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ABSTRACT: It has been shown that PRMT5 inhibition by small molecules can selectively kill cancer cells with homozygous
deletion of the MTAP gene if the inhibitors can leverage the consequence of MTAP deletion, namely, accumulation of the MTAP
substrate MTA. Herein, we describe the discovery of TNG908, a potent inhibitor that binds the PRMT5·MTA complex, leading to
15-fold-selective killing of MTAP-deleted (MTAP-null) cells compared to MTAPintact (MTAP WT) cells. TNG908 shows selective
antitumor activity when dosed orally in mouse xenograft models, and its physicochemical properties are amenable for crossing the
blood−brain barrier (BBB), supporting clinical study for the treatment of both CNS and non-CNS tumors with MTAP loss.

■ INTRODUCTION
Large-scale DNA sequencing coupled with functional
genomics studies have played a pivotal role in characterizing
the cancer genome, revealing the significance of deletion events
that promote tumor growth through the loss of tumor
suppressor genes. Initiatives like The Cancer Genome Atlas
Program (TCGA) have provided a comprehensive map of
genetic alterations across human cancers, showing that deletion
events often extend beyond the tumor suppressor gene locus,
leading to the codeletion of neighboring genes. Although these
passenger events may not confer a direct fitness advantage to
the tumor, they can create collateral vulnerabilities that can be
exploited therapeutically. One example is the collateral
vulnerability to PRMT5 inhibition conferred by the loss of
methylthioadenosine phosphorylase (MTAP), a gene which is
frequently codeleted with the well-described tumor suppressor
gene, CDKN2A.1−3 MTAP encodes the protein MTAP, a
critical enzyme in the methionine salvage pathway, a process
that recycles methionine from a byproduct of polyamine
synthesis, methylthioadenosine (MTA).

Loss of CDKN2A occurs in 10−15% of all human cancers
and with greater frequency in histologies such as malignant
peripheral nerve sheath tumors, glioblastoma (GBM),
mesothelioma, urothelial carcinoma, esophageal squamous
cell carcinoma, pancreatic adenocarcinoma, melanoma, non-

small cell lung cancer, head and neck cancer, and
cholangiocarcinoma.4−6 Due to its proximity to CDKN2A on
chromosome 9p21, MTAP is frequently codeleted. Loss of
MTAP causes the accumulation of its substrate, MTA, which
has been demonstrated by multiple groups to function as an S-
adenosyl-L-methionine (SAM)-competitive PRMT5 inhibi-
tor.1−3

PRMT5 is a type II arginine methyltransferase that regulates
essential cellular functions by conferring symmetric dimethy-
lation marks on proteins involved in transcription, splicing, and
cellular homeostasis.7−9 Due to its implication in the regulation
of cell cycle progression, apoptosis, and the DNA-damage
response, PRMT5 is considered an essential gene. However,
data from genome-wide genetic perturbation screens using
shRNA have revealed a selective requirement for PRMT5
activity in MTAP-deleted (MTAP-null) cancer cell lines.1−3

The accumulation of MTA caused by MTAP deletion in these
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cell lines partially inhibits PRMT5, rendering those cells
particularly sensitive to additional PRMT5 inhibition.

Despite the genetic evidence for a synthetic lethal relation-
ship between PRMT5 and MTAP deletion, the first generation
of PRMT5 inhibitors that were developed do not demonstrate
selectivity for MTAP-null cancer cell lines (Figure 1A and 1B).

The lack of selectivity can be explained by the mechanisms of
action of these inhibitors as they are either SAM cooperative or
SAM competitive. SAM is the universal methyl donor utilized
by methyltransferases, including PRMT5, to methylate their
substrates. SAM-cooperative or SAM-competitive inhibitors of
PRMT5 are not expected to be selective for MTAP-null
cancers because they inhibit PRMT5 equally in MTAP-null
and MTAP WT cells, ultimately leading to a molecule with
limited therapeutic index.

We set out to design a compound that can utilize the
accumulation of MTA by binding to PRMT5 in an MTA-
cooperative, substrate-competitive manner, thereby achieving
selective PRMT5 inhibition and killing of MTAP-null tumor
cells while sparing MTAP-containing normal cells. Given the
strong prevalence of MTAP deletion in the GBM patient
population as well as in cancers that metastasize to the brain,
we further aimed to design a compound with the
physicochemical properties to enable it to cross the blood−
brain barrier (BBB). To this end, we utilized high-throughput
screening (HTS) and structure-based drug design (SBDD) to

discover TNG908, a potent and selective, brain penetrant small
molecule inhibitor of PRMT5 that acts via an MTA-
cooperative mechanism and is currently in Phase I/II clinical
trials (NCT05275478). Other early clinical compounds that
are MTA-cooperative PRMT5 inhibitors are also shown in
Figure 1D.10−12

■ RESULTS AND DISCUSSION
Hit Finding. Having demonstrated proof of concept for

selective killing of MTAP-null vs MTAP WT cells in a previous
chemical series13,14 (Figure 1C), we deployed several hit-
finding strategies to identify lead-like starting points for drug
design, including DEL and fragment screens. However, the
approach that offered the most appealing actives was a high-
throughput screen of a 560k compound library at 20 μM using
a peptide displacement assay. Fluorescence anisotropy (FA)
was used to detect displacement of a TAMRA-labeled histone
H4 peptide from PRMT5 in the presence of 50 μM MTA. Five
hundred seventeen compounds, representing a 0.09% hit rate,
had >20% activity at 20 μM. Hit triage proceeded through the
following process by eliminating compounds that (1) had a
dose response IC50 value > 25 μM in the peptide displacement
assay with MTA, (2) had selectivity less than 2-fold in the
presence of SAM (50 μM) versus MTA, (3) lost activity in the
MTA-containing peptide displacement assay following resyn-
thesis and structural confirmation, (4) did not confirm binding
in an orthogonal surface plasmon resonance (SPR) assay with
biotinylated PRMT5/MEP50 immobilized on a streptavidin
sensor chip with 50 μM MTA in the running buffer (Figure 2).

After completion of this process, 21 compounds, which
represented 11 unique structural series, remained. Following
extensive efforts at hit expansion, several of the series failed to
demonstrate SAR tractability and were eliminated from further
consideration. We focused our attention on the remaining
three series with the most promising early SAR, and herein, we
describe the development of one of those series that led to the
discovery of TNG908, represented by hit compound 1 (Figure
3), which had a Ki with MTA of 600 nM in the peptide
displacement assay with 5× selectivity and a Kd of 400 nM in
the SPR assay with MTA.
Medicinal Chemistry. The low molecular weight (326

Da) and good properties (cLogP = 2, PSA = 67, rotatable
bonds = 3) of compound 1 were appealing starting point
characteristics. Despite appearing as a structural alert in known
databases15−17 due to the presence of the dicarbonyl moiety,
we recognized the oxamide as an unreactive, nonelectrophilic
group, stable in biological media, and a viable substructure for
medicinal chemistry optimization,18 in contrast to ketoamides

Figure 1. (A) Example of a SAM-uncompetitive, substrate-
competitive PRMT5 inhibitor. (B) Examples of SAM-competitive
PRMT5 inhibitors. (C) Example compound from the first published
disclosure of MTA-cooperative, substrate-competitive PRMT5
inhibitors. (D) Other clinical MTA-cooperative PRMT5 inhibitors.

Figure 2. Hit triage strategy for compounds profiled in a high-
throughput screen with a peptide displacement assay.
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and oxamates which are highly susceptible to nucleophilic
attack and hydrolysis, respectively.

Racemic 1 was separated by SFC to give enantiopure
isomers compounds 1R and 1S. The stereochemistry of the
compounds was initially assigned arbitrarily and later
confirmed absolutely. Differential activity of the 1R and 1S
isomers in the peptide displacement biochemical assay
(+MTA) of 2 and 33 μM, respectively, demonstrated the
preference for R stereochemistry at the 2 position of the
piperidine. SAR exploration was initiated with the following
approach: (1) systematic preparation of matched molecular
pairs to investigate the importance of individual atoms or
groups to molecular shape, electronics, and ultimately to
binding,19−21 (2) ring forming and breaking to explore the
limitations and benefits of conformational restrictions, (3)
exploration of isosteres, and (4) investigation of tolerance to
substitution around the molecule primarily via a “methyl walk”.
These approaches were applied to the core structure to gain
potency with minimal increase in molecular weight and
rotatable bond count before growing the molecule to gain
further potency. This work focuses on a portion of these
efforts, the remainder of which will be reported in subsequent
publications.

A broad assessment of the 2 position of the piperidine to
replace the pyrrole was performed, and a representative subset
of these compounds is shown in Table 1. There was a
significant tolerance for replacement by a variety of
substituents. For example, 8 has a similar potency to 1 with
a lower cLogP and is more selective. 10 is more potent and
selective than 1 and does not have the aromatic ring. Smaller
substituents such as the methyl in 9, however, lose significant
activity. For early SAR development, we fixed the 2 position of
the piperidine as phenyl, as exemplified in compound 2R.

