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ABSTRACT: Targeted protein degradation is an emerging technology that can be used for modulating the activity of epigenetic
protein targets. Among bromodomain-containing proteins, a number of degraders for the BET family have been developed while
non-BET bromodomains remain underexplored. Several of these proteins are subunits in chromatin remodeling complexes often
associated with oncogenic roles. Here we describe the design of class I (BPTF and CECR2) and IV (BRD9) bromodomain-targeting
degraders based on two scaffolds derived from pyridazinone and pyrimidine-based heterocycles. We evaluate various exit vectors
and linkers to identify analogues that demonstrate selectivity within these families. We further use an in-cell NanoBRET assay to
demonstrate that these heterobifunctional molecules are cell-permeable, form ternary complexes, and can degrade nanoluciferase-
bromodomain fusions. Finally, as a first example of a CECR2 degrader, we observe that our pyrimidine-based analogues degrade
endogenous CECR2, while showing a smaller effect on BPTF levels. The pyridazinone-based compounds did not degrade BPTF
when observed through western blotting, supporting a more challenging target for degradation and a goal for future optimization.

INTRODUCTION

Epigenetic regulation occurs through mechanisms that modify
gene expression without changing the genomic sequence. One
such process is chromatin remodeling which involves altera-
tions in the chromatin structure through changes in the nucleo-
some position or histone modification, eviction, or exchange.!
Remodeling can occur via both ATP-dependent and -independ-
ent mechanisms. The ATP-dependent processes are catalyzed
by multidomain chromatin remodeling complexes classified
into four families: SWI/SNF, ISWI, CHD and INO80.? Dysreg-
ulation of these chromatin remodelers is often associated with
oncogenic phenotypes.® Several of these chromatin remodeling
complexes also contain bromodomain-containing proteins. The
mammalian SWI/SNF complexes BAF and PBAF contain the
class IV bromodomains BRD9* and BRD7° subunits respec-
tively. In addition, the GCN5 bromodomain stabilizes the
SWI/SNF complex on chromatin.® In the less-studied ISWI
family,” NURF recognizes chromatin through its largest subunit
BPTF.? and CERF contains the CECR2 bromodomain-contain-
ing protein.” BPTF, CECR2 and GCN5 are members of the
class I bromodomain family (Figure 1B) and their role in nu-
cleosome remodeling makes them important targets for anti-
cancer therapy.'?

Although not as well-characterized as BET inhibitors, several
small-molecule inhibitors for class I and class IV bromo-
domains have been recently developed.!" However, for many

non-BET bromodomains, it remains unclear whether bromo-
domain inhibition alone will be effective to induce a significant
phenotypic effect. In the case of BPTF, we'? and others'® have
shown that bromodomain inhibitors when used as single agents
may be insufficient for anticancer therapeutic applications. We
previously reported that BPTF inhibitors sensitize 4T1 breast
cancer cells to the chemotherapeutic, doxorubicin. Therefore,
combination therapy may be a useful option in cases where bro-
modomain inhibition on its own proves to be ineffective.'>'*

An alternative pharmacological modality is targeted protein
degradation which has progressed rapidly for BET bromo-
domains.”® In contrast, only four non-BET bromodomain tar-
geting degraders have been reported (Figure 1A). These de-
graders have in some cases proven more effective than mono-
valent inhibitors. For example, the BRD9 inhibitor I-BRD9
demonstrated only modest effects in synovial sarcoma cells but
a degrader generated from the same scaffold ({BRD9) led to a
greater therapeutic response.'® Similarly, inhibition of the
highly homologous PCAF/GCNS5 bromodomains by the small-
molecule GSK4027 was insufficient to recapitulate the effects
of genetic knockouts in macrophages, motivating the develop-
ment of the degrader GSK699.'7 These studies highlight the sig-
nificance of using protein degradation to target class I and class
IV bromodomain-containing proteins. Within class I, degraders
for BPTF and CECR2 have yet to be reported prior to this study.
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Figure 1. A) Previously reported non-BET bromodomain (BD) targeting degraders (bromodomain binding moiety in blue, E3 ligase ligand
in green) and their biological activity. B) Part of the bromodomain phylogenetic tree, showing class I, II (BET), and IV bromodomains,
adapted with permission from Pomerantz et al.'® C) Pyridazinone and pyrimidine-based scaffolds with their affinity values for BPTF .

Heterobifunctional molecules also provide a new way to estab-
lish selectivity across different bromodomains. Gadd et al.
showed that the BRD4 degrader MZ1 can induce protein-pro-
tein interactions with the E3 ligase leading to more stable and
cooperative ternary complexes for BRD4 over other BET bro-
modomains.' While designing selective small-molecule inhib-
itors for class I bromodomains remains challenging,” forming
distinct ternary complexes is a potential alternative for targeting
specific members of the family.

Targeted protein degradation may also be a useful therapeutic
tool given that it allows the full protein to be removed through
sub-stoichiometric treatment of degrader compounds in an
event-driven process. For BPTF, genetic knockdown studies
have shown strong downstream phenotypic effects. Richart et
al. demonstrated that BPTF knockdown resulted in decreased c-
Myc recruitment to DNA.>' BPTF knockdown also decreased
high-grade glioma growth in adult and pediatric models.”> An-
other class I bromodomain, CECR2, was recently shown to
drive breast cancer metastasis by regulating NF-kB activity,
making CECR2 a possible target for treating metastatic breast
cancer.” Given the therapeutic utility demonstrated by genetic
knockdown studies, we anticipate that protein degradation ap-
proaches would be valuable for modulating the activity of these
proteins and the larger nucleosome remodeling complexes they
form.

Here we describe the design and evaluation of first-generation
degraders for several class I bromodomains and BRD?9 in class
IV using two different scaffolds (Figure 1C). We use a pyri-
dazinone-based scaffold featured in BZ1, previously developed
for binding to PCAF/GCN5** and BPTF,'? and a pyrimidine-

based scaffold derived from TP-238, as a dual BPTF/CECR2
chemical probe.?>?® We establish exit vectors for linker attach-
ment and explore ternary complex formation through both in-
vitro assays and in-cell NanoBRET. Focusing our efforts on
BPTF, we use our in-cell NanoBRET assay to demonstrate deg-
radation of a designed Nanoluciferase-bromodomain construct
through both scaffolds and subsequently a full length Nanolu-
ciferase-BRD9 construct. Finally, we show the first examples
of degradation of endogenous BPTF and CECR2 using the TP-
238-based degraders. Surprisingly, the pyridazinone degraders
used in this study did not degrade endogenous BPTF, indicating
room for further optimization. Future work will look at further
structure-activity relationships (SAR) with these new degraders
for tailoring selectivity and efficacy within class I bromo-
domains to enable subsequent cellular studies.

RESULTS AND DISCUSSION

We previously reported compounds 1 and 2 as high affinity pyr-
idazinone-based ligands for the BPTF bromodomain.'? Through
x-ray cocrystal structures, we showed that with different posi-
tions of the amine in the tetrahydroisoquinoline ring, we can
engage D2957, D2960 and E2954 in BPTF (PDB: 7RWQ and
7RWO). Therefore, for our first-generation pyridazinone de-
graders, we chose to attach linkers from the tetrahydroisoquin-
oline analogues, allowing us to explore two distinct exit vectors
(Figure 2A). We chose alkyl and PEG-based linkers to assess
any potential effects on ternary complex formation and cell per-
meability.”” Degraders 3-6 were synthesized according to
Scheme 2, using pomalidomide-based cereblon-targeting E3
ligase ligands.



Table 1: AlphaScreen ICs, values for inhibition of BPTF, BRD9 and CECR2 bromodomains.
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We had also reported a crystal structure of TP-238 (7) with
BPTF (PDB ID: 7KDZ).?® Overlaying the cocrystal structures
of TP-238 and compound 1 (Figure 2B) indicated that the pen-
dant N(CH3), group in TP-238 provides a similar exit vector to
the amine in compound 1, although the longer chain in TP-238
may provide more conformational flexibility. Using TP-238,
we synthesized pomalidomide conjugates 8-10 (Scheme 5).
Compounds 8 and 9 are comprised of more rigid and polar pi-
perazine linkers, with alkyl and PEG versions respectively. To
study the effect of an alkyl linker in lieu of the piperazine ring,
we designed compound 10 as the closest analogue of TP-238.

Biophysical characterization of pyridazinone and TP-238
based degraders. To validate our chosen exit vectors, we used
an AlphaScreen assay to measure binding affinity of our de-
graders with the BPTF bromodomain.® Heterobifunctional
molecules from both scaffolds were high affinity binders of
BPTF (Figure 1C and Table 1), establishing that our exit vec-
tors do not significantly perturb binding to the BPTF bromo-
domain. We further characterized the affinity of these com-
pounds against the BRD9 and CECR2 bromodomains, which
are significant off-targets of the two scaffolds (Figure S1, Fig-
ure S2, and Table 1). As observed previously with pyridazi-
none-based compounds, they retained binding to BRD9 and
CECR?2, although compound 4 and 6 demonstrated some atten-
uation in affinity to CECR2. Consistent with the previously re-
ported TP-238 binding profile, our TP-238-derived conjugates
displayed the highest affinity to CECR2 and in the case of 8
and 9 slightly weaker (6-8-fold) binding to BPTF.**?® In con-
trast to the pyridazinones, these compounds were weaker affin-
ity binders for BRD9.% The pyridazinone and pyrimidine-based
scaffolds therefore provided us with two unique selectivity pro-
files to target representative members of the class I and I'V bro-
modomain families.

In vitro ternary complex formation via AlphaScreen. The
stability of the ternary complex is critical for degradation by
heterobifunctional molecules.”” We therefore sought to study
ternary complex formation in vitro using an AlphaScreen-based
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assay (Figure 3A). In this experiment, glutathione-coated do-
nor beads and nickel acceptor beads were paired with GST-
tagged bromodomains (BPTF, BRD9, CECR2 and PCAF) and
His-tagged CRBN-DDBI. The AlphaScreen signal was meas-
ured at varying degrader concentrations and the amplitude of
the maximum point on the curve was used as an indicator of
ternary complex stability. Small molecule potency was indi-
cated by the concentration at the mid-point of the bell curve.

