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ABSTRACT: A novel aryl pyrazole series of arginine methyltransferase inhibitors ©
has been identified. Synthesis of analogues within this series yielded the first potent,

selective, small molecule PRMT6 inhibitor tool compound, EPZ020411. PRMT6 owQ‘ & HN—
overexpression has been reported in several cancer types suggesting that inhibition of N
PRMT6 activity may have therapeutic utility. Identification of EPZ020411 provides \

EPZ020411 N/ \

the field with the first small molecule tool compound for target validation studies. N
ICso (PRMTE) = 10nM N

EPZ020411 shows good bioavailability following subcutaneous dosing in rats making
it a suitable tool for in vivo studies.
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PRMT6 is a member of the protein arginine methyltransferase
(RMT) family, which comprises 45 enzymes, nine of which are
known to catalyze protein arginine N-methylation reactions.
These post-translational modifications are important regulators
of RNA processing, transcriptional regulation, signal trans-
duction, and other cellular processes."”

PRMT6 is a nuclear-localized RMT capable of creating
omega-N(G)-monomethylarginine and asymmetric omega-
N(G),N(G)-dimethylarginine derivatives on histone and other
protein substrates containing a GAR motif;” it is the only RMT
known to methylate the H3R2 mark.** This mark can act in
opposition to the activating H3K4me3 mark, effectively acting
as a transcriptional repressor.6

PRMT6 has been reported to play a role in a variety of
cellular processes including maintenance of stem cell
pluripotency,” regulation of cell cycle,* DNA repair,” regulation
of nuclear receptor-mediated transcription,'® and viral trans-
activation.'"' PRMT6 overexpression has been reported in
several cancer types including melanoma'? and bladder, lung,13
and prostate'* carcinoma, suggesting that inhibition of PRMT6
may have therapeutic utility and supporting development of
small molecule inhibitors for use as tool compounds for in vitro
and in vivo target validation studies. Figure 1. Crystal structures of 1 (A) and EPZ020411 (C) (green)

An aryl pyrazole bearing a diamine side-chain, 1, was found showing SAH (yellow), and 2F, — F. electron density maps for ligands
to have potent PRMT1, PRMT6, and PRMTS8 inhibitory 1 (B) and EPZ020411 (D) at 1o (blue mesh).
activity through screening of the Epizyme internal library.

A 2.4 A resolution crystal structure of a ternary complex of 1, side-chain and backbone carbonyl and water-mediated hydro-
SAH, and PRMT6 was obtained and is shown in Figure la,b gen bond interactions with the backbone carbonyl of Trp156
(4Y2H). The diamine side-chain occupies the putative site of

the substrate arginine side-chain. The terminal nitrogen atom is Received: February 11, 2015
3.4 A away from the sulfur atom of SAH. The terminal NH, Accepted: April 6, 2015
group makes multiple direct hydrogen bonds to the GlulSS Published: April 6, 2015
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Table 1. Compounds with Balanced PRMT6/8/1 (1—11) or Decreased PRMT6 (12—15) Activity

R
R 2
R R ! HN-R;
HN-Rs
5
Rs N N
(N BN
RN A N B
R4
Pyrazole PRMT6 PRMTS PRMTI
#  isomer R1 R2 R3I R4 RS o (aM)'  ICs (uM)*  ICs (M)
1 A F H H H H 0.011 0.067 0.018
2 A OFt H Me H H 0.025 0.028 0.013
3 A O'Pr H H H H 0.007 0.010 0.004
4 A O'Pr H Me H H 0.011 0.014 0.007
5 A Bu H H H H 0.010 0.010 0.005
6 A OPh H H H H 0.002 0.002 0.007
7 A O'Pr cl H H H 0.008 0.007 0.004
8 B O'Pr cl Me H H 0.010 0.010 0.005
9 A O'Pr cl Me Me H 0.023 0.022 0.014
OH
10° A o{ H Me H H 0.025 0.022 0.013
OH
1’ A Oi H Me H H 0.032 0.055 0.027
12 B O'Pr cl Me H  CF 0.320 0.070 0.043
13 A H OCH,CH,Ph Me H  CF, 0327 0.023 0.008
14 A H OCH,CHyHex Me H  CF, 0.461 0.021 0.014
OH
15° A H 0{< Me H  CF 1.9 0.044 0.016