At this point we performed a methyl scan: the preparation of
a series of compounds that are matched molecular pairs to the
starting analog, where a methyl group is substituted system-
atically in each position. This was done to probe tolerance to
substitution, identify potential binding pockets, restrict
conformations, and remove the hydrogen-bond donor. Most
methylations either reduced activity or had no effect
(compounds 11, 14, 17, 18, 19, 20, and 21), though several
methylations showed excellent potency gains (Table 2). For
example, a cis methyl at the 6 position of the piperidine (15)
improved potency in the biochemical assay but only 3-fold,
which was not sufficient to give cellular activity. However, a
methyl group in the 5 position of the piperidine trans to the 2-
phenyl substituent (16) gave a 20-fold increase in biochemical
potency with MTA and maintained selectivity. This level of
potency approached the sensitivity limits of the biochemical
assay, so for more potent compounds, we followed the SAR
with two routine cellular assays. Using an isogenic pair of
HAP1 MTAP WT and MTAP-null cell lines, PRMT5-

dependent symmetric dimethylarginine (SDMA) was quanti-
fied by in-cell western (ICW) assay, and cell viability was
measured using a 7-day CellTiter Glo assay. An observation
throughout the program was the requirement to achieve
PRMT5 SDMA IC90 to confer viability effects. SDMA IC90
consistently correlates with viability GI50 (Figure 4). 16
provided the first demonstration of cellular activity in MTAP-
null cells (MTAP-null SDMA IC50 = 3.5 μM, MTAP WT
SDMA IC50 > 10 μM) in the series. Dimethylation of the
piperidine with the combined substitutions from 15 and 16
gave 22, which was equipotent to the monomethyl analogs (15
and 16). On the other side of the molecule, adding a methyl to

Figure 3. High-throughput screening hit compound 1 and associated
PRMT5 biochemical assay data with MTA and SAM (see Supporting
Information).

Table 1. Compounds To Explore the Piperidine 2 Position,
1−10

aDetection of displacement of a TAMRA-labeled peptide by
fluorescence anisotropy. bUnmethylated peptide (see Supporting
Information). cDimethylated peptide used to prevent turnover in the
assay (see Supporting Information). Conversion of IC50 to Ki by the
Cheng−Prusoff equation22 was used for selectivity comparisons.
dRacemic.
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the 6 position of the pyridine (12) improved potency 16-fold
and provided selective cellular activity (MTAP-null SDMA
IC50 = 3.5 μM, MTAP WT SDMA IC50 > 10 μM).

Soon after the discovery of the trans-2-phenyl-5-methyl-
piperidine we obtained the cocrystal structure of 1 with
PRMT5-MTA (Figure 5C). Only density for 1R was observed.
Examination of the structure revealed several key interactions
that were important for future design. The pyridine makes van
der Waals contacts with MTA and has π-stacking interactions

with the aromatic side chains of Phe327 and Trp579, and the
nitrogen of the ring is hydrogen bonded with the acid of
Glu444. The 5-methyl group on the pyridine points toward
Lys333 and Glu435 and locks Glu435 into the preferred
rotamer as when bound with MTA alone1 (Figure 5B),
sterically blocking Glu435 from moving into the rotamer
required for SAM binding (Figure 5A), and likely contributing
to the observed selectivity similar to what has been reported by
other groups.11,23 There is a small pocket near the 6 position of
the pyridine, providing rationale as to why the 6-methylpyr-
idine analog 12 improved potency (vide infra). The NH of the
oxamide forms a hydrogen bond with the carbonyl of Ser578,
while the two carbonyls of the oxamide are also engaged in
hydrogen bonds, one with the backbone NH of Phe580 and
the other mediated through a water to Leu312. The piperidine
and its pyrrole substituent occupy an adjacent hydrophobic
pocket, and the pyrrole π-stacks with Phe580.

Leveraging this new understanding of how 1 binds, we
utilized SBDD with an early focus on exploring around the
pyridine ring given its proximity to the MTA/SAM pocket. We
hypothesized that productive interactions in that region of the
pocket might offer opportunities to improve potency and
reinforce the Glu435 rotamer, improving selectivity between
MTAP-null and MTAP WT cells.

The 6 position of the pyridine is directed toward the
backbone carbonyl of Glu435. Having already made the
dimethyl compound (12) in the methyl scan, we knew
substitution in the 6 position was tolerated, and we
hypothesized that a 6-amino group could make a more
productive interaction with the carbonyl. 23 (Table 3) was
prepared and resulted in a 200-fold improvement in cellular
potency relative to its matched molecular pair (16) as well as
selective viability effects (HAP1 MTAP-null ICW 17 nM,
HAP1 MTAP-null viability 420 nM, 14-fold viability
selectivity).

With the observation that the methyl group on the pyridine
of 1 vectors toward Glu435 and Lys333, we prepared
carboxamide analog 24, attempting to engage the side chains
of these residues. Gratifyingly, 24 gave a 120-fold improvement
in potency and improved selectivity (HAP1 MTAP-null ICW
29 nM, HAP1 MTAP-null viability 660 nM, 30× viability
selectivity) over the baseline methyl analog 16. Importantly,

Table 2. Biochemical and Cellular Potency of Select
Compounds in a Methyl Scan of Compound 2R

biochemical IC50
(μM)a

SDMA IC50 HAP1
(μM)d

compound methyl position
MTA

(Me0)b
SAM

(Me2)c MTAP-null
MTAP

WT

11 a >125 >125
12 b 0.06 0.20 3.5 >10
13 c 0.9 11
14 d >125 >125
15 e, cis 0.3 0.5
16 f, trans 0.05 0.08 3.5 >10
17 f, cis 2 3
18 g, trans 0.5 6
19 g, cis 0.5 3
20 h trans 3 5
21 h cis 4 40
22 e, f (2R,3S,6R) 0.2 0.6 4.5 >10

aDetection of displacement of a TAMRA-labeled peptide by
fluorescence anisotropy. bUnmethylated peptide (see Supporting
Information). cDimethylated peptide used to prevent turnover in the
assay (see Supporting Information). Conversion of IC50 to Ki by the
Cheng−Prusoff equation20 was used for selectivity comparisons.
dInhibition of PRMT5 determined by an SDMA in-cell western assay
in the HAP1 MTAP-isogenic cell line pair following 24 h compound
treatment.

Figure 4. Demonstration of the correlation of HAP1 cellular viability
GI50 and HAP1 cellular SDMA IC90 for compounds in this
manuscript, representing the trend in the series.

Figure 5. X-ray cocrystal structure of (A) SAM bound to PRMT5
with a substrate arginine side chain depicted. Glu435 rotates toward
substrate side chain (PDB 4X61 and 5FA5). (B) X-ray cocrystal
structure of MTA bound to PRMT5. E435 rotates to fill space
previously filled by SAM (PDB 8VEO). (C) X-ray cocrystal structure
of 1 (orange) bound to PRMT5·MTA (PDB 8VET). Only density for
compound 1R was observed. Pyridine sits in a π-stack “sandwich”
with Phe327 and Trp579. Pyridine nitrogen hydrogen bonds with
Glu444 and oxamide NH, and both carbonyls engage in hydrogen
bonds. Pyrazole π-stacks with Phe580. Glu435 rotamer present with
MTA alone is reinforced by steric pressure from the 3-methyl of 1 and
engages Tyr334 and Lys333, precluding SAM binding.
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the substitutions of both 23 and 24 provided improvements in
selectivity and human microsomal stability while maintaining
good permeability and efflux ratios (Table 3).

Crystal structures of 23 and 24 bound to the PRMT5·MTA
complex were obtained (Figures 6 and 7). The structure of 23

confirmed that the NH2 at the 6 position of the pyridine makes
strong hydrogen-bonding interactions with the backbone
carbonyl of Glu435 and with the side chain of Glu444. The
structure of 24 revealed that the amide NH2 makes a hydrogen
bond with the backbone carbonyl of Glu435, while the amide
carbonyl makes a hydrogen bond with the amino side chain of
Lys333, which normally interacts with the carboxy terminus of
SAM. In both cases, the locked rotamer of Glu435 that is
incompatible with SAM binding is reinforced, providing insight
into the increased selectivity. Another interesting observation
was that the trans-2-phenyl, 5-methyl-substituted piperidine in

the X-ray structures of 23 and 24 is rotated nearly 180° in the
pocket relative to the 2-pyrrole-substituted piperidine in 1,
orienting the phenyl ring toward the solvent. This substitution-
dependent rotation of the piperidine side of the molecule was
observed throughout the program.

While developing the SAR we also explored replacements of
the oxamide moiety. Cyclization from the pyridine onto the
oxamide provided several active compounds with similar
potency, but the properties of these cyclized compounds
suffered relative to the oxamides. Select analogs are shown in
Table 4. For example, despite promising potency, many were
active against hERG (exemplified by compounds 25 and 26),
had low solubility (exemplified by 27), or had poor metabolic
stability (exemplified by compounds 26 and 27). Some effort
to find a balance of properties was undertaken, but considering
the suboptimal properties in early cyclized compounds and the
rapid progress being made in the oxamide series, we decided to
prioritize the oxamide series.

Table 3. Characterization of Cellular Potency and In Vitro ADMET Properties of Compounds 23 and 24

aInhibition of PRMT5 determined by an SDMA in-cell western assay in the HAP1 MTAP-isogenic cell line pair following compound treatment for
24 h. bViability growth inhibition assessed after 7 days of compound treatment using a CellTiter-Glo luminescence-based assay in the same HAP1
MTAP-isogenic cells. cMDCKII-WT A−B (10−6 cm/s). dMDCKII-Mdr1 cells (A−B)/(B−A). eHuman liver microsomes, Clint, μL/min/mg.

Figure 6. X-ray cocrystal structure of 23 (yellow) bound to PRMT5-
MTA (PDB 8VEU). Aminopyridine engages the Glu435 backbone
carbonyl and Glu444 side chain acid in hydrogen bonds.