In this assay format, all pyridazinone-based degraders showed
high ternary complex formation with BPTF (Figure 3B), con-
sistent with the high affinity of the pyridazinone for this target
(Table 1). To our surprise, while compound 4 seemed to be pro-
miscuous, compound 3 showed a drop in signal for BRD9,
CECR2 and PCAF (Figures 3C-E), indicating that the exit vec-
tor 1 (Figure 2A) in the alkyl linker series may help bias selec-
tivity for BPTF over the other bromodomains tested in this as-
say. A similar albeit minor effect was observed in the PEG
linker series in the case of PCAF (Figure 3E) but not for BRD9
or CECR2. Comparing the alkyl and PEG linkers, compounds
5 and 6 with PEG linkers generally seemed to form less stable
ternary complexes for CECR2 and PCAF, compared to BPTF
and BRD9. Since these compounds do not demonstrate any sig-
nificant loss of affinity with the bromodomain target (Table 1),
we hypothesize that there may be additional positive or negative
cooperativity effects®® during ternary complex formation con-
tributing to this selectivity.

In contrast, we did not observe a significant difference in ter-
nary complex stability between the alkyl and PEG linkers for
the TP-238 analogues. Both compounds 8 and 9 showed similar
ternary complex behavior with BPTF, BRD9 and CECR2 (Fig-
ures 3B-D). The signals for compound 10 were generally lower
across all the proteins tested, highlighting the importance of the
more rigid piperazine linker framework as opposed to alkyl
chains in this scaffold. All TP-238 based degraders showed
limited ternary complex formation with PCAF (Figure 3E).
Based on these results, we focused on compounds 8 and 9 for
further studies.
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Figure 2. BPTF BD (gray) with A) compounds 1 (yellow) and 2 (orange) overlays B) compound 1 (yellow) and TP-238 (green) overlay. C-
D) AlphaScreen binding isotherms for small molecules in Table 1, indicating BPTF bromodomain binding activity is retained.
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Figure 3. A) In vitro AlphaScreen ternary complex formation assay workflow. Ternary complex formation with B) BPTF C) BRD9 D)

CECR2 E) PCAF bromodomains.

Comparing our pyridazinone and pyrimidine scaffolds, the pyr-
idazinone degraders typically showed more potent ternary com-
plex formation for BPTF and BRD9, while the TP-238 degrad-
ers were more potent for CECR2. In particular, compound 8
showed the highest potency for CECR2. This was consistent
with the selectivity profile of the bromodomain-targeting moi-
ety of these degraders. Encouragingly, apart from compound 4,
all of the other degraders demonstrated a significant loss of ter-
nary complex stability and potency for PCAF (and most likely
GCNS due to their high sequence similarity), indicating selec-
tivity over this important class I bromodomain target.

In-cell ternary complex formation and degradation of
BPTF-BD via NanoBRET. After establishing in vitro ternary
complex formation, we optimized a NanoBRET ternary com-
plex assay to rank-order degraders in cells (Figure 4A).3! This
assay also serves as an indirect indicator of cellular permeabil-
ity, which is often a major challenge for heterobifunctional de-
graders.’> We designed both N- and C-terminal fusions of
Nanoluciferase (Nluc) and BPTF-BD with 11-amino acid link-
ers (See supporting information for design of plasmid con-
structs). The vectors were transfected into HEK293T cells and
compounds 4 and § were dosed at 1 pM for 2 h in cells pre-
treated with the proteosome inhibitor MG-132 to first determine
ternary complex formation. We found that the C-terminal fu-
sion construct showed ternary complex formation while the N-
terminal fusion did not with either compound (Figure S3). We

thus used the C-terminal Nluc-BPTF-BD fusion construct for
subsequent experiments.

We tested our degraders for ternary complex formation at 1 uM
(Figure 4B). In this assay, we observed a trend within the pyr-
idazinone degrader series, where the alkyl linker compounds (3
and 4) demonstrate a higher BRET ratio (3.5- and 3.2-fold in-
crease over DMSO respectively) compared to the PEG linkers
(2.3- and 1.6-fold for compounds 5 and 6). For the TP-238 se-
ries, a higher BRET signal was observed for compound 8 (3.1-
fold over DMSO control) compared to compound 9 (1.8-fold),
providing more evidence that the alkyl linkers appear to be fa-
vored. These data show that our compounds are cell-permeable
in this assay, making them useful starting points for further
SAR.

We then monitored the degradation of the Nluc-BPTF construct
by measuring the total donor luminescence after treatment of
transfected HEK293T cells with 1 uM of the degraders for 6 h.
We chose compounds 4 and 5 from the pyridazinone series as
representative examples of alkyl and PEG linkers. We observed
a significant decrease in donor luminescence with both our pyr-
idazinone and TP-238 degraders compared to the untreated
DMSO control, indicating degradation of the construct (Figure
4C). To validate proteosome dependence, we pre-treated cells
with 10 uM of proteosome inhibitor MG-132. This pre-treat-
ment resulted in rescue of degradation, with some additional
stabilization of the donor signal, supporting a proteosome-de-
pendent mechanism.



As luciferase enzyme-based assays are prone to interference
due to potential inhibitors,** we were concerned about any off-
target effects of our molecules on the Nluc-BPTF construct. To
demonstrate that these degraders bind to the BPTF bromo-
domain and not Nluc, we pre-treated transfected HEK293T
cells with the monovalent BPTF inhibitor 19 that we had previ-
ously characterized.'> We tested this in the ternary complex as-
say format and observed a dose-dependent dissociation of the
ternary complex with increasing concentrations of 19 (Figure
S4). This further validated that the ternary complex formation
is BPTF bromodomain-dependent.
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complex formation and degradation in HEK293T cells. B) In-
cell ternary complex formation was rank-ordered by determin-
ing fold-change in BRET ratio compared to the DMSO control.
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In-cell ternary complex formation and degradation of full-
length BRD9 via NanoBRET. We further characterized our
compounds for ternary complex formation and degradation of

full-length BRD9 using NanoBRET. BRD?9 is a reported oft-
target for the pyridazinone scaffold'>* and TP-238.% Due to its
smaller size (75 kDa) compared to full-length BPTF (~300
kDa), we expected full-length BRD9 (BRD9-FL) to be more
amenable to transfection and easier to study in this assay com-
pared to full-length BPTF. We could also use dBRD9** as a pos-
itive control to validate our assay in this system. We used com-
pounds 4, 5, 8 and 9 as examples of alkyl and PEG linker con-
taining degraders. For the pyridazinone degraders, we observed
a similar trend to our BPTF ternary complex data, where com-
pound 4 showed a higher BRET signal than 5, which was com-
parable in magnitude to dBRD9 (2-fold over DMSO control)
(Figure 5A). For the TP-238 series, the BRET ratios were
slightly lower than dBRD9 (~1.5-fold over DMSO), which is
consistent with the lower affinity of the TP-238 ligand for
BRD?9, although given the data in Table 1, we expected it to
show a much lower signal. It is unclear if the full-length BRD9
shows some additional affinity for this scaffold in the context
of this experiment.

We then monitored degradation of the Nluc-BRD9-FL con-
struct under similar conditions as our BPTF study. Encourag-
ingly, both compound 4 and 5 caused degradation of full-length
BRD9, comparable to the dBRD9 control (Figure 5B). Con-
sistent with their ternary complex behavior, compounds 8 and 9
also degrade BRD9-FL, albeit not as potently as dBRD9. These
studies confirmed that both series of degrader molecules can
engage full-length bromodomain-containing proteins in cells
and induce their degradation. They also established the robust-
ness of our NanoBRET assay, indicating that it is applicable to
multiple bromodomain-containing constructs.
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ing A) ternary complex formation and B) degradation of the Nluc-
BRDO9-FL fusion.

Degradation of endogenous BPTF, CECR2, and BRDY.
With well-characterized compounds in hand, we tested their
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ability to degrade endogenous BPTF in HEK293T cells. We
used the 6 h treatment condition from our NanoBRET assay and
monitored the total amount of BPTF in lysates through western
blotting. Surprisingly, our pyridazinone degraders did not show
degradation of endogenous BPTF or a second class I bromo-
domain-containing protein, PCAF, or the class IV bromo-
domain BRD9 under these conditions up to 10 uM of the com-
pounds (Figure S7). In contrast, the TP-238 series demon-
strated a moderate effect with partial degradation between 0.1-
1 uM concentrations against BPTF, with compound 8 demon-
strating the higher potency. (Figure 6A). Taken together with
our NanoBRET data, we hypothesize that the minimal effect of
these compounds on full-length BPTF in endogenous systems
may be a cell-line dependent effect and the levels of functional
BPTF available for degradation. In cells, endogenous BPTF is
a subunit of the NURF complex, which may hinder its accessi-
bility by heterobifunctional degraders. The moderate effect ob-
served via the TP-238 scaffold hints towards longer, pre-orga-
nized linkers (such as the piperazine moiety in compounds 8
and 9) which may be able to improve the activity of BPTF de-
graders.

Due to the modest effects observed in degrading endogenous
BPTF, we sought to examine the main off-target proteins of the
two scaffolds. TP-238 is a high affinity inhibitor of CECR2 so
we selected compounds 8 and 9 as potential degraders of
CECR2 over molecules 4 and 5. Encouragingly, we observed
significant degradation of CECR2 between 0.02-0.63 uM (Fig-
ure 6B) in HEK293T cells after 6 h treatment with compound
8. A hook-effect was observed at higher concentration. After 12
h, we saw significant degradation at lower pM concentrations
(up to 250 pm/0.0025 uM), while at certain concentrations pro-
tein resynthesis was observed. The appearance of the CECR2
band across all concentrations was observed after 24 hr (Figure
S8). This effect may result from breakdown of 8 via hydrolysis
of the cereblon (CRBN) motif or cleavage of the alkyl linker
under physiological conditions. Together these results support
the first degraders of the class I bromodomain-containing pro-
tein CECR2. These tool compounds are anticipated to enable
future mechanistic studies of the functional effects of regulating
CECR2 and CERF function and will be optimized in future
studies to improve degradation of BPTF.
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Figure 6. Western blotting in HEK293T cells with treatment of
A) compounds 8 and 9 with BPTF for 6 h and B) compound 8
with CECR?2 for 6 h.

