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Graphical Abstract
Structural Optimization of Aminopyrimidine-Based CXCR4 Antagonists
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Guided by molecular docking, the reported optimization identifies a number of compounds with
improved receptor binding affinity and functional activity exemplified by compound 23 (inhibition of
APC-conjugate clone 12G5 for CXCR4 binding in a cell based assay: I1Csy = 8.8 nM; inhibition of
CXCL12 induced cytosolic calcium increase: 1Csp = 0.02 nM). In addition, 23 potently inhibits
CXCR4/CXLC12 mediated chemotaxis in a matrigel invasion assay, exhibits good physicochemical

properties and in vitro safety profiles.
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Abstract: Structural optimization of aminopyrimidine-baseXX@R4 antagonists is reported. The
optimization is guided by molecular docking studi@sed on available CXCR4-small molecule crystal
complex. The optimization identifies a number ofmpmunds with improved receptor binding affinity
and functional activity exemplified by compou28 (inhibition of APC-conjugate clone 12G5 for
CXCR4 binding in a cell based assayid€ 8.8 nM; inhibition of CXCL12 induced cytosoli@lcium
increase: 1 = 0.02 nM). In addition, compoun&3 potently inhibits CXCR4/CXLC12 mediated
chemotaxis in a matrigel invasion assay. Furtheemoompound23 exhibits good physicochemical
properties (MW 367, clogP 2.1, PSA 48, pKa 7.2) amditro safety profiles (marginal/moderate
inhibition of CYP isozymes and hERG). These restdfgresent significant improvement over the
initial hit from scaffold hybridization and suggdbkait compoun@3 can be used as a starting point to
support lead optimization.
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Abbreviations: APC, allophycocyanin; CCD, charge coupled devicEuTC, copper(l)
thiophene-2-carboxylate; CYP, cytochrome P450; DCEL,2-dichloroethane; DIPEA,
N,N-diisopropylethylamine; DMEM, Dulbecco's modifiedhgde medium; DMPK, drug metabolism
and pharmacokinetics; DMSO, dimethyl sulfoxide; CEBDulbecco's phosphate buffered saline;
EMCCD, electron-multiplying CCD; FACS, fluorescermetivated cell sorter; FBS, fetal bovine serum;
FLIPR, fluorescent imaging plate reader; GPCR, @&gin-coupled receptor; HBSS, Hank's balanced
salt solution; HEPES, 4-(2-hydroxyethyl)-1-piperegthanesulfonic acid; hERG, human
ether-a-go-go-related gene; HI-FBS, heat inacto/&BS; HIV, human immunodeficiency virus; HLM,
human liver microsomes; ICCD, intensified CCD; LDidw dead volume microplate; LE, ligand
efficiency; LLE, ligand lipophilic efficiency; MEF, mouse embryonic fibroblasts; PFA,
paraformaldehyde; PK, pharmacokinetics; RLM, raedi microsomes; rt, room temperature; SAR,
structure-activity-relationship; SDF-1, stromallaggrived factor-1; SEM, standard error measurement
SP, standard precision; THQ, tetrahydroquinolin€, Tetrahydroisoquinoline; XP, extra precision.



1. Introduction

Chemokine CXCL12 (also known as stromal cell-detifactor-1, or SDF-1) and its receptor
CXCR4 regulate various cellular processes includimgmotaxis, survival, and proliferation [1].
CXCR4 was first identified as a coreceptor forwelt entry by T cell-tropic (X4) HIV-1 virus [2]. &\a
result, the majority of early research on CXCR4agnnists focused on anti-HIV application. Small
molecule CXCR4 antagonists, exemplified by AMD3180) AMD11070 [4, 5], IT1t [6], MSX-122
[7], KRH3955 [8], and TIQ15 [9] (Figure 1), have dre disclosed in the literature. AMD3100
(plerixafor, Figure 1) was originally developed a® anti-HIV treatment, but its poor oral
bioavailability and dose-limiting toxicity prevemtdts further development for this chronic disease.
Surprisingly, AMD3100 was found to be a potent aganmobilizing stem cells in human and was
subsequently approved by the FDA for the treatm@nnhon-Hodgkin's lymphoma and multiple
myeloma patients with hematopoietic stem cell tptargtation [3]. More recently, CXCR4 was
reported to play important roles in modulating eanmicroenvironment by trafficking of key immune
cells including T-cells, dendritic cells (DC), amdyeloid derived suppressor cells (MDSC) into the
tumor tissue [10]. Since majority of the immunelselere immunosuppressive (e.g., Treg, MDSC),
CXCR4 was suggested to be an important culpritvias®n of immune surveillance. The clinical
application of CXCR4 antagonist AMD3100 in oncolpgpmbined with the emerging evidence of
CXCR4 in modulating immune cells at the tumor m@&@reironment [11, 12], prompted a significant
resurgent effort to discover the next generatiorCB®4 antagonists.

As the first and only small molecule CXCR4 antagbrin the market place, AMD3100 is an
injectable agent for short-term usage. Since autnirme/inflammatory diseases, cancer, and HIV
infection are chronic diseases, CXCR4 antagonisticlw are intended to be used for the
aforementioned indications are expected to be adtrated orally and safe for long-term use.
Following this theme, AMD11070 was developed witproved oral bioavailability and safety [4].
AMD11070 progressed to clinical testing despitevihg moderate CYP450 (2D6, 3A4) inhibition
[13]. Other small molecule CXCR4 antagonists arpriclinical or early clinical development [14-17].
Here we wish to report our efforts toward to theedlepment of CXCR4 antagonists which are novel,
highly potent with improvedn vitro safety profiles. Our ultimate goal is to obtain CX4 antagonists
with good pharmacokinetic properties to supportl d@sing regimen for the treatment of chronic
diseases.

2. Design

Most CXCR4 antagonistsontain highly basic centers. Since highly basitcfional groups often
lead to poor permeability, hERG/CYP inhibition gpldbspholipidosis [18], we set our goal to reduce
basicity in our designed compounds. We previouslized a scaffold hybridization strategy to obtain
series of CXCR4 antagonists, exemplified by compoén(Figure 2c¢) [13]. Compouné possesses
good physicochemical properties (MW 353, clogP DRa 6.7) and exhibits weak inhibition of
hERG/CYP (racemi@, hERG > 30 uM, CYP inhibition at 10 pM: 3A4, 9%D& 3%). In addition,
compoundA inhibits binding of APC-conjugate clone 12G5 to ©RX4 in a cell based assay £G 88
nM) and inhibits CXCL12 induced cytosolic calciunciease (Ig = 0.73 nM) [13]. Here we report
the structural optimization based on the prototgidc

Molecular docking study was performed to guide optimization efforts. SpecificallyA was



docked into the binding pocket of CXCR4 (PDB ID: 30 [19] from RCSB Protein Data Bank [20])
using standard precision (SP) and extra precisid?) (modes inGlide docking of Schrodinger 9.0
software [21]. The detaileGlide docking procedures were described in the previtudies [22-24].
The computational results demonstrated tAathad good predicted binding affinity for CXCR4
(docking score = -7.12 kcal/mol). Subsequently,ihreling poses predicted I63lide docking and the
antagonist-residues interaction spectra were dgpiahd analyzed. As shown in Figures 2a andA2b,
had tight interactions with three favorable resglireluding Glu32, Trp94 and His113. In additiore w
found that the pyrimidine functional group Afwas in close proximity to residues Leu4l and Tyr45
The residues within 5 A of compourdin the binding pocket of CXCR4 were selected aatubled
(Figure 2a). Besides residues Leu4l and Tyr45 raottsdues, including His281, Ser285 and Glu288,
were also in close range &. We hypothesized that substitutions on the pyiingidring can be
optimized to form additional favorable interactioffsydrogen bond, electrostatic, or hydrophobic
interactions) with these nearby residues (Leud4TA43yHis281, Ser285 and Glu288) to improve
antagonistic activity of candidate compounds. Basaedthese observation and assessment, we
formulated chemical modification/optimization plas outlined in Figure 2c.

3. Chemistry

The general synthetic route used to prepare congsdlsi8 was outlined in Scheme 1. Es&
[25] was reacted with 2-methyl-2-thiopseudoureafase] followed by substitution witiN-methyl
piperazine to give intermediatdl. Oxidation of 41 with Oxone and then substitution with
corresponding alcohols or amines afforded interatedi44a-k. Direct coupling of 41 with
phenylboronic acid or 1-methylHtpyrazol-4-ylboronic acid in the presence of Pd@fand CuTC
provided intermediate44p and44q, respectively44l-o and44r were prepared from est88 in two
steps as described for intermedidfie Compoundsl-18 were synthesized by deprotection of acetals
44a-r, followed by reductive amination with racemNemethyl-5,6,7,8-tetrahydroquinolin-8-amine [13]
(Sisomer was used in the case of compolid

The synthesis of compound8, 20, and23-28 was performed as shown in Scheme 2. Cyclization
of ester 46 with acetamidine, followed by chlorination with BQ furnished intermediatel8.
Treatment of49 [13] with ethylamine or cyclopropylmethylamine gave aesiBOa and 50b, which
were then alkylated with intermediad8 and subsequently substituted Mymethyl piperazine to yield
compoundsl9 and20, respectively. Reaction o8)\-N-methyl-5,6,7,8-tetrahydroquinolin-8-aming2j
[26] with 48 produced intermediatg3. The synthesis of compound8-28 was achieved in 1-3 steps
by reactings3 with diverse amines.

Compound21 was prepared as described in Scheme 3. Claiserensation of esteb4 afforded
ketoestes5. Cyclization of55 with acetamidine, followed by substitution withmethyl piperazine in
the presence of PyBOP gave intermediafe Treatment of57 with methylamine under thermal
conditions [27] led to amin®8, which was reacted with chlorid® in i-PrOH to yield compoungl.

The synthesis of compour2? was performed as shown in Scheme 4. Cyclizatio®%fvith
acetamidine, followed by substitution witN-Boc-piperazine in the presence of PyBOP gave
intermediate6l. Treatment of61 with trichloroisocyanuric acid afforded chlorid®, which was
substituted with (£)N-methyl-5,6,7,8-tetrahydroquinolin-8-amine to pwiintermediaté3. De-Boc
protection of63, followed by reductive alkylation with formaldehg/ded to compoung?2.



4. Resultsand discussion

4.1. Structure-Activity-Relationship of synthesized compounds

We used a cell based competitive binding assaywatuate the binding affinity of compound to
CXCR4 receptor. The detailed description of assaxebpment and validation had been reported [13].
Briefly, CXCR4 expressing HPB-ALL cells were inctibd with APC-conjugate clone 12G5 antibody
and testing compound. The inhibition of APC-conjegalone 12G5 antibody signal with different
concentrations of compound provided inhibition eurand readout of K5 At the early stage of
structural optimization, we did not synthesize ¢éimantiomerically pure compounds associated with the
chiral center on the tetrahydroquinoline (THQ) rivge reasoned that once more potent compounds
were identified, we can synthesize the chirallyep@®-stereoisomer. As shown in Table 1, when the
hydrogen was substituted by a methoxy group gntt® binding affinity was improvedL( 25 nM).
Increasing the size of the substitution was detnialefor binding affinity 2 and3, 78 and 151 nM,
respectively). Substitution of methoxy to amino mtained binding affinity 4, 23 nM). Consistently,
larger substitutions were detrimental for bindirgpecially for the secondary amines (compounds
5-11). When methyl group was installed on the position, more than four folds of binding
improvement was achieved compared to compdurfdi2 andA, 12 and 54 nM, respectively). Again,
decrease of binding affinity was observed when gize of the substitution increased (compounds
13-17). Lastly, a strong electronwithdrawing trifluorothgl led to decrease of binding affinity.

In order to examine the observed differences irdibip activity, the two most potent CXCR4
antagonists, compoundsand 12 were docked into the binding site of CXCR4 (PDB 8®DU) using
the XP mode irnGlide docking. The computational results demonstrated ¢ompounds} (docking
score = -8.26 kcal/mol) ant? (docking score = -8.91 kcal/motan form additional interactions with
the five nearby residues in the binding site of @®4Cas expected (Figure 3) and reserved the tight
interactions with the Glu32, Trp94 and His113 ras&las identified in compourd The amine group
in the R position of compound can form hydrogen bonds with residues Ser285 an@8&8l (Figure
3b) and the methyl group in the Rosition of compound?2 can interact with residue Leu4l (alkyl
hydrophobic interaction, Figure 3c). Based on thasdings, we found that chemical modifications
after rational drug design using molecular dockinthe R position of the pyrimidine on compourd
are reasonably reliable.

Having established methyl as the best tentativesttubon on R, we decided to explore
modifications on Rand R positions. Moderate increase of size gnaRs well tolerated, but provided
no significant improvement on binding affinit§y and 20, 17 and 51 nM, respectively). Similarly,
small substitutions on Rled to slight decrease in binding affinitgl( and 22, 12 and 33 nM,
respectively). Overall, the structure-activity datas consistent with the molecular docking study, a
all positions modified thus far were in the helicakity which may not tolerate big structural chang

We next focused on exploration of.FSince R is solvent-exposed according to our docking study,
we expect more tolerance to structure diversity. tlhis stage, we had identified the preferred
substitutions on R R,, and R, and the best compounds showed binding affinitypwatnM range. We
therefore decided to synthesize the chirally p@esterecisomers. In agreement with literature repor
and our own data [4, 13], th&){stereocisomel3 (8.8 nM) was more potent than the racedfiq(12
nM). As shown inTable 2, increasing the size of capping group an tdrminal nitrogen of the
piperazine led to decrease of binding affinity %6@R4 (compound?4-26). Addition of methyl group



to the piperazine was well tolerated, resulting@mpounds with equal or slightly decreased affinity
compared with compoun2B (compound<7-31). Ring closure to form a bicyclic system did netgh

to improve binding affinity 2 and 33). Extension of the nitrogen out of the piperaziivg and
addition of an extra nitrogen both led to decreddginding affinity 34 and35). Open chain analogues
with different linker length were well tolerate®6( and 37) but removal of the basic nitrogen
completely abolished binding3§, > 10,000 nM). In summary, jJ/ould tolerate diverse functional
groups with different size, rigidity, stereoisonterconfiguration. However, the most important
pharmacological element remained to be the basiogan.

Collectively, optimization on R R;, Rs, and R led to numerous compounds with improved
binding affinity (e.g., compound®3, 29, 31, and 33, 8.8, 8.3, 8.3, and 18 nM, respectively). We
carefully controlled key physicochemical propertiesa favorable range (e.g., clogP 2-3; pKa 6-8)
throughout the structural modification. Compoundghwnoderate clogP and pKa are less likely to
encounter safety issues (CYP/hERG inhibition) aray fthave better chance to be progressed further
[18, 28]. Since compound8, 29, 31, and33 were similar in structure and showed comparabidibg
affinity, we decided to use LE (ligand efficien@nd LLE (ligand lipophilic efficiency) as stratiiion
criterion to choose a compound for further prootohcept evaluation. Compoui28 had the lowest
molecular weight/lipophilicity and was therefordesged as the prototypical compound for functional
testing.

4.2. Functional evaluation of lead compound 23

One of the hallmarks of CXCR4 activation by CXCLE2the transient increase of cytosolic
calcium concentration. Inhibition of the CXCL12-imgkd calcium signal can be used to evaluate
functional activity of CXCR4 antagonists. The cafoi mobilization assay can be efficiently performed
by FLIPR Tetra system [29]. Since compo@&ldemonstrated high binding affinity to CXCR4 in the
12G5 competitive binding assay, we tested comp@anibr its functional activity in the FLIPR Tetra
based calcium mobilization assay. The detailed mxm@atal procedure was reported previously [13].

Compound23 proved to be a potent functional CXCR4 antago(iiSt, = 0.02 nM) while the
positive control AMD3100 was much less potents(l& 6 nM) under the same assay conditions
(Figure 4a). We further assessed the preliminangtfanal activities/specificities of compour28 by
testing it in CXCR1 (within the CXCR sub-family) @riCCR6 (outside of the CXCR sub-family)
functional assays. Compou2@ proved to be inactive up to 10,000 nM (Figure éjo,Compound3
binds with CXCR4 with high affinity (I = 8.8 nM in the 12G5 competitive binding assaydl an
inhibits CXCR4 function with excellent potency (4= 0.02 nM in the FLIPR Tetra based calcium
mobilization assay). The divergence of the bindamgl functional data might reflect the interaction
mechanism of compourzB with CXCR4 receptor. It is possible that compo@Bdabolishes CXCL12
induced calcium flux (D97, E288 mediated) moreoidiitly than it blocks engagement of 12G5 with
CXCR4 (ECL-2 mediated) [30]. However, crystal/migaal data are needed to draw conclusion.

We next investigated compourg8 in the matrigel invasion assay to evaluate itgbitibn of
CXCL12/CXCR4 mediated chemotaxis. MDA-MB-231 celidich naturally express CXCR4 and
compound?3 (100 nM) were added to the upper chamber. Huma@Il(® (200 ng/mL) was added to
the lower chamber. The inhibition of cell invasiwith compound®3 and AMD3100 was calculated by
comparing to the cell invasion without treatmeng(ffe 5a, b). In agreement with the 12G5 binding
and the calcium mobilization data, compouw8lexhibited superior potency in the matrigel invasio



assay than AMD3100. Since compounds with genedallae toxicity can impede cell mobility, we
further investigated the potential cytotoxicity exff of compound3 using the cell viability assay
(ATP-based Cell Titer-Glo Luminescent Cell Viahjliassay). As shown in Figure 5c, compo2fi
did not inhibit the proliferation of multiple humaend murine cells, including MDA-MB-231 and
mouse embryonic fibroblasts (MEF), at concentratiop to 1000 nM.

