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SUMMARY:

Targeted protein degradation (TPD) uses small molecules to recruit E3 ubiquitin ligases into
proximity of proteins of interest, inducing ubiquitination-dependent degradation. A major
bottleneck in the TPD field is the lack of accessible E3 ligase ligands for developing degraders. To
expand the E3 ligase toolbox, we sought to convert the KEAP1 inhibitor KI696 into a recruitment
handle for several targets. While we were able to generate KEAP1-recruiting degraders of BET
family and murine FAK we discovered that the target scope of KEAP1 was narrow, as targets
easily degraded using a cereblon (CRBN)-recruiting degrader were refractory to KEAP1-mediated
degradation. Linking the KEAP1-binding ligand to a CRBN-binding ligand resulted in a molecule
that induced degradation of KEAP1 but not CRBN. In sum, we characterize tool compounds to
explore KEAP1-mediated ubiquitination and delineate the challenges of exploiting new E3 ligases
for generating bivalent degraders.
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Du et al. explores a variety of bivalent KEAP1-recruiting degraders to assess the generality of
KEAP as an E3 ligase for targeted protein degradation They found the targets easily degraded
using a cereblon (CRBN) or VHL-recruiting degrader were refractory to KEAP1-mediated
degradation.

INTRODUCTION

Targeted protein degradation (TPD) uses small molecules (degraders) to eliminate proteins
of interest (POI) from the proteome(Bondeson and Crews, 2017; Sakamoto et al.,

2001). Degraders recruit ubiquitin E3 ligases into proximity of the POI, inducing POI
ubiquitination and subsequent proteasomal degradation. Advantages of TPD approaches
over traditional inhibitors include its differentiated mode of action (MOA) to trigger protein
loss, the potential to access “undruggable” targets, the improved selectivity profiles that
can be achieved, and the ability to overcome drug resistance(Deshaies, 2020; Gao et al.,
2020; Nalawansha and Crews, 2020; Samarasinghe and Crews, 2021). Additionally, given
their unique MOA, degrader molecules represent chemical protein knock-down agents that
are highly complementary to genetic knock-out and -down technologies (Kostic and Jones,
2020). These advantages heighten interest in TPD strategies for both basic and translational
research.

One of the most frequently employed strategies in TPD is the use of Proteolysis Targeting
Chimeras (PROTACs)(Salami and Crews, 2017). PROTACS are rationally designed
degraders that consist of a ligand specific for a POI, an E3 ubiquitin ligase recruiting

ligand, and a linker that connects the two. This strategy has been successfully applied

to degrade a wide spectrum of targets, including kinases, transcription factors, and viral
proteins (de Wispelaere et al., 2019; Jones, 2018; Lai et al., 2016; Winter et al., 2015).
Moreover, several PROTACSs are currently progressing through clinical trials, suggesting that
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PROTACS represent a promising new therapeutic strategy(Flanagan et al., 2019; Khan et al.,
2019; Neklesa et al., 2019; Petrylak et al., 2020). Despite the great potential and tremendous
interest, only a handful of the more than 600 ubiquitin E3 ligases have been successfully
incorporated into the design of functional PROTACS. This limits the degradable POI target
space given the evidence that not every POI-E3 ligase combination results in ubiquitination
competent complex formation(Donovan et al., 2020). As such, substantial efforts have been
invested in generating new E3 ligase ligands, and recent reports have identified novel
covalent ligands for DCAF16, RNF114, RNF4, DCAF11, FEM1B and KEAP1(Henning et
al., 2022; Lu et al., 2018; Luo et al., 2021; Spradlin et al., 2019; Tong et al., 2020; Zhang et
al., 2019; Zhang et al., 2021). Nevertheless, identifying additional ligands for E3 ligases that
are suitable for use in PROTACs remains a critical need in the TPD field.

Kelch-like ECH-associated protein 1 (KEAP1) is a key regulator of the cellular response
to oxidative and electrophilic stress(Baird and Dinkova-Kostova, 2011; Itoh et al., 1997;
Kensler et al., 2007). It is an adaptor protein for the CUL3 E3 ubiquitin ligase,

and can ubiquitinate NRF2, a key transcription factor that regulates the expression of
antioxidant proteins to protect cells from oxidative damage. Under basal conditions,
KEAP1 homodimers bind to both the DLG and ETGE motifs within NRF2 and facilitate
NRF2 ubiquitination and subsequent proteasomal degradation, thereby preventing NRF2-
mediated transcriptional activity(Hayes and Dinkova-Kostova, 2014; Lo et al., 2006).
However, in response to the accumulation of oxidative or electrophilic species, key
cysteine residues of KEAP1 are modified, which impairs interaction with NRF2 and
blocks its degradation. Thus, upon oxidative or electrophilic stress, NRF2 escapes from
KEAP1-mediated degradation and translocates to the nucleus, where it induces expression
of antioxidant response element (ARE)-directed genes(Takaya et al., 2012). Activation

of NRF2 has been shown to protect against many diseases, including neurodegenerative
diseases, aging, diabetes, photo-oxidative stress, cardiovascular disease, inflammation,
pulmonary fibrosis disease, acute pulmonary injury, and cancers(O’Connell and Hayes,
2015; Wu and Papagiannakopoulos, 2020).

Given this disease relevance, targeting the KEAP1-NRF2 pathway has been of high interest
over the last two decades resulting in numerous disclosed inhibitors(Abed et al., 2015; Hur
and Gray, 2011; Jiang et al., 2016; Magesh et al., 2012). Exploiting these existing KEAP1
inhibitors for the development of PROTACSs could expand the toolbox of E3 ligase ligands.
Jiang and co-workers designed and synthesized peptide ligands of KEAP1 and were able to
convert these into peptidic PROTACSs that enabled the degradation of tau(Lu et al., 2018).
While these PROTACS are valuable as a proof-of-concept, the peptidic nature of the KEAP1
ligand limits their utility in cellular or in vivo contexts. Separately, the Nomura group
reported a PROTAC based on bardoxolone, a terpenoid inhibitor that covalently targets
Cys151 of the BTB domain of KEAP1, which when conjugated to JQ1 induces BRD4
degradation(Tong et al., 2020). However, they noted that these PROTACS also induced
self-degradation of KEAP1 by an unknown mechanism. Recently, Jin group reported BRD4
degraders via hijacking KEAP1 using K1696 as recruiting ligand(Wei et al., 2021). While
these early studies suggest that KEAP1 may be a tractable E3 ligase for use in PROTAC
design, only tau and BRD4 have been explored, and thus additional studies are necessary

to fully characterize the potential of KEAP1-based PROTACSs. Here, we describe our efforts
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to convert the non-covalent KEAP1 inhibitor KI-696(Davies et al., 2016) into bivalent
degraders for a diverse range of targets, including transcriptional and epigenetic regulators
(BRD4 and BRD9) and kinases (FAK, BTK, EGFR and CDK4/6). While we were able to
generate KEAP1 PROTACS that could degrade BRD4 and FAK, they failed to degrade BTK,
BRD9, CDK4/6, and EGFR, which have all been successfully degraded using CRBN or
VHL-based PROTACs. Additionally, we conjugated KI-696 to a ligand of the CRBN E3
ligase substrate adaptor, thereby obtaining an efficient KEAP1 degrader that may have the
potential to potently activate anti-oxidative pathways.

Design and Optimization of BRD4 degraders

As a proof of concept, we assessed whether functional BRD4 degraders could be derived
from previously reported reversible KEAP1 binders (KI-696 and DGY-04-091). KI-696 was
developed using a fragment and structure-based design strategy resulting in a binder with
nanomolar affinity to the KELCH domain of KEAP1(Davies et al., 2016). Based on the
reported co-crystal structures of KI-696 and compound 6 bound to KEAP1 (PDB: 5FNU and
5FNT), we observed that the sulfonamide moiety is solvent-exposed and therefore a suitable
site to introduce linkers without affecting KEAP1 binding. We coupled either KI-696 or
DGY-04-091 to the BRD4 inhibitor (+)-JQ1 with alkyl chain linkers to generate DGY-05—
089 and DGY-06-177 (Figure 1A). We used an in vitro TR-FRET displacement assay of
KEAP1-NRF2(Nowak et al., 2018) to demonstrate that both DGY-05-089 and DGY-06—
177 had similar binding affinities for KEAP1, with ICgq values of 147 nM and 145 nM,
respectively (Table S1 and Figure S1). To assess the ability of these compounds to recruit
BRD4 to KEAP1, we established a TR-FRET-based KEAP1-BRD4gp, dimerization assay.
Interestingly, DGY-05-089 did not induce ternary complex formation, while DGY-06-177
promoted substantial KEAP1- BRD4gpo dimerization at concentrations of approximately
100 nM (Figure 1B). To test the ability of these compounds to induce BRD4 degradation

in cells, we treated MM.1S cells, a multiple myeloma cell line that is sensitive to (+)-JQ1
treatment, for 24 h, with the CRBN-recruiting BRD4 degrader ZXH-02-043(Nowak et al.,
2018) serving as a positive control (Figure 1C). Notably, DGY-06-177 exhibited maximal
BRD4 degradation at a concentration of 1 uM and exhibited a “hook effect”(Douglass Jr et
al., 2013) at a concentration of 5 uM. DGY-05-089 failed to degrade BRD4, consistent with
its inability to induce KEAP1-BRD4gp, dimerization (Figure 1C).

To optimize these initial compounds, we first sought to obtain each enantiopure isomer of
DGY-06-177. We used chiral HPLC to separate both enantiomers of a key intermediate
(compound 5; see supplemental Synthetic Scheme) which were elaborated further to

prepare enantiopure compounds DGY-06-177-pk1 and DGY-06-177-pk2 (Figure 2A).

We tested these two compounds using a TR-FRET KEAP1-BRD4gp, dimerization assay
and observed that the enantiomers exhibited very different abilities to form the KEAP1-
BRD4gp, complex. DGY-06-177-pk2 exhibited dimerization activity at concentrations

of approximately 100 nM, whereas DGY-06-177-pk1 induced dimerization only at high
concentrations of ~10 uM (Figure 2B). The difference observable compared to the racemic
mixture is marginal, as expected given that it still contains a significant quantity of DGY-06—
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177-pk2. Our findings are further supported by binding data for KEAP1 for DGY-06—
177-pkl vs DGY-06-177-pk2 (Table S1). We then compared BRD4 expression levels by
immunoblot analysis in response to the two enantiomers in MML1.S cells. As expected, the
more potent dimerizer, DGY-06-177-pk2, induced stronger degradation of BRD4 compared
to its isomer DGY-06-177-pk1 after 24-hour treatment at 1 UM concentration (Figure 2C).
We further observed that DGY-06-177-pk2 induces degradation of BRD4 at a concentration
of 1 uM in the human ovarian cancer cell line OVCARS (Figure S2). Thus, we concluded
that DGY-06-177-pk2 possesses the correct stereoisomer to induce productive dimerization
and efficient degradation of BRDA4.

The linker length is often a critical factor that affects ternary complex formation, transfer of
ubiquitin, and subsequent target degradation(Troup et al., 2020). To determine the optimal
linker length and composition, we designed and synthesized several derivatives featuring
saturated carbon chain or PEG linkers ranging in length from 3 to 12 atoms (Figure 3A). All
the compounds engaged KEAP1 in the TR-FRET Nrf2 peptide displacement assay (Figure
S1) and induce dimerization of KEAP1 to BRD4gp, (Figure 3B), but only NJH-05-138 and
NJH-05-141 showed cellular degradation of BRD4 to a similar level to DGY-06-177-pk2
(Figure 3C). Taken together, we demonstrated that KEAP1 binder KI-696 can be used to
develop PROTAC-based degraders for BRDA4.

DGY-06-177-pk2 is a Selective KEAP1-dependent BET Family Degrader

To confirm that DGY-06-177-pk2-mediated BRD4 degradation was KEAP1-dependent,
we compared its degradation profile in parental versus KEAP1 knockdown (KEAP1KD)
OVCARS cells. In parental OVCARS cells, DGY-06-177-pk2 induced potent BRD4
degradation after 16 hours, with maximal degradation observed at 1 pM. By contrast,

in KEAP1XP OVCARS cells, DGY-06-177-pk2 had no effect on BRD4 abundance,
demonstrating that BRD4 degradation was KEAP1-dependent (Figure 4B). To confirm
involvement of functional CUL3-KEAP1 E3 ubiquitin complex, we pre-treated cells with
the NEDDB8-activating enzyme inhibitor MLN4924, which prevents activation of CUL3,
and found that BRD4 degradation was blocked (Figure 4C). Finally, pre-treatment of cells
with either an excess of (+)-JQ1 or KI-696 abolished DGY-06-177-pk2-induced BRD4
degradation, demonstrating a requirement for both BRD4 and KEAP1 engagement (Figure
4C). To further confirm KEAP1-dependency, we synthesized a corresponding negative
control (NJH-05-146) by introducing an ethyl group to mask the carboxylic acid and prevent
KEAP1 binding (Figure 4D, Table S1). We confirmed that 16-hour treatment at 0.1, 1, and
10 uM of NJH-05-146 in MM.1S cells did not result in degradation of BRD4. We also
performed antiproliferation experiment in MM.1S cells, and found that the negative control
compound did not exhibit an anti-proliferative effect (> 10 uM), enabling comparisons with
DGY-06-177-pk2 (Figure S2).

We next assessed the selectivity of degradation by performing multiplexed mass
spectrometry-based proteomics in MM.1S cells treated with 200 nM of DGY-06-177-pk2
for 6 hours. Despite the pan-BET family binding of JQ1, quantification of the MM.1S
proteome after treatment with DGY-06-177-pk2 identified BRD4 as the only significantly
downregulated protein (Figure 4E). Immunoblotting confirmed that DGY-06-177-pk2
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preferentially induces BRD4 degradation while largely sparing BRD2&3 (Figure 4F). Our
work thus established that DGY-06-177-pk2 represents a BET family selective degrader
molecule that functions by hijacking KEAP1.

Multi-kinase degrader NJH-04-098 induces FAK degradation in murine-derived KPC cells

Inspired by the BRD4 degrader, we next sought to investigate activity of KEAP1-based
PROTACS against the protein kinome, as kinases represent the largest target family for
inhibitor and degrader drug development and discovery. Previously, our group has generated
multi-kinase degraders by conjugating a highly promiscuous kinase inhibitor TAE684 to

a CRBN-bhinding ligand(Huang et al., 2018). We employed the same promiscuous kinase
inhibitor as the target-recruiting moiety for KEAP1-based PROTACSs and synthesized
DGY-03-188 by conjugating KI-696 to the TAE684 scaffold (Figure S3A). Surprisingly,
DGY-03-188 did not induce any degradation across the whole proteome after a 10 hour
treatment in human HEK?293T cells (Figure S3B). Species selectivity has been demonstrated
to drive the selectivity of degradation with small molecule degraders(Donovan et al.,

2018). To explore species-specific degradation with our KEAP1-recruiting molecules, we
synthesized additional TAE684-based compounds and tested them in cells derived from the
mouse pancreatic cancer LSL-KrasC12D: Trp53/0%*: p48Cre+ (KPC) model.(Parker et al.,
2020) Interestingly, proteomics profiling of KPC cells treated with 1 uM of NJH-04-098
for 8 hours revealed that only FAK (PTK2) was significantly downregulated across the
proteome (Figure 5A). We then confirmed this result using immunoblotting and observed
FAK degradation upon treatment of KPC cells with at doses ranging from 0.5 uM to 10

UM (Figure 5B). To evaluate the kinetics of FAK degradation, we performed time-course
experiments upon treatment of using 500 nM and 1 uM NJH-04-098 in KPC cells and
observed maximal FAK degradation after 24-hours at 500 nM and 8-hours at 1 uM (Figure
5C). We also assessed KEAP1 dependency by performing a rescue experiment. Degradation
of FAK was rescued upon pre-treatment with MLN4924, the parent kinase inhibitor
compound (TAE684), and the parent KEAP1 binder (K1696), indicating the requirement
for recruiting CUL3-KEAP1 into proximity of FAK for productive degradation (Figure 5D).

Multi-kinase degrader NJH-04-098 fails to induce FAK degradation in human pancreatic

cells

As we observed degradation of FAK in murine-derived KPC cells, we next tested the
compound in human-derived PATU-8988T pancreatic cells, which have more profound
NRF2 response, at a concentration range of 0.1-5 uM. Consistent with our observations in
HEK?293T cells, we did not observe degradation of FAK by NJH-04-098 in PATU-8988T
cells (Figure 5E). Mouse to human amino acid differences in the E3-POI protein-

protein interface have previously been shown to be responsible for species specific
degradation(Donovan et al., 2018; Matyskiela et al., 2018). Overall, our data suggests that
developing KEAP1-hijacking PROTACS for specific kinases, as illustrated here by FAK, is
feasible, but KEAP1 may not be as versatile as other ligases for broad targeting of kinases.
Importantly, our data also shows that care needs to be taken when validating PROTACs

in several species, as different E3 ligase-POI protein-protein interfaces among species may
affect the degradation profile of PROTACsS.
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KEAP1-based PROTACSs are not universally applicable for degradation of kinases

Human kinases have been successfully targeted for degradation using PROTACS hijacking
CRBN and/or VHL, and 33% of the kinome has been annotated as degradable(Donovan

et al., 2020). However, our attempt to use kinome-wide profiling of KEAP1 degraders
suggests that KEAP1-based PROTACs may have a more restricted target space. To expand
beyond the FAK degradation that we observed, we used a more targeted approach and
generated a series of KEAP1-based PROTACS for Bruton’s Tyrosine kinase (BTK), a
kinase shown to be highly degradable with multiple previously reported PROTACs(Arthur
et al., 2020; Buhimschi et al., 2018; Dobrovolsky et al., 2019; Gabizon et al., 2020; Jaime-
Figueroa et al., 2020; Liu et al., 2020; Schiemer et al., 2021; Shorer Arbel et al., 2021;

Sun et al., 2019; Sun et al., 2018; Tinworth et al., 2019; Xue et al., 2020; Xue et al.,

2019; Zorba et al., 2018). To design BTK degraders, we first examined a high-resolution
crystal structure of BTK bound to ATP-competitive inhibitors CG1-1746(Di Paolo et al.,
2011) (PDB: 30CS), which we had previously successfully employed to generate CRBN-
recruiting degraders(Dobrovolsky et al., 2019). We synthesized several KEAP1-recruiting
compounds with different KEAP1 binders and various linkers attached via the morpholine
moiety (Figure S4). Testing these compounds in the KEAP1-NRF2 TR-FRET displacement
assay indicated that all the compounds retained potent binding affinity for KEAP1 and
were cell permeable (Figure S1 and Figure S4). Next, we established a TR-FRET-based
BTK-KEAP1 dimerization assay to assess the ability of these compounds to induce ternary
complex formation and found that all the synthesized compounds were able to do so. To
evaluate cellular degradation of BTK, we constructed an inducible cell line expressing the
kinase domain of BTK protein fused to eGFP and linked to mCherry through the FMVD
2A ribosomal skipping sequence. In this system, measurement of the ratio of eGFP/mCherry
fluorescence can be used to monitor abundance of the BTK-GFP fusion protein. We did not
observe degradation of BTK with KEAP1-based PROTACS, whereas our positive control
compound DD-03-007(Dobrovolsky et al., 2019), a previously-reported CRBN-based BTK
degrader, yielded a clear degradation signal (Figure 6B). To understand whether the GFP
fusion to BTK interfered with its degradation, we treated Mino and Jeko cells, two BTK-
expressing mantle cell lymphoma cell lines, with the KEAP1-BTK compounds for 24 or 8
hours. Immunoblotting failed to reveal any change in BTK levels (Figure 6C).

