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ABSTRACT

LSD1 is a histone lysine demethylase proposed as therapeutic target in cancer. Chemical modifications
applied at C2, C4 and/or C7 positions of the quinazoline core of the previously reported dual LSD1/G9a
inhibitor 1 led to a series of non-covalent, highly active, and selective LSDI inhibitors (2-4 and 6-30)
and to the dual LSD1/G9a inhibitor § that was more potent than 1 against LSD1. In THP-1 and MV4-11
leukemic cells, the most potent compounds (7, 8, and 29) showed antiproliferative effects at sub-
micromolar level without significant toxicity at 1 uM in non-cancer AHH-1 cells. In MV4-11 cells, the
new derivatives increased the levels of the LSD1 histone mark H3K4me?2 and induced the re-expression
of the CD86 gene silenced by LSDI, thereby confirming the inhibition of LSD1 at cellular level. In
breast MDA-MB-231 as well as in rhabdomyosarcoma RD and RH30 cells, taken as examples of solid
tumors, the same compounds displayed cell growth arrest in the same ICso range, highlighting a crucial
anticancer role for LSD1 inhibition and suggesting no added value for the simultaneous G9a inhibition

in these tumor cell lines.



1. INTRODUCTION

The methylation status of lysine residues in both histone and non-histone proteins is regulated by the
opposite activities of two families of enzymes, the lysine methyltransferases (KMTs) and the lysine
demethylases (KDMs), which catalyze the addition or the removal of methyl marks at lysine residues,
respectively [1, 2]. Among KDMs, lysine specific demethylase 1 (LSD1) is a FAD-dependent enzyme
that removes one or two methyl groups from the lysine 4 of histone H3 (H3K4me1/2) and, in particular
conditions, from H3K9mel/2, acting as either a gene silencer or activator, respectively [3]. To exert its
catalytic action, LSD1 is involved in corepressor complexes containing CoREST, HDAC1/2, nuclear
receptors, and other transcription factors [4]. Through these complexes, LSD1 epigenetically regulates
many cellular events important in mammalian biology such as embryonic development, hematopoiesis,
and neuronal development [5]. Pathologically, LSDI is implicated in tumorigenesis and metastasis, with
high levels of its expression that are associated with poor prognosis in cancer patients. Indeed, LSDI1
has been found overexpressed or dysregulated in various cancer types, including acute myeloid
leukemia (AML) [6], breast [7], prostate [8], small cell lung cancer [9], neuroblastoma [10], glioma
[11], medulloblastoma [12] and sarcomas [13]. Moreover, since pharmacological inhibition or genetic
deletion of LSD1 impairs proliferation and metastasis of diverse tumor cells [14], LSDI has been
proposed as an attractive anticancer drug target, and numerous LSD1 inhibitors, acting through either a
covalent or non-covalent mechanism of action, have been developed over the last ten years [15-17].
Tranylcypromine (TCP, Figure 1) has been largely used as a template to design new irreversible LSD1
inhibitors [18-25]. due to its ability to bind the FAD cofactor. Currently, beyond the association of TCP
with all-trans-retinoic acid [15], four TCP-based LSD1 inhibitors have reached the clinical arena alone
or in combination with other drugs for the treatment of cancer; these include iadademstat (ORY-1001)
[26], bomedemstat (IMG-7289) [27], INCB059872 [28], and GSK-2879552 [29] (Figure 1). Several
reversible, non-covalent LSD1 inhibitors carrying different chemotypes have also been described in

literature [16]. Nevertheless, only two of them, seclidemstat (SP-2577) [30] and CC-90011 [31], are



currently in clinical trials as potential anticancer agents for the treatment of both solid and

hematological malignancies (Figure 1), although seclidemstat has been very recently devalidated [32]
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Figure 1. Covalent (A) and non-covalent (B) LSD1 inhibitors in clinical trials for cancer treatment.

TCP-based LSDI1 inhibitors often show side effects that have been ascribed to their irreversible binding
to FAD and to significant affinity with several other targets, including neurotransmitters metabolizing
enzymes, receptors, and transporters [15, 33-35]. In addition, beyond producing long-lasting on-target
effects, the covalent LSD1 inhibitors can in principle also induce prolonged off-target effects [15].
Thus, in order to study whether the safety/efficacy profile of LSDI inhibitors can be improved the
search of novel, reversible inhibitors is presently highly pursued.

Recently, we showed that E11 (MC3774, 1) (Figure 2), previously reported as inhibitor of the histone
methyltransferases G9a and G9a-like protein (GLP) [36], is also able to inhibit LSD1 in a quite unique
manner. Indeed, the stacking of five copies of the molecule 1 at the entrance of the LSDI active site

leads to an efficient enzyme inhibition [37].