4.3. Preliminary in vitro safety evaluation of lead compound

Based on its excellenh vitro pharmacological properties, we decided to evalaatapound23
for its in vitro safety profiles. As shown in Tab8 compound?3 displayed moderate inhibition of
CYP3A4 and 2D6 at 1AM concentration (48% and 57%, respectively), sintifathese of AMD11070
(60% and 64%, respectively) [13]. In order to assi&s potential cardiotoxicity, compour8 was
tested in a standard patch clamp (express) expetifoe its inhibition of the human ether-a-go-go
related gene (hERG) potassium channel. Again, comp@3 displayed moderate inhibition (4¢= 8
uM) of hERG (positive control: cisapride, 0.Q®81). Although thein vitro safety window seemed to be
reasonable for hERG (1000 folds based on bindiffigitgf over 100,000 folds based on calcium
mobilization), the inhibition potency of 8M remained a safety concern. On the other handt onfos
the published CXCR4 antagonists displayed poor ederate pharmacokinetic profiles [6, 8, 9, 31],
including low G, Wwhich suggested better tolerance for hERG inioibit Nevertheless, future
optimization must consider a balanced CXCR4 potesmoy safety/PK profiles. Compour8 was
found to be highly permeable (27 x%@m/s) with low efflux ratio when measured in a 6&c
permeability assay (Table 3). In addition, compo@8dlisplayed moderate plasma protein binding in
mouse and rat (89% and 82%, respectively) but pighma protein binding in human (99%). Lastly,
compound23 was quickly metabolized in rat liver microsomeal{le 3).

5. Conclusion

Guided by molecular docking studies based on asail&@ XCR4-small molecule crystal complex,
the current optimization identifies a number of gmunds with improved receptor binding affinity and
functional activity exemplified by compourg3 (inhibition of APC-conjugate clone 12G5 for CXCR4
binding in a cell based assay:4G 8.8 nM; inhibition of CXCL12 induced cytosolialcium increase:
IC50 = 0.02 nM). In addition, compour#28 potently inhibits CXCR4/CXLC12 mediated chemotaris
a matrigel invasion assay. Furthermore, compdhexhibits good physicochemical properties (MW
367, clogP 2.1, PSA 48, pKa 7.2) ammdvitro safety profiles (marginal/moderate inhibition oY
isozymes and hERG). However, the metabolic stghilifiver microsomes is suboptimal and needs to
be optimized. While this work was in progress, weaintered a report from Emory University in
which they presented metabolic data on their tgttedisoquinoline (T1Q) series of compounds [32].
They showed hydroxylation on the THQ moiety in n®uliser microsomes was the culprit for high
clearance. Blockade of the metabolic soft spothentHQ moiety shifted the metabolic liability taeth
TIQ moiety. Encouraged by their results, we argentty working on structural modification on the
THQ moiety on our scaffold and the results willreported in due course.

6. Experimental protocols

6.1. Chemistry



All reagents and solvents were used without angh&urpurification. Reactions were monitored by
thin-layer chromatography or by Agilent 1100 LC/MSBap SL version Mass Spectrometé. and
¥C NMR spectra were performed on Varian 400 MHz d¥0 6MHz spectrometers with
tetramethylsilane as an internal reference. HRM8&8lyais was recorded on an Agilent 6540 UHD
Accurate-Mass Q-TOF LC/MS.

6.1.1. 6-(Dimethoxymethyl)-2-(methylthio)pyrimidin-4-ol (40)

A mixture of39 (3.0 g, 17 mmol), 2-methyl-2-thiopseudourea sali@.5 g, 34 mmol) in100 mL
of H,O was added $CO;(10 g, 76 mmol). The mixture was stirred at roomgerature overnight and
acidified pH to 5 by AcOH. The solution was extesttwith dichloromethane (30 mL x 3). The
combined organic layer was dried over,8@, and concentrated. The residue was purified byasdiel
column chromatography (dichloromethane/methanoD6/1) to give the desired product (3.4 g, 92%)
as a white solid'H NMR (400 MHz, CDC})  12.79 (s, 1H), 6.46 (s, 1H), 5.06 (s, 1H), 3.3%(8),
2.60 (s, 3H). MS (ESI/APCI) m/z 216.9 [M+H]

6.1.2. 4-(Dimethoxymethyl)-6-(4-methyl piperazin-1-yl)-2-(methylthio)pyrimidine (41)

To a solution o#0 (3.4 g, 16 mmol), EN (16 g, 160 mmol) antl-methyl piperazine (4.0 g, 40
mmol) in 100 mL of MeCN was added PyBOP (9.0 g,mmol). The mixture was stirred at reflux
overnight. The reaction mixture was quenched watturated NaHC©aqueous solution (200 mL) and
extracted with dichloromethane (200 mL). The orgdayer was dried over N8O, and concentrated.
The residue was purified by silica gel column chatmgraphy (dichloromethane/methanol = 100/3) to
give the product (2.8 g, 59%) as a yellow 4i.NMR (400 MHz, CDC}) & 6.44 (s, 1H), 5.06 (s, 1H),
3.69 (s, 4H), 3.40 (s, 6H), 2.50 (s, 3H), 2.46J)(t 5.0 Hz, 4H), 2.34 (s, 3H). MS (ESI/APCI) m/z
298.8 [M+HT.

6.1.3. 4-(Dimethoxymethyl)-6-(4-methyl pi perazin-1-yl)-2-(methyl sulfonyl)pyrimidine (42)

To a solution oft1 (2.8 g, 9.4 mmol) in THF (90 mL) and,@ (4.5 mL) was added Oxone (6.7 g,
11 mmol) at room temperature. The mixture wasesdirat room temperature for 4 h. The reaction
mixture was quenched with saturated NaH@Queous solution (200 mL) and extracted with ethyl
acetate (200 mL). The organic layer was dried dvetySO, and concentrated to give the desired
product (2.4 g, crude) as a yellow oil, which wased directly in the next step without further
purification.'H NMR (400 MHz, CDC}) & 6.85 (s, 1H), 5.17 (s, 1H), 4.00-3.60 (m, 4H),23(4, 6H),
3.29 (s, 3H), 2.53-2.47 (m, 4H), 2.35 (s, 3H). NESI/APCI) m/z 330.8 [M+H],

6.1.4. General procedure for the synthesis of 43a-e

To a mixture of39 (1.7 mmol, 1.0 eq.), corresponding amidine (2.0 ég10 mL of HO was
added KCO;(4.5 eq.). The mixture was stirred at room tempeeabvernight and acidified pH to 5 by
AcOH. The solution was extracted with dichloromegh@30 mL * 3). The combined organic layer was
dried over NgSQO, and concentrated. The residue was purified bgasifiel column chromatography
(dichloromethane/methanol = 50/1) to give the @ssproduct.
6-(Dimethoxymethyl)-2-methyl pyrimidin-4-ol (43a)

Compound43a was obtained as a white solid (yield 35%6).NMR (400 MHz, CDC}) § 13.12 (s,
1H), 6.56 (s, 1H), 5.09 (s, 1H), 3.38 (s, 6H), 2(§13H). MS (ESI/APCI) m/z 185.0 [M+H]
6-(Dimethoxymethyl)-2-ethyl pyrimidin-4-ol (43b)

Compound43b was obtained as a colorless oil (yield 90%) NMR (400 MHz, CDC})) 6 6.57 (s,
1H), 5.10 (s, 1H), 3.39 (s, 6H), 2.75 (= 7.6 Hz, 2H), 1.35 (§J = 7.6 Hz, 3H). MS (ESI/APCI) m/z
198.9 [M+HT.
6-(Dimethoxymethyl)-2-isopropyl pyrimidin-4-ol (43c)



Compound43c was obtained as a white solid (yield 409%).NMR (400 MHz, CDC})  12.28 (s,
1H), 6.57 (s, 1H), 5.10 (s, 1H), 3.39 (s, 6H), 32033 (m, 1H), 1.34 (d] = 7.2 Hz, 6H).
2-Cyclopropyl-6-(dimethoxymethyl)pyrimidin-4-ol (43d)

Compound43d was obtained as a white solid (yield 48%).NMR (400 MHz, CDC}) 6 13.00 (s,
1H), 6.49 (s, 1H), 5.00 (s, 1H), 3.37 (s, 6H), 11987 (m, 1H), 1.28-1.22 (m, 2H), 1.17-1.03 (m, 2H)
MS (ESI/APCI) m/z 210.9 [M+H]
6-(Dimethoxymethyl)-2-(trifluoromethyl)pyrimidin-4-ol (43€)

Compound43e was obtained as a yellow solid (yield 36%).NMR (400 MHz, CDC}) § 6.99 (s,
1H), 5.22 (s, 1H), 3.42 (s, 6H). MS (ESI/APCI) r2@8.8 [M+HJ.

6.1.5. General procedure for the synthesis of 44a and 44b

To a solution o#2 (0.61 mmol, 1.0 eq.) in 5 mL of MeOH or EtOH waklad MeONa or EtONa
(5.0 eq.). The mixture was stirred at reflux ovghti The reaction mixture was quenched with
saturated NaHC@aqueous solution and extracted with dichloromegh3me organic layer was dried
over NaSO, and concentrated. The residue was purified byasiljel column chromatography
(dichloromethane/methanol = 100/1 to 100/3) to gheedesired product.
4-(Dimethoxymethyl)-2-methoxy-6-(4-methyl pi perazin-1-yl)pyrimidine (44a)

Compound44a was obtained as a yellow oil (yield 88%#) NMR (400 MHz, CDCJ) & 11.71 (s,
1H), 6.38 (s, 1H), 5.02 (s, 1H), 4.02 (s, 3H), 3(406H).
4-(Dimethoxymethyl)-2-ethoxy-6-(4-methyl pi perazin-1-yl)pyrimidine (44b)

Compound44b was obtained as a yellow oil (yield 89%j NMR (400 MHz, CDC}) § 6.42 (s,
1H), 5.04 (s, 1H), 4.35 (d,= 7.2 Hz, 2H), 3.68 (s, 4H), 3.40 (s, 6H), 2.45)(# 5.0 Hz, 4H), 2.32 (s,
3H), 1.38 (tJ = 7.0 Hz, 3H). MS (ESI/APCI) m/z 296.9 [M+H]

6.1.6. 4-(Dimethoxymethyl)-2-isopropoxy-6-(4-methyl piperazin-1-yl)pyrimidine (44c)

To a solution o#2 (240 mg, 0.73 mmol) in THF (5 mL) andPrOH (2 mL) was added NaH (60%
dispersion in mineral oil, 35 mg, 0.87 mmol). Th&ture was stirred at 80°C for 2 h. The reaction
mixture was quenched with saturated NaH@Queous solution and extracted with dichloromethan
The organic layer was dried over J8$8, and concentrated to give the product (220 mg, 9&%oa
yellow oil. '*H NMR (400 MHz, CDC}) & 6.39 (s, 1H), 5.28-5.18 (m, 1H), 5.03 (s, 1H),83(6, 4H),
3.41 (s, 6H), 2.45 (1] = 5.0 Hz, 4H), 2.33 (s, 3H), 1.35 @= 6.2 Hz, 6H). MS (ESI/APCI) m/z 310.9
[M+H]".

6.1.7. General procedure for the synthesis of 44d-k

A mixture of42 (1.4 mmol, 1.0 eq.) in 5 mL of corresponding anfiité (2 M) was stirred at
reflux overnight in a sealed tube. The reactiontomx was quenched with saturated NaH@Queous
solution and extracted with dichloromethane. Thegaoic layer was dried over b&0, and
concentrated. The residue was purified by silica | geolumn chromatography
(dichloromethane/methanol = 100/1 to 100/3) to gheedesired product.
4-(Dimethoxymethyl)-6-(4-methyl pi perazin-1-yl)pyrimidin-2-amine (44d)

Compound44d was obtained as a yellow oil (yield 62%{ NMR (400 MHz, CDC}) § 6.20 (s,
1H), 5.02 (s, 1H), 4.77 (s, 2H), 3.63 (s, 4H), 3(886H), 2.43 (tJ = 5.0 Hz, 4H), 2.32 (s, 3H). MS
(ESI/APCI) m/z 267.9 [M+H].
4-(Dimethoxymethyl)-N-methyl-6-(4-methyl piperazin-1-yl)pyrimidin-2-amine (44¢€)

Compound44e was obtained as a yellow oil (yield 97%) NMR (400 MHz, CDC}) § 6.12 (s,
1H), 5.01 (s, 1H), 3.67 (s, 4H), 3.39 (s, 6H), 2(84) = 5.2 Hz, 3H), 2.45 (i) = 5.2 Hz, 4H), 2.33 (s,
4H).



4-(Dimethoxymethyl)-N-ethyl -6-(4-methyl pi per azin-1-yl ) pyrimidin-2-amine (44f)

Compound44f was obtained as a yellow oil (yield 80%j NMR (400 MHz, CDC}) § 6.11 (s,
1H), 5.00 (s, 1H), 4.87 (s, 1H), 3.65 (s, 4H), 3%435 (m, 8H), 2.44 (1) = 5.0 Hz, 4H), 2.33 (s, 3H),
1.18 (t,J = 7.2 Hz, 3H).
4-(Dimethoxymethyl)-N-isopr opyl-6-(4-methyl piperazin-1-yl)pyrimidin-2-amine (44g)

Compound44g was obtained as a yellow oil (340 mg, crude). Thigerial was used directly in
the next step without further purificatiotd NMR (400 MHz, CDC}) 6 6.08 (s, 1H), 5.75 (br s, 1H),
5.03 (s, 1H), 4.12-3.98 (m, 1H), 3.67 (s, 4H), I886H), 2.46 (s, 4H), 2.32 (s, 3H), 1.19 Jd; 6.0
Hz, 6H). MS (ESI/APCI) m/z 309.9 [M+H]
4-(Dimethoxymethyl)-N,N-di methyl-6-(4-methyl pi perazin-1-yl) pyrimidin-2-amine (44h)

Compound44h was obtained as a yellow oil (yield 88%H NMR (400 MHz, CDC}) & 6.07 (s,
1H), 4.99 (s, 1H), 3.63 (s, 4H), 3.40 (s, 6H), 3436H), 2.44 (s, 4H), 2.32 (s, 3H).
2-((4-(Dimethoxymethyl)-6-(4-methyl pi perazin-1-yl)pyrimidin-2-yl)(methyl Jamino)ethan-1-ol (44i)

Compound44i was obtained as a yellow oil (yield 929 NMR (400 MHz, CDC}) & 6.11 (s,
1H), 5.00 (s, 1H), 3.84 (1 = 4.6 Hz, 2H), 3.71 (i) = 4.6 Hz, 2H), 3.68-3.60 (m, 4H), 3.38 (s, 6H),
3.17 (s, 3H), 2.44 (1 = 5.2 Hz, 4H), 2.32 (s, 3H). MS (ESI/APCI) m/z 32 V+H]".
4-(4-(Dimethoxymethyl)-6-(4-methyl piper azin-1-yl)pyrimidin-2-yl)mor pholine (44j)

Compound44j was obtained as a yellow oil (yield 89%H NMR (400 MHz, CDCJ) § 6.14 (s,
1H), 4.98 (s, 1H), 3.74 (s, 8H), 3.63 (s, 4H), 3(406H), 2.44 (tJ = 5.0 Hz, 4H), 2.32 (s, 3H).
4-(Dimethoxymethyl)-6-(4-methyl piperazin-1-yl)-2-(pyrrolidin-1-yl)pyrimidine (44Kk)

Compound44k was obtained as a yellow oil (yield 96%H NMR (400 MHz, CDC}) & 6.09 (s,
1H), 5.01 (s, 1H), 3.69-3.61 (m, 4H), 3.58-3.50 4H), 3.41 (s, 6H), 2.44 (§,= 5.0 Hz, 4H), 2.32 (s,
3H), 1.94-1.88 (m, 4H).

