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ABSTRACT: Further lead optimization of our series of METTL3
inhibitors is disclosed where aggregative replacements of the α-
methylpyridone core and 5-dimethylaminopyridin-3-yl-1,2,3-tria-
zole hinge moiety with an oxetan-3-yl-pyridin-3-yl core and 5-
cyclopropylpyridin-3-yl-1,3,4-thiadiazol-2-yl hinge moiety, respec-
tively, improved oral bioavailability while decreasing lipophilicity,
thereby translating into oral efficacy in mouse tumor models. This
research culminates in the discovery of EP102, a compound with a
clear selectivity profile and a favorable ADME/PK profile in
addition to robust efficacy in AML and solid tumor models. EP102
has entered clinical development for the treatment of advanced
solid tumors.

■ INTRODUCTION

As one of the most abundant epigenetic modifications of RNA,
N6-methyladenosine (m6A) affects RNA transcription, splicing,
stability, and post-transcriptional translation. Methyltransferase-
like 3 (METTL3), a key component of the m6A methyltransfer-
ase complex,1 dynamically regulates target gene expression
through m6A modification. METTL3 has been found to play a
critical role in tumorigenesis, tumor growth, metastasis,
metabolic reprogramming, immune cell infiltration, and tumor
drug resistance. As a result, the development of inhibitors
targeted against METTL3 is becoming increasingly popular.2

Extensive modeling of existing inhibitors3 led to the
development of a QSAR model, which allowed us to discover
hit compound 1 (Figure 1, previously reported). The lead
optimization process that delivered the proof-of-concept (PoC)
compound 2 (EP652) has been disclosed.4 EP652 potently
inhibits METTL3 and correspondingly decreases cancer cell
proliferation across a broad range of in cellulo models,
encompassing both solid tumors and hematological cancers.
However, the in vivo efficacy of EP652 is limited to parenteral
dosing. Herein, we report further optimization of this lead series
highlighted by improvements in oral bioavailability, as
exemplified by oral proof-of-concept compound 3 and further
refined in compound 4 (EP102). EP102 demonstrates oral
efficacy in various tumor models and an overall profile suitable
for development in the treatment of solid tumors.

■ RESULTS AND DISCUSSION

Improving Oral PK Parameters Starting from ip
Proof-of-Concept Compound 2 (EP652)

The experience gained through the discovery of PoC compound
24 was applied in the maturation of the lead optimization process
toward orally available compounds. Briefly, the bioactivity
structure−activity relationship (SAR) previously reported for
compound 2 was established through in vitro Scintillation
Proximity Assay (SPA) and ATPlite assay (antiproliferative
effects measured in cell viability assays) across a large panel of
cell lines (Calu-6, Caov-3, KG1a, A549, SK-OV-3, FaDu,
Kasumi-1, MV-4-11) allowing us to compare our compounds in
a cellular setting. Compound 2 is potent in both the SPA primary
assay and the ATPlite assays, as well as in an intracellular m6A
inhibition assay (e.g., concentration-dependent inhibition of
m6A on mRNA samples collected from several cell lines in vitro)
indicative of target engagement. This SAR workflow is further
elaborated upon in the current report. Physicochemical
characteristics were also monitored constantly (lipophilicity as
a main driver through LLE)5,6 during optimization with a
mandate of improving oral PK while maintaining the ADME7
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and efficacy profile. LLE was calculated using pIC50 values
determined using our cellular assay by ATPlite in Kasumi-1 cells,
instead of an assay directly measuring enzymatic inhibition (for
example, SPA, even though such data are reported herein), due
to the limited dynamic range of the enzymatic inhibition assay to
distinguish between highly potent compounds (e.g., compounds
with IC50 < 3 nM in SPA). In comparison to SPA, the ATPlite
assay measuring cell proliferation proved to be a superior assay

to distinguish between potent compounds and, furthermore,
incorporates any differences in cellular penetration relating to
the intracellular targeting required for METTL3 inhibition. The
starting point for the current optimization work, compound 2,
has a favorable LLE of 6.28 (Kasumi-1 IC50 = 37 nM) and high
unbound8 AUC in iv PK in rat and ip PK in mouse. However, its
poor oral unbound exposure presents a limitation on oral
efficacy.

Figure 1. Hit-to-lead progression from hit 1, to ip PoC 2 (EP652), to oral PoC 3, and to clinical candidate 4 (EP102).

Table 1. SAR around α-Methylpyridone Core Replacement

Most potent diastereomer data provided. aLLE = pIC50 (Kasumi-1) − LogD. bAUCu = rat unbound AUC in iv dosing (1 mg/kg/d) = AUCtotal ×
rfu. cAUCu = rat unbound AUC in po dosing (3 mg/kg/d) = AUCtotal × rfu. n.d.: not determined.
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In order to improve the metabolic stability of compound 2, we
identified the dimethyl amino moiety on pyridine left-hand side
(LHS) and the core pyridone as metabolic soft spots (Figure 1).
Accordingly, we returned to an earlier generation of compounds
as a new starting point to identify compounds devoid of both of
these moieties, whereupon oral unbound PK is significantly
improved albeit at the expense of potency. An initial focus is
exemplified by compound 5 (Table 1) with methoxypyridine as
LHS and pyridin-3-yl core as a new starting point for lead
optimization. We had determined that this analogue brings us
improved oral unbound PK.9 Our goal was to improve the
potency of this analogue without compromising the oral
unbound exposure in the rat.

Based on our prior knowledge from the discovery of
compound 2 (EP652),4 we compared best core structures
bearing the α-methylation (imparting improved potency and
increased free fraction), such as phenyl 6 or pyridin-2-yl 7
(Table 1), and ultimately clearly observed that the pyridin-3-yl
core of compound 5 provided a superior scaffold based on its
provision of an identical range of potency with improved LogD/
LLE and unbound rat iv AUC, mostly driven by a higher fraction
unbound as measured in rat (rfu). Numerous α-substitutions
had already been assessed (mostly with the pyridazine core),4

and therefore the next step was to test whether the methyl
substitution was best. Thus, we again attempted more elaborate
substituents that had previously failed in synthesis with both
pyridazine and pyridone cores. We targeted moieties that could
impart enhanced stability while decreasing global lipophilicity.
From these extensive efforts, the introduction of oxetane as gem-

dimethyl and carbonyl isostere10 delivered compounds with a
favorable overall profile, such as compound 8 (Table 1). In
addition to lowering lipophilicity and LogD, which in turn
improved the fraction unbound in rat plasma significantly and
thereby improved unbound AUC in pharmacokinetic assays, the
oxetane moiety also delivered an improvement in potency by
nearly one log (compound 5 versus compound 8). X-ray
cocrystallization of compound 8 with the truncated METTL3/
14 complex (Figure 2) provided insight into the mechanism by
which the oxetane improved potency through enhanced
interactions with a network of water molecules; all previously
reported interactions3 remained in place (with Tyr406, Lys513,
Asp395, Phe534, and Ile378, PDB code: 9IH5). Addition of the
cyclopropyl on the right-hand side of the molecule (a preferred
replacement as shown in our previous report)4 provided
compound 9 with further improved LLE, now at 5.75 (against
4.03 for compound 5, hence nearly 2 log improvement and
increased by >0.5 log against compound 8). Compound 9
demonstrated promising unbound exposure in rat due to
significantly improved rfu (0.28), and also showed practicable
potency both in in vitro SPA assay and in cellulo ATPlite assay
(Table 1). The latter compound was confirmed to have
improved stability in minipig microsomes (half-life of 112
min, improved versus compound 8 (53 min)), while the half-life
in rat, dog, and human microsomes was beyond the time limit of
the assay (>240 min).

