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Abstract.  A new enhancer of zeste homolog 2 (EZH2) inhibitor series, comprised of a 

substituted phenyl ring joined to a dimethylpyridone moiety via an amide linkage, has been 

designed.  A preferential amide torsion was identified for this series via computational analysis 

that improved the binding properties of the compounds.  Cyclization of the amide linker resulted 

in a six member lactam analog, compound 18.  This transformation significantly improved the 

ligand efficiency/potency of the cyclized compound relative to its acyclic analog.  Additional 

optimization of the lactam-containing EZH2 inhibitors focused on lipophilic efficiency (LipE) 

improvement which provided compound 31.  Compound 31 displayed improved LipE and on-

target potency in both biochemical and cellular readouts relative to compound 18.  Inhibitor 31 

also displayed robust in vivo anti-tumor growth activity and dose-dependent de-repression of 

EZH2 target genes.  
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INTRODUCTION 

Epigenetic information is contained in living cells in many different forms that include 

DNA and histone modifications, nucleosome positioning, and microRNA expression.
1,2,3

   

Epigenetic dysregulation is a hallmark of many different cancer types, including both 

hematological malignancies and solid tumors.
4a,b 

 Among possible histone modifications, lysine 

methylation has gained increased attention due to the potential of the modified chromatin 

structures to regulate gene transcription, DNA replication, and DNA repair.
5
  This epigenetic 

modification is controlled by families of methyltransferase and demethylase enzymes that 

coordinate the addition and removal of methyl groups to histone tails.
6
  The aberrant activity of 

these epigenetic regulators in diseases such as cancer has made them attractive targets for the 

development of novel cancer therapies.
7a,b,c

    

The histone methyltransferase enhancer of zeste homolog 2 (EZH2) is the catalytic 

subunit of the polycomb repressor complex 2 (PRC2).
8
  The PRC2 complex has been shown to 

initiate long-term gene silencing by methylating lysine 27 on histone H3 (H3K27).
9
  Activating 

point mutations, such as Y641N, Y641F, A677G, and A687V, in the catalytic SET (Su[var]3-9, 

enhancer of zeste, trithorax) domain of EZH2 are responsible for the elevated H3K27Me3 levels 

in diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL).
10-14

  In addition, 

several selective EZH2 inhibitors have been shown to effectively kill lymphoma cells bearing 

these mutations, demonstrating that EZH2 enzymatic activity and elevated H3K27Me3 level are 

required for cell proliferation and survival in this setting.
14-18

  In addition to EZH2-mutant 

lymphomas, small molecule inhibitors of EZH2 have also been reported to inhibit the 

proliferation of tumors that harbor wild type EZH2 but which also contain different somatic 

Page 3 of 72

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

mutations in subunits of the chromatin remodeling complex.
19

  These specific mutations in the 

switch/sucrose nonfermentable (SWI/SNF) chromatin remodeling complex are SNF5/INI-

1/SMARCB1 in malignant rhabdoid and synovial sarcoma
20,21 

and ARID1A in ovarian cancer
22

.  

These observations stimulated numerous EZH2 drug discovery programs, and the first examples 

of such inhibitors have entered clinical trials for the treatment of diffuse large B-cell lymphoma 

(DLBCL), follicular lymphoma (FL), and SNF5/INI-1/SMARCB1 genetically defined solid 

tumors.  

RESULT AND DISCUSSION 

Our internal EZH2 inhibitor research program sought to identify small molecules that 

blocked the enzyme’s SET domain catalytic function and therefore inhibited the formation of 

trimethylated H3K27.  EZH2 inhibitors reported in the literature typically contain a pyridone 

moiety attached via an amide linkage to a bicyclic hetero-aryl group [Figure 1, 1 (GSK-126)
14

, 2 

(UNC-1999)
16

, 3 (EI1)
17

, 4 (CPI-169)
18

].  Unfortunately, the relatively large number of planar 

aromatic rings contained in such structures tends to impair the solubility of the resulting 

compounds.
23

  One notable exception is 5 (EPZ-6438, Tazemetostat) which incorporates a 

phenyl ring in place of the bicylic group.  This compound demonstrated impressive clinical 

response and has currently progressed to phase II trials with a recommended dose of 800 mg, 

twice a day (BID).
24

  We were interested in identifying potent EZH2 inhibitors bearing a central 

phenyl ring that were structurally distinct to those previously reported.  We envisioned that the 

new molecules might combine good solubility with favorable pharmacokinetic properties.
25

 

We began our lead finding effort by incorporating the dimethylpyridone substituent 

common to many potent EZH2 inhibitors into a library containing various substituted 

heteroaromatic/phenyl/heterocyclic carboxyamides (Figure 2, total of 181 compounds, clogP 
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ranged from -1 to 3).  One compound exhibited encouraging properties and afforded a 

measurable IC50 value in a lower-throughput biochemical assessment (compound 6, Table 1).  

Accordingly, this compound was selected for additional modifications with the goal of further 

improving EZH2 inhibition potency. 

As shown in Table 1, the di-substituted molecule 6 displayed improved EZH2 inhibition 

properties relative to the mono-substituted analogs 7 and 8 (Table 1).  Encouragingly, inclusion 

of meta-ethoxy and meta-isopropoxy substituents in the inhibitor designs further improved 

inhibition potency (compounds 9 and 10, Table 1).  Interestingly, replacement of the ortho-

methyl contained in 6 with a variety of other substituents, such as F, OCH3, and OH, afforded 

compounds with significantly weaker EZH2 inhibition properties (compare 6 to 11, 12, and 13).  

Of the additional ortho substituents investigated, only the Cl substituent retained acceptable 

EZH2 inhibition levels (compound 14, Table 1).  A similar trend was also observed with the 

meta-isopropoxy substituent (compared 10 to 15, Table 1).  These observations suggested that 

the torsional angle between the phenyl group and the amide carbonyl moiety plays an important 

role in EZH2 inhibition potency.   

Small molecule crystal data from the Cambridge Crystallographic Database revealed a 

dependence of the torsion angle between the carbonyl and the phenyl ring as a function of the 

size and polarity of the R
1
 substituent

26
 (Figure 3). A regression analysis was performed using 

this distribution of conformational propensities and IC50 values for compounds 6, 8, and 11-14.  

This analysis indicated 50 ± 5 degrees as the optimal angle between the carbonyl and the phenyl 

ring.  This single descriptor was able to explain 96% of the variance in binding affinity 

(p<0.0001) for this data set.  The influence of this torsional angle on EZH2 inhibition can be 

rationalized by three non-exclusive hypotheses: (1) the linker orients the dimethyl pyridone and 
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phenyl rings into an optimal binding geometry, (2) the carbonyl oxygen makes an important 

hydrogen bond with a protein hydrogen bond donor that is located approximately 50 degrees 

above or below the plane of the phenyl ring, (3) the N-H of the amide linker makes an important 

hydrogen bond with a protein hydrogen bond acceptor that is located approximately 50 degrees 

above or below the plane of the phenyl ring.   

To test these hypotheses, we explored rigidifying the inhibitor’s conformation in the 

preferred binding mode as a means to improve EZH2 affinity.  We initially employed a 7-

membered lactam in the new inhibitor design since such inclusion maintained the critical amide 

torsion angle near the 50 degree optimum (compound 16, Table 2) (see Table 1S in 

supplementary material for torsional angle analysis of the carbonyl moiety present in 7-

membered lactam).  Encouragingly, 16 exhibited dramatically improved EZH2 biochemical 

inhibition potency, roughly 50-fold relative to the un-cyclized compound 14 (Table 2).  

Importantly, this increased potency could not be simply ascribed to the improved binding 

through higher lipophilicity as LipE increased by about a unit as compared to 14.  This 

observation provided some encouragement for our cyclization strategy.  Unfortunately, 16 was 

also highly unstable toward human liver microsomes and thus required additional optimization.   

We next introduced an oxygen atom into the 7-membered lactam design with the 

expectation that lowering compound lipophilicity should favorably impact human liver 

microsome (HLM) stability.  The resulting molecule (17, Table 2) exhibited improved HLM 

clearance properties but also lost some EZH2 inhibition potency relative to 16 though LipE 

minimally decreased (0.2).  We next explored removing a methylene moiety from the lactam ring 

present in 16 as an alternate strategy to lower lipophilicity and improve HLM stability.  The 
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resulting 6-membered lactam 18 displayed the desired improved HLM stability properties and 

exhibited EZH2 inhibition activity that was only slightly weaker than that exhibited by 16.   

Compounds 17 and 18 both displayed similar HLM clearance values (Table 2).  

However, 18 had a higher lipophilic metabolism efficiency (LipMetE)
27

 value (0.36) compared 

with 17 (-0.27), suggesting that 17 contained an inherent metabolic soft spot.  We therefore 

decided to focus additional optimization efforts on the 6-membered lactam inhibitor series.  

Accordingly, ethyoxy and isopropoxy substituents were used to replace the methoxy moiety 

present in 18.  The resulting compounds (19 and 20) displayed 3-10 fold potency improvement in 

the biochemical assay relative to 18.  Similar improvements were noted in the uncyclized 

benzamide series described earlier in this work (Table 1).  However, in contrast to the Table 1 

SAR, replacement of the Cl group present in 20 with a methyl substituent resulted in a 7-fold 

potency loss (compound 21, Table 2).  This difference may be due to subtle binding alterations 

between the cyclized and un-cyclized inhibitor series.  In order to confirm the hypothesis of the 

importance of ortho substituents (such as Cl and Me) for the EZH2 inhibitory potency, 

compound 22 was synthesized, and this molecule lost significant potency relative to either 

compound 20 or 21.  

One notable feature of the 6-membered lactam inhibitor series is that the carbonyl torsion 

angle is calculated to be constrained to approximately 20° instead of the 50° optimum described 

above (Table 1S, supplementary material).  In a comparison of matched compound pairs, the 

cyclized 6-membered lactam compounds exhibited consistently-improved biochemical potencies 

and LipE values relative to the corresponding un-cyclized analogs (Figure 4) suggesting a 

possible contradiction to the previous hypotheses regarding the carbonyl torsion angle.  We 

suspect other binding improvements (for example: better contacts with the protein, and/or less 
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overall strain in the protein and/or ligand) associated with recognition of EZH2 by this 6-

membered lactam series compensated for the less than ideal torsional angle in the 6-membered 

lactam inhibitor design.
28-30

 

Enthalpy is a measure of changes in protonation state as well as the differential number 

and quality of interactions (hydrogen bonds, van der Waals, electrostatic, and strain 

contributions) between the protein, ligand, and solvent in the complex and unbound states.  The 

previous stated hypotheses essentially relate to the enthalpy of binding.  To gain insight into the 

EZH2 thermodynamic binding components, we performed isothermal titration calorimetry (ITC) 

studies on compound 21 and its un-cyclized analog 10.  As shown in Table 3, enthalpic 

contributions dominated the binding of both compounds to EZH2.  However, the improved 

binding affinity of 21 was driven by an increase in favorable entropic contributions at the 

expense of a diminished enthalpic component relative to compound 10.   

There are numerous contributions to the energetic parameters determined from ITC 

experiments
31

 and it is generally difficult to assign specific binding energy components to a 

particular functional group or residue.
32

  The generally ubiquitous enthalpy-entropy 

compensation further hinders efforts at interpretation.
33

  Therefore, while the loss in binding 

enthalpy for 21 relative to 10 is consistent with each of the three hypotheses regarding the 

carbonyl conformation, with currently available data
29

 only hypotheses (1) and (2) appear to be 

candidates for explaining this difference. 

Entropy differences arise from changes in solvent structure and residual mobility of the 

protein and ligand between bound and unbound states.  It is tempting to attribute the changes in 

binding entropy to a greater rigidity for Compound 21 due to cyclization; however, as revealed 

by data in Figure 3, the exocyclic bond to the carbonyl is already conformationally biased in the 
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acyclic analog.  This observation is consistent with calculations that estimate that the maximum 

differential conformational entropy contribution to be on the order of 0.14 kcal mol
-1

.  

Compound 21, with two additional methylenes and one less NH than 10, is more lipophilic than 

compound 10 as evidenced by the difference in logD at pH 7.4 of 0.8 log units.  However, as has 

been previously pointed out, a direct linkage between hydrophobicity and entropy cannot be 

established since many complexities exist.
34

   

Compound 20 displayed reasonable biochemical WT and mutant Y641N potency, 

moderate HLM clearance (53.8 µL/min/mg), and permeability
35

 (19.6 x10
-6

 cm/sec).  However, 

the cellular IC50 values of compound 20 associated with inhibiting H3K27Me3 and reducing cell 

proliferation were about 1 µM (Table 4).  In order to utilize this novel class of EZH2 inhibitors 

in in vivo studies, we sought to further improve the compound’s cell potency and biochemical 

lipophilic efficiency (LipE)
36a,b

.   

Toward this end, the isopropoxy moiety of compound 20 was selected as a site for further 

exploration.  A small array of 30 compounds which contained various alkoxy groups that 

replaced the isopropoxy moiety present in 20 was designed and synthesized.  Among these 30 

molecules, compound 23, which contained a chiral THF moiety and thus possessed reduced 

lipophilicity relative to 20, maintained similar biochemical potency and improved LipE by about 

1.5 units (calculated based on Y641N IC50; Figure 5).  Consequently, 23 displayed an improved 

HLM clearance value relative to 20 and also maintained good permeability (Table 5).  In order to 

further improve the lipophilic efficiency of 23 binding to EZH2, other positions on its phenyl 

moiety were also modified.  These efforts led to the R
4
 position of the phenyl moiety being 

identified as a promising vector.  In order to maintain the desired high ligand binding efficiency, 

small groups, such as F, CH3, and Cl, were introduced as new R
4
 substituents (compounds 24-26, 
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Table 4).  Compound 24, which contains a fluorine atom at the R
4
 position, lost about two-fold 

potency in both biochemical and cellular assays relative to inhibitor 23.  However, compound 25, 

containing a CH3 group at the R
4
 position, improved potency by two fold and thus maintained 

similar LipE compared with 23 (Figure 5).  Since compound 24 and 25 exhibited similar 

measured logD values, the latter molecule displayed a higher LipE value (about 0.5 units, Figure 

5).  This result indicated that R
4
CH3 was a better moiety to increase compound binding affinity 

relative to the R
4
F substituent employed in 24.  Encouragingly, substituting the H atom at R

4
 

with Cl resulted in compound 26 which displayed about 5-fold and 3-fold potency improvements 

relative to 23 and 25, respectively.  Compounds 23, 25, and 26 displayed similar LipE values due 

to the increased lipophiliciy of 26 relative to 23 and 25 (Table 4 and Figure 5).  Compound 26 

was also about 3 to 5-fold more potent in reducing cellular H3K27Me3 levels and cell 

proliferation compared with 23.   