6.1.8. General procedure for the synthesis of 44p and 44q

A mixture of41 (1.0 mmol, 1.0 eq.), phenylboronic acid or 1-méthit-pyrazole-4-boronicacid
(2.0 eq.), copper(l) thiophene-2-carboxylate (26,eand Pd(PRJy (0.1 eq.) in 20 mL of THF was
stirred at 80°C for 12 h under,NThe resulting solution was evaporated to remowstrof THF. The
residue was purified by silica gel column chromaaphy (dichloromethane/methanol = 100/1.5) to
give the desired product.
4-(Dimethoxymethyl)-6-(4-methyl pi perazin- 1-yl)-2-phenyl pyrimidine (44p)

Compound44p was obtained as a colorless oil (yield 73%). NMR (400 MHz, CDC})) 5
8.49-8.28 (m, 2H), 7.44-7.43 (m, 3H), 6.70 (s, 15i1p4 (s, 1H), 3.81 (s, 4H), 3.46 (s, 6H), 2.5922.4
(m, 4H), 2.36 (s, 3H). MS (ESI/APCI) m/z 328.9[M+H]
4-(Dimethoxymethyl)-2-(1-methyl-1H-pyrazol-4-yl)-6-(4-methyl pi perazin-1-yl)pyrimidine (44q)

Compound44q was obtained as a colorless oil (yield 73%).NMR (400 MHz, CDC}) & 8.10 (s,
1H), 8.04 (s, 1H), 6.57 (s, 1H), 5.15 (s, 1H), 3(833H), 3.67-3.77 (m, 4H), 3.42 (s, 6H), 2.532(#,
4H), 2.34 (s, 3H). MS (ESI/APCI) m/z 332.9 [M+H]

6.1.9. General procedure for the synthesis of 441-o0 and 44r

To a solution o#3a/b/c/d/e (0.6 mmol, 1.0 eq.), Bl (6.0 eq.) andN-methyl piperazine (1.5 eq.)
in 10 mL of MeCN was added PyBOP (1.1 eq.). Thetunéx was stirred at reflux overnight. The
reaction mixture was quenched with saturated Nakl@Queous solution and extracted with
dichloromethane. The organic layer was dried ovesSy, and concentrated to give the desired
product, which was used directly in the next stéghaut further purification.
4-(Dimethoxymethyl)-2-methyl -6-(4-methyl piperazin-1-yl)pyrimidine (44l)

Compound44l was obtained as a yellow oil (140 mg, crude) NMR (400 MHz, CDC})) & 6.58
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(s, 1H), 5.13 (s, 1H), 3.71 (s, 4H), 3.39(s, 6H»2(s, 3H), 2.49 (s, 4H), 2.35 (s, 3H). MS (ESIAP
m/z 266.9 [M+H].
4-(Dimethoxymethyl)-2-ethyl-6-(4-methyl pi perazin-1-yl)pyrimidine (44m)

Compound44m was obtained as a yellow oil (460 mg, crude) NMR (400 MHz, CDC}) & 6.59
(s, 1H), 5.14 (s, 1H), 3.73 (s, 4H), 3.40 (s, 6M}8 (q,J = 7.6 Hz, 2H), 2.58-2.44 (m, 4H), 2.36 (s,
3H), 1.29 (tJ = 7.6 Hz, 3H). MS (ESI/APCI) m/z 280.9 [M+H]
4-(Dimethoxymethyl)-2-isopropyl-6-(4-methyl pi perazin-1-yl)pyrimidine (44n)

Compound44n was obtained as a brown oil (270 mg, crude)NMR (400 MHz, CDC}) § 6.57
(s, 1H), 5.13 (s, 1H), 3.71 (s, 4H), 3.40 (s, 68198-2.97 (m, 1H), 2.54-2.42 (m, 4H), 2.34 (s, 3H),
1.26 (d,J = 6.8 Hz, 6H). MS (ESI/APCI) m/z 294.9 [M+H]
2-Cyclopropyl-4-(dimethoxymethyl)-6-(4-methyl pi perazin-1-yl)pyrimidine (440)

Compound44o was obtained as a yellow oil (380 mg, crude) NMR (400 MHz, CDC}) 6 6.54
(s, 1H), 5.13 (s, 1H), 3.68 (s, 4H), 3.40 (s, 6M3K0 (s, 4H), 2.36 (s, 3H), 2.10 (s, 1H), 1.0624),
0.98-0.92 (m, 2H). MS (ESI/APCI) m/z 292.9 [M+H]
4-(Dimethoxymethyl)-6-(4-methyl pi perazin-1-yl)-2-(trifluoromethyl ) pyrimidine (44r)

Compound44r was obtained as a yellow oil (800 mg, crude) NMR (400 MHz, CDC}) 6 6.84
(s, 1H), 5.18 (s, 1H), 3.76 (s, 4H), 3.42 (s, 6B}0 (s, 4H), 2.35 (s, 3H). MS (ESI/APCI) m/z 320.8
[M+H]".

6.1.10. General procedure for the synthesis of 451-0 and 45r

A mixture of 44l/m/n/o/r (1.0 eq.) in 5 mL of 20% 450, was stirred at reflux overnight. The
reaction mixture was alkalified pH to 9 by satudatdaHCQ aqueous solution and extracted with
dichloromethane (30 mL). The organic layer was diriwer NaSO, and concentrated to give the
desired product.
2-Methyl-6-(4-methyl pi perazin-1-yl)pyrimidine-4-carbal dehyde (45I)

Compound45l was obtained as a yellow oil (yield 83%i{ NMR (400 MHz, CDC}) & 9.88 (s,
1H), 6.88 (s, 1H), 3.74 (s, 4H), 2.59 (s, 3H), 2#8 = 5.2 Hz, 4H), 2.34 (s, 3H).
2-Ethyl-6-(4-methyl piperazin-1-yl) pyrimidine-4-carbal dehyde (45m)

Compound45m was obtained as a brown oil (yield 26%). NMR (400 MHz, CDC}) & 9.89 (s,
1H), 6.88 (s, 1H), 3.75 (s, 4H), 2.84 (7 7.6 Hz, 2H), 2.53-2.43 (m, 4H), 2.34 (s, 3HB3AL(t,J =
7.4 Hz, 3H).
2-1sopropyl-6-(4-methyl pi perazin-1-yl) pyrimidine-4-carbal dehyde (45n)

Compound45n was obtained as a yellow solid (yield 37%).NMR (400 MHz, CDC}) & 9.89 (s,
1H), 6.87 (s, 1H), 3.75 (m, 4H), 3.16-2.98 (m, 1RiR3-2.44 (m, 4H), 2.34 (s, 3H), 1.30 {d5 7.2 Hz,
6H).
2-Cyclopropyl-6-(4-methyl piperazin-1-yl)pyrimidine-4-carbal dehyde (450)

Compound450 was obtained as a yellow solid (yield 91%). NMR (400 MHz, CDC}) & 9.86 (s,
1H), 6.83 (s, 1H), 3.69 (s, 4H), 2.50-2.41 (m, 4BR3 (s, 3H), 2.17-2.08 (m, 1H), 1.12-1.07 (m, 2H)
1.03-0.95 (m, 2H).
6-(4-Methyl pi perazin-1-yl)-2-(trifluoromethyl ) pyrimidine-4-carbal dehyde (45r)

Compound45r was obtained as a yellow solid (yield 80%). NMR (400 MHz, CDCJ) & 9.94 (s,
1H), 7.13 (s, 1H), 3.75 (s, 4H), 2.52 (s, 4H), 2A863H).

6.1.11. General procedure for the synthesis of 45a-k, 45p, and 45q

A mixture of 44a/b/c/d/e/f/g/h/ilj/k/p/q (1.3 mmol, 1.0 eq.) in 5 mL of 20%,80, was stirred at

reflux overnight. The reaction mixture was alka&dipH to 9 by saturated NaHg&yueous solution
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and extracted with dichloromethane (30 mL). Theaairg layer was dried over B8O, and
concentrated to give the desired product.
2-Methoxy-6-(4-methyl pi perazin-1-yl)pyrimidine-4-carbaldehyde (45a)

Compound45a was obtained as a yellow oil (yield 59%MH NMR (400 MHz, CDC}) & 9.80 (s,
1H), 6.74 (s, 1H), 3.98 (s, 4H), 3.72 (s, 3H), 2A464H), 2.32 (s, 3H).
2-Ethoxy-6-(4-methyl piperazin-1-yl)pyrimidine-4-carbal dehyde (45b)

Compound45b was obtained as a yellow solid (yield 80%). NMR (400 MHz, CDCJ) § 9.79 (s,
1H), 6.73 (s, 1H), 4.40 (d,= 7.2 Hz, 2H), 3.92-3.44 (m, 4H), 2.54-2.40 (m,)4R133 (s, 3H), 1.41 (t,
J=7.2 Hz, 3H). MS (ESI/APCI) m/z 282.9 [M+MeOH+H]
2-1sopropoxy-6-(4-methyl pi perazin-1-yl) pyrimidine-4-carbal dehyde (45c)

Compound45c was obtained as a yellow solid (yield 64%). NMR (400 MHz, CDC}) § 9.79 (s,
1H), 6.71 (s, 1H), 5.40-5.18 (m, 1H), 3.75 (s, 4MH6-2.48 (m, 4H), 2.36 (s, 3H), 1.38 {ds 6.0 Hz,
6H). MS (ESI/APCI) m/z 296.9 [M+MeOH-+H]
2-Amino-6-(4-methyl pi perazin-1-yl)pyrimidine-4-carbal dehyde (45d)

Compound45d was obtained as a yellow solid (yield 79%). NMR (400 MHz, CDCJ) § 9.73 (s,
1H), 6.52 (s, 1H), 5.35 (s, 2H), 3.69 (s, 4H), 2(474H), 2.34 (s, 3H). MS (ESI/APCI) m/z 221.9
[M+H] "
2-(Methylamino)-6-(4-methyl piperazin-1-yl)pyrimidine-4-car bal dehyde (45€)

Compound45e was obtained as a yellow solid (yield 82%). NMR (400 MHz, CDC}) § 9.74 (s,
1H), 6.45 (s, 1H), 3.69 (s, 4H), 2.98 (& 4.8 Hz, 3H), 2.47-2.43 (m, 4H), 2.33 (s, 3H).
2-(Ethylamino)-6-(4-methyl piperazin-1-yl)pyrimidine-4-carbal dehyde (45f)

Compound45f was obtained as a yellow solid (yield 91%).NMR (400 MHz, CDC}) 6 9.73 (s,
1H), 6.44 (s, 1H), 3.69 (s, 4H), 3.52-3.35 (m, 2446 (t,J= 5.2 Hz, 4H), 2.34 (s, 3H), 1.23 {t= 7.2
Hz, 4H).
2-(I1sopropylamino)-6-(4-methyl pi perazin-1-yl)pyrimidine-4-car bal dehyde(459)

Compound45g was obtained as a yellow solid (yield 83%).NMR (400 MHz, CDC}) 6 9.71 (s,
1H), 6.42 (s, 1H), 4.93 (s, 1H), 4.22-3.96 (m, 182 (s, 4H), 2.53 (s, 4H), 2.38 (s, 3H), 1.23)(d,
5.6 Hz, 6H). MS (ESI/APCI) m/z 263.9 [M+H]
2-(Dimethylamino)-6-(4-methyl pi perazin-1-yl)pyrimidine-4-carbal dehyde (45h)

Compound45h was obtained as a yellow solid (yield 65%).NMR (400 MHz, CDC}) § 9.76 (s,
1H), 6.39 (s, 1H), 3.68 (s, 4H), 3.18 (s, 6H), 2A454H), 2.33 (s, 3H).
2-((2-Hydroxyethyl)(methyl)amino)-6-(4-methyl piperazin-1-yl) pyrimidine-4-carbal dehyde (45i)

Compound45i was obtained as a yellow solid (yield 85%).NMR (400 MHz, CDC}) § 9.73 (s,
1H), 6.42 (s, 1H), 3.92-3.84 (m, 2H), 3.84-3.76 2id), 3.70 (s, 4H), 3.22 (s, 3H), 2.61 (s, 1H), 2.4
(s, 4H), 2.35 (s, 3H). MS (ESI/APCI) m/z 311.9 [MeRH+HT.
6-(4-Methyl pi perazin-1-yl)-2-mor pholinopyrimidine-4-carbaldehyde (45j)

Compound45j was obtained as a yellow solid (yield 75%).NMR (400 MHz, CDC}) 6 9.74 (s,
1H), 6.44 (s, 1H), 3.83-3.78 (m, 4H), 3.76-3.74 @H), 3.67-3.65 (m, 4H), 2.45 @,= 5.0 Hz, 4H),
2.33 (s, 3H).
6-(4-Methyl pi perazin-1-yl)-2-(pyrrolidin-1-yl)pyrimidine-4-carbal dehyde (45k)

Compound45k was obtained as a yellow solid (yield 99%).NMR (400 MHz, CDC}) § 9.77 (s,
1H), 6.40 (s, 1H), 3.67 (s, 4H), 3.58 (s, 4H), A444H), 2.33 (s, 3H), 1.96 (s, 4H).
6-(4-Methyl pi perazin-1-yl)-2-phenyl pyrimidine-4-carbal dehyde (45p)

Compound45p was obtained as a colorless oil (yield 82%).NMR (400 MHz, CDC}) & 10.01
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(s, 1H), 8.53-8.41 (m, 2H), 7.52-7.45 (m, 3H), 6(881H), 3.85 (s, 4H), 2.53 (d= 4.6 Hz, 4H), 2.37
(s, 3H).
2-(1-Methyl-1H-pyrazol-4-yl)-6-(4-methyl pi per azin-1-yl)pyrimidine-4-car bal dehyde (45q)

Compound45q was obtained as a colorless oil (yield 76%).NMR (400 MHz, CDC}) § 9.92 (s,
1H), 8.14 (s, 1H), 8.08 (s, 1H), 6.86 (s, 1H), 3(8,73H), 3.94-3.74 (m, 4H), 2.68-2.49 (m, 4H),12(4,
3H).

6.1.12. General procedure for the synthesis of 1-18

To a solution of45a-r (1.1 eq.) and\-methyl-5,6,7,8-tetrahydroquinolin-8-amine 62 (0.21
mmol, 1.0 eq.) in 5 mL of DCE was added AcOH (1¢0) eAfter stirred at room temperature for 10
min, NaBH(OAc)} (1.5 eq.) was added. The mixture was stirred amréemperature overnight and
then quenched with saturated NaHC&jueous solution (10 mL). The aqueous layer waserd
with dichloromethane (10 mL). The organic layer waied over NgSO, and concentrated. The residue
was purified by silica gel column chromatographigiitbromethane/methanol = 100/1 to 50/1) to give
the desired product.

N-((2-Methoxy-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydroquinolin-
8-amine (1)

Compoundl was obtained as a colorless oil (yield 28%) NMR (400 MHz, CDC}) 6 8.48 (d,J
= 4.4 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.09-7.02 (m, 1H), 6.87 (s, 1HP34(t,J = 7.4 Hz, 1H), 3.88
(s, 3H), 3.76-3.66 (m, 4H), 3.58 (s, 2H), 2.86-2(i#6 1H), 2.74-2.65 (m, 1H), 2.44 &= 5.2 Hz, 4H),
2.37 (s, 3H), 2.32 (s, 3H), 2.15-2.06 (m, 1H), 21087 (m, 1H), 1.97-1.87 (m, 1H), 1.72-1.66 (m, 1H)
%C NMR (150 MHz, CDCJ) § 170.1, 165.2, 164.5, 157.5, 147.4, 136.8, 13£3,8, 95.0, 62.6, 59.2,
54.9, 54.1, 46.3, 44.1, 39.4, 29.4, 23.0, 21.0. IR(&SI): calcd for gH3;NgO [M+H]" 383.2559,
found 383.2553. Purity: 98.4%

N-((2-Ethoxy-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydroquinolin-8-
amine (2)

Compound2 was obtained as a colorless oil (yield 50%) NMR (400 MHz, CDC}) & 8.49 (d,J
= 4.0 Hz, 1H), 7.36 (d) = 7.6 Hz, 1H), 7.13-7.00 (m, 1H), 6.87 (s, 1HBM(q,J = 7.2 Hz, 2H),
4.08-3.96 (m, 1H), 3.69 (s, 4H), 3.57 (s, 2H), 22886 (m, 1H), 2.74-2.65 (m, 1H), 2.49-2.42 (m, 4H)
2.39 (s, 3H), 2.32 (s, 3H), 2.14-2.06 (m, 1H), 21088 (m, 1H), 1.98-1.87 (m, 1H), 1.75-1.70 (m, 1H)
1.37 (t,J = 7.2 Hz, 3H)*C NMR (150 MHz, CDGJ) § 170.2, 164.8, 164.5, 157.5, 147.4, 136.8, 134.3,
121.8, 94.8, 62.5, 62.5, 59.2, 55.0, 46.3, 44.04,329.4, 22.9, 21.4, 14.8. MS (ESI/APCI) m/z 396.9
[M+H]". Purity: 97.9%

N-((2-1sopropoxy-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl )methyl)-N-methyl-5,6,7,8-tetrahydroquinoli
n-8-amine (3)

Compound3 was obtained as a colorless oil (yield 264%) NMR (400 MHz, CDC}) & 8.48 (d,J
= 4.8 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.08-7.02 (m, 1H), 6.86 (s, 1HR5%5.12 (m, 1H), 4.10-3.99
(m, 1H), 3.75-3.64 (m, 4H), 3.56 (s, 2H), 2.85-2(#G 1H), 2.74-2.65 (m, 1H), 2.44 ,= 5.0 Hz,
4H), 2.38 (s, 3H), 2.32 (s, 3H), 2.13-2.06 (m, 1#P5-1.98 (m, 1H), 1.98-1.87 (m, 1H), 1.69-1.64 (m
1H), 1.33 (dJ = 6.0 Hz, 6H)*C NMR (150 MHz, CDCJ) 6 170.3, 164.5, 164.4, 157.6, 147.4, 136.7,
134.3, 121.7, 94.6, 69.0, 62.6, 59.3, 54.9, 46431,439.4, 29.4, 22.9, 22.2, 21.3. MS (ESI/APClgz m/
410.9 [M+HJ". Purity: 96.3%