Figure 7. X-ray cocrystal structure of 24 (blue) bound to PRMT5-
MTA (PDB 8VEW). Amide carbonyl engages Lys333 and amide NH2
engages the Glu435 backbone carbonyl in hydrogen bonds.
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Further examination of the crystal structures of 23 and 24
revealed the phenyl rings on the piperidine approach the
backbone carbonyl of Ser310. We hypothesized that this
carbonyl could be leveraged for potency through a well-placed
hydrogen-bond interaction. To test the hypothesis, two analogs
with a para-hydroxy were prepared (28 and 29, Table 5). 28
(HAP1 MTAP-null viability 60 nM, 23-fold viability
selectivity) was 7-fold more potent than the baseline phenyl
(23), and 29 (HAP1 MTAP-null viability 190 nM, 75-fold
viability selectivity) was 3-fold more potent than the baseline
phenyl (24) and more selective.

Crystal structures confirmed that the OH of the phenol
made a hydrogen bond with the carbonyl of Ser310 (Figure 8).
While the para-phenol ring improved potency, it also had the
undesired effects of reducing permeability and increasing efflux
in MDCKII-Mdr1 cell lines, properties that were not in line
with the goal of developing a BBB penetrant molecule. To gain
the potency benefits of the interaction but reduce the property
liabilities, we explored phenol isosteres.

A series of compounds (representative set in Table 6) was
prepared in both the amine and the carboxamide subseries.
Many analogs showed good potency improvements relative to

Table 4. Characterization of Cellular and hERG Potency, Solubility, and Metabolic Stability of Oxamide Isosteres, Compounds
25−27

aInhibition of PRMT5 determined by an SDMA in-cell western assay in the HAP1 MTAP-isogenic cell line pair following compound treatment for
24 h. bViability growth inhibition assessed after 7 days compound treatment using a CellTiter-Glo luminescence-based assay in the same HAP1
MTAP-isogenic cells. chERG channel IC50 measured using the automated patch clamp method (SyncroPatch 384PE). dKinetic solubility measured
in a phosphate buffer system at pH 7.4. eHuman liver microsomes, Clint, μL/min/mg. fRacemic.

Table 5. Characterization of Cellular Activity, Permeability, Efflux, and Metabolic Stability of Compounds 28 and 29

aInhibition of PRMT5 determined by an SDMA in-cell western assay in the HAP1 MTAP-isogenic cell line pair following compound treatment for
24 h. bViability growth inhibition assessed after 7 days of compound treatment using a CellTiter-Glo luminescence-based assay in the same HAP1
MTAP-isogenic cells. cMDCKII-WT A−B (10−6 cm/s). dMDCKII-Mdr1 cells (A−B)/(B−A). eHuman liver microsomes, Clint, μL/min/mg.
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the unsubstituted phenyl in the aminopyridine series.
However, despite the carboxamide analogs generally having
greater selectivity, phenol isosteres were less tolerated in this
series and most analogs either reduced potency or had only
modest improvements relative to the unsubstituted phenyl.
Crystallography substantiated the persistence of an H bond to
the Ser310 carbonyl with these compounds.

In general, as with the phenol, the isosteric compounds with
the additional NH group exhibited lower permeability and
higher efflux than the baseline phenyl compounds 23 and 24
(permeability MDCKII-WT A−B = 10.6 and 17.1 × 10−6 cm/s
and efflux ratios = 1.0 and 2.4, respectively), more so in the
carboxamide series (Table 6). For example, all NH-containing
phenol isosteres in the carboxamide series had permeability in
the MDCKII-WT assay < 2 × 10−6 cm/s (A−B) and efflux
ratio > 20.

Of notable interest, however, was the benzothiazole analog,
prepared in an attempt to gain the less common interaction of
a C−S σ* orbital with the carbonyl lone pair. Such an
interaction had the potential to achieve potency gains without
the addition of an H-bond donor group, thereby improving
permeability and efflux relative to the phenol.24 The
incorporation of the benzothiazole gave a potency improve-
ment similar to compounds incorporating the traditional NH
(TNG908 HAP1 MTAP-null viability 100 nM, 15-fold viability
selectivity and 44 HAP1 MTAP-null viability 210 nM, 79-fold
viability selectivity). In the case of carboxamide compound 44,
efflux was still high (efflux ratio = 44). However, TNG908,
with its lower PSA (101 vs 118) and fewer hydrogen-bond
donors relative to the carboxamide, had high permeability
(MDCKII-WT A−B = 16.4 cm/s), low efflux (efflux ratio = 3),
and good metabolic stability (human microsomal stability
CLint = 14 μL/min/mg).

An X-ray structure of TNG908 (Figure 9) confirmed that
the carbonyl oxygen is located 3.4 Å from the sulfur atom and
2.6 Å from the H at the 7 position of the benzothiazole with a
O−S−C angle of 167°, and the N of the benzothiazole engages
a water molecule in a hydrogen bond, all likely contributing to
the potency gains relative to the unsubstituted phenyl.25,26

Other non-traditional hydrogen-bond donors27,28 were
tested in an attempt to avoid the polarity and associated
lower permeability and higher efflux of traditional NH
hydrogen-bond donors but were not as successful as the

benzothiazole of TNG908. A CHF2 group was synthesized (40
and 41), but the potency was worse than the unsubstituted
phenyl. An aromatic CH hydrogen bond was explored with 42
and 43. Though 42 did provide a 2-fold potency gain relative
to the unsubstituted phenyl with high permeability (MDCKII-
WT A−B = 18.2 cm/s) and low efflux (efflux ratio = 1), it was
less metabolically stable (human microsomal stability CLint =
23 μL/min/mg), and the potency was not sufficient for further
consideration.

Considering the greater selectivity in the carboxamide
subseries, we explored ways to improve the potency and
reduce the impact of the high polarity of the carboxamide on
permeability and efflux. We prepared a series of 2-methoxy-3-
carboxamido pyridine analogs, represented by compounds 45−
47, in an attempt to mask the amide NH with an
intramolecular hydrogen bond, a selection of which is shown
in Table 7. This substitution improved the permeability and
reduced efflux while increasing the selectivity and potency
relative to the carboxamide alone; however, metabolic stability
suffered. These observations were generally consistent
throughout the series, and therefore, we eventually depriori-
tized the subseries.

At this point we had a series of compounds with good
potency and selectivity, and with TNG908 we also had a
desirable ADME-PK profile of high permeability (MDCKII
A−B = 16 cm/s), low efflux (MDCKII-Mdr1 efflux = 3), and
good human microsomal stability (14 μL/min/mg). Human
hepatocyte intrinsic clearance was also low (9 mL/min/kg),
leading to the decision to further profile TNG908.
Biochemical and Biophysical Characterization.

TNG908 and other potent MTA-cooperative inhibitors
reached the detection limit of our SAR-driving assays, so
more sensitive biochemical and biophysical methods to
measure potency were developed. First, we performed double
titrations of PRMT5 and TNG908 ± 50 μM MTA using the
FA assays, allowing survey of lower PRMT5 and compound
concentrations. TNG908 binds apo-PRMT5 with a KD 1.9 ±
0.9 nM and to the PRMT5·MTA complex with a KD = 0.3 ±
0.1 nM, a 6-fold increase in potency in the presence of MTA
(Table 8). We also developed a radioactive biochemical
FlashPlate assay using 3H-SAM and biotinylated histone H4-
peptide substrate to measure inhibition. The KMs for SAM and
the biotinylated H4 peptide in the assay are 0.2 and 0.125 μM,
respectively, and the measured Ki of MTA is 0.25 μM. Since
TNG908 is a competitive inhibitor of the H4 peptide
substrate, we measured its activity in an assay using 10 μM
H4 peptide and the presence or absence of MTA at a
concentration equivalent to its Ki (0.25 μM). Through
competition experiments with the H4 peptide, we further
resolved the increased potency of TNG908 due to MTA
cooperative binding and the resulting enzyme inhibition,
calculating the apparent Ki values of TNG908 using the
Cheng−Prusoff equation.20 TNG908 inhibited apo-PRMT5
with an IC50 of 262 ± 52 nM and a Ki,app = 3.2 nM but showed
12-fold stronger potency for the PRMT5·MTA complex with
an IC50 of 21.2 ± 9.3 nM and Ki,app = 0.26 nM (Table 8). To
further assess the binding kinetics and potency of TNG908, we
carried out reversibility studies utilizing a combination of size
exclusion column separation and FlashPlate assay experiments.
TNG908 was preincubated with apo-PRMT5 or the PRMT5·
MTA complex for 2 h at room temperature and then passed
through Zeba spin columns to remove excess compound and
MTA. The flow-through contained either PRMT5·TNG908

Figure 8. X-ray cocrystal structure of compound 28 (purple) bound
to PRMT5-MTA (PDB 8VEX). Phenol hydrogen bonds with the
backbone carbonyl of Ser310.
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binary complex or PRMT5·MTA·TNG908 ternary complex.
The recovery of PRMT5 enzyme activity due to inhibitor
dissociation was followed in time course by FlashPlate assay,
indicating that TNG908 behaved as a reversible, tight-binding
inhibitor for both apo-PRMT5 and PRMT5·MTA complexes
over the course of the assay. Inhibition due only to MTA
during the assay is assumed to be negligible due to the low
concentration of enzyme and spin column removal of excess
MTA. Compared to a DMSO control, approximately 70%
enzyme activity was recovered from PRMT5·TNG908 binary
complex compared to 30% of recovered enzyme activity from
PRMT5·MTA·TNG908 ternary complex, reflecting that
TNG908 preferentially binds to PRMT5·MTA complex. The

observed linear kinetic behavior of TNG908 suggested that a
new equilibrium between the compound and PRMT5 had
been established, allowing estimation of TNG908 Ki to either
apo PRMT5 or PRMT5·MTA complex using the equation
Ki,app = (Etotal − E·I) × (Itotal − E·I)/E·I (see Supporting
Information). The estimated Ki,app of TNG908 to apo PRMT5
is 9.3 ± 2.5 nM, while the estimated Ki,app of TNG908 to
PRMT5·MTA complex is 0.73 ± 0.11 nM, suggesting a 12.7-
fold potency selectivity for PRMT5·MTA complex. By
considering the competition of 1 μM H4 peptide substrate
in the assay, the real Ki’s were calculated again using the
Cheng−Prusoff equation, yielding a TNG908 Ki for apo
PRMT5 = 1.03 nM and TNG908 Ki for the PRMT5·MTA

Table 6. Characterization of Cellular Activity, Permeability, Efflux, and Metabolic Stability of Compounds 30−44 and
TNG908

aInhibition of PRMT5 determined by an SDMA in-cell western assay in the HAP1 MTAP-isogenic cell line pair following compound treatment for
24 h. bViability growth inhibition assessed after 7 days of compound treatment using a CellTiter-Glo luminescence-based assay in the same HAP1
MTAP-isogenic cells. cMDCKII-WT A−B (10−6 cm/s). dMDCKII-Mdr1 cells (A−B)/(B−A). eHuman liver microsomes, Clint, μL/min/mg.
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complex = 0.081 nM. All potencies measured by the various
biochemical approaches are within 3−4-fold of one another,
indicative of the highly potent MTA-cooperative inhibition of
TNG908.