Compounds 26 and 23 displayed similar HLM clearance and permeability values (Table 

5).  However, 26 displayed lower kinetic solubility
37

 compared with 23 (Table 5).  Mouse PK 

data were collected on compounds 23 and 26.  Unfortunately, mouse PK experiments indicated 

that neither compound could afford free plasma exposures in excess of the corresponding cell 

IC90 values for at least 6 hours following a 300 mg/kg orally administrated dose (data not 

shown).  As studies of other EZH2 inhibitors reported in the literature
15

 suggested that such 

coverage was required to achieve in vivo efficacy, we sought to further improve both 

H3K27Me3 reduction and anti-proliferation parameters (target cell IC50 = 20 nM for reducing 

both cellular H3K27Me3 level and viability).  Therefore, our optimization efforts continued via 

exploring more diverse chemical moieties attached to the R
2
 position of the lactam scaffold.  

Page 10 of 72

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

We decided to include heteroaryl moieties at the R
2
 position since they would probe a 

very different chemical space compared with the alkoxy groups.  We initially chose to employ 

pyrazole moieties in this exploration since the pyrazole is a versatile heterocycle that could be 

further derivatized via the nitrogen atom if desired.  As shown in Table 4, attachment of a 

substituted pyrazole via the 4-position to the inhibitor core afforded a compound (27, Table 4) 

that exhibited WT and Y641N IC50s of 51 nM and 271 nM, respectively. Addition of a methyl 

group to the pyrazole 5-position improved inhibition potency by about 2 fold (compared 28 with 

27, Table 4) while incorporation of a second methyl group (compound 29, Table 4) further 

enhanced the biochemical activity by 3-4 fold relative to 27.  Compounds 27-29 increased the 

associated lipophilicity relative to 26 (Table 4), but did not improve binding affinity.  We next 

attempted to elaborate compound 29 by alkylating the pyrazole NH present in its structure.  

However, this modification was not tolerated (compound 30) suggesting either that the NH was 

involved in an H-bonding interaction with the EZH2 protein and/or that the additional steric bulk 

could not be accommodated in the protein’s binding site.  To help differentiate these 

possibilities, we prepared the corresponding dimethyl-substitued isoxazole compound 31 (Table 

4).  Encouragingly, this molecule displayed very potent EZH2 biochemical inhibition as well as 

good activity in the cell H3K27Me3 reduction and anti-proliferation effect.  Compound 31 

displayed about 5-10 fold biochemical potency improvement relative to 26 and also increased 

logD by 0.5 units (Table 4).  These changes collectively resulted in 26 and 31 exhibiting similar 

LipE values (Figure 5).  Consistent with the SAR developed using R
2
 alkoxy substituents, 

removal of the 4-Cl substituent from compound 31 resulted in a 4-fold loss in inhibition activity 

(compound 32, Table 4).  We were encouraged that compound 31 exhibited > 10-fold 

improvement in cell potency relative to 26 which maintaining similar biochemical LipE.  We 
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therefore profiled 31 in several additional in vitro experiments to better understand its biological 

properties. 

Compound 31 displayed biochemical and cellular potency in the Karpas-422 cell line that 

was comparable to other reported EZH2 inhibitors.
14-18

  The compound was also shown to be 

competitive with the SAM substrate (Figure 1S, supplementary material) and thus displayed a 

mechanism of inhibition that was similar to other reported EZH2 compounds
14-18  

Given the 

observation that EZH2 activity needs to be strongly inhibited for extended duration to improve 

efficacy in animals, an inhibitor with a long residence time would be advantageous. 

Unfortunately, traditional methods for measuring compound off-rates including jump dilution 

and surface plasmon resonance (SPR) could not be applied to compound 31. Robust SPR 

methods have not been developed due to the large size of the complex as well as the potential for 

instability of the complex under continuous flow conditions. The jump dilution experiment is 

difficult to perform properly with tight binding inhibitors
38

 and we were unable to use this 

method.  Therefore, we developed a method that measures the enzyme bound compound directly 

by mass spectrometry (experimental methods and Figure 2S, supplemental material) following 

separation from free compound. Using this method we were able to observe an off-rate for 

compound 1 that is similar to the published value
39

.  Comparison of the off-rates for 1, 

compounds 31 and 32 (Table 2S, supplementary material) suggests that both compounds 31 and 

32 have residence times which are at least comparable to, and potentially superior to compound 

1.  Compound 31 was also profiled in the CEREP histone methyltransferase selectivity panel and 

Invitrogen kinase selectivity panel and was proven to be selective (Table 3S, supplementary 

material).  To provide further proof of cellular target modulation as well as additional 

downstream biomarkers, compound 31 was tested for its ability to modulate the expression of 
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TNFRSF21 and PRDM1, two PRC2 target genes that have previously been shown to be 

repressed by H3K27Me3.
14,40

  Upon treatment with compound 31 for 7 days, both TNFRSF21 

and PRDM1 were up-regulated in Karpas-422 cells that contain both wild type and Y641N 

mutant EZH2 proteins in a dose-dependent manner (Fig. 3S, supplementary material).  

Conversely, minimal modulation of target gene expression was observed in the wild type EZH2-

containing OCI-LY19 cell line, indicating that gene repression was mediated by elevated 

H3K27Me3 levels in the EZH2-mutant cell line.  These results correlated well with the cellular 

phenotypic effects caused by compound 31 and provided robust cellular biomarkers for 

subsequent in vivo studies. 

We also profiled compound 31 in various in vitro ADME assessments in preparation for 

its use in vivo.  As shown in Table 5, the molecule displayed reasonable solubility, good 

permeability, and low efflux potential in these in vitro assays.  On the other hand, compound 31 

also displayed high clearance in a microsomal stability assay for both human and mouse species 

(Table 5).  As shown in Fig. 6, at a 300 mg/kg dose, compound 31 displayed free plasma 

concentrations above the in vitro cell IC90 values for at least 6 h.
41

  However, at both 100 and 30 

mg/kg doses, the free plasma concentrations were either at or below the cell IC50 values at the 6 

h time point.  These results suggested that relatively high doses of 31 would be required to 

maintain appropriate mouse plasma exposures.  We therefore profiled the molecule in a mouse 

tumor growth inhibition (TGI) experiment to confirm that the novel inhibitor series could 

demonstrate in vivo efficacy. 

Accordingly, an in vivo efficacy experiment with compound 31 was then designed with 

dose groups of 200 and 300 mg/kg, twice a day (BID) for 20 days (Figure 7A).  Treatment with 

compound 31 was well tolerated at both doses with less than 10% body weight loss observed 
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during the course of the experiment (Figure 7B).  Tumor volumes were measured every 3-5 days 

throughout the study.  As shown in Figure 7A, on day 20, compound 31 demonstrated tumor 

stasis or regression at the 200 and 300 mg/kg dose levels, respectively.    In addition, tumor 

growth inhibition was sustained for at least another three weeks after the last dose, demonstrating 

the ability of compound 31 to mediate long-term epigenetic reprogramming in cells.     

On Day 20, the compound dosing was stopped and tumor samples were collected to 

measure both H3K27Me3 and PRC2 target gene expression levels.  Compound 31 induced 

approximately 55.5% and 66.4% reduction of the H3K27Me3 level at doses of 200 mg/kg and 

300 mg/kg, respectively (Figure 7C).  In addition, the PRC2 target genes TNFRSF21 and 

PRDM1 were both strongly upregulated in both the 200 mg/kg and 300 mg/kg dosing arms 

(Figure 7D).  The H3K27Me3 reduction coupled with the strong elevation of the two target 

genes demonstrated the expected on-target effect for this novel class of EZH2 inhibitors.  

Importantly, eventual tumor regrowth was strongly correlated with global increases in 

H3K27Me3 levels and the re-silencing of PRC2 target genes, further solidifying the relationship 

between the cellular biomarkers and the anti-proliferative effect in this model (Figure 4S, A, B, 

and C in supplementary material).  The observed efficacy and safety profile associated with this 

tool compound demonstrated proof of concept for this novel class of EZH2 inhibitor as a 

therapeutic agent in DLBCL harboring EZH2 activating mutations.   

CHEMISTRY 

Benzoic acids 33a-i (Scheme 1) were either purchased or synthesized in two steps from 

commercially available methyl-3-hydroxy benzoates through phenol alkylation followed by ester 

hydrolysis (see Table 1 for R
1
 and R

2
).  Commercially available 3-(aminomethyl)-4,6-

dimethylpyridin-2(1H)-one (35a) was then coupled to the benzoic acids under standard amide 
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coupling conditions (HATU, NMM, DMF) to give 6 and 8-15 as shown in Scheme 1.  

Compound 7 was made in a similar fashion starting from commercially available 2-

methylbenzoic acid.  

Scheme 1.  Synthesis of benzamides 6 and 8–15 

 

 

Reagents and conditions: i. Cs2CO3, DMF, alkyl bromides or iodides; ii. LiOH, MeOH, 80 °C; 

iii. HATU, NMM, DMF. 

The benzyloxy protected chloromethyl pyridine intermediate 35b (Scheme 2) served as a 

protected dimethylpyridone and allowed for late stage alkylation of various lactams.  The 

commercially available 3-cyano-4,6-dimethylpyridone was protected as the benzyl ether to 

afford 2-(benzyloxy)-4,6-dimethylnicotinonitrile (34a).  Iterative reductions then transformed the 

nitrile to the corresponding aldehyde (34b) and then to the primary alcohol (not shown).  The 

latter entity was subsequently converted to the chloromethyl pyridine 35b using standard 

chemistries. 

Scheme 2: Synthesis of 35b 
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Reagents and conditions: i. BnCl, Ag2O, toluene, 100 °C; ii. DIBAL, DCM, 0 - 5 °C; iii. NaBH4, 

MeOH, 25 °C; iv. SOCl2, -40 °C, DCM.  

 

Synthesis of R
1
 methyl-substituted dihydroisoquinolin-1(2H)-one 21 (Scheme 3) was 

accomplished starting from methyl 6-bromo-3-isopropoxy-2-methylbenzoate
42

.  Suzuki coupling 

with 2-Boc-aminoethyl trifluoroborate yielded compound 36.  Treatment of 36 with HCl 

deprotected the Boc group from the amine moiety and subsequent heating in the presence of 

DIEA then generated lactam 37.  Alkylation of the lactam nitrogen of 37 with 35b followed by 

hydrogenolysis provided compound 21.  

Scheme 3: Synthesis of 21  

 

 

Reagents and conditions: i. Cs2CO3, cat. Pd(OAc)2, cat. RuPhos, toluene, H2O, 95 °C; ii. (a) HCl 

1,4-dioxane, 25 °C; (b) DIEA, 80 °C; iii. NaH, THF, 35b; iv. Pd/C, H2, MeOH. 

 

Synthesis of various alkoxy-substituted dihydroisoquinolin-1(2H)-ones 18–20 and 23 

(Scheme 4) was accomplished using a common intermediate 38 that was prepared by regio-

selective chlorination of commercially available 7-methoxy-3,4-dihydroisoquinolin-1(2H)-one.  

The methyl ether present in 38 was cleaved using BBr3 in DCM to provide 39.  Alkylation of 39 

using various electrophiles (such as iodoethane, 2-iodopropane, and (S)-tetrahydrofuran-3-yl 

methanesulfonate) under mildly basic condition provided 40a-40c (see Table 2 for R
3
).  

Subsequent alkylation of the lactam nitrogens present in 38 and 40a-40c with 35b and de-

protection of the benzyl ether using TFA afforded pyridone containing lactams 18-20 and 23.   
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Scheme 4. Synthesis of 18–20 and 23 

 

 

Reagents and conditions: i. NCS, H2SO4, 0-25 °C; ii. NaH, DMF, 35b; iii. TFA, DCM, 25 °C; iv. 

BBr3, DCM, 5-25 °C; v. R
3
X, DMF, K2CO3. 

Synthesis of 24–26 (Scheme 5) began by using Sandmeyer chemistry to transform the 

amino group present in 41
42

 to various halogens (F, Cl, I) to provide 42a-c. The isopropoxy 

groups of 42a-c were then removed by treatment with BBr3 in DCM to afford the corresponding 

phenols (not shown).  These entities were alkylated with (S)-tetrahydrofuran-3-yl 

methanesulfonate
43

 to afford the 3-(R)-THF intermediates (43a-c) via SN2 inversion.  In the case 

of compound 25, the lactam present in 43c was condensed with 35b to give the corresponding 

alkylated lactam (44).  The iodo group of 44 was subsequently converted to a methyl group via a 

Suzuki coupling reaction and the resulting product (not shown) was deprotected with TFA in 

DCM to give 25.  Lactam alkylation of the 3-(R)-THF intermediates (43a and 43b) with 35b 

followed by benzyl ether deprotection afforded compounds 24 and 26 in modest overall yields.  
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Scheme 5: Synthesis of 24-26 

 

 

Reagents and conditions: i. HBF4, NaNO2, H2O, 0 °C; ii. isoamyl nitrite, CH3CN, CH2I2, 80 °C; 

iii. CuCl2, LiCl, CH3CN, isoamyl nitrite, 55 °C; iv. BBr3, DCM, 5-25 °C; v., DMF, K2CO3; vi. 
NaH, DMF, 35b; vii. CH3B(OH)2, Cs2CO3, Pd(dppf)Cl2, DME, H2O, 90 °C; viii. TFA, DCM, 25 

°C.  

 Synthesis of R
2
 heteroaryl-containing dihydroisoquinolin-1(2H)-ones 27–31 (Scheme 6) 

started with nitrile reduction (NiCl2/NaBH4) of 2-(2,5-dichlorophenyl)acetonitrile with 

concomitant methyl carbamate protection to afford 45 in 54% yield.
44

  Intramolecular Friedel-

Crafts acylation
45

 (TfOH, 80 °C) afforded 46 in 72% yield without chromatography.  