N-((2-Amino-6-(4-methyl piperazin-1-yl)pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydroquinolin-8-
amine (4)
Compound4 was obtained as a white solid (yield 52%).NMR (400 MHz, CDC}) § 8.48 (d,J
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= 4.4 Hz, 1H), 7.35 (d) = 7.6 Hz, 1H), 7.09-6.98 (m, 1H), 6.57 (s, 1H){54(s, 2H), 4.08-3.99 (m,
1H), 3.68-3.60 (m, 4H), 3.51 (s, 2H), 2.86-2.74 (), 2.74-2.63 (m, 1H), 2.47-2.40 (m, 4H), 2.34 (s
3H), 2.31 (s, 3H), 2.10-2.06 (m, 1H), 2.04-1.98 (rh), 1.96-1.87 (m, 1H), 1.74-1.64 (m, 1HjC
NMR (150 MHz, CDC)) § 168.6, 163.8, 162.4, 157.6, 147.3, 136.7, 13423,7, 92.7, 62.7, 59.4,
55.0, 46.3, 43.9, 39.1, 29.4, 23.2, 21.4. HRMS )E&lcd for GgHzN; [M+H]" 368.2563, found
368.2553. Purity: 96.2%
N-Methyl-N-((2-(methyl amino)-6-(4-methyl piperazin-1-yl) pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroqui
nolin-8-amine (5)

Compounds was obtained as a colorless oil (yield 24%) NMR (400 MHz, CDC}) & 8.48 (d,J
= 4.4 Hz, 1H), 7.35 (d) = 7.6 Hz, 1H), 7.10-7.00 (m, 1H), 6.47 (s, 1HB#A(s, 1H), 4.13-3.98 (m,
1H), 3.67 (m, 4H), 3.50 (s, 2H), 2.92 (b= 4.4 Hz, 3H), 2.86-2.74 (m, 1H), 2.73-2.64 (m,) 144 (t,
J =5.0 Hz, 4H), 2.32 (s, 6H), 2.13-2.05 (m, 1HP21.97 (m, 1H), 1.96-1.87 (m, 1H), 1.69-1.61 (m,
1H). °C NMR (150 MHz, CDG)) & 168.3, 163.7, 162.5, 157.7, 147.4, 136.7, 1323,7, 91.3, 62.7,
59.4, 55.0, 46.4, 43.9, 39.3, 29.5, 28.5, 23.34.24S (ESI/APCI) m/z 381.9 [M+H] Purity: 98.5%
N-((2-(Ethylamino)-6-(4-methyl piperazin-1-yl)pyrimidin-4-yl)methyl )-N-methyl-5,6,7,8-tetrahydroquin
olin-8-amine (6)

Compounds was obtained as a colorless oil (yield 34%) NMR (400 MHz, CDC}) & 8.48 (d,J
= 4.4 Hz, 1H), 7.34 (d] = 7.6 Hz, 1H), 7.08-7.00 (m, 1H), 6.48 (s, 1H)&(s, 1H), 4.04 () = 7.6
Hz, 1H), 3.65 (s, 4H), 3.55-3.43 (m, 2H), 3.43-3(&1, 2H), 2.85-2.75 (m, 1H), 2.74-2.62 (m, 1H),
2.43 (s, 4H), 2.35 (s, 3H), 2.32 (s, 3H), 2.14-2(64 1H), 2.03-1.96 (m, 1H), 1.96-1.86 (m, 1H),
1.74-1.62 (s, 1H), 1.17 (§,= 7.2 Hz, 3H)*C NMR (150 MHz, CDG)) 5 168.4, 163.7, 161.9, 157.7,
147.4, 136.7, 134.3, 121.7, 91.3, 62.7, 59.4, 58604, 43.9, 39.3, 36.3, 29.5, 23.3, 21.4, 15.2. MS
(ESI/APCI) m/z395.9 [M+H]. Purity: 98.1%
N-((2-(1sopropylamino)-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydro
quinolin-8-amine (7)

Compound? was obtained as a colorless oil (yield 95%) NMR (400 MHz, CDC}) & 8.49 (d,J
= 4.4 Hz, 1H), 7.34 (d) = 8.0 Hz, 1H), 7.08-7.02 (m, 1H), 6.48 (s, 1HRO(s, 1H), 4.13-4.00 (m,
2H), 3.72-3.60 (m, 4H), 3.55-3.38 (m, 2H), 2.848(, 1H), 2.73-2.64 (m, 1H), 2.47-2.40 (m, 4H),
2.36 (s, 3H), 2.32 (s, 3H), 2.14-2.04 (s, 1H), 21086 (m, 1H), 1.92-1.86 (m, 1H), 1.68-1.64 (m, 1H)
1.18 (d,J = 6.4 Hz, 6H)*C NMR (150 MHz, CDCJ) 6 168.0, 163.7, 161.0, 157.7, 147.4, 136.7, 134.3,
121.7, 91.1, 62.7, 59.4, 55.0, 46.4, 44.0, 42.83,329.8, 29.5, 23.3, 23.1, 21.4. MS (ESI/APCI) m/z
410.0 [M+HT". Purity: 95.9%
N-((2-(Dimethylamino)-6-(4-methyl piperazin-1-yl)pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydro
quinolin-8-amine (8)

Compound3 was obtained as a colorless oil (yield 18%) NMR (400 MHz, CDC}) & 8.49 (d,J
= 4.4 Hz, 1H), 7.34 (d) = 7.2 Hz, 1H), 7.08-7.00 (m, 1H), 6.48 (s, 1H}044.00 (m, 1H), 3.65 (s,
4H), 3.55-3.49 (m, 2H), 3.10 (s, 6H), 2.86-2.73 {iH), 2.74-2.62 (m, 1H), 2.46-2.39 (m, 4H), 2.37 (s
3H), 2.31 (s, 3H), 2.14-2.06 (m, 1H), 2.05-1.96 (rh), 1.97-1.92 (m, 1H), 1.74-1.62 (m, 1HjC
NMR (150 MHz, CDC)) § 168.4, 163.5, 162.3, 157.7, 147.3, 136.7, 134224, 90.2, 62.6, 59.7,
55.0, 46.3, 43.9, 39.3, 37.0, 29.4, 23.1, 21.3. R®ESI): calcd for GHs,N,[M+H] " 396.2876, found
396.2882. Purity: 99.4%
2-(Methyl (4-((methyl (5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl )-6-(4-methyl piperazin-1-yl)pyrimi
din-2-yl)amino)ethan-1-ol (9)

Compoundd was obtained as a colorless oil (yield 524%) NMR (400 MHz, CDC}) & 8.48 (d,J
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= 4.8 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.10-6.98 (m, 1H), 6.49 (s, 1HL(43.98 (m, 1H), 3.83 (1 =

4.6 Hz, 2H), 3.69-3.63 (m, 6H), 3.50 @ 5.6 Hz, 2H), 3.15 (s, 3H), 2.86-2.74 (m, 1HY22.63 (m,
1H), 2.46-2.40 (m, 4H), 2.34 (s, 3H), 2.32 (s, 3M},3-2.05 (m, 1H), 2.04-1.97 (m, 1H), 1.94-1.86 (m
1H), 1.68-1.60 (m, 1H)*C NMR (150 MHz, CDG))  167.9, 163.2, 162.5, 157.7, 147.3, 136.7, 134.3,
121.7, 91.0, 63.7, 62.7, 59.3, 54.9, 53.4, 46.3),439.3, 36.9, 29.4, 23.3, 21.3. MS (ESI/APCI) m/z
425.9 [M+HJ". Purity: 99.8%

N-Methyl-N-((6-(4-methyl pi per azin-1-yl)-2-mor pholinopyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroguino
lin-8-amine (10)

Compoundl0 was obtained as a colorless oil (yield 29%).NMR (400 MHz, CDCJ) & 8.48 (d,
J=4.8 Hz, 1H), 7.34 (d] = 7.6 Hz, 1H), 7.13-7.00 (m, 1H), 6.57 (s, 1HP4(t,J = 7.2 Hz, 1H), 3.72
(s, 8H), 3.68-3.60 (m, 4H), 3.55-3.47 (m, 2H), 2876 (m, 1H), 2.74-2.63 (m, 1H), 2.43 Jt= 5.2
Hz, 4H), 2.37 (s, 3H), 2.32 (s, 3H), 2.14-2.06 (), 2.05-1.98 (m, 1H), 1.98-1.87 (m, 1H), 1.7521.6
(m, 1H).*C NMR (150 MHz, CDG)) & 168.8, 163.5, 161.8, 157.8, 147.4, 136.7, 1322,7, 91.6,
67.2, 62.7, 59.6, 55.0, 46.4, 44.6, 44.0, 39.54,293.2, 21.3. MS (ESI/APCI) m/z 437.9 [M+H]
Purity: 97.4%

N-Methyl-N-((6-(4-methyl piperazin-1-yl)-2-(pyrrolidin-1-yl)pyrimidin-4-yl )methyl)-5,6,7,8-tetrahydroq
uinolin-8-amine (11)

Compoundll was obtained as a colorless oil (yield 79%).NMR (400 MHz, CDC}) & 8.48 (d,
J=4.4 Hz, 1H), 7.34 (d) = 8.0 Hz, 1H), 7.10-6.98 (m, 1H), 6.51 (s, 1HQA(t,J = 7.4 Hz, 1H),
3.70-3.63 (m, 4H), 3.57-3.48 (m, 6H), 2.87-2.74 (), 2.73-2.62 (m, 1H), 2.43 @,= 5.0 Hz, 4H),
2.37 (s, 3H), 2.32 (s, 3H), 2.15-2.07 (m, 1H), 21048 (m, 1H), 1.96-1.87 (m, 5H), 1.68-1.62 (m, 1H)
%C NMR (150 MHz, CDCJ) & 168.5, 163.5, 160.5, 157.8, 147.4, 136.6, 1322,6, 90.2, 62.6, 59.7,
55.1, 46.6, 46.4, 43.9, 39.3, 29.5, 25.7, 23.14.24S (ESI/APCI) m/z 421.9 [M+H] Purity: 98.0%
N-Methyl-N-((2-methyl-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-
amine (12)

Compoundl2 was obtained as a colorless oil (yield 39%) NMR (400 MHz, CDC}) & 8.48 (d,

J = 3.6 Hz, 1H), 7.35 (d) = 7.6 Hz, 1H), 7.08-7.01 (m, 2H), 4.04 Jt= 7.4 Hz, 1H), 3.76-3.67 (m,
4H), 3.60 (s, 2H), 2.86-2.74 (m, 1H), 2.74-2.65 {H), 2.49-2.43 (m, 7H), 2.38 (s, 3H), 2.33 (s, 3H)
2.15-2.07 (m, 1H), 2.06-1.98 (m, 1H), 1.98-1.85 (ih), 1.74-1.62 (m, 1H)*C NMR (150 MHz,
CDCly) 6 167.8, 166.6, 162.9, 157.5, 147.4, 136.7, 13423,8, 97.9, 62.7, 59.1, 54.9, 46.3, 43.8, 39.4,
29.4, 26.1, 23.1, 21.4. HRMS (ESI): calcd foxMz:Ng [M+H]" 367.2610, found 367.2604. Purity:
99.1%

N-((2-Ethyl-6-(4-methyl pi per azin-1-yl)pyrimidin-4-yl)methyl )-N-methyl-5,6,7,8-tetrahydroquinolin-8-a

mine (13)

Compoundl3 was obtained as a yellow oil (yield 44%) NMR (400 MHz, CDCY)) & 8.49 (d,J
= 4.4 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.08-7.01 (m, 2H), 4.04 Jt= 7.4 Hz, 1H), 3.72 (s, 4H), 3.61
(s, 2H), 2.85-2.76 (m, 1H), 2.73-2.68 (m, 3H), 2(46] = 5.0 Hz, 4H), 2.39 (s, 3H), 2.33 (s, 3H),
2.18-2.06 (m, 1H), 2.05-1.98 (m, 1H), 1.97-1.90 (iH), 1.75-1.70 (m, 1H), 1.28-1.25 (m, 3HIC
NMR (150 MHz, CDCJ) § 170.7, 167.8, 163.0, 157.6, 147.4, 136.7, 13423,7, 98.0, 62.7, 59.1,
55.0, 46.4, 43.8, 39.4, 32.7, 29.5, 23.1, 21.43.1@4S (ESI/APCI) m/z 380.9 [M+H] Purity: 95.0%
N-((2-1sopropyl-6-(4-methyl pi perazin- 1-yl)pyrimidin-4-yl )methyl)-N-methyl-5,6,7,8-tetrahydroquinolin
-8-amine (14)

Compoundl4 was obtained as a colorless oil (yield 63%).NMR (400 MHz, CDC}) & 8.49 (d,
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J=4.4Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.07-7.00 (m, 2H), 4.04Jt 7.4 Hz, 1H), 3.78-3.68 (m, 4H),
3.61 (s, 2H), 2.98-2.87(m, 1H), 2.85-2.75 (m, 1MY),2-2.65 (m, 1H), 2.52-2.43 (m, 4H), 2.40 (s, 3H),
2.33 (s, 3H), 2.18-2.08 (m, 1H), 2.06-1.98 (m, 1HY7-1.86 (m, 1H), 1.72-1.65 (m, 1H), 1.28-1.21 (m
6H). °C NMR (150 MHz, CDCJ) & 173.9, 167.8, 163.0, 157.6, 147.4, 136.7, 1323,7, 98.1, 62.8,
59.1, 55.0, 46.4, 43.8, 39.5, 37.6, 29.5, 23.10,221.4. MS (ESI/APCI) m/z 394.9 [M+H]Purity:
95.1%

N-((2-Cyclopropyl-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydroquino
lin-8-amine (15)

Compoundl5 was obtained as a colorless oil (yield 26%)NMR (400 MHz, CDC}) 6 8.48 (d,

J = 4.8 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.08-6.98 (m, 2H), 4.03 Jt= 7.4 Hz, 1H), 3.70-3.64 (m,
4H), 3.60 (s, 2H), 2.86-2.75 (m, 1H), 2.74-2.64 (H), 2.46-2.40 (m, 4H), 2.39 (s, 3H), 2.32 (s, 3H)
2.15-2.06 (m, 2H), 2.03-1.99 (m, 1H), 1.95-1.86 (bh]), 1.74-1.64 (m, 1H), 1.04-1.00 (m, 2H),
0.91-0.84 (m, 2H)**C NMR (150 MHz, CDGJ)) § 170.3, 167.4, 162.8, 157.6, 147.4, 136.7, 134.3,
121.7, 97.9, 62.6, 59.1, 54.9, 46.3, 43.7, 39.34,293.0, 21.4, 18.0, 9.7. HRMS (ESI): calcd for
Ca3Ha3Ng [M+H] * 393.2767, found 393.2760. Purity: 97.5%

N-Methyl-N-((6-(4-methyl pi per azin-1-yl)-2-phenyl pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-
amine (16)

Compoundl6 was obtained as a colorless oil (yield 20%).NMR (400 MHz, CDC}J) & 8.51 (s,
1H), 8.39-8.29 (m, 2H), 7.46-7.38 (m, 3H), 7.36J& 7.6 Hz, 1H), 7.18 (s, 1H), 7.12-7.01 (m, 1H),
4.17-4.02 (m, 1H), 3.82 (s, 4H), 3.74 (s, 2H), 22906 (m, 1H), 2.75-2.64 (m, 1H), 2.55-2.47 (m, 4H)
2.45 (s, 3H), 2.35 (s, 3H), 2.22-2.10 (m, 1H), 22001 (m, 1H), 2.01-1.92 (m, 1H), 1.78-1.64 (m, 1H)
%C NMR (150 MHz, CDGCJ) 6 168.4, 163.3, 163.1, 157.6, 147.5, 139.0, 13634,3, 130.0, 128.3,
128.2, 121.8, 99.1, 62.7, 59.4, 55.0, 46.4, 4495,329.5, 23.1, 21.4. HRMS (ESI): calcd for
CaHasNg[M+H] " 429.2767, found 429.2760. Purity: 96.1%
N-Methyl-N-((2-(1-methyl-1H-pyrazol-4-yl)-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl ) methyl)-5,6,7,8-t
etrahydroquinolin-8-amine (17)

Compoundl?7 was obtained as a colorless oil (yield 35%).NMR (400 MHz, CDC}) & 8.50 (d,

J = 4.8 Hz, 1H), 8.07 (s, 1H), 8.00 (s, 1H), 7.35J¢& 8.0 Hz, 1H), 7.09-7.02 (m, 2H), 4.12-4.02 (m,
1H), 3.92 (s, 3H), 3.78-3.72 (m, 4H), 3.66 (s, 2MB6-2.76 (M, 1H), 2.75-2.65 (m, 1H), 2.52-2.45 (m
4H), 2.41 (s, 3H), 2.34 (s, 3H), 2.15-2.08 (m, 1#P9-2.03 (m, 1H), 1.98-1.88 (m, 1H), 1.75-1.65 (m
1H)). *°C NMR (150 MHz, CDG)) & 168.2, 162.9, 159.8, 157.6, 147.4, 139.8, 13638,3, 131.0,
124.2, 121.8, 98.2, 62.7, 59.3, 55.0, 46.4, 43994,339.2, 29.5, 23.1, 21.4. HRMS (ESI): calcd for
Ca4HasNg[M+H] * 433.2828, found 433.2819. Purity: 99.5%

(9)-N-Methyl-N-((6-(4-methyl pi perazin-1-yl)-2-(trifluoromethyl)pyrimidin-4-yl )methyl)-5,6,7,8-tetrahy
droquinolin-8-amine (18)