Given this negative result, we profiled additional KEAP1 ligands conjugated to CGI-1746,
as well as additional targets that have been identified as degradable in previous
studies(Burslem et al., 2018; Cheng et al., 2020; Jang et al., 2020; Jiang et al., 2019;
Remillard et al., 2017; Su et al., 2019; Yao et al., 2020; Yuan et al., 2021; Zoppi et

al., 2018). None of the potential KEAP1-based BTK PROTACS induced degradation in
GFP-BTK reporter cell lines or of endogenous BTK in multiple cells lines (Figure S4),
despite successful KEAP1-BTK dimerization at around 1 pM. We also explored several
other degradable targets, BRD9 (Figure S5A), CDK4/6 (Figure S5B), and EGFR (Figure
S5C), but were unable to validate induced degradation of these targets. Taken together,

our results demonstrate that KEAP1-based PROTACS do not represent a broadly applicable
strategy for kinase degradation, suggesting that E3 ligases may display privileged POI target
scope, with CRBN and VHL-based PROTACS being far more effective in degrading kinases.
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Development of CRBN-based KEAP1 degraders

The question of whether an E3 ligase could be hijacked to induce degradation of another E3
ligase or itself led to the development of so-called homo- and hetero-PROTACSs combining
ligands for VHL and CRBN(Girardini et al., 2019; Kim et al., 2019; Maniaci et al.,

2017; Powell et al., 2021; Steinebach et al., 2019; Steinebach et al., 2018). To assess the
consequences of recruiting KEAP1 to other E3 ligases, we synthesized NJH-04-086 and
NJH-04-087 by conjugating KI-696 to two different CRBN binding ligands through 9-atom
linkers (Figure 7A). Both compounds exhibited rapid degradation of KEAP1 but spared
CRBN (Figure 7B). To validate the mechanism of degradation, we tested these compounds
in both wildtype and CRBN =/~ MM.1S cells and observed KEAP1 degradation after

2-hour treatment with NJH-04-086 and NJH-04-087 at 5 uM in wildtype but not CRBN™~
MM.1S cells, thereby demonstrating that KEAP1 degradation is CRBN-dependent (Figure
6B). We also synthesized the negative control compound NJH-04-202, which incorporates

a methylated glutarimide unable to bind to CRBN; as expected, this compound did not
induce KEAP1 degradation (Figure 7C). In addition, pre-treatment of either KI-696 or
lenalidomide rescued KEAP1 degradation, and similar rescue was observed with bortezomib
and MLN4924 (Figure 7D). We also tested these compounds in several other cell lines
including NHBE and IMR32, and observed induced degradation of KEAP1 in both cell lines
(Figure S6). Finally, to assess selectivity, we performed proteomics profiling of OVCARS8
cells with treatment of NJH-04-086 and observed clear degradation of KEAP1 and a

few zinc finger proteins whose abundance is commonly downregulated with treatment of
thalidomide derivatives (Figure 7E). In contrast, treatment with NJH-04-087, the CRBN
binder with an expanded 1H-benzo[de]isoquinoline-1,3(2H)-dione moiety, is selective for
inducing degradation of KEAP1 across the proteome and does not degrade any zinc finger
proteins (Figure 7E), consistent with our previous results(de Wispelaere et al., 2019; Powell
et al., 2021). Notably, proteomics profiling of both compounds identified upregulation of
HOMXZ1, a known target gene of NRF2(Ishii et al., 2000). Interestingly, the KEAP1-VHL
degrader resulted in degradation of both VHL and KEAP1 at high concentrations and did not
result in appreciable degradation of any E3 ligase substrate adaptor (Figure S6). Collectively,
we showed that in the context of KEAP1-CRBN PROTACSs, KEAP1 is the degradable target,
suggesting that compounds like NJH-04-087 can be used as protein-knockdown reagents for
KEAP1.

DISCUSSION

Identifying additional E3 ligases that are capable of being hijacked for TPD has been
recognized as one of the major challenges for the field. Here, we address this challenge by
exploring KEAP1-based PROTACs that incorporate KI-696 as a KEAP1 recruiting ligand.
As an initial proof-of-concept we developed a bromo-domain targeted degrader, DGY-06—
177-pk2, that exhibited high potency and BRD4 selective degradation. This suggested that
exploring KEAP1-based PROTACs may open additional TPD opportunities. However, given
that BRD4 is a highly degradable target, we tested whether KEAP1-based PROTACS are
effective as kinase degraders. We initially employed a multi-kinase degrader NJH-04-098
for profiling purposes, and discovered that FAK kinase was the only degraded target.
Although we observed that FAK was degraded in mouse pancreatic KPC cells, we did
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not see the same effects in human cells. A possible explanation is subtle sequence/structure
differences between mouse and human KEAP1, resulting in less favourable interactions
between human KEAP1 and FAK. Alternatively, KEAP1 activity may be spatially restricted
or otherwise differentially regulated between human and mouse cells leading to the observed
differences. Therefore, as seen in other examples, each E3 ligase-POI pair represents

a unique system with specific characteristics that may or may not allow for PROTAC-
mediated productive complex formation. Moreover, our results show that care must be

taken when using non-human cell lines as models for degrader validation given that species
selectivity, as seen with molecular glue-type degraders, can be a confounding factor and
yield results that don’t translate to human systems.

We also assessed the potential for KEAP1-based degraders to induce the removal of
additional kinase targets previously shown to be degradable via CRBN-based PROTACs
(EGFR, BTK, and CDK4/6), and did not observe any degradation in these systems. The
inability to induce degradation could be due to numerous factors. For example, these
compounds may not achieve effective poly-ubiquitination even though they are able to
form stable ternary complexes(Zeng et al., 2020). Additionally, in comparison with VHL
and CRBN, KEAP1 is a dimeric ligase complex, which may contribute to substrate
specificity in a poorly understood manner leading to inactive PROTACSs. Thus, exploiting
KEAP1 for targeted protein degradation approaches is more complex than other ligases
such as VHL and CRBN, and additional studies are necessary to elucidate the mechanisms
that enable generalization of KEAP1-based PROTACS beyond the targets reported here.
Moreover, our results indicate that one may need to be cautious when using BRD4 for
PROTAC proof-of-concept work as this protein appears to be especially amenable to
PROTAC-induced degradation. Therefore, we recommend that studies aimed at evaluating
new E3 recruiting ligands that select BRD4 as a representative target should also include
additional confirmatory examples beyond BRDA4.

It is important to point out that the PROTAC MS83 that was recently described3’, has
similarities to our negative control compound NJH-05-146 which was designed with the
ester to mask the free carboxylic acid. In our hands, NJH-05-146 was inactive even at
prolonged timepoints and did not bind KEAP1 in biochemical assays, while MS83 was
active at such prolonged timepoints. We would like to point out, that MS83 was deliberately
designed as a pro-drug and differs in aspects of linker design and composition and that the
active species is likely closer to MS83A and to our active PROTACs. We cannot rule out that
our negative control NJH-05-146 may become active at later timepoints through the activity
of esterases, but we were unable to observe such activity and did not attempt to reproduce
and directly compare to MS83A. We did not pursue a pro-drug approach because we were
able to achieve sufficient cell permeability using typical design principles such as reducing
tPSA (190 (DGY-06-177) vs. 208 (MS83) vs. 219 (MS3A) or available H-bond donors and
acceptors (Figure S7).

In addition to PROTACS in which the KEAP1 was exploited to ubiquitinate other proteins,
we also explored PROTACS that feature both KEAP1 and CRBN ligands. These PROTACs
resulted in potent and selective KEAP1 degradation in CRBN-dependent manner. This
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selective KEAP1 degrader could be a useful probe to further explore pharmacological
modulation of the KEAP1/NRF2 pathway.

In summary, we present the discovery of BRD4, FAK and KEAP1 degraders derived from
the potent reversible KEAP1 binder KI-696. We envision that these compounds could serve
as starting points for developing more powerful tools in TPD field and for further elucidating
the mechanism of KEAP1-mediated ubiquitination.

Limitation of the study

The discovery of new E3 ligases which can be hijacked by degraders and assessment of
their substrate scope are very important topics which remain amongst the top challenges in
the TPD field. Our study addresses these areas for the ligase KEAP1, although many key
limitations remain: Cell line dependent degradation is a known issue for all TPD projects

in that the molecule may only work in a handful of cell lines but not every cell line,

and while we screen multiple lines, no single study can be comprehensive. Inconsistent
degradability of targets in different species is another limitation, and as with cell lines no
single study including ours can be comprehensive. We cannot exclude that KEAP1-based
TPD probes would be highly effective in other species not tested here. It is also important
to note that while we utilized highly promiscuous kinase degraders as a surrogate to sample
a large target space, this is still just touching a small fraction of the human proteome

and it is conceivable that KEAPL1 is effective in other areas. While we attempted to
investigate 6 distinct protein targets through the synthesis of approximately 50 compounds,
our conclusions may be influenced by exploring an insufficient number of compounds.
Achieving adequate cell penetration and catalytically competent ternary complex formation
often requires extensive structure-activity relationship exploration for each scaffold. Based
on the fields’ experience with degraders that recruit CRLACRBN or CRL4VHL certain targets
require extensive optimization to achieve a degrader of reasonable potency.

SIGNIFICANCE

Targeted protein degradation (TPD) is a popular small molecule drug discovery approach
due its ability to be differentiated from conventional occupancy-based inhibitors. Although
several degrader molecules are currently in clinical trials, only a very limited number of
E3 ligases have been exploited for the development of PROTACSs with the vast majority
using CRBN or VHL. While several studies have established potential new ligases for TPD,
characterization is commonly limited to one target, often the highly degradable BRDA4.
This study is significant since it lays out a generalizable approach to assess target space
for a ligase using multi-targeted degraders and experiments across two species. While the
scope of KEAP1, at least for kinase degradation in humans, might be limited, this is
important information for the field and the methodologies and approaches provided here
will be translatable to new ligases in TPD. There are four significant finds from our study.
First, we developed a successful bivalent BRD4 degrader that linked a JQ1-based BRD4
binder to a KEAP binding ligand K1696. Second, we developed a murine-specific Focal
Adhesion Kinase (FAK) degrader by linking a promiscuous kinase binder TL13-87 to the
KEAP1 recruiter KI696. Third, we demonstrated that it was difficult to prepare KEAP1
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recruiting PROTACSs that could induce the degradation of BTK, BRD9, CDK4/6, and EGFR
despite these proteins being readily degraded by CRBN or VHL-based PROTACs. The data
suggests that the proteins that can be degraded by KEAP1 recruiting PROTACSs will be
distinct from CRBN or VHL-recruiting PROTACS and that further investigation will be
required to understand the target-scope of KEAP-based degraders. Fourth, we demonstrated
that we could generate efficient CRBN-recruiting degraders of KEAP1 which can serve

as useful tools to investigate KEAP1-dependent biology and as controls for characterizing
KEAP1-based PROTACs.

STAR METHODS

Resource Availability

Lead contact—*Further information and requests for resources and reagents should
be directed to and will be fulfilled by the Lead Contact, Nathanael S. Gray
(nsgrayOl@stanford.edu).

Materials availability—All of the materials support the conclusions relevant to this
manuscript are available upon reasonable request from the Lead Contact without restriction.
Requested compounds will be provided following completion of an MTA.

Data and code availability—All data reported in this paper will be shared by the

lead contact upon request. The proteomics data wp-esf_064, wp-esf 214 and wp-esf 102
generated during this study are available at PRIDE archive PXD034424, PXD034423 and
PXD034378. This paper does not report original code. Any additional information required
to reanalyze the data reported in this paper is available from the lead contact upon request.

Experimental Model and Subject Details

Cell lines—OVCARS (donor sex: female), PATU-8988T (DSMZ) (donor sex: female),
JeKo-1(donor sex: female) and Mino (donor sex: male) were cultured in DMEM media
(Life technologies, Cat #11965118) containing 10% fetal bovine serum (Life technologies,
Cat#10437028) and 1% Penicillin/Streptomycin (Life technologies, Cat#10378016). MM.1S
(donor sex: female) and KPC (HY15549) (kind gift from Alec Kimmelman) were cultured
in RPMI media (Life technologies, Cat# 11875119) containing 10% fetal bovine serum and
1% Penicillin/Streptomycin. All the cell lines were cultured at 37°C in 5% CO, humidified
air and tested for mycoplasma negative. Spodoptera frugiperda (Sf9) cells were cultured

in ESF 921 medium (Expression Systems) at 27°C, and High Five™ cells were cultured

in Sf-900 Il SFM medium (Gibco) at 27°C. Both Sf9 and High Five cells were tested for
mycoplasma negative.

Quantification and statistical analysis—*For all experiments, the number of replicates
and error bars are described in the respective figure legends.

Antiproliferation Assay—Dose-response curves were generated using non-linear
regression curve fit in GraphPad Prism 9 (GraphPad Software). Data are presented as
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mean + SEM with three technical replicates. Representative figure from two independent
experiments is shown.

Quantification of Band Intensity—Quantification of band intensity was determined
using Image J. Representative blot from two independent experiments is shown. The relative
intensity of each band (target proteins normalized to loading control) is shown under each
band.

TR-FRET assay—Data are presented as mean + SD of two independent experiments (7=
2), each calculated as an average of at least three technical replicates, were plotted, and the

half-maximal inhibitory concentration (ICsp) values were calculated using the non-linear fit
variable slope equation in GraphPad Prism 9.

BTK-GFP reporter cell line assay—Data are presented as mean + SD of two
independent experiments (7= 2) and plotted in GraphPad Prism 9.

Methods Details

Immunoblotting and antibodies—Cells were lysed in RIPA buffer (150 mM NacCl,
1.0% IGEPAL® CA-630, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris, pH 8.0)
(Sigma, Cat# R0278) with protease inhibitor and phosphatase inhibitor (Roche). The protein
concentrations were measured by BCA analysis (Thermo Fisher Scientific, Cat # P123225).
Equal amounts of protein were resolved by 4-12% Tris-Base gels (Life Technologies, cat #
NW04125B0OX), and then transferred to the Immuno-Blot PVDF membrane (BioRad, cat #
1620177). Proteins were probed with appropriate primary antibodies at 4 °C overnight and
then with IRDye®800-labeled goat anti-rabbit IgG (LICOR Biosciences, cat # 926-32211),
IRDye®800-labeled goat anti-mouse 1gG (LICOR Biosciences, cat # 926-32210) or IRDye
680RD goat anti-Mouse 1gG (LICOR Biosciences , Cat # 926-68070) secondary antibodies
at room temperature for 1 hour. The membranes were detected on Odyssey CLx system.

Antibodies used in this study include anti-following proteins: BRD4 (Bethyl Laboratories,
A301-985A-M, 1:1000), BRD3 (Abcam, #ab228936, 1:1000), BRD2 (Bethyl Laboratories,
A302-582A, 1:0000), FAK (Cell Signaling Technology, #3285, 1;1000), BTK (Cell
signaling Technology, #8547S), KEAP1 (Cell Signaling Technology, #4678, 1;1000), CRBN
(Cell Signaling Technology, #71810, 1:1000) and p-Actin (Cell Signaling Technology,
#3700, 1:1000). Protein expression levels were quantified and normalized based on the band
intensity by using ImageJ 1.53a (http://imagej.nih.gov/ij, RRID:SCR_003070).

Antiproliferation assay—MM.1S cells were seeded at the density of 10000 cells/well

in 96-well plates and cultured for 12 hours. The compounds were added to the cells and
incubated for 72 hr. Cell viability was determined by using CellTiter-Glo (Promega #G7571)
according to the manufacturer’s instructions, measuring luminescence using an Envision
plate-reader (PerkinElmer Inc.). Dose-response curves were generated using non-linear
regression curve fit in GraphPad Prism 9.2.0(GraphPad Software).

qRT-PCR—1 pg of total RNA from cells was reverse transcribed with oligo(dT)
and SuperScript IV Reverse Transcriptase (Life Technologies, #18090050). RT-
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gPCR was performed using a SYBR Green (Life Technologies, #4367659) and

the 7500 Fast Real-Time PCR system (Appiled Biosystems). All runs were

accompanied by the internal control GAPDH gene. The samples were run

in triplicate and normalized to GAPDH using a AA cycle threshold-based

algorithm to provide arbitrary units representing relative expression levels. The

primers for human GCLM (Forward 5’-CAATGATCCAAAAGAACTGC-3’, Reverse 5’-
CTCTACTTTTCACAATGACCG-3’), HO1 (Forward 5’- CAACAAAGTGCAAGATTCTG,
Reverse 5’-TGCATTCACATGGCATAAAG-3’) and NQO1(Forward 5’-
AGTATCCACAATAGCTGACG, Reverse 5’-TTTGTGGGTCTGTAGAAATG-3’) are
predesigned primers ordered from Sigma Aldrich. The sequences for human

GAPDH gene are: Forward 5’-GTCATGGGTGTGAACCATGAGA-3’, Reverse 5°-
GGTCATGAGTCCTTCCACGATAC-3".

Generation of KEAP1 knockdown cell lines—KEAP1 shRNA plasmid (Sigma,

cat# TRCNO0000158081) was purchased from Sigma. Lentiviruses were prepared by
transfecting 70-80% confluent HEK293T cells together with the lentiviral vector and
packing plasmids using Lipofectamine 2000 (Thermo Fisher Scientific, cat# 11668-019)
mediated transfection. 48 hours after transfection, the viral supernatant was harvested and
filtered with 0.45 pm membrane. OVACRS cells were then infected by the viral supernatants
with polybrene (10 ug/mL) and selected with puromycin (1 pg/mL). The knockdown
efficiency was verified by Western blotting.

Protein expression and purification—The human wild-type of Keapl (residues 321—
609) was cloned in N-terminal Hisg C-terminal Spy.(Abdulrahman et al., 2009) Baculovirus
for protein expression (Invitrogen) was generated by transfection into Spodoptera frugiperda
(Sf9) cells at a density of 0.9 x 10*6 cells/ml grown in ESF 921 medium (Expression
Systems), and this was followed by three rounds of infection in Sf9 cells to increase viral
titer. Recombinant Keapl protein was expressed, and purified in Trichoplusiani High Five
insect cells using the baculovirus expression system (Invitrogen) and was subsequently
directly covalently labeled with Alexa Fluor™ 647-SpyCatchergsoc as described previously.
(Nowak et al., 2018) The biotinylated human BRD4gp, and human BTK were expressed
and purified as described previously.

KEAP1-NRF2 displacement TR-FRET assay—Competitive titration of compounds
was carried out by mixing 100 nM Alexa Fluor™ 647-KEAP1, 100 nM biotinylated Nrf
peptide (sequence: GSGAFFAQLQLDEETGEFL) and 2 nM Eu-Streptavidin (Invitrogen,
cat# PV5899) in the assay buffer containing 50 mM Tris pH 8.0, 200 mM NaCl, 0.1%
Pluronic F-68 solution (Sigma), 0.5% bovine serum albumin (BSA) (w/v) and 1 mM TCEP.
After dispensing the assay mixture (15 pl volume), increasing concentrations of compounds
were dispensed in a 384-well microplate (Corning, 4514) using a D300e Digital Dispenser
(HP) normalized to 1% DMSO. After excitation of europium fluorescence at 337 nm,
emission at 620 nm (europium) and 665 nm (Alexa Fluor™ 647) were recorded with a 70-pis
delay over 600 ps to reduce background fluorescence, and the reaction was followed over
60 cycles of each data point using a PHERAstar FS microplate reader (BMG Labtech). The
TR-FRET signal of each data point was extracted by calculating the 665/620 nm ratio. Data
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from two independent measurements (/7= 2), each calculated as an average of at least three
technical replicates per well per experiment, were plotted, and the half-maximal inhibitory
concentration (ICsg) values were calculated using the non-linear fit variable slope equation
in GraphPad Prism 9.

KEAP1-BRD4 and KEAP1-BTK Dimerization assay—The assay mix contained 200
nM biotinylated BRD4gp, or BTK (residue 396-659), 200 nM Alexa Fluor™ 647-KEAP1,
and 2 nM Eu-Streptavidin in the same assay buffer described above. The reactions were
incubated for 15 min at room temperature before TR-FRET measurements were conducted.
After excitation of europium fluorescence at 337 nm, emission values at 620 nm (europium)
and 665 nm (Alexa Fluor™ 647) were recorded with a 70-us delay over 600 ps to reduce
background fluorescence, and the reaction was followed over thirty 200-s cycles of each
data point using a PHERAstar FS microplate reader (BMG Labtech). The 665/620 nm ratios
were measured as described above. Data from two independent measurements (/7= 2), each
calculated as an average of at least three technical replicates per well per experiment, were
plotted in GraphPad Prism 9.

BTK-GFP reporter cell line assay—BTK was subcloned into mammalian
pcDNAS/FRT Vector (Ampicillin and Hygromycin B resistant) modified to contain MCS-
eGFP-P2A-mCherry. Stable cell lines expressing eGFP-protein fusion and mCherry reporter
were generated using Flip-In 293 system as previously described.(Nowak et al., 2018) Cells
were seeded at 30-50% confluency in 96-well plates (3596, Costar) a day before compound
treatment. Titrated compounds (were incubated with cells for 24h following trypsinization
and resuspension in DMEM media, transferred into 96-well plates (353910, Falcon) and
analyzed by flow cytometer (guava easyCyte HT, Millipore). Signal from minimal 3000
events per well was acquired and the eGFP and mCherry florescence monitored. Data

was analyzed using FlowJo (FlowJo, LCC). Live cells were gated on forward and side
scatter population followed by gating by eGFP and mCherry to remove outliers. The eGFP
protein abundance relative to mCherry was quantified for each cell using the formula: 10 x
eGFP/mCherry. The median of the eGFP/mCherry ratio was then calculated for final gated
population in each well.