Bromination of 46 with NBS in concentrated H2SO4 cleanly afforded the 7-bromo intermediate 

(not shown) in 98% yield.  Subsequent lactam nitrogen alkylation (35b, KOt-Bu, DMF, 0 °C) 

gave 47 in 85% yield.  Introduction of heteroaromatic rings at the 7-position was accomplished 

using Suzuki cross-coupling reactions with various boronic esters followed by benzyl ether 

deprotection to afford compounds 27, 29, and 31.  In the case of compound 28, a THP-protected 
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pyrazole bromide was used in a Suzuki coupling reaction to prepare 48.  Subsequent 

simultaneous deprotection of both the THP and benzyl ether groups present in 48 then afforded 

28.  In the case of compound 30, the pyrazole present in 29 was selectively alkylated under 

mildly basic conditions to give the target molecule.    

Scheme 6: Synthesis of 27-31 

 

Reagents and conditions: i. NiCl2•6H2O, NaBH4, MeOH, ClCO2Me, 0 °C; ii. TfOH, 0-80 °C; iii. 

NBS, H2SO4; iv. 35b, KOt-Bu, DMF, 0 °C; v. boronic esters, Pd catalysts, bases; vi. TFA, 25 °C; 

vii. CH3I, Cs2CO3, DMF, 25 °C; viii. (a) Bis(pinacolato)diboron, Pd(dppf)Cl2, KOAc, dioxane, 

95 °C; (b) Pd(dppf)Cl2, Na2CO3, dioxane, 95 °C; ix. HCl, EtOH, 70 
o
C.  

 

Synthesis of compound 32 (Scheme 7) started with commercially available 7-amino-3,4-

dihydroisoquinolin-1(2H)-one which underwent electrophilic aromatic chlorination with NCS to 

provide 49.  The amino group present in 49 was transformed to the corresponding bromide using 

Sandmeyer chemistry and the resulting intermediate (not shown) was alkylated on the lactam 

nitrogen with compound 35b to give 50.  Suzuki coupling of 50 with the 3,5-dimethyloxazole 

boronic ester and subsequent deprotection yielded compound 32. 
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Scheme 7: Synthesis of 32 

 

 

Reagents and conditions: i. NCS, DMF, 55 °C; ii. CuBr, CH3CN, isoamyl nitrite, 60 °C; iii. KOt-

Bu, DMF, 35b; iv. Pd(PPh3)4, CsF, 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)isoxazole, dioxane, 110 °C; v. TFA, 25 °C. 

 

Synthesis of the 7-membered ring compound 16 (Scheme 8) was accomplished via 

chlorination of the commercially available 8-methoxy-2,3,4,5-tetrahydro-1H-2-benzazepin-1-one 

to give a mixture of regio-isomers 51a and 51b in a ratio of 5.3 to 1 (ratio was assessed based on 

the individually isolated final products).  This mixture was alkylated with compound 35b and the 

resulting products (not shown) were subjected to acidic de-protection conditions.  Compound 16 

was isolated from the resulting mixture via preparative HPLC.   

The synthesis of compound 17 (Scheme 8) started with the previously described 34b 

(Scheme 2).  Reductive amination of 34b with ethanolamine yielded compound 52.  Amide 

coupling of 52 with 2-chloro-6-fluoro-3-methoxy-benzoic acid followed by aromatic substitution 

resulted in the 7-membered ring intermediate 53.  Subsequent acidic deprotection of the benzyl 

group provided compound 17. 

Scheme 8: Synthesis of 7-Membered Ring Analogs 16 and 17 
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Reagents and conditions: i. NCS, HOAc, 100 °C; ii. NaH, DMF, 35b, 80 °C; iii. HCl, MeOH, 70 

°C. 

 

 

 
Reagents and conditions: i. DIBAL, DCM, 0-5 °C; ii. HOCH2CH2NH2, NaBH3CN, MeOH; iii. 

HATU, Et3N, DMF; iv. KOt-Bu, THF/DMF, 100 °C; v. TFA, 60 °C. 

 

CONCLUSION 

In summary, a novel series of lactam-containing EZH2 inhibitors was created from an 

initial benzamide lead (compound 6) using computational torsional angle analysis coupled with a 

ligand-cyclization strategy.  The ligand lipophilicity efficiency (LipE) and potency of the initial 

lead were improved considerably during the course of these optimization activities.  The 1-2 unit 

LipE improvement was achieved via lead transformation of benzamides to lactams and by the 

incorporation of the alkoxy and heteroaryl substituents at the R
2
 position (Figure 5).  These 

efforts culminated with the identification of an optimized molecule, compound 31, which 

displayed good efficacy in a diffuse large B-cell lymphoma Karpas-422 tumor model and 

exhibited on-target pharmacodynamic effects in vivo.  Further optimization of the 

pharmaceutical properties of this class of compounds will be reported in due course.   

EXPERIMENTAL METHODS 

Chemistry 

Unless otherwise noted, materials were obtained from commercial suppliers and were used 

without further purification. Removal of solvent under reduced pressure or concentration refers 

to distillation using Büchi rotary evaporator attached to a vacuum pump (3 mm Hg). Products 

Page 21 of 72

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

obtained as solids or high boiling oils were dried under vacuum (1 mm Hg). Silica gel 

chromatography was performed either by CombiFlash (Teledyne ISCO), SP4 or Isolera 

(Biotage) purification systems. All reactions were performed under a positive pressure of 

nitrogen, argon, or with a drying tube, at ambient temperature (unless otherwise stated), in 

anhydrous solvents, unless otherwise indicated. Analytical thin-layer chromatography was 

performed on glass-backed Silica Gel 60_F 254 plates (Analtech, 0.25mm) and eluted with the 

appropriate solvent ratios (v/v). The reactions were assayed by high performance liquid 

chromatography-mass spectrometry (LC-MS) or thin-layer chromatography (TLC) and 

terminated as judged by the consumption of starting material.  LCMS utilized 254 and 220 nm 

wavelengths and either electrospray ionization (ESI) positive mode or atmospheric-pressure 

chemical ionization (APCI) in positive mode.  The TLC plates were visualized by UV, p-

anisaldehyde, phosphomolybdic acid, or iodine staining.  Microwave assisted reactions were run 

in a Biotage Initiator.  
1
H NMR spectra were recorded on a Bruker XWIN-NMR (400 MHz) 

spectrometer.  Proton resonances are reported in parts per million (ppm) downfield from 

tetramethylsilane (TMS). 
1
H NMR data are reported as multiplicity (s, singlet; d, doublet; t, 

triplet; q, quartet; dd, doublet of doublets; dt, doublet of triplets; brs., broad singlet).  For spectra 

obtained in CDCl3, DMSO-d6, and CD3OD, the residual protons (7.27, 2.50, and 3.31 ppm, 

respectively) were used as the internal reference.  The purity of final products was generally 

>95% as determined by HPLC methods and/or 
1
H NMR.   

General procedure for the synthesis of compounds 6-15: 

O-(7-azabenzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium hexafluorophosphate (HATU, 0.515 

mmol) and N-methylmorpholine (NMM, 0.515 mmol) were added to a solution of 33a-i (0.515 

mmol) in DMF.  The solution was stirred at room temperature for 1 h, then 35a (0.515 mmol) 
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and NMM (1.03 mmol) were added.  The reaction was stirred at room temp for 2 h and diluted 

with water.  The resulting precipitate was collected by filtration, washed with water, transferred 

to a vial with methanol/water, frozen and lyophilized to provide compounds 6-15. 

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3-methoxy-2-methylbenzamide 

(6).  6 was isolated as a white solid.  LCMS m/z 301 [M + H]
+
; 

1
H NMR (400 MHz, CDCl3) δ 

ppm 10.81 (s, 1H), 7.06 (d, J = 8 Hz, 1H), 7.03-6.99 (m, 1H), 6.85 (d, J = 7.2 Hz, 1H), 6.77 (d, J 

= 8.4 Hz, 1H), 5.85 (s, 1 H), 4.45 (d, J = 6.0 Hz, 2H), 3.74 (s, 3H), 2.32 (s, 3H), 2.16 (s, 3H), 

2.13 (s, 3H). 

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-2-methylbenzamide (7).   

7 was isolated as a white solid.  LCMS m/z 271 [M + 1]
+
; 

1
H NMR (400 MHz, DMSO-d6) δ ppm 

11.38 (brs., 1H), 8.08 (t, J = 4.2 Hz, 1H), 7.22 - 7.31 (m, 2H), 7.13 - 7.22 (m, 2H), 5.85 (s, 1H), 

4.27 (d, J = 5.0 Hz, 2H), 2.29 (s, 3H), 2.19 (s, 3H), 2.11 (s, 3 H).  

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3-methoxybenzamide (8).  8 was 

isolated as a white solid.  LCMS m/z 287 [M + H]
+
; 

1
H NMR (400 MHz, DMSO-d6) δ ppm 

11.49 (s, 1H), 8.37 (s, 1H), 7.42-7.30 (m, 3H), 7.06-7.04 (m, 1H), 5.87 (s, 1H), 4.30-4.29 (m, 

2H), 3.78 (s, 3H), 2.17 (s, 3H), 2.11 (s, 3H).  

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3-ethoxy-2-methylbenzamide (9).  

9 was isolated as a white solid.  LCMS m/z 315 [M + H]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 

11.68 (s, 1H), 7.04-7.00 (m, 2H), 6.83 (d, J = 7.6 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 5.86 (s, 1H), 

4.45 (d, J = 6 Hz, 2H), 3.96-3.91 (m, 2H), 2.32 (s, 3H), 2.17 (s, 3H), 2.12 (s, 3H), 1.34 (t, J = 6.8 

Hz, 3H).  

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3-isopropoxy-2-methylbenzamide 

(10).  10 was isolated as a white solid.  LCMS m/z 329 [M + H]
+
; 

1
H NMR (400 MHz, CD3OD) 
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δ ppm 7.10 - 7.29 (m, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 6.13 (s, 1H), 4.61 

(dt, J = 12 Hz, 6.1 Hz, 1H), 4.49 (s, 2H), 2.41 (s, 3H), 2.27 (s, 3H), 2.19 (s, 3H), 1.34 (d, J = 6.1 

Hz, 6H).  

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-2-fluoro-3-methoxybenzamide 

(11).  11 was isolated as a white solid.  LCMS m/z 305 [M + H]
+
; 

1
H NMR (400 MHz, CDCl3) δ 

ppm 11.5 (s, 1H), 8.26 (s, 1H), 7.24-7.12(m, 3H), 5.87 (s, 1H), 4.28 (d, J = 4.8 Hz, 2H), 3.84(s, 

3H), 2.18 (s, 3H), 2.11 (s, 3H).  

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-2,3-dimethoxybenzamide (12).  12 

was isolated as a white solid.  LCMS m/z 339 [M + H + Na]
+
; 

1
H NMR (400 MHz, DMSO-d6) δ 

ppm 11.6 (brs., 1H), 8.68 (t, J = 5.6 Hz, 1H), 7.34 (dd, J = 7.6, 2.0 Hz, 1H), 7.18 (d, J = 6.4 Hz, 

1H), 7.13 (t, 8.0 Hz, 1H), 5.88 (s, 1H), 4.31 (d, J = 6.0 Hz, 1H), 3.83 (s, 2H), 3.75 (s, 3H), 2.24 

(s, 3H), 2.11 (s, 3H). 

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-2-hydroxy-3-methoxybenzamide 

(13).  13 was isolated as a white solid.  LCMS m/z 324 [M + H + Na]
+
; 

1
H NMR (400 MHz, 

DMSO-d6) δ ppm 12.3 (brs., 1H), 11.6 (brs., 1H), 8.78 (t, J = 5.6 Hz, 1H), 7.46 (dd, J = 7.6, 2.0 

Hz, 1H), 7.08 (d, J = 6.4 Hz, 1H), 6.77 (t, J = 8.0 Hz, 1H), 5.88 (s, 1H), 4.32 (d, J = 6.0 Hz, 1H), 

3.78 (s, 2H), 3.35 (s, 3H), 2.19 (s, 3H), 2.12 (s, 3H). 

2-Chloro-N-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3-methoxybenzamide 

(14).  14 was isolated as a white solid.  LCMS m/z 321 [M + H]
+
; (400 MHz, DMSO-d6) δ ppm 

11.45 (brs., 1H), 8.25 (t, J = 4.8 Hz, 1H), 7.23-7.34 (m, 1H), 7.14 (d, J = 8.1 Hz, 1H), 6.90 (d, J 

= 7.6 Hz, 1H), 5.86 (s, 1H), 4.27 (d, J = 5.1 Hz, 2H), 3.85 (s, 3H), 2.18 (s, 3H), 2.11 (s, 3H). 

2-Chloro-N-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3-isopropoxybenzamide  

(15).  15 was isolated as a white solid.  LCMS m/z 350 [M + H]
+
; 

1
H NMR (400 MHz, DMSO-

Page 24 of 72

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

d6) δ ppm 11.44 (brs., 1H), 8.23 (t, J = 4.8 Hz, 1H), 7.21-7.30 (m, 1H), 7.11-7.19 (m, 1H), 6.87 

(dd, J = 1.4, 7.5 Hz, 1H), 5.85 (s, 1H), 4.65 (td, J = 6.0, 12.1 Hz, 1H), 4.26 (d, J = 5.1 Hz, 2H), 

2.18 (s, 3H), 2.10 (s, 3H), 1.28 (d, J = 6.1 Hz, 6H). 

9-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-8-methoxy-2,3,4,5-

tetrahydro-1H-benzo[c]azepin-1-one (16).  A solution of commercial 8-methoxy-2,3,4,5-

tetrahydro-1H-2-benzazepin-1-one (25.0 mg, 0.154 mmol) and NCS (20.6 mg, 0.154 mmol) in 

HOAc (3 mL) was stirred at 100 °C for 4.5 h. The reaction mixture was partitioned between 

EtOAc (20 mL) and water (20 mL).  The organic phase was dried over sodium sulfate, and 

concentrated under vacuum to give a mixture of 9-chloro-8-methoxy-2,3,4,5-tetrahydro-1H-2-

benzazepin-1-one (51a) and 7-chloro-8-methoxy-2,3,4,5-tetrahydro-1H-2-benzazepin-1-one 

(51b) (35 mg, 100%) as a colorless oil.  To this mixture of 7-ring lactams (35.0 mg, 0.150 mmol) 

in DMF (5 mL) was added 35b (47 mg, 0.180 mmol) and NaH (9 mg, 0.225 mmol, 60% 

dispersion in mineral oil).  The reaction mixture was heated at 80 °C for 24 h.  The reaction 

mixture was poured into a NaOAc-HOAc buffer (5 mL) and extracted with EtOAc (2 x 10 mL).  