Compoundl8 was obtained as a colorless oil (yield 15%).NMR (400 MHz, CDCJ) 5 8.47 (d,
J=3.6 Hz, 1H), 7.46 (s, 1H), 7.36 @@= 7.6 Hz, 1H), 7.08-7.04 (m, 1H), 4.06-3.96 (m, 1BiB4-3.72
(m, 4H), 3.72-3.60 (m, 2H), 2.87-2.75 (m, 1H), 2781 (m, 1H), 2.53-2.42 (m, 4H), 2.42 (s, 3H),
2.34 (s, 3H), 2.16-2.08 (m, 1H), 2.07-1.96 (m, 1HP6-1.86 (m, 1H), 1.76-1.64 (m, 1HJC NMR
(150 MHz, CDC}) 6 168.8, 162.6, 157.1, 155.5 (7 34.5 Hz), 147.3, 136.8, 134.3, 121.8, 119.74(q,
= 283.5 Hz), 102.0, 62.5, 58.5, 54.6, 46.0, 4383329.3, 22.9, 21.2. HRMS (ESI): calcd for
CoiHogFsNg [M+H] © 421.2328, found 421.23121]f=-30 (c = 0.2, CHG). Purity: 98.1%

6.1.13. 6-(Chloromethyl)-2-methyl pyrimidin-4-ol (47)
To a mixture of46 (22 g, 136 mmol) and acetamidine hydrochloride 1750 mmol) in 180 mL
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of EtOH was added DBU (41 g, 272 mmol) at 0°C. Thigture was stirred at room temperature
overnight and then concentrated. The residue wid#fiad with 2 N HCI to pH = 4 and extracted with
ethyl acetate (200 mL x 6). The combined orgaaiet was dried over N80, and concentrated.
The crude material was purified by trituration wethyl acetate to give the desired compound (8 g,
37%) as a yellow solidH NMR (400 MHz, DMSOdg) & 12.49 (br s, 1H), 6.30 (s, 1H), 4.44 (s, 2H),
2.28 (s, 3H). MS (ESI/APCI) m/z 158.9 [M+H]

6.1.14. 4-Chloro-6-(chloromethyl)-2-methyl pyrimidine (48)

A mixture of compound7 (8.0 g, 50 mmol) and PO£(40 mL) was stirred at reflux for 2 h. The
resulting solution was evaporated and ethyl acg2® mL) was added. The mixture was poured
into iced water, and the organic layer was sepdrafbe organic layer was dried over,88&, and
concentrated. The residue was purified by silicacgdumn chromatography (petroleum ether /ethyl
acetate = 50/1) to give the desired product (5.8985) as a slight yellow solidH NMR (400 MHz,
CDCly) § 7.41 (s, 1H), 4.55 (s, 2H), 2.71 (s, 3H). MS (BSICI) m/z 176.9 [M+H].

6.1.15. General procedure for the synthesis of 50a and 50b

A solution of 49 (3.0 mmol, 1.0 eq.) and corresponding amine (X0 in 10 mL of THF
was stirred at 80°C overnight in a sealed tube. fdaetion mixture was quenched with saturated
NaHCQ; aqueous solution (10 mL) and extracted with dicdeethane (10 mL x 3). The combined
organic layer was dried over PBO, and concentrated to give the desired product, whias used
directly in the next step without further purifiaat.

N-Ethyl-5,6,7,8-tetrahydroquinolin-8-amine (50a)

Compounds0a was obtained as a brown oil (960 mg, crude)NMR (400 MHz, CDC}) & 8.39
(s, 1H), 7.37 (dJ =7.2 Hz, 1H), 7.11-7.01 (i H), 3.86-3.74 (m, 1H), 2.88-2.70 (m, 4H), 2.194(fn,
1H), 2.05-1.95 (m, 2H), 1.78-1.71 (m, 2H), 1.218L(fn, 3H). MS (ESI/APCI) m/z 177.0 [M+H]
N-(Cyclopropylmethyl)-5,6,7,8-tetrahydroquinolin-8-amine (50b)

Compounds0b was obtained as a brown oil (240 mg, crude)NMR (400 MHz, CDC}) 6 8.39
(s, 1H), 7.37 (dJ =7.2 Hz, 1H), 7.11-7.01 (" H), 3.86-3.74 (m, 1H), 2.88-2.70 (m, 4H), 2.194(fn,
1H), 2.05-1.95 (m, 2H), 1.78-1.71 (m, 2H), 1.218L(fn, 3H). MS (ESI/APCI) m/z 203.0 [M+H]

6.1.16. General procedure for the synthesis of 51a and 51b

A mixture of50a or 50b (0.28 mmol, 1.0 eq.¥8 (1.1 eq.), Kl (0.01 eq.) and DIPEA (2.5 eq.) in
1.5 mL of MeCN was stirred at room temperature oigdt. The reaction solution was evaporated to
remove most of MeCN, diluted with saturated aquedabklCQ; solution (10 mL) and extracted with
dichloromethane (10 mL x 3). The combined orgamigel was dried over N8O, filtered and
evaporated. The residue was purified by silicacgglmn chromatography (dichloromethane/methanol
= 200/1) to give the desired product.

N-((6-Chloro-2-methyl pyrimidin-4-yl)methyl)-N-ethyl-5,6,7,8-tetrahydroquinolin-8-amine (51a)

Compound5la was obtained as a slight yellow oil (yield 419 NMR (400 MHz, CDC}) 5
8.45 (d,J = 4.4 Hz, 1H), 7.80 (s, 1H), 7.32 @z= 7.6 Hz, 1H), 7.06-6.98 (m, 1H), 4.18-4.07 (m,),1H
3.81 (d,J=17.6 Hz, 1H), 3.65 (d} = 17.6 Hz, 1H), 2.93-2.70 (m, 4H), 2.62 (s, 3H},722.13 (m, 1H),
2.05-1.99 (m, 1H), 1.82-1.76 (m, 1H), 1.72-1.66 {id), 1.06 (tJ = 7.2 Hz, 3H).

N-((6-Chloro-2-methyl pyrimidin-4-yl)methyl)-N- (cycl opropyl methyl)-5,6,7,8-tetrahydroquinolin-8-ami
ne (51b)

Compounds1b was obtained as a yellow oil (yield 83% NMR (400 MHz, CDC})) 6 8.44 (d,J
= 4.4 Hz, 1H), 7.91 (s, 1H), 7.33 (@~ 8.0 Hz, 1H), 7.06-6.98 (m, 1H), 4.32-4.18 (m,)1B8195-3.80
(m, 1H), 3.80-3.60 (m, 1H), 2.75-2.66 (m, 4H), 263 3H), 2.25-2.13 (m, 1H), 2.05-1.96 (m, 1H),
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1.87-1.75 (m, 2H), 0.88-0.76 (m, 1H), 0.42-0.30 2i), 0.12-0.06 (m, 1H).
6.1.17. General procedure for the synthesis of 19 and 20

To a solution obla or 51b (0.12 mmol, 1.0 eq.) in EtOH (1 mL) was addegNE(2.0 eq.) and
N-methyl piperazine (1.2 eq.). The reaction wagedirat 80°C overnight, and then quenched with
saturated NaHC@aqueous solution (20 mL). The aqueous layer wasaeed with dichloromethane
(20 mL). The organic layer was dried over,8@, and concentrated. The residue was purified byasili
gel column chromatography (dichloromethane/methar200/1) to give the desired product.
N-Ethyl-N-((2-methyl-6-(4-methyl pi per azin-1-yl)pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroquinolin-8-a
mine (19)

Compoundl9 was obtained as a colorless oil (yield 589%).NMR (400 MHz, CDC}) & 8.43 (s,
1H), 7.38-7.29 (m, 1H), 7.21 (s, 1H), 7.03 (s, 1M)03 (s, 1H), 3.73 (s, 4H), 3.64-3.45 (m, 2H),
2.90-2.60 (m, 4H), 2.55-2.40 (m, 7H), 2.34 (s, 3420-2.06 (m, 1H), 2.06-1.90 (m, 1H), 1.90-1.78 (m
1H), 1.78-1.70 (m, 1H), 1.10-0.98 (m, 3HJC NMR (150 MHz, CDCJ) & 169.8, 166.4, 163.0, 158.3,
147.3, 136.5, 134.4, 121.6, 98.0, 61.1, 56.7, 55604, 46.4, 43.9, 29.5, 26.1, 25.9, 21.6, 14.6. MS
(ESI/APCI) m/z 380.9 [M+H]. Purity: 99.4%

N-(Cyclopropylmethyl)-N-((2-methyl-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl )methyl)-5,6,7,8-tetrahy
droquinolin-8-amine (20)

Compound20 was obtained as a yellow oil (yield 52%H NMR (400 MHz, CDC})) & 8.42 (s,
1H), 7.32 (dJ = 7.2 Hz, 2H), 7.02 (s, 1H), 4.30-4.18 (m, 1HB®3.55 (m, 6H), 2.85-2.52 (m, 4H),
2.52-2.40 (m, 7H), 2.35 (s, 3H), 2.20-2.10 (m, 1MP2-1.90 (m, 1H), 1.88-1.76 (m, 2H), 0.90-0.78 (m
1H), 0.45-0.30 (m, 2H), 0.12-0.03 (m, 2HJC NMR (150 MHz, CDGCJ) & 169.8, 166.3, 163.0, 158.3,
147.2, 136.5, 134.3, 121.5, 98.0, 61.5, 58.1, 54A, 46.3, 43.8, 29.5, 26.1, 26.1, 21.7, 108, 3.8.
HRMS (ESI): calcd for gH3sNg [M+H] " 407.2923, found 407.2912. Purity: 98.0%

6.1.18. (9)-N-((6-Chloro-2-methyl pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydroquinolin-8-amine
(53)

A mixture of 52 (90 mg, 0.56 mmol)48 (108 mg, 0.61 mmol), KI (10 mg, 0.06 mmol) and
DIPEA (180 mg, 1.4 mmol) in 10 mL of MeCN was sdrat room temperature overnight. The
reaction solution was evaporated to remove modfl@EN, diluted with saturated aqueous NaHCO
solution and extracted with dichloromethane. Thgaaic layer was dried over B0, filtered and
evaporated. The residue was purified by silicacgglmn chromatography (dichloromethane/methanol
= 100/1 to 50/1) to give the desired product (1) 65%) as a slight yellow oitH NMR (400 MHz,
CDCly) 6 8.49 (s, 1H), 7.74-7.66 (m, 1H), 7.40-7.32 (m, 1AL1-7.02 (m, 1H), 4.05-3.95 (m, 1H),
3.72 (s, 2H), 2.86-2.68 (m, 2H), 2.63 (s, 3H), 2(8p3H), 2.18-2.09 (m, 1H), 2.07-1.98 (m, 1H),
1.91-1.82 (m, 1H), 1.76-1.64 (m, 1HY}f=-29 (c = 0.2, CHG). MS (ESI/APCI) m/z 302.8 [M+H]
6.1.19. General procedure for the synthesis of 23-26, 29-30, 32-38

To a solution of53 (0.1 mmol, 1.0 eq.) in EtOH (2 mL) was addedNe{10.0 eq.) and
corresponding amine (5.0 eq.). The reaction wasesdtiat 85 °C overnight, and then quenched with
saturated NaHCQaqueous solution. The aqueous layer was extraettéd dichloromethane. The
organic layer was dried over p&0, and concentrated. The residue was purified bgastjel column
chromatography (dichloromethane/methanol = 10@'Give the desired product.
(9)-N-Methyl-N-((2-methyl-6-(4-methyl pi perazin-1-yl)pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroquinoli
n-8-amine (23)

Compound23 was obtained as a yellow oil (yield 98%H NMR (400 MHz, CDC}) & 8.49 (d,J
= 4.4 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.09-7.01 (m, 2H), 4.04 {t= 7.6 Hz, 1H), 3.71 (s, 4H), 3.60
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(s, 2H), 2.88-2.75 (m, 1H), 2.74-2.65 (m, 1H), 22484 (m, 7H), 2.39 (s, 3H), 2.33 (s, 3H), 2.1662.0
(m, 1H), 2.04-1.98(m, 1H), 1.95-1.84 (m, 1H), 1788 (m, 1H).*C NMR (150 MHz, CDG)) &
167.7, 166.6, 162.9, 157.5, 147.4, 136.8, 134.4,8,208.0, 62.7, 59.0, 54.9, 46.3, 43.8, 39.3,,29.5
26.1, 22.9, 21.4. HRMS (ESI): calcd fop;84:Ng [M+H] " 367.2610, found 367.2605u]f= -29 (c =
0.2, CHCY}). Purity: 99.3%
(9)-N-((6-(4-Ethyl pi perazin-1-yl)-2-methyl pyrimidin-4-yl ) methyl)-N-methyl-5,6,7,8-tetrahydroquinolin-
8-amine (24)

Compound24 was obtained as a yellow oil (yield 80%{ NMR (400 MHz, CDC})) & 8.54-8.46
(m, 1H), 7.35 (dJ = 8.0 Hz, 1H), 7.10-7.02 (m, 2H), 4.10-4.00 (m,),1B.72 (s, 4H), 3.60 (s, 2H),
2.87-2.76 (m, 1H), 2.75-2.64 (m, 1H), 2.53-2.42 9id), 2.40 (s, 3H), 2.16-2.07 (m, 1H), 2.05-1.98 (m
1H), 1.96-1.89 (m, 1H), 1.76-1.66 (m, 1H), 1.12)(& 7.4 Hz, 3H).*C NMR (150 MHz, CDGC)) &
167.7, 166.6, 162.9, 157.5, 147.4, 136.8, 134.4,8,97.9, 62.7, 59.1, 52.7, 52.5, 43.9, 39.4,,29.5
26.1, 23.1, 21.4, 12.1. HRMS (ESI): calcd foptaNg [M+H] * 381.2767, found 381.2766]f= -24
(c = 0.2, CHQ)). Purity: 99.4%
(9)-N-((6-(4-Cyclopropylpi perazin-1-yl)-2-methyl pyrimi din-4-yl )methyl )-N-methyl-5,6,7,8-tetrahydroq
uinolin-8-amine (25)

Compound?25 was obtained as a yellow oil (yield 99%j{ NMR (400 MHz, CDC}) & 8.49 (d,J
= 3.6 Hz, 1H), 7.35 (d] = 8.4 Hz, 1H), 7.07-7.03 (m, 2H), 4.08-4.01 (m,)18170-3.63 (m, 4H), 3.61
(s, 2H), 2.83-2.74 (m, 1H), 2.73-2.69 (m, 1H), 2683 (m, 4H), 2.47 (s, 3H), 2.40 (s, 3H), 2.1672.0
(m, 1H), 2.05-1.96 (m, 1H), 1.95-1.86 (m, 1H), 2686 (m, 1H), 1.65-1.59 (m, 1H), 0.51-0.43 (m,
4H). **C NMR (150 MHz, CDG)) & 167.5, 166.5, 162.9, 157.5, 147.4, 136.8, 13£4,8, 98.0, 62.6,
59.0, 53.2, 43.9, 39.3, 38.6, 29.5, 26.1, 22.9%4,28.0. MS (ESI/APCI) m/z 392.9 [M+H][a]3=-11 (c
= 0.2, CHCY}). Purity: 95.1%
(9)-N-Methyl-N-((2-methyl -6-(4-(oxetan-3-yl)piperazin-1-yl)pyrimidin-4-yl ) methyl)-5,6,7,8-tetrahydro
quinolin-8-amine (26)

Compound26 was obtained as a yellow solid (yield 26%).NMR (400 MHz, CDC}) & 8.49 (d,
J =4.0 Hz, 1H), 7.36 (d] = 7.2 Hz, 1H), 7.10-7.01 (m, 2H), 4.71-4.60 (m,)4#.10-3.95 (m, 1H),
3.74 (s, 4H), 3.61 (s, 2H), 3.55-3.46 (m, 1H), 22885 (m, 1H), 2.71-2.67 (m, 1H), 2.47 (s, 3H),8.3
(s, 7TH), 2.20-2.07 (m, 1H), 2.06-1.96 (m, 1H), 11988 (m, 1H), 1.78-1.65 (m, 1HYC NMR (150
MHz, CDCk) & 167.7, 166.6, 162.8, 157.4, 147.4, 136.8, 1324,8], 98.0, 75.5, 62.6, 59.3, 58.9, 49.5,
43.6, 39.2, 29.4, 26.1, 22.8, 21.4. MS (ESI/APCIy @08.9 [M+H]. [a]5= -21 (c = 0.2, CHG).
Purity: 98.7%

(9-N-((6-((R)-3,4-Dimethyl pi perazin-1-yl)-2-methyl pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydr
oquinolin-8-amine (29)