TMT-based quantitative LCMS proteomics—HEK239T, MM.1S or KPC cells were
treated with DMSO (biological triplicate) or indicated compounds at different concentrations
for certain time points and cells were harvested by centrifugation at 4 °C. Cell lysis

was performed by the addition of Urea buffer (8 M Urea, 50 mM NaCl, 50 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (EPPS) pH 8.5, Protease and Phosphatase
inhibitors) followed by manual homogenization by 20 passes through a 21-gauge (1.25 in.
long) needle. Lysate was clarified by centrifugation and protein quantified using bradford
(Bio-Rad) assay. 200 pg of protein for each sample was reduced, alkylated and precipitated
using methanol/chloroform as previously described. The resulting precipitated protein was
resuspended in 4 M Urea, 50 mM HEPES pH 7.4, buffer for solubilization, followed by
dilution to 1 M urea with the addition of 200 mM EPPS, pH 8. Proteins were digested for
12 hours at room temperature with LysC (1:50 ratio), followed by dilution to 0.5 M urea
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and a second digestion step was performed by addition of trypsin (1:50 ratio) for 6 hours

at 37 °C. Anhydrous ACN was added to each peptide sample to a final concentration of
30%, followed by addition of Tandem mass tag (TMT) reagents at a labelling ratio of 1:4
peptide:TMT label. TMT labelling occurred over a 1.5 hour incubation at room temperature
followed by quenching with the addition of hydroxylamine to a final concentration of
0.3%. Each of the samples were combined using adjusted volumes and dried down in a
speed vacuum followed by desalting with C18 SPE (Sep-Pak, Waters). The sample was
offline fractionated into 96 fractions by high pH reverse-phase HPLC (Agilent LC1260)
through an aeris peptide xb-c18 column (phenomenex) with mobile phase A containing 5%
acetonitrile and 10 mM NH4HCO3 in LC-MS grade H,0, and mobile phase B containing
90% acetonitrile and 5 mM NH4HCO3 in LC-MS grade H,0 (both pH 8.0). The resulting
96 fractions were recombined in a non-contiguous manner into 24 fractions and desalted
using C18 solid phase extraction plates (SOLA, Thermo Fisher Scientific) followed by
subsequent mass spectrometry analysis.

Data were collected using an Orbitrap Fusion Lumos mass spectrometer (Thermo Fisher
Scientific, San Jose, CA, USA) coupled with an Proxeon EASY-nLC 1200 LC lump
(Thermo Flsher Scientific, San Jose, CA, USA). Peptides were separated on a 50 cm 75

um inner diameter EasySpray ES803/903 microcapillary column (Thermo Fisher Scientific).
Peptides were separated over a 190 min gradient of 6 — 27% acetonitrile in 1.0% formic acid
with a flow rate of 300 nL/min.

Quantification was performed using a MS3-based TMT method as described previously
(McAlister et al., 2014). The data were acquired using a mass range of m/z 340 — 1350,
resolution 120,000, AGC target 5 x 105, maximum injection time 100 ms, dynamic
exclusion of 120 seconds for the peptide measurements in the Orbitrap. Data dependent
MS2 spectra were acquired in the ion trap with a normalized collision energy (NCE) set at
35%, AGC target set to 1.8 x 104 and a maximum injection time of 120 ms. MS3 scans were
acquired in the Orbitrap with HCD collision energy set to 55%, AGC target set to 2 x 105,
maximum injection time of 150 ms, resolution at 50,000 and with a maximum synchronous
precursor selection (SPS) precursors set to 10.

LC-MS data analysis—Proteome Discoverer 2.1, 2.2 or 2.4 (Thermo Fisher Scientific)
was used for .RAW file processing and controlling peptide and protein level false discovery
rates, assembling proteins from peptides, and protein quantification from peptides. The
MS/MS spectra were searched against a Swissprot human database (September 2016

or December 2019) containing both the forward and reverse sequences. Searches were
performed using a 20 ppm precursor mass tolerance, 0.6 Da fragment ion mass tolerance,
tryptic peptides containing a maximum of two missed cleavages, static alkylation of cysteine
(57.02146 Da), static TMT labelling of lysine residues and N-termini of peptides (229.1629
Da for 10/11-plex or 304.2071 For 16-plex), and variable oxidation of methionine (15.99491
Da). TMT reporter ion intensities were measured using a 0.003 Da window around the
theoretical m/z for each reporter ion in the MS3 scan. The peptide spectral matches with
poor quality MS3 spectra were excluded from quantitation (summed signal-to-noise across
channels < 100 and precursor isolation specificity < 0.5), and the resulting data was filtered
to only include proteins with a minimum of 2 unique peptides quantified. Reporter ion
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intensities were normalized and scaled using in-house scripts in the R framework. Statistical
analysis was carried out using the limma package within the R framework.

Chemical synthesis and Structure Validation—Starting materials, reagents and
solvents were purchased from commercial suppliers and were used without further
purification unless otherwise noted. All reactions were monitored using a Waters Acquity
UPLC/MS system (Waters PDA e\ Detector, QDa Detector, Sample manager - FL, Binary
Solvent Manager) using Acquity UPLC® BEH C18 column (2.1 x 50 mm, 1.7um particle
size): solvent gradient = 85% A at 0 min, 1% A at 1.7 min; solvent A = 0.1% formic

acid in Water; solvent B = 0.1% formic acid in Acetonitrile; flow rate: 0.6mL/min.
Reaction products were purified by flash column chromatography using CombiFlash®Rf
with Teledyne Isco RediSep® normal-phase silica flash columns (4 g, 12 g, 24 g, 40 g or
80 g) and Waters HPLC system using SunFireTM Prep C18 column (19 x 100 mm, 5 um
particle size): solvent gradient = 80% A at 0 min, 10% A at 25 min; solvent A = 0.035%
TFA in Water; solvent B = 0.035% TFA in MeOH; flow rate: 25 mL/min. 1H NMR spectra
were recorded on 500 MHz Bruker Avance 11 spectrometers and 13C NMR spectra were
recorded on 125 MHz Bruker Avance Il11 spectrometer. Chemical shifts are reported in parts
per million (ppm, 8§) downfield from tetramethylsilane (TMS). Coupling constants (J) are
reported in Hz. Spin multiplicities are described as br (broad), s (singlet), d (doublet), t
(triplet), q (quartet) and m (multiplet). The 13C NMR data of the compounds, NJH-02-160
and NJH-02-162, are not available because of the difficulty in synthesis and poor yield of
these compounds.

Synthesis of (S)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yI)-3-(4-methyl-3-(((R)-4methyl-1,1-dioxido-3,4-dihydro-2H-

benzo[b][1,4,5]oxathiazepin-2-yl)methyl)phenyl)propanoic acid (K1696):
OH

~o
OH 7
~ B J
v g Y N, O
N __— OH N o coE
N, o [RhCl(cod)]z, EtsN
N CO.Et dioxane/H,0 O
HO.

(chiral seperation)

ref.

To the solution of ethyl (£)-3-(7-methoxy-1-methyl-ZH-benzo[ d][ Z,2, 3)triazol-5-yl)acrylate
(375 mg, 1.44 mmol)(Davies et al., 2016), (3-(hydroxymethyl)-4-methylphenyl)boronic
acid (3.58 mg, 2.16 mmol) and Et3N (218 mg, 2.16 mmol) in dioxane/H,0

(10/5 mL). Then [RhCI(cod)], (35.4 mg, 0.072 mmol) was added to the mixture.

The reaction was heated to 95 °C for 1 hour. The reaction mixture was

extracted with ethyl acetate and purified with chromatography to give racemic

mixtures ethyl 3-(3-(hydroxymethyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate. Then the mixture was purified by chiral column to get the
right isomer ethyl (S)-3-(3-(hydroxymethyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yl)propanoate.

LC/MS mi z calculated for [M+H]* 384.2, found 384.4.
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To the solution of (S)-3-(3-(hydroxymethyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yl)propanoate (30 mg, 0.078 mmol) and (R)-4-methyl-3,4-
dihydro-2H-benzo[b][1,4,5]oxathiazepine 1,1-dioxide (25 mg, 0.117 mmol) in THF (1
mL), PPh3 (41 mg, 0.156 mmol) and DIAD (31, 0.156 mmol) were added at room
temperature. The mixture was stirred for 30 mins. The solvent was removed under
vacuum and dissolved in MeOH (2 mL). NaOH (2M ag. Solution, 0.5 mL) was

added to the resulting mixture and then heated up to 80 °C for 1 hour. The residue

was purified by reverse phase HPLC to give (S)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)-3-(4-methyl-3-(((R)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)phenyl)propanoic acid (26.2 mg, 0.047 mmol, 61%).

LC/MS mi z calculated for [M+H]* 551.2, found 550.8.

1H NMR (500 MHz, DMSO-d5) & 7.78 (dd, J= 7.8, 1.7 Hz, 1H), 7.67 (td, /= 7.8, 1.7 Hz,
1H), 7.45 (s, 1H), 7.40 - 7.34 (m, 2H), 7.33 - 7.23 (m, 2H), 7.12 (d, J= 7.8 Hz, 1H), 6.93
(s, 1H), 4.51 (t, J= 8.0 Hz, 1H), 4.43 (d, J= 14.1 Hz, 1H), 4.40 - 4.35 (m, 1H), 4.34 (s, 3H),
3.94 (s, 3H), 3.81 (d, J= 14.0 Hz, 2H), 3.10 (t, J= 7.8 Hz, 2H), 2.79 - 2.72 (m, 1H), 2.24

(s, 3H), 1.10 (d, J= 6.4 Hz, 3H). 13C NMR (126 MHz, DMSO) & 173.19, 155.39, 147.90,
146.14, 142.52, 142.12, 135.48, 134.08, 133.66, 131.10, 129.42, 129.10, 127.81, 125.05,
124,56, 124.23, 108.62, 107.64, 73.67, 56.66, 52.63, 48.96, 46.86, 37.02, 19.12, 18.51.

The absolute configuration of compound K1696 was determined by comparing its 1H NMR
spectrum with the published data.

Synthesis of (S)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)-3-(4-methyl-3-((N-
methylphenylsulfonamido)methyl)phenyl)propanoic acid (DGY-04-091)

’
n-N oo

v 9 g
N. =
N o M )
N~ T cos 3 @-"s‘:;\ 1) PPhy, DIAD < +] o
= 2) NaOH, MeOH
] W b
o L O8O
/5N
s
DGY-04-091

(Weak KEAP1 inhibitor)

To the solution of (S)-3-(3-(hydroxymethyl)-4-methylphenyl)-3-(7-methoxy-1-
methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (60 mg, 0.16 mmol) and N-
methylbenzenesulfonamide (40 mg, 0.23 mmol) in THF (1 mL), PPh3 (84 mg, 0.32
mmol) and DIAD (64.7, 0.32 mmol) were added at room temperature. The mixture
was stirred for 30 mins. The solvent was removed under vacuum and dissolved in
MeOH (2 mL). NaOH (2M ag. Solution, 0.5 mL) was added to the resulting mixture
and then heated up to 80 °C for 1 hour. The residue was purified by reverse phase
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HPLC to give (S)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yI1)-3-(4-methyl-3-
((N-methylphenylsulfonamido)methyl)phenyl)propanoic acid (15 mg, 0.029 mmol, 18%).

LC/MS mi z calculated for [M+H]* 509.2, found 509.2.

14 NMR (500 MHz, DMSO-a%) & 7.94 — 7.83 (m, 2H), 7.78 - 7.73 (m, 1H), 7.69 (dd, J=
8.4, 6.9 Hz, 2H), 7.43 (s, 1H), 7.29 (s, 1H), 7.24 (dd, J= 7.8, 2.0 Hz, 1H), 7.11 (d, J= 7.8
Hz, 1H), 6.89 (s, 1H), 4.50 (t, J= 8.0 Hz, 1H), 4.33 (s, 3H), 4.09 — 4.04 (m, 2H), 3.90 (s,
3H), 3.07 (d, J= 8.0 Hz, 2H), 2.43 (s, 3H), 2.28 (s, 3H).

Synthesis of 3-(3-(((4-((6-(2-((S)-4-(4-chlorophenyl)-2,3,9-
trimethyl-6H-thienol[3,2-f][1,2,4]triazolo[4,3-a][1.4]diazepin-6-yl)acetamido)hexyl)oxy)-
N-methylphenyl)sulfonamido)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yl)propanoic acid (DGY-05-089).:

Q- ju Q. nH
s . KoC0y, DMF s
~% MO i, Y200 DHE i %
HO” & BOSHN. o~ A~
1
15 17

To a solution 4-hydroxy-N-methylbenzenesulfonamide (300 mg, 1.60 mmol) and 6-((tert-
butoxycarbonyl)amino)hexyl methanesulfonate (520 mg, 1.76 mmol) in dimethylformamide
(DMF) (8 mL), K,CO3 (441 mg, 3.20 mmol) was added at room temperature. Then the
mixture was stirred at this temperature overnight. The mixture was filtered and the filtrate
was concentrated under vacuum. The residue was purified by flash chromatography to yield
tert-butyl 6-(4-(N-methylsulfamoyl)phenoxy)hexylcarbamate (600 mg, 1.55 mmol, 97%).

LC/MS miz calculated for [M+H]* 387.2, found 387.1.

LA A
K{p
.1

To a solution of tert-butyl 6-(4-(N-methylsulfamoyl)phenoxy)hexylcarbamate (131 mg,

0.34 mmol) and ethyl 3-(3-(hydroxymethyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yl)propanoate(Davies et al., 2016) (100 mg, 0.26 mmol) in THF

(2 mL), diisopropyl azodicarboxylate (DIAD) (105 mg, 0.52 mmol) and PPh3 (136

mg, 0.52 mmol) were added at room temperature. The reaction mixture was stirred

for 30 mins. The mixture was evaporated under vacuum, and the residue was purified

by flash chromatography to yield ethyl 3-(3-((4-(6-(tert-butoxycarbonylamino)hexyloxy)-
N-methylphenylsulfonamido)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate (27 mg, 0.036 mmol, 14%).

LC/MS miz calculated for [M+H]* 752.4, found 752.6.
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To a solution of ethyl 3-(3-((4-(6-(tert-butoxycarbonylamino)hexyloxy)-
N-methylphenylsulfonamido)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate (27 mg, 0.036 mmol) in DCM (0.5 mL), TFA (0.5 mL)

was added dropwise at room temperature. After 1 hour, the mixture was evaporated

under vacuum, and the residue was dissolved in MeOH (1 mL). NaOH (0.2 mL, 2N

ag.) was added to the mixture at room temperature. Then the mixture was heated up

to 80 °C for 30 mins. After it was allowed to cool down, the mixture was purified

by HPLC to yield 3-(3-((4-(6-aminohexyloxy)-N-methylphenylsulfonamido)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (12
mg, 0.017 mmol, 46%) as a TFA salt.

LC/MS mi z calculated for [M+H]* 624.3, found 624.1.

N
“HN
p-{ % g ,
_\)_ o M-
N i
0 S e
Pevile! 7
! "o
HN 20 s
4-pyrrolitnapyridine (-
o )
A AL N
& g re & iJ
N N = b
2 1 _%"'\ /=‘) O/LN’“‘\ A
[ | Ny, 7 H
FL;\‘,F \ 1 cl
6 o DGY-05-089

To a solution of 3-(3-((4-(6-aminohexyloxy)-N-methylphenylsulfonamido)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (12
mg, 0.017 mmol) and (S)-perfluorophenyl 2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6H-
thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetate (9.6 mg, 0.017 mmol) in DMF
(1 mL), 4-pyrrolidinopyridine (5 mg, 0.034 mmol) was added at room temperature. After 3
hours, the mixture was purified by HPLC to yield bifunctional compound DGY-05-089 (11
mg, 0.011 mmol, 63%) as a TFA salt.

LC/MS mi z calculated for [M+H]* 1006.3, found 1006.2.

14 NMR (500 MHz, DMSO-a%) & 8.12 (t, J= 5.6 Hz, 1H), 7.76 - 7.60 (m, 2H), 7.44 — 7.31
(m, 5H), 7.20 (d, J= 1.9 Hz, 1H), 7.16 (dd, J= 7.8, 1.9 Hz, 1H), 7.13 - 7.05 (m, 2H), 7.03
(d, J= 7.9 Hz, 1H), 6.81 (s, 1H), 4.50 — 4.39 (m, 2H), 4.25 (s, 3H), 4.01 (t, J= 6.5 Hz, 2H),
3.93 (s, 2H), 3.82 (s, 3H), 3.29 — 2.94 (m, 6H), 2.53 (s, 3H), 2.35 — 2.28 (m, 6H), 2.20 (s,
3H), 1.70 - 1.63 (m, 2H), 1.55 (d, J= 0.9 Hz, 3H), 1.46 — 1.28 (m, 5H). 13C NMR (126
MHz, DMSO) & 173.18, 169.78, 163.57, 162.62, 155.57, 150.39, 147.90, 146.13, 142.46,
141.81, 137.14, 135.77, 135.60, 133.69, 132.69, 131.30, 131.03, 130.61, 130.31, 130.08,
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129.46, 128.93, 127.71, 127.67, 124.24, 115.41, 108.83, 107.51, 68.55, 56.61, 54.36, 52.57,
46.87, 38.86, 38.09, 37.01, 34.53, 29.65, 28.96, 26.57, 25.65, 18.58, 14.51, 13.14, 11.76.

(mixtures of two diastereomers)

Synthesis of 3-(3-
(((R)-7-(6-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1.4]diazepin-6-yl)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-y)propanoic acid (DGY-06-177).:

V)

3 P NGl DCH §7
p 1) Pd{dppfiCl; DCM s
S Cul, Ety, dicxane it ©
. /\/\,NHEM w6 0000

&

NH
o
o 2) PAIC, Hy, MeOH
Br Pl
2

BocHN
22

To a solution of (R)-7-bromo-4-methyl-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepine 1,1-
dioxide (50 mg, 0.17 mmol), tert-butyl hex-5-yn-1-ylcarbamate (67 mg, 0.34 mmol)

and Et3N (171 mg, 1.70 mmol) in dioxane (2 mL), Cul (13 mg, 0.068 mmol) and
Pd(dppf)Cl,-DCM (28 mg, 0.034 mmol) were added at room temperature under N»
atmosphere. Then the reaction mixture was heated up to 80 °Cfor 2 hours. The mixture
was filtered, and the filtrate was evaporated under vacuum. To a solution of the

obtained residue in MeOH (3 mL), Pd/C (8.4 mg) was added slowly. The suspension

was stirred overnight under hydrogen atmosphere. The mixture was filtered with celite

to get the crude product tert-butyl (R)-(6-(4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-7-yl)hexyl)carbamate without any further purification.

LC/MS mi z calculated for [M+H]* 413.2, found 313.2 (de-Boc).

A
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J 1 }(}'\
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N /
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To a solution of tert-butyl (R)-(6-(4-methyl-1,1-dioxido-3,4-dihydro-2H-
benzo[b][1,4,5]oxathiazepin-7-yl)hexyl)carbamate 22 (88 mg, 0.21 mmol)

and ethyl 3-(3-(hydroxymethyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate (82 mg, 0.21 mmol) in THF (2 mL), DIAD

(85 mg, 0.42 mmol) and PPh3 (110 mg, 0.42 mmol) were added at

room temperature. The reaction mixture was stirred for 30 mins before

evaporation under vacuum. The residue was purified by flash chromatography
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to yield ethyl 3-(3-(((R)-7-(6-((tert-butoxycarbonyl)amino)hexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate 24 (100 mg, 0.13 mmol,
61%).

LC/MS miz calculated for [M+H]* 778.4, found 778.4.

= }'o}'--\_ g _>'°.¥-\,_

(! | g O 1 -
I h tg A o U P L g
K g Mgty | p A Mgty § ’
,o,‘\; b S MBon TRADEM ] O oo by
2y ) NaH, M, 89 °C o ,d"" o
~H ~ N
NN Pl £

To a solution of ethyl 3-(3-(((R)-7-(6-((tert-butoxycarbonyl)amino)hexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate 24 (100 mg, 0.13 mmol)

in DCM (2 mL), TFA (1 mL) was added dropwise at room temperature. After

1 hour, the mixture was evaporated under vacuum. To a solution of the obtained

residue in MeOH (2 mL), NaOH (0.2 mL, 2N aq.) was added at room temperature.

