151.4, 151.3, 146.0, 134.9,
127.5, 125.3, 124.1, 118.2, 114.9, 113.0, 57.1, 56.4, 56.1, 45.7 (2C), 37.3, 17.4, 13.4; HRMS
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(C1+): calculated for C19H27N203 (MH+) 331.20162, found 331.20108, A -1.62 ppm; LC/MS
(BAS1): [M+H]" = 331; tr = 1.02 min.

Synthesis of compound 22

o 27
~y Pd(dppf)C,*CH,CI,
N Na,CO,, DMF -
Br
54

Supplementary Scheme 21: Synthesis of compound (22)

4-{4-[(Dimethylamino)methyl]-2,5-dimethoxyphenyl}-2-methyl-1,2-dihydroisoquinolin-
1-one (22)

4-bromo-2-methyl-1,2-dihydroisoquinolin-1-one (54) (77.8 mg; 327 pumol), {[2,6-dimethoxy-
4-(tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]methyl}-dimethylamine (27) (150 mg; 467
pmol) and Pd(dppf)Cl,-DCM (27.5 mg; 33.7 pumol) are suspended in DMF (1.0 mL) under
argon. A degassed Na,COs-solution (2N; 409 pL; 818 umol) is subsequently added and the
resulting mixture is heated at 100 °C for 1 h. After cooling to rt, water is added (several drops)
and the mixture is filtered and purified by preparative RP-HPLC (column: X-Bridge C-18
30x50 mm) using a MeCN/water gradient under basic conditions. The product containing
fractions are freeze dried. Further purification is achieved by automated silica gel
chromatography (Combiflash; column: Redisep RF, 12g) using a DCM/MeOH gradient as
eluent (100:0 --> 90:10; MeOH made basic with 0.1% NHs). The product containing fractions
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are evaporated, dissolved in MeCN/water and freeze dried to give 4-{4-[(dimethylamino)-
methyl]-2,5-dimethoxyphenyl}-2-methyl-1,2-dihydroiso-quinolin-1-one (22) (35.1 mg; 99.6
pmol; 30 %). *H NMR (500 MHz, DMSO-d6) & 8.29 (d, J = 7.9 Hz, 1H), 7.63 (t, J = 7.6 Hz,
1H), 7.50 (t, J = 7.6 Hz, 1H), 7.44 (s, 1H), 7.14 (d, J = 8.1 Hz, 1H), 7.11 (s, 1H), 6.90 (s, 1H),
3.74 (s, 3H), 3.61 (s, 3H), 3.56 (s, 3H), 3.47 (s, 2H), 2.23 (s, 6H); *C NMR (125 MHz,
DMSO) 6 161.5, 151.6, 151.6, 136.9, 133.5, 132.3, 127.9, 127.3, 126.8, 125.5, 125.2, 123.7,
115.3, 115.2, 113.4, 57.2, 56.4, 56.2, 45.8 (2C), 36.8; HRMS (Cl+): calculated for
CH2sN,03 (MH+) 353.18597, found 353.18538, A -1.68 ppm; LC/MS (BAS1): [M+H]" =
353; tr = 1.11 min.
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ONLINE METHODS
BRD9 SPR-based fragment screen

The fragment screen was performed on a Biacore T200 instrument (GE Healthcare). His-
tagged BRD9 (X-ray crystallography construct with an additional amino-terminal
hexahistidine-tag?) was immobilized onto a Biacore NTA-chip (GE Healthcare) as described
in the literature.® Briefly, the BRD9 protein was diluted to a concentration of 0.2 mg/ml in
HBS-P+ buffer (10 mM HEPES, pH 7.4, 150 mM NacCl, 0.05 % P20) and injected over flow
cell 4 of a Biacore NTA-chip, pre-loaded with Ni** and activated with EDC/NHS according to
the manufacturer’s instructions (T = 20°C). A second hexahistidine-tagged bromodomain
protein, distantly related to BRD9, was immobilized on flow cell 3 as a control. Carbonic
anhydrase Il (SIGMA Aldrich) was used as a negative control and immobilized onto flow cell
2 (EDC/NHS activation, but no Ni**-loading). Buffer was injected over flow cell 1 to generate
a blank reference surface. Approximately 8000 RU of each of the three proteins were
immobilized. The buffer was then switched to screening buffer (HBS-P+; 1% DMSO).

The chip was equilibrated with running buffer for several hours. After 10 startup cycles
(buffer injections) the fragment compounds were injected at a concentration of 100 uM from
384-well plates and the response was recorded for each compound. Positive (a bromodomain
binder identified internally in a different bromodomain inhibitor program) and negative
(buffer) controls were included at regular intervals to monitor the performance of the assay
over the complete screening experiment. It turned out that the proteins on the chip were stable
for the time required to analyse 384 compounds. After this a new chip was prepared as
described above and the next 384 compounds were analysed. To correct for the excluded
volume effect a DMSO calibration series was prepared as detailed in the instrument
manufacturer’s instructions and the calibration samples were measured at the beginning and

end of each run.
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The data were evaluated using BiaEvaluation (GE Healthcare) software. Briefly, all SPR
responses were corrected for differences in bulk solvent refractive index and contributions
from binding of compounds to the blank reference flow cell were subtracted. In this way the
response (in response units, RUs) for each compound was determined. Fractional surface
occupancy (FSO) normalized to the response for the reference compound was then calculated
on a plate basis.” Based on our measured FSO the Z’ value® of our assay over all plates was
calculated to be 0.91 which is well above the 0.5 threshold which is considered to be the

minimum requirement for a valid screening assay.

Any compounds showing abnormal binding behavior, were identified by visual inspection of
the sensorgrams and removed from the list. Equally, any compound which showed binding to
the reference protein carbonic anhydrase Il was also disqualified. The MEDIAN and the
standard deviation (STDEV) over all screened samples were calculated. All compounds
showing a FSO > MEDIAN + 3 x STDEV were classified as hits and subsequently subjected

to SPR Kd measurements as described below.

BRD9 SPR Kp assay

His-tagged BRD9 was immobilized to a density of 2000 - 4000 RUs on flow cells 3 and 4 of a
Biacore NTA-chip as described above. Carbonic anhydrase Il was immobilized at a similar

density on flow cell 2 and a blank reference surface was generated on flow cell 1.

The buffer was then switched to assay buffer (HBS-P+ = 10 mM HEPES, pH 7.4, 150 mM
NaCl, 0.05 % P20 + 5 % DMSOQO) and the chip equilibrated for several hours before use for Kp
determinations. To be able to correct for differences in bulk solvent refractive index caused by
small variations in the DMSO concentration solvent correction samples were included at the

beginning and end of the run as detailed in the instrument manufacturer’s instructions.
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Compounds were injected in concentration series (1:1 dilutions, 7 different concentrations),
starting with a maximum concentration that was approximately 10-20-fold higher than the
expected Kp. The concentration series were prepared in 96-well plates. In the case that the
dilution window chosen for a particular compound did not appropriately bracket the Ky of the
compound the measurement was repeated with an optimized starting concentration. Positive
and negative control samples were included at regular intervals to be able to monitor the
performance of the assay. CBS was used as a positive control for carbonic anhydrase Il to
check for integrity of the reference protein at regular intervals. To correct for the excluded
volume effect a DMSO calibration series was prepared as detailed in the instrument
manufacturer’s instructions and the calibration samples were measured at the beginning and
end of each run. Kd values were determined using Biaevaluation software by either
performing a global fit of the double-referenced association and dissociation data to a 1:1
interaction model or by fitting the steady-state responses at each concentration to a 1:1

interaction model as appropriate. Kps from the two flow cells were averaged.

Isothermal Titration Calorimetry (ITC) assay
Protein were cloned, expressed and purified as previously described®.

Calorimetric experiments were performed on an ITC200 or VP-ITC micro-calorimeter
(MicroCalTM, LLC Northampton, MA). Protein solutions were buffer exchanged by dialysis
into buffer 20 MM Hepes pH 7.5, 150 mM NaCl, and 0.5 mM TCEP. All measurements were
carried out at 293.15 K while stirring at 1000 or 286 rpm. The micro syringe was loaded with
protein solutions ranging from 250 to 320 puM, compound solutions were prepared at
concentrations between 15 to 30 uM and 200 ul or 2 mL for the cells. All injections were

performed using an initial injection of 0.5 pul followed by 30 injections of 1 ul with a duration
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of 2 sec per injection and a spacing of 150 sec between injection for the ITC200; for the VP-
ITC it was injected 2 pl followed by 34 injections of 8 pl with a duration of 16 sec per
injection and a spacing of 240 sec between injections. The data were analysed with the
MicroCal ORIGIN software package employing a single binding site model. The first data
point was excluded from the analysis. Thermodynamic parameters were calculated (AG = AH
- TAS = -RTInKB where AG, AH and AS are the changes in free energy, enthalpy and entropy

of binding, respectively).