Compound29 was obtained as a slight yellow solid (yield 4096).NMR (400 MHz, CDC)) 5
8.52-8.47 (m, 1H), 7.36 (d,= 7.6 Hz, 1H), 7.09-7.00 (m, 2H), 4.35 (s, 1HRH(s, 1H), 4.04 (tJ =
7.6 Hz, 1H), 3.68-3.55 (m, 2H), 3.14-3.03 (m, 1P{B8-2.82 (m, 1H), 2.82-2.76 (m, 1H), 2.74-2.63 (m,
2H), 2.46 (s, 3H), 2.37 (s, 3H), 2.31 (s, 3H), 2288 (m, 1H), 2.14-2.06 (m, 2H), 2.04-1.97 (m, 1H)
1.93-1.87 (m, 1H), 1.73-1.64 (m, 1H), 1.17-1.09 &H). **C NMR (150 MHz, CDGJ) & 167.7, 166.6,
162.7, 157.6, 147.5, 136.8, 134.4, 121.8, 938 8.0 Hz), 62.5, 59.1, 57.7 € 6.0 Hz), 55.3J= 7.5
Hz), 50.3, 44.0, 42.7, 39.3, 29.5, 26.1, 22.9, 21K0. HRMS (ESI): calcd for gHzaNg [M+H]"
381.2767, found 381.2763:]f= -6 (c = 0.2, CHG). Purity: 90.1%

(9-N-((6-((9)-3,4-Dimethyl pi perazin-1-yl)-2-methyl pyrimidin-4-yl)methyl )-N-methyl-5,6,7,8-tetrahydr
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oquinolin-8-amine (30)

Compound30 was obtained as a colorless oil (yield 44%) NMR (400 MHz, CDC}) 3 8.50 (d,
J=4.4 Hz, 1H), 7.36 (d] = 7.6 Hz, 1H), 7.09-7.01 (m, 2H), 4.35 (s, 1HRH(s, 1H), 4.05 (1) =7.6
Hz, 1H), 3.68-3.55 (m, 2H), 3.14-3.02 (m, 1H), 2882 (m, 1H), 2.80-2.74 (m, 1H), 2.74-2.63 (m,
2H), 2.46 (s, 3H), 2.37 (s, 3H), 2.31 (s, 3H), 2289 (m, 1H), 2.14-2.06 (m, 2H), 2.04-1.98 (m, 1H)
1.97-1.87 (m, 1H), 1.73-1.64 (m, 1H), 1.16-1.10 &H). **C NMR (150 MHz, CDGJ) & 167.6, 166.6,
162.8, 157.5, 147.4, 136.8, 134.2, 121.8, 9.8 4.5 Hz), 62.5, 59.0, 57.7 € 4.5 Hz), 55.3J= 6.0
Hz), 50.3, 44.0, 42.7, 39.3, 29.5, 26.1, 22.8, 21740. MS (ESI/APCI) m/z 380.9 [M+H][a]5= -22
(c = 0.2, CHQ)). Purity: 96.6%

(9-N-((6-((R)-Hexahydropyrrol o[ 1,2-a] pyrazin-2(1H)-yl)-2-methyl pyrimidin-4-yl)methyl)-N-methyl -5,
6,7,8-tetrahydroquinolin-8-amine (32)

Compound32 was obtained as a yellow oil (yield 51%) NMR (400 MHz, CDC}) & 8.55-8.48
(m, 1H), 7.35 (dJ = 7.6 Hz, 1H), 7.14-7.02 (m, 2H), 4.75-4.35 (m,)2#.11-3.97 (m, 1H), 3.61 (s,
2H), 3.15-3.08 (m, 2H), 3.05-2.96 (m, 1H), 2.86&(h, 1H), 2.74-2.57 (m, 2H), 2.46 (s, 3H), 2.38 (s
3H), 2.23-1.83 (m, 9H), 1.74-1.63 (m, 1H), 1.5521(f, 1H)."*C NMR (150 MHz, CDG))  167.5,
166.5, 163.0, 157.5, 147.9 € 3.0 Hz), 136.8, 134.4, 121.8, 98.2, 6216-(4.5 Hz), 62.4J = 6.0 Hz),
59.0, 53.7, 51.6J(= 7.5 Hz), 48.7, 43.4, 39.3, 29.5, 27.5, 26.19221.4 § = 9.0 Hz). MS (ESI/APCI)
m/z 392.9 [M+H]. [a]5= -9 (c = 0.2, CHG). Purity: 99.0%

(9-N-((6-((9-Hexahydropyrrol o[ 1,2-a] pyrazin-2(1H)-yl)-2-methyl pyrimidin-4-yl)methyl)-N-methyl -5,
6,7,8-tetrahydroquinolin-8-amine (33)

Compound33 was obtained as a yellow oil (yield 569 NMR (400 MHz, CDC})) & 8.49 (s,
1H), 7.36 (dJ = 7.6 Hz, 1H), 7.11-7.03 (m, 2H), 4.68-4.37 (m,)2#109-3.99 (m, 1H), 3.68-3.55 (m,
2H), 3.17-3.07 (m, 2H), 3.06-2.97 (m, 1H), 2.844&(, 1H), 2.71-2.60 (m, 2H), 2.47 (s, 3H), 2.38 (s
3H), 2.28-2.06 (m, 3H), 2.04-1.82 (m, 6H), 1.7191(f, 1H), 1.54-1.43 (m, 1H}°C NMR (150 MHz,
CDCly) 6 167.3, 166.4, 163.0, 157.5, 14753.0 Hz), 136.8, 134.4, 121.8, 98.2, 6216-(4.5 Hz),
62.5 0 = 6.0 Hz), 59.0, 53.7, 51.8 € 7.5 Hz), 48.7, 43.4, 39.3, 29.8, 29.5, 27.61282.9, 21.4J =
9.0 Hz). MS (ESI/APCI) m/z 392.9 [M+H][a]%= -5 (¢ = 0.2, CHG). Purity: 97.3%
(9)-N-Methyl-N-((2-methyl -6-(4-mor pholinopi peridin-1-yl)pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroqu
inolin-8-amine (34)

Compound34 was obtained as a yellow oil (yield 469 NMR (400 MHz, CDC})) & 8.51-8.47
(m, 1H), 7.36 (dJ = 7.6 Hz, 1H), 7.11-7.02 (m, 2H), 4.58 (&= 12.0 Hz, 2H), 4.03 (1 = 7.2 Hz, 1H),
3.72 (s, 4H), 3.61 (s, 2H), 2.88-2.76 (m, 3H), 22r@5 (m, 1H), 2.56 (s, 4H), 2.46 (s, 4H), 2.383),
2.15-1.96 (m, 2H), 1.95-1.85 (m, 3H), 1.76-1.65 (iH), 1.55-1.42 (m, 2H)}*C NMR (150 MHz,
CDCly) 6 167.5, 166.6, 162.7, 157.5, 147.4, 136.8, 1324,8, 97.9, 67.4, 62.6, 62.4, 59.0, 49.9, 43.5,
39.4, 29.5, 28.1)(= 6.0 Hz), 26.1, 23.0, 21.4. MS (ESI/APCI) m/z ZBfV+H]". [a]5= -11 (c = 0.2,
CHCl,). Purity: 96.5%

(9)-N-Methyl-N-((2-methyl-6-(4-(4-methyl pi perazin-1-yl)pi peridin-1-yl)pyrimidin-4-yl)methyl)-5,6,7,8-
Tetrahydroquinolin-8-amine (35)

Compound35 was obtained as a yellow oil (yield 63%{ NMR (400 MHz, CDC})) & 8.48 (s,
1H), 7.41-7.31 (m, 1H), 7.13-6.92 (m, 2H), 4.6304.8n, 2H), 4.08-3.92 (m, 1H), 3.59 (s, 2H),
2.87-2.75 (m, 3H), 2.74-2.55 (m, 4H), 2.54-2.40 6id), 2.37 (s, 3H), 2.28 (s, 3H), 2.16-2.07 (m, 4H)
2.02-1.85 (m, 4H), 1.73-1.62 (m, 1H), 1.50-1.37 2#). *C NMR (150 MHz, CDG))  167.7, 166.7,
162.7, 157.6, 147.5, 136.7, 134.3, 121.7, 97.%,682.2, 59.1, 55.5, 49.1, 46.1, 43.6, 39.4, 22852
(J=6.0 Hz), 26.2, 23.1, 21.4. MS (ESI/APCI) m/z 8M+H]". [0]%= -29 (c = 0.2, CHG). Purity:
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95.9%
(9)-N-Methyl-N-((2-methyl-6-((2-mor pholinoethyl )amino)pyrimidin-4-yl ) methyl)-5,6,7,8-tetrahydroqui
nolin-8-amine (36)

Compound36 was obtained as a yellow oil (yield 769 NMR (400 MHz, CDC}) & 8.53-8.48
(m, 1H), 7.36 (dJ = 7.6 Hz, 1H), 7.10-7.02 (m, 1H), 6.75 (s, 1HRS(br s, 1H), 4.08-4.02 (m, 1H),
3.72 (s, 4H), 3.56 (s, 2H), 3.42 (s, 2H), 2.84-2Am7 1H), 2.74-2.65 (m, 1H), 2.62-2.56 (m, 2H),&.4
(s, 7H), 2.38 (s, 3H), 2.15-2.08 (m, 1H), 2.06-1(88 1H), 1.96-1.85 (m, 1H), 1.80-1.75 (m, 1HC
NMR (150 MHz, CDC})) 6167.0, 166.4, 163.0, 157.2, 147.2, 136.6, 134.2,6,28.5, 86.9, 83.1, 58.5,
57.0, 53.2, 39.0, 37.3, 29.3, 25.7, 23.0, 21.2. (BSI/APCI) m/z 396.9 [M+H]. [a]3= -26 (c = 0.2,
CHCl,). Purity: 96.3%

(9)-N-Methyl-N-((2-methyl-6-((3-mor pholinopropyl Jamino)pyrimidin-4-yl)methyl)-5,6,7,8-tetrahydroq
uinolin-8-amine (37)

Compound37 was obtained as a yellow oil (yield 49% NMR (400 MHz, CDC})) & 8.50 (s,
1H), 7.37 (dJ = 6.8 Hz, 1H), 7.12-7.02 (m, 1H), 6.73 (s, 1HR®(s, 1H), 4.13-3.95 (m, 1H), 3.72 (s,
4H), 3.59 (s, 2H), 3.44 (s, 2H), 2.88-2.76 (m, 1#),5-2.63 (m, 1H), 2.50-2.40 (m, 9H), 2.38 (s, 3H)
2.18-2.08 (m, 1H), 2.06-1.96 (m, 1H), 1.96-1.88 @), 1.76-1.73 (m, 2H)**C NMR (150 MHz,
CDCly) 8167.3, 166.6, 163.2, 157.3, 147.2, 136.5, 134.1,5.D7.9, 66.9, 62.9, 58.9, 56.9, 53.7, 40.2,
39.1, 29.2, 25.8, 25.6, 23.3, 21.2. MS (ESI/APCl #10.9 [M+HJ. [a]3= -13 (c = 0.2, CHG).
Purity: 96.2%

(9)-2-(Methyl (2-methyl-6-((methyl (5,6,7,8-tetrahydroquinolin-8-yl Jamino)methyl) pyrimidin-4-yl Jamino
)ethan-1-ol (38)

Compound38 was obtained as a yellow oil (yield 88%) NMR (400 MHz, CDC})) & 8.50-8.45
(m, 1H), 7.41-7.32 (m, 1H), 7.10-7.00 (m, 1H), 7@0 1H), 4.10-3.96 (m, 1H), 3.88-3.80 (m, 2H),
3.78-3.68 (m, 2H), 3.62 (s, 2H), 3.14 (s, 3H), 22884 (m, 1H), 2.75-2.63 (m, 1H), 2.46 (s, 3H),8.3
(s, 3H), 2.16-2.06 (m, 1H), 2.06-1.98 (m, 1H), 21985 (m, 2H)'*C NMR (150 MHz, CDG)) § 167.5,
165.9, 163.5, 157.4, 147.4, 136.9, 134.4, 121.8,92.7, 59.0, 53.6, 39.3, 37.3, 29.4, 25.8, 23114.
MS (ESI/APCI) m/z 341.9 [M+H]} [a]5= -44 (c = 0.2, CHG). Purity: 97.8%

6.1.20. General procedure for the synthesis of 27 and 28

To a solution 063 (0.1 mmol, 1.0 eq.), B¥ (10.0 eq.) and corresponding amine (5.0 eq.)nm_2
of EtOH was stirred at 80°C overnight. The reactioixture was quenched with saturated NaHCO
aqueous solution (20 mL) and extracted with diatteethane (20 mL). The organic layer was dried
over NaSQ, and concentrated. The residue was diluted witil eitetate (2 mL) and added HCI/ ethyl
acetate (3 M, 3 mL). The mixture was stirred atmmotemperature overnight and quenched with
saturated NaHCQaqueous solution (50 mL). The aqueous layer waseted with ethyl acetate (30
mL x 3). The organic layers were dried over,8l@, and concentrated. The resulting residue was
diluted with DCE (4 mL) and HCHOA® (37 percent, 5.0 eq.) was added, followed by N@Bkt);
(5.0 eq.). The mixture was stirred at room tempeeabvernight and then quenched with saturated
NaHCQ; aqueous solution. The aqueous layer was extraeithddichloromethane (30 mL x 3). The
combined organic layer was dried over,8@, and concentrated. The residue was purified byasdiel
column chromatography (dichloromethane/methandd@/1) to give the desired product.
(9-N-((6-((R)-2,4-Dimethyl pi perazin-1-yl)-2-methyl pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydr
oquinolin-8-amine (27)

Compound27 was obtained as a colorless oil (yield 25%).NMR (400 MHz, CDC}J) & 8.48 (s,
1H), 7.35 (dJ = 7.6 Hz, 1H), 7.09-6.92 (m, 2H), 4.62 (s, 1HB54.28 (m, 1H), 4.09-3.98 (m, 1H),
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3.74-3.49 (m, 2H), 3.23-3.08 (m, 1H), 2.91-2.83 1), 2.82-2.75 (m, 1H), 2.74-2.65 (m, 2H), 2.46 (s
3H), 2.42-2.36 (m, 3H), 2.28 (s, 3H), 2.22-2.17 (bh), 2.14-2.07 (m, 1H), 2.05-1.91 (m, 3H),
1.74-1.63 (m, 1H), 1.29-1.23 (m, 3HJC NMR (150 MHz, CDG)) & 166.9 (d,J = 16.5 Hz), 166.2 (d,
J=9.0 Hz), 162.2 (dJ = 10.5 Hz), 157.2, 147.1, 136.7, 134.2Jd& 7.5 Hz), 121.6 (d) = 3.0 Hz),
97.9 (d,J = 7.5 Hz), 62.6 (dJ = 90.0 Hz), 60.0 (dj = 4.5 Hz), 58.7 (dJ = 16.5 Hz), 55.2 (dJ = 6.0
Hz), 46.6, 46.5, 38.9 (d,= 46.5 Hz), 38.7, 29.2, 25.8, 22.7 §ds 51.0 Hz), 21.2 (d, J = 9.0 Hz), 14.7
(d,J = 6.0 Hz). MS (ESI/APCI) m/z 380.9 [M+H][0]3= -77 (c = 0.2, CHG). Purity: 96.4%
(9-N-((6-((9)-2,4-Dimethyl pi perazin-1-yl)-2-methyl pyrimidin-4-yl )methyl )-N-methyl-5,6,7,8-tetrahydr
oquinolin-8-amine (28)

Compound28 was obtained as a colorless oil (yield 72%). NMR (400 MHz, CDC)) 5
8.51-8.44 (m, 1H), 7.35 (d,= 7.6 Hz, 1H), 7.09-7.02 (m, 1H), 7.02-6.89 (m,)1#61 (s, 1H), 4.31 (d,
J =13.2 Hz, 1H), 4.05 (g] = 7.8 Hz, 1H), 3.63 (d] = 8.0 Hz, 1H), 3.56 (s, 1H), 3.21-3.10 (m, 1H),
2.89-2.83 (m, 1H), 2.81-2.74 (m, 1H), 2.74-2.67 2i), 2.46 (s, 3H), 2.37 (d,= 6.0 Hz, 3H), 2.23 (s,
3H), 2.21-2.15 (m, 1H), 2.15-2.05 (m, 1H), 2.045L(gn, 2H), 1.95-1.92 (m, 1H), 1.74-1.63 (m, 1H),
1.30-1.25 (m, 2H), 1.18 (d} = 6.8 Hz, 1H).*C NMR (150 MHz, CDG)) § 167.3 (d,J = 19.5 Hz),
166.4 (d,J = 9.0 Hz), 162.2 (dJ = 10.5 Hz), 157.3, 147.2, 136.6, 134.1Jd&; 7.5 Hz), 121.6 (d) =
3.0 Hz), 97.9 (dJ = 7.5 Hz), 62.6 (d) = 96 Hz), 60.0 (dJ = 6.0 Hz), 58.9 (dJ = 16.5 Hz), 55.2 (dJ
= 7.5 Hz), 46.6 (dJ = 3.0 Hz), 46.5, 39.1 (d,= 49.5 Hz), 38.7, 29.3, 26.0, 22.8 {d; 55.5 Hz) ,21.2
(d,J=9.0 Hz), 14.6 (dJ = 7.5 Hz). MS (ESI/APCI) m/z 380.9 [M+H][a]3= +45 (c = 0.2, CHG).
Purity: 95.2%

6.1.21.
(9)-N-Methyl-N-((2-methyl-6-((3S,5R)-3,4,5-trimethyl piperazin-1-yl) pyrimidin-4-yl)methyl)-5,6,7,8-tetr
ahydroquinolin-8-amine (31)