Then the mixture was heated up to 80 °C for 30 mins. After it was allowed to cool down,
the mixture was purified by HPLC to yield 3-(3-(((R)-7-(6-aminohexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid 25 (67 mg, 0.10 mmol,
79%) as a TFA salt.

LC/MS mi z calculated for [M+H]* 650.3, found 650.4.

F F
F F <

N 4 —cCl
- N 2 N
P N
o

DGY-06-177

To a solution of 3-(3-(((R)-7-(6-aminohexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid 25 (24 mg, 0.031
mmol) and (S)-perfluorophenyl 2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetate 13 (17 mg, 0.031 mmol) in DMF (2

mL), 4-pyrrolidinopyridine (9 mg, 0.062 mmol) was added at room temperature.
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After 3 hours, the mixture was purified by HPLC to yield bifunctional compound 3-(3-
(((R)-7-(6-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[ 3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoic acid DGY-06-177 (22 mg, 0.021 mmol, 68%) as TFA salt.

LC/MS mi z calculated for [M+H]* 1032.4, found 1032.5.

IH NMR (500 MHz, DMSO-d) 6 8.10 (t, J= 5.7 Hz, 1H), 7.58 (dd, J= 7.9, 2.1 Hz, 1H),
7.44 - 7.33 (m, 5H), 7.28 (t, J= 2.5 Hz, 1H), 7.20 (td, J=7.7, 1.9 Hz, 1H), 7.16 — 7.00 (m,
3H), 6.98 — 6.76 (m, 1H), 4.49 — 4.40 (m, 2H), 4.34 (d, /= 14.2 Hz, 1H), 4.25 (d, J=4.1
Hz, 3H), 3.85 (d, /= 5.7 Hz, 3H), 3.71 (d, J= 14.0 Hz, 1H), 3.52 (ddd, /= 14.9, 10.1, 4.3
Hz, 1H), 3.27 - 2.95 (m, 6H), 2.69 (dd, J= 39.4, 15.0 Hz, 1H), 2.56 (t, /= 7.8 Hz, 2H), 2.52
(s, 3H), 2.16 (d, /J=5.1 Hz, 3H), 1.53 (m, 4H), 1.38 (d, /= 6.7 Hz, 2H), 1.27 (t, /= 4.2 Hz,
4H), 1.06 (dd, J=47.9, 6.3 Hz, 3H). (mixtures of diastereomers)

>PN
N

}%N# )

DGY-06-177-pk1

Synthesis of (R)-3-(3-
(((R)-7-(6-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1.4]diazepin-6-yl)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoic acid (DGY-06-177-pk1): DGY-06-177-pk1 was synthesized
starting from AR-isomer of compound 5 (Scheme 1) using the same procedure

as used for DGY-06-177.

LC/MS m/z calculated for [M+H]* 1032.4, found 1032.4.

14 NMR (500 MHz, DMSO-a§) 6 12.13 (s, 1H), 8.17 (t, J= 5.6 Hz, 1H), 7.65 (d, J= 7.9
Hz, 1H), 7.54 — 7.40 (m, 5H), 7.36 (d, J= 1.9 Hz, 1H), 7.33 - 7.25 (m, 1H), 7.18 — 7.08
(m, 3H), 6.91 (s, 1H), 4.51 (dd, J= 8.2, 6.5 Hz, 2H), 4.45 — 4.39 (m, 2H), 4.33 (s, 3H),
3.92 (s, 3H), 3.79 (d, J= 14.0 Hz, 1H), 3.67 — 3.49 (m, 1H), 3.31 — 3.04 (m, 5H), 2.81 (d,
J=15.1 Hz, 1H), 2.64 (t, J= 7.8 Hz, 2H), 2.59 (s, 3H), 2.39 (s, 3H), 2.25 (s, 3H), 1.60 (s,
4H), 1.51 - 1.41 (m, 3H), 1.34 (dt, J= 6.1, 3.5 Hz, 4H), 1.24 (s, 2H), 1.19 (dd, J=12.8,
6.6 Hz, 4H), 1.16 — 1.10 (m, 5H), 1.06 (d, J= 6.1 Hz, 3H). 13C NMR (126 MHz, DMSO)
& 173.23, 169.81, 163.46, 155.36, 150.93, 147.93, 146.11, 142.57, 141.92, 137.17, 135.72,
135.59, 133.70, 131.35, 131.17, 131.08, 130.60, 130.25, 130.01, 129.56, 129.03, 128.93,
127.89, 124.75, 124.20, 124.06, 108.76, 107.55, 73.44, 70.07, 56.64, 54.42, 51.04, 48.88,
46.85, 38.86, 38.16, 37.03, 35.24, 30.92, 29.64, 29.57, 28.97, 26.61, 19.30, 18.59, 14.52,
13.12, 11.78.
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DGY-06-177-pk2

Synthesis of (S)-3-(3-

(((R)-7-(6-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[ 3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoic acid (DGY-06-177-pk2)

DGY-06-177-pk2 was synthesized starting from S-isomer of compound 5 (Scheme 1) using
the same procedure as used for DGY-06-177.

LC/MS m/z calculated for [M+H]* 1032.4, found 1032.5.

14 NMR (500 MHz, DMSO-a%) 6 11.88 (s, 1H), 7.94 (t, J= 5.6 Hz, 1H), 7.43 (d, J= 7.9
Hz, 1H), 7.26 (d, J= 8.6 Hz, 2H), 7.23 - 7.17 (m, 3H), 7.12 (d, J= 1.9 Hz, 1H), 7.05 (dd,
J=17.7,1.9 Hz, 1H), 6.93 (dd, /= 8.0, 1.6 Hz, 1H), 6.90 — 6.85 (m, 2H), 6.70 (s, 1H), 4.28
(ddd, J=10.0, 6.9, 3.2 Hz, 2H), 4.22 — 4.13 (m, 2H), 4.11 (s, 3H), 3.70 (s, 3H), 3.56 (d, J
= 14.0 Hz, 1H), 3.36 (dd, /= 15.4, 10.1 Hz, 1H), 3.08 - 2.87 (m, 6H), 2.50 (d, /= 14.9 Hz,
1H), 2.41 (t, J= 7.8 Hz, 2H), 2.36 (s, 3H), 2.17 (s, 3H), 2.01 (s, 3H), 1.38 (s, 4H), 1.35 (s,
2H), 1.23 (d, J= 9.7 Hz, 4H), 1.18 - 1.06 (m, 4H), 0.86 (d, J= 6.3 Hz, 3H). 13C NMR (126
MHz, DMSO) & 173.22, 169.82, 163.46, 155.58, 155.36, 150.95, 150.29, 147.95, 146.10,
142,55, 142.18, 137.18, 135.73, 135.52, 133.69, 132.74, 131.35, 131.18, 131.06, 130.61,
130.25, 130.01, 129.61, 129.04, 128.94, 127.83, 124.77, 124.20, 124.08, 108.63, 107.67,
73.41, 56.66, 54.41, 52.48, 48.87, 46.88, 38.86, 38.17, 37.04, 35.24, 30.92, 29.64, 29.50,
28.97, 26.61, 19.19, 18.56, 14.53, 13.13, 11.78.

Synthesis

of 3-(7-(2-((2-(2-(2-(4-(4-((5-chloro-4-((2-(isopropylsulfonyl)phenyl)amino)pyrimidin-2-
yhamino)phenyl)piperazin-1-yl)ethoxy)ethoxy)ethyl)amino)-2-oxoethoxy)-1-
methyl-1H-benzo[d][1.2,3]triazol-5-yl)-3-(4-methyl-3-((4-methyl-1,1-dioxido-3,4-
dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)phenyl)propanoic acid (DGY-03—

188).:

N~ . !“'N/
N o N OH
0 BBry, DCM O
Q0 54’ 9.0
QS.N O COOEt  .78°Clont Q»&N O COOEt
@ ol
2% Br a7

To a solution of 26 (followed the same procedure of K1696 with racemic compound
5) (180 mg, 0.31 mmol) in DCM (2 mL), BBr3 (1.56 mL, 1M in DCM,
1.56 mmol) was added dropwise at =78 °C. The reaction was stirred at this
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temperature for 1 hour, then allowed to warm to room temperature. The mixture

was stirred at room temperature for an additional 6 hours. The reaction was

diluted with ethyl acetate, quenched with NaHCO3 (sat. ag.), and extracted with

EtOAc. The pooled organic layer was dried over MgSQOy, and concentrated under

vacuum to yield ethyl 3-(3-((N-(2-bromopropyl)-2-hydroxyphenylsulfonamido)methyl)-4-
methylphenyl)-3-(7-hydroxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (27)
without any other purification.

s
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N G N OH
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e |
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i o

Br 27

To a solution of 27 (162 mg, 0.25 mmol) in DMF (3 mL), K,CO3 (104 mg, 0.75 mmol)

was added in one portion at room temperature. The reaction was stirred at room temperature
for 1 hour. The reaction was quenched with water, extracted with EtOAc, and dried with
MgSO,. The organic layer was concentrated under vacuum to give the crude 28 without any
further purification.
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8
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To a solution of 28 (96 mg, 0.17 mmol) in DMF (1 mL), tert-butyl 2-bromoacetate (49.7 mg,
0.26 mmol) and K,CO3 (71.8 mg, 0.52 mmol) were added slowly at room temperature. The
reaction was stirred overnight before filtration. The filtrate was concentrated under vacuum
and purified by HPLC to yield intermediate 29 (90 mg, 0.13 mmol, 78%).
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To a solution of 29 (90 mg, 0.13 mmol) in DCM (1 mL), TFA (0.5 mL) was added dropwise
at room temperature. The reaction was stirred for 1 hour. The solvent was removed under
vacuum to yield the crude 30 without any further purification.
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To a solution of 30 (81 mg, 0.13 mmol)

and N2-(4-(4-(2-(2-(2-aminoethoxy)ethoxy)ethyl)piperazin-1-yl)phenyl)-5-chloro-N4-(2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diamine (97 mg, 0.13 mmol) in

DMF (2 mL), N, N-diisopropylethylamine (DIEA) (84 mg, 0.65

mmol) and 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (HATU) (99 mg, 0.26 mmol) were added at room temperature. The
reaction was stirred for 10 mins before purification by HPLC without any reaction workup
to yield bifunctional compound 32 (122 mg, 0.10 mmol, 79%).

LC/MS miz calculated for [M+H]* 1222.5, found 1222.3.

90 LJ
Cor e H
(950 & tains
) AL
Lo

DGY-03188

To a solution of bifunctional compound 32 (20 mg, 0.016 mmol) in MeOH (0.5 mL), NaOH
(0.04 mL, 2M) was added at room temperature. The mixture was heated to 80 °C for 1
hour. The reaction was purified by HPLC without any reaction workup to yield bifunctional
compound DGY-03-188 (11 mg, 0.0092 mmol, 57%).

LC/MS miz calculated for [M+H]* 1194.4, found 1194.4.

14 NMR (500 MHz, DMSO-ak) 6 9.69 (s, 1H), 9.45 (s, 1H), 9.33 (s, 1H), 8.57 (s, 1H), 8.18
(s, 1H), 8.05 (q, J= 5.6 Hz, 1H), 7.77 (dd, /= 8.1, 1.5 Hz, 1H), 7.74 - 7.64 (m, 2H), 7.58
(t, J= 7.8 Hz, 1H), 7.41 (d, J= 8.8 Hz, 3H), 7.34 — 7.21 (m, 4H), 7.16 (t, J= 8.7 Hz, 1H),
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7.04 (d, J= 7.8 Hz, 1H), 6.86 (d, /= 8.7 Hz, 2H), 6.79 (d, /= 12.9 Hz, 1H), 4.62 (d, J=
6.3 Hz, 2H), 4.47 - 4.21 (m, 5H), 3.76 — 3.60 (m, 4H), 3.58 — 3.45 (m, 6H), 3.41 - 3.28
(m, 4H), 3.27 — 3.07 (m, 3H), 3.07 - 2.84 (m, 4H), 2.70 (dd, J= 42.7, 15.1 Hz, 1H), 2.17
(d, J= 4.2 Hz, 3H), 1.15 - 0.94 (m, 9H). 13C NMR (126 MHz, DMSO) 6 173.20, 167.84,
159.00, 158.73, 157.96, 155.42, 155.32, 155.11, 148.00, 145.50, 144.48, 138.37, 135.55,
135.42, 133.94, 133.64, 133.31, 131.41, 131.14, 129.06, 125.08, 124.54, 124.42, 121.84,
116.91, 73.74, 69.95, 69.63, 69.11, 68.09, 64.53, 55.50, 55.39, 51.80, 46.75, 46.58, 38.70,
37.09, 19.18, 19.07, 18.51, 18.47, 15.23. (mixtures of diastereomers)

Synthesis of (§)-3-(3-
((R)-7-(3-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1.4]diazepin-6-yl)acetamido)propyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoic acid (NJH-05-137).:

0= s N PdCly(dppf).DCM
- m/{\
-

Q Ay * BMHN“// EtyN, Cul, Dioxane

BocHN- 13

(R)-7-bromo-4-methyl-3,4-dihydro-2 H-benzo[ 4][1,4,5]oxathiazepine 1,1-dioxide (300 mg,
1.03 mmol) was dissolved in dioxane (5 mL). N-Boc-propargylamine (191 mg, 1.23
mmol), EtsN (430 uL, 3.09 mmol), Cul (39 mg, 190 mmol), and PdCl,(dppf)sDCM

(84 mg, 0.103 mmol) were then added. The mixture was degassed and sparged

with N, and stirred at 80 °C for 5h. The reaction mixture was then filtered,

diluted with water and extracted with ethyl acetate. Combined extracts were washed

with brine, dried over Nay;SQOy, and concentrated before purification by silica gel
chromatography using a gradient of 0 — 60% EtOAc/Hexanes. The resulting residue was
then purified by HPLC to provide tert-butyl (R)-(3-(4-methyl-1,1-dioxido-3,4-dihydro-2H-
benzo[b][1,4,5]oxathiazepin-7-yl)prop-2-yn-1-yl)carbamate as a colorless oil (279 mg, 0.76
mmol, 74%).

LC/MS mi z calculated for [M+H-COOC(CH3)3]* 266.1, found 266.9.

D= S O-‘: S"N
)\ Pd/C, Hz J\
(R)
~EoH
BocHN
NHBoc

33

tertbutyl (R)-(3-(4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-7-
yl)prop-2-yn-1-yl)carbamate (279 mg, 0.76 mmol) was dissolved in ethanol (20 mL), and
palladium on carbon (50 mg, 10%) was added. The vessel was flushed with H, and stirred
vigorously under H, (1 atm) overnight. Pd/C was removed by filtration through Celite

and concentrated /n vacuo to obtain fert-butyl (R)-(3-(4-methyl-1,1-dioxido-3,4-dihydro-2 H-
benzo[6][1,4,5]oxathiazepin-7-yl)propyl)carbamate as a colorless oil (245 mg, 0.65 mmol,
87%).
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LC/MS mi z calculated for [M+H-OC(CH3)3]* 314.2, found 314.8.

¥ H
N‘N_E Cras—m7 o })>J-'
0xd-
s ) Q PN 2. s i
L Q. = W m
) THF
»@ ¢ P‘U’U\

NHBoc
5 k2 B

tertbutyl (R)-(3-(4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-7-
yl)propyl)carbamate (56 mg, 0.15 mmol) was dissolved in THF (2

mL) and ethyl (S)-3-(3-(hydroxymethyl)phenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate (58 mg, 0.15 mmol) was added. Triphenylphosphine

(79 mg, 0.30 mmol) was added, followed by DIAD (61 mg, 0.030

mmol). After 20 minutes, DMSO was added and the solution was purified

by HPLC to provide ethyl (S)-3-(3-(((R)-7-(3-((tert-butoxycarbonyl)amino)propyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2 H-benzo[ £][1,4,5]oxathiazepin-2-yl)methyl)phenyl)-3-(7-
methoxy-1-methyl-1AH-benzo[d][1,2,3]triazol-5-yl)propanoate as a brown oil (54 mg, 0.073
mmol, 49%).

LC/MS m/z calculated for [M+H]* 736.3, found 735.8.

bt
N
| o WP
o g
) "
s) OH
s) G J
o )
o e
0=i_ 1) MeOH, NaOH O=g-N
S N\ ) Me U, el J\
2)DCM, TFA (R
R,
O/K 0
NHEBoc NH;
35 36

ethyl (S)-3-(3-(((R)-7-(3-((tert-butoxycarbonyl)amino)propyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)phenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (54 mg, 0.073 mmol) was
dissolved in MeOH and aqueous NaOH (100 pL, 5M) was added, and the suspension
stirred at 80 °C for 3 hours. After cooling, aqueous HCI (100 uL, 6M) was used to

acidify the mixture. The solvent was then evaporated, and the solids were suspended

in ethanol, then filtered to remove salt. After evaporation, the residue was dissolved

in DCM (1 mL), TFA (1 mL) was added and the solution stirred at rt for 2

hours. The solvent was then removed to provide (5)-3-(3-(((R)-7-(3-aminopropyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2 H-benzo[ £][1,4,5]oxathiazepin-2-yl)methyl)phenyl)-3-(7-
methoxy-1-methyl-1Abenzo[d][1,2,3]triazol-5-yl)propanoic acid as the TFA salt as an
amber oil (64 mg, 0.078 mmol, 106%).

LC/MS m/z calculated for [M+H]* 608.2, found 608.0.
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(5)-3-(3-(((R)-7-(3-aminopropyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)phenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoic acid (18 mg, 0.025mmol)

in DMF (1 mL) was combined with 4-pyrrolidinopyridine

(15 mg, 0.10 mmol) and perfluorophenyl (S)-2-(4-(4-chlorophenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetate (14 mg,

0.025 mmol) in THF (300 uL), was added. The reaction was stirred for 15 minutes, then
purified by HPLC to provide NJH-05-137 as a white solid (8.0 mg, 0.0087 mmol, 39%).

LC/MS my/z calculated for [M+H]* 990.3, found 989.6.

14 NMR (500 MHz, DMSO-d6) & 12.02 (s, 1H), 8.2 (t, J = 5.6 Hz, 1H), 7.60 (d, J = 8.0
Hz, 1H), 7.42 - 7.32 (m, 5H), 7.27 (d, J = 2.1 Hz, 1H), 7.21 (dd, J = 7.8, 1.9 Hz, 1H), 7.14
(dd, J= 8.1, 1.6 Hz, 1H), 7.10 (d, J = 1.6 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 6.85 (d, J = 1.2
Hz, 1H), 4.49 — 4.38 (m, 2H), 4.35 (d, J = 14.0 Hz, 1H), 4.32 - 4.26 (m, 1H), 4.26 (s, 3H),
3.86 (5, 3H), 3.72 (d, J = 14.0 Hz, 1H), 3.52 (dd, J = 15.4, 10.1 Hz, 1H), 3.20 (dd, J = 7.1,
3.8 Hz, 2H), 3.09 (q, J = 6.5 Hz, 2H), 3.05 - 2.97 (m, 2H), 2.70 — 2.58 (m, 3H), 2.53 (s,
3H), 2.34 (s, 3H), 2.16 (s, 3H), 1.80 — 1.63 (m, 2H), 1.55 (s, 3H), 1.01 (d, J = 6.3 Hz, 3H).
13C NMR (126 MHz, DMSO) & 173.19, 170.11, 163.67, 155.57, 155.32, 150.43, 147.91,
146.14, 142,51, 142.10, 137.13, 135.76, 135.51, 133.68, 132.66, 131.47, 131.34, 131.10,
130.59, 130.33, 130.08, 129.50, 129.04, 128.92, 127.79, 124.90, 124.23, 124.20, 108.63,
107.64, 73.57, 56.65, 54.36, 52.56, 48.94, 46.87, 38.49, 38.14, 37.02, 32.56, 30.84, 19.15,
18.52, 14.49, 13.13, 11.73.

Synthesis of (S)-3-(3-

(((R)-7-(4-(2-((S)-4-(4-chlorophenyl)-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl)acetamido)butyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoic acid (NJH-05-138).:

Cell Chem Biol. Author manuscript; available in PMC 2023 October 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Du et al.