“ICsos were determined from at least two independent experiments, see Supporting Information for details. *Compound is an undetermined mixture

of isomers at the chiral center.

and the side-chain of Glul6é4. In addition, the His317 side-
chain makes a hydrogen bond to the tertiary amine of the
diamine side-chain. The pyrazole makes a hydrogen bond to
the side chain of GluS9. The aryl ring of 1 makes 7—7
interactions with the side chains of Glu64 and Tyrl59. This
extensive set of interactions, in addition to numerous van der
Waals interactions between the protein and 1, is consistent with
low nanomolar potency for this compound. In addition, as
shown in Figure 1b, there is more space in the pocket for
expansion of the ligand beyond the para-position of the aryl
group; hence, this region was further explored.

A series of analogues of compound 1 was synthesized,"
which retained balanced PRMT 1, PRMT6, and PRMT8 activity
(compounds 1—11, Table 1).

Replacement of the R1 fluorine in compound 1 with oxygen
gave a synthetic handle with which to explore the unoccupied
space extending off the para-position of the aryl group. Activity
against PRMT1, PRMT6, and PRMT8 was retained as the
fluorine was replaced with ethers of increasing size; ethoxy (2),
isopropoxy (3), and phenoxy (6).

Exploration of SAR around the isopropoxy analogue 3
showed that similar activity was retained when chlorine was
introduced into the ortho-position (7) and with the
regioisomeric pyrazole core (8). The pyrazole cores could
also be N-methylated in the 2-position (9) with minimal
change in activities.

Polarity is tolerated in the para-position as illustrated by
compounds 10 and 11. The oxygen linker was not necessary for
activity and could be converted to carbon as in compound S.
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The terminal primary amine of the original hit 1 was subject to
N-acetylation in vivo, which could be blocked by N-methylation
wiltéh retention of activity as in compound pairs 3 - 4 and 7 —
8.

PRMT6 activity could be reduced through di-meta
substitution of the aryl ring, in particular by introduction of a
trifluoromethyl group in one of the meta-positions (com-
pounds 12—15, Table 1). For example, introduction of a meta-
trifluoromethyl group to the isopropoxy chloro analogue 8 gave
decreased activity against PRMT6 compared to PRMT1 and
PRMTS, compound 12.

Removal of the substituent in the para-position, 13 and 14,
gave a slight potency improvement against PRMT1 and
PRMTS8 while retaining decreased PRMT6 activity. Introduc-
tion of polarity into the meta-side chain further decreased
PRMTS6 activity (15).

Analogues with selectivity for PRMT6 over both PRMT1
and PRMT8 were obtained by extending further off the para-
position of the aryl group (Table 2). Increased potency for
PRMT6 compared to PRMT1 and PRMT8 was achieved with
oxygen- and nitrogen-linked alkyl compounds EPZ020411 and
17/18. Single digit nanomolar inhibitory activity at PRMT6
with selectivity over PRMT1 and PRMTS8 was obtained with
phenoxy analogues 19—21.

Further characterization, including PK, of selected analogues
identified EPZ020411 to have a profile suitable for use as a
PRMT6 inhibitor tool compound. In biochemical assays
EPZ020411 was over 100-fold selective for PRMT6/8/1
compared to other histone methyltransferases including four
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Table 2. PRMT6 Selective Compounds

R

1 R
HN-R, HN-R,
N N
\ \
g I\
°N N’
H H B

A
" Pyrazole R1 R3 PRMT6 PRMTS PRMT1
isomer ICso (M)’ ICso (uM)* ICsy (M) *
0
EPZ020411 A O/D v\GO Me 0.010 0.223 0.119
N
17 A © ) H 0.013 0.45 0.117
\ Ph
18 A N N—<7 H 0.020 1.5 0.387
— o
(0]
NMe,
19 A Me 0.003 0.179 0.026
(6]
O,
NMe,
20 B Me 0.002 0.347 0.060
(6]
NHMe
(0]
21 B Me 0.005 0.065 0.050
o
“ICsos were determined from at least two independent experiments; see Supporting Information for details.
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Figure 2. (A) H3R2 methylation is induced by 48 h overexpression of PRMT6, but not an empty vector, in A375 cells. (B) PRMT6-induced H3R2
methylation is inhibited by 48 h exposure to EPZ020411 (circles, ICs, = 0.637 + 0.241 uM) but not by 15 (squares, ICy, > 20 uM).
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arginine methyltransferases (PRMT3, PRMT4, PRMTS, and
PRMT?).