To increase its potency against LSD1, we applied chemical manipulations at the quinazoline C4, C2 or
C7 position of the 1 structure and then tested the resulting analogues 2-30 (Figure 2) against LSDI. In
parallel, we evaluated their activity against G9a, and the selectivity over a panel of histone
methyltransferases (DOTI1L, SETDS, EZH2 complex, and PRMT1) and MAO-A/B for two selected
compounds was also determined. The crystal structure of one of the new most potent LSD1 inhibitors
(7) in complex with LSD1-CoREST was determined and confirmed the peculiar binding mode of such
compounds to this enzyme. Then, compounds 1-30 were tested on two AML cell lines (THP-1 and
MV4-11) to assess their antiproliferative activity in a context where the anticancer target potential of
LSD1 is well-known [6, 15-17]. The LSDI1 inhibition in MV4-11 cells was proved through WB analysis
of the H3K4me2 levels as well as the detection of increased expression levels of CD86, a
monocyte/macrophage lineage differentiation marker silenced by LSD1 [38]. Finally, due to the
mounting evidence suggesting the involvement of LSDI1 in triple negative breast cancer (TNBC) [7] as
well as in rhabdomyosarcoma (RMS) [13], selected compounds were also assayed in MDA-MB-231

cells and in two RMS cell lines (RH30 and RD).
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Figure 2. Quinazoline-based compounds (2-30) obtained by chemical changes applied on the structure

of the dual LSD1/G9a inhibitor 1.



2. RESULTS AND DISCUSSION

2.1. Chemistry. The synthetic routes followed for the preparation of the final derivatives 2-30 are
depicted in Scheme 1. The 2,4-dichloroquinazoline 31 [39] was treated with the proper commercially
available diamine in the presence of triethylamine in dry THF at room temperature (for 32-36, 38-42) or
with 1-benzylpiperidin-4-ol in the presence of potassium tert-butoxide in DMSO at room temperature
(for 37) to undergo a regioselective C4 nucleophilic displacement furnishing the intermediates 32-42
(for 32 [40], 36 [41], 37 [41], 38 [42], and 40 [39] see the related references). Then, such compounds
were converted into the final derivatives 3, 6-10, 13-16 via the C2 displacement at the quinazoline ring
with the commercially available N/, N'-dimethylpropane-1,3-diamine under microwave irradiation at
130 °C in 2-propanol (Scheme 1A). The final compound 2 was prepared by removal of the fert-
butoxycarbonyl protection at the piperidine moiety of 12 through acidic treatment (4 N hydrochloric
acid in 1,4-dioxane) in the mixture dry THF/dry methanol. The final compounds 4 and § were obtained
by treatment of 2 with the proper phenyl-alkyl bromide in the presence of anhydrous potassium
carbonate and sodium iodide in dry DMF at room temperature, while 11 was prepared by acylation of 2
with benzoyl chloride in the presence of triethylamine in dry DCM at room temperature (Scheme 1B).

The 2-chloroquinazoline 43 [37] was subjected to C2 displacement by the appropriate commercial
diamines in 2-propanol under microwave irradiation at 130 °C, leading to the final compounds 17-28

(Scheme 10).
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Scheme 1. Synthesis of Compounds 2-28. Reagents and conditions: i) appropriate amino- or
aminomethyl-(N-arylalkyl)cyclic amine or acyl-cyclic amine or (arylamino)alkylamine, triethylamine,
dry THEF, r.t.; ii) 1-benzylpiperidin-4-ol, potassium fert-butoxide, DMSO, r.t.; iii) appropriate
(substituted or cyclic)aminoalkylamine, 2-propanol, microwave 130 °C; iv) 4 N hydrochloric acid in
1,4-dioxane, dry THF/dry methanol 1:1, 0 °C to r.t.; v) appropriate phenylalkyl bromide, anhydrous
potassium carbonate, sodium iodide, dry DMF, r.t.; vi) benzoyl chloride, triethylamine, dry DCM, 0 °C

to r.t.
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Scheme 2. Synthesis of Compounds 29 and 30. Reagents and conditions: i) N',N'-dimethylpropane-

1,3-diamine, 2-propanol, microwave 130 °C.

The synthesis of the compounds 29 and 30 was accomplished starting from the known C4-substituted
quinazoline intermediates 44 [39] and 45 [39] by C2 nucleophilic displacement with N’ N’-
dimethylpropane-1,3-diamine under microwave irradiation at 130 °C in 2-propanol as discussed above

(Scheme 2).

The elemental analyses for the final compounds 2-30 are reported in Table S1 in Supplementary
Material. 'H-NMR, 3C-NMR and HR-MS spectra of final compounds 2-30 are also reported in

Supplementary Material.