Page 29

cl
7y N -5

3\\?3’ N

N P

H N-N

NJH-05-138

NJH-05-138 was synthesized starting from tert-butyl but-3-yn-1-ylcarbamate and (R)-7-
bromo-4-methyl-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepine 1,1-dioxide using the same
procedure as used for NJH-05-137.

LC/MS mv/z calculated for [M+H]* 1004.3, found 1003.8. *H NMR (500 MHz, DMSO-d6)
§12.00 (s, 1H), 8.15 (t, J = 5.7 Hz, 1H), 7.57 (d, J = 7.9 Hz, 1H), 7.41 (d, J = 8.8 Hz, 2H),
7.39 - 7.31 (m, 3H), 7.28 (d, J = 2.0 Hz, 1H), 7.21 (dd, J = 7.8, 1.9 Hz, 1H), 7.10 (d, J =
8.1 Hz, 1H), 7.07 (s, 1H), 7.04 (d, J = 7.9 Hz, 1H), 6.85 (s, 1H), 4.48 — 4.38 (m, 2H), 4.38
— 4.27 (m, 2H), 4.26 (s, 3H), 3.86 (s, 3H), 3.71 (d, J = 14.0 Hz, 1H), 3.61 — 3.41 (m, 1H),
3.24 - 2.93 (m, 6H), 2.69 — 2.55 (M, 3H), 2.52 (s, 3H), 2.32 (s, 3H), 2.16 (s, 3H), 1.62 -
1.54 (m, 2H), 1.54 — 1.48 (m, 3H), 1.43 (p, J = 7.1 Hz, 2H), 1.01 (d, J = 6.3 Hz, 3H). 13C
NMR (126 MHz, DMSO) & 173.17, 169.88, 163.57, 155.57, 155.33, 150.79, 150.36, 147.94,
146.12, 142.52, 142.14, 137.15, 135.76, 135.49, 133.70, 132.68, 131.41, 131.25, 131.06,
130.59, 130.32, 130.06, 129.54, 128.95, 127.80, 124.81, 124.22, 124.15, 108.66, 107.67,
73.50, 56.66, 54.36, 52.53, 48.91, 46.88, 38.60, 38.15, 37.02, 34.90, 29.44, 28.15, 19.17,
18.53, 14.49, 13.13, 11.75.

(9)-3-(3-(((R)-7-(5-(2-((S)-4-(4-chlorophenyl)-2,3.9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)pentyl)-4-methyl-1,1-dioxido-3,4-
dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-

methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-05-139).:
fof

HO,
0

1s) O (L]
N

NJH-05-139

NJH-05-139 was synthesized starting from tert-butyl pent-4-yn-1-ylcarbamate and (R)-7-
bromo-4-methyl-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepine 1,1-dioxide using the same
procedure as used for NJH-05-137.

LC/MS m/z calculated for [M+H]* 1018.3, found 1017.6.

Cell Chem Biol. Author manuscript; available in PMC 2023 October 20.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Du et al.

Page 30

1H NMR (500 MHz, DMSO0-d6) & 12.01 (s, 1H), 8.13 (t, J = 5.7 Hz, 1H), 7.59 (d, J = 8.0
Hz, 1H), 7.46 — 7.39 (m, 2H), 7.39 - 7.33 (m, 3H), 7.27 (s, 1H), 7.21 (dd, J = 7.8, 1.9 Hz,
1H), 7.09 (d, J = 8.0, 1.6 Hz, 1H), 7.07 - 6.99 (m, 2H), 6.85 (d, J = 1.2 Hz, 1H), 4.48 -
4.38 (m, 2H), 4.36 — 4.27 (m, 2H), 4.26 (s, 3H), 3.86 (s, 3H), 3.71 (d, J = 14.0 Hz, 1H),
3.51 (dd, J = 15.4, 10.1 Hz, 1H), 3.22 - 2.96 (m, 6H), 2.64 (d, J = 14.8 Hz, 1H), 2.60 -
2.54 (m, 2H), 2.52 (s, 3H), 2.33 (s, 3H), 2.16 (s, 3H), 1.59 — 1.50 (m, 5H), 1.43 (m , 2H),
1.29 (m, 2H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, DMSO) 6 173.28, 170.20,
163.78, 155.53, 155.23, 150.97, 150.61, 147.80, 146.18, 142.52, 141.95, 136.99, 135.87,
135.51, 133.71, 132.48, 131.59, 131.27, 131.16, 130.59, 130.34, 130.11, 129.27, 128.92,
127.77, 124.81, 124.24, 124.01, 108.48, 107.60, 73.67, 56.61, 54.24, 52.68, 48.94, 46.82,
38.81, 38.00, 37.02, 35.13, 30.41, 29.25, 26.35, 19.07, 18.46, 14.43, 13.07, 11.59.

Synthesis of (§)-3-(3-(((R)-7-(3-(2-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-
thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)ethoxy)propyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid
(NJH-05-141).:

OH
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NJH-05-141

NJH-05-141 was synthesized starting from tert-butyl (2-(prop-2-
yn-1-yloxy)ethyl)carbamate and (R)-7-bromo-4-methyl-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepine 1,1-dioxide using the same procedure as used for NJH-05-137.

LC/MS m/z calculated for [M+H]* 1034.3, found 1034.3. 1H NMR (500 MHz, DMSO-d6)
612.02 (s, 1H), 8.22 (t, J = 5.7 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.8 Hz, 2H),
7.38 - 7.32 (m, 3H), 7.27 (s, 1H), 7.21 (d, J = 7.8 Hz, 1H), 7.11 (d, = 7.2 Hz, 1H), 7.07 (s,
1H), 7.04 (d, J = 7.9 Hz, 1H), 6.85 (s, 1H), 4.49 — 4.39 (m, 2H), 4.37 — 4.27 (m, 2H), 4.26
(s, 3H), 3.85 (s, 3H), 3.71 (d, J = 14.0 Hz, 1H), 3.51 (dd, J = 15.4, 10.1 Hz, 1H), 3.38 (dh,
J=6.1, 3.2, 2.6 Hz, 4H), 3.31 - 3.12 (m, 4H), 3.04 — 2.98 (m, 2H), 2.69 — 2.59 (m, 3H),
2.51 (s, 3H), 2.33 (s, 3H), 2.16 (s, 3H), 1.83 —= 1.73 (m, 2H), 1.54 (s, 3H), 1.01 (d, J = 6.3
Hz, 3H). 13C NMR (126 MHz, DMSO) 6 173.17, 170.14, 163.54, 155.56, 155.36, 150.41,
150.35, 147.94, 146.12, 142.50, 142.14, 137.19, 135.73, 135.48, 133.71, 132.71, 131.49,
131.25, 131.06, 130.64, 130.31, 130.04, 129.53, 129.03, 128.92, 127.79, 124.86, 124.22,
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124.17, 108.67, 107.67, 73.53, 69.67, 69.32, 56.66, 54.28, 52.54, 48.91, 46.88, 39.13, 38.00,
37.01, 31.87, 30.74, 19.17, 18.54, 14.50, 13.13, 11.74.

(9-3-(3-(((R)-7-(3-(2-(2-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[ 3,2-
f1[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)ethoxy)ethoxy)propyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid
(NJH-05-142).:

A~ A&
i N [
o ‘Nr,N O=§ Ci
0
0\/\0/\/” N
YE
N4
N=& S

MJH-05-142

NJH-05-142 was synthesized starting from tert-butyl (2-(2-(prop-2-
yn-1-yloxy)ethoxy)ethyl)carbamate and (R)-7-bromo-4-methyl-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepine 1,1-dioxide using the same procedure as used for NJH-05-137.

LC/MS m/z calculated for [M+H]+ 1078.4, found 1078.4. 1H NMR (500 MHz, DMSO-d6)
§12.03 (s, 1H), 8.22 (t, J = 5.7 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.9 Hz,

2H), 7.38 = 7.32 (m, 3H), 7.27 (s, 1H), 7.21 (d, J = 7.8 Hz, 1H), 7.09 (d, J = 8.3 Hz, 1H),
7.07 (s, 1H), 7.04 (d, J = 7.9 Hz, 1H), 6.85 (d, J = 1.1 Hz, 1H), 4.47 - 4.39 (m, 2H), 4.31
(dd, J = 20.9, 12.2 Hz, 2H), 4.26 (s, 3H), 3.85 (s, 3H), 3.71 (d, J = 14.0 Hz, 1H), 3.52 -
3.47 (m, 3H), 3.46 (dd, J = 5.6, 3.3 Hz, 2H), 3.42 (t, J = 5.9 Hz, 2H), 3.35 (t, J = 6.3 Hz,
2H), 3.30 - 3.10 (M, 4H), 3.07 - 2.97 (m, 2H), 2.68 - 2.59 (M, 3H), 2.51 (s, 3H), 2.33 (s,
3H), 2.15 (s, 3H), 1.81 - 1.71 (m, 2H), 1.56 — 1.51 (m, 3H), 1.01 (d, J = 6.4 Hz, 3H). 13C
NMR (126 MHz, DMSO) & 173.17, 170.19, 163.56, 155.54, 155.34, 150.37, 147.93, 146.13,
14250, 142.12, 137.17, 135.73, 135.48, 133.71, 132.68, 131.48, 131.27, 131.07, 130.64,
130.31, 130.04, 129.49, 129.00, 128.92, 127.78, 124.87, 124.22, 124.16, 108.65, 107.66,
73.54, 70.08, 69.94, 69.84, 69.68, 56.65, 54.27, 52.56, 48.91, 46.87, 39.14, 37.96, 37.01,
31.87, 30.73, 19.16, 18.53, 14.50, 13.13, 11.73.

(9)-3-(3-(((R)-7-(1-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2.4]triazolo[4,3-a][1.4]diazepin-6-yl)-2-0x0-6,9,12-trioxa-3-azapentadecan-15-
yD-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid
(NJH-05-143).:
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NJH-05-143

NJH-05-143 was synthesized starting from tert-butyl (2-(2-(2-(prop-2-yn-1-
yloxy)ethoxy)ethoxy)ethyl)carbamate and (R)-7-bromo-4-methyl-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepine 1,1-dioxide using the same procedure as used for bifunctional
compound NJH-05-137.

LC/MS m/z calculated for [M+H]* 1122.4, found 1122.3. H NMR (500 MHz, DMSO-d6)
§12.03 (s, 1H), 8.20 (t, J = 5.7 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.7 Hz, 2H),
7.38 - 7.31 (m, 3H), 7.27 (5, 1H), 7.21 (d, J = 7.9 Hz, 1H), 7.10 (d, J = 8.3 Hz, 1H), 7.07 (s,
1H), 7.03 (d, J = 7.9 Hz, 1H), 6.85 (s, 1H), 4.48 — 4.36 (M, 2H), 4.36 — 4.27 (m, 2H), 4.26
(s, 3H), 3.85 (s, 3H), 3.71 (d, J = 14.0 Hz, 1H), 3.48 (d, J = 4.7 Hz, 5H), 3.46 - 3.30 (m,
10H), 3.29 - 3.09 (m, 2H), 3.06 — 2.94 (m, 2H), 2.69 - 2.55 (m, 3H), 2.51 (s, 3H), 2.32 (s,
3H), 2.15 (s, 3H), 1.81 - 1.71 (m, 2H), 1.54 (s, 3H), 1.01 (d, J = 6.3 Hz, 3H). 13C NMR (126
MHz, DMSO) 6 173.18, 170.22, 163.53, 155.56, 155.33, 150.38, 150.33, 147.92, 146.13,
142,50, 142.11, 137.21, 135.70, 135.48, 133.71, 132.69, 131.47, 131.22, 131.07, 130.62,
130.30, 130.02, 129.48, 129.00, 128.92, 127.78, 124.87, 124.67, 124.22, 124.17, 108.64,
107.65, 73.55, 70.27, 70.11, 69.95, 69.80, 69.66, 56.65, 54.27, 52.57, 48.91, 46.87, 39.13,
37.96, 37.01, 31.85, 30.70, 19.16, 18.53, 14.49, 13.12, 11.72.

Ethyl (S)-3-(3-
(((R)-7-(6-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1.4]diazepin-6-yl)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate (NJH-05-146).:

(R)
’ o Cl
0}
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NJH-05-146
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Ethyl (S)-3-(3-

(((R)-7-(6-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[ 3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)propanoate (14 mg, 0.017 mmol) and (S)-2-(4-(4-chlorophenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetic acid (7 mg,
0.017 mmol) were dissolved in DMF (1 mL). DIEA (15 pL, 0.085 mmol) was added,
followed by HATU (13 mg, 0.034 mmol). The mixture was stirred for 20 minutes, then
purified by HPLC to provide NJH-05-146 as a white solid (9.4 mg, 0.0089 mmol, 52%).

LC/MS mv/z calculated for [M+H]* 1060.4, found 1059.7. *H NMR (500 MHz, DMSO-d6)
68.18 (t, J = 5.6 Hz, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.53 - 7.39 (m, 5H), 7.36 (d, J = 2.0
Hz, 1H), 7.28 (d, J = 7.8 Hz, 1H), 7.16 (d, J = 8.1 Hz, 1H), 7.13 - 7.08 (m, 2H), 6.94 (s,
1H), 4.56 — 4.49 (m, 2H), 4.45 — 4.35 (m, 2H), 4.34 (s, 3H), 3.98 — 3.90 (m, 5H), 3.79 (d,
J=14.1 Hz, 1H), 3.60 (dd, J = 15.3, 10.1 Hz, 1H), 3.30 - 3.02 (m, 6H), 2.73 (d, J = 15.0
Hz, 1H), 2.68 — 2.61 (m, 2H), 2.60 (s, 3H), 2.42 — 2.36 (m, 3H), 2.23 (s, 3H), 1.63 - 1.54
(m, 5H), 1.52 = 1.41 (m, 2H), 1.35 (p, J = 3.6 Hz, 4H), 1.10 (d, J = 6.3 Hz, 3H), 1.04 (t,
J=7.1Hz, 3H). 13C NMR (126 MHz, DMSO) 6 171.63, 169.87, 163.59, 158.86, 158.57,
155.55, 155.32, 150.95, 150.40, 147.91, 146.13, 142.22, 141.80, 137.09, 135.79, 135.54,
133.78, 132.64, 131.38, 131.34, 131.08, 130.61, 130.30, 130.07, 129.32, 128.99, 128.92,
127.77, 124.75, 124.24, 124.04, 108.70, 107.61, 73.55, 60.29, 56.67, 54.35, 52.63, 48.92,
46.83, 38.88, 38.11, 37.02, 35.23, 30.86, 29.58, 28.91, 26.57, 21.51, 19.14, 18.98, 18.54,
14.45,13.11, 11.71.

Synthesis of 3-(3-((4-(6-(2-(4-(4-(6-(3-(4-tert-butylbenzamido)-2-
methylphenyl)-4-methyl-3-0x0-3,4-dihydropyrazin-2-ylamino)benzoyl)piperazin-1-
yl)acetamido)hexyloxy)-N-methylphenylsulfonamido)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (DGY-05-119).:
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To a solution of tfert-butyl 4-(4-(6-(3-(4-tert-butylbenzamido)-2-methylphenyl)-4-methyl-3-
oxo-3,4-dihydropyrazin-2-ylamino)benzoyl)piperazine-1-carboxylate(Dobrovolsky et al.,
2019) (30 mg, 0.044 mmol) in DCM (0.5 mL), TFA (0.5 mL) was added at room
temperature. After 1 hour, the solution was concentrated under vacuum to get the crude
product. To the solution of this residue in acetone (1 mL), tert-butyl 2-bromoacetate (6.5
pL, 0.044 mmol) and K»,COg3 (12.1 mg, 0.088 mmaol) were added at room temperature.
After 14 hours, the reaction was quenched with water and extracted with EtOAc (3 x 5
mL). The organic layer was washed with brine and dried with Na,SO,4. The mixture was
concentrated under vacuum and the residue was purified with flash chromatography to
yield zertbutyl 2-(4-(4-(6-(3-(4-tert-butylbenzamido)-2-methylphenyl)-4-methyl-3-0x0-3,4-
dihydropyrazin-2-ylamino)benzoyl)piperazin-1-yl)acetate (27.7 mg, 0.040 mmol, 91%).

LC/MS miz calculated for [M+H]* 693.4, found 693.1.
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To a solution of fert-butyl 2-(4-(4-(6-(3-(4-tert-butylbenzamido)-2-methylphenyl)-4-
methyl-3-0x0-3,4-dihydropyrazin-2-ylamino)benzoyl)piperazin-1-yl)acetate (27.7 mg, 0.040
mmol) in DCM (0.5 mL), TFA (0.5 mL) was added at room temperature. After 1 hour,

the solution was concentrated under vacuum to get the crude product without any further
purification.

T
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To a solution of 2-(4-(4-(6-(3-(4-tert-butylbenzamido)-2-methylphenyl)-4-methyl-3-
oxo0-3,4-dihydropyrazin-2-ylamino)benzoyl)piperazin-1-yl)acetic acid TFA salt (30 mg,
0.04 mmol) and ethyl 3-(3-((4-(6-aminohexyloxy)-N-methylphenylsulfonamido)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (30.6 mg,
0.04 mmol) in DMF (1 mL), HATU (30.4 mg, 0.08 mmol) and DIEA (258 mg, 0.20 mmol)
were added at room temperature. After 10 mins, the reaction was quenched with water and
extracted with EtOAc (3 x 5 mL). The organic layer was washed with brine and dried with
Na,SO,4. The mixture was concentrated under vacuum to get the crude product without
any further purification. To the solution of resulted residue in MeOH (1 mL), NaOH (200
pL, 2N ag.) was added at room temperature. The reaction was heated to 80 °C for 1 hour.
The solution was concentrated under vacuum and purified with HPLC to yield bifunctional
compound DGY-05-119 (11 mg, 0.0081 mmol, 20%).

LC/MS mi z calculated for [M+H]* 1242.6, found 1242.8.

1H NMR (500 MHz, DMSO-d5) 6 12.11 (s, 1H), 9.91 (s, 1H), 9.51 (s, 1H), 8.55 (s, 1H),
8.20 - 8.09 (m, 2H), 8.00 — 7.91 (m, 2H), 7.81 — 7.68 (m, 2H), 7.59 — 7.54 (m, 2H), 7.43 -
7.40 (m, 2H), 7.40 — 7.36 (m, 2H), 7.32 - 7.19 (m, 5H), 7.19 - 7.14 (m, 2H), 7.11 (d, J=7.9
Hz, 1H), 6.88 (d, J= 1.1 Hz, 1H), 4.49 (t, /= 8.0 Hz, 1H), 4.32 (s, 3H), 4.08 (t, /= 6.4 Hz,
2H), 4.01 (s, 2H), 3.89 (s, 4H), 3.58 (s, 3H), 3.16 (s, 2H), 3.07 (d, /= 8.1 Hz, 2H), 2.38 (s,
3H), 2.28 (d, /= 11.5 Hz, 6H), 1.75 (p, /= 6.5 Hz, 2H), 1.46 (dt, /= 17.2, 8.1 Hz, 5H), 1.39
- 1.34 (m, 1H), 1.33 (s, 9H). (mixtures of isomers) 13C NMR (126 MHz, DMSO) & 173.18,
169.59, 165.78, 162.59, 154.91, 150.89, 147.90, 146.73, 146.13, 142.46, 142.30, 141.82,
138.71, 137.62, 135.58, 133.67, 133.03, 132.26, 131.50, 131.04, 130.17, 129.43, 128.71,
127.99, 127.90, 127.75, 127.71, 127.66, 127.07, 125.94, 125.67, 124.23, 121.15, 118.94,
115.41, 108.82, 107.54, 68.49, 56.62, 52.56, 52.05, 46.86, 39.12, 37.10, 37.02, 35.14, 34.54,
31.41, 29.23, 28.91, 26.52, 25.60, 18.58, 15.98.
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Synthesis of 3-(3-

(((R)-7-(6-(4-(4-((6-(3-(4-(tert-butyl)benzamido)-2-methylphenyl)-4-methyl-3-0x0-3,4-

dihydropyrazin-2-yl)amino)benzoyl)piperazin-1-yl)hexyl)-4-methyl-1,1-dioxido-3,4-

dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-

methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-02-162):
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To the solution of ethyl 3-(3-(((R)-7-(6-hydroxyhexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (155 mg, 0.23 mmol) and
TEA (64 pL, 0.46 mmol) in DCM (2 mL), was added MsCI (22 pL, 0.28

mmol) at 0 °C. After 20 mins, the reaction was quenched with water and

extracted with DCM (3 x 5 mL). The organic layer was washed with brine

and dried with Na,SOg4. The mixture was concentrated under vacuum to get

the crude product which was purified by flash chromatography.