Differential Scanning Fluorimetry (DSF)

DSF experiments were carried out in a Bio-Rad CFX384 Real-Time System (C1000Touch
Thermal Cycler) in sealed Hard-Shell PCR 384 well plates (#HSP3805; PCR Sealers;
#MSB1001; Bio-Rad) and a total volume of 10ul. The assay was optimized regarding protein
consumption and SYPRO Orange dye excess (5000x concentration in DMSO, Invitrogen) to
obtain a reliable fluorescence signal. Compound dilutions in assay buffer (25 mM HEPES pH
7.5, 150 mM NaCl, 1 mM TCEP) were prepared by a Hamilton Microlab Star pipetting robot.
The reaction mixtures contained 8 ul compound dilution and 2ul of the BRD9 SYPRO
Orange stock mix to yield final concentrations of 10uM BRD9, 25x SYPRO Orange and
400uM fragment at a DMSO concentration of 2%. Samples were heated at 1°C/min from
25°C to 95°C with fluorescence readings every 0.5°C. The entire Bl generic fragment library
(1697 compounds) was tested in duplicates. Melting curves were analyzed with the Bio-Rad
CFX Manager-Data Analysis software in which T, values were determined as the minimum
of the first derivative of the recorded fluorescence intensity versus temperature plot. The Tp,

of native BRD9 was determined 200 times (47.2+0.5°C) and an in house positive control 60
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times (53.5+0.5°C) from which a Z" of 0.55 could be calculated. Thermal shifts of AT, > 1°C

(ATm = Tm.frag — Tm,pmso) Were assumed significant and defined as primary FBS hits.

Microscale Thermophoresis (MST)

MST is a fluorescence-based biophysical method which exploits the alteration of the mobility
of molecules in a temperature gradient upon binding. The local temperature gradient is
induced by an infrared laser and a detailed description of the technique is published
elsewhere.” Fluorescence labeling of BRD9 with the NT647 dye was performed according to
the manufacturer’s protocol of the Monolith NT.115 Protein Labeling Kit RED-NHS
(NanoTemper Technologies, Munich, Germany). Assay development comprised the
optimization of protein concentration, buffer conditions, MST capillaries as well as the
strength of the temperature gradient (IR laser power) using an in house positive control to
achieve a reliably detectable change in the thermophoretic mobility (AFnom) of labeled BRD9.
Measurements were carried out in 25mM HEPES pH 7.5, 150 mM NaCl, 1 mM TCEP, 0.05%
Tween-20 with 200 nM NT647-labeled BRD9 in the presence of 500 uM compound and 5%
(v/v) d6-DMSO at 298K. Monolith NT.115 hydrophilic capillaries, an IR laser power of 40%

with a laser on time of 30 seconds and an LED intensity of 60% were used.

For the in house implementation of fully automated sample preparation and MST data
acquisition a Monolith NT.015 was modified in collaboration with NanoTemper Technologies
and combined with a Hamilton Microlab Star pipetting system equipped with an in house
developed tilting station. Individual capillaries were filled by dipping into each well of the
vertically tilted 384-well plate (Greiner PP, small volume, deep well from Greiner Bio-One,
Frickenhausen, Germany) and transferred in the detection device using a pneumatic gripper

(Schunk, Lauffen/Neckar, Germany) attached to a pipetting channel.
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Compounds were diluted in 30ul assay buffer with a Hamilton Microlab Star liquid handling
system and 10ul of labeled BRD9 was added just-in-time prior to data acquisition to achieve
equal incubation times. In one acquisition cycle 16 capillaries could be measured in which
capillary 1 and 16 were a DMSO negative control and capillaries 2-14 contained seven

fragments in duplicates.

Data was analyzed with the NanoTemper Analysis software version 1.2.205 and exported
fluorescence as well as AFpom values (AFnorm=Fnot/Fcoiq) further evaluated. All MST traces
were inspected manually and irregular traces (e.g. fluorescence quenching, protein
aggregation) were discarded. Mean values of the duplicates were calculated and compared to
either the mean value of the DMSO negative control in the individual acquisition cycle or the
mean value of the DMSO control of the respective 384-well screening plate. An in house
positive control was used to monitor integrity of labeled BRD9 throughout screening.
Fragments were classified as hits if AAF,om > AFpom(2sd DMSO) with AAFom =

| AFnorm(compound)-AFnom(DMSO) | .

BRD9 NMR spectroscopy

Confirmation of primary FBS hits obtained from DSF, SPR and MST was performed using
two-dimensional *H/*®®*N HSQC NMR spectra® collected on a Bruker Avance Il 600 MHz
spectrometer equipped with a 5mm z-gradient TCI cryo-probe and a Bruker Sample Rail.
Samples were freshly prepared just-in-time by a Tecan Freedom Evo pipetting robot in house
customized for NMR sample tube filling before fully automated data acquisition®. Each
sample contained 75 pM N labeled BRD9 in 20 mM Tris-d11 pH 7.5, 200 mM NaCl, 1 mM
TCEP and 8% (v/v) D,O and was incubated with 500 uM fragment in a 2.5mm NMR tube at

298 K and a d6-DMSO concentration of 1%. Spectra were recorded with 48 transients and 96
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data point in the indirect dimension. ldentification of BRD9 binders was performed by
manual comparison of spectra in the presence of a single fragment and the BRD9 reference
spectrum in the presence of 1% (v/v) d6-DMSO using data processed by Bruker Topspin 3.0.
For a more quantitative approach chemical shift perturbation was automatically evaluated
using the Autoscreen module of Felix 2004 (FelixNMR Inc., San Diego, USA) for which
either the entire spectrum or the region of interest (22 cross peaks defined by an in house
positive control to identify the preferred binding site) was analyzed®. All three analysis
methods showed > 90% overlap between confirmed BRD9 binding fragments, which were
prioritized for Xray follow-up (see method description “BRD9 X-ray follow-up of confirmed

primary FBS hits®).

Protein purification and crystallization

The bromodomain of human BRD9 (residues 14-134 of isoform 5, Uniprot identifier
Q9H8M2-1) was obtained from the SGC (Structural Genomics Consortium) and has been

expressed and purified as previously described?.

Protein crystallization was done using the hanging drop method by mixing 2.0 pL of apo
BRD9 (10 mg/mL in 25 mM HEPES pH 7.5, 300 mM NaCl, 0.5 mM TCEP) with 2 pL of
reservoir solution (30 % glycerol ethoxylate, 100 mM Tris pH 8.3) at 4 °C. Crystals grew
within a few days to a final size of 150-200 um). Apo crystals were transferred to a soaking
buffer containing 33 % glycerol ethoxylate and soaked overnight by adding 0.1 puL of a 100
mM DMSO stock solution of BI-7273. Crystals were frozen in liquid nitrogen and data were
collected at the SLS beam line X06SA (Swiss Light Source, Paul Scherrer Institute) at a
wavelength of 1 A using the PILATUS 6M detector. The crystals belonged to space group

P21212 and contained 2 monomers per asymmetric unit. Images were processed with
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autoPROC.™ The resolution limits were set using default autoPROC settings. The structures
were solved by molecular replacement using the BRD9 structure 3HME as a search model.
Subsequent model building and refinement was done using standard protocols using CCP4,*
COOT *® and autoBUSTER (Bricogne, G. et al. (2011). BUSTER v.2.11.2.

http://www.globalphasing.com).

For BI-7273 (compound 15) the unit cell parameters were a = 70.80 A, b = 12534 A, ¢ =
29.92 A and a, B, y = 90° data and the structure was refined to Rwork and Rfree values of
17.8 % and 19.2 %, respectively, with 100% of the residues in Ramachandran favoured

regions as validated with Molprobity.*

Compound 1 (unit cell: a=70.03 A, b=125.41 A, ¢ =29.53 A, 0, B, v = 90°, resolution =
1.80 A) was refined to R/Rfree = 20.3/22.0% with 100 % of the residues in Ramachandran

favoured regions.

Compound 2 (unit cell: a = 71.04 A, b =125.02 A, c=29.94 A, a, B, y = 90°, resolution =
1.68 A) was refined to R/Rfree = 18.9/20.5 %) with 100 % of the residues in Ramachandran

favoured regions.

