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ABSTRACT: SET domain-containing protein 2 (SETD2), a histone methyltransferase, has been identified as a target of interest in
certain hematological malignancies, including multiple myeloma. This account details the discovery of EPZ-719, a novel and potent
SETD?2 inhibitor with a high selectivity over other histone methyltransferases. A screening campaign of the Epizyme proprietary
histone methyltransferase-biased library identified potential leads based on a 2-amidoindole core. Structure-based drug design
(SBDD) and drug metabolism/pharmacokinetics (DMPK) optimization resulted in EPZ-719, an attractive tool compound for the
interrogation of SETD2 biology that enables in vivo target validation studies.
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he lysine N-methyltransferase SETD2," is the only known We screened our in-house library against SETD2 in a

enzyme capable of the trimethylation of histone H3 lysine radiometric assay that monitored the methylation of a histone
36 (H3K36)” and has b rted to pl le i i identif hits of i 1 and 2
trangcriptior)lal a:longe;stiorf‘%e’a1 :Elo ;ﬁternoatilzleilys;;lig)neg.sl’ré F(’;f’gtﬁi e1lr)ld Hdentified owo hits of nterest compounds 1 and
Although SETD2 has been shown to have a role as a tumor Hits 1 and 2 were confirmed in the SETD2 biochemical assay
suppressor, '’ our target identification efforts identified it as a with ICs, values of 166 and 22.1 uM, respectively. Further
potential target of interest for the treatment of some cancers."’ workup in our hit validation funnel demonstrated that 1 and 2
Inhibitors of SETD2 have been described in the literature;'” were true hits. Both 1 and 2 show reversible inhibition of

however, none are suitable for in vivo studies. To further validate
this target, we sought a suitable small molecule inhibitor that
could be used to thoroughly interrogate SETD2 biology both in
vitro and in vivo. Herein, we detail the efforts that led to the
identification of a selective SETD2 inhibitor with these desirable
properties.

SETD?2, with an uncompetitive mechanism with respect to the
substrate S-adenosylmethionine (SAM) and a noncompetitive
mechanism with respect to the peptide substrate. Further,
compound 2 displayed well-behaved binding in a surface
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been part of our strategy to understand the biology of various Acce-pted: August 16, 2021 hes
histone methyltransferases.'” During the course of these efforts, Published: August 24, 2021

we developed a histone methyltransferase-biased library
enriched with chemotypes that possessed desirable physiochem-
ical properties, which could be elaborated into tool compounds.
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Figure 1. Initial screening hits and results of the initial optimization.

plasmon resonsance (SPR) binding assay with a Ky, value of 40
M, and we obtained a ligand-bound X-ray cocrystal structure at
2.30 A between compound 2, SAM, and SETD2 (Figure 2).

&}-.\/\/Phewos
.

Figure 2. X-ray structure of HTS hit 2. Compound 2 is represented as
sticks, and SAM is represented as lines. (A) Surface representation of
SETD2 showing the location of compound 2 at right relative to the
SAM binding site. (B) Binding mode of compound 2 showing key
interactions with SETD2 and the proximity to the SAM binding site.

The structure of the ligand-bound complex shows that 2
occupies a portion of the enzyme’s peptide binding site, with the
7-methylindole buried deep within the lysine channel where
histone 3 lysine 36 would normally be positioned for
methylation by SAM. In this binding pose, the indole aromatic
rings make a face-to-face #-stacking interaction with Tyr1666.
The indole N—H and the indolecarboxamide carbonyl interact
with the backbone carbonyl and N—H from Phel606,
respectively, via H-bonding, and the cyclohexane ring of the
ligand makes predominantly nonpolar contacts with the protein.
The f-alanine terminus was poorly resolved, presumably due to
its high degree of flexibility and mobility within the crystal

lattice. Although the noncompetitive mechanism of 2 with
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respect to the peptide substrate may seem at odds with the
observed binding location in the X-ray structure, this type of
relationship was observed previously'*™'® and may occur for a
variety of reasons, such as exosite binding. Additional follow-up
efforts led to the identification of compounds 3, with a
biochemical ICs, value of 2.08 uM, and 4, with a biochemical
ICs, value of 424 uM, as potential starting points for further
elaboration.