LC/MS m/z calculated for [M+H]* 757.3, found 757.2.

1000, mecw
1 o

NIH02-162

To the solution of ethyl
3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yI)-3-(4-methyl-3-(((R)-4-methyl-7-(6-
((methylsulfonyl)oxy)hexyl)-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-
yhmethyl)phenyl)propanoate (23 mg, 0.03

mmol) and 4-(tert-butyl)-N-(2-methyl-3-(4-methyl-5-ox0-6-((4-(piperazine-1-
carbonyl)phenyl)amino)-4,5-dihydropyrazin-2-yl)phenyl)benzamide (17 mg, 0.03 mmol)
in MeCN (1 mL), was added K,CO3 (17 mg, 0.12 mmol). The reaction

mixture was heated to 80 °C for overnight. The reaction was quenched

with water and extracted with EtOAc. The organic layer was washed with

brine and dried with Na;SOg4. The mixture was concentrated under vacuum

to get the crude product without any purification. The resulted product was dissolved

in MeOH (2 mL) and then NaOH (150 L, 2M) was added. The reaction was heated

to 80°C for 2 hours and the mixture was purified by reverse-HPLC to get titled product.

LC/MS my/z calculated for [M+H]* 1211.6, found 1211.8.

14 NMR (500 MHz, DMSO-a§) & 12.11 (s, 1H), 9.89 (s, 1H), 9.45 (s, 1H), 8.08 (d, /= 8.3
Hz, 2H), 8.00 - 7.91 (m, 2H), 7.66 (dd, J= 7.9, 2.3 Hz, 1H), 7.61 — 7.50 (m, 2H), 7.44 (d, J
= 4.1 Hz, 1H), 7.40 - 7.25 (m, 8H), 7.17 (dd, J=8.1, 2.6 Hz, 1H), 7.14 — 7.09 (m, 2H), 6.91
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(d, J=11.1 Hz, 1H), 4.59 (d, J= 28.1 Hz, 1H), 4.54 — 4.48 (m, 1H), 4.41 (d, J= 14.4 Hz,
1H), 4.33 (d, J= 4.0 Hz, 3H), 3.92 (d, J= 5.6 Hz, 3H), 3.79 (d, J= 13.9 Hz, 1H), 3.57 (s,
3H), 3.42 (t, J= 5.3 Hz, 1H), 3.09 (t, J= 6.8 Hz, 2H), 2.76 (dd, J= 39.5, 14.9 Hz, 1H), 2.64
(t, J= 7.7 Hz, 3H), 2.29 (s, 3H), 2.24 (d, J= 5.0 Hz, 3H), 1.60 (s, 2H), 1.55 — 1.42 (m, 1H),
1.33 (s, 9H), 1.14 (dd, J= 49.2, 6.3 Hz, 3H).

Synthesis of 3-(3-

(((R)-7-(3-(4-(4-((6-(3-(4-(tert-buty)benzamido)-2-methylphenyl)-4-methyl-3-0x0-3,4-

dihydropyrazin-2-yl)amino)benzoyl)piperazin-1-yl)propyl)-4-methyl-1,1-dioxido-3,4-

dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-

methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-02-160):

NJH-02-160
NJH-02-160 was synthesized using the same procedure as used for NJH-02-162.
LC/MS m/z calculated for [M+H]* 1169.5, found 1169.6.

IH NMR (500 MHz, DMSO-a6) & 12.12 (s, 1H), 9.89 (s, 1H), 9.45 (s, 1H), 8.08 (d, /= 8.6
Hz, 2H), 7.95 (d, /= 8.3 Hz, 2H), 7.65 (dd, /=7.9, 2.3 Hz, 1H), 7.61 — 7.47 (m, 2H), 7.44
(d, J=4.3 Hz, 1H), 7.42 - 7.22 (m, 8H), 7.22 - 7.14 (m, 2H), 7.11 (d, /= 8.3 Hz, 1H), 6.91
(d, J=11.1 Hz, 1H), 4.86 (d, /= 5.2 Hz, 1H), 4.68 — 4.54 (m, 1H), 4.51 (t, /= 6.7 Hz, 1H),
4.41 (d, J=13.5 Hz, 2H), 4.33 (d, /= 3.2 Hz, 3H), 4.04 (dd, /J=11.1, 4.2 Hz, 1H), 3.92 (d, J
=5.1 Hz, 4H), 3.79 (d, /= 13.9 Hz, 1H), 3.64 (d, /= 4.6 Hz, OH), 3.57 (s, 3H), 3.42 (d, J=
5.3 Hz, 1H), 3.09 (t, /= 6.5 Hz, 2H), 2.80 (d, /= 15.0 Hz, 1H), 2.66 (q, /= 7.2, 6.7 Hz, 2H),
2.39 - 2.31 (m, 5H), 2.29 (d, J= 2.7 Hz, 4H), 2.23 (d, /= 4.9 Hz, 4H), 1.82 - 1.73 (m, 2H),
1.56 — 1.42 (m, 2H), 1.32 (s, 11H), 1.14 (dd, J=49.2, 6.3 Hz, 3H). (mixture of isomers)

Synthesis of 3-(3-(((R)-7-(6-(4-(4-((6-(3-(4-(tert-butyl)benzamido)-2-
methylphenyl)-4-methyl-3-ox0-3,4-dihydropyrazin-2-yl)amino)benzoyl)piperazin-1-
yD-6-oxohexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-
yDmethyl)-4-methylphenyl)-3-(7-methoxy-1methyl-1-H-benzo[d][1,2,3]triazol-5-
yl)propanoic acid (NJH-02-136):

NJHO2-136

To the solution of 6-((4R)-2-(5-(3-ethoxy-1-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-yl)-3-oxopropyl)-2-methylbenzyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-
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benzo[b][1,4,5]oxathiazepin-7-yl)hexanoic acid (17 mg, 0.025

mmol) and 4-(tert-butyl)-N-(2-methyl-3-(4-methyl-5-0x0-6-((4-(piperazine-1-
carbonyl)phenyl)amino)-4,5-dihydropyrazin-2-yl)phenyl)benzamide (14 mg, 0.025 mmol)
in DMF (1 mL), was added HATU (19 mg, 0.05 mmol) and DIEA (12 pL, 0.125 mmol). The
reaction was quenched with water after 5 mins and extracted with EtOAc. The organic layer
was washed with brine and dried with Na,SO,4. The mixture was concentrated under vacuum
to get the crude product without any purification. The resulted product was dissolved

in MeOH (2 mL) and then NaOH (150 L, 2M) was added. The reaction was heated

to 80°C for 2 hours and the mixture was purified by reverse-HPLC to get titled product.

LC/MS m/z calculated for [M+H]* 1225.5, found 1225.7.

1H NMR (500 MHz, DMSO-d6) & 12.11 (s, 1H), 9.89 (s, 1H), 9.47 (s, 1H), 8.09 (d, /= 8.4
Hz, 2H), 7.95 (d, J= 8.2 Hz, 2H), 7.66 (dd, /= 7.9, 2.2 Hz, 1H), 7.55 (d, /= 8.2 Hz, 2H),
7.44 (d, J= 4.4 Hz, 1H), 7.37 (dd, J= 10.0, 7.8 Hz, 4H), 7.33 = 7.23 (m, 4H), 7.21 - 7.09
(m, 3H), 6.91 (d, /= 11.2 Hz, 1H), 4.51 (td, J= 7.9, 4.1 Hz, 1H), 4.41 (d, J= 14.3 Hz, 1H),
433 (d, J=3.7 Hz, 3H), 3.92 (d, /= 5.6 Hz, 3H), 3.79 (d, /= 14.0 Hz, 1H), 3.58 (s, 3H),
3.09 (t, J= 7.0 Hz, 2H), 2.76 (dd, J=39.4, 15.1 Hz, 1H), 2.64 (t, J= 7.8 Hz, 2H), 2.29

(s, 3H), 2.24 (d, J= 5.1 Hz, 3H), 1.58 (dt, /= 37.5, 7.6 Hz, 4H), 1.32 (s, 11H), 1.14 (dd, J
=49.2, 6.3 Hz, 3H). (mixture of isomers) 13C NMR (126 MHz, DMSO) & 173.25, 171.67,
169.85, 166.06, 155.27, 155.05, 150.96, 150.88, 147.83, 146.65, 146.16, 142.01, 141.72,
138.64, 137.51, 135.57, 135.47, 133.72, 133.08, 132.05, 131.74, 131.30, 131.12, 129.35,
129.02, 128.95, 128.50, 127.96, 127.71, 127.07, 126.05, 125.72, 124.87, 124.23, 124.10,
120.95, 118.97, 108.65, 108.52, 107.63, 107.53, 73.65, 56.62, 52.67, 48.95, 46.83, 37.12,
37.03, 35.09, 32.62, 31.36, 30.53, 28.74, 24.93, 19.22, 19.11, 18.53, 18.49, 16.00.

Synthesis

of 3-(3-(((R)-7-(3-(6-(4-(4-((6-(3-(4-(tert-butyl)benzamido)-2-methylphenyl)-4-methyl-3-
0x0-3,4-dihydropyrazin-2-yl)amino)benzoyl)piperazin-1-yl)hexanamido)propyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid

(NJH-02-123):
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NJH-02-123
NJH-02-123 was synthesized using the same procedure as used for NJH-02-136.

LC/MS m/z calculated for [M+H]* 1282.6, exceeded the limit of LCMS, found half peak
642.2.

1H NMR (500 MHz, DMSO-d5) & 12.11 (s, 1H), 9.89 (s, 1H), 9.47 (s, 1H), 8.09 (d, J=
8.4 Hz, 2H), 7.95 (d, J= 8.2 Hz, 2H), 7.66 (dd, J= 7.9, 2.2 Hz, 1H), 7.55 (d, J= 8.2 Hz,
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2H), 7.44 (d, J= 4.4 Hz, 1H), 7.37 (dd, /= 10.0, 7.8 Hz, 4H), 7.33 = 7.23 (m, 4H), 7.21

- 7.09 (m, 3H), 6.91 (d, J=11.2 Hz, 1H), 4.51 (td, J=7.9, 4.1 Hz, 1H), 4.41 (d, /= 14.3
Hz, 1H), 4.33 (d, /= 3.7 Hz, 3H), 3.92 (d, /= 5.6 Hz, 3H), 3.79 (d, /= 14.0 Hz, 1H),
3.58 (s, 3H), 3.09 (t, /J=7.0 Hz, 2H), 2.76 (dd, /= 39.4, 15.1 Hz, 1H), 2.64 (t, /=7.8

Hz, 2H), 2.29 (s, 3H), 2.24 (d, /= 5.1 Hz, 3H), 1.58 (dt, J= 37.5, 7.6 Hz, 5H), 1.32 (s,
11H), 1.14 (dd, J= 49.2, 6.3 Hz, 3H). (mixture of isomers) 13C NMR (126 MHz, DMSO)
6 173.29, 172.90, 169.83, 166.16, 155.27, 155.13, 150.88, 150.37, 147.81, 146.62, 146.17,
142.61, 142.55, 142.14, 141.99, 141.78, 138.61, 137.46, 135.57, 135.48, 133.70, 133.12,
132.01, 131.71, 131.41, 131.15, 129.31, 129.25, 129.02, 128.71, 127.96, 127.82, 127.79,
127.12, 126.10, 125.75, 124.88, 124.23, 124.14, 121.09, 118.94, 108.61, 108.48, 107.63,
107.51, 73.72, 56.61, 56.11, 52.67, 51.19, 48.96, 46.83, 38.51, 37.15, 37.02, 35.48, 35.09,
32.60, 31.35, 30.62, 25.93, 25.13, 23.40, 19.20, 19.09, 18.50, 18.47, 15.95.

Synthesis of (S)-3-(3-(((R)-7-(6-(2-(4-(3-(N-(1,1-dioxidotetrahydro-2H-
thiopyran-4-yl)carbamimidoyl)-5-methyl-4-oxo-4,5-dihydrothieno[3,2-c]pyridin-7-
yl)-2-methoxyphenoxy)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-
benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1.,2,3]triazol-5-yl)propanoic acid (DGY-10-077):

DGY-10.077

To the solution of 2-(4-(3-(N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)carbamimidoyl)-5-
methyl-4-oxo-4,5-dihydrothieno[3,2-c]pyridin-7-yl)-2-methoxyphenoxy)acetic acid

(7.8 mg, 0.015 mmol)(Remillard et al.,

2017) and ethyl (S)-3-(3-(((R)-7-(6-aminohexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (10 mg, 0.015 mmol) in DMF
(1 mL), was added HATU (11.4 mg, 0.03 mmol) and DIEA (9.7 mg, 0.075 mmol). The
reaction was quenched with water after 5 mins and extracted with EtOAc. The organic layer
was washed with brine and dried with Na,SO4. The mixture was concentrated under vacuum
to get the crude product without any purification. The resulted product was dissolved

in MeOH (2 mL) and then NaOH (150 pL, 2M) was added. The reaction was heated

to 80°C for 2 hours and the mixture was purified by reverse-HPLC to get titled product.

LC/MS my/z calculated for [M+H]* 1151.4, found 1151.6.

14 NMR (500 MHz, DMSO-a§) 6 9.47 (s, 1H), 9.41 (d, J= 0.8 Hz, 1H), 8.67 (d, J= 5.7
Hz, 1H), 8.38 (t, J= 5.5 Hz, 1H), 7.85 (s, 1H), 7.65 - 7.50 (m, 2H), 7.37 (d, J= 1.0 Hz,
1H), 7.27 (d, J= 2.0 Hz, 1H), 7.21 (dd, J= 7.8, 1.9 Hz, 1H), 7.08 (dd, /= 8.0, 1.6 Hz,
1H), 7.06 - 7.01 (m, 2H), 6.85 (d, J= 1.1 Hz, 1H), 6.78 (s, 2H), 4.43 (t, J= 8.0 Hz, 1H),
4.31(q, J=12.4, 10.9 Hz, 4H), 4.25 (s, 3H), 3.86 (s, 3H), 3.82 — 3.75 (m, 8H), 3.72 (d,
J=14.0 Hz, 1H), 3.54 (s, 4H), 3.15 — 2.91 (m, 4H), 2.73 - 2.61 (m, 4H), 2.56 (t, J= 7.6
Hz, 2H), 2.15 (s, 3H), 1.52 (t, J= 7.5 Hz, 2H), 1.37 (d, J= 7.2 Hz, 2H), 1.25 (d, /= 6.3
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Hz, 4H), 1.00 (d, J= 6.3 Hz, 3H). 13C NMR (126 MHz, DMSO) 6 173.23, 164.41, 160.84,
159.83, 158.94, 158.67, 155.25, 150.94, 149.86, 149.34, 147.84, 146.15, 142.54, 142.24,
142.03, 139.77, 138.91, 135.47, 133.70, 131.32, 131.12, 129.30, 128.97, 127.80, 124.80,
124.22, 124.04, 120.34, 118.38, 117.97, 115.94, 115.62, 108.51, 107.64, 105.85, 104.70,
73.65, 56.67, 56.16, 52.65, 48.95, 48.32, 46.83, 41.79, 37.13, 37.02, 35.11, 34.83, 30.64,
29.09, 28.64, 26.51, 19.09, 18.47.

Synthesis of (S)-3-(3-(((R)-7-(6-(2-((2,6-dimethoxy-4-(2-methyl-1-ox0-1,2-dihydro-2,7-
naphthyridin-4-yl)benzyl)(methyl)amino)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-
dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-
methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (DGY-10-075):

DGY-10075

To the solution of N-(2,6-dimethoxy-4-(2-methyl-1-oxo-1,2-dihydro-2,7-
naphthyridin-4-yl)benzyl)-N-methylglycine (6 mg, 0.015 mmol)(Remillard

et al., 2017) and ethyl (S)-3-(3-(((R)-7-(6-aminohexyl)-4-methyl-1,1-
dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoate (10 mg, 0.015 mmol) in DMF
(1 mL), was added HATU (11.4 mg, 0.03 mmol) and DIEA (9.7 mg, 0.075 mmol). The
reaction was quenched with water after 5 mins and extracted with EtOAc. The organic layer
was washed with brine and dried with Na,SOg4. The mixture was concentrated under vacuum
to get the crude product without any purification. The resulted product was dissolved

in MeOH (2 mL) and then NaOH (150 pL, 2M) was added. The reaction was heated

to 80°C for 2 hours and the mixture was purified by reverse-HPLC to get titled product.

LC/MS m/z calculated for [M+H]* 1029.4, found 1029.6.

14 NMR (500 MHz, DMSO-aB) & 9.54 (s, 1H), 9.48 (d, J= 0.8 Hz, 1H), 8.75 (d, J=5.7
Hz, 1H), 8.45 (t, J= 5.5 Hz, 1H), 7.92 (s, 1H), 7.70 - 7.57 (m, 2H), 7.44 (d, J= 1.0 Hz,
1H), 7.34 (d, J= 2.0 Hz, 1H), 7.29 (dd, J= 7.8, 1.9 Hz, 1H), 7.22 - 7.09 (m, 3H), 6.93 (d,
J=1.2 Hz, 1H), 6.86 (s, 2H), 4.50 (t, J= 8.0 Hz, 1H), 4.44 — 4.36 (m, 6H), 4.33 (s, 3H),
3.93 (s, 3H), 3.89 — 3.83 (M, 8H), 3.79 (d, /= 14.0 Hz, 1H), 3.62 (s, 4H), 3.27 — 3.02 (m,
4H), 2.78 - 2.68 (M, 4H), 2.64 (t, J= 7.7 Hz, 2H), 2.23 (s, 3H), 1.65 — 1.55 (m, 2H), 1.45
(d, J= 7.2 Hz, 2H), 1.32 (s, 4H), 1.08 (d, J= 6.3 Hz, 3H). 13C NMR (126 MHz, DMSO)

§ 173.25, 164.40, 160.87, 159.82, 158.98, 158.71, 155.23, 150.96, 149.85, 149.33, 147.82,
146.16, 142.54, 142.24, 142.00, 139.74, 138.89, 135.47, 133.70, 131.30, 131.14, 129.26,
128.96, 127.79, 124.81, 124.22, 124.03, 120.33, 118.38, 118.04, 115.98, 115.69, 108.48,
107.63, 105.83, 104.69, 73.69, 56.66, 56.18, 52.68, 48.96, 48.36, 46.82, 41.84, 37.14, 37.02,
35.09, 30.62, 29.07, 28.61, 26.49, 19.08, 18.46.
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Synthesis of (S)-3-(3-(((R)-7-(3-(((S)-1-((2S.4R)-4-
hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-
yl)-3.3-dimethyl-1-oxobutan-2-yl)amino)propyl)-4-methyl-1,1-dioxido-3.4-dihydro-2H-
benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04-149):
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To the solution of (2S,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-hydroxy-N-
((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (8.3 mg, 0.019
mmol) and ethyl (S)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yI)-3-(4-methyl-3-
(((R)-4-methyl-1,1-dioxido-7-(3-oxopropyl)-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-
yl)methyl)phenyl)propanoate (17.9 mg, 0.028 mmol) in MeOH (1 mL), was added AcOH
(100 pL) and NaBH3CN (5.3 mg, 0.084 mmol) at room temperature. The reaction was
quenched with water after the starting material was consumed and extracted with EtOAc.
The organic layer was washed with brine and dried with Na,SO4. The mixture was
concentrated under vacuum to get the crude product without any purification. The resulted
product was dissolved in MeOH (2 mL) and then NaOH (150 pL, 2M) was added. The
reaction was heated to 80°C for 2 hours and the mixture was purified by reverse-HPLC to
get titled product.

LC/MS my/z calculated for [M+H]* 1035.4, found 1035.0.