To a solution 063 (30 mg, 0.1 mmol) in EtOH (2 mL) was addedNE{101 mg, 1.0 mmol) and
cis-2,6-dimethylpiperazine (57 mg, 0.5 mmol). The teacmixture was stirred at 80°C overnight, and
then quenched with saturated NaHC&ueous solution (20 mL). The aqueous layer wasard
with dichloromethane (20 mL). The organic layer wiged over NgSO, and concentrated. The
resulting residue was diluted with DCE (4 mL) an@HD/H,O (37 percent, 0.5 mL) was added,
followed by NaBH(OAc) (34 mg, 0.16 mmol). The mixture was stirred atmdemperature overnight
and then quenched with saturated NaH@@ueous solution (50 mL). The aqueous layer waseed
with dichloromethane (30 mL x 3). The combined migalayer was dried over N8O, and
concentrated. The residue was purified by silica | geolumn chromatography
(dichloromethane/methanol = 100/1) to give the mesproduct (30 mg, 76%) as a colorless Wil
NMR (400 MHz, CDC}) 6 8.52 (s, 1H), 7.36 (dl = 7.2 Hz, 1H), 7.06 (s, 2H), 4.32 (s, 2H), 4.09 &
7.6 Hz, 1H), 3.63 (s, 2H), 2.85-2.76 (m, 1H), 2Z62 (m, 3H), 2.47 (s, 3H), 2.39 (s, 3H), 2.293(4),
2.24-2.16 (m, 2H), 2.13-2.07 (m, 1H), 2.05-1.96 {id), 1.95-1.87 (m, 1H), 1.71-1.65 (m, 1H), 1.18 (t
J = 6.0 Hz, 6H)*C NMR (150 MHz, CDCJ) § 167.3, 166.6, 162.4, 157.5, 147.5, 136.8, 1324,8,
97.8, 62.3, 59.0, 57.8) (= 4.5 Hz), 50.4, 39.1, 37.8, 29.5, 26.1, 22.55218.0 § = 4.5 Hz). MS
(ESI/APCI) m/z 394.9 [M+H]. [a]5=-20 (c = 0.2, CHG). Purity: 99.5%

6.1.22. Ethyl 2,4-difluoro-3-oxobutanoate (55)

Compounds5 was synthesized with slight modification of thegedure reported in the literature.
[33] To a suspension of NaH (60% dispersion in maheil, 936 mg, 23 mmol) in 50 mL of ether was
added ethyl 2-fluoroacetate (5.0 g, 47 mmol) atraemperature. The mixture was stirred at 40°C for
4 h. The reaction mixture was poured intgsB, (2 M, 15 mL) and extracted with ether (50 mL x 3).
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The organic layers were dried over,88, and concentrated to obtain the desired produgt 2ude)
as a yellow oil, which was used directly in the th&ep without further purification.
6.1.23. 5-Fluoro-6-(fluoromethyl)-2-methyl pyrimidin-4-ol (56)

A mixture of55 (1.9 g, 11 mmol), acetamidine hydrochloride (2.22 mmol) and EtONa (2.3 g,
34 mmol) in 40 mL of EtOH was stirred at 80°C ovght. 6 N HCI (2 mL) was added and the reaction
mixture was concentrated. The residue was purlfiggilica gel column chromatography (petroleum
ether/ethyl acetate = 3/1 to 1/1) to give the @ebjsroduct (800 mg, 43%) as a yellow sottd. NMR
(400 MHz, CDC}) 6 13.07 (br s, 1H), 5.35 (d,= 46.8 Hz, 2H), 2.53 (s, 3H).

6.1.24. 5-Fluoro-4-(fluoromethyl)-2-methyl-6-(4-methyl piperazin-1-yl)pyrimidine (57)

To a solution 066 (800 mg, 5.0 mmol), BN (1.5 g, 15 mmol) andl-methyl piperazine (750 mg,
7.5 mmol) in 40 mL of MeCN was added PyBOP (2.8.§, mmol). The mixture was stirred at reflux
overnight. The resulting solution was evaporatedamove MeCNThe residue was diluted with
dichloromethane (100 mL) and washed with saturbt@@laqueous solution (50 mL x 3). The organic
layer was dried over N8O, and concentrated. The residue was purified byasiljel column
chromatography (ethyl acetate) to give the prodliog, 83%) as a yellow oifH NMR (400 MHz,
CDCly) 6 5.36 (d,J = 47.2 Hz, 2H), 3.87-3.73 (m, 4H), 2.57-2.50 (1H)42.49 (s, 3H), 2.33 (s, 3H).
MS (ESI/APCI) m/z 242.9 [M+H]

6.1.25. 1-(5-Fluoro-2-methyl-6-(4-methyl piperazin-1-yl) pyrimidin-4-yl)-N-methyl methanamine (58)

A mixture of57 (1.5 g, 6.2 mmol) and 2 N methylamine/methanain(§ in i-PrOH (15 mL) and
H,O (15 mL) was stirred at 80°C overnight in a sedldsk. The reaction mixture was concentrated,
diluted with HO (20 mL) and extracted with dichloromethane (30 xB). The combined organic
layer was dried over N8O, and concentrated. The residue was purified byasiljel column
chromatography (dichloromethane/methanol = 40/204) to give the product (800 mg, 51%) as a
yellow oil. '"H NMR (400 MHz, CDC}) & 3.80-3.74 (m, 4H), 3.73 (s, 2H), 2.48-2.46 (m, 4Bi}4 (s,
6H), 2.31 (s, 3H). MS (ESI/APCI) m/z 254.0 [M+H]

6.1.26.
N-((5-Fluoro-2-methyl -6-(4-methyl pi per azin-1-yl) pyrimidin-4-yl)methyl)-N-methyl-5,6,7,8-tetrahydroq
uinolin-8-amine(21)

To a solution 068 (100 mg, 0.4 mmol)49 (81 mg, 0.48 mmol) and DIPEA (103 mg, 0.8 mmol)
in 5 mL of i-PrOH was stirred at 90°C for 3 days. The resul8otution was evaporated to remove
MeCN The residue was diluted with dichloromethane (100) mnd washed with saturated NacCl
aqueous solution (50 mL). The organic layer wasdddver NgSO, and concentrated. The residue was
purified by silica gel column chromatography (dadmethane/methanol = 20/1) to give the product
(73 mg, 48%) as a yellow offtH NMR (400 MHz, CDC}) & 8.48 (d,J = 4.0 Hz, 1H), 7.34 (d] = 7.6
Hz, 1H), 7.06-7.02 (m, 1H), 4.11-4.00 (m, 1H), 38B&0 (m, 6H), 2.89-2.75 (m, 1H), 2.75-2.62 (m,
1H), 2.50-2.45 (m, 4H), 2.46-2.42 (m, 3H), 2.403H), 2.32 (s, 3H), 2.16-1.96 (m, 3H), 1.76-1.68 (m
1H). °C NMR (150 MHz, CDG)) & 161.4 (d,J = 9.0 Hz), 157.4, 152.2 (d,= 13.5 Hz), 147.2, 144.5
(d,J = 256.5 Hz), 136.6, 134.2, 121.7, 64.5, 55.2, 5863, 46.1, 46.1, 39.2, 29.3, 25.5, 24.7, 21.3.
HRMS (ESI): calcd for §H3FNg[M+H] " 385.2516, found 385.2514. Purity: 98.6%

6.1.27. 4-Hydroxy-2,6-dimethyl pyrimidine-5-carbonitrile (60)

A mixture of59 (5.0 g, 27 mmol), acetamidine hydrochloride (3.43mmol) and KCO; (11.3 g,
82 mmol) in 80 mL of EtOH was stirred at room temghere overnight. The reaction mixture was
acidified pH to 5 by 3 N HCI and then extractedhabutyl alcohol (50 mL x 6). The combined organic
layer was dried over N8O, and concentrated to give the desired product (3.8780) as a slight

23



yellow solid. '"H NMR (400 MHz, DMSOds) & 13.30 (s, 1H), 2.39 (s, 3H), 2.35 (s, 3H). MS
(ESI/APCI) m/z 150.0 [M+H].
6.1.28. tert-Butyl 4-(5-cyano-2,6-dimethyl pyrimidin-4-yl)piperazine-1-carboxylate (61)

A mixture of60 (2.5 g, 16 mmol), 1-Boc-piperazine (4.7 g, 25 mmBlyBOP (9.6 g, 18 mmol)
and EtN (5.1 g, 50 mmol) in 60 mL of MeCN was stirred3&°C overnight. The reaction solution was
evaporated to remove most of MeCN. The resultingidtee was purified by silica gel column
chromatography (petroleum ether/ethyl acetate #®A/1) to give the desired product (4.3 g, 81%) a
a yellow solid."H NMR (400 MHz, CDC}) § 3.94 (s, 4H), 3.55 (s, 4H), 2.57 (s, 3H), 2.5(B(), 1.47
(s, 9H). MS (ESI/APCI) m/z 317.9 [M+H]

6.1.29. tert-Butyl 4-(6-(chloromethyl)-5-cyano-2-methyl pyrimidin-4-yl)pi perazine-1-carboxylate (62)

To a solution of61 (4.0 g, 12 mmol) in 100 mL of dichloromethane vealed trichloroisocyanuric
acid (2.9 g, 12 mmol) in portions at 0°C. The migtwas stirred at room temperature for 6 h and then
guenched with saturated pRO; aqueous solution (20 mL). The aqueous layer waserd with
dichloromethane (50 mL x 3). The combined orgaaiet was dried over N8O, and concentrated.
The residue was purified by silica gel column chatmgraphy (petroleum ether/ethyl acetate = 10/1 to
5/1) to give the desired product (2.4 g, 54%) atight yellow solid.*H NMR (400 MHz, CDC})) &
4.58 (s, 2H), 3.99 (s, 4H), 3.57 (s, 4H), 2.563(3), 1.48 (s, 9H).

6.1.30. tert-Butyl
4-(5-Cyano-2-methyl-6-((methyl (5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl ) pyrimidin-4-yl ) pi per azi
ne-1-carboxylate (63)

A mixture of N-methyl-5,6,7,8-tetrahydroquinolin-8-amine (421 rAg mmol),62 (1.0 g, 2.8 mmol),

Kl (45 mg, 0.3 mmol) and DIPEA (671 mg, 5.2 mmah) 10 mL of MeCN was stirred at room
temperature overnight. The reaction solution waspevated to remove most of MeCN. The resulting
residue was purified by silica gel column chromaapdpy (petroleum ether/ethyl acetate = 1/1 to 0/1)
to give the desired product (800 mg, 64%) as awebil. ‘H NMR (400 MHz, CDC}) § 8.44 (d,J =

3.6 Hz, 1H), 7.35 (d) = 7.2 Hz, 1H), 7.04 (dd] = 7.2, 4.8 Hz, 1H), 4.15-4.08 (m, 1H), 4.08-3.87, (
2H), 3.97-3.88 (m, 4H), 3.02-2.93 (m, 4H), 2.86&(h, 1H), 2.73-2.63 (m, 1H), 2.53 (s, 3H), 2.28 (s
3H), 2.22-2.12 (m, 1H), 2.10-1.92 (m, 2H), 1.761@H).

6.1.31.

2-Methyl-4-((methyl(5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-6- (4-methyl piperazin-1-yl)pyrimidi
ne-5-carbonitrile (22)

To a solution 063 (600 mg, 1.3 mmol) in 2 mL of dichloromethane vaasied CECOOH (1 mL).
The mixture was stirred at room temperature forghtl then evaporated to give the product (700 mg,
crude) as a red oil. To a solution of the crudedpod in 1 mL of methanol was added HCHQZH(37
percent, 1 mL) and NaBJ@N (125 mg, 2.0 mmol). The mixture was stirredam temperature for 2
h and then quenched with saturated Nak@Queous solution (10 mL). The aqueous layer was
extracted with dichloromethane (10 mL x 3). The barad organic layer was dried over jS&, and
concentrated. The residue was purified byQAl column chromatography (petroleum ether/ethyl
acetate = 5/1 to 0/1) to give the desired prod2@6(mg, 39%) as a slight yellow solftH NMR (400
MHz, CDCk) 6 8.44 (d,J = 4.0 Hz, 1H), 7.35 (d) = 7.2 Hz, 1H), 7.04 (dd] = 8.0, 4.8 Hz, 1H),
4.15-4.08 (m, 1H), 4.08-3.93 (m, 6H), 2.87-2.75 UH), 2.75-2.62 (m, 1H), 2.55-2.45 (m, 7H), 2.33 (s
3H), 2.23 (s, 3H), 2.08-1.90 (m, 3H), 1.77-1.64 (H). **C NMR (100 MHz, CDG)) § 174.7, 168.5,
162.4, 157.5, 147.0, 136.7, 134.3, 121.7, 117.4,84.8, 61.0, 55.0, 46.5, 46.1, 38.1, 29.3, 28664,
21.4. HRMS (ESI): calcd for GH3oN7 [M+H] * 392.2563, found 392.2559. Purity: 98.2%
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6.2. In vitro biological assays
6.2.1. HPB-ALL CXCR4 competitive binding assay [ 13]

HPB-ALL cells were maintained in RPMI-1640 (Gibice)pplemented with 10% FBS (Hyclone).
APC-conjugated anti-human CXCR4 was from Sungefi®y .83 pg/mL) was first determined for
12G5 binding to CXCR4. Then the compounds for testivere added into 96-well plates serially
diluted at a ratio of 1:3. Cells were washed ond# we-cold assay buffer (DPBS+2% HI-FBS) and
then re-suspended in the same buffer at a finatamation of 1 x 1UmL. Cell suspension was then
added into the wells and with the addition of ARShjagated anti-human CXCR4 clone 12G5 at its
ECsy determined. The mix of cell, compounds and APCiogeted anti-human CXCR4 were
incubated at 4 °C for 3 h before addition of 100 qfl4% PFA. Cells were then washed once and
resuspended in assay buffer and examined by FACS.

6.2.2. FLIPR Tetra calcium mobilization assay [ 13]

The FLIPR Tetra calcium mobilization assay was qrened by HD Bioscience. Briefly, The
Molecular Devices, Fluorescent Imaging Plate ReéelPR) Tetra was used in this assay. Excitation
was achieved through unique placement of LED's iwithe instrument and emission captured by a
CCD camera (EMCCD camera for FI and ICCD camerduuotinescence). The homogeneous FLIPR
Calcium 4 assay kit from Molecular Devices was uaedhe fluorescence reagent. Compounds were
solubilized in 100% dimethyl sulfoxide (DMSO) tocancentration of 30 mM. A 10-point, 4-fold,
intermediate dilution series was created in 100%30Mwith a top concentration of 400 uM and a
bottom concentration of 0.001 pM. A near assay yedulect dilution plate (ddNARP) was prepared
from this compound dilution plate by transferringull of each dilution of compound in 100% DMSO
to a Greiner#781201 plate. In addition, each ddNAR#Re also contained positive and negative
control wells to define the upper and lower linfits the assay signal. The final assay concentration
range of compound was 1 pM to 0.0035 nM in 0.5% @MSuman CI* T-Cells were isolated from
human whole blood and subsequently activated apdreted using a CD3/CD28 expansion kit (Life
Technologies). The cells were frozen in ThermoRisbemulated Recovery Cell Culture Freezing
Medium containing 10% Dimethyl sulfoxide (DMSO) anth% Fetal Bovine Serum (FBS)
(ThermoFisher Catalog No. 10100147). When useds eedre resuspended using room temperature
1X HBSS/20 mM HEPES/0.005% P-104 assay buffer, stéjli the volume of the suspension to
achieve a cell concentration of 2.5 X t@lls/mL. 2X Calcium 4 dye (20 uL/well) were addmatl the
mixture were centrifuged briefly (~10 s) and stappehen it reached 1000 rpm. The plates were
allowed to equilibrate before compounds were adédéter 20 min, CXCL12 (Eg, 5 nM) was added
to the plates. The raw data were analyzed usingd@bBhe percent (%) effect at each concentration of
compound was calculated by Abase and was baseddretative to the amount of calcium produced
in the positive and negative control wells contdiméthin each assay plate. The concentrations and %
effect values for tested compounds were plottedlyse and the concentration of compound required
for 50% effect (1Gy) was determined with a four-parameter logisticed@sponse equation.

6.2.3. CXCRL1 functional assay

Recombinant HEK293 Cells with CXCR1 over-expressi@re dissociated using Trypsin-EDTA
at 37°C for 3 mins, before fresh culture medium added onto cells to stop Trypsin-EDTA. The cells
were centrifuged at 1200 rpm for 3 mins, and thesuspended using assay buffer. Cell number was
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counted using Countess (Invitrogen). PBS was attladjust cell density to 2.7 x ¥nl.

IL-8 was serial diluted in LDV (low dead volume moplate) with 100 uM top dose, 4-fold
dilution, 10 points, and dispensed 100 nL/well iagsay plate. Cells (7.5 pL, 2000/well) were added,
and the mixture was incubated at room temperatur&3 min. Forskolin (4.4 uM, 2.5 pL) was added
to the assay plate, and the mixture was incubateaban temperature for another 15 min. cAMP-d2 (5
pL) and Eu-Anti-cAMP working solutions (5 pL) weaelded, and the mixture was incubated at room
temperature for 60 min. The raw data were readronsion (665 nm/615 nm).