Compound 9 (unit cell: a = 70.31 A, b= 125.17 A, ¢ = 30.02 A, resolution: 2.3 A) was
refined to R/Rfree = 19.2/20.9 % with 99.55 % of the residues in Ramachandran favoured and

0.45 % in Ramachandran allowed regions.

BI1-9564 (compound 21) (unit cell: a=70.03 A, b= 12536 A, ¢ =29.68 A, a, B, y = 90°,
resolution = 1.82 A) was refined to R/Rfree of 19.1/20.2% with 100 % of the residues in

Ramachandran favoured regions.

Statistics for data collection and refinement can be found in Supplementary Table 2.

$45



Stereo images (wall-eye stereo and cross-exe stereo) can be found in Supplementary Fig. 5-

14.

The coordinates and structure factors of the structures have been deposited at the Protein Data

Bank with the accession codes XXX

BRD9 X-ray follow-up of confirmed primary FBS hits

Protein crystallisation in the FBS setting has been done by the hanging drop method at 20 °C.
1.2 pl of a 14 mg/ml apo protein solution (in 25 mM HEPES pH 7.5, 300 mM NaCl, 0.5 mM
TCEP) have been mixed with 1 pl of the reservoir solution (28-33% Glycerol Ethoxylate, 100
mM Tris pH 8.1- 8.7). The resulting crystals were transferred into soaking and cryoprotectant
solution (30% Glycerol Ethoxylate, 100 mM Tris pH 8.5) in which compound was dissolved
at 100 mM. After overnight incubation crystals were flash frozen in liquid nitrogen.
Diffraction data was collected at X06SA and X06DA beamlines of the Swiss Light Source
(Paul Scherrer Institute, Switzerland). All following steps have been performed as described

in the above section “Protein purification and crystallization”.

BRD9 Bromodomain Virtual Screening

Ligand preparation of HICOS was carried out using Schrodinger’s ligprep module. The initial
docking was done in Schrodinger’s Glide Suite 2012. The standard precision docking mode
was employed. The docking protein grid was derived from the in-house X-ray crystal
structure of BRD9, including two constraints: one with hydrogen bond donor from the
terminal amido_N®*H of Asparigine-100 and the other with the OH of conserved water-106.

Follow-up pharmacophore mapping was performed in OpenEye’s vROCS 2012. The BRD9
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specific pharmacophore model was derived from the binding modes of ligands selected from
three in-house X-ray co-crystal structures. ShapeTan and Combifit scoring methods in

VROCS were used in combination to select the compounds for further consideration.

BRD9-H3 AlphaScreen assay

This assay is used to identify compounds which inhibit the interaction of the bromodomain of
BRD9 with a tetra-acetylated peptide based on the sequence of histone H3 (H3
K9/14/18/23Ac (1-28)). GST-BRD9 protein corresponding to amino acids 130 - 259 that
contains the bromodomain of BRD9 (accession number NM_023924.4) was expressed in E.
coli with an amino-terminal GST tag. The sequence of the H3 K9/14/18/23Ac(1-28) peptide
is Biotin- ARTKQTARK(Ac)STGGK(AC)APRK(AC)QLATK(AC)AARKS, MW: 3392.

Assay concentrations: 4 nM GST-BRD9 protein (aa 130 - 259) and 12 nM biotinylated H3

K9/14/18/23Ac(1-28) peptide are used in the BRD9 H3 AlphaScreen assay.

BRD7 H3 AlphaScreen assay

This assay is used to identify compounds which inhibit the interaction of the bromodomain of
BRD7 with a tetra-acetylated peptide based on the sequence of histone H3 (H3
K9/14/18/23Ac (1-28)). GST-BRD7 protein corresponding to amino acids 129 - 236 that
contains the bromodomain of BRD7 (accession number NM_013263.4) was expressed in E.
coli with an amino-terminal GST tag. The sequence of the H3 K9/14/18/23Ac(1-28) peptide

is Biotin- ARTKQTARK(AC)STGGK(AC)APRK(AC)QLATK(AC)AARKS, MW: 3392,

Assay concentrations: 8 nM GST-BRD7 protein (aa 129 - 236) and 12 nM biotinylated H3

K9/14/18/23Ac(1-28) peptide are used in the BRD7 H3 AlphaScreen assay.
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BRD4-BD1 H4 AlphaScreen assay

This assay is used to identify compounds which inhibit the interaction of the bromodomain 1
of BRD4 with a tetra-acetylated peptide based on the sequence of histone H4 (K5/8/12/16(1-
18)). GST-BRD4-1 protein corresponding to amino acids 44 - 168 that contains the
bromodomain 1 of BRD4 (accession number NP_490597.1) was expressed in E. coli with an
amino-terminal GST tag. Tetra-acetylated histone H4 is a synthetic peptide, containing amino
acids 1-18 of Histone H4 followed by a GSGS linker and biotinylated lysine

(SGRGK(AC)GGK(AC)GLGK(AC)GGAK(AC)RH-GSGSK-biotin) MW = 2518.7Da.

Assay concentrations: 10 nM GST-BRDA4-1 protein (aa 44 - 168) and 5 nM biotinylated H4

(K5/8/12/16(1-18) peptide are used in the BRD4-BD1 H4 AlphaScreen assay.

BRD4-BD2 AlphaScreen assay

This assay is used to identify compounds which inhibit the interaction of the bromodomain 2
of BRD4 with a tetra-acetylated peptide based on the sequence of histone H4 (K5/8/12/16(1-
18)). GST-BRD4-2 protein corresponding to amino acids 333 - 460 that contains the
bromodomain 2 of BRD4 (accession number NP_490597.1) was expressed in E. coli with an
amino-terminal GST tag. Tetra-acetylated histone H4 is a synthetic peptide, containing amino
acids 1-18 of Histone H4 followed by a GSGS linker and biotinylated lysine

(SGRGK(AC)GGK(AC)GLGK(AC)GGAK(AC)RH-GSGSK-biotin) MW = 2518.7 Da.

Assay concentrations: 50 nM GST-BRD4-2 protein (aa 333 - 460) and 25 nM biotinylated H4

(K5/8/12/16(1-18) peptide are used in the BRD4-BD2 H4 AlphaScreen assay.
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BRD2-BD1 AlphaScreen assay

This assay is used to identify compounds which inhibit the interaction of the bromodomain 1
of BRD2 with a tetra-acetylated peptide based on the sequence of histone H4 (K5/8/12/16(1-
18)). GST-BRD2-1 protein corresponding to amino acids 71 - 194 that contains the
bromodomain 1 of BRD2 (accession number NP_005095.1) was expressed in E. coli with an
amino-terminal GST tag. Tetra-acetylated histone H4 is a synthetic peptide, containing amino
acids 1-18 of Histone H4 followed by a GSGS linker and biotinylated lysine

(SGRGK(AC)GGK(AC)GLGK(AC)GGAK(AC)RH-GSGSK-biotin) MW = 2518.7Da.

Assay concentrations: 20 nM GST-BRD2-1 protein (aa 333 - 460) and 10 nM biotinylated H4

(K5/8/12/16(1-18) peptide are used in the BRD4-BD2 H4 AlphaScreen assay.

All AlphaScreen assays are done in a darkened room below 100 Lux. Compounds are
dispensed onto assay plates (Proxiplate-384 PLUS, white, PerkinElmer) using an Access
Labcyte Workstation with the Labcyte Echo 550 from a DMSO solution. For the chosen
highest assay concentration of 100 uM, 150 nL of compound solution are transferred from a
10 mM DMSO compound stock solution. A series of 11 concentrations is transferred for each
compound at which each concentration is fivefold lower than the previous one. DMSO is
added such that every well has a total of 150 nL compound solution. 10 pL of a mix
containing protein and peptide with the assay specific concentrations are prepared in assay
buffer (50 mM HEPES pH=7.3; 25 mM NacCl; 0,1% Tween 20; 0.1% bovine serum albumin
(BSA); 2 mM dithiothreitol (DTT)) and 5 pL of bead mix (AlphaLISA Glutathione Acceptor
Beads and AlphaScreen Streptavidin Donor Beads mixed in assay buffer at a concentration of
10 pug/ml each) are added to the assay plate that contain 150 nL of the compound solution.

After 60 minutes at room temperature the signal is measured in a PerkinElmer Envision HTS
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Multilabel Reader using the AlphaScreen specifications from PerkinElmer. Each plate
contains negative controls where assay specific peptide and protein are left out and replaced
by assay buffer. Negative control values are entered as low basis for normalization. IC50

values are calculated using a four parameter non-linear regression model.