The breakthrough exemplified through compounds 8 and 9
set the core scaffold from which a strategy to further improve
potency implicated combination with the best LHS pyridines

Figure 2. Co-crystal structure of compound 8 (PDB: 9IH5) with a truncated METTL3/14 complex.
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and pyrazines/pyridazines variants, as discovered earlier
(“hinge” moiety).4 This SAR was extensively explored and is
summarized by compounds 10−14 (Table 2). Notably, the
anticipated potency gain delivered by the aminopyridine
(compounds 10, 11) or pyrazine (compounds 12 and 13),
and pyridazine (compound 14) LHS was offset by the
deterioration of PK parameters. Therefore, we turned our
attention toward small electron-rich alkyl LHS substituents and
confirmed that this strategy indeed allowed us to make very
potent compounds based on testing in cellulo as exemplified in
the Kasumi-1 assay (compound 3 and compounds 15−17). It

was observed that the electron-rich cyclopropyl of compound 3
was (again) the best substituent (compare against compounds
15−17, Table 2), affording a very potent compound, while
maintaining LogD in the lower range and providing very high
unbound AUC in rat both iv and po (>3-fold higher than the
corresponding dimethyl amino 10). In addition, cyclopropyl-
substituted pyrazine 18 and pyridazine 19 variants were
synthesized, but both analogs were disappointing in cellular
inhibition in Kasumi-1 cells and further exhibited poor unbound
AUC, thereby providing additional evidence that the pyridin-3-
yl is the LHS heterocycle of choice. Co-crystals of the truncated

Table 2. SAR around the LHS Pyridine of Compound 9

aLLE = pIC50 (Kasumi-1) − LogD. bAUCu = rat unbound AUC in iv dosing (1 mg/kg/d) = AUCtotal × rfu. cAUCu = rat unbound AUC in po
dosing (3 mg/kg/d) = AUCtotal × rfu. n.d.: not determined.
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METTL3−14 complex with compounds 13 and 3 were
obtained, where both compounds exhibited similar binding
interactions as previously shown with compound 8 (Figure 2),
but with the addition of an interaction of the lipophilic moiety
(pyrrolidine of compound 13, or cyclopropyl of compound 3)
with Leu409 (PDB: 9Q89 and 9Q8A).

Finally, the exploration of the oxetane isosteres was
completed by synthesizing the carbon (difluoro-cyclobutyl)
and nitrogen (NH and NMe azetidines) versions of oxetane 3
and testing in the Kasumi-1 assay to thereby provide further
confirmation that these analogs (not shown) were significatively
less potent, consistent with the increased lipophilicity for the
cyclobutyl analogue, while the poor potency of the azetidines in
cellulo was attributed to decreased permeability.
Confirmation of Efficacy with Oral Proof-of-Concept
Compound 3
As a consequence of compound 3 demonstrating a suitable
pharmacokinetic profile (Table 2) and promising in vitro efficacy
(as measured in the Kasumi-1 cell line), compound 3 was
advanced into efficacy testing across a broad panel of cancer cell
lines in vitro (Table 3). To confirm the effect observed on cell

proliferation, Calu-6 was selected as a representative cell line to
measure the inhibition of intracellular m6A, the latter used as a
marker of target engagement.

Following the confirmation of broader efficacy in vitro of
compound 3, its oral efficacy was assessed in a disseminated
xenograft model of AML by intravenous injection of MV-4-11
cells (AML, MV-4-11-Luc-mCh-Puro CDX Model, implant of 2
× 106 cells) in female NSG mice. Compound 3 dosed by the oral
route at a single concentration in this proof-of-concept study
(100 mg/kg, po, QD for 22 days) was initiated at 5 days
postimplant versus vehicle-treated control. The main study arms
were subjected to imaging (bioluminescence imaging: BLI)
once weekly up to day 27 (22 days of treatment). Compound 3
showed strong tumor growth inhibition (Supporting Informa-
tion Figure S7) as measured by in-life imaging. Consistent with
the in-life imaging results, flow cytometric analysis of bone
marrow from mice (N = 5/group) terminated on day 27
revealed a selective reduction of hCD45+ versus mCD45+ cells,
indicative of inhibited AML tumor growth (Supporting
Information Figure S7).
From Oral Proof-of-Concept Compound 3 to Clinical
Candidate 4 (EP102)
The demonstration that oral efficacy was achieved with
compound 3 validated the continued optimization of this lead
series with the mandate to improve potency while maintaining
oral bioavailability. Moreover, in consideration of process

development and scale-ups, removal of the 1,2,3-triazole moiety
was considered to be an additional potential benefit to the
overall project. Safety evaluation performed on the correspond-
ing possible azide intermediates identified potential hazardous
characteristics upon heating. Replacement of this 5-membered
heterocycle in our earlier α-methylpyridone series (e.g.,
compound 2) was previously reported4 with few isosteres
demonstrating any potential, with the exceptions being the
imidazole, pyrazole, and thiadiazole. Based on this data set, we
first used compound 13 as a template (parallel investigation as in
Table 2), and we were able to access imidazole variant 20,
thiadiazole 21, and amide 22 (Table 4). Unfortunately, synthesis
of the pyrazole-oxetane-pyridine sequence was unsuccessful, as
we were unable to develop a coupling reaction to assemble aryl-
substituted or protected 1H-pyrazol-4-yl and oxetan-3-ylpyr-
idine (successful pathways developed toward analogs are
described below in Schemes 2 to 7). Further attempts to access
this sequence through late oxetane formation from diol were not
easier to carry out in our hands.

In comparison with triazole 13, imidazole 20 exhibited
inferior oral unbound AUC albeit with similar potency, while
thiadiazole 21 afforded a 3-fold more potent compound in
ATPlite assay (Kasumi-1 cell line), alongside a greater than 2-
fold improved iv unbound AUC. However, the oral unbound
AUC for compound 21 was low, as attributed to the presence of
the amino-pyrazine as LHS, consistent with the observation
reported for the SAR presented in Table 2. Amide 22 exhibited
significantly improved oral unbound AUC, but at the expense of
in cellulo potency. In pursuit of ameliorated oral PK parameters
versus compound 21, we completed the synthesis of 5-
cyclopropyl-pyridin-3-yl LHS variant 4 (identical LHS as for
compound 3) that delivered superior potency than compound 3
(as expected) in addition to an improved oral unbound AUC
(>4-fold versus triazole 3). The oxadiazole analogue 23 was also
made, and this compound reproduced the poor profile reported
previously for oxygen-containing heterocycles.

X-ray crystallization analysis of the binding of compound 4 to
the truncated METTL3/14 complex (Figure 3) recapitulated all
the well-described interactions in the literature3 (with Tyr406,
Lys513, Asp395, Phe534, and Ile378 such as PDB: 7ACD,
7O2I), including the interactions disclosed for our own
analogues as published earlier4a (PDB: 9G4U, 9G4S, and
9G4W).11 Additional interactions between the oxetane and
water molecules were clearly visible (similar to that shown with
compound 3, Figure 2).
EP102 Selection Validation

Compound 4 (EP102) was nominated as a development
candidate based on its overall profile. EP102 potently inhibits
METTL3 as measured in enzymatic inhibition assays by SPA
(Table 5). In ATPlite-based cell viability assays, EP102 showed
nanomolar potency across a broad panel of cancer cell lines
(Kasumi-1 and MV-4-11 (AML), Calu-6 and A549 (lung),
FaDu (head and neck), and Caov-3 and SK-OV-3 (ovarian)).
Inhibition of intracellular m6A, used as a marker of target
engagement, was also measured in many of these cell lines, with
potent m6A inhibition corresponding to the effects observed on
cell proliferation.