■ PHARMACOKINETIC PROFILING OF TNG908 IN
PRECLINICAL SPECIES

The PK properties of TNG908 were evaluated in Sprague−
Dawley (SD) rats, beagle dogs, and cynomolgus monkeys
(Table 9). Following a 1 mg/kg dose of TNG908 to SD rats (n
= 3), the clearance was 38.2 mL/min/kg, volume of
distribution was 1.5 L/kg, and half-life was 2 h. Oral
administration of a 3 mg/kg dose of TNG908 to SD rats (n
= 3) resulted in a Cmax of 0.60 μg/mL and AUCinf of 2.5 h-μg/
mL, with >100% bioavailability. The greater than 100%
bioavailability could result from experimental or biological

variability as well as the dosing of the PO arm (3 mg/kg) 3-
fold higher than the IV arm (1 mg/kg). The PK could be
nonlinear between 1 and 3 mg/kg in the rat. Following a 1 mg/
kg IV dose of TNG908 to beagle dogs (n = 3), the clearance
was 8.6 mL/min/kg, volume of distribution was 1.2 L/kg, and
half-life was 4 h. Oral administration of a 3 mg/kg dose of
TNG908 to beagle dogs resulted in a Cmax of 0.54 μg/mL and

Figure 9. X-ray cocrystal structure of TNG908 (green) bound to
PRMT5-MTA (PDB 8VEY). Benzothiazole hydrogen bonds with
water, and the C−S σ* orbital interacts with the carbonyl lone pair of
Ser310.

Table 7. Characterization of Cellular Activity, Permeability, Efflux, and Metabolic Stability of Compounds 45−47

aViability growth inhibition assessed after 7 days of compound treatment using a CellTiter-Glo luminescence-based assay in HAP1 MTAP-isogenic
cells. bMDCKII-WT cells, A−B (10−6 cm/s). cMDCKII-Mdr1 cells (A−B)/(B−A). dHuman liver microsomes, Clint, μL/min/mg.

Table 8. Biochemical Characterization of TNG908 with and
without MTA in Double-Titration and Radioactive
FlashPlate Assays

assay PRMT5·MTA apo-PRMT5

double titration KD, nM 0.3 ± 0.1 1.9 ± 0.9
radioactive FlashPlate IC50, nM 21.2 ± 9.3 262 ± 52

Ki,app, nM 0.26 3.2

Table 9. In Vivo PK Characterization of TNG908

species
clearance

(mL/min/kg)
Vss

(L/kg)
T1/2
(h) F (%) Kp,uu,CSF

d

rata 38.2 1.5 2 >100
dogb 8.6 1.2 4 41
cynomolgus

monkeyc
16.2 1.0 1 21 0.9

aIV/PO dosing in Sprague−Dawley rat (vehicle, IV, 1 mg/mL
solution of 1% v/v DMSO/99% of 20% w/v HP-β-CD in saline; PO,
3 mg/mL solution of 1% v/v DMSO/99% of 20% w/v HP-β-CD in
water, n = 3 per arm). bIV/PO dosing in beagle dog (vehicle, IV, 1
mg/mL solution of 1% v/v DMSO/99% of 20% w/v HP-β-CD in
saline; PO, 3 mg/mL solution of 1% v/v DMSO/99% of 20% w/v
HP-β-CD in water, n = 3 per arm). cIV/PO dosing in cynomolgus
monkey (vehicle, IV, 1 mg/mL solution of 1% v/v DMSO/99% of
20% w/v HP-β-CD in saline; PO, 3 mg/mL solution of 1% v/v
DMSO/99% of 20% w/v HP-β-CD in water, n = 3 per arm). dPO
dosing in cynomolgus monkeys (vehicle, PO, 0.5% methylcellulose in
water, n = 3), Kp,uu,CSF determined by measuring CSF
concentration and taking the ratio to free unbound plasma
concentrations.
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AUCinf of 2.4 h-μg/mL, with 41% bioavailability. Following a 1
mg/kg IV dose of TNG908 to cynomolgus monkeys (n = 3),
the clearance was 16.2 mL/min/kg, volume of distribution was
1.0 L/kg, and half-life was 1 h. Oral administration of a 3 mg/
kg dose of TNG908 to cynomolgus monkeys (n = 3) resulted
in a Cmax of 0.087 μg/mL and AUCinf of 0.7 h-μg/mL, with
21% bioavailability.

Considering the high permeability and low efflux of
TNG908, we used a highly validated nonhuman primate
model29 to further evaluate its potential to cross the BBB in
vivo by measuring the concentration of TNG908 in cerebral
spinal fluid (CSF) in cynomolgus monkeys and comparing to
unbound plasma concentrations. This is a nonterminal
experiment without the need to sacrifice monkeys for each
time point of brain data collection. Following a 10 mg/kg PO
dose of TNG908 to cynomolgus monkeys, the Kp,uu,CSF (the
ratio of CSF, AUC, and unbound plasma AUC) was
determined to be 0.9 (see Supporting Information). These
data along with terminal unbound brain exposure from a
preclinical toxicology study (data not shown) support the use
of TNG908 to treat patients with MTAP-deleted GBM or
other MTAP-deleted CNS malignancies.

■ TNG908 DRIVES PHARMACODYNAMIC ACTIVITY
AND ANTITUMOR EFFICACY IN MTAP-NULL
XENOGRAFT MODELS REPRESENTING GBM,
LUNG, AND COLORECTAL CANCER

TNG908 was evaluated for pharmacodynamic activity and
antitumor efficacy in the LN18 MTAP-deleted glioblastoma
cell line-derived xenograft model implanted subcutaneously in
NOG mice. Following a study to determine the maximum
tolerated dose (MTD) in the NOG mouse strain, oral
administration of TNG908 at well-tolerated doses (10, 30, or
60 mg/kg BID) resulted in dose-proportional plasma
exposures with maximal concentrations observed 1 h after
the last dose as well as dose-dependent PRMT5 inhibition as
determined by the reduction of a single SDMA-modified
protein (Figure 10A). Similarly, treatment with TNG908 drove
dose-dependent antitumor activity with 100% tumor growth
inhibition observed at 60 mg/kg BID following 21 days of
dosing (Figure 10B).

We also evaluated TNG908 in the LU99 MTAP-deleted cell
derived xenograft (CDX) model representing NSCLC
implanted subcutaneously in BALB/c nude mice. Following
a study to determine the maximum tolerated dose (MTD) in
BALB/c nude mice, oral administration of TNG908 at well-
tolerated doses (30 or 120 mg/kg BID) in the LU99 MTAP-
null NSCLC CDX model resulted in strong, dose-dependent
antitumor activity including a 48% tumor regression at the 120
mg/kg BID dose level (Figure 11).

TNG908 was determined, in vitro, to be 15-fold selective for
MTAP-null cells relative to isogenic MTAP WT cells (Table
6). The potency of TNG908 in the HCT116 MTAP-isogenic
cell line pair is 0.130 μM in the MTAP-null cell line and 3.1
μM in the MTAP WT cell line. Therefore, TNG908 was
determined to be ∼25× selective in the HCT116 MTAP-
isogenic cell line pair. To further evaluate the selectivity of
TNG908 in vivo, TNG908 was evaluated in the HCT116
MTAP-isogenic xenograft models. HCT116 is an endoge-
nously MTAP WT model, so the isogenic pair was engineered
by knocking out MTAP using CRISPR-based technology. Oral
administration of TNG908 at well-tolerated doses (10, 30, or

90 mg/kg BID) resulted in dose-dependent antitumor activity
in the MTAP-null xenograft model, whereas the MTAP WT
model was largely spared (85% TGI vs 29% TGI, respectively)
(Figure 12A and 12B). Terminal PD analyses further
exemplified the selectivity and on-target behavior of
TNG908 as PRMT5 activity was inhibited >90% in the
MTAP-null xenograft models, while in the isogenic MTAP WT
xenograft model, PRMT5 inhibition did not exceed the basal
inhibition caused by MTAP deletion in the MTAP-null
xenograft model (Figure 12C).