The combined organic layers were dried over sodium sulfate and concentrated under vacuum.  

The resulting brown oil was dissolved in MeOH (1 mL) and HCl (0.05 mL of 3 M in n-butanol) 

was added.  The reaction mixture was heated at 70 °C for 24 h.  The solvent was removed in 

vacuo and the residue was purified by preparative HPLC to give 16 as the first eluting product 

(20 mg, 36%).  LCMS m/z 361 [M + 1]
+
; 

1
H NMR (400 MHz, CD3OD) δ ppm 7.09-7.14 (m, 

1H), 7.05-7.10 (m, 1H), 6.13 (s, 1H), 4.89 (s, 1H), 4.71-4.79 (m, 1H), 3.88 (s, 3H), 3.38 (dd, J = 

5.9, 14.9 Hz, 1H), 2.92-3.01 (m, 1H), 2.57-2.73 (m, 2H), 2.35 (s, 3H), 2.25 (s, 3H), 2.06-2.14 (m, 

1H), 1.53-1.64 (m, 1H).  
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6-Chloro-4-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-methoxy-3,4-

dihydrobenzo[f][1,4]oxazepin-5(2H)-one (17).  To a solution of 2-chloro-6-fluoro-3-methoxy-

benzoic acid (1.00 g, 4.89 mmol) in anhydrous DMF (30 mL) were added HATU (2.30 g, 5.85 

mmol) and Et3N (1.36 mL, 9.76 mmol).  The reaction mixture was stirred for 5 min. and 2-[(2-

benzyloxy-4,6-dimethyl-pyridin-3-ylmethyl)-amino]-ethanol (52, 1.47 g, 5.12 mmol) was added 

as a solid in one portion.  The resulting reaction mixture was stirred at room temperature for 2 h.  

The reaction mixture was partitioned between ethyl acetate (200 mL) and water (200 mL). The 

organic phase was separated, washed with brine (2 x 200 mL), dried over sodium sulfate, and 

concentrated under vacuum to give N-(2-benzyloxy-4,6-dimethylpyridin-3-ylmethyl)-2-chloro-6-

fluoro-N-(2-hydroxyethyl)-3-methoxybenzamide (2.31 g, 100%) as a gum. To a solution of N-

(2-benzyloxy-4,6-dimethyl-pyridin-3-ylmethyl)-2-chloro-6-fluoro-N-(2-hydroxy-ethyl)-3-

methoxy-benzamide (2.31 g, 4.88 mmol) in anhydrous DMF (20 mL) was added KOt-Bu (12.2 

mL of 1 M solution in THF, 12.2 mmol).  The reaction mixture was stirred at 100 °C for 3 h.  

After cooling to room temperature, the reaction mixture was partitioned between EtOAc (200 

mL) and water (200 mL).  The organic phase was separated, washed with brine (2 x 200 mL), 

dried over sodium sulfate, and concentrated under vacuum.  The residue was purified by column 

chromatography (heptanes/EtOAc) to give 4-((2-(benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-

6-chloro-7-methoxy-3,4-dihydrobenzo[f][1,4]oxazepin-5(2H)-one (53, 668 mg, 30% yield) as a 

solid. LCMS m/z 453 [M + H]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 7.41 - 7.46 (m, 2H), 7.29 - 

7.39 (m, 3H), 6.84 - 6.95 (m, 2H), 6.68 (s, 1H), 5.42 (s, 2H), 4.97 (s, 2H), 3.88 (s, 3H), 3.73 (t, J 

= 5.4 Hz, 2H), 3.22 (t, J = 5.4 Hz, 2H), 2.44 (s, 3H), 2.39 (s, 3H).  A mixture of 53 (636 mg, 1.40 

mmol) in TFA (10 mL) was stirred at 60 °C for 3 h.  The TFA was removed in vacuum and the 

resulting residue was partitioned between ether (100 mL) and satd. aq. sodium bicarbonate (100 
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mL). The organic phase was separated, and washed with brine (100 mL), dried over sodium 

sulfate, and concentrated under vacuum to give 17 (503 mg, 99%) as a white solid. LCMS m/z 

363 [M + 1]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 12.59 (brs., 1H), 6.88 - 6.97 (m, 2H), 6.04 (s, 

1H), 4.90 (s, 2H), 4.03 (brs., 2H), 3.89 (s, 3H), 3.54 (t, J = 5.4 Hz, 2H), 2.41 (s, 3H), 2.30 (s, 

3H).  

8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (18).  To a solution of compound 38 (80 mg, 0.38 mmol) in dry 

DMF (2 mL) was added NaH (27 mg, 1.14 mmol, 60% in mineral oil) at 0 °C. The mixture was 

stirred at 0 °C for 30 min. To the mixture was added compound 35b (198 mg, 0.76 mmol). The 

mixture was stirred at room temperature for 14 h. To the mixture was added EtOAc (20 mL). 

The mixture was washed with brine (4 x 20 mL), dried over Na2SO4 and concentrated in vacuo. 

The residue was purified by flash chromatography (petroleum ether/EtOAc= 2/1) to give 2-((2-

(benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-8-chloro-7-methoxy-3,4-dihydroisoquinolin-

1(2H)-one (90 mg, 54%) as a yellow oil.  Benzyl deprotection was conducted by dissolving the 

intermediate (60 mg, 0.14 mmol) in DCM (3 mL) and adding TFA (3 mL). After stirring the 

mixture at room temperature for 3 h, the reaction was concentrated in vacuo and the residue was 

purified by flash chromatography (DCM/MeOH = 10:1, Rf = 0.4) to give 18 (26 mg, 54%) as a 

white solid. LCMS m/z 347 [M + H]
+
;  

1
H NMR (400 MHz, CDCl3) δ ppm 7.14 (s, 2H), 6.11 (s, 

1H), 4.77 (s, 2H), 3.88 (s, 3H), 3.45 (t, J = 6.2 Hz, 2H), 3.21 (t, J = 6.2 Hz, 2H), 2.28 (s, 3H), 

2.24 (s, 3H). 

8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-ethoxy-3,4-

dihydroisoquinolin-1(2H)-one (19).  To a solution of 38 (0.50 g, 2.4 mmol) in dry DCM (20 

mL) was added BBr3 (0.6 mL, 5.9 mmol) at 5 °C. The mixture was stirred at room temperature 
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for 14 h. To the reaction mixture was added dropwise H2O (20 mL). The mixture was extracted 

with EtOAc (2 x 30 mL). The combined organic layers were washed with brine (40 mL), dried 

over Na2SO4 and concentrated in vacuo to give 8-chloro-7-hydroxy-3,4-dihydroisoquinolin-

1(2H)-one (39, 0.5 g, 100%) as a brown solid.  This intermediate was taken to the next step 

without further purification. To a mixture of crude 39 (0.47 g, 2.4 mmol) and K2CO3 (0.99 g, 7.2 

mmol) in dry DMF (10 mL) was added dropwise iodoethane (0.37 g, 2.9 mmol) at room 

temperature. The mixture was stirred at room temperature for 14 h. The reaction mixture was 

partitioned between brine (50 mL) and EtOAc (40 mL).  The aqueous layer was extracted with 

EtOAc (4 x 40 mL). The combined organic layers were dried (Na2SO4) and concentrated in 

vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc = 1/1, Rf ~ 

0.3) to give 8-chloro-7-ethoxy-3,4-dihydroisoquinolin-1(2H)-one (40a, 0.35 g, 64%) as a brown 

solid.   By an analogous procedure used to make 18 from 38, 19 was obtained as a white solid 

from 40a. LCMS m/z 361 [M+H]
+
;  

1
H NMR (400 MHz, CDCl3) δ ppm 11.03 (s, 1H), 6.98-6.91 

(m, 2H), 5.93 (s, 1H), 4.79 (s, 2H), 4.11-4.05 (m, 2H), 3.56 (t, J = 6.2 Hz, 2H), 2.76 (t, J = 6.2 

Hz, 2H), 2.34 (s, 3H), 2.25 (s, 3H), 1.45 (t, J = 6.2 Hz, 3H). 

8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-isopropoxy-3,4-

dihydroisoquinolin-1(2H)-one (20).  20 was prepared from 40b using an analogous procedure 

described for the synthesis of 19 but substituting iodoethane with 2-iodopropane.  20 was 

isolated as a white solid.  LCMS m/z 375 [M+1]
+
; 

1
H NMR (400 MHz, DMSO-d6) δ ppm 11.53 

(brs., 1 H), 7.21 (d, J = 8.3 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 5.88 (s, 1H), 4.58-4.66 (m, 1H), 

4.56 (s, 2H), 3.35-3.40 (m, 2H), 2.73 (t, J = 6.1 Hz, 2H), 2.15 (s, 3H), 2.12 (s, 3H), 1.27 (d, J = 

6.1 Hz, 6H). 
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2-[(4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl]-8-methyl-7-(propan-2-yloxy)-3,4-

dihydroisoquinolin-1(2H)-one (21).  A mixture of methyl 6-bromo-2-methyl-3-(propan-2-

yloxy)benzoate
41

 (154 mg, 0.536 mmol), potassium {2-[(tert-

butoxycarbonyl)amino]ethyl}(trifluoro)borate (269 mg, 1.07 mmol) and Cs2CO3 (613 mg, 1.88 

mmol) in a 3:1 mixture of toluene:water (2.2 mL) was degassed with N2. Palladium acetate 

(Pd(OAc)2, 7.2 mg, 0.032 mmol) and RuPhos (30 mg, 0.064 mmol) were added and the mixture 

was degassed with N2 and heated at 95 °C for 19 h. The reaction mixture was cooled to room 

temperature then acidified with 10% aqueous HCl to pH 6 and extracted with EtOAc (20 mL). 

The organic layer was washed with brine (5 mL), dried over Na2SO4, filtered, and concentrated 

under vacuum.  After purification by flash chromatography (EtOAc/heptanes, 0-100%) methyl 6-

(2-((tert-butoxycarbonyl)amino)ethyl)-3-isopropoxy-2-methylbenzoate (36) was obtained. 36 

was then dissolved in DCM (2 mL) and 4N HCl in 1,4-dioxane (0.3 mL) was added.  After 16 h, 

the reaction was concentrated to an oil under vacuum. The residue was dissolved in 1,4-dioxane 

(3 mL) and DIEA (0.025 mL) was added. The mixture was heated at 80 °C for 50 h, 

concentrated under vacuum, and purified by column chromatography (EtOAc /heptanes, 0-100) 

to give 8-methyl-7-(propan-2-yloxy)-3,4-dihydroisoquinolin-1(2H)-one (37, 19 mg, 16%) as a 

white solid.  To a 0 °C solution of 37 (30 mg, 0.14 mmol) in THF (0.46 mL) was added 60% 

sodium hydride (18 mg, 0.45 mmol).  After 30 min., 2-(benzyloxy)-3-(chloromethyl)-4,6-

dimethylpyridine, 35b (43 mg, 0.16 mmol) was added and the resulting mixture was heated at 50 

°C for 16 h. The reaction mixture was quenched with water (1 mL) and extracted with EtOAc 

(20 mL), washed with brine (2 mL), dried over sodium sulfate, filtered, and concentrated under 

vacuum. The residue was purified by column chromatography (EtOAc/heptanes, 0-100), to give 

2-{[2-(benzyloxy)-4,6-dimethylpyridin-3-yl]methyl}-8-methyl-7-(propan-2-yloxy)-3,4-
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dihydroisoquinolin-1(2H)-one (46 mg, 76%) as a colorless oil which was deprotected using 10% 

palladium on carbon (10 mg) in MeOH (3 mL) under 1 atmosphere of H2 for 26 hours. The 

reaction mixture was filtered through CELITE® and the filtrate was concentrated under vacuum. 

The residue was purified by column chromatography (EtOAc/heptanes, 50/50-100/0 then 

EtOAc/MeOH, 100/0 - 70/30), to give 21 (27 mg, 74% yield) as a white solid. LCMS m/z 355 

(M + H); 
1
H NMR (400 MHz, CDCl3) δ ppm 12.47 (brs., 1H), 6.89 (s, 2H), 5.93 (s, 1H), 4.84 (s, 

2H), 4.43 (td, J = 6.1, 11.9 Hz, 1H), 3.49 (t, J = 6.1 Hz, 2H), 2.74 (t, J = 6.1 Hz, 2H), 2.58 (s, 

3H), 2.30 (s, 3H), 2.28 (s, 3H), 1.33 (d, J = 6.1 Hz, 6H). 

2-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-isopropoxy-3,4-

dihydroisoquinolin-1(2H)-one (22) 

2-Iodopropane (0.24 g, 1.44 mmol) was added to a solution of commercially available 7-

hydroxy-3,4-dihydroisoquinolin-1(2H)-one (0.2 g, 1.2 mmol) and K2CO3 (0.33 g, 2.4 mmol) in 

acetone (10 mL).  The mixture was stirred at 50 °C for 12h. TLC (100% EtOAc) showed the 

reaction was complete. The mixture was filtered and the filtrate was concentrated in vacuo to 

give the crude product, which was purified by Biotage (Petroleum ether/EtOAc = 1:1, Rf = 0.2) 

to obtain 7-isopropoxy-3,4-dihydroisoquinolin-1(2H)-one (0.19 g, 77%) as a white solid.  To a 

stirred solution of 7-isopropoxy-3,4-dihydroisoquinolin-1(2H)-one (0.19 g, 0.93 mmol) in THF 

(5 mL) was added NaH (0.045 g, 0.63 mmol, 60% in oil) at 0 °C under N2.  After stirring at 0 ° 

C for 30 min, 35b (0.24 g, 0.93 mmol) was added and stirred at 50 °C overnight. TLC 

(petroleum ether/EtOAc = 6:1) showed the reaction was complete.  The mixture was 

concentrated in vacuo to give the crude product, which was purified by Biotage (Petroleum 

ether/EtOAc = 6:1, Rf = 0.5) to obtain compound 22 (0.15 g, 50%) as a white solid.  LCMS m/z 

341 [M + H]
+
; LCMS m/z 341 [M + H]

+
; 

1
H NMR (400 MHz, CD3OD) δ ppm 7.49 (d, J = 2.8 
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Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.00 (dd, J = 2.8, 8.4 Hz, 1H), 6.12 (s, 1H), 4.76 (s, 2H), 4.66-

4.60 (m, 1H), 3.56-3.52 (m, 2H), 2.85-2.82 (m, 2H), 2.30 (s, 3H), 2.26 (s, 3H), 1.33 (d, J = 6 Hz, 

6H). 