The cell-based efficacy profile of EP102 justified its selection
for extensive profiling (ADME, selectivity assessment, prelimi-
nary evaluation of toxicity, and full PK assessment). The ADME
profile is summarized in Table 6. EP102 exhibited suitable
plasma protein binding (PPB) values (high fractions unbound)

Table 3. Efficacy Data In Vitro of Compound 3

compound 3

SPA IC50 (nM) 2
Cell viability (ATPLite, IC50 (nM), 72 h)
Kasumi-1 113
MV-4-11 1084
Calu-6 86
A549 559
FaDu 200
SK-OV-3 38
Caov-3 76
intracellular m6A IC50 (nM) Calu-6 22
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in all species, predictive of high unbound AUCs in
pharmacokinetic evaluations. Nonselective cytotoxicity was
assessed, and EP102 did not affect HepG2 viability at test
concentrations up to 50 μM nor did EP102 affect viability in
primary human hepatocytes at a test concentration of 10 μM;
these were the highest test concentrations tested in each assay,
respectively. EP102 metabolism in microsomes and hepatocytes
was studied in rat, minipig, and human and revealed that
compound stability translated well across species with adequate
half-life projections in all cases. Extensive CYP profiling was
performed, and significant inhibition was not observed at a test
concentration of 10 μM at the 10 main CYPs, with the exception
being at CYP3A4 (IC50 = 0.9 μM). Cardiovascular toxicity was
preliminarily assessed by electrophysiological evaluation of
hERG inhibition with an IC50 of 17 μM, affording a comfortable
safety margin against projected efficacious plasma concen-
trations in a clinical setting.

EP102, tested at a single concentration of 10 μM, selectively
inhibited METTL3/14 among a panel of 40 methyl transferases
(Figure 4, and complete details in Supporting Information),
additionally complemented by FTO (the main m6A demethy-
lase). In addition, standard safety screening of EP102 tested at
10 μM against a large panel of targets (87 targets, including

GPCRs, ion channels, kinases, transporters, etc.) did not reveal
any major off-target selectivity issues.

The pharmacokinetic profile of EP102 (Figure 5) was
determined in mouse, rat, and minipig. Intravenous (iv) and
oral (po) PK parameters in rat revealed moderate clearance (Cl
at 50.1 mL/min/kg, hence unbound Cl at 310 mL/min/kg),
good exposure (AUCs unbound in Table 4), and oral
bioavailability (F) of 86% (Figure 5A). Absence of drug
accumulation in rat after 5 days of administration with EP102
was verified (7.5 mg/kg/d, QD, orally, Supporting Information
Figure S5). Dose-dependent exposure was verified in repeat-
dose oral PK experiments in mouse, from 10 to 30 mg/kg/d
(QD) sampled on day 5 of chronic dosing with exposures of
AUCu = 57.9 and 223.8 μM·min respectively with no appearance
of drug accumulation (Supporting Information Figure S6), a
pharmacokinetic profile thereby supporting repeated, oral
dosing in mouse cancer models (vide inf ra). EP102 also
demonstrated significant exposure in single dose oral PK in
minipig (Figure 5B), with unbound AUC very similar to that of
rat (comparing both at 3 mg/kg). There were no signs of gender
differences affecting PK parameters across species, as shown for
the minipig and also determined in rat (data not shown; PK in
male rat below).

Table 4. SAR around Triazole Replacement of Compounds 3 and 14

aLLE = pIC50 (Kasumi-1) − LogD. bAUCu = rat unbound AUC in iv dosing (1 mg/kg/d) = AUCtotal × rfu. cAUCu = rat unbound AUC in po
dosing (3 mg/kg/d) = AUCtotal × rfu. n.d.: not determined.
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In Vivo Evaluation of EP102, m6A Target Engagement
Biomarker
Following oral administration of EP102 in rats, evaluation of the
PBMCs from these animals revealed a concentration-dependent
decrease in mRNA m6A levels, indicating in vivo target
engagement relative to vehicle-treated controls (Figure 6A).
EP102 demonstrated a dose-dependent inhibition of m6A up to
a maximum reduction (79%)12 following a single dose of 3 mg/
kg. The time-course for recovery of m6A was also measured
following a dose of 3 mg/kg (Figure 6B) with an approximate
recovery up to 70% of baseline levels at 24 h postdosing and a full
recovery to baseline levels at 48 h. Notably, the dynamics of m6A

turnover lag the pharmacokinetic exposure of EP102 as the
pharmacokinetic analysis reveals that the compound clears over
a 24 h period in rat at the same dose (3 mg/kg, oral; data in
Figure 5A). Overall, the dynamics of m6A recovery, rather than
the pharmacokinetic profile of EP102, is suggestive that dosing
every other day may be sufficient to attain an optimal therapeutic
response.

Figure 3. Co-crystal structure of compound 4 (EP102) (PDB: 9Q8G) with the truncated METTL3/14 complex.

Table 5. Efficacy Data In Vitro of Compound 4 (EP102)a

4 (EP102)

2

SPA IC50
(nM)

cell viability (APTLite, IC50 (nM),
72 h):

intracellular m6A (IC50
(nM)):

Kasumi-1 61 8
MV-4-11 200 15
Calu-6 36 19
A549 180 17
FaDu 225 16
SK-OV-3 31 6
Caov-3 56 n.d.

an.d.: not determined.

Table 6. EP102 ADME and PK Profile

ADME profiling assay EP102

rfu 0.16
mfu 0.16
mpfu 0.34
hfu 0.10
HepG2 viability at 50 μM 94%
RLM T1/2 149 min
MpLM T1/2 44 min
HLM T1/2 53 min
rat hepatocytes T1/2 >240 min
minipig hepatocytes T1/2 70 min
human hepatocytes T1/2 65 min
CYPs inhibition (IC50, μM):
1A2/2C19/2C9/2D6/3A4 >100/70/94/13/0.9
2A6/2B6/2C8/3A5/2E1 >30/>30/>30/16/>30
hERG binding IC50 17 μM
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In Vivo Evaluation of EP102 in Mouse Tumor Models
EP102 was evaluated in the same disseminated AML xenograft
model (MV-4-11-Luc-mCh-Puro CDX model) previously
employed for our proof-of-concept compound 24 (intra-
peritoneal dosing) and as mentioned earlier with compound 3

(oral dosing, Supporting Information Figure S7). Mice were
treated with either daily dosing of EP102 (20 mg/kg, po, QD),
or 3 doses per week (47 mg/kg, po, TIW) for 4 weeks; notably,
the weekly compound consumption is the same in both cases
where the frequency of dosing is compared to evaluate whether
efficacy best matches pharmacokinetic exposure or the dynamics
of m6A turnover. Both dose regimens of EP102 demonstrated
clear improvement to restrict the spread of cancer as shown by
tumor imaging (Figure 7A) and FACS analysis of hCD45+ cells
in bone marrow (Figure 7B); no concomitant depletion was
observed for mCD45+ cells (not shown). The TIW dose
regimen showed superior efficacy over QD dosing. Treatment
with EP102 was well-tolerated over the course of the
experiment, and body weights of treated mice were stable up
to study termination.

Compound 2 was previously reported to be effective in the
SK-OV-3 model of ovarian cancer.4 Ovarian cancer may be of
particular interest for treatment with a METTL3 inhibitor based
on our observation that METTL3 is coamplified with PARP213

(Figure 8A), where PARP2 is known to be a particularly
important driver of this tumor type.14 Thus, EP102 was tested in
the SK-OV-3-Luc model (female Balb/c mice, intraovarian
implant) on the same dose regimen proven to be most effective
in the AML model (47 mg/kg, po, TIW). In response to EP102
treatment, > 90% tumor growth inhibition (TGI, measured by
bioluminescence) was observed relative to the vehicle group
over the 32-day treatment period, the latest time point with a full
complement of surviving mice in the vehicle group (Figure
8B,C). Similarly robust efficacy was observed in response to the
standard-of-care PARP inhibitor olaparib (50 mg/kg, po, QD,
positive control), although only EP102 treatment appeared to
reduce metastasis based upon tumor flux measured in the
intestines (Figure 8D). Body weights were stable in response to
EP102 or olaparib treatment (Figure 8E), and there were no
observations of macroscopic adverse events.