Collectively, these data demonstrate that TNG908 drives
on-target, dose- and concentration-dependent antitumor
activity selectively in MTAP-deleted xenograft models
representing multiple tumor histologies, which is consistent
with the 15-fold selectivity demonstrated in vitro. Indeed,
single-agent TNG908 was able to drive tumor regressions in

Figure 10. TNG908 treatment drives dose-dependent PD and
antitumor activity in the LN18 MTAP-null GBM xenograft model.
(A) PK/PD analysis of TNG908 following compound treatment for
10 days. PRMT5 activity by quantification of a single SDMA-modified
protein substrate and total TNG908 plasma concentrations were
determined at the indicated time points post last dose. n = 4 tumors/
time point/dose level. Data are presented as mean ± SEM for the PD
analyses. (B) Tumor growth inhibition curves for the LN18 xenograft
model treated with either vehicle or TNG908 dosed at 10, 30, or 60
mg/kg BID for 21 days. n = 8 mice/group. Data are presented as
mean ± SEM.

Figure 11. Tumor growth inhibition curves for the LU99 NSCLC cell
line-derived xenograft mouse model with either vehicle or TNG908
dosed at 30 or 120 mg/kg BID for 21 days. n = 5 mice/group.
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the LU99 MTAP-deleted xenograft model, which highlights the
potential for TNG908 to drive meaningful clinical responses in
MTAP-deleted tumors while maintaining a large therapeutic
index.

■ FURTHER IN VITRO PROFILING OF TNG908
TNG908 was profiled for off-target activity against a panel of
39 methyltransferases at 1 and 10 μM and in an in vitro
toxicology safety panel (SAFETYscan E/IC50) of 78 known
off-target binding and functional assays at 10 μM and showed
no significant activity other than PRMT5-MEP50 (see
Supporting Information). TNG908 also showed no activity
in a hERG syncropatch assay (IC50 > 30 μM).

■ SYNTHESIS
Initially, to explore the SAR of the 2 position of the piperidine,
2,2,2-trifluoroethyl-2-chloro-2-oxoacetate was reacted with
aminopyridine 48 to generate a common intermediate used

to prepare compounds 1−10 in parallel by reaction of the
trifluoroethylester with 2-substituted piperidines (Scheme 1).

The functionalized pyridines of compounds 23 and 24 were
prepared from 3-methyl-5-nitropyridine-2-amine 49 and 5-
aminonicotinic acid 53, respectively. 49 was Boc protected
followed by nitro reduction with 10% Pd/C and subsequent
conversion to 52 with 2,2,2-trifluoroethyl 2-chloro-2-oxoace-
tate. Acid 53 was converted to amide 54, which was reacted
with 2,2,2-trifluoroethyl 2-chloro-2-oxoacetate, and then
hydrolyzed to acid 56.

One method to prepare amine 61 was to reduce pyridin-
2(1H)-one 57 with 10% Pd/C at 50 atm of H2. The racemic
mixture was then Boc protected followed by ring opening with
phenyl Grignard reagent, BOC deprotection, and dehydrative
cyclization of the amine onto the ketone. The resultant imine
was selectively reduced with sodium borohydride to give a
mixture of predominantly trans isomers of piperidine 61. 61
was coupled to oxamate 52 and 56 to form the desired
oxamides 23 and 24 after deprotection of 62 with TFA
(Scheme 2). The borohydride reduction typically gave a 9:1
ratio of trans:cis isomers, and the isomers were readily
separated by SFC or chiral HPLC. The desired trans isomer
was determined in early analogs by 2D NMR, small molecule
crystal structures, and protein−ligand complexes. The stereo-
chemistry of subsequent analogs was assigned arbitrarily with
key analogs undergoing absolute confirmation. Eventually, a
chiral synthesis of lactam 59 was developed, which provided
only the desired trans isomer, which was easily purified from
the minor amount of undesired cis isomer formed during the
imine reduction.

To synthesize 25, an example of an oxamide isostere, 49 was
bis-Boc protected and the nitro group reduced to the amine.
Regioselective iodination followed by palladium-catalyzed
cyclization with 2-oxopropanoic acid gave pyrrolopyridine
acid 64, which was coupled to 61 with HATU and
deprotected, and the racemate was separated by SFC to yield
25 (Scheme 3).

Compounds 28−44 were prepared via coupling of oxamic
acids 69 (prepared by hydrolysis of oxamate 52) or 56 with the
appropriate piperidine using HATU and Hünig’s base in DMF
(Scheme 4). The piperidines were prepared by Suzuki coupling
of boronates or boronic acids with Boc-protected triflate 65
prepared from 59. Deprotection with TFA gave imines which
could be stereoselectively reduced with sodium borohydride to
give a mixture of predominantly trans isomers (typically 9:1
ratio of trans:cis) of the piperidine, as in 23 and 24. As before,
the cis isomers could be removed when separating the trans
enantiomers by SFC or chiral HPLC before or after preparing
the target oxamide by coupling to the appropriate oxamic acid
(56 or 69) with deprotection as necessary. TNG908 (Scheme
5) was prepared similarly. Compounds 45−47 were also

Figure 12. TNG908 PD and antitumor activity is selective for MTAP-
null cells in vivo. (A) HCT116 MTAP WT tumor growth inhibition
curves with TNG908 dosed at 10, 30, or 90 mg BID for 17 days. (B)
HCT116 MTAP-null tumor growth inhibition curves with TNG908
dosed at 10, 30, or 90 mg BID for 21 days. (C) Terminal PD analyses
from A and B demonstrating PRMT5 activity by quantification of a
single SDMA-modified protein substrate 8 h post last dose. n = 4
tumors/time point/dose level. Data are presented as mean ± SEM for
all data.

Scheme 1. Synthesis of Compounds 1−10a

aReagents and conditions: (a) DIPEA (1.5 equiv), ACN, 25 °C, 30
min; 2,2,2-trifluoroethyl-2-chloro-2-oxoacetate; (b) substituted piper-
idine (1.1 equiv), 25 °C, 1 h, 100 °C, 16 h; (c) chiral separation of
enantiomers.
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prepared similarly from 5-amino-2-methoxynicotinamide 73,
which was commercially available from Enamine. 73 was
reacted with 2,2,2-trifluoroethyl 2-chloro-2-oxoacetate and

hydrolyzed to 74 with lithium hydroxide, which could be
used to prepare the desired oxamide targets.

■ CONCLUSIONS
In summary, a series of compounds was discovered that
inhibits PRMT5 cooperatively with MTA and includes
compounds that are potent and selective in MTAP-null cells
vs MTAP WT cells. The series was initiated from a high-
throughput biochemical screening hit and was guided by both
ligand- and structure-based drug design, leading to TNG908,
which has a Tanimoto coefficient of 0.3 relative to the original
hit. Potency was increased by nearly 2000-fold with the
addition of only 83 Da, no additional rotatable bonds, and a
reduction in lipophilicity as measured in LogD (2.4 vs 2.8)
while maintaining high permeability, low efflux, and a high

Scheme 2. Synthesis of Compounds 23 and 24a

aReagents and conditions: (a) Boc2O (1.05 equiv), NaH (1.05
equiv), DMF, 0 °C, 46% yield; (b) 10% Pd/C, H2, MeOH, 25 °C,
94% yield; (c) 2,2,2-trifluoroethyl 2-chloro-2-oxoacetate (1.15 equiv),
DIPEA (1.5 equiv), ACN, 0−25 °C, 100% yield for 52; (d) thionyl
chloride (1.1 equiv), MeOH, reflux; (e) 25% NH3 (aq), 86% yield
over 2 steps; (f) LiOH·H2O, THF, H2O, 91% yield; (g) 10% Pd/C,
H2, MeOH, 50 psi, 80 °C; (h) Boc2O (2 equiv), TEA (3 equiv),
DMAP (1 equiv), DCM, 20 °C, 90% yield over 2 steps; (i) 3 M
PhMgBr in Et2O (1.2 equiv), THF, from −60 to 60 °C, 73% yield; (j)
TFA (3 equiv), DCE, 20−50 °C; (k) NaBH4 (3 equiv), 0−25 °C,
86% yield over 2 steps; (l) n-BuLi (3.3 equiv), THF, from −78 to 25
°C, 94% yield; (m) 4 M HCl in dioxane, DCM; (n) SFC separation of
isomers, 35% yield over 2 steps for 23; (o) HATU (1.1 equiv),
DMSO, 25 °C, 35% yield after separation.

Scheme 3. Synthesis of Compound 25a

aReagents and conditions: (a) Boc2O (2 equiv), DMAP (1 equiv),
DCM, 20 °C; (b) 10% Pd/C, H2, MeOH, 20 °C, 95% yield over 2
steps; (c) NIS (1.08 equiv), AcOH, 20 °C; (d) 2-oxopropanoic acid,
Pd2(OAc)2, PPh3, TEA, DMF, 100 °C, 14% yield over 2 steps; (e) 61
(1.2 equiv), HATU (1.2 equiv), DIPEA (3 equiv), DCM, 20 °C; (f)
TFA (10 equiv), DCM, 20 °C; (g) SFC chiral separation of isomers,
9% yield over 3 steps.

Scheme 4. Representative Example of the Synthesis of
Compounds 28−44

aReagents and conditions: (a) 1,1,1-trifluoro-N-phenyl-N-
(trifluoromethylsulfonyl)methanesulfonamide (1.25 equiv), LHMDS
(1 equiv), THF, from −78 to −25 °C, 95% yield; (b) (4-
hydroxyphenyl)boronic acid (1.25 equiv), Na2CO3 (3 equiv),
Pd(dppf)Cl2·DCM (0.05 equiv), dioxane, H2O, 90 °C, 45% yield;
(c) TFA (2.3 equiv), DCM, 25 °C; (d) NaBH4 (1.18 equiv), MeOH,
0 °C; (e) LiOH·H2O (2 equiv), THF, MeOH, H2O, 5 °C, 98% yield;
(f) 68 (1 equiv), HATU (1 equiv), TEA (10 equiv), DMF, 25 °C; (g)
dioxane, H2O, 95 °C; (h) chiral HPLC separation of isomers, 2% over
4 steps.