BROMOscan
Bromodomain profiling was provided by DiscoveRx Corp. using their BROMOScan platform

(http://www.discoverx.com/services/drug-discovery-development-

services/epigeneticprofiling/Bromoscan). The BROMOscan screen accounted for the
determination of the single concentration binding interaction (percent of control - % ctrl) for
compound BI-7273, or B1-9564, and each of the 32 DNA tagged bromodomains included in
the assay by binding competition against a reference immobilized ligand. BromoKdELECT
accounted for the determination of the Kp between compound BI-7273, or BI1-9564, and
selected DNA tagged bromodomains by binding competition against a reference immobilized

ligand.

Fluorescence Recovery After Photobleaching (FRAP)

FRAP studies were performed essentially as described™ (1). In brief, U20S cells were
transfected (Fugene HD; Roche) with mammalian over-expression constructs encoding GFP
fused to the N-terminus of full length BRD9, Brd7 or CECRZ2, respectively. Mutant proteins
mutating the conserved Asn to Phe or Ala were generated as described in (1). The following
mutations were introduced: N140A for human CECR2, N211F for mouse Brd7 and N163F
for human BRD9. The imaging system consisted of a Zeiss LSM 710 laser-scanning and
control system (Zeiss) coupled to an inverted Zeiss Axio Observer.Z1 microscope equipped
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with a high-numerical-aperture (N. A. 1.3) 40 x oil immersion objective (Zeiss). Samples
were placed in an incubator chamber in order to maintaining temperature and humidity. FRAP
and GFP fluorescence imaging were both carried out with an argon-ion laser (488 nm) and
with a PMT detector set to detect fluorescence between 500-550 nm. Once an initial scan had
been taken, a region of interest corresponding to approximately 50 % of the entire GFP
positive nucleus was empirically selected for bleaching. A time lapse series was then taken to
record GFP recovery using 1% of the power used for bleaching. The image datasets and
fluorescence recovery data were exported from ZEN 2009, the microscope control software,
into Origin to determine the average half-time for full recovery for 10-20 cells per treatment

point. Data were analysed using one-way ANOVA with Tukey’s multiple comparisons test.

Cell lines and proliferation assays

Cells were grown in 50 pl medium as specified by the supplier for 7 days starting with 500
and with 1000 cells per well of a 384 well plate in the presence of varying concentrations of
compound before measuring viability via cellular ATP levels using the cell titer glow assay

(Promega).

MY C assay

To 750,000 MV-4-11 cells in 250 pul growth medium (in IMDM, 10 % FBS, GlutaMAX, 25
mM HEPES and 0,1% 2-Mercaptoethanol) per well compound was added at the desired
concentration from a 10 mM stock solution using the HP D300 Digital Dispenser (Hewlett
Packard). After 2 hours of incubation with the compound, cells were collected by
centrifugation, washed in ice cold PBS and lysed in 15 pl of cell extraction buffer (Life
Technologies #FNNO0011 containing 1 mM PMSF and 1x Halt protease inhibitor cocktail
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(Thermo)). After 30 minutes on ice, nucleic acids were disrupted by sonication. cMYC levels

were measured using the human c-Myc (Total) ELISA Kit (Life Technologies #KH02041)

Animal handling

Mice were housed under pathogen-free conditions (AAALAC accredited facility) and treated
according to the institutional, governmental and European Union guidelines (GV-SOLAS,
Felasa, Austrian Animal Protection Laws). All animal studies were reviewed and approved by
the internal ethics committee of Boehringer Ingelheim and the local governmental committee

(Amt der Wiener Landesregierung, Magistratsabteilung 58, Vienna, Austria).

Pharmacokinetic and efficacy studies in mice

For evaluation of PK properties non-tumor bearing BomTac:NMRI-Foxnlnu mice (Taconic,
Ry, Denmark) were treated once with an intravenous bolus dose formulated with 25 % HP-§-
CD (dosing volume 5 mL/kg), or orally as a suspension formulated with 0.5% Natrosol™
Hydroxyethylcellulose (dosing volume 10 mL/kg). EDTA-blood was sampled from the Vena

saphena and plasma was obtained by centrifugation.

Female CIEA-NOG mice (NOD.Cg-Prkdc*IL2rg"™*/JicTac; Taconic, Ry, Denmark) were
engrafted intravenously with 1 x 10’ EOL-1 AML cells stably expressing luciferase and GFP.
Following injection of the cells animals were randomized based on body weight
(n=10/group). Treatment started on day 5 with either 0.5% Natrosol or BI-9564 formulated
with 0.5% Natrosol. All doses were calculated relative to the mouse body weight on the
treatment day. BI-9564 and the vehicle control were administered orally with a dosing

volume of 10 mL/kg body weight. BI-9564 was administered daily from day 5 until 17 and
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from day 20 until 22. Dosing was interrupted on day 18 for two days as one mouse in the
treatment group reached -15% body weight loss. Tumour load was measured 2-3 times
weekly based on bioluminescence imaging as described previously.'® The following scoring
system was used: score 0, no clinical signs; score 1, tail or hind limb weakness. Animals were
sacrificed based on severity criteria including appearance of paralysis score 1 and/or body
weight loss exceeding -18%. In this tumor mouse model body weight changes can occur due

to increased tumor load or due to intolerability.

Determination of physicochemical and in vitro DMPK parameters

Agueous solubility was determined from 10 mM stock solutions of the compounds in DMSO
diluted with agueous Mcllvaine buffer at pH 6.8, or with acetonitrile/water (1:1) as a
reference. Samples were shaken for 24 h at room temperature in 96-well plates (Whatman
Uniplate® 96 wells, 750 uL, polypropylene, round bottom). The plate was then centrifuged at
3,000 rpm for 2 min. 250 pL of each sample were transferred to a Millipore MultiScreenHTS
filter plate with a polycarbonate membrane, pore size 0.45 pum. Filtrates were collected by
centrifugation at 3,000 rpm for 2 min. The dissolved concentrations were determined by
UPLC/UV on a Waters ACQUITY UPLC® SQD system equipped with a Waters ACQUITY
UPLC® BEH 2.1x50 mm C18 column, particle size 1.7 um, using a short gradient with
water/0.1% formic acid as solvent A and acetonitrile/0.1 % formic acid as solvent B (5 to 95 %
B with 1.7 min total cycle time). Compound signals were measured with a photodiode array
UV detector operated at 254 nm. Solubility was determined with a one point calibration by

comparing peak areas relative to the reference standard using Waters Empower software.

In vitro predictions of hepatic metabolic (CL) based on incubations with cryopreserved

hepatocytes were carried out with an automated assay in a 24-well plate format on a Tecan
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robotic system at a test compound concentration of 1 uM. Cryopreserved hepatocytes (donor
pools) were supplied by Celsis IVT. Cryopreserved cells were thawed according to protocols
provided by the vendor and suspended in DMEM supplemented with insulin (5 pg/mL),
glucagon (7 ng/mL), hydrocortisone (7.5 pg/mL) and serum of the respective species (50% of
total volume). Test compounds were added after a 30 min pre-incubation. Suspensions of
1x10° cells/mL were incubated and continuously shaken in a Thermo Scientific Cytomat™
for 4 h at 85-95% relative humidity and 5-10% CO; at 37 °C. Aliquots were taken from the
medium at 0, 0.5, 1, 1.5, 2.5 und 4 h and concentrations of the test compounds quantified by
HPLC/MS/MS on a BIOCIUS Life Sciences RapidFire® system coupled to a Thermo
Scientific™ TSQ Vantage™ triple-quadrupole mass spectrometer. Predicted clearances were

calculated using the well-stirred model.

In vitro plasma protein binding (PPB) was determined by a semi-automated equilibrium
dialysis assay on a Tecan robotic system at a test compound concentration of 3 puM. Dialysis
chambers in custom-made Teflon devices for multiple parallel incubations were separated by
a 18x18 cm dialysis membrane with molecular weight cut-off of 5,000 Da (Dianorm No.
5214). Plasma of the respective species spiked with test compound was dialyzed against
Soerensen buffer (pH 7.4) for 3 h at 37 °C at 12 rpm on an overhead rotator. PPB was
calculated based on test compound concentrations in the plasma and buffer compartments

quantified by HPLC/MS/MS.

Caco-2 and in vitro cytochrome P450 inhibition assays have been carried out as described

elsewhere.’