In summary, this report describes the optimization from ip
proof-of-concept compound 2 to deliver oral proof-of-concept
compound 3 (Figure 1) via modification of identified metabolic

Figure 4. EP102 inhibition (duplicates) of 40 methyl transferases and FTO demethylase at 10 μM.

Figure 5. Pharmacokinetics of EP102 in rat (A) following a single
administration at 1 mg/kg iv, or 3 mg/kg po (plasma concentration vs
time), and in minipig (B) following a single administration at 3 mg/kg,
po (plasma concentration vs time).
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soft spots. Compound 3 afforded the first demonstration of oral
efficacy in a mouse model of AML. Further optimization allowed
us to identify EP102 as our development candidate. Its
nomination was based on its superior efficacy across a large
panel of cell lines in vitro and in cellulo (Table 5) in
correspondence with m6A intracellular inhibition, a target

engagement biomarker established in the same panel of cell
lines. EP102 also demonstrated a suitable ADME profile (Table
6), selectivity profile (Figure 4), and pharmacokinetic profile
(Figure 5) to support its selection as a development candidate.
Furthermore, m6A cellular quantification in mRNA extracted
from PMBC, after oral dosing in rat, confirmed dose-dependent
target engagement in vivo (Figure 6) and was informative with
regard to the dynamics of m6A turnover, suggestive of a TIW
dose regimen in mouse cancer models. EP102 demonstrated
clear inhibition of tumor growth in AML (Figure 7) and ovarian
cancer (Figure 8) models.
Chemistry

The synthesis of compound 5 was already described.4,9

Compounds 6 and 7 were prepared by using analogous
pathways (Scheme 1). 4-Bromobenzaldehyde 24 was reacted,
using the Buchwald−Hartwig15 reaction to introduce the
protected chiral piperidine, followed by methylation of the
corresponding aldehyde to provide intermediate 25. Introduc-
tion of azide was performed with DPPA,16 followed by click17

chemistry with 3-ethynyl-5-methoxypyridine to afford 26.
Simple Boc deprotection yielded 6, and both diastereomers
were separated by chiral preparative HPLC. For compound 7,
the sequence was inverted and LHS triazole was introduced
before piperidine RHS. Methyl ketone of 27 was reduced into
alcohol, before mesylation and substitution with azide (see the
Supporting Information for full details) to deliver intermediate
28. Then, click reaction allowed building of the triazole moiety
of 29 and Buchwald−Hartwig coupling completed the access to
30. Final deprotection delivered compound 7, which was
purified to pure diastereomers by chiral preparative HPLC as
well.

Oxetane-containing compounds 3 and 8 to 16 were prepared
by the addition of lithiated 5-bromo-2-iodopyridine 31 onto
commercially available tert-butyl sulfinamide 32 (Scheme 2).
Intermediate 33 was then reacted in Buchwald−Hartwig
coupling as described above to provide 34 or 35. Iodine-
mediated deprotection of the sulfinyl amines afforded
corresponding amines 36 and 37, which were converted into
desired azides 38 and 39 using diazo transfer reagent 2-azido-
1,3-dimethylimidazolinium hexafluorophosphate (ADMP).18

Click reactions using alkynes of interest (full synthetic details
in Supporting Information) were carried out using either TMS-
protected alkynes and CuF2 sup-stoichiometrically19 or using
deprotected alkynes and catalytic CuI. Final Boc deprotection of
40 and 41 (A to I) afforded the desired compounds.

Figure 6. m6A cellular quantification in mRNA from PBMC after oral
treatment with EP102. (A) 0.1−3.0 mg/kg treatment (single dose)
with EP102 with maximum inhibition shown at 3 mg/kg. (B) Single
dose at 3 mg/kg and m6A level recovery after 24 and 48 h postdosing.

Figure 7. (A) Bioluminescence imaging (day 26, postimplant) of MV-4-11 AML cells, vehicle versus EP102 treated (20 mg/kg, po, QD and 47 mg/kg,
po, TIW). Color scale: from blue 5 × 106 photons/sec/cm2/sr to red 1 × 108 photons/sec/cm2/sr. (B) Flow cytometry at study termination shows
EP102 treatment selectively decreases hCD45+ cells on bone marrow (p < 0.05).
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To access the oxetane-containing analogues 17 to 19, we used
3-oxetanone as an oxetane electrophile (Scheme 3) and
assembled the triazole moiety first before introducing the chiral
piperidine. Accordingly, 42 was added to oxetanone after

halogen-lithium exchange. Alcohol 43 was transformed into
azide 45 as shown in Scheme 1. Next, click reaction via either
sup-stoichiometric or catalytic methods afforded the desired
intermediates triazole 46 (A-C). Those were reacted in a Pd-

Figure 8. (A) Span of amplifications affecting the q-arm of chromosome 14 in ovarian carcinoma samples. The horizontal lines indicate the amplified
region. PARP2 and METTL3 are marked with black arrow. Gene block coamplified with METTL3 and PARP2 is marked with the blue box. (B)
Imaging of tumor growth in mice on day 29. (C) Tumor growth curve was measured by total flux. (D) Tumor metastases to the intestines. (E) Body
weight measurements were performed prior to the emergence of decedents.

Scheme 1. Preparation of Compounds 6 and 7a

aReagents and conditions: (a) tert-butyl (R)-(cyclobutylmethyl)(piperidin-3-yl)carbamate, Pd(OAc)2, rac-BINAP, Cs2CO3, toluene, 100 °C, 17 h,
71%; (b) MeMgCl, THF, −78 °C, 1 h, 96%; (c) DPPA, DBU, toluene, 0 °C to rt, 3 h, 41%; (d) 3-ethynyl-5-methoxypyridine, CuI, DMF, rt, 15 h,
60−68%; (e) HCl 4 M in 1,4-dioxane, MeOH, rt, 16 h, 71−100%; (f) chiral preparative HPLC, 46−47%; (g) NaBH4, MeOH, 0 °C, 20 min, 93%;
(h) MsCl, NEt3, DCM, 0 °C to rt, 1 h, 95%; (i) NaN3, DMF, 70 °C, 1 h, 96%; (j) tert-butyl (R)-(cyclobutylmethyl)(piperidin-3-yl)carbamate,
NEt3, NMP, 120 °C, 16 h, 15%.
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Scheme 2. Preparation of Compounds 3 and 8−16a

aReagents and conditions: (a) nBuLi, THF, −78 °C, 1.5 h, 53%; (b) tert-butyl (R)-(cyclobutylmethyl)(piperidin-3-yl)carbamate or tert-butyl (R)-
(cyclopropylmethyl)(piperidin-3-yl)carbamate, RuPhos Pd G4, Cs2CO3, t-AmylOH, 85 °C, 17 h, 38−67%; (c) I2, THF, 55 °C, 1.5 h, 80−99%; (d)
ADMP, Et2NH, MeCN, 30 °C, 1.25 h, 56−79%; (e) TMS-alkyne, CuF2, DMF, 60 °C, 16 h, 41−96%; (f) alkyne, CuI, DMF, rt, 5 h, 70−96%; (g)
TFA, DCM, rt, 20 min, 57−96%.