Scheme 5. Synthesis of TNG908 and Compounds 45−47a

aReagents and conditions: (a) 5-(4,4,5,5-tetramethyl-1,3,2-dioxabor-
olan-2-yl)-1,3-benzothiazole (1.25 equiv), Na2CO3 (3 equiv), Pd-
(dppf)Cl2·DCM (0.05 equiv), dioxane, H2O, 80 °C, 80% yield; (b)
TFA (16 equiv), DCM, 25 °C, 100% yield; (c) NaBH4 (1.5 equiv),
MeOH, 0 °C, 99% yield; (d) HATU (1 equiv), TEA (6 equiv), DMF,
25 °C; (e) 4 M HCl in dioxane, 25 °C, 59% yield over 2 steps for
TNG908; (f) chiral HPLC separation of enantiomers, 48% yield for
TNG908; (g) 2,2,2-trifluoroethyl 2-chloro-2-oxoacetate (1.05 equiv),
TEA (1 equiv), THF, 0−25 °C; (h) LiOH·H2O (2 equiv), THF,
MeOH, 25 °C, 65% yield over 2 steps.
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Kp,uu,CSF = 0.9. TNG908 has low to moderate clearance and
moderate to high bioavailability across species, strong efficacy
across a panel of xenograft models including those representing
glioblastoma and nonsmall cell lung cancer, and selective
efficacy in vivo in a colorectal cancer model. TNG908 was
nominated as a development candidate and is currently in a
Phase I/II clinical study (NCT05275478).

■ EXPERIMENTAL SECTION
General Procedures. All chemicals were provided by Enamine

Ltd., WuXi AppTec, or other commercial suppliers and used as
received unless otherwise indicated. All solvents were treated
according to standard methods. All reactions were monitored by
LC-MS analysis using Agilent 1260 LC/MSD instruments, with an
Agilent Poroshell 120 SB-C18 4.6 × 30 mm 2.7 μm column, column
temperature = 60 °C, mobile phase = (A) water (0.1% formic acid)
and (B) acetonitrile (0.1% formic acid), flow rate = 1.5 mL/min,
gradient = 0.01 min, 1% B; 5.00 min, 100% B; 5.99 min, 100% B, MS
ionization mode = electrospray ionization (ESI), MS scan range =
83−1000 m/z, UV detection = 215, 254, and 280 nm unless otherwise
specified. Thin-layer chromatography (TLC) with precoated silica gel
GF254 (0.2 mm) was used, and the results were visualized using
either UV light or KMnO4 stain. Proton nuclear magnetic resonance
(1H NMR) spectra were recorded at 400, 500, or 600 MHz on Varian
or Bruker instrumentation; chemical shifts were calibrated using
residual nondeuterated solvents CHCl3 (δ = 7.26 ppm), DMSO (δ =
2.50 ppm), or MeOH (δ = 3.31 ppm) and expressed in δ ppm.
Coupling constants (J), when given, are reported in hertz (Hz).
Multiplicities are reported using the following abbreviations: s =
singlet, d = doublet, dd = doublet of doublets, t = triplet, q = multiplet
(range of multiplets is given), br = broad signal, dt = doublet of
triplets. 19F NMR spectra were recorded at 376 MHz (Varian). 13C
NMR spectra were recorded at 101, 126, or 151 MHz (Varian). 13C
NMR chemical shifts are reported relative to the central CHCl3 (δ =
77.16 ppm), DMSO (δ = 39.52 ppm), or MeOH (δ = 49.00 ppm),
and chemical shifts are reported in parts per million (ppm). All final
compounds were purified by reverse-phase high-performance liquid
chromatography (HPLC), supercritical fluid chromatography (SFC),
or silica gel chromatography (100−200 mesh). HPLC was done with
an Agilent 1260 HPLC instrument (Agilent Technologies, Germany)
equipped with a G7161A Preparative Binary Pump, a G7157A Prep
Autosampler, a G7115A DAD WR, and a G7159B Preparative
Fraction Collector. The Open Lab CDS software (version C.01.10)
was used for instrument control, data acquisition, and data handling.
SFC was done with a Waters 100q Prep SFC System. Chiral HPLC
analytical analysis was done with an Agilent 1200 HPLC instrument
(Agilent Technologies, Germany) equipped with a G1379B degasser,
a G1312A Binary Pump, a G1329A ALS autosampler, and a G1315A
diode array detector. Chiral SFC analytical analysis was done with an
Agilent 1260 SFC instrument (Agilent Technologies, Germany)
equipped with a G1379B degasser, a G1312B Binary Pump, a
G1313A ALS autosampler, a G1316A thermostated column compart-
ment, a G1315D diode array detector, and an Aurora SFC system.
Melting points were taken using OptiMelt Automated Melting Point
System Digital Image Processing Technology SRS Stanford Research
Systems, 2 °C/min (5 °C/min at high melting point). Optical
rotation was measured with a polarimeter from Anton Paar GmbH
MCP 300 (accuracy ±0.003°) used to measure the angle of optical
rotation. Standard conditions for analysis: solution concentration 0.5
g/100 mL (methanol solvent), wavelength 589 nm, and temperature
21 °C. All oxamides exist as rotamers in the 1H NMR spectra. All
compounds are >95% pure by HPLC.

tert-Butyl (3-Methyl-5-nitropyridin-2-yl)carbamate (50). To a
solution of 3-methyl-5-nitropyridin-2-amine (49) (60 g, 391.8 mmol,
1 equiv) in DMF (525 mL), sodium hydride, 60% dispersion in
mineral oil (16.5 g, 412.88 mmol, 1.05 equiv), was added portionwise
at 0 °C. The resulting mixture was stirred for 0.5 h, and solution of di-
tert-butyl dicarbonate (89.8 g, 411.4 mmol, 1 equiv) in DMF (75 mL)
was added dropwise. The resulting mixture was stirred at 25 °C for 18

h. The mixture was quenched with water (1000 mL); the precipitate
was filtered off and dried in vacuo to obtain 100 g of crude product,
which was purified by column chromatography (CHCl3:methyl tert-
butyl ether as the eluent) to obtain 50 as a white powder (46 g,
181.64 mmol, 46% yield). 1H NMR (400 MHz, DMSO-d6): δ 1.49 (s,
9H), 2.32 (s, 3H), 8.37 (s, 1H), 8.97 (s, 1H), 9.59 (s, 1H). LCMS
(ESI): [M − CH2C(CH3) + H]+ m/z calcd 197.04; found 198.2. Rt =
1.272 min.

tert-Butyl (5-Amino-3-methylpyridin-2-yl)carbamate (51). To a
solution of 50 (46 g, 181.64 mmol, 1 equiv) in methanol (600 mL)
was added 10% palladium on activated carbon (4.6 g, 43.22 mmol,
0.24 equiv). The resulting mixture was stirred under H2 atmosphere
for 24 h. The catalyst was filtered, and the solvent was removed in
vacuo. The residue was dissolved in DCM (500 mL), dried over
sodium sulfate, and evaporated in vacuo to obtain 51 as a white solid
(38 g, 170.2 mmol, 94% yield). 1H NMR (400 MHz, DMSO-d6): δ
1.40 (s, 9H), 2.03 (s, 3H), 3.30 (brs, 2H), 6.80 (s, 1H), 7.54 (s, 1H),
8.52 (s, 1H). LCMS (ESI): [M + H]+ m/z calcd 223.2; found 224.2.
Rt = 0.67 min.

2,2,2-Trifluoroethyl 2-((6-((tert-Butoxycarbonyl)amino)-5-meth-
ylpyridin-3-yl)amino-2-oxoacetate (52). To a solution of 51 (17.6 g,
78.83 mmol, 1 equiv) and DIPEA (20.60 mL, 118.24 mmol, 1.5
equiv) in ACN (250 mL) was added 2,2,2-trifluoroethyl 2-chloro-2-
oxoacetate (17.27 g, 90.65 mmol, 1.15 equiv) dropwise at 0 °C under
argon. The reaction mixture was then stirred for 24 h at 20 °C. The
solvent was evaporated in vacuo, and the residue was diluted with
H2O (575 mL). The precipitate was filtered off, washed with water,
and dried in vacuo to provide 52 (30 g, 79.5 mmol, 100% yield),
which was used without further purification. 1H NMR (DMSO-d6,
400 MHz): δ 1.42 (s, 9H), 2.15 (s, 3H), 4.96 (q, 2H), 7.93 (s, 1H),
8.49 (s, 1H), 9.03 (s, 1H), 11.06 (s, 1H). LCMS (ESI): [M −
CH2C(CH3) + H]+ m/z calcd 321.06; found 322.0. Rt = 1.274 min.

2-((6-((tert-Butoxycarbonyl)amino)-5-methylpyridin-3-yl)-
amino)-2-oxoacetic Acid (69). A mixture of 52 (30 g, 79.51 mmol, 1
equiv) and lithium hydroxide monohydrate (6.67 g, 159.02 mmol, 2
equiv) in THF (120 mL), MeOH (120 mL), and H2O (120 mL) and
was stirred at 5 °C. After 2 h, the volatile organic solvents were
removed under reduced pressure. The residue was acidified with
sodium hydrogen sulfate monohydrate (21.96 g, 159.02 mmol, 2
equiv) to pH 5, and the precipitate was filtered off, washed with water,
and dried in vacuo to provide 69 (23 g, 77.89 mmol, 98% yield). 1H
NMR (DMSO-d6, 400 MHz): δ 1.44 (s, 9H), 2.16 (s, 3H), 7.97 (s,
1H), 8.51 (s, 1H), 8.98 (s, 1H), 10.70 (s, 1H). LCMS(ESI): [M −
CH2C(CH3) + H]+ m/z. calcd 295.29; found 240.0. Rt = 0.829 min.