14 NMR (500 MHz, DMSO-a%) 6 8.92 (s, 1H), 8.58 (s, 1H), 8.49 (d, J= 7.8 Hz, 1H), 8.19
(s, 1H), 7.64 (t, J= 7.6 Hz, 1H), 7.42 — 7.27 (m, 5H), 7.22 (dd, J= 7.7, 2.0 Hz, 1H), 7.17

- 7.13(m, 1H), 7.11 (d, J= 1.6 Hz, 1H), 7.05 (d, /= 7.8 Hz, 1H), 6.85 (d, /= 1.1 Hz, 1H),
4.88 (t, J= 7.2 Hz, 1H), 4.51 (t, J= 8.5 Hz, 1H), 4.44 (t, J= 8.0 Hz, 1H), 4.34 (d, J= 13.9
Hz, 1H), 4.31 - 4.28 (m, 2H), 4.26 (s, 3H), 4.07 (d, /= 9.2 Hz, 1H), 3.95 - 3.83 (m, 3H),
3.78 (d, J= 11.4 Hz, 1H), 3.76 — 3.70 (m, 1H), 3.40 (dd, J= 11.3, 3.4 Hz, 1H), 3.02 (t, J=
8.3 Hz, 2H), 2.78 (q, J= 7.3, 6.6 Hz, 2H), 2.71 - 2.63 (m, 2H), 2.64 — 2.57 (m, 2H), 2.39 (s,
3H), 2.16 (s, 3H), 2.00 - 1.82 (m, 2H), 1.78 - 1.70 (m, 1H), 1.32 (d, J= 7.1 Hz, 3H), 1.02
(d, J= 8.1 Hz, 12H).

Synthesis of (S)-3-(3-(((R)-7-(6-(((S)-1-((2S.4R)-4-
hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-
yD-3,3-dimethyl-1-oxobutan-2-yl)amino)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-
benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-
benzo[d][1,2,3]triazol-5-yl)propanoic acid (DGY-09-175):
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DGY-09-175
DGY-09-175 was synthesized using the same procedure as used for NJH-04-149.
LC/MS m/z calculated for [M+H]* 1077.5, found 1077.5.

14 NMR (500 MHz, DMSO) & 9.01 (s, 2H), 8.64 (d, /= 7.7 Hz, 1H), 7.72 (d, /= 8.0 Hz,
1H), 7.51 - 7.46 (m, 3H), 7.43 (d, /= 8.3 Hz, 2H), 7.36 — 7.30 (m, 3H), 7.23 (d, J= 7.7 Hz,
1H), 7.17 (t, J= 4.0 Hz, 2H), 6.94 (s, 1H), 4.98 — 4.95 (m, 1H), 4.64 — 4.60 (M, 2H), 4.56 —
4.53 (m, 2H), 4.44 (d, J= 14.2 Hz, 2H), 4.38 (s, 4H), 3.97 (s, 5H), 3.16 — 3.09 (m, 3H), 2.81
(s, 1H), 2.78 (s, 1H), 2.69 (t, J= 7.6 Hz, 2H), 2.50 (s, 3H), 2.27 (s, 3H), 1.44 (d, J= 7.0 Hz,
3H), 1.35 - 1.32 (m, 3H), 1.13 (5, 2H), 1.12 (s, 9H).

13C NMR (126 MHz, DMSO0) & 173.24, 170.60, 166.14, 158.91, 158.65, 155.26, 152.09,
150.93, 148.17, 147.84, 146.16, 144.85, 142.55, 142.00, 135.46, 133.72, 131.60, 131.35,
131.14, 130.18, 129.34, 126.83, 124.86, 124.65, 124.23, 124.07, 108.49, 107.65, 73.71,
69.25, 65.68, 59.38, 56.63, 48.95, 48.28, 47.80, 46.83, 38.03, 37.03, 35.22, 35.04, 30.48,
28.41, 26.54, 26.31, 24.98, 22.78, 19.11, 18.48, 16.32.

Synthesis of (S)-3-(3-(((R)-7-(8-((R)-2-(5-((S)-2-carboxy-1-(7-methoxy-1-
methyl-1Hbenzo[d][1,2,3]triazol-5-yl)ethyl)-2-methylbenzyl)-4-methyl-1,1-dioxido-3,4-
dihydro-2Hbenzo[b][1,4,5]oxathiazepin-7-yl)octa-1,7-diyn-1-yl)-4-methyl-1,1-
dioxido-3,4-dihydro-2Hbenzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-
methoxy-1-methyl-1Hbenzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04-134):
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To the solution of intermediate 9 (77 mg, 0.26 mmol), octa-1,7-diyne (17 uL, 0.13

mmol) and Et3N (109 pL, 0.78 mmol) in dioxane (3 mL), was added Pd(dppf)Cl,-DCM
adduct (21 mg, 0.026 mmol) and Cul (10 mg, 0.052 mmol). The reaction mixture

was heated up to 80 °C for 2 hours. The reaction was quenched with water after the
starting material was consumed and extracted with EtOAc. The organic layer was washed
with brine and dried with Na,SO4. The mixture was concentrated under vacuum to
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get the crude product and the resulted residue was purified with flash chromatography

to yield (R)-4-methyl-7-(8-((R)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-7-yl)octa-1,7-diyn-1-yl)-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepine
1,1-dioxide (58 mg, 0.11 mmol, 85%). LC/MS m/z calculated for [M+H]* 529.1, found
529.2.

NJH-04-134

To the solution of (R)-4-methyl-7-(8-((R)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1,4,5]oxathiazepin-7-yl)octa-1,7-diyn-1-yl)-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepine
1,1-dioxide (58 mg, 0.11 mmol) and intermediate 5 (29 mg, 0.076 mmol) in THF (1 mL),
was added PPh3 (39 mg, 0.15 mmol) and DIAD (30 uL, 0.15 mmol). The reaction was
quenched after 30 mins and extracted with EtOAc. The organic layer was washed with
brine and dried with Na,SO,4. The mixture was concentrated under vacuum to get the crude
product without purification. The residue was dissolved in MeOH (2 mL) and then NaOH
(150 pL, 2M) was added. The reaction was heated to 80°C for 2 hours and the mixture was
purified by reverse-HPLC to get titled product (14.4 mg, 0.012 mmol, 11%).

LC/MS m/z calculated for [M+H]* 1203.4, found 1203.7.

14 NMR (500 MHz, DMSO-ak) 6 12.04 (s, 2H), 7.65 (d, J= 8.0 Hz, 2H), 7.37 (d, J= 1.0
Hz, 2H), 7.32 - 7.18 (m, 8H), 7.04 (d, J= 7.8 Hz, 2H), 6.85 (d, J= 1.1 Hz, 2H), 4.43 (t, J

= 8.0 Hz, 2H), 4.36 — 4.30 (m, 4H), 4.25 (s, 6H), 3.85 (s, 6H), 3.75 (d, J= 14.1 Hz, 2H),
3.53 (dd, J= 15.4, 10.2 Hz, 2H), 3.02 (t, J= 7.9 Hz, 4H), 2.67 (d, /= 15.0 Hz, 2H), 2.49

(d, J= 6.2 Hz, 4H), 2.15 (s, 6H), 1.67 (p, J= 3.5 Hz, 4H), 1.02 (d, /= 6.3 Hz, 6H). 13C
NMR (126 MHz, DMSO) & 171.03, 153.28, 145.82, 144.00, 140.35, 140.04, 133.34, 131.48,
131.46, 128.96, 127.90, 127.37, 127.32, 125.70, 125.61, 124.93, 122.55, 122.10, 106.55,
105.52, 92.89, 77.65, 71.85, 54.53, 50.41, 46.82, 44.75, 34.88, 25.48, 16.91, 16.60, 16.39.

Synthesis of
(S)-3-(3-(((R)-7-(3-(4-(4-((6-acetyl-8-cyclopentyl-5-methyl-7-ox0-7,8-dihydropyrido[2,3-
d]pyrimidin-2-yl)amino)phenyl)piperazin-1-yl)propyl)-4-methyl-1,1-dioxido-3,4-
dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-
methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-05-032):
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NJH-05-032

NJH-05-032(Jiang et al., 2019) was synthesized using the same procedure as used for
NJH-04-149.

LC/MS my/z calculated for [M+H]* 1037.5, found 1037.5. 'H NMR (500 MHz, DMSO) &
8.95 (s, 1H), 8.01 (s, 1H), 7.81 = 7.77 (m, 1H), 7.69 — 7.63 (m, 2H), 7.41 (d, /= 3.9 Hz,

1H), 7.32 = 7.29 (m, 1H), 7.27 = 7.24 (m, 1H), 7.22 = 7.18 (m, 1H), 7.17 (s, 1H), 7.13 -
7.11 (m, 1H), 7.10 (s, 1H), 6.89 (d, /= 4.5 Hz, 1H), 4.49 (t, J= 8.1 Hz, 2H), 4.38 (d, /=
14.1 Hz, 1H), 4.32 (d, J=5.7 Hz, 4H), 4.06 (t, /= 6.2 Hz, 2H), 3.91 (d, J= 5.6 Hz, 4H),
3.19 - 3.10 (m, 4H), 3.10 — 3.00 (m, 4H), 2.77 = 2.73 (m, 2H), 2.73 - 2.65 (m, 3H), 2.55 (s,
1H), 2.42 (s, 1H), 2.30 (s, 1H), 2.21 (d, J= 2.3 Hz, 4H), 1.96 (p, /= 6.8 Hz, 2H), 1.91 - 1.86
(m, 1H), 1.80 = 1.71 (m, 3H), 1.61 - 1.54 (m, 2H), 1.08 (d, J= 6.3 Hz, 3H).

13C NMR (126 MHz, DMSO0) & 173.18, 170.51, 166.11, 155.36, 152.03, 149.00, 148.25,
147.93, 146.13, 144.89, 142.54, 142.13, 135.45, 133.69, 131.85, 131.10, 130.25, 129.35,
126.84, 124.83, 124.23, 108.59, 107.72, 73.71, 69.28, 65.54, 59.37, 57.19, 56.66, 52.60,
48.95, 48.23, 47.22, 46.86,38.20, 37.03, 35.32, 32.18, 26.58, 26.13, 22.86, 19.18, 18.53,
16.43.

Synthesis of (S)-3-(3-(((R)-7-(6-(4-(4-((6-acetyl-8-cyclopentyl-5-methyl-7-
0x0-7,8-dihydropyrido[2,3-d]pyrimidin-2-yl)amino)phenyl)piperazin-1-yl)hexyl)-4-
methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-
methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid
(NJH-05-033):

NN NS
|
NJH-05-033

NJH-05-033 was synthesized using the same procedure as used for NJH-05-032.

LC/MS m/z calculated for [M+H]* 1079.5, found 1079.5.
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14 NMR (500 MHz, DMSO-26) & 12.13 (s, 1H), 10.41 (s, 1H), 8.97 (s, 1H), 8.06 (d, J=
3.0 Hz, 1H), 7.86 (d, /= 9.1 Hz, 1H), 7.71 - 7.58 (m, 3H), 7.45 (s, 1H), 7.35 (d, J= 2.1
Hz, 1H), 7.28 (dd, J= 7.8, 1.9 Hz, 1H), 7.22 - 7.03 (m, 5H), 6.92 (d, /= 1.1 Hz, 1H), 5.90
- 5.78 (M, 1H), 4.50 (t, J= 8.0 Hz, 1H), 4.41 (d, J= 14.1 Hz, 1H), 4.33 (d, J= 3.7 Hz,
4H), 4.04 (t, J= 6.5 Hz, 2H), 3.93 (d, J= 3.7 Hz, 5H), 3.79 (d, /= 14.0 Hz, 2H), 3.64 -
3.42 (m, 5H), 3.24 — 3.03 (M, 6H), 2.77 - 2.63 (m, 3H), 2.43 (s, 3H), 2.32 (s, 3H), 2.24

(d, J= 3.4 Hz, 5H), 1.90 (s, 2H), 1.79 (d, J= 9.7 Hz, 2H), 1.60 (dt, /= 12.1, 6.3 Hz, 5H),
1.46 - 1.31 (m, 5H), 1.09 (dd, J= 6.3, 2.2 Hz, 3H). 13C NMR (126 MHz, DMSO) & 203.05,
173.21, 161.12, 158.32, 158.06, 155.31, 155.28, 155.20, 150.94, 147.87, 146.13, 144.19,
143.57, 142.52, 142.30, 142.06, 135.49, 133.69, 131.34, 131.10, 129.42, 128.98, 127.79,
124.84, 124.21, 124.08, 116.23, 108.57, 107.63, 73.59, 65.45, 61.16, 56.63, 53.49, 52.62,
48.94, 48.57, 46.85, 37.01, 35.12, 32.77, 31.72, 30.83, 30.64, 28.97, 28.78, 28.66, 28.07,
25.65, 25.61, 19.13, 18.49, 14.13.

Synthesis of (3S)-3-(3-(((4R)-7-(6-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxo-2,3-
dihydro-1H-benzo[de]isoquinolin-5-yl)oxy)acetamido)hexyl)-4-methyl-1,1-dioxido-3.4-
dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-
methyl-1H-benzo[d][1.2,3]triazol-5-yl)propanoic acid (NJH-04-087):

o
e

={
~F //” NJH-04-087

NJH-04-087 was synthesized using the same procedure with intermediates 50(de
Wispelaere et al., 2019) and 25 as used for DGY-06-177-pk2.

LC/MS m/z calculated for [M+H]* 1014.4, found 1014.5.

14 NMR (500 MHz, DMSO-af) & 12.11 (s, 1H), 11.02 (d, J= 2.3 Hz, 1H), 8.43 - 8.14 (m,
3H), 7.95 (dd, J= 9.2, 2.6 Hz, 1H), 7.90 — 7.76 (m, 1H), 7.66 (dd, /= 8.8, 7.1 Hz, 1H), 7.45
(s, 1H), 7.35 (d, J= 1.9 Hz, 1H), 7.28 (dd, J= 7.8, 1.8 Hz, 1H), 7.17 - 7.05 (m, 4H), 6.92
(d, J= 3.0 Hz, 1H), 5.84 (ddd, J= 11.8, 7.6, 3.9 Hz, 1H), 4.75 (s, 2H), 4.50 (t, /= 8.0 Hz,
1H), 4.41 (d, J= 14.0 Hz, 1H), 4.36 — 4.28 (M, 4H), 3.93 (d, J= 3.4 Hz, 4H), 3.79 (d, J=
14.0 Hz, 1H), 3.59 (dd, J= 15.4, 10.2 Hz, 1H), 3.16 (dg, J= 13.4, 7.6, 7.2 Hz, 2H), 3.09

(t, J= 7.9 Hz, 2H), 2.94 (ddd, J= 17.6, 14.7, 5.6 Hz, 1H), 2.72 (d, J= 15.1 Hz, 1H), 2.66
— 2,54 (m, 4H), 2.23 (s, 3H), 2.04 (dg, J= 9.9, 4.9, 4.0 Hz, 1H), 1.49 (ddt, J= 33.3, 12.8,
6.4 Hz, 2H), 1.34 — 1.23 (m, 4H), 1.09 (d, J= 6.3 Hz, 3H). 13C NMR (126 MHz, DMSO)
§ 173.37, 173.20, 170.66, 167.39, 163.91, 163.57, 163.13, 162.73, 156.64, 155.28, 150.91,
147.90, 146.13, 142.51, 142.09, 135.49, 133.72, 133.39, 131.33, 131.08, 129.45, 129.09,
128.97, 128.41, 127.79, 124.76, 124.21, 124.03, 123.70, 123.55, 115.24, 108.61, 107.64,
73.56, 67.71, 56.64, 52.59, 51.06, 48.93, 46.86, 40.74, 38.73, 37.01, 35.12, 31.27, 30.66,
29.36, 28.78, 26.49, 22.00, 19.15, 18.52.
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Synthesis of (3S)-3-(3-(((4R)-7-(6-(2-((2-(2,6-dioxopiperidin-3-yI)-1,3-

dioxoisoindolin-4-yl)oxy)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-

benzo[b][1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-

benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04-086):

&
NN o—

.
o (o]
NH ) OH
o]
o
0 ~N
N o]
O%O\/’J\ ’W\@[ @{

E (o]

NJH-04-086
NJH-04-086 was synthesized using the same procedure as used for NJH-04-087.
LC/MS m/z calculated for [M+H]* 964.4, found 964.6.

14 NMR (500 MHz, DMSO-a§) 6 12.11 (s, 1H), 11.12 (s, 1H), 7.94 (t, J= 5.7 Hz, 1H), 7.81
(dd, J= 8.5, 7.3 Hz, 1H), 7.66 (d, J= 7.9 Hz, 1H), 7.50 (d, J= 7.3 Hz, 1H), 7.45 (s, 1H),
7.40 (d, J= 8.5 Hz, 1H), 7.35 (d, /= 1.9 Hz, 1H), 7.28 (dd, /= 7.8, 1.8 Hz, 1H), 7.17 (dd, J
=8.1, 1.6 Hz, 1H), 7.14 — 7.10 (m, 2H), 6.93 (s, 1H), 5.12 (dd, J= 12.8, 5.4 Hz, 1H), 4.78
(s, 2H), 4.50 (t, J= 8.0 Hz, 1H), 4.41 (d, J= 14.1 Hz, 1H), 4.39 - 4.35 (m, 1H), 4.33 (s, 3H),
3.93 (s, 3H), 3.80 (d, J= 14.0 Hz, 1H), 3.59 (dd, J= 15.4, 10.2 Hz, 1H), 3.16 (q, /= 6.6 Hz,
2H), 3.09 (t, /= 8.0 Hz, 2H), 2.89 (ddd, J= 17.2, 13.9, 5.4 Hz, 1H), 2.72 (d, J= 15.1 Hz,
1H), 2.64 (dd, J= 8.7, 6.7 Hz, 2H), 2.61 - 2.53 (m, 1H), 2.23 (s, 3H), 2.04 (tt, J= 6.9, 3.9
Hz, 1H), 1.59 (d, J= 8.0 Hz, 2H), 1.46 (t, J= 7.0 Hz, 2H), 1.32 (t, J= 4.2 Hz, 4H), 1.09 (d,
J= 6.3 Hz, 3H). 13C NMR (126 MHz, DMSO) & 173.32, 173.23, 170.39, 167.22, 167.16,
166.01, 155.49, 155.32, 150.96, 147.91, 146.11, 142.55, 142.13, 137.44, 135.51, 133.70,
133.47, 131.33, 131.07, 129.52, 129.03, 127.81, 124.82, 124.19, 124.11, 120.80, 117.23,
116.54, 108.58, 107.65, 73.46, 68.04, 56.65, 52.52, 49.24, 48.87, 46.86, 39.32, 38.75, 37.04,
35.15, 31.38, 30.75, 29.32, 28.78, 26.48, 22.44, 19.17, 18.54.

Synthesis of (3S)-3-(7-methoxy-1-methyl-1H-benzo[d][1.2,3]triazol-5-
yl)-3-(4-methyl-3-(((4R)-4-methyl-7-(6-(2-((2-(1-methyl-2,6-dioxopiperidin-3-yl)-1,3-
dioxo-2,3-dihydro-1H-benzo[de]isoguinolin-5-yl)oxy)acetamido)hexyl)-1,1-dioxido-3,4-
dihydro-2H-benzo[b][1.4,5]oxathiazepin-2-yl)methyl)phenyl)propanoic acid (NJH-04—

202):
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NJH-04-202
NJH-04-202 was synthesized using the same procedure as used for NJH-04-087.
LC/MS m/z calculated for [M+H]* 1028.4, found 1028.4.

14 NMR (500 MHz, DMSO-ak) & 12.10 (s, 1H), 8.45 — 8.16 (m, 4H), 7.96 (dd, J= 9.4,
2.6 Hz, 1H), 7.90 - 7.80 (m, 1H), 7.65 (dd, J= 7.9, 1.9 Hz, 1H), 7.45 (s, 1H), 7.35 (d, J
= 2.0 Hz, 1H), 7.28 (dd, J= 7.8, 1.9 Hz, 1H), 7.11 (g, /= 8.0, 6.7 Hz, 3H), 6.92 (d, J=
1.1 Hz, 1H), 5.93 (dd, J= 12.2, 5.8 Hz, 1H), 4.75 (s, 2H), 4.50 (t, J= 8.0 Hz, 1H), 4.41
(d, J=14.0 Hz, 1H), 4.33 (s, 4H), 3.93 (s, 3H), 3.79 (d, /= 14.0 Hz, 1H), 3.59 (dd, J=
15.4, 10.1 Hz, 1H), 3.15 (dt, J= 11.9, 6.9 Hz, 2H), 3.12 - 3.05 (m, 5H), 3.03 - 2.95 (m,
1H), 2.83 — 2.66 (M, 2H), 2.64 — 2.54 (m, 3H), 2.23 (s, 3H), 2.08 (s, 2H), 1.54 — 1.39 (m,
4H), 1.26 (d, J= 14.3 Hz, 4H), 1.09 (d, /= 6.3 Hz, 3H). 13C NMR (126 MHz, DMSO)
§171.09, 170.23, 168.32, 165.21, 165.16, 161.67, 161.35, 161.04, 160.67, 154.47, 153.17,
148.76, 145.78, 143.96, 140.40, 140.02, 133.37, 132.03, 131.55, 131.26, 129.18, 128.92,
127.42, 126.89, 126.28, 125.68, 122.62, 122.05, 121.94, 121.41, 120.89, 106.46, 105.51,
71.29, 65.53, 54.51, 50.36, 49.44, 46.73, 44.72, 36.58, 34.90, 33.01, 29.26, 28.58, 27.30,
27.26, 26.71, 24.84, 24.37,18.96, 17.04, 16.41.