Scheme 3. Preparation of Compounds 17−19a

aReagents and conditions: (a) nBuLi, 3-oxetanone, Toluene, −78 °C to rt, 1 h, 69%; (b) MsCl, NEt3, DCM, 0 °C to rt, 1 h, 93%; (c) NaN3,
DMSO, 70 °C, 18 h, 56%; (d) alkyne, CuI, DMF, rt, 16 h, 66−67%; (e) TMS-alkyne, CuF2, DMF, 60 °C, 32 h, 79%; (f) tert-butyl (R)-
(cyclobutylmethyl)(piperidin-3-yl)carbamate, RuPhos Pd G4, Cs2CO3, t-AmylOH, 90 °C, 1−17 h, 56−74%; (g) TFA, DCM, rt, 20 min, 63−78%.
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catalyzed reaction with Boc-protected chiral piperidine,
delivering intermediates 47 (A-C), which were eventually
deprotected into compounds 17−19.

For the preparation of compound 20, the synthetic sequence
was inverted from intermediate 43 above. Chiral piperidine was
installed first (Scheme 4) and alcohol 48 was then activated into
mesylate 49 and attacked mainly at the N-1 nitrogen atom of the
substituted imidazole to afford 50 as one of the three detected
regioisomers (at the C-2 carbon atom as mentioned in the
literature20 and at the N-3 nitrogen atom in a 5/3/2 ratio). Boc
deprotection completed the synthesis of 20.

Compounds 21 and 22 were prepared from the common
oxetane-acid intermediate 55 (Scheme 5). The pathway used
started with SNAr addition of deprotonated cyano-oxetane 51
onto 5-bromo-2-fluoropyridine 52 to afford intermediate 53.
Buchwald−Hartwig cross-coupling then allowed the introduc-
tion of the piperidine moiety to obtain cyano-oxetane
intermediate 54. The latter was hydrolyzed to complete access
to key acid intermediate 55. Then, the access to the sequence
thiadiazole-oxetane-pyridine was not documented at all, and we
had to invest a lot of effort to be able to overcome challenges
encountered, such as oxetane susceptibility to opening21 and
difficult thiadiazole formation.22 An efficient solution was found
thanks to T3P: coupling reaction with corresponding thiohy-
drazide (see Supporting Information) was carried out, followed
by in situ dehydration to construct the thiadiazole ring of 56.
Assembly of thiadiazole was more difficult than it may appear, as
a lot of conditions were attempted. Most activating agents
afforded the coupling intermediate from 55 and thiohydrazide;
however, consecutive dehydration of the acylated thiohydrazide
toward thiadiazole formation was neither efficient with Burgess
reagent (from acylated thiohydrazide), Belleau’s reagent (from
acylated hydrazide), nor using TosylCl.TEA (from acylated

thiohydrazide), Lewis acid (TiCl4), or Brønsted acid (TFA)
conditions (from acylated thiosemicarbazide). T3P,23 better
described as a condensation agent, was the only efficient reagent
found to promote one-pot formation of acylated thiohydrazide
intermediate and cyclization/dehydration to form thiadiazole.
Standard Boc deprotection of 56 yielded compound 21. From
acid 55, compound 22 was obtained by a coupling reaction with
the desired amino-pyrazine to deliver amide 57, which was
eventually Boc-deprotected.

The medicinal chemistry route toward compound 4 (EP102)
is shown below in Scheme 6. The pathway used started from the
intermediate cyano-oxetane pyridinyl 53 (see Scheme 5).
Buchwald−Hartwig cross-coupling allowed the introduction of
the piperidine moiety via commercially available (R)-3-Boc-
aminopiperidine providing 58 without any epimerization.
Cyano hydrolysis completed access to our first key intermediate
59. The second key intermediate thiohydrazide 63 was obtained
from 60: Suzuki cross-coupling to get 61, which was followed by
hydrazine addition, and corresponding hydrazide 62 was then
reacted with Lawesson’s reagent to afford the desired
thiohydrazide 63. Coupling reaction between 59 and 63 was
then carried out, followed by in situ dehydration with T3P (vide
supra) to construct the thiadiazole ring of 64. Boc deprotection
afforded primary amine 65, which allowed easy access to EP102
through reductive amination

Process development of the medicinal chemistry route of
compound 4 was achieved to successfully provide a scalable
GMP route of compound 4 (EP102), which delivered a product
with excellent purity (99.9% purity and >99.9% enantiomeric
excess) in eight steps. Moreover, solid-state characterization and
drug product development were also achieved to allow EP102
nomination as a clinical candidate.

Scheme 4. Preparation of Compound 20a

aReagents and conditions: (a) tert-butyl (R)-(cyclobutylmethyl)(piperidin-3-yl)carbamate, RuPhos Pd G4, Cs2CO3, t-AmylOH, 120 °C, 90 h,
20%; (b) MsCl, NEt3, DCM, 0 °C to rt, 1 h, 100%; (c) NaH, 2-(1H-imidazol-4-yl)-6-(pyrrolidin-1-yl)pyrazine, DMF, 60 °C, 15 h, 33%; (d) TFA,
DCM, rt, 2 h, 25%.
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Oxadiazole analogue 23 was obtained via a very similar route
(Scheme 7). Acid 59 and hydrazide 62 were coupled using
HATU, and the corresponding dihydrazide 66 was then
dehydrated with Burgess reagent to deliver the desired
oxadiazole 67. Following the same sequence as compound 4,
this intermediate was deprotected with TFA and 68 was then
alkylated through reductive amination to provide compound 23.

■ CONCLUSIONS
From our proof-of-concept compound 2, used successfully in
several cancer models in mouse despite its limitation of
parenteral dosing,4 the aim of the current work was to elaborate
this scaffold to deliver an orally bioavailable METTL3 inhibitor
with an appropriate profile for continued development. This
phase of lead optimization was initiated from a poorly potent
prototype compound (5) that nonetheless offered a superior
starting point in terms of ADME and oral PK parameters relative
to the proof-of-concept compound 2. Extensive synthetic
chemistry efforts permitted the introduction of an oxetane
between the triazole hinge and pyridin-3-yl core to afford very
interesting compounds such as 9, being both more potent and,
above all, orally available with high unbound exposure in rat. A
further boost in potency and improvement of oral unbound
AUC was obtained via substitution of the 5-cyclopropylpyridin-
3-yl moiety at the left-hand side of the molecule, providing
compound 3. The latter was successfully used as an oral proof-
of-concept compound in a mouse model of AML. A final,

important modification was the replacement of the triazole of
compound 3 with the thiadiazole in compound 4. The latter
change improved compound potency and also enhanced oral rat
PK (unbound AUC and bioavailability), and furthermore, this
implementation of the thiadiazole is anticipated to be advanta-
geous toward facilitating development of the scale-up
manufacturing route by removing the need to deal with the
azide.

Development candidate 4 (called EP102) has demonstrated
profound target engagement in vivo by potently inhibiting m6A
in blood samples after a single oral dose in rat. EP102 also has a
promising ADME and selectivity profile, as well as oral
bioavailability amenable to repeated dosing across species.
EP102 monotherapy was effective in in vivo mouse cancer
models of AML and ovarian solid tumors by oral dosing. EP102
has been advanced into clinical development for the treatment of
solid tumors (EUCT number: 205-521305-40-00;
NCT07163325).