5-Methylpiperidin-2-one (58). To a solution of 5-methyl-1H-
pyridin-2-one (57) (25 g, 0.229 mol, 1 equiv) in MeOH (200 mL)
was added 10% palladium on carbon (4 g, 10 wt % of Pd with 50 wt %
of H2O) under nitrogen atmosphere. The suspension was degassed
and purged with H2 3 times. The mixture was stirred under hydrogen
(50 psi) at 80 °C for 24 h. The mixture was filtered, and the filtrate
was concentrated under reduced pressure to give 58 (26 g, crude) as a
colorless oil, which was directly used without further purification.

tert-Butyl 5-Methyl-2-oxopiperidine-1-carboxylate (59). To a
solution of 58 (26 g, 0.230 mol, 1 equiv) in DCM (100 mL) were
added TEA (96 mL, 0.689 mol, 3 equiv) and DMAP (28 g, 0.229 mol,
1 equiv); then, di-tert-butyl dicarbonate (106 mL, 0.461 mol, 2 equiv)
was added slowly. The mixture was stirred at 20 °C for 12 h, and the
resulting mixture was quenched by addition of H2O (100 mL). The
organic layer was separated, and the aqueous phase was extracted with
DCM (100 mL × 2). The combined organic layer was washed with
saturated NH4Cl aqueous solution (500 mL × 3), dried over
anhydrous Na2SO4, filtered, and concentrated under reduced pressure
to give a crude product, which was purified by flash chromatography
(ISCO; 220 g AgelaFlash silica flash column, petroleum Et2O/EtOAc
with EtOAc from 0 to 10%, 100 mL/min) to afford 59 (44 g, 90%
yield) as a colorless oil. 1H NMR (400 MHz, methanol-d4) δ 3.79
(ddd, J = 12.5, 4.8, 1.8 Hz, 1H), 3.16 (dd, J = 12.4, 10.4 Hz, 1H),
2.42−2.57 (m, 2H), 1.83−2.01 (m, 2H), 1.51 (s, 9H), 1.46 (dd, J =
6.7, 3.6 Hz, 1H), 1.04 (d, J = 6.5 Hz, 3H). LCMS (ESI) [M + H −
Bu]+ m/z: calcd 158.1; found 157.8.
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tert-Butyl 3-Methyl-6-(((trifluoromethyl)sulfonyl)oxy)-3,4-dihy-
dropyridine-1(2H)-carboxylate (65). LHMDS (480.56 g, 574.38
mmol, 20% purity, 1.25 equiv) was added dropwise under argon at
−78 °C to a solution of 59 (98 g, 459.51 mmol, 1 equiv) in THF
(500 mL). The resulting solution was stirred at −78 °C for 1.5 h;
then, 1,1,1-trifluoro-N-phenyl-N-(trifluoromethylsulfonyl)-
methanesulfonamide (188.78 g, 528.43 mmol, 1.15 equiv) was
added. The reaction mixture was allowed to warm to 20 °C, stirred for
12 h, then diluted with H2O (300 mL) and MTBE (700 mL). The
organic layer was separated; the aqueous layer was extracted with
MTBE (300 mL). The combined organic extracts were washed with
10% aqueous sodium hydroxide solution (3 × 300 mL), dried over
potassium carbonate, and evaporated in vacuo. The residue was
diluted with a hexane/MTBE mixture and stirred for 0.5 h. The
resulting cloudy solution was decanted from an oily residue, filtered
through a short pad of silica gel, and evaporated in vacuo to afford 65
(150 g, 434.36 mmol, 95% yield) as a light-yellow oil, which was used
as is.

tert-Butyl 6-(Benzo[d]thiazol-5-yl)-3-methyl-3,4-dihydropyri-
dine-1(2H)-carboxylate (70). A mixture of 65 (7.72 g, 22.36 mmol,
1 equiv), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzo-
thiazole (7.3 g, 27.95 mmol, 1.25 equiv), [1,1 ′ -bis-
(diphenylphosphino)ferrocene]dichloropalladium(II) complex with
DCM (913 mg, 1.12 mmol, 0.05 equiv), and sodium carbonate
(7.11 g, 67.09 mmol, 3 equiv) in dioxane (120 mL) and water (40
mL) was stirred at 80 °C under argon atmosphere for 18 h. After
cooling to room temperature, the reaction mixture was filtered. The
filter cake was washed with dioxane (500 mL) and discarded. The
filtrate was concentrated under reduced pressure, and the residue was
purified by silica gel flash chromatography eluting with a 0−100%
MTBE−hexane gradient to give 70 (5.9 g, 17.85 mmol, 80% yield).
1H NMR (DMSO-d6, 500 MHz): δ 0.95−1.03 (m, 12H), 1.86 (m,
1H), 1.90 (s, 1H), 2.50 (m, 1H), 3.0 (t, 1H), 3.97 (d, 1H), 5.41 (s,
1H). 7.37 (d, 1H), 7.78 (s, 1H), 7.99 (d, 1H), 9.27 (s, 1H). LCMS
(ESI): [M + H]+ m/z calcd 330.2; found 331.2. Rt = 1.435 min.

5-(5-Methyl-3,4,5,6-tetrahydropyridin-2-yl)benzo[d]thiazole
(71). 70 (5.9 g, 17.85 mmol, 1 equiv) was stirred in TFA (22 mL) at
20 °C for 1 h and then evaporated in vacuo. Crushed ice (10 g) was
added to the residue, and the pH was adjusted to pH 8 with a 10%
aqueous solution of sodium hydroxide. The resulting mixture was
extracted with EtOAc (2 × 30 mL). The combined organic extracts
were dried over sodium sulfate and evaporated in vacuo to afford 71
(4.1 g, 17.80 mmol, 100% yield) as a yellow solid, which was used
directly in the next step. 1H NMR (DMSO-d6, 500 MHz): δ 0.95 (m,
3H), 1.35 (m, 1H), 1.65 (m, 1H), 1.89 (m, 1H), 2.67 (m, 1H), 2.87
(d, 1H), 3.19 (t, 1H). 3.95 (d, 1H), 8.02 (d, 1H), 8.14 (d, 1H), 8.43
(s, 1H), 9.41 (s, 1H). LCMS (ESI): [M + H]+ m/z calcd 230.1; found
231.2. Rt = 0.828 min.

rac-5-((2R,5S)-5-Methylpiperidin-2-yl)benzo[d]thiazole (72). So-
dium borohydride (1.01 g, 26.70 mmol, 1.5 equiv) was added to a
stirred solution of 71 (4.1 g, 17.80 mmol, 1 equiv) in MeOH (90 mL)
at 0 °C. The resulting mixture was stirred for 1 h and then evaporated
in vacuo. The residue was diluted with H2O (50 mL) and extracted
with DCM (2 × 75 mL). The combined organic extracts were dried
over sodium sulfate and evaporated in vacuo to afford 72 (4.1 g, 17.65
mmol, 99% yield) as a yellow oil, which was used directly in the next
step. 1H NMR (DMSO-d6, 400 MHz): δ 0.82(d, 3H), 1.05 (m, 1H),
1.34 (m, 1H), 1.52 (m, 1H), 1.75 (m, 2H), 2.26 (t, 1H), 3.00 (d,
1H). 3.61 (d, 1H), 7.46 (d, 1H), 8.03 (m, 2H), 9.31 (s, 1H). LCMS
(ESI): [M + H]+ m/z calcd 232.1; found 233.0. Rt = 0.691 min.

N-(6-Amino-5-methylpyridin-3-yl)-2-((2R,5S)-2-(benzo[d]thiazol-
5-yl)-5-methylpiperidin-1-yl)-2-oxoacetamide TNG908. HATU
(491 mg, 1.29 mmol, 1 equiv) was added portionwise at room
temperature to a suspension of 69 (381 mg, 1.29 mmol, 1 equiv), 72
(300 mg, 1.29 mmol, 1 equiv), and TEA (1.08 mL, 7.75 mmol, 6
equiv) in DMF (10 mL). The clear solution was stirred at 25 °C for
18 h, and the solvents were evaporated in vacuo. The residue was
dissolved in EtOAc (100 mL), washed with H2O (3 × 50 mL), and
evaporated in vacuo to give tert-butyl N-[5-[[2-[2-(1,3-benzothiazol-
5-yl)-5-methyl-1-piperidyl]-2-oxo-acetyl]amino]-3-methyl-2-pyridyl]-

carbamate (700 mg, crude). 1H NMR (DMSO-d6, 400 MHz): δ 1.01
(d, 3H), 1.39 (m, 13H), 2.09 (m, 8H), 5.71 (m, 1H), 7.43 (m, 2H),
8.12 (m, 1H), 8.43 (s, 1H), 9.03 (s, 1H), 9.38 (m, 1H), 11.00 (s, 1H).
LCMS(ESI): [M + H]+ m/z calcd 509.2; found 510.2. Rt = 1.319 min.
A 4.0 M hydrogen chloride solution in dioxane (3.41 mL, 13.74
mmol, 10 equiv) was carefully added at room temperature to a
solution of the crude material (700 mg, 1.37 mmol, 1 equiv) in DCM
(10 mL). The reaction mixture was then stirred for 12 h at room
temperature, and the solvents were evaporated in vacuo. The residue
was purified by RP-HPLC (column: YMC Triart C18 100 × 20 mm,
5 μm; 40−40−90% 0−1−5 min 0.1% NH3−methanol as mobile
phase) to give racemic N-(6-amino-5-methyl-3-pyridyl)-2-[2-(1,3-
benzothiazol-5-yl)-5-methyl-1-piperidyl]-2-oxo-acetamide (331 mg,
0.808 mmol, 59% yield). LCMS(ESI): [M + H]+ m/z calcd 409.2;
found 410.2. Rt = 2.176 min. The enantiomers were separated by
chiral HPLC (column: IC II, hexane−IPA−MeOH, 50−25−25, 12
mL/min as mobile phase) to give two individual enantiomers N-(6-
amino-5-methyl-3-pyridyl)-2-[(2S,5R)-2-(1,3-benzothiazol-5-yl)-5-
methyl-1-piperidyl]-2-oxo-acetamide (161 mg, 0.393 mmol, 49%
yield) [α]D