CONCLUSIONS

We describe the design of heterobifunctional degraders target-
ing class I and BRD9 bromodomains, using two different scaf-
folds with distinct selectivity profiles. We explore exit vectors
based on tetrahydroisoquinoline-substituted pyridazinones,
evaluating both alkyl and PEG linkers, and a rigid piperazine
linker tethered to the TP-238 scaffold. Using an in vitro AlphaS-
creen assay to assess ternary complex formation, we discover
that several of the pyridazinone analogues demonstrate a selec-
tivity bias for BPTF and BRD9 over PCAF and CECR2. For the
TP-238 degraders, the piperazine-based linker design is found
to be more potent in this ternary complex analysis. We further
use an in-cell NanoBRET assay to show that our degraders are
cell-permeable and form ternary complexes with nanolucifer-
ase-fused BPTF bromodomain and full-length BRD9 con-
structs. In the absence of a proteosome inhibitor, these fusion
constructs are also degraded when treated with our degrader
scaffolds. However, we find that our pyridazinone-based de-
graders do not show degradation activity for endogenous BPTF.
In contrast the TP-238 degraders demonstrate a moderate effect
on BPTF levels and a strong dose-dependent attenuation of
CECR2 levels via western blotting. In the case of BPTF and
CECR2, 8 and 9, represent the first degraders of either protein.
These tool compounds provide a starting point to evaluate the
effects of targeted protein degradation in cancer models. These
include the recently demonstrated role of CECR2 in breast can-
cer metathesis?® and pancreatic cancer driven by high levels of
BPTF and MYC.* Further optimization of our first-generation
degraders and a more extensive study of various model cell
lines will be evaluated for targeting these important nucleosome
remodeling complexes.

EXPERIMENTAL SECTION
Materials and Methods. All commercially available reagents

were used without further purification. Flash column chroma-
tography was performed on a Teledyne-Isco Rf-plus
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CombiFlash instrument with RediSep columns. NMR spectra
were collected on a Bruker Avance III AX-400 or a Bruker
Avance III HD-500 equipped with a Prodigy TCI cryoprobe.
Chemical shifts (3) were reported in parts per million (ppm) and
referenced to residual solvent signals for Chloroform-d ("H 7.26
ppm), Dimethyl Sulfoxide-ds (‘H 2.50 ppm, '*C 39.5 ppm) and
Methanol-ds ('"H 3.31 ppm, '*C 49.0 ppm). Coupling constants
(J) are in Hz. Splitting patterns were reported as s (singlet), d
(doublet), t (triplet), q (quartet) and m (multiplet). High resolu-
tion ESI-MS spectra were recorded on a Thermo Fischer Or-
bitrap Velos equipped with an autosampler. Where stated, com-
pounds were purified by reverse-phase high-performance liquid
chromatography (RP-HPLC) on a C-18 column using 0.1%
TFA water and CH3;CN as solvents and TFA salts were quanti-

fied using the procedure described by Carlson et. al.’’

Purity Analysis. All compounds tested in cells were >95% pure
by RP-HPLC. Compounds 3-6 and 8-10 were run on a RP-
HPLC with a C-18 column. A gradient of 0-40% ACN in 0.1%
TFA H,O over 60 min was used for compounds 3, 5 and 6, and
0-60% ACN in 0.1% TFA H,O over 60 min for compounds 4,
8,9 and 10. Spectral traces are shown in Figure S9.
Synthetic methods. The synthesis and characterization of com-
pounds 1 and 2 were described previously.'? TP-238 (7) was
purchased from Cayman Chemical.

B NHBoe

Y NH g~ No /\/NHBoc \N
W W

DIEA, 1,4-dioxane
110°C, 18 h

13R= ,‘7.;\/\/\/’""3"c

15R= '/'LL{\/ o NHBo

/\/\/\/NHBOC
Br
or

B O g NHBoC

DIEA, 1,4-dioxane
110°C, 18 h

o
cl
NS N \R
14R= ,"{\/\/\/NHB“

16R= ;77{\/0\/\0/\/NH500
Scheme 1. Synthesis of intermediates 13-16.

[o]
X0
Na N NH
2

General procedure A for the synthesis of intermediates 13-
16. Compound 1 or 2 (1.0 eq.) was stirred in 1,4-dioxane at
room temperature, followed by addition of the N-Boc linker
(1.1 eq.) and N, N-Diisopropylethylamine (1.5 eq.). The reaction
mixture was heated in a sealed tube at 110 °C for 18 h. Follow-
ing completion of the reaction, the 1,4-dioxane was removed by
rotary evaporation. The crude mixture was extracted into ethyl
acetate, washed with a saturated sodium bicarbonate solution
(3%x20 mL) and finally with brine (20 mL). The organic layer
was dried over magnesium sulfate, filtered, concentrated in
vacuo and purified by flash column chromatography (Com-
biFlash Rf system: 4 g silica, DCM/methanol, 0-20% methanol,
30 minutes).

/\/\/\/"
jedsolithedes W%
__t2n 2h
..)12 HCTU
DIEA, DMF NH
m18h
NHBoc
13R= /\/\/\/ ° "
QQN R ¢ %

o,

]

2 o
ioeSs
N
N
Il)12 HCTU
0, H
N
0
, L
' y "\/\o/\/"\/\HJVO

Scheme 2: Synthesis of compounds 3-6.

}({\/ o NHBoc

r|1Bh

14R= ,”‘{\/\/\/NHEoc

16R= BN\ O g\ NHBoe

General procedure B for the synthesis of compounds 3-6.
Step 1: Compounds 13-16 were stirred in DCM at room tem-
perature, followed by addition of trifluoroacetic acid (5.0 eq.)
and stirred at room temperature for an additional 2 h. Following
completion of the reaction, the mixture was blown dry under a
stream of nitrogen and the crude product was used without fur-
ther purification.

Step 2: The crude product from Step 1 (1.0 eq.) was stirred in
dry DMF and DIEA (4.0 eq.) at room temperature. A mixture
of 12 (1.2 eq.) and HCTU (1.2 eq.) in dry DMF was then added
and the reaction mixture was stirred at room temperature for 16
h. A portion of the crude material was then purified by reverse-

phase HPLC.
R @Eﬁf e GO
22 12 (crude)

" 'y K2003 DMF j\
Scheme 3. Synthesis of 2-((2-(2,6-d10x0p1per1din-3-yl)-l,3-
dioxoisoindolin-4-yl)oxy)acetic acid (12).

tert-butyl 2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoin-
dolin-4-yl)oxy)acetate (11). Compound 11 was synthesized ac-
cording to literature procedures.’® 2-(2,6-dioxopiperidin-3-yl)-
4-hydroxyisoindoline-1,3-dione (22) (240 mg, 0.88 mmol, 1.0
eq.) was dissolved in DMF (2 mL) at room temperature, fol-
lowed by the addition of potassium carbonate (180 mg, 1.30
mmol, 1.5 eq.) and tert-butyl 2-bromoacetate (186 mg, 0.95
mmol, 1.1 eq.). The reaction mixture was stirred at room tem-
perature. After 2 h, the mixture was extracted into ethyl acetate,
washed with water (20 mL) and finally with brine (20 mL). The
organic layer was dried over magnesium sulfate, filtered, con-
centrated in vacuo and purified by flash column chromatog-
raphy (CombiFlash Rf system: 24 g silica, hexanes/ethyl ace-
tate, 0-100% ethyl acetate, 16 minutes) to obtain a white solid
(198 mg, 58% yield). 'H NMR (500 MHz, DMSO) § 11.11 (s,
1H), 7.80 (dd, J = 8.5, 7.2 Hz, 1H), 7.48 (d, J = 6.9 Hz, 1H),
7.38 (d, /= 8.1 Hz, 1H), 5.10 (dd, /= 12.8, 5.5 Hz, 1H), 4.97
(s, 2H), 2.89 (ddd, J=16.9, 13.8, 5.5 Hz, 1H), 2.63 — 2.56 (m,
1H), 2.55-2.51 (m, 1H), 2.09—-2.00 (m, 1H), 1.43 (s, 9H), H.O
from solvent at 3.32 ppm, ethyl acetate impurity at 4.02 ppm,
1.99 ppm and 1.17 ppm (4.8% by weight).