Determination of pharmacokinetic properties
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Compound concentrations from aliquots of 10 pL plasma were quantified by HPLC-MS/MS
at unit mass resolution with ESI+ ionization. The Bl proprietary compound BIBI1355BS was
added to all samples as internal standard. Calibration and quality control samples were
prepared using blank plasma from untreated animals as matrix. Calibration standards were
prepared by serial dilutions in twelve steps by manual dilutions or using a Perkin-Elmer Janus
automated liquid handling system. Pre-analytical sample preparation was carried out by
liquid/liquid extraction in a 96-well plate format with t-butyl methyl ether (TBME) or ethyl
acetate under basic conditions, or by acetonitrile precipitation and centrifugation. Extracted
plasma samples or supernatants of precipitated samples were evaporated to dryness under N,
redissolved in 25% methanol/75% water/0.01% formic acid and injected to the HPLC/MS/MS
system with a CTC PAL HTS-xt autosampler (injection volume 5 pL for i.v. and 1 pL for p.o.

studies).

Quantitative analyses were performed with Agilent HP1200 analytical HPLC systems
equipped with a Waters XBridge BEH C18 reversed phase HPLC column at room
temperature (particle size 2.5 pm, column dimension 2.1 x 50 mm), applying a HPLC
gradient with 5 mM ammonium acetate (pH 4.0) as solvent A and acetonitrile with 0.1%
formic acid as solvent B with a cycle time of 2.0 min per sample. Solvent B was increased
from 5 to 95% over 1 min, and then kept constant at 95% B from 1.0 - 1.3 min, before
returning to 5% B and column re-equilibration from 1.4 to 2.0 min. The HPLC systems were
coupled to SCIEX API5000 triple quadrupole or 4000 QTRAP® hybrid triple
quadrupole/linear ion trap mass spectrometers operated in MRM mode with ion transitions of
354.2 to 309.0 for BI-7273 and BI1-9564, and 467.3 to 98.1 for BIBI1355BS (dwell times: 70
ms). Declustering potential (DP) and collision energy (CE) settings were automatically
optimized using the SCIEX DiscoveryQuantTM 2.1 software. The source temperature of the
Turbo lon Spray source was set to 600°C. Chromatograms were integrated and peak areas

were determined with Analyst® 1.5.1 (SCIEX). Pharmacokinetic parameters were calculated
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by non-compartmental analysis using the Boehringer Ingelheim proprietary software ATLAS.
AUC values were determined by the linear trapezoidal rule and with C(0) = C(t1) for

intravascular application and with C(0) = 0 for extravascular application.
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Supplementary Figure 1. Screening cascades leading to the identification of compound 1

and 2 as validated hits

Triage Assay

Prospective

Generic FBS Library*

Virtual Screening of HiCos

Criteria compounds**
Total compounds screened 1697 208
Screening Assay DSF SPR MST DSF SPR
(fixed conc.) dTm BR AMST dTm>1°C (500 BR >8%
>1°C >20% (DMSO, pUM) (100 pM)
(400 (100 Cpd) >
puM) pHM) MST(2sd
DMSO)
(500 pM)
36 45 124 25 23
Orthogonal Validation 34 38 38 11 23
Assay
77 23
15
( N HSQC NMR) (SPR Kd)
X ray co-crystal 55 11
structure
Screening Assay Kp<100uM 12 13
SPR
Resynthesis/ Activity 12 12
Verification /Structure
confirmation
Unwanted Fragment 1
Validated Hits with 12 11
Kp(SPR)<100uM
I I
N 0 N 0
=z | Z
NYN o
NH
AN 2

Ko(SPR)=37.5 uM
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* Generic FBS library consists of a diverse set of compounds fulfilling the following
constraints: MW 90-270 Da, clogP 0-3, TPSA 20-120, H-bond donors <3, H-bond acceptors
<6, rotatable bonds <4, unwanted fragment excluded, DMSO solubility >50mM, solubility

buffer pH 7.4 >100uM, LC/MS purity >80%, NMR purity >80%

** HiCos library consists of a diverse set of compounds fulfilling the following constraints:
MW <300 Da, clogP <6, TPSA <150, H-bond donors + H-bond acceptors >0, rotatable bonds

<12, unwanted fragment excluded, stock solution 50mg/mL

Supplementary Figure 2. Overlap analysis of the primary fragment screening as well as
follow up results (primary hits / 2D *H/*>*N NMR confirmed / X-ray co-crystal structure) for

the “generic FBS library”
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Supplementary Figure 3. Experimental screening data for compound 1.

a) DSF melting curves (SYPRO Orange fluorescence emission as a function of temperature)
of the DMSO negative control (black, T,=47°C) and compound 1 (red) in duplicates reveals a
stabilisation of BRD9 of 2.9°C by compound 1. 10uM BRD9 was incubated with 400uM
compound 1 and 25x SYPRO Orange at a DMSO concentration of 2%; b) SPR primary
screen data ([1]=100 uM). Compound 1 shows a robust fast on/off response; ¢) MST
screening traces of the DMSO negative control (black) and compound 1 (red). A AAFnom Of
22.1 %o with a laser power of 40% and a laser on-time of 30s depicts a clear binding signal for
compound 1. 200nM NT647-labeled BRD9 was incubated with 500uM compound 1 at a final
DMSO concentration of 5%; d) Confirmation of primary FBS hits bei 2D *H/**N HSQC
NMR. Significant chemical shift perturbation observed which is indicative for site specific
binding of compound 1 to the bromodomain of BRD9 (75uM N labeled protein in the
presence of 500uM compound 1 and 1% d6DMSO). Alterations in the complex spectrum are
very similar to those obtained for an in-house positive control suggesting that compound 1
binds to the acetyl-lysine binding site; ) SPR Kd data for 1. The equilibrium binding data can
be fitted to a 1:1 binding model, yielding a Kd of 39 pM.

a b
12500 50
= 40 —
S, 10000 - = 30 |‘
§ & 20 ‘
3 7500 - 2 1 ‘
g | —
S 5000 - F 0 —
= 9]
&= 10 ‘
2500 +——————————————— 10 ’
25 35 45 55 65 75 85
temperature (°C) -30 . :
0 20
Time [s]
c d
Feod’ F | O
1000 - 8 " = AR “
5 %0 I T P
X960 A —_ | . 0
< E. =1 ‘-S’b. ;‘r"°9° J 0
E 940 - g | wido g ;
oy
Lr-«g 920 free Z sl o ‘ o»‘%“g:ﬁ oﬁ,é»oqgfw R ,
- - 0o Y0 o 0
- - O e
70 o 1 3 ””’%ﬂf s
bound ol . A »
880 L 4 0 0w, oo
0 5 10 15 20 25 30 35

10.5 100 95 9.0 8.5 80 75 70 65

S59



Response [RU]

P f— (e
U‘Gﬂ-hgao

=

—

0 2e-5  4e-5

6e-5

8e-5 le-4

Concentration [M]

RePOd[Para\'leters

KD (M)

Rmax (RU)

offset (RU)

Chiz (RU2)

3.959E-5

0.0806

3857

S60



Supplementary Figure 4. Virtual Screening of HiCoS compounds cascade leading to the
selection of 208 molecules: docking in BRD9 BD, followed by pharmacophore shape-based

mapping.
HiCoS Library (73,474 molecules)

Glide Docking@BI-0022 grid
Constraints:
HBD Asnl00 SC NH,
HBD H20106
d hydrophobeCore

29,389 molecules

BRD9 Pharmacophore Mapping
(OpenEye ROCS Combofit, ShapeTan
Scoring and Visual Inspection)

A\ 4

1,338 molecules

Filtering:

e MW <280 Da
e clogP <2

e availability

A 4

208 molecules
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Supplementary Figure 5. Stereo image of compound 1 bound to BRD9 (wall-eye stereo).
The refined 2F,-F. electon density is countoured at 1 o.

Supplementary Figure 6. Stereo image of compound 1 bound to BRD9 (cross-eye stereo).
The refined 2F,-F. electon density is countoured at 1 o.
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Supplementary Figure 7. Stereo image of compound 2 bound to BRD9 (wall-eye stereo).
The refined 2F,-F. electon density is countoured at 1 o.

Supplementary Figure 8. Stereo image of compound 2 bound to BRD9 (cross-eye stereo).
The refined 2F,-F. electon density is countoured at 1 o.
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Supplementary Figure 9. Stereo image of Compound 9 bound to BRD9 (wall-eye stereo).
The refined 2F,-F. electon density is countoured at 1 o.