Compound?3 and Navarixin were serial diluted in LDV with 1GMrtop dose, 4-fold dilution, 10
points, and dispensed 100 nL/well into assay pl@ls (7.5 pL, 2000/well) were added, and the
mixture was incubated at room temperature for Ifh wisolution of Forskolin and IL-8 in assay buffer
(2.5 pL, 4.4 uM for Forskolin and 100 nM for IL-B)as added to the assay plate, and the mixture was
incubated at room temperature for another 15 mikM-d2 (5 pL) and Eu-Anti-cAMP working
solutions (5 pL) were added, and the mixture wasbated at room temperature for 60 min. The raw
data were read on Envision (665 nm/615 nm).

6.2.4. CCR6 functional assay

The CCR6 functional assay was performed by HD Béyse. Briefly, The Molecular Devices,
Fluorescent Imaging Plate Reader (FLIPR) Tetra wsed in this assay. Excitation was achieved
through unique placement of LED’s within the instent and emission captured by a CCD camera
(EMCCD camera for FI and ICCD camera for luminesednThe homogeneous FLIPR Calcium 4
assay kit from Molecular Devices was used as therdlscence reagent. Compounds were solubilized
in 100% dimethyl sulfoxide (DMSO) to a concentratiof 30 mM. A 10-point, 4-fold, intermediate
dilution series was created in 100% DMSO with a tomcentration of 4 mM and a bottom
concentration of 0.01 pM. A near assay ready, tiéation plate (ddNARP) was prepared from this
compound dilution plate by transferring 1 pL of leatilution of compound in 100% DMSO to a
Greiner#781201 plate. In addition, each ddNARPepkso contained positive and negative control
wells to define the upper and lower limits for #&say signal. The final assay concentration rafige o
compound was 10 pM to 0.035 nM in 0.5% DMSO. Hun@D'*, CCR6 enriched T-Cells were
previouslyactivated, expanded arsiibsequentlyrozen in ThermoFisher-formulated Recovery Cell
Culture Freezing Medium containing 10% Dimethylfexide (DMSO) and 10% Fetal Bovine Serum
(FBS) (ThermoFisher Catalog No. 10100147). Whendusells were resuspended using room
temperature 1X HBSS/20 mM HEPES/0.005% P-104 admdier, adjusted the volume of the
suspension to achieve a cell concentration of 218cells/mL. 2X Calcium 4 dye (20 uL/well) were
added and the mixture were centrifuged briefly (s1l@&nd stopped when it reached 1000 rpm. The
plates were allowed to equilibrate before compousnaid CCL20 were added to the plates. The raw
data were analyzed using Abase. The percent (%rte#it each concentration of compound was
calculated by Abase and was based on and relatitheetamount of calcium produced in the positive
and negative control wells contained within eackagplate. The concentrations and % effect values
for tested compounds were plotted by Abase andcémeentration of compound required for 50%
effect (1Gg) was determined with a four-parameter logisticed@sponse equation.

6.2.5. Matrigel invasion assay

The human breast cancer cell line MDA-MB-231 waschased from ATCC (Manassas, VA).
MDA-MB-231cell line was cultured in DMEM medium splpmented with 10% heat-inactivated fetal
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bovine serum, 100 units/ml of penicillin and 100/mbof streptomycin. Cells were cultured at 37 °C
in a humidified atmosphere of 20%/8% CQ.. All cultures were monitored routinely and fourdbe

free of contamination by mycoplasma or fungi, didea after three months, and new lines propagated
from frozen stocks.

Matrigel invasion assays were carried out in medifBoyden chambers with filter inserts with
8-um pores in 24-well plates (Corning, NY, USA). Thafaces of the filters were coated with 50mg/L
ice-cold Matrigel (Matrigel basement membrane miaBD Bioscience, NJ, USA). The lower chamber
was filled with medium containing 10% serum. Thgéh compounds (100 nM) and the human breast
cancer cell line MDA-MB-231 cells (4 x {@ells/well) were added to the upper chamber oéssel
and CXCL12 was added in the lower chamber as a chgractant in serum free medium. After 24 h
incubation, the filters were gently removed frora tthambers, and the cells on the upper surface were
removed by wiping with a cotton swab. Cells thad liravaded to the lower surface areas were fixed
with ice cold methanol, stained with crystal viplahd counted in 10 randomly selected fields urder
microscope (100x). Results shown are representafittgee independent experiments.

6.2.6. Cell viability assay

The cell viability was analyzed by using the CalfiGlo Luminescent Cell Viability Assay kit
following the manufacturer’s instructions (Promegdaldminescence was measured with SpectraMax
i3x (Molecular Devices).

6.3. Preliminary in vitro safety and DMPK test

6.3.1. Evaluation of CYP inhibitory potency [ 34]

Inhibitory potency of test compounds against hurRd®0 enzymes was investigated in human
liver microsomes. The five major CYP isoforms ahdit respective probe substrates were as follows:
CYP3A4 (midazolam, gM), CYP2D6 (dextromethorphan, joM), CYP1A2 (phenacitine, 2@M),
CYP2C9 (tolbutamide, 100M), and CYP2C19 (S-mephenytoin, 481). All probe substrates were
used at concentrations near or below theis KMichaelis constant). Triplicate incubations were
conducted in the 20QL incubation mixtures at 37 °C. The mixture congginrHLM (0.2 mg/mL),
phosphate buffer (100 mM, pH 7.4), NADPH (1 mM}teel compounds (10M), and individual CYP
probe substrate. The mixtures were pre-incubated. @omin to allow inhibitor/enzyme interactions
before the initiation of the reaction with NADPHfté&r 10 min, reactions were terminated by the
addition of 100uL of cold acetonitrile containing an appropriatéeimal standard. Samples were then
centrifuged and injected into the LCMS/MS apparatosquantify the concentrations of specific
metabolites formed by individual CYP enzymes.

6.3.2. hERG assays [ 35,36]

Compound23 was evaluated for block of the hERG potassium nbhnsing CHO cells stably
expressing the hERG gene and the QPatch platfooph{@n, Ballerup, Denmark). K tail currents were
measured at —-50 mV following a 500 ms depolarirat®+20 mV from a holding voltage of -80 mV.
The external solution contained 4 mM',KL mM Md¢*, and 2 mM C&. Compound effects were
guantified 4 min after application to the cellsld&s were elicited every 20 s.
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6.3.3. Metabolic stability test [ 34]

To test the metabolic stability of compouB8 in vitro, each compound was incubated with rat
liver microsomes in the presence of NADPH. The tieacmixtures include NADPH (1 mM),
microsomes (0.2 mg/mL), phosphate buffer (100 mM, p4), and test compounds (M). The
reaction was initiated by the addition of NADPHeafa 10 min pre-incubation. The incubations were
taken at three time points (0, 30, 60 min) and gdamto 100uL of cold acetonitrile with internal
standard. The samples were then centrifuged at0@3;pm for 10 min and the supernatants were
subjected to LC-MS/MS analysis. The in vitro kiogparameters were calculated using the following
equations:

tiz = 0.693 (1)

Kk

Where k is the slope from linear regression analgéithe natural Ln percent remaining of test

compound as a function of incubation time.

Clot s = K . mgof protein®
int,invitro —
mg of proteinper mlincubation g of liver
g of liver
kg of body weight

Where a is 20 mg/g for mouse and human, b is 8kdfgr mouse and 25.7 g/kg for human.

Cl _ Qnx Clint,invitro 3)
hepatic = —————————
Qh + Clint, in vitro

Where Q is the hepatic blood flow (90 mL/min for mouse &7 mL/min for human).

6.3.4. Caco-2 permeability study [ 35,37]

The Caco-2 permeability study was performed by Gbanmer.Caco-2 cells were obtained
from American Tissue Culture Collection (RockvillD). The cells were maintained in Modified
Eagle’s medium (MEM), containing 10% heat-inactdht fetal bovine serum, and 1%
non-essential amino acids, in €@t 37°C. Cells were seeded on polycarbonate filtserts
(Millipore, CAT#PSHT 010 R5).

The cells were cultured for 21-28 days prior tott@sport experiments. The transepithelial electri
resistance and Lucifer Yellow permeability were aitesl before and after the assay. Compsumere
dissolved at 10 mM in 100% dimethyl sulfoxide (DMS&nd diluted for studies in Hanks Balanced
Salt Solution (HBSS, Invitrogen, Cat# 14025-092jhw25 mM HEPES, pH 7.4. Compounds were
tested at 10 uM, and in both the apical-to-basb{@-B) and basolateral-to-apical (B-A) directign
and were conducted at 37°C for 90 min. At the ehish@ubation, donor samples were diluted 10-fold
by assay buffer, then 60 uL of receiver and dilkdedor samples were mixed with 60 pL of
acetonitrile, and analyzed by LC-MS/MS. The conidns of the compounds were quantified by
standard curve.
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Figure Captions

Fig. 1 Examples of small molecule CXCR4 antagonists regubiri the literature

Fig. 2 Molecular docking and structural optimization prepb (a) The predicted conformation of
compound A in the binding site of CXCR4, the resislaround 5 A of compound A are colored in
green and the key residues are labeled in pinkTig) interaction pattern between compound A and
CXCRA4. (c) Proposed SAR study plan.

Fig. 3 (a) The nearby residues within 5 A of the compoArid the binding pocket of CXCR4 receptor;
schematic representation of the interaction patértween (b) compoundl (c) compoundl?2 and
CXCR4 receptor (PDB ID: 30DU).

Fig. 4 Compound23 is a potent CXCR4 antagonist, but is inactive XOR1 and CCR6. (a) CXCR4
dose response curve for SDF-1 (CXCL12) stimulatiand inhibition curves of compound
23/AMD3100 (positive control for CXCR4) based on dcaam flux assay. (b) CXCR1 dose response
curve for IL-8 stimulation and inhibition curves ebmpound23/Navarixin (positive control for
CXCR1) based on a functional cAMP assay. (¢) CC8&desponse curve for CCL20 stimulation and
inhibition curves of compoun@3/PF-9654-00 (positive control for CCR6) based ocakcium flux
assay.

Fig. 5 Effect of compoun@®3 on matrigel invasion of MDA-MB-231 cells and cyigicity assessment
of 23 in the cultured human and murine cells. (a) Photages of matrigel 22 h after invasion
experiment. (b) Quantification of transwell anatysif cell invasion experiment. Data represent mean
value + standard deviation. *P < 0.05, **P < 0.6tP < 0.001, ****P < 0.0001. Magnification: 4x. (c
Effect of compoun@3 on proliferation of human and murine cells.

32



Tablel. SAR for Ry, Ry, and R;

R NN
i
12G5 12G5
Bindin Bindin
Cmpd R R, R; g clogPpKe® Cmpd R R, Rs e g clogP pKa®
50 50
(nM)* (nM)*
1 MeO MeH 25+2 235 6.5 12 Me Me H 123 206 7.2
2 EtO MeH 78+14 272 6.5 13 Et Me H 254 263 7.3
3 i-PrO MeH 151+74 3.08 6.7 14 i-Pr Me H 256+89 3.11 7.1
4 NH, MeH 236 177 6.7 15 cPr Me H 23+4 242 74
2891 +
5 MeNHMeH 58+15 257 8.7 16 Ph Me H 202 4.08 6.3
Y 1204 +
6 EtNH MeH 105+38 2.94 8.8 17 N Me 505 2.46 6.3
/
_ 930 + |
7 1-PrNHMe H 375 3.24 8.9 18 CR Me H 29352 297 5.7
8 (Me)),NMeH >10000 293 9.0 19 Me Et H 17x4 243 8.2
- 792 +
9 [ N MeH 230 89 20 Me - A H 51+11 293 83
OH 186
N 2442 +
10 Me H 190 277 9.9 21 Me Me F 124 215 6.1
1 (Y MeH >10000 333 91 22  Me Me CN 33%5 174 57
A 8816 197 6.7AMD3100 30324

 Inhibition of luminescence signaling in HPB-ALL ©R4 competitive binding assay. Data are

expressed as geometric mean values of at leastumsm+ the standard error measurement (SEM).
Calculated by Molinspiration® Calculated by ACD/Labs 6.0. Compound18 was synthesized as

(9)-stereoisomer.
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Table 2. SAR forR,

|\
N7
N\
N%\
)\\N R4
12G5 12G5
Cmpd R, Binding clogP pKa&® Cmpd R Binding clogP’ pKa®
ICso (NM)* ICso (NM)*
* N
23 “Q, 88+10 206 7.2 31 Q\i 83+39 272 7.2
N N
2a V) 1021 243 72 3 " 80217 245 80
- o
25 ON 70+12 242 7.2 33 “Oj 18+9 245 80

Y

26 K/)\l 130+7 189 7.2 34 N/\ 101+45 243 7.3

b L_o
27 N 2147 239 72 35 N 96+12 248 7.7
K/N\ O\l\
28 “NJ\ 14+7 239 72 36 b ,O’ 66+24 1.80 7.0
N\
\\N \N/\/\N
20 Y [ 83:xa7 230 72 3 N OO 36+18 207 7.5
\\N o \\N
o | 1427 230 72 38 "7, >10000 153 6.2
A 88+16 1.97 6.7AMD3100 303 24

 Inhibition of luminescence signaling in HPB-ALL ©R4 competitive binding assay. Data are
expressed as geometric mean values of at leastumsm+ the standard error measurement (SEM).
Calculated by Molinspiratiorf.Calculated by ACD/Labs 6.0.
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Table 3. Preliminary in vitro safety and DM PK evaluation of compound 23

CYP Inhibition b
a ERG Caco-2 PPB (%) RLM
(%)
Cmpd—— ICqy -
Papp(A-B) efflux ratio Clint tiy
3A4  2D6 (UM) 6 mouse rat human ) )

(10 cm/s) (B-A)/(A-B) (mL/min/kg) (min)
23 48 57 8 27 0.86 890 82 99 1567 1.6
A° 9 3 > 30 15 15 NDY ND ND 2256 1.1

2 All compounds were tested at i concentration® RLM = Rat liver microsomes. All compounds
were tested at 1 uM concentrati6rData of compound A has been reported previousdy. FIND =
not determined.
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Figure 2
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Figure3
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Scheme 1. Reagents and conditions: (a) 2-methyl-2-thiopseteh sulfate, KCOs, H,O, rt, overnight;
(b) N-methyl piperazine, PyBOP, {&, MeCN, reflux, overnight; (c) Oxone, THF,@, rt, 4 h; (d) for
44a and 44b: MeONa/MeOH or EtONa/EtOH, reflux, overnight; fédc: NaH, isopropanol, reflux,
overnight; for44d-k: corresponding amine, THF, reflux, overnight; f@)44p and44q: corresponding
boronic acid, Pd(PRJy, CuTC, THF, 80 °C, 12 h; (f) corresponding amidih&,CO;, H,O, rt,
overnight; (9) 20% EBO,, reflux, overnight; (h) for 1-17:
(¥)-N-methyl-5,6,7,8-tetrahydroquinolin-8-amine, NaBH(©# AcOH, DCE, rt, overnight; for8:
(9-N-methyl-5,6,7,8-tetrahydroquinolin-8-amine, NaBH(©# AcOH, DCE, rt, overnight.
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Scheme 2. Reagents and conditions: (a) acetamidine hydooidld, DBU, EtOH, rt, overnight; (b)
POCE, reflux, 30 min; (c) corresponding amine, THF, &) overnight; (d}48, DIPEA, Kl, MeCN, rt,
overnight; (e)N-methyl piperazine, BN, EtOH, 80 °C, overnight; (f) foR3-26, 29, 30, and 32-38:
corresponding amine, M, EtOH, 80 °C, overnight; for27 and 28: i) tert-butyl
(R)-3-methylpiperazine-1-carboxylate tart-butyl (S-3-methylpiperazine-1-carboxylate,;NHt EtOH,
80 °C, overnight; ii) HCl/ethyl acetate, rt, ovaght; iii) HCHO, NaBH(OAc} DCE, rt, overnight; for
31: i) cis-2,6-dimethylpiperazine, BN, EtOH, 80 °C, overnight; ii) HCHO, NaBH(OACPCE, rt,
overnight.
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Scheme 3. Reagents and conditions: (a) NaH,&treflux, 4 h; (b) acetamidine hydrochloride, EQN
EtOH, 80 °C, overnight; (cN-methyl piperazine, PyBOP, &, MeCN, reflux, overnight; (d) 2 N
CH3;NH,/MeOH, i-PrOH, HO, 80 °C, overnight; (39, DIPEA,i-PrOH, 90 °C, 3 d.
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Scheme 4. Reagents and conditions: (a) acetamidine hydooidd, K;COs;, EtOH, rt, overnight; (b)
N-Boc-piperazine, PyBOP, &, MeCN, 80 °C, overnight; (c) trichloroisocyanusdcid, CHCI,, rt, 6
h; (d) (£)N-methyl-5,6,7,8-tetrahydroquinolin-8-amine, Kl, EHR, MeCN, rt, overnight; (e) (i) TFA,
CH.ClI,, rt, 2 h; (ii) HCHO/HO, NaBHCN, MeOH, rt, 2 h.
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Highlights

1)
(2)
)
(4)
()

Structural optimization of aminopyrimidine-based CXCR4 antagonists were reported.
Compound 23 competes with APC-conjugate 12G5 for CXCR4 binding (ICsp = 8.8 nM).
Compound 23 inhibits CXCL12 induced cytosolic cacium increase (1Csp = 0.02 nM).
Compound 23 inhibits CXCR4/CXLC12 mediated chemotaxisin amatrigel assay.
Compound 23 demonstrates good physicochemical properties and in vitro safety profiles.
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