Synthesis of
(5)-3-(3-(((R)-7-(3-(4-(4-((5-chloro-4-((2-(isopropylsulfonyl)phenyl)amino)pyrimidin-2-
yhamino)phenyl)piperazin-1-yl)propyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b]
[1.4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d]
[1,2,3]triazol-5-y)propanoic acid (NJH-04-098).

-’"‘.‘L‘" 'S
NG o
ke Loy
B 4 3 e
- T ALCH, HaBHEN N _/ /-j
. 1 HaCH, MoOH LIRSS Sy Py 9 W)
;n _{D._ L m/’%/\n Q
L B
oS
6 O NJH-04.098

&ﬂqu, \a-\
To the solution of 5-chloro-N4-(2-(isopropylsulfonyl)phenyl)-N2-(4-
(piperazin-1-yl)phenyl)pyrimidine-2,4-diamine (18 mg, 0.037 mmol)
and ethyl (S)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)-3-(4-methyl-3-
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(((R)-4-methyl-1,1-dioxido-7-(3-oxopropyl)-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-
yl)methyl)phenyl)propanoate (35 mg, 0.054 mmol) in MeOH (1 mL), was added AcOH (2
drops) and NaBH3CN (7 mg, 0.111 mmol) at room temperature. The reaction was quenched
with water after the starting material was consumed and extracted with EtOAc. The organic
layer was washed with brine and dried with Na,SO4. The mixture was concentrated

under vacuum to get the crude product without any purification. The resulted product was
dissolved in MeOH (2 mL) and then NaOH (150 pL, 2M) was added. The reaction was
heated to 80°C for 2 hours and the mixture was purified by reverse-HPLC to get titled
product (29.7 mg, 0.028 mmol, 75%).

LC/MS m/z calculated for [M+H]* 1077.4, found 1077.6.

1H NMR (500 MHz, DMSO0) & 9.68 (s, 1H), 9.52 (s, 1H), 9.42 (s, 1H), 8.64 (s, 1H), 8.26 (s,
1H), 7.86 (dd, /= 8.0, 1.6 Hz, 1H), 7.78 — 7.71 (m, 2H), 7.50 (d, J= 8.4 Hz, 2H), 7.45 (s,
1H), 7.40 - 7.36 (m, 1H), 7.36 — 7.33 (m, 1H), 7.32 - 7.29 (m, 1H), 7.27 — 7.24 (m, 2H),
7.13 (d, J= 7.8 Hz, 1H), 6.97 — 6.93 (m, 2H), 4.51 (t, J= 8.0 Hz, 1H), 4.42 (d, /= 14.1

Hz, 1H), 4.34 (s, 3H), 3.94 (s, 3H), 3.83 - 3.75 (m, 3H), 3.67 — 3.58 (m, 3H), 3.46 (p, J=
6.8 Hz, 1H), 3.23 - 3.17 (m, 3H), 3.10 (t, J= 8.0 Hz, 1H), 2.95 (t, J= 12.2 Hz, 2H), 2.78 -
2.73 (m, 3H), 2.55 (s, 3H), 2.24 (s, 3H), 2.10 — 2.04 (m, 2H), 1.18 (d, J= 6.7 Hz, 6H), 1.10
(d, J= 6.3 Hz, 3H).13C NMR (126 MHz, DMSO) 6 173.23, 158.82, 158.55, 158.09, 155.44,
155.35, 148.95, 147.92, 146.12, 145.41, 142.57, 142.15, 138.48, 135.48, 133.67, 133.50,
131.90, 131.46, 131.11, 129.41, 129.27, 127.86, 124.90, 124.25, 124.20, 121.65, 116.94,
108.55, 107.70, 73.63, 56.65, 55.44, 55.34, 52.56, 51.41, 48.94, 46.84, 40.76, 40.44, 40.35,
40.27, 40.18, 40.10, 40.02, 39.85, 39.68, 39.52, 39.35, 37.05, 32.00, 24.79, 19.17, 18.54,
15.31.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:
. DGY-06-177-pk2 induced KEAP1-dependent BRD4 degradation
. NJH-04-098 results in FAK degradation in mice but not human cells
. KEAP1 recruiting PROTACS are less versatile than VHL or CRBN
. CRBN-based KEAP1 PROTAC effectively degrades KEAP1
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Figure 1. DGY-06-177 induced degradation of BRD4.
A. Chemical structures of KI-696, DGY-04-091, DGY-05-089 and DGY-06-177. B.

KEAP1-BRD4gp, dimerization TR-FRET assay. Titration of DGY-06-177 or DGY-05—
089 to Alexa Fluor™ 647-KEAP1, Eu-streptavidin and biotinylated BRD4gp,. Data are
presented as mean + SD with at least three technical replicates. Representative figure

from two independent experiments is shown. C. Immunoblot assessment of MML.S cells
treated with either DMSO or indicated compounds for 24 h. Representative blots from two
independent experiments are shown. The relative intensity of each band (BRD4 normalized
to B-actin) is shown under each band. See also Figure S1 and Table S1.

Cell Chem Biol. Author manuscript; available in PMC 2023 October 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Du et al.

Page 55

B KEAP1-BRD4g,
0.25
2 -+ DGY-06-177
2 0,204 —+ DGY-06-177-pk1
o
%Ms_ ~+ DGY-06-177-pk2
8
| 50.10-
o
L 0.05+ e
o =
g
a 0.00 T T T T T 1
10 10®° 10% 107 10° 105 10+
DGY-06-177-pk1 Compound [M]
C
/
NN o
" DGY-06-177-pk1 (uM) - 1 5 - -
v . " DGY-06-177-pk2(uM) - - - 1 5
B Ch p el ZXH-02-043 (M) - - - - - 05

\ i N
/\ I,iuw\/\/@o% BRD4 |-- S— o |

0.25 0.2 0.22 0.06 0.23 0.006
GAPDH ‘------‘

Cl

DGY-06-177-pk2

Figure 2. The enantiomer DGY-06-177-pk2 induced better degradation of BRDA4.
A. Chemical structures of DGY-06-177 pk1/2. B. KEAP1-BRD4gp, dimerization TR-

FRET assay. Titration of DGY-06-177-pk1 or DGY-06-177-pk2 to Alexa Fluor™ 647-
KEAPL, Eu-streptavidin and biotinylated BRD4gp,. Data are presented as mean + SD with
at least three technical replicates. Representative figure from two independent experiments is
shown. C. Immunoblot assessment of MML.S cells treated with either DMSO or indicated
compounds for 24 h. Representative blots from two independent experiments are shown. The
relative intensity of each band (BRD4 normalized to GAPDH) is shown under each band.
See also Figure S2.
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Figure 3. Screening and evaluation of BRD4 degrader library.
A. Structure of KEAP1-BRD4 compounds B. KEAP1-BRD4gp, dimerization TR-FRET

assay. Titration of indicated compounds to Alexa Fluor™ 647-KEAP1, Eu-streptavidin

and biotinylated BRD4gp,. Data are presented as mean + SD with at least three

technical replicates. Representative figure from two independent experiments is shown.

C. Immunoblot assessment of MM.1S cells treated with either DMSO or the indicated
compounds for 16 h. Representative blots from two independent experiments are shown.
The relative intensity of each band (BRD4 normalized to B-actin) is shown under each band
(NJH-05-140 was another batch of DGY-06-177-pk2).
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Figure 4. Validation of the lead degrader molecule, DGY-06-177-pk2.
A. Immunoblot assessment of MM1.S cells treated with indicated doses of DGY-06-177-

pk2 for 16 h. Representative blots from two independent experiments are shown. The
relative intensity of each band (BRD4 normalized to p-actin) is shown under each band.

B. Immunoblot assessment of parental and KEAP1 knockdown OVCARS cells treated with
either DMSO or DGY-06-177-pk2 for 16 h. Representative blots from two independent
experiments are shown. The relative intensity of each band (BRD4 normalized to p-actin)

is shown under each band. C. Immunoblot assessment of MM.1S cells pretreated with 10
UM of KEAP1 inhibitor, 10 pM of JQ1, 1 uM of MLN4924 for 2 h prior to the addition

of DGY-06-177-pk2 for 16 hrs. Representative blots from two independent experiments are
shown. The relative intensity of each band (BRD4 normalized to B-actin) is shown under
each band. D. Immunoblot assessment of MM. 1S cells treated with either DMSO, DGY-06—
177-pk2 or its negative control compound at indicated doses for 16 h. Representative blots
from two independent experiments are shown. The relative intensity of each band (BRD4
normalized to B-actin) is shown under each band. E. Quantitative proteomics profiles of
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wild-type MM.1S cells treated for 6 h with 0.2 pM of DGY-06-177-pk2. F. Immunoblot
assessment of MM.1S cells treated with either DMSO or DGY-06-177-pk2 for the indicated
time points. Representative blots from two independent experiments are shown. The relative
intensity of each band (BRD4/3/2 normalized to B-actin) is shown under each band. See also
Figure S2.
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Figure 5. Degradation of FAK in murine pancreatic cells.
A. Quantitative proteomics profiles of KPC cells treated for 8 h with 1 uM of NJH-04—

098. B. Immunoblot assessment of KPC cells treated with the indicated doses of NJH-04—
098 for 24 h. Representative blots from three independent experiments are shown. The
relative intensity of each band (FAK normalized to B-actin) is shown under each band.

C. Immunoblot assessment of KPC cells treated with either DMSO, 500 nM or 1 uM

of NJH-04-098 at indicated time points. Representative blots from two independent
experiments are shown. The relative intensity of each band (FAK normalized to B-actin)

is shown under each band. D. Immunoblot assessment of KPC cells pretreated with 10

UM of K1696, 1 uM of TAE684, 1 uM of MLN4924 for 2 h prior to the addition of 1

UM of NJH-04-098 for 8 h. Representative blots from two independent experiments are
shown. The relative intensity of each band (FAK normalized to B-actin) is shown under
each band. E. Immunoblot assessment of PATU-8988T cells treated with indicated doses of
NJH-04-098 for 24 h. Representative blots from two independent experiments are shown.
The relative intensity of each band (FAK normalized to p-actin) is shown under each band.

See also Figure S3.
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Figure 6. Screening and evaluation of BTK degrader library.
A. KEAP1-BTK dimerization TR-FRET assay. Titration of indicated compounds to Alexa

Fluor™ 647-KEAP1, Eu-Streptavidin and biotinylated BTK kinase domain. Data are
presented as mean + SD with at least three technical replicates. Representative figure

from two independent experiments is shown B. Expression of BTK-eGFP-2A-mCherry was
induced, and cells were treated for 24 h with increasing concentrations of the indicated small
molecules. eGFP and mCherry fluorescence were quantified by flow cytometry. Data are
presented as mean + SD of two independent experiments (1= 2). C. Immunablot analysis of
protein abundant of BTK in Mino and JeKo-1 cells. Mino or JeKo-1 cells were treated for

8 h with 0.1 pM, 1 uM or 10 uM of indicated compounds. Representative blots from two
independent experiments are shown. The relative intensity of each band (BTK normalized to
[-actin) is shown under each band. See also Figure S4 and Figure S5.
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Figure 7. DGY-04-086 and DGY-04-087 induced degradation of KEAP1 in a CRBN dependent

manner.

A. Chemical structure of NJH-04-086, NJH-04-087 and NJH-04-202. B. Immunoblot
assessment of WT MM.1S and CRBN™/~ MM.18S cells treated with NJH-04-086 or
NJH-04-087 for 4 h. Representative blots from two independent experiments are shown.
The relative intensity of each band (KEAP1 and CRBN normalized to B-actin) is shown
under each band. C. Immunoblot assessment of WT MM.1S cells treated with NJH-04—
087 or NJH-04-202 for 4 h. Representative blots from two independent experiments are
shown. The relative intensity of each band (KEAP1 normalized to B-actin) is shown under
each band. D. Immunoblot assessment of MM.1S cells pretreated with 10 uM of KEAP1
inhibitor, 10 uM of lenalidomide, 1 pM of MLN4924 or 200 nM of bortezomib for 2 h prior
to the addition of 1 uM of NJH-04-087 for 4 h. Representative blots from two independent
experiments are shown. The relative intensity of each band (KEAP1 normalized to B-actin)
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is shown under each band. E. Quantitative proteomics profiles of MM.1S cells treated for 5
h with 5 uM of NJH-04-086 or NJH-04-087. See also Figure S6.
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Design and synthesis of KEAP1-BRD4 degraders.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Anti-KEAP1 Cell Signaling Technology Cat # 4678S; RRID: AB_10548196
Anti-CRBN Cell Signaling Technology Cat #71810S; RRID: AB_2799810
Anti-BRD4 Bethyl Laboratories Cat # A301-985A-M; RRID: AB_2631450
Anti-BRD2 Bethyl Laboratories Cat # A302-582A; RRID: AB_2034828
Anti-BRD3 Abcam Cat # ab228936; RRID:N/A

Anti-p-Actin Cell Signaling Technology Cat # 3700; RRID:AB_2242334

Anti-FAK Cell Signaling Technology Cat # 3285; RRID: AB_2269034
Anti-BTK Cell Signaling Technology Cat # 8547S; RRID: AB_10950506

Goat IRDye 680RD anti-Mouse 19G

LI-COR Bioscience

Cat # 926-68070; RRID: AB_10956588

Goat IRDye 800CW anti-Rabbit 1gG

LI-COR Bioscience

Cat # 926-32211; RRID: AB_621843

IRDye®800-labeled goat anti-mouse 1gG

LI-COR Bioscience

Cat #926-32210; RRID:AB_621842

Bacterial and Virus Strains

KEAP1 MISSION shRNA Bacterial Glycerol Sigma Aldrich Cat # TRCN0000158081
Stock

Chemicals, Peptides, and Recombinant Proteins

DGY-03-188 This paper N/A
DGY-03-172 This paper N/A
DGY-04-083 This paper N/A
DGY-04-087 This paper N/A
DGY-04-091 This paper N/A
DGY-04-116 This paper N/A
DGY-05-089 This paper N/A
DGY-05-119 This paper N/A
DGY-06-117 This paper N/A
DGY-06-117-pk1 This paper N/A
DGY-06-117-pk2 This paper N/A
DGY-09-081 This paper N/A
DGY-09-084 This paper N/A
NJH-02-123 This paper N/A
NJH-02-136 This paper N/A
NJH-02-160 This paper N/A
NJH-02-162 This paper N/A
NJH-04-086 This paper N/A
NJH-04-087 This paper N/A
NJH-04-098 This paper N/A
NJH-04-195 This paper N/A
NJH-04-202 This paper N/A
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REAGENT or RESOURCE SOURCE IDENTIFIER
NJH-05-137 This paper N/A

NJH-05-138 This paper N/A

NJH-05-139 This paper N/A

NJH-05-141 This paper N/A

NJH-05-142 This paper N/A

NJH-05-143 This paper N/A

NJH-05-146 This paper N/A

Lenalidomide Sigma Aldrich Cat # 901558
MLN4924 Thermo Fisher Scientific Cat # 50-547-70001
Bortezomib MedChemExpress Cat. No.: HY-10227
K1696 (DG Y-09-084) This paper N/A

TAE684 MedChemExpress Cat. No.: HY-10192
TL12-186 MedChemExpress Cat. No.: HY-130665
ZXH-02-043 Nowak, et al., (2018). N/A

JQ1 Selleckchem Cat # S7110
Human wild-type of Keap1 (residues 321-609) This study N/A

protein

LanthaScreen™ Eu-Streptavidin Invitrogen PV5899

Alexa Fluor™ 647 C2 Maleimide Invitrogen A20347
BodipyFL-labeled Spycatcher Nowak et al., 2018 N/A

Nrf2 peptide Genscript N/A

Critical Commercial Assays

BCA protein assay kit Thermo Fisher Scientific Cat # 23227

Experimental Models: Cell Lines

Human: MM.1S ATCC Cat # CRL-2974
Human: OVCARS8 Panagiotis A. Konstantinopoulos’s N/A

laboratory
Human: PATU-8988T DSMZ Cat # ACC162
Human: JeKo-1 ATCC Cat # CRL-3006
Human: Mino ATCC Cat # CRL-3000
Insect: Sf9 cells ATCC CRL-1711
Insect: High Five™ cells ThermoFisher Scientific B85502

Software and Algorithms

Prism Graphpad RRID:SCR_002798
ImageJ ImageJ RRID:SCR_003070
Other

cOmplete, Mini Protease Inhibitor Cocktail Roche Cat # 11836153001
PhosSTOP Phosphotase Inhibitor Tablets Roche Cat # 04906837001

Odyssey Blocking Buffer

LI-COR Biosciences

Cat # 927-50100

Lipofectamine 2000 Reagent

Thermo Fisher Scientific

Cat # 11668-019
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REAGENT or RESOURCE SOURCE IDENTIFIER
Mycoalert Lonza Lonza Cat # LT07-318
CellTiter Glo Promega Cat# G7571
FuGene HD transfection reagent Promega 4561096
ESF921 insect cell culture medium Expression Systems 10437-028
Sf-900 11 SFM serum-free medium, complete Gibco E2311
Vivaspin Turbo 4, 30,000 MWCO concentrator Sartorius 96-001-01
Strep-TactinXT Superflow high capacity IBA 10902-088
Superdex 200 Increase 10/300 GL GE Healthcare VS04T21
PHERAstar FS microplate reader BMG Labtech N/A
Deposited data
wp-esf_064 This paper PXD034424
wp-esf_214 This paper PXD034423
wp-esf_102 This paper PXD034378
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	Synthesis of (S)-3-(3-(((R)-7-(6-(((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (DGY-09–175)
	Synthesis of (S)-3-(3-(((R)-7-(8-((R)-2-(5-((S)-2-carboxy-1-(7-methoxy-1-methyl-1Hbenzo[d][1,2,3]triazol-5-yl)ethyl)-2-methylbenzyl)-4-methyl-1,1-dioxido-3,4-dihydro-2Hbenzo[b][1,4,5]oxathiazepin-7-yl)octa-1,7-diyn-1-yl)-4-methyl-1,1-dioxido-3,4-dihydro-2Hbenzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1Hbenzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04–134)
	Synthesis of (S)-3-(3-(((R)-7-(3-(4-(4-((6-acetyl-8-cyclopentyl-5-methyl-7-oxo-7,8-dihydropyrido[2,3-d]pyrimidin-2-yl)amino)phenyl)piperazin-1-yl)propyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-05–032)
	Synthesis of (S)-3-(3-(((R)-7-(6-(4-(4-((6-acetyl-8-cyclopentyl-5-methyl-7-oxo-7,8-dihydropyrido[2,3-d]pyrimidin-2-yl)amino)phenyl)piperazin-1-yl)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-05–033)
	Synthesis of (3S)-3-(3-(((4R)-7-(6-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxo-2,3-dihydro-1H-benzo[de]isoquinolin-5-yl)oxy)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04–087)
	Synthesis of (3S)-3-(3-(((4R)-7-(6-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)oxy)acetamido)hexyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04–086)
	Synthesis of (3S)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)-3-(4-methyl-3-(((4R)-4-methyl-7-(6-(2-((2-(1-methyl-2,6-dioxopiperidin-3-yl)-1,3-dioxo-2,3-dihydro-1H-benzo[de]isoquinolin-5-yl)oxy)acetamido)hexyl)-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)phenyl)propanoic acid (NJH-04–202)
	Synthesis of (S)-3-(3-(((R)-7-(3-(4-(4-((5-chloro-4-((2-(isopropylsulfonyl)phenyl)amino)pyrimidin-2-yl)amino)phenyl)piperazin-1-yl)propyl)-4-methyl-1,1-dioxido-3,4-dihydro-2H-benzo[b][1,4,5]oxathiazepin-2-yl)methyl)-4-methylphenyl)-3-(7-methoxy-1-methyl-1H-benzo[d][1,2,3]triazol-5-yl)propanoic acid (NJH-04–098)
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