Supplementary Figure 10. Stereo image of Compound 9 bound to BRD9 (cross-eye stereo).
The refined 2F,-F¢ electon density is countoured at 1 ¢

‘!’egg.; Z
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Supplementary Figure 11. Stereo image of BI-7273 (compound 15) bound to BRD9 (wall-
eye stereo). The refined 2F,-F. electon density is countoured at 1 o.

Supplementary Figure 12. Stereo image of BI-7273 (compound 15) bound to BRD9
(cross-eye stereo). The refined 2F,-F electon density is countoured at 1 o.
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Supplementary Figure 13. Stereo image of BI1-9564 (compound 21) bound to BRD9 (wall-
eye stereo). The refined 2F,-F. electon density is countoured at 1 o.

Supplementary Figure 14. Stereo image of BI1-9564 (compound 21) bound to BRD9 (cross-
eye stereo). The refined 2F,-F. electon density is countoured at 1 o.
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Supplementary Figure 15. Bromodomain selectivity profile for BI-7273 using differential
scanning fluorimetry against 48 bromodomains a) thermal shift difference upon treatment
with BI-7273 (ATm °C) b) histogram representation of the selectivity pattern using DSF.

BI1-7273 showed binding to BRD9, BRD7 and CECR2 bromodomains. BI-7273 is highly
selective towards the BET family members.

a
target
ASHIL 0.19
ATAD2 -0.04
BAZ1A -0.3
BAZ1B -0.57
BAZZA -0.14
BAZ2B -0.38
BRD1 -0.17
BRDZ(1) -0.26
BRD2(2) -0.6
BRD3(1) -0.41
BRD3(2) -0.51
BRD4{1) -0.4
BRD4{2) 0.23
BRD7 8.74
BRDS 11.38
BRDTI(1) -1.03
BRDTI2) -0.55
BRPF1A -0.34
BRPF1B 2.2
BRPF3 -0.26
BRWD3(2) -1.71
CECRZ B.22
CREBBP -0.15
EP300 0.95
FALZ 0.33
GEN5LZ -0.48
ATAD2B 0
SP140L 0
MLL -0.05
PB1(1) 0
PB1(2) 0.23
PB1(3) 0.31
PBE1(4) -0.18
PB1(5) 0.22
PB1(6) -0.31
PCAF -0.46
PHIP(2) -2.05
SMIARCAZ 0.42
SMARCA4 0.32
SP140 -0.17
TAF1(1) 0.4
TAF1(2) 0.21
TAF1L(1) 0.43
TAF1L(2) -0.56
TIFl-bromo 0.76
TIF1-phd-bromao -0.08
TRIMZE 0.06
WDRS(2) -0.1
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Supplementary Figure 16. Bromodomain selectivity profile for BI-9564 using differential
scanning fluorimetry against 48 bromodomains a) thermal shift difference upon treatment
with B1-9564 (ATm °C) b) histogram representation of the selectivity pattern using DSF.

B1-9564 showed binding to BRD9, BRD7 and CECR2 bromodomains. BI-9564 is highly
selective towards the BET family members.

a
Protein

ASH1LA-pO17 -0.23
ATADZA-p023 0.01
BAZ1A4-pOOT -0.34
BAZ1BA-p010 017
BAZZ2A4-pO0G 0.62
BAZZ2BA-p02G -0.08
BRO1A-p020 0.43
BROZ2A-p052 0.3
BROZ2A-p05E 0.54
BRO3A-pO70 0.47
BROD3A-p071 0.87
BRO4A-pOEa 0.51
BRO4A-p0a3 0.23
BROTA-p009 6.47
BRODAA-p022 821
BROTA-p0&G 0.07
BROTA-p0&T 0.09
BRFPF1A-p020 -0.03
BRFPF1B-p00G6 0.89

BRFPF3A-p010 -1
BRWD3A-p010 14
CECR2A-p021 5.61
CREBBPA-pOGSE 1.82
EF3004-p028& 207
FALZA-p019 0.1
GCMAL2A-p013 0.45
KlAA12404-p016 -01
LOCO93349A-p026 0.28
MLLA-pO16 0.07
PBE1A-p0aG -011
PBE1A-p101 -0.28
PBE1A-p102 -0.08
PBE1A-p103 -0.23
PBE14A-p104 0.01
PBE1A-p106 0.06
PCAFA-pO20 -0.06
PHIPA-pO20 -1.01
SMARCAZA-pOZS 0.1
SMARCA4A-pOZ0 -0.25
SP1404-p013 0.02
TAF1A-pD23 0.05
TAF1A-pD2T -0.03
TAF1LA-p036 -0.48
TAF1LA-p041 -0.11
TIF14-p038 -0.66
TIF1A-p041 0.36
TRIMZ28A-p00E& -0.24
WDROA-p015 -0.02
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Supplementary Figure 17. DiscoveRx selectivity data for BI-7273.
a) % ctrl bromoscan selectivity data at 10 uM (table and phylogenetic tree) ; b) BromoMax
Kd for selected bromodomains

a
Percent Control: oo oo B oi0ee [ cas0s [ 235
Gene Symbaol %aCtrl @ 10000nM
ATADZA 62
ATADZE 65
Sazoa E— Persent Control
BAZ2B 37 0%
BRO1
8RD2(1) 54 ® 01%
BROZ(2) 55
BROZ(1) 42 . 0.1-1%
BROZ(2) 57 @ 1-5%
BRD-4{1) 59 e 5_10%
BRD4{2) 73 e 10_35%
BROT(1} 62
BROT(Z) 85 1]
BREF1 N
BREF3 36 N
CREBER z6
EP300 31
FALZ oz |
GCMSLE 18
PERM1(Z) 62
PERM1(S) 50
PCAF 29
SMARCAZ 29
SMARCAS &0
TAF1(Z) .
TAF1L(2) 12 Seno; ESSeE i
TRIMZ4[PHD,Broma.) 67 Vi Vil
TRIM2Z(PHD,Brome.) 52
WDRZ(2) 80
Targets Kd (nM) Targets Kd (nM)
BAZ2A >3,000 CECR2 9
BRD1 2,600 CREBBP 8,600
BRD4-BD1 > 10,000 EP300 10,000
BRD7 0 FALZ 850
BRD9 1 TAF1(2) 1,000
BRPF1 210 TAF1L(2) 1,200




Supplementary Figure 18. DiscoveRx selectivity data for BI-9564.
a) % ctrl bromoscan selectivity data at 10 uM (table and phylogenetic tree) ; b) BromoMax
Kd for selected bromodomains

a
Percent Control: - o B ioee [ o0 [ 2350
Gene Symbael %eCtrl @ 10000nM
ATADZA 81 Percent Control
ATADZE &0 . 0%
BAZZA, 20
BAZZB 74 . 0.1%
BRD1 27 .
BRD2(1) s ® 01-1%
BRDZ(2) 85 ® 1-5%
BRDZ(1) 60 ° 5-10%
BRDZ(2) 26 o 10-35%
BRD<(1) 61
BRD4{ 2] 54
BRO7
BRDT(1) az m
BROT(Z) 57 o
BREF1 21 PHP) e
BREFZ =
CECRZ
CREBER
EPZ00
FALZ
GCNSL2
PEBRM1{2)
PERM1(5)
PCAF
SMARCAZ
SMARCAS -
TAF1(2) S TAELLH i
TAF1L(2) 18 Vi

TRIMZ4{PHD.Broma.} 41
TRIMZZ(PHD.Broma.) 77

WDRS(2) 23
b
Targets Kd (nM) Targets Kd (nM)
BRD4-BD1 > 10,000 CREBBP 2,700
BRD7 82 FALZ >10,000
BRD9 5 GCN5L2 >10,000
BRPF1 790 TAF1(2) 3,800
CECR2 77 TAF1L(2) 4,100
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Supplementary Figure 19. ITC analysis of BI-7273 in CECR2 (T=293.15K)
Compound BI-7273 binds CECR2 with a Kp value of 187 nM (AH = -12.4 kcal/mol)
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Supplementary Figure 20. ITC analysis of BI-9564 in BRD7 and CECR2 (T=293.15 K)
a) Compound BI1-9564 binds BRD7 with a Kp value of 239 nM (AH = -6.9 kcal/mol); b)
Compound BI1-9564 binds CECR2 with a Kp value of 200 nM (AH = -11.9 kcal/mol)
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Supplementary Figure 21. Recovery After Photobleaching (FRAP) assay U20S cells
transfected with GFP-BRD7 for BI-7273

(@) Influence of BI-7273 on half recovery times of U20S cells transfected with wild-type full-
length GFP-BRD7 or the N211F mutant construct. Cells were treated with 2.5 M SAHA
(shown by “#”) to increase the assay window. Bars indicate by * indicates p < 0.05 significant
difference from wt treated with SAHA. (b) Time dependence of fluorescence recovery in the
bleached area of cells expressing wt or mutant GFP-BRD9 with the corresponding treatment
asin (a).