2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yloxy)acetic acid (12). Compound 11 was stirred in DCM at
room temperature, followed by addition of trifluoroacetic acid
(5.0 eq.) and stirred at room temperature for an additional 2 h.
Following completion of the reaction, the mixture was blown
dry under a stream of nitrogen and the crude product 12 was
used without further purification.

tert-butyl (5-(6-((5-chloro-1-methyl-6-0x0-1,6-dihydro-
pyridazin-4-yl)amino)-3,4-dihydroisoquinolin-2(1H)-
yl)pentyl)carbamate (13). Following the general procedure A,
(1 (63 mg, 0.22 mmol, 1.0 eq.), tert-butyl (6-bromohexyl)car-
bamate (67 mg, 0.24 mmol, 1.1 eq.), N,N-Diisopropylethyla-
mine (57 pL, 0.33 mmol, 1.5 eq.), 1,4-dioxane (1 mL)), product
13 was obtained as a brown solid (42 mg, 40% yield). "H NMR
(500 MHz, DMSO) 6 8.61 (s, 1H), 7.61 (s, 1H), 7.08 (d, J= 8.1
Hz, 1H), 6.99 (dd, /J=8.1,2.3 Hz, 1H), 6.97 (d,/=2.2 Hz, 1H),
6.76 (t, J= 5.8 Hz, 1H), 3.60 (s, 3H), 3.51 (s, 2H), 2.89 (q, J =
6.6 Hz, 2H), 2.79 (t, J = 5.9 Hz, 2H), 2.62 (t, J = 5.9 Hz, 2H),
242 (t,J="1.3 Hz, 2H), 1.50 (q, J = 7.2 Hz, 2H), 1.37 (s, 9H),
1.33 — 1.21 (m, 4H), H,O from solvent at 3.32 ppm, DCM im-
purity at 5.76 ppm (2.5% by weight). *C NMR (126 MHz,
DMSO) & 157.0, 155.6, 142.6, 136.1, 135.5, 132.1, 127.5,
127.3, 123.6, 121.3, 107.8, 77.3, 57.7, 55.2, 50.4, 29.5, 28.3,
26.6, 26.5, 26.2 (one resonance obscured by solvent, two reso-
nances overlapping). HRMS (ESI-TOF) calculated for
CasH37,CINsO;" [M+H]": 490.2579, observed 490.2546.
tert-butyl (6-(7-((5-chloro-1-methyl-6-0xo0-1,6-dihydro-
pyridazin-4-yl)amino)-3,4-dihydroisoquinolin-2(1H)-
yDhexyl)carbamate (14). Following the general procedure A,
(2 (60 mg, 0.21 mmol, 1.0 eq.), tert-butyl (6-bromohexyl)car-
bamate (64 mg, 0.23 mmol, 1.1 eq.), N, N-Diisopropylethyla-
mine (54 pL, 0.31 mmol, 1.5 eq.), 1,4-dioxane (1 mL)), product
14 was obtained as a yellow solid (28 mg, 26% yield). '"H NMR
(500 MHz, DMSO) 6 8.61 (s, 1H), 7.60 (s, 1H), 7.11 (d, J=8.1
Hz, 1H), 7.00 (dd, J=8.1, 2.3 Hz, 1H), 6.93 (d,/=2.3 Hz, 1H),
6.75 (t, J= 5.8 Hz, 1H), 3.60 (s, 3H), 3.51 (s, 2H), 2.89 (q, J =
6.6 Hz, 2H), 2.78 (t, J = 5.9 Hz, 2H), 2.63 (t, J = 5.8 Hz, 2H),
241 (t,J=17.3 Hz, 2H), 1.50 (t, J = 7.2 Hz, 2H), 1.36 (s, 9H),
1.27 (m, 4H), H,O from solvent at 3.32 ppm. *C NMR (126
MHz, DMSO) 6 157.0, 155.6, 142.6, 136.2, 135.7,131.4,129.3,
127.5, 121.9, 121.7, 107.7, 77.3, 57.6, 55.4, 50.5, 29.5, 28.3,
26.6, 26.5, 26.2 (one resonance obscured by solvent, two reso-
nances overlapping). HRMS (ESI-TOF) calculated for
CasH37,CINsO;" [M+H]": 490.2579, observed 490.2547.
tert-butyl  (2-(2-(2-(6-((5-chloro-1-methyl-6-o0xo-1,6-dihy-
dropyridazin-4-yl)amino)-3,4-dihydroisoquinolin-2(1H)-
yDethoxy)ethoxy)ethyl)carbamate (15). Following the gen-
eral procedure A, (1 (60 mg, 0.21 mmol, 1.0 eq.), tert-butyl (2-
(2-(2-bromoethoxy)ethoxy)ethyl)carbamate (71 mg, 0.23
mmol, 1.1 eq.), N,N-Diisopropylethylamine (54 pL, 0.31 mmol,
1.5 eq.), 1,4-dioxane (1 mL)), product 15 was obtained as a
brown solid (53 mg, 49% yield). "H NMR (500 MHz, DMSO)
5 8.62 (s, 1H), 7.60 (s, 1H), 7.06 (d, J = 8.1 Hz, 1H), 6.99 (dd,
J=38.1,23 Hz, 1H), 6.97 (d, J= 2.1 Hz, 1H), 6.75 (t, J=5.8
Hz, 1H), 3.61 — 3.58 (m, 7H, overlapping resonances), 2.73 —
2.68 (m, 4H), 3.38 (t, /= 6.2 Hz, 2H), 3.06 (q, /= 6.1 Hz, 2H),
2.79 (t,J=5.9 Hz, 2H), 2.70 (t, /= 5.8 Hz, 2H), 2.64 (t,J=5.9
Hz, 2H), 1.37 (s, 9H), H,O from solvent at 3.32 ppm. *C NMR
(126 MHz, DMSO) 6 157.0, 155.6, 142.6, 136.1, 135.3, 132.1,
127.5, 127.3, 123.6, 121.4, 107.8, 77.6, 69.7, 69.5, 69.2, 68.5,