(R)-8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-((tetrahydrofuran-

3-yl)oxy)-3,4-dihydroisoquinolin-1(2H)-one (23).  23 was prepared from 40c using a procedure 

analogous to that described for the synthesis of 19 but substituting (S)-tetrahydrofuran-3-yl 

methanesulfonate in place of iodoethane.  LCMS m/z 403 [M+1]
+
;  

1
H NMR (400 MHz, DMSO-

d6) δ ppm 11.30 (brs., 1H), 7.20 (d, J = 8.3 Hz, 1H), 7.16 (d, J = 8.3 Hz, 1H), 5.87 (s, 1H), 5.05-

5.10 (m, 1H), 4.57 (s, 2H), 3.73 - 3.92 (m, 4H), 3.37 (t, J = 6.1 Hz, 2H), 2.74 (t, J = 6.1 Hz, 2H), 

2.16 - 2.25 (m, 1H), 2.14 (s, 3H), 2.11 (s, 3H), 1.92-2.01 (m, 1H). 

(R)-8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-5-fluoro-7-

((tetrahydrofuran-3-yl)oxy)-3,4-dihydroisoquinolin-1(2H)-one (24).  24 was prepared from 

42a using a procedure analogous to that described for the synthesis of 19 but substituting (S)-

tetrahydrofuran-3-yl methanesulfonate in place of iodoethane.  LCMS m/z 421 [M+H]
+
;  

1
H 

NMR (400 MHz, CDCl3) δ ppm 12.7-12.5 (brs., 1H), 6.72-6.70 (d, J = 9.6 Hz, 1H), 6.15 (s, 1H), 

4.89 (m, 1H), 4.73 (s, 2H), 4.02-3.94 (m, 4H), 3.65-3.50 (m, 2H), 2.80-2.77 (m, 2H), 2.19 (s, 

3H), 2.17 (s, 3H), 2.16-2.15 (m, 2H). 

(R)-8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-5-methyl-7-

((tetrahydrofuran-3-yl)oxy)-3,4-dihydroisoquinolin-1(2H)-one (25).    A glass reaction tube 

was charged with a mixture of 44 (140 mg, 0.226 mmol), methylboronic acid (27 mg, 0.45 

mmol) and Cs2CO3 (148 mg, 0.453 mmol) in DME (6 mL) and H2O (1.2 mL) was added 

Pd(dppf)Cl2 (11 mg, 0.014 mmol). The mixture was bubbled with N2 for 1 min., sealed and 

heated at 90 °C for 16 h. The mixture was diluted with EtOAc (20 mL) and washed with H2O 
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(20 mL), brine (20 mL), dried over Na2SO4 and concentrated. The residue was purified by flash 

chromatography (petroleum ether/EtOAc = 1:1) to give the product (100 mg, 68%) as colorless 

syrup.  This syrup (100 mg, 0.197 mmol) was dissolved in DCM (2.5 mL) and TFA (2.5 mL) 

was added. The mixture was stirred at 25 °C for 16 h. The mixture was concentrated and purified 

by prep. HPLC [Column: DIKMA Diamonsil (2) C18 200*20 mm*5 um mobile phase from 

25%-45% MeCN in water with 0.225% formic acid.]  The fractions containing the product were 

frozen and lyophilized to give 25 (42 mg, 51%) as a white solid. LCMS: m/z 417 [M+1]
+
; 

1
H 

NMR (400 MHz, CDCl3) δ ppm 12.20 (brs., 1H), 6.79 (s, 1H), 6.02 (s, 1H), 4.93 (m, 1H), 4.78 

(s, 2H), 4.04-3.92 (m, 4H), 3.56 (m, 2H), 2.69 (m, 2H), 2.37 (s, 3H), 2.31 (s, 3H), 2.22 (s, 3H), 

2.19-2.16 (m, 2H). 

(R)-5,8-Dichloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-

((tetrahydrofuran-3-yl)oxy)-3,4-dihydroisoquinolin-1(2H)-one (26).  26 was prepared from 

43b using a procedure analogous to that described for the synthesis of 19 but substituting (S)-

tetrahydrofuran-3-yl methanesulfonate in place of iodoethane.  LCMS m/z 437 [M + 1]
+
; 

1
H 

NMR (400 MHz, DMSO-d6) δ ppm 11.56 (s, 1H), 7.42 (s, 1H), 5.89 (s, 1H), 5.18 (s, 1H), 4.56 

(s, 2H), 3.79-3.90 (m, 4H), 3.41-3.43 (m, 2H), 2.80-2.83 (m, 2H), 2.19-2.27 (m, 1H), 2.15 (s, 

3H), 2.13 (s, 3H), 1.91-1.99 (m, 1H).   

5,8-Dichloro-2-[(4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl]-7-(1H-pyrazol-4-yl)-

3,4-dihydroisoquinolin-1(2H)-one (27).  To a mixture of 47 (200 mg, 0.38 mmol), 1-Boc-4-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrazole (150 mg, 0.50 mmol) and K2CO3 (159 mg, 

1.15 mmol) in DME (10 mL) and H2O (0.77 mL) was added 1,1’-

bis(diphenylphosphino)ferrocene palladium dichloride (Pd(dppf)Cl2, 66 mg, 0.077 mmol). The 

resulting mixture was degassed with N2 and then heated at 100 °C overnight. The mixture was 
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diluted with H2O (30 mL) and then extracted with EtOAc (2 x 50 mL). The combined organic 

layers dried over Na2SO4, filtered, and concentrated. The residue was purified by flash 

chromatography (hexane/EtOAc = 1:1) to give the N-Boc intermediate (170 mg, 87%) as a 

brown oil.  This intermediate (170 mg, 0.336 mmol) was stirred with HCl (3.0 mL of 3 M in 1-

butanol, 9.0 mmol) at 70 °C for 3 h. The mixture was concentrated in vacuo and the residue was 

purified by purified by SFC on a HADP column with 10 mM NH3 in methanol to give 27 (22 

mg, 16%) as a white solid. LCMS m/z 417 [M + H]
+
; HRMS calcd for C20H18Cl2N4O2 [M+H]

+ 

416.0821, found 416.0807; 
1
HNMR (400 MHz, DMSO-d6) δ 13.09 (brs., 1H), 11.48 (brs., 1H), 

8.16 (brs., 1 H), 7.89 (brs., 1 H), 7.72 (s, 1 H), 5.90 (s, 1 H), 4.58 (s, 2 H), 3.16 (s, 1 H), 2.88 (t, J 

= 5.2 Hz, 2 H), 2.54 (brs., 1 H), 2.16 (s, 3 H), 2.13 (s, 3 H).  

5,8-Dichloro-2-(4,6-dimethyl-2-oxo-1,2-dihydro-pyridin-3-ylmethyl)-7-(3-methyl-1H-

pyrazol-4-yl)-3,4-dihydro-2H-isoquinolin-1-one (28).  2-(2-Benzyloxy-4,6-dimethyl-pyridin-3-

ylmethyl)-5,8-dichloro-7-[3-methyl-1-(tetrahydro-pyran-2-yl)-1H-pyrazol-4-yl]-3,4-dihydro-2H-

isoquinolin-1-one (48, 40 mg, 0.07 mmol, 1.0 eq) was dissolved in EtOH (1.0 mL) and HCl 

(0.25 mL, 3 M in 1-butanol, 0.7 mmol, 10 eq) was added.  The clear solution was placed in a 

sand bath at 70 
o
C.  After three hours, LCMS of the clear solution gave >95% product and no 

starting material.  The reaction was quenched with 50% saturated NaHCO3 and diluted with 

EtOAc.  The layers were separated and the aqueous layer was extracted with EtOAc.  The 

combined organic layers were washed with brine, dried over MgSO4, filtered and concentrated 

under reduced pressure.  TLC (5% methanol-dichloromethane with 0.1% NH3) gave Rf 0.4 and 

Rf 0.0.  The crude product was purified over silica gel (2 mm chromatotron plate), which was 

eluted with 1-7% CH3OH-DCM with 0.1% NH3, and gave 11 mg (40% yield) of compound 28 

as a white solid from ethyl acetate-heptane.  TLC (5% methanol-dichloromethane with 0.1% 
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NH3) gave Rf 0.4; LCMS m/z 431 [M +1]
+
; 

1
H NMR (400 MHz, DMSO-d6) δ 12.71 (brs., 1H), 

11.54 (brs., 1H), 7.72 (brs., 1H), 7.49 (s, 1H), 5.89 (s, 1H), 4.58 (s, 2H), 3.48 (t, J = 6.0 Hz, 2H), 

2.91 (t, J = 6.0 Hz, 2H), 2.13-2.17 (m, 9H).  

5,8-Dichloro-7-(3,5-dimethyl-1H-pyrazol-4-yl)-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-

3-yl)methyl)-3,4-dihydroisoquinolin-1(2H)-one (29).  A glass reaction tube was charged with a 

mixture of 2-((2-(benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-7-bromo-5,8-dichloro-3,4-

dihydroisoquinolin-1(2H)-one (47, 500 mg, 0.961 mmol), tert-butyl 3,5-dimethyl-4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate (460 mg, 1.43 mmol), K3PO4 

(408 mg, 1.92 mmol), toluene (15 mL), and H2O (1.5 mL).  Pd(OAc)2 (32.4 mg, 0.144 mmol) 

and SPhos (2-Dicyclohexylphosphino-2',6'-dimethoxybiphenyl) (118 mg, 0.288 mmol) were 

added and the resulting mixture was degassed with N2.  The tube was sealed and then heated at 

120 °C overnight with stirring.  The mixture was diluted with H2O (20 mL) and then extracted 

with EtOAc.  The combined organic layers were washed with brine (20 mL), dried over Na2SO4 

and concentrated.  The residue was purified by flash chromatography (petroleum ether/EtOAc = 

3:1, Rf~0.3) to give tert-butyl 4-(2-((2-(benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-5,8-

dichloro-1-oxo-1,2,3,4-tetrahydroisoquinolin-7-yl)-3,5-dimethyl-1H-pyrazole-1-carboxylate 

(290 mg, 47%) as a yellow gum which was treated with TFA (8 mL) and DCM (8 mL) at room 

temperature overnight.  The mixture was concentrated in vacuo and the residue was treated with 

satd. aq. NaHCO3 (15 mL). The mixture was extracted with DCM (2 x 20 mL) and the organic 

layers were washed with brine (20 mL), dried over Na2SO4 and concentrated. The residue was 

purified by flash chromatography (DCM/MeOH = 10:1, Rf ~0.5) to give 29 (135 mg, 64%) as a 

yellow solid. LCMS m/z 445 [M + H]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 7.30 (s, 1H), 5.96 (s, 
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1H), 4.81 (s, 2H), 3.73 (t, J = 6.0 Hz, 2H), 3.00 (t, J = 6.4 Hz, 2H), 2.39 (s, 3H), 2.31 (s, 3H), 

2.16 (s, 6H). 

5,8-Dichloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-(1,3,5-trimethyl-1H-

pyrazol-4-yl)-3,4-dihydroisoquinolin-1(2H)-one (30).  To a suspension of 5,8-dichloro-7-(3,5-

dimethyl-1H-pyrazol-4-yl)-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-3,4-

dihydroisoquinolin-1(2H)-one,  29 (31.0 mg, 0.0696 mmol) in DMF (1.0 mL) was added Cs2CO3 

(25.0 mg, 0.076 mmol) and iodomethane (11 mg, 0.080 mmol).  The reaction was stirred for 2 h 

at room temperature.   DMSO (0.5 mL) was added and the reaction was stirred for 16 h at room 

temperature.  Additional iodomethane (11 mg, 0.080 mmol) was added and stirring was 

continued for 7 hours longer.  The reaction mixture was filtered and purified by preparative 

HPLC to afford 30 (14 mg, 44%) as a white solid.   LCMS m/z 459 [M + H]
+
;  

1
H NMR (400 

MHz, DMSO-d6) δ ppm 12.35 (brs., 1H), 7.46 (s, 1H), 6.05 (s, 1H), 4.60 (s, 2H), 3.52 (t, J = 6.1 

Hz, 2H), 3.44 (s, 3H), 2.92 (t, J = 6.1 Hz, 2H), 2.32 (s, 3H), 2.20 (s, 3H), 2.04 (brs., 3H), 1.97 

(brs., 3H). 

5,8-Dichloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-(3,5-

dimethylisoxazol-4-yl)-3,4-dihydroisoquinolin-1(2H)-one (31).  To a mixture of 2-((2-

(benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-7-bromo-5,8-dichloro-3,4-dihydroisoquinolin-

1(2H)-one, 47 (24 g, 46 mmol), was added 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)isoxazole (15 g, 69 mmol), CsF (21 g, 138 mmol) and 

tetrakis(triphenylphosphino) palladium(0) (Pd(PPh3)4, 3.2 g, 2.8 mmol) in anhydrous 1,4-dioxane 

(600 mL).  The mixture was degased with N2 and heated at 100 °C for 18 h in a sealed tube.  The 

mixture was cooled to room temperature and diluted with EtOAc (250 mL) and H2O (100 mL).  

The organic layer was separated and the aqueous layer was extracted with EtOAc (2 x 50 mL).  
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The organic layers were combined, washed with brine (50 mL), dried over Na2SO4 and 

concentrated in vacuo to give the crude intermediate which was purified by column 

chromatography (petroleum ether/EtOAc = 10:1, Rf = 0.6) to obtain 2-((2-(benzyloxy)-4,6-

dimethylpyridin-3-yl)methyl)-5,8-dichloro-7-(3,5-dimethylisoxazol-4-yl)-3,4 

dihydroisoquinolin-1(2H)-one (18 g, 73%) as a white solid.  This material (18 g, 33 mmol) was 

then treated with TFA (80 mL) in DCM (30 mL) at room temperature for 12 h.  The mixture was 

concentrated in vacuo to give a residue which was basified with saturated aq. NaHCO3 (300 mL) 

until pH 8. The product was extracted into DCM (3 x 150 mL).  The combined organic layers 

were combined and washed with H2O (40 mL), brine (40 mL), dried over Na2SO4 and 

concentrated in vacuo to give the crude product which was purified by column chromatography 

(petroleum ether/EtOAc = 1:1, then DCM/MeOH = 20:1, Rf = 0.5 in DCM/MeOH = 10:1). The 

product was further purified via crystallization from MeOH (50 mL) to obtain 31 (11 g, 74%) as 

a white solid.  LCMS m/z 446 [M +1]
+
; 

1
H NMR (CDCl3) δ ppm 12.76 (s, 1H), 7.28 (s, 1H), 

5.98 (s, 1H), 4.78 (s, 2H), 3.74 (t, J = 6.0 Hz, 2H), 3.00 (t, J = 6.0 Hz, 2H), 2.39 (s, 3H), 2.32 (s, 

3H), 2.28 (s, 3H), 2.15 (s, 3H). 