Curves represent averaged data of at least 20 replicates.
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Supplementary Figure 22. Recovery After Photobleaching (FRAP) assay U20S cells
transfected with GFP-BRD?7 for BI-9564

(@) Influence of BI-9564 on half recovery times of U20S cells transfected with wild-type full-
length GFP-BRD7 or the N211F mutant construct. Cells were treated with 2.5 M SAHA
(shown by “#7) to increase the assay window. Bars indicate by * indicates p < 0.05 significant
difference from wt treated with SAHA. (b) Time dependence of fluorescence recovery in the
bleached area of cells expressing wt or mutant GFP-BRD9 with the corresponding treatment
asin (a).

Curves represent averaged data of at least 20 replicates.
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Supplementary Figure 23. Recovery After Photobleaching (FRAP) assay U20S cells
transfected with GFP-CECR2 for BI1-9564

(@) Influence of BI-9564 on half recovery times of U20S cells transfected with wild-type full-
length GFP-CECR?2 or the N140F mutant construct. Cells were treated with 2.5 M SAHA
(shown by “#”) to increase the assay window. Bars indicate by * indicates p < 0.05 significant
difference from wt treated with SAHA. No cellular inhibition of CECR2 bromodomain was
observed with 1uM BI1-9564 (b) Time dependence of fluorescence recovery in the bleached
area of cells expressing wt or mutant GFP-CECR2 with the corresponding treatment as in (a).

Curves represent averaged data of at least 20 replicates.
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Supplementary Figure 24. Selectivity profile of BI-9564 towards kinase and GPCR

a) kinase selectivity profile (% inhibition at 10 uM on 324 kinases). 282 kinases showed < 10%
inhibition at 10 uM, 3 kinases showed > 40 % inhibition at 10 uM [ICso(B1-9564, ACVR1)=
5090 nM, ICso(B1-9564, TGFBR1)=5140 nM, 1Cs¢(B1-9564, ACVR2B)=7680 nM] ; b)

GPCR selectivity profile (% inhibition at 10 uM on 55 GPCR). 2 GPCR showed > 40 %
Inhibition at 10 pM
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Supplementary Figure 25. PK profile of BI-7273 in mice upon i.v. administration (5 mg/kg)

BI-7273 5 mg/kg INTRAVENOUS BOLUS Mus musculus (house mouse)
BomTac:NMRI-Foxnlnu
1.02 mg B-7273 + 2 pl HCl 1M + 814 pl HP-B-CD 25 %
Blood Plasma Concentration [nM]
Time Animal 1l | Animal2 | Animal 3 Mean Stddev
MW (Salt) 353 g/Mol 0,083 7330 6390 7720 7150 683
MW (Base) 353 g/Mol 0,250 3590 2470 4700 3590 1110
Dose (Base} 5 mg/kg 1,000 1060 456 532 683 330
14,1 pMol/kg 6,000 4,56 3,82 5,23 4,54 0,708
24,000
LLOQ 3,8 nM
QNMR 8 M
AUD Range 0h...06h 0h...06h 0h...06h
AUD [nM*h] 5930 3520 4980 4810 1220
AUC [nM*h] 5930 3520 4590 4810 1220
MRT [h] 0,6 0,5 0,5 0,5 0,1
Clearance [ml/min/kg] a0 67 a7 51 14
vss [I/kg] 1,5 2,0 1,3 1,6 0,4
Clearance [%QH] 57
Blood Plasma profile of BI-7273 in mouse BomTac:NMRI-Foxnlnu following INTRAVENOUS BOLUS
administration of 14.14767181 uMol/kg BI-7273
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Supplementary Figure 26. PK profile of BI-7273 in mice upon p.o. administration (20

mag/kg)
BI-7273 20 mg/kg per os, fed animal Mus musculus (house mouse)
BomTac:NMRI-Foxnlnu
4,08 mg BI-7273 + 1,632 pl Natrosol 0.5 %
Blood Plasma Concentration [nM)]
Time Animall | Animal2 | Animal 3 Mean Stddev
MW (Salt) 353 gfl'\.l"l0| 0,500 351 263 235 283 60,5
MW (Base) 353 gfl'\.l"l0| 1,000 611 4700 973 2090 2260
Dose (Base) 20 mg/kg 2,000 2730 1830 1490 2010 644
56,6 uMol/kg 6,000 504 80,1 56 62,2 15,8
24,000 3,59 3,2 7,92 49 2,62
LLOQ 2,56 nM
QNMR 8 puM
AUD Range 0h...24h 0h...24h 0h...24h
AUD [nM*h] 8050 9130 5250 7470 2000
Cmax [nM] 2730 4700 1490 2970 1620
Tmax [h] 2,0 1,0 2,0 1,7 0,6
Blood Plasma profile of BI-7273 in mouse BomTac:NMRI-Foxnlnu following per os, fed animal administration
of 56.59068726 uMol/kg BI-7273
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Supplementary Figure 27. PK profile of BI-7273 in mice upon p.o. administration (180

mag/kg)
BI-7273 180 mg/kg per os, fed animal Mus musculus (house mouse)
BomTac:NMRI-Foxnlnu
30.88 mg B-7273 + 1,680 pl Natrosol 0.5 %
Blood Plasma Concentration [ni]
Time Animall | Animal2 | Animal 3 Mean Stddev

MW (Salt) 353 g/Mol 0,500 21200 17500 20700 21000 340
MW (Base) 353 g/Mol 1,000 21800 26600 28100 25000 4440
Dose (Base) 180 mg/kg 2,000 14200 20900 26100 20100 8360

509 pMol/kg 6,000 3760 1700 973 2370 1970

24,000 532 314 282 354
LLOG, 19,7 nM
QNMR 9,79 uM
AUD Range Oh...24h Oh...24h
AUD [nM*h] 109000 108000 108000 817
AUC [nM*h] 113000 108000 110000 3480
Cmax [nM] 21300 28100 25000 4440
Trax [h] 1,0 1,0 1,0 0,0
MRT [h] ol 21 3,6 21
F [%] 65 62 64 2,0
Blood Plasma profile of BI-7273 in mouse BomTac:NMRI-Foxnlnu following per os, fed animal administration
of 509.31595611 pMol/kg BI-7273
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Supplementary Figure 28. PK profile of BI-9564 in mice upon i.v. administration (5 mg/kg)

Bl-9564 5 mg/kg INTRAVENOUS BOLUS Mus musculus (house mouse)

BomTac:NMRI-Foxnlnu

1.08 mg BI-9564 + 2 pl HCl 1M + 970 pl HP-B-CD 25 %

Blood Plasma Concentration [nM]

Time Animall | Animal2 | Animal 3 Mean Stddev
MW (Salt) 353 g/Mol 0,083 4300 5050 4840 4740 404
MW (Base) 353 gfl\.l"lol 0,250 2150 2890 3400 2810 627
Dose (Base) 5 mg/kg 1,000 509 849 733 716 181

14,1 pMol/kg 6,000 4,53 3,65 747 5,22 2

24,000
LLOQ 3,6 nM
QNMR 9 pM
AUD Range 0h...06h 0h...06h Oh...06h
AUD [nM*h] 3180 4620 4650 4150 843
AUC [nM*h] 3180 4620 4660 4150 843
MRT [h] 0,6 0,6 0,6 0,6 0.0
Clearance [ml/min/kg] 74 51 51 59 14
Vss [I/kg] 2,6 1,9 1,9 2,1 0,4
Clearance [%QH] 65

Blood Plasma profile of BI-9564 in mouse BomTac:NMRI-Foxnlnu following INTRAVENOUS BOLUS
administration of 14.147785 uMol/kg BI-9564
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Supplementary Figure 29. PK profile of BI-9564 in mice upon p.o. administration (20

mag/kg)
BI-9564 20 mg/ke per os, fed animal Mus musculus (house mouse)
BomTac:NMRI-Foxnlnu
4.12 mg BI-9564 + 1,854 pl Natrosol 0.5 %
Blood Plasma Concentration [nM]
Time Animall | Animal2 | Animal 3 Mean Stddev