57.0,55.4,50.7, 28.7, 28.2 (one resonance obscured by solvent,
two resonances overlapping). HRMS (ESI-TOF) calculated for
CasH37,CINsOs™ [M+H]": 522.2478, observed 522.2444.
tert-butyl  (2-(2-(2-(7-((5-chloro-1-methyl-6-o0xo-1,6-dihy-
dropyridazin-4-yl)amino)-3,4-dihydroisoquinolin-2(1H)-
yDethoxy)ethoxy)ethyl)carbamate (16). Following the gen-
eral procedure A, (2 (75 mg, 0.26 mmol, 1.0 eq.), tert-butyl (2-
(2-(2-bromoethoxy)ethoxy)ethyl)carbamate (89 mg, 0.28
mmol, 1.1 eq.), N,N-Diisopropylethylamine (67 pL, 1.5 mmol,
1.5 eq.), 1,4-dioxane (1 mL)), product 16 was obtained as a
brown solid (39 mg, 36% yield). "H NMR (500 MHz, DMSO)
8 8.61 (s, 1H), 7.60 (s, 1H), 7.11 (d, J = 8.2 Hz, 1H), 7.00 (dd,
J=28.1,2.3 Hz, 1H), 6.92 (d, J= 2.3 Hz, 1H), 6.74 (t, J= 5.8
Hz, 1H), 3.63 — 3.56 (m, 7H, overlapping resonances), 3.53 —
3.49 (m, 4H), 3.38 (t, /= 6.1 Hz, 2H), 3.05 (q, J= 6.0 Hz, 2H),
2.78 (t,J=5.7 Hz, 2H), 2.71 (t,J = 5.8 Hz, 2H), 2.64 (t,J=5.9
Hz, 2H), 1.36 (s, 9H), H>O from solvent at 3.32 ppm, DCM im-
purity at 5.75 ppm (2.4% by weight). *C NMR (126 MHz,
DMSO) & 157.0, 155.6, 142.6, 136.1, 135.7, 131.2, 129.3,
127.5, 121.9, 121.7, 107.7, 77.6, 69.7, 69.5, 69.2, 68.5, 56.9,
55.6, 50.8, 28.2 (overlapping resonances), (one resonance ob-
scured by solvent, two resonances overlapping). HRMS (ESI-
TOF) calculated for CpsH37CINsOs™ [M+H]™: 522.2478, ob-
served 522.2442.
N-(5-(6-((5-chloro-1-methyl-6-ox0-1,6-dihydropyridazin-4-
yl)amino)-3,4-dihydroisoquinolin-2(1H)-yl)pentyl)-2-((2-
(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)oxy)acet-
amide (3). Following the general procedure B, compound 13
was Boc deprotected in Step 1 and the crude material was used
for Step 2: (29 mg, 0.07 mmol, 1.0 eq.), 11 (30 mg, 0.09 mmol,
1.2 eq.), HCTU (37 mg, 0.09 mmol, 1.2 eq.), N,N-Diisopro-
pylethylamine (52 pL, 0.30 mmol, 4.0 eq.), DMF (0.5 mL). A
portion of the crude product was purified by reverse-phase
semi-prep HPLC (5-30% ACN in 0.1% TFA water over 25
minutes, C18 column) to obtain product 3 as a white solid (2X
TFA salt). 'H NMR (500 MHz, DMSO) & 11.12 (s, 1H), 9.76
(s, 1H), 8.79 (s, 1H), 8.02 — 7.92 (m, 1H), 7.82 (dd, /=8.5, 7.3
Hz, 1H), 7.66 (s, 1H), 7.51 (d, J=7.2 Hz, 1H), 7.41 (d, J=8.5
Hz, 1H), 7.23 (d, J=8.3 Hz, 1H), 7.16 (dd, /= 8.3, 2.3 Hz, 1H),
7.13 (d, J=2.2 Hz, 1H), 5.12 (dd, J = 12.9, 5.4 Hz, 1H), 4.78
(s, 2H), 4.57 — 4.51 (m, 1H), 4.26 (dd, J = 15.5, 8.1 Hz, 1H),
3.75 - 3.67 (m, 1H), 3.62 (s, 3H), 3.36 — 3.24 (m, 1H), 3.24 —
3.13 (m, 4H), 3.13 — 2.97 (m, 2H), 2.95 — 2.81 (m, 1H), 2.65 —
2.56 (m, 1H), 2.54 (d,J=4.4 Hz, 1H), 2.09—-1.99 (m, 1H), 1.78
—1.67 (m, 2H), 1.58 — 1.43 (m, 2H), 1.39 — 1.27 (m, 4H). BC
NMR (126 MHz, DMSO) $ 172.8, 169.9, 166.7, 165.5, 157.0,
155.0, 142.0, 138.1, 136.9, 133.0, 132.5, 127.7, 124.7, 122.6,
121.8, 1204, 116.8, 116.1, 109.2, 67.7, 55.1, 51.8, 48.8, 38.1,
30.9, 28.8, 25.7, 25.6, 25.0, 23.4, 22.0 (one resonance obscured
by solvent, three resonances overlapping). HRMS (ESI-TOF)
calculated for C;sH3oCIN,O;" [M+H]": 704.2594, observed
704.2552.
N-(6-(7-((5-chloro-1-methyl-6-ox0-1,6-dihydropyridazin-4-
yl)amino)-3,4-dihydroisoquinolin-2(1H)-yl)hexyl)-2-((2-
(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)oxy)acet-
amide (4). Following the general procedure B, compound 14
was boc deprotected in Step 1 and the crude material was used
for Step 2: (13 mg, 0.03 mmol, 1.0 eq.), 11 (13 mg, 0.04 mmol,
1.2 eq.), HCTU (17 mg, 0.04 mmol, 1.2 eq.), N,N-Diisopro-
pylethylamine (23 pL, 0.13 mmol, 4.0 eq.), DMF (0.5 mL). A
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portion of the crude product was purified by reverse-phase
semi-prep HPLC (5-40% ACN in 0.1% TFA water over 25
minutes, C18 column) to obtain product 4 as a white solid (2X
TFA salt). 'H NMR (500 MHz, DMSO) & 11.12 (s, 1H), 9.84
(s, IH), 8.79 (s, 1H), 7.97 (t,J= 5.5 Hz, 1H), 7.82 (dd, /= 8.5,
7.3 Hz, 1H), 7.64 (s, 1H), 7.51 (d, J=7.2 Hz, 1H), 7.40 (d, J =
8.5 Hz, 1H), 7.28 (d, J=8.3 Hz, 1H), 7.18 (dd, /= 8.2, 2.3 Hz,
1H), 7.08 (d, /= 2.3 Hz, 1H), 5.12 (dd, J = 12.9, 5.4 Hz, 1H),
4.78 (s, 2H), 4.63 — 4.49 (m, 1H), 4.27 (dd, J = 15.7, 8.0 Hz,
1H), 3.72 (d, J = 12.4 Hz, 1H), 3.62 (s, 3H), 3.35 — 3.25 (m,
1H), 3.24 — 3.12 (m, 4H), 3.12 — 2.99 (m, 1H), 2.96 — 2.83 (m,
1H), 2.68 —2.55 (m, 1H), 2.54 (d, /= 4.5 Hz, OH), 2.10 — 1.95
(m, 1H), 1.81 — 1.66 (m, 2H), 1.55 — 1.40 (m, 2H), 1.36 — 1.22
(m, 4H). *C NMR (126 MHz, DMSO) § 172.8, 169.9, 166.7,
166.7, 165.5, 158.1, 157.0, 155.0, 142.1, 137.1, 136.9, 133.0,
129.6, 129.5, 127.7, 123.1, 120.9, 120.4, 116.8, 116.1, 109.0,
67.7, 55.1, 51.8, 49.0, 48.8, 38.1, 30.9, 28.8, 25.8, 25.6, 24.5,
23.4, 22.0 (one resonance obscured by solvent). HRMS (ESI-
TOF) calculated for C;sHzsCIN;Oo" [M+H]™: 735.2420, ob-
served 704.2554.
N-(2-(2-(2-(6-((5-chloro-1-methyl-6-0x0-1,6-dihydro-
pyridazin-4-yl)amino)-3,4-dihydroisoquinolin-2(1H)-
yl)ethoxy)ethoxy)ethyl)-2-((2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-4-yl)oxy)acetamide (5). Following the gen-
eral procedure B, compound 15 was Boc deprotected in Step 1
and the crude material was used for Step 2: (27 mg, 0.06 mmol,
1.0 eq.), 11 (25 mg, 0.08 mmol, 1.2 eq.), HCTU (32 mg, 0.08
mmol, 1.2 eq.), N,N-Diisopropylethylamine (45 pL, 0.26 mmol,
4.0 eq.), DMF (0.5 mL). A portion of the crude product was
purified by reverse-phase semi-prep HPLC (5-30% ACN in
0.1% TFA water over 25 minutes, C18 column) to obtain prod-
uct 5 as a white solid (1X TFA salt). 'H NMR (500 MHz,
DMSO0) & 11.13 (s, 1H), 10.10 (s, 1H), 8.77 (s, 1H), 8.00 (t,J =
5.7 Hz, 1H), 7.81 (dd, J = 8.5, 7.3 Hz, 1H), 7.65 (s, 1H), 7.50
(d, /=172 Hz, 1H), 7.41 (d, J = 8.6 Hz, 1H), 7.21 (d, /= 8.3
Hz, 1H), 7.14 (dd, /=8.3,2.2 Hz, 1H), 7.11 (d,J=2.2 Hz, 1H),
5.11 (dd, J=12.9, 5.4 Hz, 1H), 4.79 (s, 2H), 4.53 (d, /=154
Hz, 1H), 4.34 (dd, J = 15.6, 7.3 Hz, 1H), 3.84 (t, J = 5.0 Hz,
2H),3.77-3.70 (m, 1H), 3.64 — 3.62 (m, 2H), 3.61 (s, 3H), 3.61
—3.58 (m, 2H), 3.50 (t, J = 5.8 Hz, 2H), 3.46 — 3.37 (m, 3H),
3.34 (q, J = 5.8 Hz, 2H), 3.20 — 3.09 (m, 1H), 3.09 — 2.99 (m,
1H), 2.95-2.84 (m, 1H), 2.60 (s, 1H), 2.57 —2.52 (m, 1H), 2.08
—1.99 (m, 1H). *C NMR (126 MHz, DMSO) & 172.8, 169.9,
166.9, 166.7, 165.5, 157.0, 154.9, 142.0, 138.1, 137.0, 133.0,
132.4, 127.7, 127.7, 124.5, 122.6, 121.7, 120.4, 116.8, 116.1,
109.2, 69.6, 69.4, 68.8, 67.5, 64.4, 54.3, 52.1, 49.0, 48.8, 38.4,
30.9, 24.7, 22.0 (one resonance obscured by solvent). HRMS
(ESI-TOF) calculated for C3sH3oCIN;,Oo" [M+H]": 736.2492,
observed 736.2445.
N-(2-(2-(2-(7-((5-chloro-1-methyl-6-o0x0-1,6-dihydro-
pyridazin-4-yl)amino)-3,4-dihydroisoquinolin-2(1H)-
yl)ethoxy)ethoxy)ethyl)-2-((2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-4-yl)oxy)acetamide (6). Following the gen-
eral procedure B, compound 16 was Boc deprotected in Step 1
and the crude material was used for Step 2: (27 mg, 0.06 mmol,
1.0 eq.), 11 (26 mg, 0.08 mmol, 1.2 eq.), HCTU (32 mg, 0.08
mmol, 1.2 eq.), N,N-Diisopropylethylamine (45 pL, 0.26 mmol,
4.0 eq.), DMF (0.5 mL). A portion of the crude product was
purified by reverse-phase semi-prep HPLC (5-30% ACN in
0.1% TFA water over 25 minutes, C18 column) to obtain

product 6 as a white solid (2X TFA salt). 'H NMR (500 MHz,
DMSO) & 11.13 (s, 1H), 9.99 (s, 1H), 7.97 (q, J= 5.7 Hz, 1H),
7.81 (dd, J=38.5,7.3 Hz, 1H), 7.62 (s, 1H), 7.50 (d, /J="7.2 Hz,
1H), 7.40 (d, J=8.5 Hz, 1H), 7.26 (d, /= 8.3 Hz, 1H), 7.17 (dd,
J=8.2,2.3 Hz, 1H), 7.08 (d, /=2.3 Hz, IH), 5.11 (dd, J=12.9,
5.4 Hz, 1H), 4.77 (s, 2H), 4.53 (d, J=15.7 Hz, 1H), 4.40 — 4.31
(m, 1H), 3.82 (t, J = 5.0 Hz, 2H), 3.79 — 3.71 (m, 1H), 3.67 —
3.55 (m, 7H), 3.48 (t, J=5.8 Hz, 2H), 3.45 - 3.36 (m, 3H), 3.33
(g, J = 5.5 Hz, 2H), 3.18 — 3.08 (m, 1H), 3.08 — 2.99 (m, 1H),
2.95—2.84 (m, 1H), 2.64 — 2.56 (m, 1H), 2.57 — 2.52 (m, 1H),
2.08 — 1.99 (m, 1H). *C NMR (126 MHz, DMSO) § 172.8,
169.9, 166.9, 166.7, 165.5, 157.0, 154.9, 142.1, 137.1, 137.0,
133.0, 129.6, 129.3, 127.6, 123.1, 121.0, 120.3, 116.7, 116.1,
108.9, 69.6, 69.3, 68.8, 67.5, 64.4, 54.4, 52.2, 49.3, 48.8, 38.3,
30.9, 24.3, 22.0 (one resonance obscured by solvent, two reso-
nances overlapping). HRMS (ESI-TOF) calculated for
C35H39CIN;Oy" [M+H]": 736.2492, observed 736.2447.
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Scheme 4. Synthesis of Intermediates 20 and 21

General Procedure C for the synthesis intermediates 20 and
21. To a mixture of the sulfone 17*? (1.0 eq) in DMF (0.1 M)
was added the bromide 18 or 19 (2.0 eq) and K,CO; (2.0 eq).
The resulting mixture was heated to reflux and stirred. Upon
completion, ethyl acetate and water were added. The layers
were separated, and the organic layer was washed sequentially
with water (2x), 10% aq LiCl, and brine. The organic layer was
dried over MgSO, and the volatiles were removed via rotary
evaporation. The resulting residue was purified by column
chromatography (CombiFlash Rf system: 24 g silica, hex-
anes/ethyl acetate, 0-100% ethyl acetate, 16 mins).