■ EXPERIMENTAL SECTION

General Information
All reactions were performed under an argon atmosphere at rt using
anhydrous grade solvents, except as otherwise noted. All reagents were
used as supplied by the vendor, except as noted. Analytical thin-layer
chromatography (TLC) was performed on a Merck silica gel 60 (230−
400 mesh). NMR spectra were recorded on a Bruker ARX spectrometer
(300 MHz) at rt. Coupling constants (J) are expressed in hertz (Hz).
Chemical shifts (δ) are expressed in parts per million relative to the

Scheme 5. Preparation of Compounds 21 and 22a

aReagents and conditions: (a) KHMDS, toluene, 0 °C, 40 min, 70%; (b) tert-butyl (R)-(cyclobutylmethyl)(piperidin-3-yl)carbamate, RuPhos Pd
G4, Cs2CO3, t-AmylOH, 80 °C, 4 h, 80%; (c) NaOH, EtOH, water, 80 °C, 1.5 h, 79%; (d) 6-(pyrrolidin-1-yl)pyrazine-2-carbothiohydrazide, T3P,
NEt3, EtOAc, 55 °C, 10 h, 42%; (e) TFA, DCM, rt, 1 h, 74−89%; (f) 6-(pyrrolidin-1-yl)pyrazin-2-amine, HATU, DIPEA, DMF, 45 °C, 2 h, 69%.
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residual solvent as an internal reference. Peak multiplicities are
expressed as follows: singlet (s), doublet (d), triplet (t), quartet (q),
pentaplet (p), hexaplet (h), heptaplet (hept), multiplet (m), and broad
singlet (bs). HPLC purity analysis was carried out using one of the
following methods. Method A: LC/multiwavelength detector coupled
to single quadrupole mass spectrometry detector (LC/UV/MS);
column: Sunfire C18 3.5 μm 3.0 × 50 mm; mobile phase A: 0.1% TFA
in water (v/v); mobile phase B: 0.1% TFA in CH3CN (v/v); gradient
begins at 5% B, hold 0.2 min at 5% B, increasing to 95% B over 6.0 min,
hold at 95% B until 7.75 min; flow rate: 1.0 mL/min. Method B: LC/
multiwavelength detector coupled to single quadrupole mass
spectrometry detector (LC/UV/MS); column: Sunfire C18 3.5 μm
3.0 × 50 mm; mobile phase A: 0.1% TFA in water (v/v); mobile phase

B: 0.1% TFA in CH3CN (v/v); gradient begins at 5% B, hold 0.2 min at
5% B, increasing to 95% B over 1.8 min, hold at 95% B until 3.75 min;
flow rate: 1.0 mL/min. All final compounds are ≥ 95% pure by HPLC
analysis or 1H NMR when HPLC was not appropriate. PerkinElmer
ChemDraw Professional software (version 22) was used for naming the
compounds described below.
3-(5-Bromopyridin-2-yl)oxetane-3-carbonitrile (53) (the Fol-

lowing Procedure Has Been Adapted from ACS Medicinal
Chemistry Letters 2020, 11, 4, 550−557).To an oven-dried Schlenk
tube were added oxetane-3-carbonitrile 51 (2.47 g, 28.24 mmol), 5-
bromo-2-fluoropyridine 52 (4.40 g, 24.5 mmol), and anhydrous
toluene (120 mL). The reaction mixture was then cooled to 0 °C while
stirring under argon. Potassium bis(trimethylsilyl)amide in THF

Scheme 6. EP102 Medicinal Chemistry Routea

aReagents and conditions: (a) (R)-3-Boc-aminopiperidine, RuPhos Pd G4, Cs2CO3, t-AmylOH, 90 °C, 1.5 h, 90%; (b) NaOH, EtOH, water, 80
°C, 3 h, 84%; (c) cPrB(OH)2, Pd(OAc)2, PCy3, K3PO4, toluene, water, 100 °C, 1 h, 88%; (d) NH2NH2.H2O, EtOH, 70 °C, 0.5 h, 96%; (e)
Lawesson’s reagent, 1,4-dioxane, 110 °C, 5 h, 50%; (f) T3P, Et3N, EtOAc, rt to 40 °C, 3 h, 30%; (g) TFA, DCM, rt, 1.5 h, 80%; (h) cPrCHO,
NaBH4, AcOH, MeOH, rt, 4.5 h, 79%.

Scheme 7. Preparation of Compound 23a

aReagents and conditions: (a) HATU, DIEA, DMF, rt, 10 min, 89%; (b) Burgess reagent, THF, rt, 20 min, 60%; (c) TFA, DCM, rt, 1 h, 78%; (d)
cPrCHO, NaBH3CN, AcOH, MeOH, rt, 1.5 h, 83%.
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solution (40 mL, 35.17 mmol) was then added over 5 min, and the
reaction mixture was stirred at 0 °C for 40 min. The reaction was
quenched by slow addition of MeOH (25 mL), and the resulting
mixture was concentrated under reduced pressure. The crude material
was purified by an automated flash chromatography system (0 to 40%
EtOAc in heptane) to afford 53 (4.21 g, 70% yield, 98% purity (method
B)) as a white solid. m/z (ES+): [M + H]+ = 239, 241. 1H NMR (300
MHz, CDCl3) δ 8.79 (dd, J = 2.4, 0.8 Hz, 1H), 7.91 (dd, J = 8.3, 2.4 Hz,
1H), 7.52 (dd, J = 8.3, 0.8 Hz, 1H), 5.19 (d, J = 5.8 Hz, 2H), 5.11 (d, J =
5.9 Hz, 2H). 13C NMR (75 MHz, CDCl3) δ: 152.6, 151.6, 140.1, 122.3,
121.1, 119.9, 79.2, 42.4. TLC (hept/EtOAc, 7/3, v/v, UV 254 nm): Rf
∼ 0.45.
tert-Butyl (R)-(1-(6-(3-cyanooxetan-3-yl)pyridin-3-yl)-

piperidin-3-yl)carbamate (58). To an RBF containing (R)-3-Boc-
aminopiperidine (2.18 g, 10.56 mmol), Cs2CO3 (7.70 g, 23.02 mmol),
53 (2.18 g, 8.85 mmol), and RuPhos Pd G4 (742 mg, 0.86 mmol) was
evacuated and backfilled with argon (3x). Anhydrous and degassed tert-
amyl alcohol (30 mL) was added under argon. The reaction mixture
was heated at 90 °C for 1.5 h. The reaction mixture was cooled to room
temperature, diluted with EtOAc/MeOH (30 mL, 1/1), and filtered
through a pad of Celite. The Celite was rinsed with EtOAc/MeOH
(150 mL, 1/1). The filtrate was concentrated in vacuo to afford a red
solid. The crude material was purified by an automated flash
chromatography system (0 to 4% MeOH in DCM) to afford 58
(2.95 g, 90% yield, 97% purity (1H NMR)) as a light-yellow solid. m/z
(ES+): [M + H]+ = 359. 1H NMR (300 MHz, CDCl3) δ 8.38 (d, J = 2.9
Hz, 1H), 7.41 (dd, J = 8.6, 0.7 Hz, 1H), 7.23 (dd, J = 8.7, 3.1 Hz, 1H),
5.17−5.07 (m, 4H), 4.70 (bs, 1H), 3.81 (bs, 1H), 3.58 (dd, J = 12.1, 3.6
Hz, 1H), 3.41−3.28 (m, 1H), 3.19−3.06 (m, 1H), 2.95 (dd, J = 12.2,
7.6 Hz, 1H), 2.00−1.64 (m, 4H), 1.47 (s, 10H). TLC (DCM/MeOH,
95/5, v/v, UV 254 nm): Rf ∼ 0.65.
(R)-3-(5-(3-((tert-Butoxycarbonyl)amino)piperidin-1-yl)-

pyridin-2-yl)oxetane-3-carboxylic Acid.HCl (59). A solution of
sodium hydroxide (1.63 g, 40.34 mmol) in water (26 mL) was added to
a solution of 58 (2.93 g, 7.85 mmol) in ethanol (26 mL). The reaction
mixture was heated to 80 °C for 3 h. The reaction mixture was cooled to
room temperature and concentrated under reduced pressure. The oily
residue was diluted in water (50 mL) and acidified to pH ∼ 2 with 1 M
HCl (40 mL). Acidic solution was extracted with EtOAc (5 × 100 mL).
The organic layers were merged, dried over MgSO4, filtered, and
concentrated under reduced pressure to afford 59 (3.15 g, 84% yield,
87% purity (1H NMR)) as an orange foam. m/z (ES+): [M + H]+ = 378.
1H NMR (300 MHz, CDCl3) δ 9.74 (bs, 2H), 8.13 (d, J = 3.0 Hz, 1H),
7.80 (d, J = 8.9 Hz, 1H), 7.47 (dd, J = 8.9, 3.0 Hz, 1H), 5.39 (dd, J = 5.9,
1.0 Hz, 2H), 4.73 (dd, J = 5.9, 1.8 Hz, 3H), 3.78 (bs, 1H), 3.64 (dd, J =
12.3, 3.5 Hz, 1H), 3.39 (dd, J = 12.6, 5.5 Hz, 1H), 3.18−3.03 (m, 1H),
2.95 (dd, J = 12.3, 7.8 Hz, 1H), 1.99−1.66 (m, 3H), 1.61−1.39 (m,
10H).
Methyl 5-Cyclopropylnicotinate (61). A Schlenk tube was