To assess the importance of substitution at the 7-position of
the indole, we utilized a small collection of compounds (Table
1) to assess the impact of this structural motif. We found that

Table 1. Effect of Indole Substitution and the Core Change

Me—/ \
=N
3
R
o)
sSETD2 SETD2
Cmpd R 1Cso Cmpd R 1Cso
(uM) (M)
Me Me
H . H
3 N 208 | 10 N >200
/ /
Me
H H
5 >200 | 11 N >200
// />—|
N
Me
6 H >200 | 12 S >200
/) /
Me
7 H >200 | 13 S >200
/>—’
Y, N
Me
H Me
N H
8 / 0674 | 14 AN >50
< Mz
N
F
Me Me
H
9 N 546 | 15 ©l:\>_’ >200
/
F SN

“Standard deviations for the active compounds are less than 13% of
the ICy, values.

compounds containing the 7-methylindole displayed significant
activity in the biochemical assay. Moreover, the X-ray structure
of 2 showed that the indole was positioned deep within the
lysine channel and was highly engaged with the protein, which
was further validated by analogs that explored the structure—
activity relationship (SAR) of the indole unit based on
compound 3 (Table 1). In combination with this methyl,
some substitution with fluorine was tolerated, as shown by 8 and
9, with substitution at the 4-position leading to significant
improvements in the activity. The indole unit was generally
tolerated better as compared to other heterocycles, which is
consistent with the observed crystal structure. We therefore

https://doi.org/10.1021/acsmedchemlett.1c00272
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focused our synthetic efforts on 7-methylindole- and 4-fluoro-7-
methylindole-containing analogs.

Despite improvements in the biochemical potency for
derivatives of compound 3 and our efforts to improve the
physical and DMPK properties of the molecules, progressing
this subseries remained difficult. We therefore refocused our
optimization efforts on compound 4. Our work in this new series
can be seen in Table 2. For compounds with an adequate

Table 2. Effect of R!, R?, R3, and R* Substitutions of 4

R2
Me
H
N HN
/
O R R*
R1

*SETD2 PICW ICso

Cmpd R! R’ R} R*

ICso (uM) ~ (uM)
16 -H H ’—N b -H  >200
\_/

17 H t—N o) H  H 0818 204
\/

18 -F N o H  H 0101 0397
\_/

19 -F *—N N— H  H 0066 054
\

20 -F ’—N N H  H 0018 0235
\

21 F ’—N N H  Me 0017 0379
\

2 -F ’—N N H  -Cl 0008 0384
\

23 -F ’—N N H F 0003 0.175
\
|

24 F N\n/ H  -H 0012 0093
T 8

0007  0.029

“Standard deviations range from 3% to 63% of the ICy, values.
bStandard deviations range form 7% to 67% of the ICs, values.

biochemical potency, we demonstrated the activity in a cellular
context using an in-cell Western (ICW) cell biochemical assay in
AS549 cells by monitoring the H3K36 trimethyl mark. We began
by surveying the impact of the meta-substitution on the arene, as
it had a notably improved activity over that of an exemplary
analog with an ortho-substitution. The morpholine analog 17
had a submicromolar activity and, when combined with the C4
fluoride substitution on the indole core, the biochemical
potency for 18 increased sixfold. Further investigation of the
amine meta-substituent led to 20, which had a fivefold increase
in its biochemical potency over that of 18. Next, we focused on
the addition of a second meta-substituent, which was observed to
further improve the biochemical potency in some cases, as seen
in compounds 21-23.

The translation of the biochemical activity into a cellular assay
continued to prove challenging at this stage. We noted that many
of the more biochemically potent compounds contained amines
that would be expected to be quite basic and that compounds 22
and 23 in general displayed a large shift between the biochemical
and cell biochemical assays. Several factors might explain such a
shift, including the impact of basicity on the partition between

1541

cellular compartments'” and the effect of serum binding in the
assay medium. To probe this hypothesis, we prepared nonbasic
pyrrolidine analogs with an amide substituent. This effort
furnished 24 and 25 with overall lower shifts between the
biochemical and cellular assays, with 25 displaying a low-
nanomolar potency in the cell biochemical assay.