8-Chloro-2-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-7-(3,5-dimethylisoxazol-

4-yl)-3,4-dihydroisoquinolin-1(2H)-one (32).  A 1,4-dioxane (4.0 mL) solution of 50 (124 mg, 

0.255 mmol),  3,5-dimethylisoxazole-4-boronic acid pinacol ester (80.1 mg, 0.359 mmol), and 

cesium fluoride (0.776 mL of 1 M in H2O, 0.766 mmol) was degassed by bubbling nitrogen 

through the solution for 20 minutes.  The reaction was treated with tetrakis(triphenylphosphino) 

palladium(0) (Pd(PPh3)4, 29.8 mg, 0.0258 mmol), sealed, and heated to 100 
o
C using microwave 

heating for 2 h.  The reaction was poured into EtOAc (10 mL) and washed with water (10 mL) 

and brine (10 mL).  The organic layer was concentrated and purified (Biotage SNAP, 10g, HP-
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Sil, 0-50% EtOAc in heptane) to give a white gum (78 mg, 61%).   LCMS m/z 502 [M+1]
+
.  This 

intermediate (78 mg, 0.16 mmol) was dissolved in TFA (4.0 mL) and stirred at rt for 4h.  The 

reaction was diluted with heptane and concentrated under vacuum.  The resulting residue was 

purified on reverse phase preparative HPLC to give 32 (64 mg, 49%) as a white solid.  LCMS 

m/z 412 [M+H]
+
; 

1
H NMR (700 MHz, DMSO-d6) δ ppm 7.37 (d, J = 7.5 Hz, 1H), 7.30 (d, J = 

7.5 Hz, 1H), 5.94 (s, 1H), 4.56 (s, 2H), 3.42 (t, J = 6.2 Hz, 2H), 2.85 (t, J = 6.2 Hz, 2H), 2.20 (s, 

3H), 2.16 (s, 3H), 2.12 (s, 3H), 2.02 (s, 3H). 

2-(Benzyloxy)-3-(chloromethyl)-4,6-dimethylpyridine (35b).  To a solution of 2-hydroxy-4,6-

dimethylpyridine-3-carbonitrile (85.0 g, 0.574 mol) and benzyl chloride (87.0 g, 0.688 mol) in 

toluene (800 mL) was added Ag2O (146 g, 0.631 mol). The reaction mixture was stirred at 110 

°C overnight. The reaction mixture was filtered through CELITE® and the solids washed with 

DCM. The filtrate was concentrated under vacuum and purified by column chromatography 

(petroleum ether/EtOAc) to give 2-(benzyloxy)-4,6-dimethylpyridine-3-carbonitrile (28a, 89 g, 

65%) as a white solid.  To a stirred solution of 34a (44.5 g, 187 mmol) in DCM (500 mL) was 

added dropwise DIBAL-H (224 mL of 1M in toluene, 224 mmol) while maintaining the 

temperature between 0-5 °C during the addition. The reaction mixture was then allowed to warm 

to room temperature and stirred for an additional 3 hours. The mixture was quenched with 1N 

HCl (200 mL) and was stirred vigorously for 30 minutes. The reaction was neutralized with 4N 

NaOH (20 mL) and the biphasic mixture was filtered, and the filtrate washed with DCM (500 

mL). The aqueous layer was extracted with DCM (200 mL). The combined organic layers were 

dried over Na2SO4 and concentrated under vacuum.  The residue was purified by column 

chromatography (petroleum ether/EtOAc) to give 2-(benzyloxy)-4,6-dimethylpyridine-3-

carbaldehyde (34b, 70 g, 78%) as a yellow solid.  To a 0 °C solution of 34b (35.0 g, 145 mmol) 
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in MeOH (1000 mL) was added NaBH4 (6.60 g, 174 mmol) in portions. The reaction mixture 

was stirred at room temperature for 2 h. The reaction mixture was concentrated under vacuum 

and the residue was diluted with saturated aq. NaHCO3. After the bubbling had stopped, the 

aqueous solution was extracted with EtOAc (2 x 500 mL). The combined organic layers were 

dried over Na2SO4, concentrated under vacuum, and purified by column chromatography 

(petroleum ether/EtOAc) to give [2-(benzyloxy)-4,6-dimethylpyridin-3-yl]methanol (43 g, 61%) 

as a colorless oil.  To a solution of [2-(benzyloxy)-4,6-dimethylpyridin-3-yl]methanol (21.5 g, 

88.5 mmol) in anhydrous DCM (400 mL) was added SOCl2 (16.0 g, 133 mmol) at -40 °C under 

N2. The mixture was stirred at the -40 °C for 30 min. The reaction mixture was poured into ice-

water (300 mL) and adjusted pH 7-8 with NaHCO3 (solid). The mixture was separated and the 

aqueous layer was extracted with DCM (300 mL). The combined organic layers were washed 

with brine (300 mL), dried over Na2SO4, and concentrated under vacuum.  The residue was 

purified by column chromatography (petroleum ether/EtOAc, 100:1) to give 35b (27.5 g, 60%) 

as a white solid. LCMS m/z 262 [M + H]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 7.51-7.49 (m, 

2H), 7.41-7.37 (m, 2H), 7.34-7.30 (m, 1H), 6.62 (s, 1H), 5.45 (s, 2H), 4.73 (s, 2H), 2.42 (s, 3H), 

2.37 (s, 3H).  

8-Chloro-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one (38).  To a mixture of 7-methoxy-3,4-

dihydroisoquinolin-1(2H)-one (13.0 g, 73.9 mmol) in conc. H2SO4 (120 mL) was added NCS 

(10.4 g, 77.6 mmol) at 0 
o
C.  The reaction mixture was warmed to room temperature and stirred 

overnight. The reaction mixture was poured onto ice-water (200 mL). The solution was basified 

with solid Na2CO3 to pH 8. The reaction mixture was extracted with EtOAc (2 x 200 mL). The 

combined organic layers were washed with brine (300 mL), dried over Na2SO4 and concentrated 

under vacuum. The residue was purified by column chromatography (petroleum ether/EtOAc, 
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1:1) to give 8-chloro-7-methoxy-3,4-dihydroisoquinolin-1(2H)-one (38, 7.8 g, 50%) as a yellow 

solid. LCMS m/z 212 [M + H]
+
;  

1
H  NMR (400 MHz, DMSO-d6) δ ppm 8.05 (brs., 1H), 7.18-

7.28 (m, 2H), 3.84 (s, 3H), 3.24 (t, J = 6.2 Hz, 2H), 2.80 (t, J = 6.2 Hz, 2H). 

8-Chloro-5-fluoro-7-isopropoxy-3,4-dihydroisoquinolin-1(2H)-one (42a).  To a mixture of 5-

amino-8-chloro-7-isopropoxy-3,4-dihydroisoquinolin-1(2H)-one (41, 0.500 g, 1.97 mmol) in 

HBF4 (10 mL) was added a solution of NaNO2 (204 mg, 2.95 mmol) in H2O (3.4 mL) at 0 °C. 

After the addition, the mixture was stirred at 0 °C for 1 h and stirred at room temperature for 1 h. 

Then, the mixture and heated at 60 °C for 2 h. The mixture was cooled to room temperature and 

basified with satd. aq. NaOH to pH = 9 and extracted with EtOAc (2 x 20 mL). The combined 

organic layers were washed with brine (30 mL), dried over Na2SO4 and concentrated in vacuo. 

The residue was purified by flash column chromatography (petroleum ether/EtOAc = 1:1, Rf: 

0.42) to give 42a (0.10 g, 20%) as a yellow solid.  This compound was used with 

characterization in the following reactions to synthesize 24. 

5,8-Dichloro-7-isopropoxy-3,4-dihydroisoquinolin-1(2H)-one (42b).  A mixture of CuCl2 

(270 mg, 2.02 mmol) and LiCl (260 mg, 6.20 mmol) in CH3CN (15 mL) was stirred at 55 °C for 

5 minutes. isoamyl nitrite (110 mg, 0.940 mmol) was added at 55 °C and stirring was continued 

for 2 minutes.  Compound 41 (150 mg, 0.590 mmol) was added and the resulting mixture was 

stirred at 55 °C for 1 h. The mixture was concentrated to give a residue which was purified by 

flash chromatography (petroleum ether/EtOAc = 3:1, Rf = 0.3) to give compound 42b (100 mg, 

62%) as a pale yellow solid. LCMS: m/z 274 [M+1]+; 1H NMR (400 MHz, DMSO-d6) δ ppm 

8.22 (brs., 1H), 7.44 (s, 1H), 4.72 (td, J = 6.0, 11.98 Hz, 1H), 3.23-3.30 (m, 2H), 2.86 (t, J = 6.2 

Hz, 2H), 1.28 (d, J = 5.9 Hz, 6H). 
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8-Chloro-5-iodo-7-isopropoxy-3,4-dihydroisoquinolin-1(2H)-one (42c).  To a solution of 

compound 41 (20 g, 78 mmol) and isoamyl nitrite (18 g, 157 mmol) in CH3CN (80 mL) was 

added CH2I2 (41.1 g, 157 mmol) at room temperature.  The resulting mixture was heated at 80 

°C for 4 h. TLC (petroleum ether/EtOAc = 3:1, Rf = 0.7) showed the reaction was complete. The 

mixture was concentrated in vacuo to give the crude product, which was purified by column 

chromatography (on silica gel, petroleum ether/EtOAc = 5:1) to obtain 42c (13.6 g, 48%) as a 

yellow solid. LCMS m/z 366 [M+H]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 7.50 (s, 1H), 6.25 

(brs., 1H), 4.55-4.45 (m, 1H), 3.45-3.40 (m, 2H), 3.00-2.95 (m, 2H), 1.40 (s, 3H), 1.38 (s, 3H). 

 (R)-2-((2-(Benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-8-chloro-5-iodo-7-

((tetrahydrofuran-3-yl)oxy)-3,4-dihydroisoquinolin-1(2H)-one (44).  Compound 44 was 

prepared from 43c.  Compound 43c was prepared from 42c using a procedure analogous to that 

described for the synthesis of 40a but substituting (S)-tetrahydrofuran-3-yl methanesulfonate in 

place of iodoethane.  Sodium hydride (60% in oil, 0.74 g, 18.58 mmol) was added in portions to 

a solution of compound 43c (3.65 g, 9.29 mmol) in DMF (60 mL) at room temperature under N2 

atmosphere.  After stirring at room temperature for 30 min, 35b (2.1 g, 8.36 mmol) was added to 

the mixture.  The resulting mixture was stirred at room temperature for 1 h. TLC (petroleum 

ether/EtOAc = 1:1) indicated the reaction was complete.  The mixture was quenched by H2O (60 

mL) and extracted with EtOAc (2 x 60 mL). The combined organic layers were washed with 

brine (6 x 60 mL), dried over Na2SO4, and concentrated. The residue was purified by Biotage 

(petroleum ether/EtOAc = 3:1, Rf: 0.36) to give 44 (4.7 g, 81.9%) as a yellow solid.  LCMS m/z 

619 [M+H]
+
; 

1
H NMR (400 MHz, CDCl3) δ ppm 7.45 (m, 2H), 7.35 (m, 3H), 6.67 (s, 1H), 5.43 

(s, 2H), 4.86 (m, 1H), 4.75 (s, 2H), 4.12 (m, 4H), 3.82 (m, 1H), 3.25 (m, 2H), 2.61 (m, 2H), 2.41 

(s, 3H), 2.32 (s, 3H), 2.23 (m, 2H). 
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Methyl (2,5-dichlorophenethyl)carbamate (45).  To a solution of 2-(2,5-

dichlorophenyl)acetonitrile (34.5 g, 185 mmol) in MeOH (1700 mL) was added NiCl2·6H2O 

(4.45 g, 18.7 mmol) at 0 °C.  After 10 minutes, the solids from the initial green suspension went 

into solution.  Methylchloroformate (38.4 g, 406 mmol) was added via syringe over 10 minutes 

followed by NaBH4 (41.4 g, 1.09 mol) in eight small portions over 30 minutes at 0 °C.  

Evolution of gas was observed and the reaction mixture turned black.  After the addition was 

complete, the resulting mixture was stirred at 20 °C for 1 hour.  LCMS analysis showed 48% of 

desired product was detected and 32% of 2-(2,5-dichlorophenyl)ethan-1-amine. Another portion 

of methylchloroformate (7.7 g, 81 mmol) was added via a syringe at 20 °C.  The resulting 

mixture was stirred at 20 °C for 1 h.  The mixture was quenched with H2O (100 mL) and 

concentrated to give an off-white residue.  The solids were partitioned between EtOAc (1500 

mL) and aq. NaOH (1 N, 400 mL).  The organic layer was separated and the resulting aqueous 

suspension layer was filtered.  The filtrate was extracted with EtOAc (2 x 300 mL).  The organic 

extracts were combined, washed with brine (150 mL), and dried over Na2SO4.  Concentration 

afforded the crude product (40 g), which was purified by column chromatography (petroleum 

ether/EtOAc = 10:1 to 4:1, Rf = 0.3 in petroleum ether/EtOAc = 10:1) to obtain 45 (25 g, 54%) 

as a yellow solid.  LCMS m/z 248 [M + H]
+
;  

1
H NMR (400 MHz, DMSO-d6) δ ppm 7.45 (d, J = 

8.6 Hz, 1H), 7.39 (d, J = 2.3 Hz, 1H), 7.32 (dd, J = 2.6, 8.6 Hz, 1H), 7.21 (t, J = 4.3 Hz, 1H), 

3.50 (s, 3H), 3.23 (q, J = 6.6 Hz, 2H), 2.83 (t, J = 7.0 Hz, 2H).   