Tert-butyl  4-(3-(4-(6-(3-(1H-pyrazol-1-yl)propyl)-2-(me-
thylsulfonyl)pyrimidin-4-yl)phenoxy)propyl)piperazine-1-
carboxylate (20). Following the general procedure C, sulfone
17 was alkylated with bromide 18, Sulfone 17°° (309 mg, 0.828
mmol, 1.0 eq), bromide 18* (510 mg, 1.66 mmol, 2.0 eq),
K»COs (229 mg, 1.66 mmol, 2.0 eq), DMF (8.0 mL). Product
20 was obtained as a white solid (445 mg, 90 % yield). '"H NMR
(400 MHz, CDCl3) 6 7.96 (d, J = 8.5 Hz, 2H), 7.56 (d, J=2.3
Hz, 1H), 7.42 (d, J=2.3 Hz, 1H), 6.96 (d, J = 8.5 Hz, 2H), 6.69
(s, 1H), 6.28 (s, 1H), 5.94 (br. s, 1H), 4.27 (t, J = 6.3 Hz, 2H),
4.09 (t, J = 6.3 Hz, 2H), 3.46-3.41 (m, 6H), 3.34 (s, 3H), 2.54
(t,J=7.3 Hz, 2H), 2.42 (t,J=5.1 Hz, 4H), 2.22-2.14 (m, 2 H),
1.97 (t, J = 6.9 Hz, 2H), 1.44 (s, 9H)."*C (100 MHz, CDCl3) §
165.9, 163.9, 161.7, 154.9, 139.7, 129.7, 128.8, 128.3, 114.8,
106.1, 79.8, 68.0, 66.4, 60.5, 55.2, 53.2, 38.9, 29.7, 28.6, 26.8,
14.3; HRMS (ESI-TOF) calculated for C30H4NsOsS*™ [M+H]":
585.2854, observed 584.2836.

Tert-butyl (3-(4-(6-(3-(1H-pyrazol-1-yl)propyl)-2-(methyl-
sulfonyl)pyrimidin-4-yl)phenoxy)propyl)(methyl)carba-
mate (21). Following the general procedure C, sulfone 17 was
alkylated with bromide 19, Sulfone 17* (280 mg, 0.822 mmol,
1.0 eq), Bromide 19*! (258 mg, 1.03 mmol, 1.5 eq), K»CO; (227
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mg, 1.64 mmol, 1.5 eq), DMF (8.0 mL). Product 21 was ob-
tained as a white solid (275 mg, 65% yield). 'H NMR (400
MHz, CDCl3) 6 7.90 (d, J = 8.5 Hz, 2H), 7.51 (d, /= 2.3 Hz,
1H), 7.40 (d, J=2.3 Hz, 1H), 6.90 (d, J = 8.5 Hz, 2H), 6.69 (s,
1H), 6.27 (br. s, 1H), 6.24 (s, 1H), 4.23 (t, /= 6.3 Hz, 2H), 4.00
(t, J = 6.3 Hz, 2H), 3.45-3.40 (m, 4H), 3.32 (s, 3H), 2.86 (s,
3H), 2.14 (t, J = 6.5 Hz, 2H), 2.00 (t, J = 6.5 Hz, 2H), 1.42 (s,
9H); '*C NMR (100 MHz, CDCl3) § 165.7, 163.9, 161.4, 155.9,
139.5,129.7, 128.7, 128.2, 114.6, 105.9, 79.5, 65.8, 65.3, 49.3,
45.9,38.9, 34.6, 29.6, 28.5, 27.8; HRMS (ESI-TOF) calculated
for Co6H3sNsOsS™ [M+H]": 530.2432, observed 530.2435.
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Scheme 5. Synthesis of Intermediates 23-26.

General Procedure D for the synthesis of intermediates 23
and 24.

Step 1: To a solution of 6-chlorohexan-1-ol or 2-(2-(2-chloro-
ethoxy)ethoxy)ethan-1-ol (1.0 eq) in pyridine (2.0 M) was
added TsCl (1.1 eq) and DMAP (0.1 eq) at 0 °C. The resulting
mixture was allowed to warm to 23 °C and stirred for 2 h. Upon
completion, EtOAc and H,O were added, and the layers were
separated. The organic layer was washed sequentially with 1 M
aq HCL, H,0, and sat. aq. NaHCOj3, then dried over MgSO,. The
volatiles were removed via rotary evaporation.

Step 2: The resulting crude residues were dissolved in DMF
(0.15 M) followed by addition of 2-(2,6-dioxopiperidin-3-yl)-
4-hydroxyisoindoline-1,3-dione (22) (1.0 eq), KHCO; (1.6 eq),
KI (0.1 eq). The resulting mixture was heated to 80 °C and
stirred for 22 h. Upon completion, ethyl acetate and water were
added, and the layers were separated. The organic layer was
washed sequentially with 10% aq LiCl, water, and brine, then
dried over MgSO,. Volatiles were removed via rotary evapora-
tion and the resulting residues were purified via column chro-
matography (CombiFlash Rf system: 24 g silica, hexanes/ethyl
acetate, 0-100% ethyl acetate, 16 mins).
4-((6-chlorohexyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindo-
line-1,3-dione (23) Following general procedure D, tosylation
was performed with 6-chlorohexan-1-o0l (1.00 g, 7.35 mmol, 1.0
eq), TsCl (1.54 g, 8.08 mmol, 1.1 eq), DMAP (90.0 mg, 0.735
mmol, 0.1 eq) in Pyridine (3.5 mL). Product was obtained as a
white solid and was taken on crude to the next step. Continuing
with general procedure D, crude Tosylate (assumed 3.21 mmol,
1.1 eq), 2-(2,6-dioxopiperidin-3-yl)-4-hydroxyisoindoline-1,3-
dione (22) (800 mg, 2.92 mmol, 1.0 eq), KHCO; (468 mg, 4.67
mmol, 1.6 eq), KI (48.2 mg, 0.292 mmol, 0.1 eq) in DMF (20
mL). Product (23) was obtained as a yellow solid (337 mg, 29%
yield. Note that minor impurities were observed to CI/I ex-
change. '"H NMR (400 MHz, DMSO-ds) § 11.1 (br. s, 1H), 7.80
(t,J=7.6 Hz, 1H), 7.51 (d, J="7.3 Hz, 1H), 7.44 (d, /= 8.2 Hz,
1H), 5.08 (dd, J = 12.3, 5.4 Hz, 1H), 4.21 (t, J = 6.4 Hz, 2H),
3.64 (t, J = 6.6 Hz, 2H), 2.95 — 2.82 (m, 1H), 2.63 — 2.50 (m,
2H), 2.17 - 1.95 (m, 1H), 1.81-1.69 (m, 4H), 1.53 — 1.37 (m,
4H). BC NMR (100 MHz, DMSO-ds) & 172.8, 169.9, 166.8,
165.3,162.1,156.0, 137.0, 133.2,119.8, 115.1, 68.7, 48.7,45.3,
31.9,30.9, 28.2,25.9, 24.5, 22.0; HRMS (ESI-TOF) calculated
for C19H21N,OsCl" [M+H]": 393.1212, observed 393.1222.

4-(2-(2-(2-chloroethoxy)ethoxy)ethoxy)-2-(2,6-dioxopiperi-
din-3-yl)isoindoline-1,3-dione (24). Following general proce-
dure D, tosylation was performed with 2-(2-(2-chloroeth-
oxy)ethoxy)ethan-1-ol (1.00 g, 5.95 mmol, 1.0 eq), TsCl (1.36
g, 7.14 mmol, 1.2 eq), DMAP (219 mg, 1.79 mmol, 0.3 eq) in
Pyridine (10 mL). Product was obtained as a colorless oil and
was taken on crude to the next step. Continuing with general
procedure D, crude Tosylate (assumed 1.61 mmol, 1.1 eq), 2-
(2,6-dioxopiperidin-3-yl)-4-hydroxyisoindoline-1,3-dione (22)
(400 mg, 1.46 mmol, 1.0 eq), KHCOs (240 mg, 2.40 mmol, 1.6
eq), KI(24.2 mg, 0.146 mmol, 0.1 eq) in DMF (10 mL). Product
(24) was obtained as a white solid (399 mg, 58% yield). Spec-
tral data matched the reported literature.*?

General Procedure D for the synthesis of intermediates 25
and 26. To a solution of chloro-linker (25 or 26) (1.0 eq) was
added DMF (0.05 M) was added Nal (10 eq) and the resulting
mixture was heated to 60 °C for 20 h. Upon completion, ethyl
acetate and water were added, and the layers were separated.
The organic layer was washed sequentially with 10% aq LiCl,
water, and brine, then dried over MgSQ.. Volatiles were re-
moved via rotary evaporation and the resulting residue was used
crude in the next step of the synthesis.
2-(2,6-dioxopiperidin-3-yl)-4-((6-iodohexyl)oxy)isoindoline-
1,3-dione (25) Following general procedure D, halogen ex-
changed was performed with 23 (123 mg, 0.313 mmol, 1.0 eq),
Nal (470 mg, 3.13 mmol, 10 eq) in acetone (7.5 mL). Product
was obtained as a white solid (crude yield 140 mg, 92 % yield).
The crude product was used in the next step of the synthesis.
2-(2,6-dioxopiperidin-3-yl)-4-(2-(2-(2-iodoethoxy)eth-
oxy)ethoxy)isoindoline-1,3-dione (26). Following general
procedure D, halogen exchange was performed with 24 (348
mg, 0.744 mmol, 1.0 eq), Nal (1.11 mg, 7.44 mmol, 10 equiv)
in Acetone (15 mL). Product was obtained as a white solid
(crude yield 331 mg, 86 % yield). The crude product was used
in the next step of the synthesis. Spectral data matched the re-
ported literature.*?
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Scheme 5. Synthesis of Compound 8 and 9.

General Procedure E for the synthesis of compound 8 and
9.

Step 1: Sulfone 20 (1.0 eq) was dissolved in a 1:1 mixture of
TFA/DCM (0.08 M) and the resulting mixture was stirred at 23
°C for 2 h. Upon competition, volatiles were removed via rotary
evaporation.