During these studies, we were able to obtain an X-ray
structure for 20 of the ligand-bound complex, as shown in Figure
3. The positioning of the indole ring is comparable to that in the

/]I
A\ '14"&\_:"

;,yv?is;/;igjssé

| Glu1674
N =
Lys1673

Figure 3. X-ray structure of 20 overlaid with 2. Compound 20 is shown
as green sticks, and compound 2 is shown as a ball and stick
representation. The protein structures in the 20 and 2 costructures are
shown in gray and blue, respectively.

structure for compound 2, with similar -stacking and hydrogen
bonding interactions. The central aromatic ring of 20 makes 7-
stacking contacts with Tyr1604, and the N-aminopiperidine
substituent points out toward the solvent. The steric disposition
of the N-aminopiperidine in this structure was consistent with
the observation that meta-substituents on the central aryl ring
had higher cellular activities.

While 25 provided many key features that were desirable for
an in vivo tool compound, there were a few additional areas to
optimize. Analogs in Table 2 displayed a high lipophilicity and
aromatic character; as a result, low aqueous solubilities were
observed for several analogs, and low fractions absorbed were
observed for those analogs we studied in wvivo. The
pharmacokinetic (PK) behavior of compound 25 in mice is
shown in Table 3 as an example of this. While compound 25
shows a moderate clearance, we did not pursue in vivo studies, in
part due to the low fraction absorbed (Fa).

To address this, we investigated the impact of alternatives to
the compounds’ central aromatic core using a saturated system
similar to those of our original HTS hits 1 and 2.'®"" The
resulting compounds (Table 4) displayed activities that were
highly stereoselective, favoring the (1R,3S)-isomer. The activity
generally tracked with those found in the corresponding
aromatic series of compounds. Thus, merging those lessons
from our SAR studies as outlined above, the optimal activity was
found in aminopyrrolidine compounds such as 30 and 32. This
scaffold displayed much more favorable physical chemical, and
ADME properties when compared to those of the analogous
compounds with an aryl core. Additionally, the ADME
properties measured in vitro generally translated well into in
vivo PK. We chose to focus on compound 32 as it showed high

https://doi.org/10.1021/acsmedchemlett.1c00272
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Table 3. Detailed Profile Assessments for 25 and 32

compound 25 32
hepatocyte CLmU human/mouse 64/239 51/721
mL/min/ kg

Caco-2 Py (107 cm/s), efflux ratio 32,56

PSA (A2) 68 87

cLogD 32 0.32

CYP 450 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 50, >50, 16, 36,

and 3A4 inhibition, IC, (uM)“ >50, > 50, >50,
>50

hERG ICy, (4M) 45

PK parameters (mouse)

CL (mL/min/kg) 24.2 533

V, (L/kg) 1.04 8.13

terminal t,,, (h) 0.7 3.13

estimated F, <0.01 (50 0.7 (30 mpk)
mpk)

time over ICW ICy, (h) 0 (50 ~6 (30 mpk),
mpk) ~12 (100 mpk)

“Values are estimated ICg, values based on the percent (%) inhibition
at a single concentration (50 uM).

potencies in both the biochemical and cell biochemical assays.
We determined the K, value for 32 to be 3.3 nM with an
uncompetitive mechanism versus SAM and a noncompetitive
mechanism versus the peptide (Supporting Information Figure
1). Although it displayed a relatively high intrinsic clearance in
vitro in mouse hepatocytes, we reasoned that its decreased
aromatic character might provide some benefits in oral
absorption. The results for mouse PK studies for compound
32 are shown in Table 3. We found that compound 32 had a
much higher oral absorption in mice as compared to that of

compound 25. Although 32 exhibited a relatively high in vivo
clearance, the fraction absorbed at 10 mpk was estimated to be
0.6, indicating that 32 was well absorbed in a conventional
formulation (0.5% CMC/0.1% Tween80), which can be
attributed to its improved solubility and dissolution. Gratify-
ingly, oral exposure increased greater than dose-proportional as
doses increased up to 100 mpk, thus providing sufficient
exposure relative to the ICW ICyj, for the use of compound 32 as
a SETD2-inhibitory tool compound. Furthermore, 32 displayed
a >8000-fold selectivity in a panel of 14 other histone
methyltransferases, showing a remarkable level of selectivity
over these closely related and potentially confounding targets. It
showed minimal activity in a panel of 47 common off-target
receptors and enzymes, showing only modest micromolar
activity against three GPCRs. Finally, the compound showed
no activity greater than 30% inhibition at 10 #M in a panel of 45
kinases (see the Supporting Information)

Again, we confirmed the binding of 32 by cocrystallization, as
shown in Figure 4. Like earlier analogs, the position of the indole
was conserved, and the same contacts that were observed
previously were seen here as well. The cyclohexane ring appears
to make nonpolar contacts and principally serves to orient the
pyrrolidine substituent in an appropriate direction toward the
solvent. While the conformation of the ligand is well-defined by
the electron density, the amino acid side chains of the protein
loop proximal to the pyrrolidine sulfonamide (Lys1673 and
Glul1674) are poorly defined, presumably reflecting the flexible
nature of this region. As a result, no specific interactions between
this portion of the ligand and the protein, either directly or via
bound waters, were observed.