5,8-Dichloro-3,4-dihydroisoquinolin-1(2H)-one (46).  To methyl (2,5-dichlorophenethyl) 

carbamate, (45, 27.0 g, 109 mmol) in a pre-cooled (0 °C) round bottom flask, was added TfOH 

(350 mL) dropwise over 30 minutes at 0 °C under a N2 atmosphere.  The yellow suspension was 

stirred at 10 °C for 20 minutes.  After 20 minutes, the mixture dissolved to form a yellow 
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solution which was heated at 80 °C for 12 hours.  The mixture was then poured into 1500 g of 

crushed ice.  The resulting white precipitate was filtered and filter cake set aside.  The filtrate 

was extracted with DCM (3 x 500 mL).  Then, the white filtrate was dissolved in the extract.  

The combined organic extract was washed with 1N NaOH (200 mL), brine (100 mL), and then 

dried over Na2SO4.  Concentration gave the crude product (30 g), which was stirred in a mixture 

of petroleum ether (125 mL) and EtOAc (25 mL) for 30 minutes.  The suspension was filtered 

and the cake was dried in vacuo to give 46 (17 g, 72%) as a yellow solid.  LCMS m/z 216 [M + 

H]
+
;   

1
H NMR (400 MHz, DMSO-d6) δ ppm 8.23 (brs., 1H), 7.59 (d, J = 8.6 Hz, 1H), 7.43 (d, J 

= 8.6 Hz, 1H), 3.26-3.36 (m, 2H), 2.96 (t, J = 6.4 Hz, 2H). 

2-((2-(Benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-7-bromo-5,8-dichloro-3,4-

dihydroisoquinolin-1(2H)-one (47).  A suspension of 5,8-dichloro-3,4-dihydroisoquinolin-

1(2H)-one, 46 (50.4 g, 233 mmol) in conc. H2SO4 (425 mL, c = 0.549 M) was heated to 45 °C 

until it became homogeneous.  Then, the solution was cooled to 0 °C prior to adding NBS (46.0 

g, 256 mmol).  The ice bath was removed and the reaction was heated at 45 °C for 4h.  The 

reaction was then cooled to room temperature and poured over crushed ice (200 g).  The 

precipitate that formed was collected by filtration, washed with water (5 x 100 mL), and dried in 

a vacuum oven at 65 °C for 3 days to give 7-bromo-5,8-dichloro-3,4-dihydroisoquinolin-1(2H)-

one (68 g, 99%) as a yellow powder.  LCMS m/z 294 [M + H]
+
; 

1
H NMR (400 MHz, DMSO-d6) 

δ ppm 7.16 (s, 1H), 2.62 (t, J = 6.4 Hz, 2H), 2.22 (t, J = 6.4 Hz, 2H).  To a solution of 7-bromo-

5,8-dichloro-3,4-dihydroisoquinolin-1(2H)-one (1.00 g, 3.39 mmol) in anhydrous DMF (15 mL) 

at 0 °C was added KOt-Bu (3.73 mL of 1 M in THF, 3.73 mmol) dropwise. After stirring this 

mixture for 30 min., 35b (976 mg, 3.73 mmol) was added.  The resulting mixture was stirred at 0 

°C for 30 min.  The reaction mixture was partitioned between ethyl acetate (100 mL) and water 
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(100 mL).  The organic phase was separated, washed with water (1 x 100 mL) and brine (1 x 100 

mL), dried over sodium sulfate, concentrated to dryness, and purified by flash chromatography 

with a gradient elution of 0-40% EtOAc/Heptane to afford 47 (747 mg, 85%).  LCMS m/z 519 

[M + H]
+
;  

1
H NMR (400 MHz, DMSO-d6) δ ppm 8.07 (s, 1H), 7.40-7.45 (m, 2H), 7.25-7.33 (m, 

3H), 6.75 (s, 1H), 5.37 (s, 2H), 4.70 (s, 2H), 3.24 (t, J = 6.2 Hz, 2H), 2.71 (t, J = 6.2 Hz, 2H), 

2.35 (s, 3H), 2.30 (s, 3H). 

2-(2-Benzyloxy-4,6-dimethyl-pyridin-3-ylmethyl)-5,8-dichloro-7-[3-methyl-1-(tetrahydro-

pyran-2-yl)-1H-pyrazol-4-yl]-3,4-dihydro-2H-isoquinolin-1-one (48).  2-(2-Benzyloxy-4,6-

dimethyl-pyridin-3-ylmethyl)-7-bromo-5,8-dichloro-3,4-dihydro-2H-isoquinolin-1-one (47) (150 

mg, 0.29 mmol), 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (148 mg, 0.58 mmol), 

1,1’-bis(diphenylphosphino)ferrocene palladium dichloride (Pd(dppf)Cl2, 8 mg, 0.01 mmol), 

potassium acetate (85 mg, 0.87 mmol) and dioxane (1.9 mL) were sequentially added to a 

microwave vial.  The vial was sealed, degassed, purged with nitrogen and placed in a sand bath 

at 65 
o
C and warmed to 95 

o
C which gave an amber solution.  After two hours, LCMS gave a 

mixture of the aryl boronate ester and acid, and unreacted aryl bromide.  Thus, more catalyst (4 

mg, 0.005 mmol) and 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (38 mg) were 

added to the black reaction mixture.  After one hour, LCMS gave product and no starting 

material.  Next, the reaction was cooled to room temperature followed by the sequential addition 

of 4-bromo-5-methyl-1-(tetrahydro-pyran-2-yl)-1H-pyrazole (141 mg, 0.58 mmol), aq. Na2CO3 

(2  M, 0.72 mL, 1.45 mmol) and Pd(dppf)Cl2 (7 mg, 0.01 mmol).  The biphasic reaction mixture 

was placed in a sand bath at 95 
o
C.  After 2 h, LCMS gave the desired product and no boronic 

acid or boronate ester.  The reaction was cooled to room temperature and diluted with ethyl 

acetate.   The layers were separated and the aqueous layer was extracted with ethyl acetate.  The 
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combined organic layers were washed with water, brine, dried over MgSO4, and filtered through 

a silica plug which was eluted with 10% methanol-ethyl acetate.  The filtrate was concentrated 

under reduced pressure which gave a brown oil.  TLC (40% ethyl acetate-heptane) gave Rf 0.8, 

Rf 0.4 and Rf 0.0.  The crude product was purified over silica (2 mm chromatotron plate) which 

was eluted with 5-40% ethyl acetate-heptane and gave 48 as a colorless oil (27 mg, 15% 

yield).   TLC (40% ethyl acetate-heptane): Rf 0.4; LCMS m/z 606 [M +1]
+
; 

1
H NMR (400 MHz, 

CD3OD-d4) δ 7.83 (s, 1H), 7.47 (s, 1H), 7.42-7.45 (m, 2H), 7.24-7.31 (m, 3H), 6.74 (s, 1H), 5.45 

(s, 2H), 5.32-5.43 (dd, J = 2.2, 9.9 Hz, 1H), 4.86 (s, 2H), 4.06-4.09 (m, 1H), 3.73-3.78 (m, 1H), 

3.29 (t, J = 6.3 Hz, 2H), 2.79 (t, J = 6.2 Hz, 2H), 2.42 (s, 3H), 2.38 (s, 3H), 2.18 (s, 3H), 2.06 

(brs., 2H), 1.56-1.88 (m, 4H).  

 7-Amino-8-chloro-3,4-dihydroisoquinolin-1(2H)-one (49).  To a solution of commercially 

available 7-amino-3,4-dihydroisoquinolin-1(2H)-one (401 mg, 2.47 mmol) in DMF (10 mL) was 

added NCS (310 mg, 2.32 mmol) and the reaction was heated to 55 
o
C for 7 h.  The reaction was 

diluted with EtOAc and washed with water.  The water layer was extracted with EtOAc and the 

combined organic layers were concentrated and purified on reverse phase prep-HPLC to give 49 

(189 mg, 39%).  LCMS m/z 197 [M+H]
+
; 

1
H NMR (400 MHz, DMSO-d6) δ ppm 7.88 (brs., 1H), 

6.96 (d, J = 8.2 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 5.33 (s, 2H), 3.21 (dt, J = 3.8, 6.2 Hz, 2H), 

2.70 (t, J = 6.2 Hz, 2H). 

 2-((2-(Benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)-7-bromo-8-chloro-3,4-

dihydroisoquinolin-1(2H)-one (50).  Copper(I) bromide (282 mg, 1.97 mmol)  in acetonitrile 

(7.0 mL)  was stirred at 60 
o
C for 10 minutes.  To this was added isoamyl nitrite (84 mg, 0.72 

mmol) followed by 49 (129 mg, 0.656 mmol).  The reaction mixture was stirred at 60 
o
C for 1 

h.  The reaction was cooled to room temperature and stirred vigorously with saturated aq. NH4Cl 
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(10 mL) for 30 minutes.  The biphasic mixture was diluted with EtOAc and water, and the layers 

were separated.  The organic layer was washed with brine and concentrated.  The resulting oil 

was purified on silica gel (Biotage SNAP, HP-Sil, 10g, 40-90% EtOAc in DCM) to give 7-

bromo-3,4-dihydroisoquinolin-1(2H)-one (65 mg, 38%) as a yellow powder.  LCMS m/z 260, 

262 [M+H]
+
; 

1
H NMR (400 MHz, CDCl3-d) δ 7.70 (d, J = 8.3 Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 

6.07 (brs., 1H), 3.49 (td, J = 3.0, 5.93 Hz, 2H), 2.96 (t, J = 6.2 Hz, 2H).  To a solution 7-bromo-

3,4-dihydroisoquinolin-1(2H)-one (87.2 mg, 0.335 mmol) in  DMF (4.0 mL) at 0 
o
C was added 

potassium t-butoxide (0.40 mL of 1 M in THF, 0.40 mmol).  After 5 minutes, 35b (92.0 mg, 

0.351 mmol) was added in one portion and stirred at 0 
o
C for 0.5 h.  The reaction was quenched 

with AcOH (3 drops), diluted with MTBE and washed with water (2 x 10 mL).  The organic 

layer was concentrated and the resulting oil was purified on silica gel (Biotage SNAP, 10 g, 0-

25% EtOAc in heptane) to give 50 (126 mg, 78%) as a gum.  LCMS m/z 485, 487 [M+H]
+
; 

1
H 

NMR (400 MHz, CDCl3-d) δ ppm 7.63 (d, J = 8.1 Hz, 1H), 7.44-7.49 (m, 2H), 7.31-7.39 (m, 

3H), 6.90 (d, J = 8.1 Hz, 1H), 6.71 (s, 1H), 5.62 (s, 2H), 4.86 (s, 2H), 3.23-3.28 (m, 2H), 2.64 (t, 

J = 5.9 Hz, 2H), 2.56 (s, 3H), 2.41 (s, 3H). 

2-(((2-(Benzyloxy)-4,6-dimethylpyridin-3-yl)methyl)amino)ethan-1-ol (52).  To a suspension 

of 34b (6.4 g, 27 mmol) in methanol (100 mL) was added 2-aminoethanol (8.34 mL, 133 mmol).  

The reaction mixture was stirred at room temperature for 1 h and cooled to 0 °C.  Sodium 

cyanoborohydride (4.9 g, 66 mmol) was added in one portion and the reaction was slowly 

warmed to room temperature and stirred for 16 h.  The methanol was removed under vacuum 

then the residue was diluted with water (50 mL) and extracted with DCM (2 x 50 mL).  The 

combined organic extracts were dried over MgSO4, concentrated under vacuum and purified by 

column chromatography (100% EtOAc) to give 52 (4.2 g, 55%) as a pale yellow solid.  LCMS 
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m/z 287 [M + H]+; 
1
H NMR (400 MHz, DMSO-d6) δ ppm 7.46 (d, J = 7.1 Hz, 2H), 7.37 (t, J = 

7.3 Hz, 2 H), 7.26 - 7.33 (m, 1H), 6.68 (s, 1 H), 5.33 (s, 2H), 4.41 (t, J = 5.2 Hz, 1H), 3.69 (s, 

2H), 3.41 (q, J = 5.4 Hz, 2H), 3.32 (s, 1H), 2.52 - 2.57 (m, 2H), 2.31 (s, 3H), 2.28 (s, 3H). 

 

Determination of compound off-rates and residence time 

PRC2 4-complex (0.4 mg/mL; EZH2, SUZ12, EED, RbAp48) was incubated with 0.4 µM 

compound in 100 mM Tris pH 8.5, 4 mM DTT for 20 minutes. Measurement of compound 

dissociation was initiated by addition of 100-fold excess of a competing compound to prevent re-

binding. At the indicated time points, dissociated compound was separated from enzyme bound 

compound by transferring to a pre-equilibrated 0.5 mL Zeba desalting column (7K MWCO). 

Eluents containing the PRC2-compound complex were transferred into a 96-well plate, where 

1% formic acid was added to aid in the analysis by mass spectrometry.  Excess compound 32 

was used to compete off compound 31 and compound 1
46

, while excess 31 was used to compete 

off 32. 100% occupancy was determined by taking a sample prior to addition of the competitor 

compound, and 0% occupancy was determined by adding the excess competitor compound prior 

to the compound of interest and then transferring to the desalting column.  Compound 

quantification was carried out using a RapidFire 350 high-throughput solid phase extraction 

chromatography system coupled to an Agilent 6550 quadrupole-time of flight (Q-TOF) mass 

spectrometer.  Reaction mixture (42 µL) was injected onto an Agilent Graphite Type D cartridge 

in 0.1% TFA and eluted in 80% acetonitrile and 0.1% TFA.  The RapidFire settings were as 

follows: 600 ms (or until loop was full as detected via sip sensor) aspiration time, 3,000 ms load 

time, 6,000 ms elution time, 500 ms re-equilibration time, 1.5 mL/min flow rate for pump A, 

1.25 mL/min flow rate for pump B, and 1.25 mL/min flow rate for pump C.  
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After elution, samples were analyzed on an Agilent 6550 Q-TOF mass spectrometer with an 

Agilent Jet Stream source with ion funnel technology, set in positive ion mode. Mass 

spectrometry settings were as follows: 225 degree Celsius gas temperature, 17 L/min drying gas, 

50 psig nebulizer, 250 degree Celsius sheath gas temperature, 9 L/min sheath gas flow rate, 3500 

V capillary voltage, 1000 V nozzle voltage, 350 V fragmentor, 65 V skimmer, 750 V OCT 1 RF 

Vpp.  