21 = −176.7° (c = 0.1 g/100 mL, EtOH) and TNG908 (160
mg, 0.390 mmol, 48% yield) [α]D

21 = +191.5° (c = 0.1 g/100 mL,
EtOH). RT (IC, hexane−IPA−MeOH, 50−25−25, 0.6 mL/min) =
47.098 min. 1H NMR (600 MHz, DMSO-d6) δ 0.98−1.06 (m, 3H),
1.30−1.42 (m, 1H), 1.66−1.75 (m, 1H), 1.82−1.91 (m, 1H), 1.95−
2.04 (m, 3H), 2.06−2.23 (m, 1H), 2.26−2.35 (m, 1H), 2.76−3.27
(m, 1H), 3.38−4.06 (m, 1H), 5.26−5.60 (m, 1H), 5.60−5.76 (m,
2H), 7.39−7.46 (m, 1H), 7.50 (s, 1H), 7.92−8.01 (m, 1H), 8.01−
8.06 (m, 1H), 8.13−8.20 (m, 1H), 9.37−9.43 (m, 1H), 10.50−10.70
(m, 1H). LCMS (ESI): [M + H]+ m/z calcd 409.2; found 410.0. Rt =
1.992 min. Melting point (instrument CAS-TJ-MPA-02) 167.3 °C.
HRMS (ESI, + vw ion): m/z calcd for C21H24N5O2S+ [M + H+]
410.1645; found 410.1652.
Biochemical Fluorescence Anisotropy Peptide Displace-

ment Assay. A fluorescence anisotropy (FA) assay was established
to measure binding of C-terminal 5′-TAMRA-labeled histone H4
peptide (1−21) with PRMT5/MEP50. The test compound competes
with the peptide to bind to PRMT5/MEP50 protein. Assay buffer: 30
mM Bicine (pH 8.0), 150 mM NaCl, 1.5 mM DTT, 0.003% Tween-
20. The two peptides utilized for these studies were Me0: Ac-
SGRGKGGKGLGKGGAKRHRKV-K(5-TAMRA)-NH2 and Me2:
Ac-SGR(Sym Me2)GKGGKGLGKGGAKRHRKV-K(5-TAMRA)-
NH2. Me0 peptide is not methylated and was used to determine
the compound potency in the absence of cofactor and in the presence
of 50 μM 5′-methylthioadenosine (MTA). Me2 peptide is symmetri-
cally methylated at Arginine 3 and was used to determine the
compound potency in the presence of 50 μM S-adenosyl-L-
methionine (SAM). Inhibitor potency was assessed at equilibrium
by measuring the dose-dependent displacement of a fixed
concentration of the peptide from PRMT5/MEP50. Following
incubation at RT for 30 min, the plate was read on an Envision
plate reader. For data analysis, fluorescence anisotropy (FA) detected
equals 1000 × (S − G × P)/(S + G × 2 × P), where S = detector 2 or
channel 2 signal, P = detector 1 or channel 1 signal, G = G factor.
Fluorescence anisotropy is normalized to percent inhibition using
percent inhibition = (signal − MinAVG)/(MaxAVG − MinAVG) × 100,
where MinAVG = the average value of the min value and MaxAVG = the
average value of the max value. Curves are fit by XL-Fit as percent
inhibition vs log [compound concentration] using a 4-parameter
logistic model 205 y = A + ((B − A)/(1 + ((C/x)∧D))) with fixed
0% and 100% inhibition limits to calculate the IC50. A: bottom = 0%.
B: top = 100%. C: relative IC50. D: Hill slope. The apparent Ki values
of TNG908 were calculated using the Cheng−Prusoff equation for a
competitive inhibitor.
HAP1 MTAP WT and MTAP-null In-Cell Western Assay. A

HAP1 MTAP-isogenic cell line pair was acquired from Horizon
Discovery (HZGHC004894c005) and maintained in DMEM (high
glucose) + 10% FBS in a humidified, 10% CO2 tissue culture
incubator. The SAM-cooperative PRMT5 inhibitor, GSK3326595,
was sourced from Selleck Chemicals and maintained as a 10 mM
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DMSO stock. All test compounds were maintained as 10 mM DMSO
stocks.

On day 0, MTAP WT or MTAP-null cells are seeded in a 384-well
plate and incubated in a humidified, 5% CO2 tissue culture incubator
for 16−24 h. On day 1, the test compounds are dispensed to wells at
defined concentrations using a Tecan D300e digital dispenser (n = 4),
and the volume of DMSO is normalized to the highest class volume.
Each plate includes wells dosed with defined concentrations of
GSK3326595 as a plate control. The compounds are incubated with
cells for 24 h in a humidified, 5% CO2 tissue culture incubator.

On day 2, the compound-treated cells are fixed with a final
concentration of 4% formaldehyde. The cells are then washed/
permeabilized with 1 × PBS + 0.1% Triton X-100 and then blocked
with 5% goat serum/1 × TBS. The fixed cells are then incubated
overnight at 4 °C with a primary SDMA antibody cocktail (Cell
Signaling 13222).

On day 3, the cells are washed with 1 × PBS + 0.1% Triton X-100
and then incubated at room temperature for 1 h with a NIR
fluorescent secondary antibody cocktail that also contains DRAQ5
(LiCor 926-32211 and VWR 10761-508). The cells are washed with 1
× PBS + 0.1% Triton X-100 and then washed again with ddH2O. The
plates are then imaged using a NIR fluorescent imager (LiCor
Odyssey).

For data analysis, the SDMA signal is normalized to the DRAQ5
signal. Assay background is determined by the signal from wells
treated with 1 μM GSK3326595 and subtracted from every well. The
data are plotted as percent of the DMSO control wells for the MTAP
WT and the MTAP-null cell lines independently and fitted to the 4-
parameter logistic (4-PL) Hill equation with maximal effect
constrained to 0. The fit was performed using GraphPad Prism or
the default IC50 fitting procedure in Dotmatics Studies 5.4 as part of a
customized data analysis protocol.
HAP1 MTAP WT and MTAP-null Viability Assay. A HAP1

MTAP-isogenic cell line pair was acquired from Horizon Discovery
(HZGHC004894c005) and maintained in DMEM (high glucose) +
10% FBS in a humidified 5% or 10% CO2 tissue culture incubator. All
test compounds are maintained as 10 mM DMSO stocks.

On day 0, MTAP WT and MTAP-null cells are seeded in a 96-well
plate and incubated in a humidified 5% or 10% CO2 tissue culture
incubator for 16−24 h. On day 1, the test compounds are dispensed
to wells at defined concentrations using a Tecan D300e digital
dispenser (n = 3), and the volume of DMSO is normalized to the
highest class volume (0.2%). The compound-treated plates are
incubated for 7 days in a humidified 5% or 10% CO2 tissue culture
incubator.

On day 7, the plates are removed from the tissue culture incubator
and allowed to equilibrate to room temperature. Then, either a 1/2
volume CellTiter-Glo Luminescent Cell Viability Assay reagent
(Promega G7572) is added to each well or the media is removed
from every well and a 1:3 dilution of CellTiter-Glo 2.0 Cell Viability
Assay reagent (Promega G9241) in 1 × PBS is added. Ten minutes
after addition, the luminescent signal is detected by an Envision plate
reader. The data are plotted as percent of the DMSO control wells for
the MTAP WT and the MTAP-null cell lines independently and fitted
to the 4-parameter logistic (4-PL) Hill equation with maximal effect
constrained to 0. The fit was performed using GraphPad Prism or the
default IC50 fitting procedure in Dotmatics Studies 5.4 as part of a
customized data analysis protocol.
In Vivo Pharmacology. All protocols were approved by the

Institutional Animal Care and Use Committee at Pharmaron (Beijing,
China) following the guidance of the Association of Assessment and
Accreditation of Laboratory Animal Care.

After 7 days of acclimatization, 10 million LN-18, LU99, HCT116
MTAP WT, or HCT116 MTAP-null tumor cells were injected
subcutaneously into the right flank of each animal. Once the tumors
reached 200−300 mm3 in size, animals were randomized to treatment
groups. TNG908 was administered by oral gavage twice daily in a 5%
DMA/20% Captisol solution. Tumor volume was measured using
calipers and calculated as (length × width × width)/2.

For data analysis, tumor growth inhibition was calculated using the
following equation: percent TGI = [1 − (mean treated TVfinal − mean
treated TVinitial)/(mean vehicle TVfinal − mean vehicle TVinitial)] ×
100. Tumor regression was calculated as follows: percent tumor
regression= [mean TVfinal − mean TVinitial] × 100.
Western Blotting. Protein lysates were generated by lysis of

frozen tumor tissue using RIPA buffer. Samples were normalized by
protein concentration using a Pierce Rapid Gold BCA Protein Assay
Kit (A53225). SDS-PAGE was run using Invitrogen NuPAGE 4−12%
Bis-Tris Midi Protein Gels (WG1402BOX). Antibodies SDMA
(CST#13222), ACTB (CST#3700) were used at 1:1000 dilution.
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