Compounds 32 and 33 were studied for their effects on the
proliferation of two multiple myeloma cell lines, KMS34 and

Table 4. Structure—Activity Relationship of the 1,3-cis-Diaminocyclohexyl Substitution

R2
Me
H
N HN
/)
o)
F
CLint, human CLint mouse
a b )

Compound R SETD2 ICso (M) ICW ICso (M) (mL/min/kg) (mL/min/kg)
26 N O 0.147 0.449 75.0 2170
27 i-@n 0.012 0257 323 399

O
28 '_NF‘/(N_ 0.118 0.34 23.7 164
\_/
o]
29 |_N’ W—&ko 0.056 0.162 41 328
—/ \
|
30 l_NO/N*“/ 0.015 0.074 22.5 25.7
\
31 '_NO *“/ 0.023 0.127 16.0 54.1
(o]
Neor
32 s¢ 0.008 0.023 51 721
l—N gto
Noor
33 sl 0.012 0.064 21.1 235
RO

“Standard deviations range from 3% to 48% of the ICg, values.
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bStandard deviations range from 0.5% to 57% of the ICs, values.
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Figure 4. X-ray structure of 32 overlaid with 20. Compound 32 is
shown as green sticks, and compound 20 is shown as a ball and stick
representation. The protein structures in the 32 and 20 costructures are
shown in gray and blue, respectively.

KMSI11, and the data can be seen in Table 5. The potent
antiproliferative activity of compound 32 coupled with its

Table 5. Anti-Proliferation Data of Relevant Cell Lines for 32
and 33 in 14 Day Long-Term Proliferation (LTP) Assays

compound KMS34 LTP day 14 ICs, (uM) KMS11 LTP day 14 ICy, (M)

32 0.025 0.211
33 0.038 0.476

encouraging PK behavior in mice suggested that it might prove
suitable for study in appropriate xenograft models.”’
Compound 32 and its related analogs disclosed in Table 4 can
be prepared as outlined in Scheme 1 (analogs from Tables 1 and
2, see the Supporting Information). The synthesis begins with
the condensation of hydrazine 34 with ethyl pyruvate, followed
by a cyclic [3,3]-sigmatropic rearrangement and subsequent
ammonium elimination in the presence of p-TsOH via a
Fishcher indole cyclization protocol. Basic saponification
afforded the carboxylic acid 36 in a high yield. The installation
of the amine partner was accomplished by a HATU-mediated

coupling with (1R,3R)-3-aminocyclohexan-1-ol, followed by a
mild oxidation of the alcohol to the cyclohexanone 37. Then,
condensation of the secondary amine partner with 37 and a
subsequent in situ reduction give a mixture of diastereomers (2:1
cis/trans). Finally, isolation by prep-HPLC chromatography
completes the synthesis for EPZ-719 (32).

In summary, we began a campaign to identify an appropriate
compound that could be used to interrogate SETD2 biology in
vivo. A screen of our focused library directed toward epigenetic
targets provided hit compounds 1 and 2. 1 and 2 were modified
in a sequential medicinal chemistry optimization process to lead
to compound 32, which met our goals for potency, selectivity,
and ADME behavior suitable for in vitro and in wvivo
investigations of SETD2 biology. Structural insights gained
from crystallographic studies served to elucidate the binding
behavior of the inhibitors but proved limited in optimizing
solvent-facing portions of the molecules due to the flexibility of
the protein. Close attention to the physical chemical properties
of the inhibitors, in particular basicity, lipophilicity, and aromatic
character, led to compounds with attractive cellular activities
and in vivo exposures. Additional results of in vivo studies on
SETD2 biology and tumor growth inhibition in xenograft
models are in preparation for a future manuscript.
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