Peaks were analyzed in RapidFire Integrator software by extracting ion chromatograms for the 

compounds using the following m/z values: 446.1033 m/z for compound 31, 527.3129 m/z for 

compound 1, and 412.1422 m/z for compound 32.  Integrated peak data was then converted into 

%occupancy using the 100% and 0% occupancy standards.  Finally, %occupancy data was fit to 

a one-phase exponential decay equation (Y=(Y0 - Plateau)*exp(-k*X) + Plateau) using Prism 6 

(GraphPad Software).  k approximates koff and residence time is calculated as 1/k. 

   

Cell culture   

Human B-cell non-Hodgkin lymphoma cell line Karpas-422 was obtained from Deutsche 

Sammlung von Mikroorganismen und Zellkulturen (DSMZ) in Germany, Cat. ACC-32. Cells 

were cultured in RPMI 1640 plus 10-20% (v/v) FBS and 1% Pen/Strep. 

 

H3K27Me3 ELISA Assay 

Karpas-422 cells were plated in complete cell culture medium (100 µL/well) in a 96-well clear, 

V bottom polystyrene cell culture plate (Costar, Cat 3894) at a density of 2,500 cells/well.  Cells 

were then incubated for 2 to 3 hours at 37 
o
C and 5% CO2.  Compound dilution plates were 

prepared in 96-well, clear U-bottom, polypropylene plates (Corning, Cat. 3365) in 100% DMSO 
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at 10 mM stock concentration in duplicate wells, using an 11-point serial dilution (1:3 dilutions).  

Compounds were further diluted in growth medium and 25 µL were added to each well of the 

cell plates using a Beckman FX liquid handling system such that the highest compound 

concentration tested was 50 µM final, with a 0.5% final DMSO concentration.  Plates were then 

incubated for 72 hours at 37 
o
C and 5% CO2.  At the end of the incubation period with 

compound, plates were centrifuged at 2000 rpm for 5 minutes at room temperature and medium 

was removed. Then, 100 µL acid extracted solution was added to each well.  Plates were shaken 

for 50 minutes at 4 
o
C to lyse cells and then 38 µL of neutralization buffer was added.  Plates 

were then frozen at -80
 o

C. The next day, plates were shaken at room temperature to thaw.  Cell 

lysates (50 µL/well) were then transferred to ELISA plates.  Plates were covered and incubated 

for 2.5 hours at room temperature, with constant slow speed shaking.  After incubation, plates 

were washed seven times (300 µL/well) with 1x Wash Buffer using a BioTek plate washer.  

Then 100 µL of Biotinylated Tri-methyl Histone H3K27 detection antibody was added to each 

well and incubated for 2 hours at room temperature with constant slow speed shaking. After 

incubation, plates were washed as described.  One hundred µL of HRP-linked antibody was 

added to each well and incubated for 60 minutes at room temperature with constant slow speed 

shaking. After incubation, plates were washed as described.  Finally, 100 µL of TMB substrate 

reagent was added to each well and incubated for 5 minutes at room temperature in the dark with 

slow shaking and 100 µL of Stop Solution was added to stop the reaction.  Plates were read on 

the PerkinElmer Envision plate reader using the 96-well with OD reading mode.  IC50 values 

were calculated using a four-parameter fit with GraphPad Prism or in house modified IDBS 

ActivityBase data analyzing package. 
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Cell growth inhibition assay 

Karpas-422 cells were plated in complete cell culture medium (100µL/well) in a 96-well clear, 

flat bottom polystyrene cell culture plate (Greiner, Cat. 655182) at a density of 2,000 cells/well. 

Cells were then incubated for 2 to 3 hours at 37 
o
C and 5% CO2. Compound dilution plates were 

prepared and compounds were further diluted in growth medium as described above.  Then, 25 

µL of the diluted compound was added to each well of the cell plates using a Beckman FX liquid 

handling system.  Plates were then incubated for 72 hours at 37 
o
C and 5% CO2.  At the end of 

the incubation period with compound, compounds were again diluted in growth medium and 30 

µL were added to each well of the cell plates using a Beckman FX liquid handling system.  

Plates were then incubated for 96 hours at 37 
o
C and 5% CO2.  At the end of the incubation 

period, plates were centrifuged at 2000 rpm for 5 minutes at room temperature and medium was 

removed.  Then 100 µL of fresh complete cell culture medium was added to each well. 

Compounds were once more diluted in growth medium and 25 µL were added to each well of the 

cell plates using a Beckman FX liquid handling system.  Plates were then incubated for 72 hours 

at 37 
o
C and 5% CO2.  After the incubation period, plates were centrifuged at 2000 rpm for 5 

minutes at room temperature and medium was removed.  Then 100 µL of fresh complete cell 

culture medium was added to each well.  Finally, rezasurin in PBS (1 mg/mL) was added to each 

well of the cell plate (15 µL/well).  The plates were incubated at 37 
o
C and 5% CO2 for 6 hours in 

the dark.  Plates were read on the PerkinElmer Envision plate reader using the 96-well with 

fluorescent reading mode at 530 nm excitation and 590 nm emissions.  IC50 values were 

calculated using a four-parameter fit with GraphPad Prism or in house modified IDBS 

ActivityBase data analyzing package. 
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Pharmacokinetics  

Microsomal Stability Studies 

Compounds (1 µM) were incubated at 37 °C for 45 min in a final volume of 200 µL of 

100 mM potassium phosphate buffer (pH 7.4) containing pooled liver microsomes (0.8 mg/ml 

protein) and 2 mM NADPH.  Reactions were initiated with the addition of NADPH following a 

10-min pre-incubation.  Aliquots of incubation samples were protein precipitated with cold 

methanol containing 0.1 µM buspirone (internal standard) and centrifuged, and supernatants 

were analyzed by LC-MS/MS.  All incubations were performed in triplicate.  In vitro intrinsic 

clearance (CLint) was calculated from half-life (t1/2) of the parent drug disappearance, which was 

determined by the slope (k) of log-linear regression analysis from the concentration versus time 

profiles, i.e., t1/2 = -ln(2)/k.   

 

Efficacy study in Karpas-422 Xenograft model 

Animals.  Female Scid beige mice (6-8 weeks old) were obtained from Charles River.  Animals 

were maintained under clean room conditions in sterile filter top cages with Alpha-Dri bedding 

and housed on high efficiency particulate air–filtered ventilated racks.  Animals received sterile 

rodent chow and water ad libitum.  All of the procedures were conducted in accordance with the 

Institute for Laboratory Animal Research Guide for the Care and Use of Laboratory Animals and 

with Pfizer Animal Care and Use Committee guidelines. 

To generate subcutaneous xenograft model, Karpas-422 cells (5 million cells/animal) in 

100 µL medium were mixed with equal volume of Matrigel and implanted in the flank of female 

SCID beige mice. When tumors reached the average size of 200 mm
3
, tumor-bearing animals 

were randomized into treatment groups: vehicle, compound 31 at 200 mg/kg and 300 mg/kg. 
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Compound 25 was formulated in 0.5% NaCMC and 0.1% Tween 80, at final pH 4.5. All 

treatments were given BID for 20 days, and tumor volume was calculated based on two-

dimensional measurement every 3-5 days throughout the study. A subset of the tumors and 

plasma were harvested on day 11 and day 20 (1 and 4 h post treatment) for ex vivo PD 

biomarker analysis (methods in supplementary material). Additionally, plasma samples were 

collected at 0.5, 2, 4, 6, 8 and 24 h post treatment on day 20. After the final dosing on day 20, the 

remaining tumor bearing animals that were not terminated for PD purpose were continuously 

monitored for additional 3 weeks (for additional 50 days following cessation of treatment). 
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Supporting Information 

 Enzymatic assay, biology experimental details, computational method, ITC method, and 

compound analytical data are provided.  This material is available free of charge via the internet 

at http://pubs.acs.org. 
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HOAc: acetic acid; EtOAc, ethyl acetate; RuPhos, 2-dicyclohexylphosphino-2,6-

diisopropoxybiphenyl; TfOH, trifluoromethanesulfonic acid; DIEA, diisopropyl ethyl amine; 

CEREP, Eurofins Cerep SA. 
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Figure 1.  Literature reported EZH2 inhibitors 
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Figure 2.  A carboxyamide library contains dimethylpyridone moiety 
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Table 1. Structure activity relationship of R
1
 and R

2
 substituents 

 

Compound# R
1
 R

2
 Bio WT IC50 (µM)

a
 logD

b
 LipE  

(Bio WT) 

6 CH3 OCH3 5.7  1.5 3.7 

7  CH3 H >200 1.4  

8 H OCH3 >150 1.7  

9 CH3 OCH2CH3 2.0  2.1 3.6 

10  CH3 OCH(CH3)2 1.4  2.1 3.8 

11 F OCH3 >150  1.4  

12 OCH3 OCH3 >140 1.7  

13 OH OCH3 44  1.9 2.5 

14  Cl OCH3 7.2  1.2 4.0 

  15 Cl OCH(CH3)2 1.3  2.0 3.9 

avalues were determined from 11-point dose response curves in duplicate.  All compounds were tested in at least two independent 

experiments with most compounds being tested three or four times, some more than four times.  The values shown are geometric 

means of the replicates.  In most cases, all individual replicates are within 2-fold of each other 
blogD was measured at pH 7.4. 
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Figure 3. Distribution of the observed relative fractions of the CCC=O torsion angle in the 

CSD database for various R
1
 substituted Benzamides 

O NH

R

R1

R1 = H,F,Cl,Me,OMe,OH
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Table 2.  Cyclization of benzamide 14 to form 7-membered ring and 6-membered ring 

lactam (11-13) 

 

Compound no. Bio WT IC50 

(µM)
a
 

HLM Cl 

(µL/min/mg) 

logD
b
 LipE  

(Bio WT) 

14 7.2  8 1.2 4.0 

16  0.15  82 1.7 5.2 

17 0.65  40 1.3 4.9 

18 0.35  35 1.8 4.7 

19 0.13  37 2.2 4.7 

20 0.041  53 2.7 4.7 
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21 0.16  102 2.9 3.9 

22 8.1 19 2.5 2.6 

avalues were determined from 11-point dose response curves in duplicate.  All compounds were tested in at least two independent 

experiments with most compounds being tested three or four times, some more than four times.  The values shown are geometric 

means of the replicates.  In most cases, all individual replicates are within 2-fold of each other 
blogD was measured at pH 7.4. 

 

 

 

 

Table 3. Isothermal titration calorimetry results for compounds 10 and 21  

Compound# n Kd (nM) ∆G  

(kcal mol
-1) 

∆H  

(kcal mol
-1) 

-T∆S  

(kcal mol
-1) 

10 0.73 ± 0.10 

 

252 ± 36 

 

-8.85 -7.30 ± 0.54 

 

-1.55 

 

21 0.81 ± 0.05 

 

37.4 ± 4.8 

 

-9.96 -6.06 ± 0.38 

 

-3.90 

 
Equilibrium dissociation constant (Kd), binding stoichiometry (n), and enthalpy change (∆H) were measured by ITC.  

Free energy change (∆G) and entropy change (∆S) were calculated from the Kd and ∆H at 20 oC.  

Standard deviations were determined from triplicate experiments. 
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Figure 4.  Molecular pair comparison of potency and LipE for lactam analogs vs. 

benzamide analogs 
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Table 4. Structure activity relationship of R
2
 and R

4
 substituents 

                                                     

Compound# R
2
 R

4
 WT 

IC50 

(nM)
a
 

Y641N 

IC50 

(nM)
a
 

logD
b
 H3K27me3 

IC50 (nM) 

Proliferation 

IC50 (nM) 

20 

 

H 41 

 

160  2.7 1187 1155 

23 

 

H 28 

 

110 

 

1.5 796 512 

24 
 

 

F 56 

 

260 

 

2.1 994 1026 

25 

 

CH3 18 

 

61 

 

2.1 290 406 

26 

 

Cl 5.6 

 

18 

 

2.5 170 155 

27 

 

Cl 51  270  3.0 1726 1580 
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28 

 

Cl 24 110  3.1 873 1336 

29 

 

Cl 16 

 

82 

 

3.4 502 959 

30 
 

 

Cl 1500 

 

6000  3.4 15308 12757 

31 

 

Cl 0.7* 

 

3.0* 3.1 15 25 

32 

 

H 3.2 

2.0*  

8.8 

6.3*  

2.6 105 121 

avalues were determined from 11-point dose response curves in duplicate.  All compounds were tested in at least two independent 

experiments with most compounds being tested three or four times, some more than four times.  The values shown are geometric 

means of the replicates.  In most cases, all individual replicates are within 2-fold of each other 

*Ki value was determined using the method described in the supplementary material.  IC50 values for compound 31 could not be 

accurately determined under the assay conditions due to the high potency of the compound. 
blogD was measured at pH 7.4. 
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Figure 5. LipE comparison for compounds 6, 9, 10, 13, 14-32
a
 

 

acompounds 7, 8, 11, 12 are not shown in the spotfire plot due to week potency in Y641N biochemical assay. 
diamond shape: benzamide 
circle shape: 6-membered lactam 

star shape: 7-membered lactam 
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Table 5. In vitro ADME and physical properties for selective EZH2 inhibitors 

Compound# 

Microsomal stability 

((((µµµµL/min/mg) 

RRCK 

permeability 

(X10
-6

/sec) 

MDCK/MDR1 

permeability 

(X10
-6

/sec) 

Solubility 

(µµµµM) 

human mouse AB BA/AB 

20 53.8 ND 19.6 7.9 2.2 19.6 

23 21 31 12.3 1.7 8.6 510 

26  21 163 14.7 4.5 4.7 26 

31 107 531 15.7 5.2 4.6 93.5 
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Figure 6. Mouse free
a
 plasma exposure for compound 31 relative to cellular IC90/IC50 value 

 
aMouse plasma protein binding: 15% 

 red solid line and blue dotted line indicated in vitro IC90 and IC50 values, respectively, from cellular readout 
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Figure 7. Compound 31 inhibits tumor growth and induces robust modulation of 

downstream biomarkers in a Karpas-422 in vivo model. 

A.                                                                         B. 

                                               

C.       D. 

                                 

A) Tumor growth inhibition in a subcutaneous Karpas-422 xenograft model. Mice were treated with Compound 31 at 200mpk 

and 300mpk BID for 20 days. Tumor growth was monitored for several weeks following cessation of dosing. B) Average body 

weight measurements during the duration of compound treatment. C) Measurement of golbal H3K27Me3 levels in Karpas-422 

tumors harvested on day 20. D) Expression of PRC2 target genes, PRDM1/TNFRSF21, following 20 days of treatment with 

compound 31. 
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