Step 2: The resulting residue was taken up in DMF (0.05M).
DIEA (5 eq) and linkers 24 or 25 were added and the mixture
was stirred at 80 °C for 18 hr. The reaction was allowed to cool
to 23 °C, then ethyl acetate and water were added, and the layers
were separated. The organic layer was washed sequentially with
10% aq LiCl, water, and brine, then dried over MgSQ4. Vola-
tiles were removed via rotary evaporation and the resulting res-
idues were purified either purified via column chromatography
(CombiFlash Rf system: 24 g silica, hexanes/ethyl acetate, 0-
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100% ethyl acetate, 16 mins) or a portion of the crude material
was then purified by reverse-phase HPLC.
4-((6-(4-(3-(4-(6-((3-(1H-pyrazol-1-yl)propyl)amino)-2-(me-
thylsulfonyl)pyrimidin-4-yl)phenoxy)propyl)piperazin-1-
yDhexyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-di-
one (8). Following general procedure E, Sulfone 20 (49.1 mg,
0.0820 mmol, 1.0 eq) in TFA (0.50 mL) and DCM (0.50 mL).
Resulting residue (assumed 0.0820 mmol) in DMF (1.80 mL)
was added DIEA (71.0 puL, 0.409 mmol, 5 eq) and 24 (51.2 mg,
0.106 mmol, 1.3 eq). Product (8) was purified via column chro-
matography (CombiFlash Rf system: 24 g silica,
DCM/Methanol, 0-20% ethyl acetate, 16 mins) followed by re-
verse phase HPLC 0-60% ACN in 0.1% TFA H>O over 60 min
affording a yellow solid (18 mg, 25 % yield). Note that HPLC
purification was performed for characterization purposes of pu-
rity, the compound 8 used in the western blot studies and other
binding studies were only purified by column chromatography.
'HNMR (500 MHz, DMSO-ds) § 11.12 (br. s, 1H), 8.16 (s, 1H),
7.99 (d, J=8.3 Hz, 1H), 7.83 (dd, /= 8.3, 7.2 Hz, 1H), 7.76 (s,
1H), 7.52 (d, J= 8.5 Hz, 1H), 7.46 (d, J = 8.5 Hz, 2H), 7.09 (d,
J=8.5Hz, 2H), 7.01 (s, 1H), 6.24 (s, 1H), 5.08 (dd, J = 12.9,
5.5 Hz, 1H), 4.26-4.18 (m, 2H), 4.15-4.08 (m, 2H), 3.32 (s,
3H), 2.94-2.83 (m, 2H), 2.66-2.56 (m, 2H), 2.36 (br. s, 1H),
2.12—-1.95 (m, 6H), 1.79 (quintet, /= 5.6 Hz, 2H), 1.64 (br. m,
2H), 1.50 (quintet, J = 5.6 Hz, 2H), 1.39 (quintet, J = 5.6 Hz,
2H), 1.24 (br. m, 2H); "*C NMR (100 MHz, DMSO-de) § 172.8,
170.0, 166.9, 165.4, 165.1, 138.7, 137.1, 133.3, 128.2, 119.8,
116.2, 115.3, 115.2, 114.8, 105.0, 68.8, 60.7, 59.8, 53.6, 48.8,
41.8, 32.5, 31.0, 28.5, 28.1, 25.2, 24.9, 22.0, 20.8, 18.1, 16.7,
14.1, 12.5. HRMS (ESI-TOF) calculated for HRMS (ESI-TOF)
calculated for CsHs3NoOsS © [M+H]": 856.3811, observed
856.3801.
4-(2-(2-(2-(4-(3-(4-(6-((3-(1H-pyrazol-1-yl)propyl)amino)-
2-(methylsulfonyl)pyrimidin-4-yl)phenoxy)propyl)piper-
azin-1-yl)ethoxy)ethoxy)ethoxy)-2-(2,6-dioxopiperidin-3-
yDisoindoline-1,3-dione (9). Following general procedure E,
Sulfone 20 (36.8 mg, 0.0601 mmol, 1.0 eq) in TFA (0.30 mL)
and DCM (0.30 mL). Resulting residue (assumed 0.0601 mmol)
in DMF (1.5 mL) was added DIEA (53.0 puL, 0.301 mmol, 5 eq)
and 24 (34.0 mg, 0.0661 mmol, 1.1 eq). Product (9) was puri-
fied via column chromatography (CombiFlash Rf system: 24 g
silica, DCM/Methanol, 0-20% ethyl acetate, 16 mins).

'H NMR (400 MHz, DMSO-ds) § 11.11 (s, 1H), 7.96 (d, /= 7.3
Hz, 1H), 7.81 (dd, J= 8.4, 7.3 Hz, 1H), 7.77 (s, 1H), 7.53 (d, J
=8.4Hz, 1H), 7.46 (d,J=8.5Hz, 2H), 7.07 (d, /= 8.5 Hz, 2H),
6.23 (s, 1H), 5.08 (dd, J = 12.8, 5.5 Hz, 1H), 4.34 (t, /= 5.2 Hz,
2H),4.21 (t,J = 6.8 Hz, 1H), 4.08 (t, J= 5.2 Hz, 2H), 3.80 (t,J
=5.6 Hz, 2H), 3.66 (t,J= 6.0 Hz, 2H), 3.54 (t, /= 5.8 Hz, 2H),
3.31(s,3H),3.04 (q,J="7.3 Hz, 10H), 2.95-2.81 (m, 2H), 2.63—
2.51 (m, 2H), 1.19 (t, J = 7.3 Hz, 14H); *C NMR (100 MHz,
DMSO-ds) & 172.8, 169.9, 166.8, 165.3, 138.6, 137.0, 133.2,
130.0,128.2,120.0, 116.3,115.4,114.8, 104.9, 70.1, 69.7, 68.9,
68.7,48.8,45.4,31.0, 29.6, 22.0, 8.5; HRMS (ESI-TOF) calcu-
lated for HRMS (ESI-TOF) calculated for CisHssNoO;oS*
[M+H]": 888.3709, observed 888.3724.

General procedure for AlphaScreen assay.”® Hiso-tagged
BPTF bromodomain was expressed and purified as described
previously.?® His-tagged BRD9 and CECR2 were purchased
from Reaction Biology (Cat. #s RD-11-214 and RD-11-210 for
BRD9 and CECR2 respectively). The AlphaScreen assay

procedures were adapted from the manufacturers protocol
(PerkinElmer, USA). Nickel chelate (Ni-NTA) acceptor beads
and streptavidin donor beads were purchased from PerkinElmer
(Cat. #: 6760619M). The biotinylated Histone H4
KACc5,8,12,16 peptide was purchased from EpiCypher (Cat. #
12-0034), with the sequence:
Ac-SGRGK(Ac)GGK(Ac)GLGK(Ac)GGAK(Ac)RHRKVLR-
Peg(Biot).

All reagents were diluted in the assay buffer (50 mM HEPES-
Na" (ChemImpex), 100 mM NaCl (SigmaAldrich), 0.05%
CHAPS (RPI), 0.1% BSA (SigmaAldrich), pH 7.4). The final
assay concentrations of protein and biotinylated peptide used
are shown in Table 2.

Table 2: Concentrations of protein and peptide
used in AlphaScreen assays

Protein [Protein] nM [Peptide] nM
BPTF 30 100
BRDY9 60 100

CECR2 60 100

3-fold serial dilutions were prepared with varying concentra-
tions of the compounds and a fixed protein concentration, keep-
ing the final DMSO concentration at 0.25%. 5 pL of these so-
lutions were added to a 384-well plate (ProxiPlate-384, Perki-
nElmer). 5 pL of the biotinylated peptide solution was then
added to the wells. 10 puL of pre-mixed nickel chelate acceptor
beads and streptavidin donor beads were added to each well un-
der low light conditions (<100 lux), to a final concentration of
20 pg/mL. For each test compound, BZ1 was also run as a pos-
itive control on the same plate to ensure the accuracy of the as-
say. The plate was sealed and incubated for 30 minutes in the
dark. It was then read in AlphaScreen mode (excitation time =
100 ms, integration time = 300 ms, output: counts/s) using a
Tecan Spark plate reader. Each compound was run in two tech-
nical replicates and the data was normalized against 0 pM in-
hibitor signal to obtain the % normalized AlphaScreen signal.
ICso values were calculated in GraphPad Prism 9 using a sig-
moidal 4-parameter logistic (4PL) curve fit.

General procedure for in vitro ternary complex assay.

His-tagged CRBN-DDBI protein was prepared following the
procedure reported by Matyskiela et al.** GST-BPTF was pur-
chased from BPS Biosciences (cat# 31134), while GST-BRD9,
GST-CECR2, and GST-PCAF were purchased from Reactive
Biology Corp (cat# RD-11-187, cat# RD-11-194, and cat# RD-
11-259 respectively). All reagents were diluted in assay buffer
comprising 25 mM HEPES, pH 7.4, 100 mM NaCl, 0.1% BSA,
and 0.05% tween20. An ECHO 650 (Labcyte Inc.) acoustic
dispenser was used to generate a 10-point dilution curve from
DMSO stocks of the degraders directly into a 384-well
OptiPlate (PerkinElmer, Cat. # 6007290) giving a final DMSO
concentration of 0.3%. Final concentrations of His-tagged
CRBN-DDBI1 and GST-tagged bromodomains used in the as-
say are shown in Table 3. AlphaScreen glutathione coated do-
nor and nickel chelate acceptor beads were purchased from
PerkinElmer (Cat. # 6765300 and 6760141 respectively).

Table 3: Concentration of proteins used in AlphaScreen
ternary complex assays

[GST-tagged

[His-CRBN-

Protein DDB1| nM
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bromodomains]
nM
BPTF 60 120
BRD9 240 80
CECR2 240 80
PCAF 240 80

Briefly, to a 384-well OptiPlate containing 5X degrader in trip-
licate was added 5 pL of a 5X solution of His-CRBN-DDB1
and GST-tagged bromodomain and then incubated at rt for 1 h.
After incubation, 10 uL nickel chelate acceptor (20 pL/mL final
concentration) and 10 pL glutathione donor beads (20 pL/mL
final concentration) were added. The plate was sealed and
mixed on a MixMate (eppendorf) for 1 h at rt and then lumines-
cence detection was collected on an Envision plate reader
(PerkinElmer).