charged with methyl 5-bromopyridine-3-carboxylate 60 (1.64 g, 7.14
mmol), toluene (36 mL), and water (4 mL), followed by cyclo-
propylboronic acid (955 mg, 11.12 mmol) and K3PO4 (4.83 g, 22.3
mmol). The reaction was bubbled with argon for 10 min. Palladium(II)
acetate (95 mg, 0.41 mmol) and tricyclohexylphosphine (240 mg, 0.81
mmol) were added. The tube was closed, and the reaction was heated at
100 °C for 1 h. The reaction mixture was cooled to room temperature,
diluted with water (100 mL), and extracted with EtOAc (3 × 100 mL).
The organic layer was washed with water (150 mL), brine (150 mL),
dried over MgSO4, filtered, and concentrated under reduced pressure.
The crude material was purified by an automated flash chromatography
system (0 to 50% EtOAc in heptane) to afford 61 (1.14 g, 88% yield,
98% purity (1H NMR)) as a light-yellow oil. m/z (ES+): [M + H]+ =
178. 1H NMR (300 MHz, CDCl3) δ 8.98 (d, J = 2.0 Hz, 1H), 8.58 (d, J
= 2.3 Hz, 1H), 7.88 (t, J = 2.2 Hz, 1H), 3.93 (s, 3H), 2.03−1.88 (m,
1H), 1.15−0.99 (m, 2H), 0.83−0.72 (m, 2H). 13C NMR (75 MHz,
CDCl3) δ: 166.2, 152.4, 148.1, 139.6, 133.5, 125.8, 52.5, 13.0, 9.4.
5-Cyclopropylnicotinohydrazide (62). To a stirred solution of

61 (570 mg, 3.15 mmol) in anhydrous ethanol (6.3 mL) was added
hydrazine monohydrate (1.60 mL, 32.32 mmol). The reaction mixture
was stirred at 70 °C for 0.5 h. The reaction mixture was cooled to room

temperature and concentrated under reduced pressure to afford 62
(550 mg, 96% yield, 98% purity (method B)) as a gray solid. m/z (ES+):
[M + H]+ = 178. 1H NMR (300 MHz, DMSO-d6) δ 9.85 (bs, 1H), 8.73
(d, J = 2.1 Hz, 1H), 8.53 (d, J = 2.3 Hz, 1H), 7.72 (t, J = 2.2 Hz, 1H),
4.52 (bs, 2H), 2.08−1.93 (m, 1H), 1.09−0.97 (m, 2H), 0.85−0.74 (m,
2H). 13C NMR (75 MHz, DMSO-d6) δ: 164.4, 150.0, 145.3, 139.1,
130.1, 128.5, 12.5, 9.6.
5-Cyclopropylpyridine-3-carbothiohydrazide (63). To a

pressure tube under argon were added Lawesson’s reagent (3.50 g,
8.48 mmol), 62 (570 mg, 3.15 mmol), and anhydrous 1,4-dioxane (6
mL). The tube was sealed and heated to 110 °C for 5 h. The reaction
mixture was cooled to room temperature, and 1,4-dioxane (20 mL) was
added. The suspension was filtered. Solid was rinsed off with 1,4-
dioxane (2 × 20 mL). Filtrate was concentrated under reduced
pressure. The crude material was purified by an automated flash
chromatography system (0 to 10% MeOH in DCM) to afford 63 (388
mg, 50% yield, 78% purity (method B + 1H NMR)) as a yellow solid. m/
z (ES+): [M + H]+ = 194. 1H NMR (300 MHz, DMSO-d6) δ 12.23 (bs,
1H), 8.65 (s, 1H), 8.44 (s, 1H), 7.62 (s, 1H), 6.35 (bs, 2H), 2.00 (s,
1H), 1.07−0.96 (m, 2H), 0.83−0.74 (m, 2H). 13C NMR (75 MHz,
DMSO-d6) δ: 178.7, 148.4, 145.1, 138.3, 134.4, 130.2, 12.4, 9.2. TLC
(DCM/MeOH, 9/1, v/v, UV 254 nm): Rf ∼ 0.60.

tert-Butyl (R)-(1-(6-(3-(5-(5-cyclopropylpyridin-3-yl)-1,3,4-
thiadiazol-2-yl)oxetan-3-yl)pyridin-3-yl)piperidin-3-yl)-
carbamate (64). To a stirred solution of 63 (84 mg, 0.34 mmol) and
59 (178 mg, 0.37 mmol) in anhydrous EtOAc (1.7 mL) under argon at
room temperature were added triethylamine (150 μL, 1.08 mmol) and
then T3P (in EtOAc, 50 wt % solution) (280 μL, 0.47 mmol). The
suspension was stirred at room temperature for 2 h and then heated at
40 °C for 30 min. A second addition of T3P (in EtOAc, 50 wt %
solution) (280 μL, 0.47 mmol) was carried out, and the reaction
mixture was heated at 40 °C for 20 min. Reaction mixture was cooled to
room temperature, diluted with EtOAc (50 mL) and washed with a
saturated aqueous solution of NaHCO3 (2 × 20 mL), brine (25 mL),
dried over MgSO4, filtered, and concentrated under reduced pressure to
give a brown solid. The crude material was purified by an automated
flash chromatography system (0 to 3% MeOH in DCM) to afford 64
(74 mg, 30% yield, 74% purity (1H NMR)) as a colorless oil. m/z (ES+):
[M + H]+ = 535. 1H NMR (300 MHz, CDCl3) δ 8.82 (d, J = 1.9 Hz,
1H), 8.50 (d, J = 2.0 Hz, 1H), 8.33 (s, 1H), 7.90 (s, 1H), 7.25−7.19 (m,
2H), 5.48 (dd, J = 5.8, 1.8 Hz, 2H), 5.36 (d, J = 5.9 Hz, 2H), 4.73 (s,
1H), 3.82 (s, 1H), 3.61−3.50 (m, 1H), 3.40−3.27 (m, 1H), 3.17−3.05
(m, 1H), 3.02−2.91 (m, 1H), 2.00−1.69 (m, 4H), 1.56−1.43 (m,
10H), 1.16−1.03 (m, 2H), 0.86−0.75 (m, 2H). 13C NMR (75 MHz,
CDCl3) δ: 173.2, 166.7, 155.0, 150.3, 149.6, 146.0, 145.5, 139.9, 137.9,
130.7, 125.8, 123.4, 120.8, 80.6, 79.1, 53.9, 50.7, 48.5, 46.0, 29.7, 28.2,
22.5, 12.7, 9.3, 1.6.
(R)-1-(6-(3-(5-(5-Cyclopropylpyridin-3-yl)-1,3,4-thiadiazol-2-