MW (Salt) 353 g/Mol 0,500 5550 4440 4220 4730 712
MW (Base) 353 g/Mol 1,000 4130 3480 6170 4580 1400
Dose (Base) 20 mg/kg 2,000 1440 2940 2830 2400 338

56,6 pMol/kg 6,000 85,7 216 402 234 159

24,000 5,69 18 8.4 10,7 6,48
LLOQ 5,6 nM
QNMR 9 uM
AUD Range 0Oh...24h 0Oh...24h 0Oh...24h
AUD [nM*h] 10500 14700 18300 14500 3930
AUC [nM*h] 10500 14800 18300 14500 3930
Cmax [nM] 5550 4440 6170 5390 874
Tmax [h] 0,5 0,5 1,0 0,7 0,3
F %] 63 89 110 38 24
Blood Plasma profile of BI-9564 in mouse BomTac:NMRI-Foxnlnu following per os, fed animal administration
of 56.59063066 pMol/kg BI-5564 XX
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Supplementary Figure 30. PK profile of BI-9564 in mice upon p.o. administration (180

mg/kg)
Bl-9564 180 mg/kg per os, fed animal Mus musculus (house mouse)
BomTac:NMRI-Foxnlnu
29.74 mg BI-9564 + 1,591 pl Natrosol 0.5 %
Blood Plasma Concentration [nM]
Time Animal 1 | Animal2 | Animal 3 Mean Stddev
MW (Salt) 353 g/Mol 0,500 29100 32000 41600 34200 6330
MW (Base) 353 ngoI 1,000 31400 24300 28300 28000 3560
Dose (Base) 180 mg/kg 2,000 22900 19500 29700 24000 5210
509 ul'u'lolfkg 6,000 10700 9390 14600 11600 2690
24,000 11,1 14,1 55,5 26,9 24,8
LLOQ 19,8 nM
QNMR 5,63 puM
AUD Range 0h...24h 0h...24h 0h...24h
AUD [nM*h] 213000 186000 277000 226000 46600
AUC [nM*h] 213000 186000 277000 226000 46600
Cmax [nM] 31400 32000 41600 35000 5720
Tmax [h] 1,0 0,5 0,5 0,7 0,2
MRT [h] 4,0 4,0 4,2 41 0,1
F [%] 143 125 185 151 T
Blood Plasma profile of BI-9564 in mouse BomTac:NMRI-Foxnlnu following per os, fed animal administration
of 509.3162184 pMol/kg BI-9564
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Supplementary Figure 31. Representation of the EC50s of BI-9564 over various cell lines.
(Red bars: AML cell lines).
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Supplementary Figure 32. Dose dependent partial reduction in MYC levels by BRD9
inhibitors. MV-4-11 cells were treated for 2 hour with BRD9 inhibitors before analysis of
MYC protein levels by ELISA

a) MYC reduction levels upon treatment with B1-7189, b) MY C reduction levels upon
treatment with BI1-7271, ¢) MYC reduction levels upon treatment with B1-7273, d) MYC
reduction levels upon treatment with B1-9564.
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Supplementary Figure 33. Literature BRD9 inhibitors a) LP-99 binds BRD9 anchor region
Asn100 via its methyl quinolinone, b) I-BRD9 binds BRD9 anchor region Asn100 via its
ethylthienopyridone, ¢) Compound 28 binds BRD9 anchor region Asn100 via the ketone.
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CH, o HaCj
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Supplementary Table 1. Small molecules screening data

Category  Parameter Description Description Description
Assay Type of assay Thermal Shift Assay  Surface Plasmon Microscale
(DSF) Resonance Thermophoresis
Target BRD9 BRD9 BRD9
Primary Protein Stability Mass increase Protein mobility in
measurement temperature gradient
Key reagents Fluorescent Dye His-tagged protein Fluorescent Dye
Assay protocol Anal Biochem. 2004  J.Biomol. Screening ChemMedChem. 2015
Sep 1;332(1):153-9. 2009 14:337-49 Sep;10(9):1511-21
Additional comments
Library Library size 1.697 1.697 1.697
Library composition  Generic fragment set ~ Generic fragment set ~ Generic fragment set
Source Bl pool BI pool Bl pool
Additional comments
Screen Format 384 well 384 well 384 well

Concentration(s)
tested

Plate controls

Reagent/ compound
dispensing system

Detection instrument
and software

Assay validation/QC

Correction factors

Normalization

400 pM, 2% DMSO

Positive (in-house
bromodomain binder)
and negative
(DMSO) controls

Hamilton Star system

Bio-Rad CFX384
Real-Time System
(C1000Touch

Thermal Cycler;) /

Bio-Rad CFX
Manager-Data
Analysis software

Z>=0.55

S88

100 uM, 1 % DMSO

Positive (in-house
bromodomain binder)
and negative (buffer)
controls

CyBio System 6

Biacore T200 /
BiaEvaluation
software

=093

DMSO solvent
correction

Normalization to

500 pM, 5% DMSO

Positive (in-house
bromodomain binder)
and negative (DMSO)
controls

Hamilton Star system

In house implemented
automation of
Nanotemper NT.015 /
Nanotemper Analysis
software


https://www.ncbi.nlm.nih.gov/pubmed/15301960
http://www.ncbi.nlm.nih.gov/pubmed/19403917

Additional comments

positive control

Post-
HTS
analysis

Hit criteria

Hit rate
Additional assay(s)

Confirmation of hit
purity and structure

Additional comments

AT=1°C

2.1% Hit rate

Entire screening
library QC’ed for
purity and structural
identity

94.4% Hit
confirmation by °N
HSQC

S89

BR >20%

2.7%

Entire screening
library QC’ed for
purity and structural
identity

72.2% Hit
confirmation by °N
HSQC

AMST(DMSO, Cpd) >
MST(2sd DMSO)

6.6%

Entire screening library
QC’ed for purity and
structural identity

26 % Hit confirmation
by **N HSQC



Supplementary Table 2. Crystallographic data collection and refinement statistics

(molecular replacement)

Compound 1 Compound 2 Compound 9

Data collection
Space group P2,2,2 P2,2,2 P2,2,2
Cell dimensions

a, b, c(A) 70.92, 125.41, 29.53 71.04, 125.02, 29.94 70.31, 125.17, 30.02

o, B,y (°) 90.00, 90.00, 90.00 90.00, 90.00, 90.00 90.00, 90.00, 90.00
Resolution (A) 1.803 (1.809-1.803) 1.679 (1.684 —1.679) * 2.271(2.279-2.271) *
Rinerge 4.4 (54.9) 3.0(59.1) 4.6 (123.6)
1/ ol 20.3(2.8) 30.9(3.1) 24.7 (2.3)
Completeness (%) 99.8 (99.2) 100.0 (100.0) 98.5 (98.4)
Redundancy 6.0 (5.8) 6.3 (6.2) 6.3 (6.4)
Refinement
Resolution (A) 1.80 1.68 2.30
No. reflections 25074 31312 12218
Ruwork / Riree 20.3/22.0 18.9/20.5 19.2/20.9
No. atoms

Protein 1835 1817 1852

Ligand/ion 30 36 50

Water 235 306 68
B-factors

Protein 42.56 36.53 70.54

Ligand/ion 35.66 34.64 69.30

Water 48.12 46.45 62.57
R.m.s. deviations

Bond lengths (A) 0.008 0.008 0.009

Bond angles (°) 0.80 0.81 0.92

*Values in parentheses are for highest-resolution shell.
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BI-7273"
(compound 15)

B1-9564
(compound 21)

Data collection
Space group
Cell dimensions

a, b, c(A)

o, B,y (%)
Resolution (A)
Rimerge
1/ ol
Completeness (%)

Redundancy

Refinement

Resolution (A)

No. reflections

Ruork / Riree

No. atoms
Protein
Ligand/ion
Water

B-factors
Protein
Ligand/ion
Water

R.m.s. deviations
Bond lengths (A)

Bond angles (°)

P2,2,2

70.80, 125.34, 29.92

90.00, 90.00, 90.00

1.605 (1.610 — 1.605) *

3.2 (101)
26.2 (2.2)
99.9 (98.7)

6.3 (6.4)

1.60
35816

17.8/19.2

1851
52

352

35.75
32.13

47.24

0.009

0.81

P2,2,2

70.03, 125.36, 29.68
90.00, 90.00, 90.00
1.822 (1.828- 1.822)
4.4 (88.6)

19.9 (2.1)

99.8 (100.0)

6.4 (6.5)

1.82
24186

19.1/20.2

1841
52

208

49.63
43.47

53.11

0.009

0.83

*Values in parentheses are for highest-resolution shell.
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