In-cell NanoBRET assay. NanoBRET experiments were car-
ried out using the NanoBRET CRBN Ternary Complex Starter
Kit (Cat # ND2720) according to the manufacturer’s protocol
(Promega NanoBRET™ CRBN Ternary Complex Assay
TM615).* All assays were run in 384-well format. HEK293T
cells were transfected to a 1:100 donor:acceptor (Nluc:Halotag
vectors) ratio for both BPTF-BD and BRD9-FL vectors (see
supporting information for the design of plasmids). Cells were
re-plated, treated with the HaloTag 618 Ligand and treated with
compounds as described in the manufacturer’s procedure. Data
was collected on a Tecan Spark plate reader using the settings
in Table 4.

Table 4: Tecan Spark settings for NanoBRET
experiments
1) Shaking Duration [s] 30
(Linear) Amplitude [mm] 1
Frequency [rpm] 1440

2) Mode: Luminescence Multi Color
Wavelength start = 445 nm
Wavelength end = 470 nm
Integration time = 300 ms
Acceptor Emis- | Wavelength start = 610 nm
sion Wavelength end = 700 nm
Integration time = 300 ms

Donor Emission

Competition with monovalent inhibitor for ternary complex for-
mation: For competition experiments (Figure S4), 10X solu-
tions of compound 19 and MG-132 were prepared in Opti-
MEM® I Reduced Serum Medium and pre-mixed in tubes. 10
uL of this solution was then added to each well. The plates were
incubated for 30 minutes, followed by the addition of degrader
compounds. The rest of the assay was carried out according to
the technical manual referenced above.

Cell culture. HEK293T cells were grown in a humidified 5%
CO; environment at 37 °C. Cells were cultured in DMEM me-
dia (high-glucose, Gibco Cat.# 11965-092) supplemented with
10% fetal-bovine serum (Cellgro Cat.# QB-110-001-101), Pen-
icillin-Streptomycin (50 U/mL penicillin, 50 pg/mL streptomy-
cin, Cellgro Cat.# 15140-122). The cells were passaged to a
1:20 dilution by decanting suspended cells and dissociating

adherent cells from cell culture flasks in 0.25% trypsin/ EDTA
(Gibco, Cat.# 25200056) after 1 min incubation.

Western blotting. HEK293T cells were seeded at a density of
5x10° cells per well in 6-well plates in 2.5 mL of medium. At
80-90% confluency, 250 pL of the medium was removed from
each well and the cells were treated with compounds at the de-
sired concentrations for indicated times, to a final DMSO con-
centration of 0.1% v/v. For collecting lysates, the medium was
removed and the wells were rinsed with 1 mL of ice-cold PBS,
followed by the addition of 100 puL cold RIPA buffer (Ther-
moFisher Cat.# 89900) supplemented with cOmplete Mini Pro-
tease Inhibitor cocktail (Roche Cat.# 11836153001). The plates
were incubated on ice for 15 min. After high-speed centrifuga-
tion (15,000g for 15 minutes), the supernatant was collected and
protein concentrations were determined by the BCA assay
(ThermoFisher Cat.# 23227). The samples were normalized by
total protein content, mixed with 4x NuPAGE LDS loading
buffer (Invitrogen) and heated at 100 °C for 10 minutes.

Proteins were resolved by SDS-PAGE on NuPage 4-12% Bis-
Tris (for CECR2, BRD9 and PCAF) or 3-8% Tris-acetate gels
(for BPTF) (Invitrogen Cat.# NP0323BOX, EA03785BOX)
and transferred to PVDF membrane (Bio-rad Cat.# 1620174)
using wet transfer for 60 minutes. Membranes were dried,
blocked in TBS-T (Tris-buffered saline-T) containing 5% w/v
nonfat dry milk for 1 h at room temperature. They were subse-
quently incubated with primary antibodies at dilutions and
times in Table S1. After the membranes were washed five times
with TBS-T, they were incubated with secondary antibodies at
dilutions and times listed below. Finally, the membranes were
washed five times in TBS-T and treated with SuperSignal West
Dura substrates (ThermoFisher Cat.# 34095) and imaged using
a Bio-rad Chemi-Doc imaging system.
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imitation switch; Nluc, nanoluciferase; NURF, nucleosome remod-
eling factor; PBAF, polybromo-associated BAF; PCAF,
p300/CBP-associated factor; PEG, polyethylene glycol; SAR,
structure-activity relationship.
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AlphaScreen titrations of inhibitors and degraders
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Figure S1: AlphaScreen titration of BRD9 bromodomain with A) Compounds 1-6 and B) 7-9
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Figure S2: AlphaScreen titration of CECR2 bromodomain with A) Compounds 1-6 and B) 7-9

NanoBRET data

Design of BPTF-BD-Nluc plasmids: The vector backbones pNLF1-N [CMV/Hygro] (GenBank® Accession
Number KF811457) and pNLF1-C [CMV/Hygro] (GenBank® Accession Number KF811458) were obtained
from Promega. The following BPTF -BD sequence was cloned into the multiple cloning region through
Genscript:

SMSTEDAMTVLTPLTEKDYEGLKRVLRSLQAHKMAWPFLEPVDPNDAPDYYGVIKEPMDLATMEERVQRRYYEKLTEF
VADMTKIFDNCRYYNPSDSPFYQCAEVLESFFVQKLKGFKASRSH

BRD9-FL-Nluc (CS1679C145) and Halotag-CRBN (N2691) fusion vectors were purchased from Promega.
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Figure S3: Ternary complex formation via NanoBRET with A) N- and B) C-terminal fusions of Nluc with
BPTF bromodomain (BD). Each compound was run in three technical replicates.
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Figure S4: Competition experiments with varying concentrations of the monovalent inhibitor 19
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Figure S5: NanoBRET second experimental replicate for A) BPTF-BD ternary complex formation in
Figure 4B and B) BPTF-BD degradation in Figure 4C. Three technical \replicates\.
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Figure S6: NanoBRET second experimental replicate for A) BRD9-FL ternary complex formation in
Figure 5A and B) BRD9-FL degradation in Figure 5C. IThree technical replicates.

Western Blotting data
Table S1: Antibodies used for western blotting
Target | Species | Manufacturer | Cat. # Dilution | Incubation time | Conjugate
Primary Antibodies

BPTF | Rabbit | MilPore MLL-ABE24 | 1:1000 | NRTOT
Sigma overnight at 4 °C
CECR2 |Rabbit | LSBio ls-cagess2 |1s00 | SPRTOT
overnight at 4 °C
. 1hRTor
BRD9 Rabbit Bethyl A303-781A 1:1000 overnight 4 °C
. . . 1hRTor
PCAF Rabbit Cell Signaling | C14G9 1:1000 overnight 4 °C

sS4



Vinculin | Mouse Invitrogen 14-9777-82 1:2000 30 min RT
B-actin | Mouse Invitrogen MA5-11869 1:2000 30 min RT
Secondary Antibodies
Mouse | Goat Invitrogen G-21040 1:10,000 | 1 h RT HRP
Rabbit | Goat Invitrogen G-31460 1:1000 1hRT HRP
A) 4 5 B) 4 5
6h o 6h
d d e~ s = oSN = = ~ Ny - N
[ e(gur';) er] e g § S g § S} [de(g:jr;()ier] & : S 5‘ o
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250 kDa»

150 kDap-

Vinculin
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75 kDap

50 kDap

150 kDap

100 kDa»

PCAF
75 kDaw
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B-actin
37 kDab»

6h
C) [degrader] o
(M)

4250 kDa
<150 kDa

<« 100 kDa

BRD9
«75kDa

<50 kD?
B-actin

. «37kDa

Figure S7: Western blots of compounds 4 and 5 with A) BPTF, B) PCAF and C) BRD9 (with dBRD9 as a

positive control) in HEK293T cells treated for 6 h.
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Figure S8: Western blots of compounds 8 with A) CECR2, GADPH loading control, 6 h treatment. B)

CECR2, B-Actin loading control 6 h exposure. Note: CECR2 antibody appeared to interfere with B-Actin.

Blots were nonetheless included with similar degradation patterns to A) and C). C) CECR2, GADPH
loading control time HEK293T cells treated and analyzed at 6, 12 and, 24 h time points. Western blots of

compound 8 and 9 with D) BPTF and E) BRD9.
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Analytical HPLC traces of compounds 3-6 and 8-10
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F) Compound 8
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Figure S9: HPLC spectra at 272 nm of A) Blank B) 3, C) 4, D) 5, E) 6 over a gradient of 5-40% ACN
in 0.1%TFA (aqg) for compounds 3, 5 and 6 and 5-60% ACN in 0.1%TFA (aq) for compound 4. %

Purity calculated from 0-50 min (excluding the solvent front).
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1H and *3C NMR spectra of small molecules
3, 'H NMR (500 MHz, DMSO-d)
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5, 'H NMR (500 MHz, DMSO-ds)
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6, 'H NMR (500 MHz, DMSO-ds)
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11, 'H NMR (500 MHz, DMSO-ds)
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13, 'H NMR (500 MHz, DMSO-ds)
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14, 'H NMR (500 MHz, DMSO-ds)
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14, 3C NMR (126 MHz, DMSO-ds)
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15, 'H NMR (500 MHz, DMSO-ds)
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15, *C NMR (126 MHz, DMSO-ds)
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16, 'H NMR (500 MHz, DMSO-ds)
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16, 3C NMR (126 MHz, DMSO-ds)
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8, 'H NMR (400 MHz, DMSO-ds)
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8, 3C NMR (100 MHz, DMSO-ds)
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9, *H NMR (400 MHz, DMSO-ds)

Z9—

wiIr—

o

SO,Me

=ovet

E 050

= e0

= 90

1 (ppm)

6.0

9, 13C NMR (400 MHz, DMSO-ds)
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23, 'H NMR (400 MHz, DMSO-ds)
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23, 13C NMR (100 MHz, DMSO-ds)

89—

TeIr—

s61T—

zeEr—

om—

!

120

|

i

[

100

110

190 180 170 160 150 140 130

0

f1 (ppm)

S20



20, *H NMR (400 MHz, CDCls)
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20, 3C NMR (100 MHz, CDCl5)
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21, *H NMR (400 MHz, CDCls)
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21, *C NMR (100 MHz, CDCls)
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