yl)oxetan-3-yl)pyridin-3-yl)piperidin-3-amine (65).To a solution
of 64 (74 mg, 0.1 mmol) in anhydrous DCM (1.0 mL) under an Ar
atmosphere was added TFA (170 μL, 2.18 mmol). The reaction
mixture was stirred at room temperature for 1.5 h. Then, the reaction
mixture was diluted with a saturated aqueous solution of NaHCO3 (10
mL) and extracted with DCM (3 × 30 mL). The combined organic
layers were dried over MgSO4, filtered, and concentrated under reduced
pressure to dryness to afford a yellow oil. The crude product was
purified by reversed-phase preparative HPLC (Waters XBridge OBD
C18 5 μm, 19 mm × 100 mm, mobile phase: “A” = ammonium
bicarbonate 0.01 M (pH = 8); “B” = MeCN. Gradient used: increased
linearly from 25 to 45% of “B” over 4.5 min, increased linearly from 45
to 88% of “B” over 1.5 min, held at 88% during 1.5 min, returned to
initial conditions over 0.7 min, 15 mL/min), affording 65 (36 mg, 81%
yield, 100% (method B)) as a pale-yellow oil. m/z (ES+): [M + H]+ =
435. 1H NMR (300 MHz, CDCl3) δ 8.80 (d, J = 2.1 Hz, 1H), 8.49 (d, J
= 2.2 Hz, 1H), 8.33 (t, J = 1.9 Hz, 1H), 7.88 (t, J = 2.2 Hz, 1H), 7.22 (s,
1H), 7.21 (s, 1H), 5.48 (d, J = 5.9 Hz, 2H), 5.36 (d, J = 5.9 Hz, 2H),
3.65−3.55 (m, 1H), 3.55−3.44 (m, 1H), 3.06−2.94 (m, 1H), 2.93−
2.82 (m, 1H), 2.65 (dd, J = 11.9, 8.9 Hz, 1H), 2.03−1.80 (m, 3H),
1.78−1.55 (m, 3H), 1.38−1.27 (m, 1H), 1.14−1.05 (m, 2H), 0.86−
0.74 (m, 2H). 13C NMR (75 MHz, CDCl3) δ: 173.6, 167.0, 150.7,
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149.9, 146.5, 146.0, 140.3, 138.2, 131.0, 126.2, 123.6, 121.1, 81.0, 57.5,
51.1, 48.7, 47.6, 33.8, 23.4, 13.1, 9.6.
(R)-N-(Cyclopropylmethyl)-1-(6-(3-(5-(5-cyclopropylpyridin-

3-yl)-1,3,4-thiadiazol-2-yl)oxetan-3-yl)pyridin-3-yl)piperidin-
3-amine EP102 (4). A solution of 65 (36 mg, 0.08 mmol) and
cyclopropanecarboxaldehyde (8 μL, 0.1 mmol) in anhydrous methanol
(1.4 mL) under Ar atmosphere was treated with acetic acid (5 μL, 0.09
mmol). After 10 min of stirring at room temperature, sodium
cyanoborohydride (17 mg, 0.26 mmol) was added, and the resulting
mixture was stirred for 4.5 h. The reaction was quenched with saturated
aqueous solution of NaHCO3 (15 mL) and extracted with DCM (3 ×
20 mL). The organic layer was dried over MgSO4, filtered, and
concentrated under reduced pressure to afford a colorless oil. The
product was purified by reversed-phase preparative HPLC (XBridge
OBD C18 5 μm, 19 × 100 mm. Gradient used: increased linearly from
40% to 45% solution “B” over 6.0 min, increased linearly to 50%
solution “B” over 1.0 min, increased linearly to 88% of “B” over 2.5 min,
held to 88% for 1.5 min, and returned to initial conditions over 1.5 min.
Flow Rate: 18 mL/min), affording 4 (EP102) (30 mg, 75% yield, 100%
purity (method A)) as a yellow oil. Chiral HPLC (IA, TBME/MeOH/
DCM/DEA, 40/40/20/0.1) purity at 280 nm = 100%, ee >99.9%. m/z
(ES+): [M + H]+ = 489. 1H NMR (300 MHz, CDCl3) δ 8.80 (d, J = 2.2
Hz, 1H), 8.49 (d, J = 2.3 Hz, 1H), 8.32 (d, J = 2.2 Hz, 1H), 7.88 (t, J =
2.2 Hz, 1H), 7.22 (s, 2H), 5.46 (d, J = 6.0 Hz, 2H), 5.35 (d, J = 5.9 Hz,
2H), 3.72−3.62 (m, 1H), 3.55−3.43 (m, 1H), 3.02−2.82 (m, 1H),
2.82−2.64 (m, 2H), 2.63−2.44 (m, 2H), 2.02−1.88 (m, 2H), 1.87−
1.76 (m, 1H), 1.76−1.57 (m, 1H), 1.53−1.21 (m, 2H), 1.15−1.01 (m,
2H), 1.00−0.89 (m, 1H), 0.85−0.73 (m, 2H), 0.55−0.43 (m, 2H),
0.17−0.06 (m, 2H). 13C NMR (75 MHz, CDCl3) δ: 173.3, 166.6,
150.3, 149.3, 146.2, 145.6, 139.8, 137.7, 130.7, 125.8, 123.0, 120.7, 80.6,
54.5, 53.2, 52.1, 50.8, 48.7, 30.7, 23.0, 12.7, 11.4, 9.2, 3.2. HRMS (ESI-
TOF) m/z: calcd for C27H36N7OS [M+NH4]+ = 506.2697, found
506.2788.
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Gordion Bioscience for the gene amplification analysis high-
lighting the coamplification of METTL3 and PARP2.

■ ABBREVIATIONS USED
ADME, absorption, distribution, metabolism, and excretion;
ADMP, 2-azido-1,3-dimethylimidazolinium hexafluorophos-
phate; AML, acute myeloid leukemia; ATP, adenosine
triphosphate; AUC, aera under the curve; BLI, bioluminescence
imaging; Boc, tert-butyloxycarbonyl; calcd, calculated; CDX, cell
line-derived xenograft; conc, concentration; cy, cyclohexyl;
CYP, cytochrome P450; DBU, 1,8-Diazabicyclo[5.4.0]undec-7-
ene; DCM, dichloromethane; DEA, diethylamine; DIPEA,
diisopropylethylamine; DMF, dimethylformamide; DMSO,
dimethyl sulfoxide; DPPA, diphenyl phosphoryl azide; EtOH,
ethanol; FACS, Fluorescence Activated Cell Sorting; FTO, fat-
mass and obesity-associated gene; GLP, good laboratory
practice; GMP, good manufacturing practice; GPCR, G-protein
coupling receptors; HPLC, high-performance liquid chroma-
tography; IC50, half-maximum inhibitory concentration; HATU,
hexafluorophosphate azabenzotriazole tetramethyl uronium;
hept, heptane; hERG, human ether-a-go-go related gene;
HLM, human liver microsomes; ip, intraperitoneal admin-
istration; iv, intravenous administration; KHMDS, potassium
hexamethyldisilazane; LLE, ligand lipophilic efficiency; LHS,
left-hand side; MeOH, methanol; METTL3, methyltransferase-
like 3; MpLM, minipig liver microsomes; MsCl, mesityl
chloride; NMR, nuclear magnetic resonance; NMP, N-
methylpyrrolidine; NSG mice, NOD scid γ mice; PK,
pharmacokinetic; po, oral administration; PoC, proof-of-
concept; PPB, plasma proteins binding; QD, quaque die (once
a day); QSAR, quantitative structure−activity relationship;
RBF, round-bottom flask; rfu, rat free unbound fraction (PPB);
RHS, right-hand side; RLM, rat liver microsomes; RNA,
ribonucleic acid; rt, room temperature; SAR, structure−activity
relationship; SNAr, Aromatic Nucleophilic Substitution; SPA,
scintillation proximity assay; T3P, propylphosphonic anhydride;
TBME, tert-butyl methyl ether; TFA, trifluoroacetic acid; TGI,
tumor growth inhibition; THF, tetrahydrofuran; TIW, three
times a week; TLC, thin-layer chromatography
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