A 2.1 A resolution crystal structure of the tool compound,
EPZ020411, with SAH and PRMT®6 is shown in Figure lc,d
(4Y30). The interactions between EPZ020411 and PRMT6 are
quite similar to those observed for compound 1 with the
majority of the interactions occurring with the diamine side-
chain and the pyrazole core. Since the R3 substituent is a
methyl instead of a hydrogen in this case, the hydrogen bonds
to both the GlulSS backbone carbonyl and water are lost, but
the methyl picks up additional van der Waals interactions that
are not present when R3 is a hydrogen atom. The entirety of
the oxygen linked alkyl side chain is not well ordered in the
structure with electron density not observed for the terminal
tetrahydropyran group.

The PRMT6 cellular activity of compounds 15 and
EPZ020411 was tested in an engineered model in which
PRMT6 was transiently expressed in an A375 cell line
background. Notably, compound treatment did not affect
levels of PRMTG6 expression (Supplemental Figure 3). Selective
methylation of the PRMT6 substrate H3R2 was robustly
induced upon 48 h of PRMT6 expression as shown in Figure
2A. Treatment with EPZ020411 resulted in a dose-dependent
decrease in H3R2 methylation (ICs, = 0.637 + 0.241 uM),
while treatment with the PRMT6-inactive compound 15 did
not generate an IC, at concentrations up to 20 uM (Figure 2).
In order to determine the cellular activity of EPZ020411 against
PRMT1, monomethyl R*GG was quantified, which has
previously been demonstrated to be selectively modulated by
PRMT1 and not PRMT6."” As seen in Supplemental Figure 4,
EPZ020411 had a >10-fold less potent effect on this PRMT1-
specific methylmark than was seen on the PRMT6-mediated
H3R2 methylmark, consistent with the biochemical potencies
of EPZ020411 on these two enzymes.

EPZ7020411 had a free fraction of 0.51 + 0.01 and 0.52 +
0.02 in rat and human plasma, respectively. The compound
showed poor permeability in the parallel artificial membrane
permeation assay (PAMPA; 0.1 X 107 cm/s), in line with the
observation of low bioavailability after oral dosing in rats (<5%,
data not shown). Pharmacokinetic (PK) studies in rats were
also performed by intravenous (iv.) bolus and subcutaneous
(s.c.) administration. Blood PK parameters derived from
noncompartmental analysis are displayed in Table 3. Male
Sprague—Dawley rats administered a single dose of EPZ020411
at 1 mg/kg by i.v. bolus showed a moderate clearance (CL) of
19.7 + 1.0 mL/min/kg, with a volume of distribution at steady
state (Vi,) of 11.1 + 1.6 L/kg, translating to a mean terminal
half-ife (t,,,) of 8.54 + 1.43 h. Following S mg/kg s.c. dosing, a

Table 3. Pharmacokinetic Parameters for EPZ020411
Following i.v. and s.c. Bolus Administration to Sprague-
Dawley Rats; Expressed as Mean + SD, n = 3

parameter 1 mg/kg iv. S mg/kg s.c.
CL (mL/min/kg) 19.7 + 1.0
Vi, (L/kg) 1.1 + 1.6
ti, (h) 8.54 + 1.43 9.19 + 1.60
tnax (1) 0.444
Conax (ng/mL) 844 + 306
AUC,., (h-ng/mL) 745 + 34 2456 + 135
AUC ¢ (h-ng/mL) 846 + 45 2775 + 181
F (%) 65.6 + 4.3
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good bioavailability of 65.6 + 4.3% was observed, leading to
EPZ020411 unbound blood concentration remaining above the
PRMT6 biochemical ICs, value for more than 12 h.

In conclusion, we report here the first potent, selective, small
molecule PRMTS6 inhibitors (EPZ020411 and 17—21). Further
characterization of EPZ020411 showed it to have good
bioavailability following subcutaneous dosing in rats making it
a suitable tool for potential in vivo target validation studies.
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ADME/PK methods, H3R2 cell assay conditions, biochemical
assay conditions, crystallography methods and data, and
synthesis and data for EPZ020411. This material is available
free of charge via the Internet at http://pubs.acs.org.
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