2.2. LSD1 and G9Y9a Inhibition Assays. The new compounds 2-30 were tested to detect their LSD1
inhibitory activity and selectivity. First, the effects of 2-30 on the thermal stability of the LSDI-
CoREST complex were determined using the ThermoFAD assay [43]. The largest shifts in the 7w of the
enzyme usually indicate the strongest binding capabilities (Table S2 in Supplementary Material), but
this correlation has always to be confirmed. Therefore, these preliminary data were verified by
fluorescence polarization, demonstrating that the compounds with high thermal shift values were also

able to tightly bind the LSD1-CoREST complex, with Kp values in the sub-micromolar range (Table 1).



Finally, HRP-coupled direct LSD1 inhibition detection was performed on the most effective binders and
a few other selected derivatives (K; values, Table 1). The Kp and K; values of the prototype 1 and the
reversible LSD1 inhibitor GSK-690 (46) [44], used as reference drug, were determined for comparison
purposes (Table 1). Since 1 is a dual LSD1/G9a inhibitor, the inhibitory effects of 2-30 against G9a
were also assessed (K; values, Table 1). The assay was performed with 2-fold serial dilution starting
from 80 uM concentration, using histone H3 (1-21) as the substrate and SAM (S-adenosyl-L-
methionine) as the co-substrate. The compound UNCO0638 [45] (47) was also tested as positive control

for G9a inhibition.

Table 1. Inhibiting Activity of Compounds 2-30 against the KDM LSD1 and the KMT G9a.
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2.3. Structure-Activity Relationship of the New Anti-LSD1 Agents. Starting from the structure of

the 1 prototype, a medicinal chemistry optimization study has been undertaken to increase the potency

and selectivity of the quinazoline analogues against LSD1. Changes have been applied at the C4, C2,

and/or C7 positions of the quinazoline ring (Figure 2). We explored the chemical space around C4

position by replacing the N-benzyl group of 1 with hydrogen (2), methyl (3), the longer 2-phenethyl (4)

and 3-phenylpropyl (5) groups, and the bulkier 1- (6), 2- (7) naphthylmethyl, and (1,1'-biphenyl)-4-

11




ylmethyl (8) moieties. While 2 and 3 displayed a severe drop of binding affinity, 4 and mainly S-8
exhibited a 2- or 3-fold increased binding potency, respectively. In addition, compounds 5-8 displayed
2- to 3-fold higher inhibition (compare K; values). In compounds 9 and 10, the C4-NH was changed into
N-methyl (9) or oxygen (10) leading to less potent compounds; in particular, 10 was almost 12-times
less effective than 1. In compounds 11 and 12 the N-benzyl substituent on the piperidine at C4 was
replaced with acyl functions such as benzoyl (11) or tert-butoxycarbonyl (12) group, with the first one
showing a 4-fold decrease of binding affinity, while the latter gaining a 3-fold higher LSD1 affinity and
2-fold increased inhibitory potency. Ring contraction from piperidine to pyrrolidine led to 13, endowed
with the same binding affinity as 1, while the replacement of the piperidine with the more flexible
piperidin-4-ylmethyl group afforded 14, that was slightly more effective than 1 in LSDI1 binding.
Compounds 15 and 16 in which the 4-aminopiperidine moiety of the parent compound 1 was simplified
by the substitution with m-arylaminoalkylamino groups showed no changes in LSD1 binding compared
to 1 (Figure 2A) (Table 1). The N,N-dimethylaminopropylamino moiety at the C2 position of 1 was
shortened to 2 (17) or lengthened to 4 (18) or 5 methylene units (19), with a little increase of binding
affinity. In parallel, one of the two methyl groups of the side chain was replaced by the bulkier benzyl
(20) or the unsaturated propynyl (21) group, or both the methyl groups were changed to two ethyl ones
(22) or included into cyclic amines such as pyrrolidine (23), piperidine (24), morpholine (25), or N-
methylpiperazine (26). While the N-benzyl-N-methyl terminal (compound 20) afforded only a limited
improvement of binding, the introduction of the N-methyl-N-propynyl group (21) as well as of two
ethyl groups (22) or of some cyclic amines at the end of the C2 side chain (23, 24) furnished an almost
3- to 4-fold increase of LSDI1 affinity (compare Kp values), along with almost 3-fold increase in
inhibitory potency (compare K; values). In contrast, the morpholine (25) and N-methylpiperazine (26)
analogues showed decreased or only slightly improved LSD1 binding, respectively. An improvement in
terms of LSD1 binding compared to 1 was also obtained with 27, a constrained analogue in which the

N,N-dimethylaminopropylamine side chain at C2 was replaced with the 1-methylpiperidin-4-ylamine.

12



In contrast, the methylation of the NH function at the C2 side chain was detrimental for LSDI1
interaction (compare 28 with 1, Table 1).

Finally, the replacement of the methoxy group at the C7 quinazoline ring position with a benzyloxy
moiety (29 and 30; Figure 2C) improved up to 4-fold LSD1 binding as well as inhibitory potency
(compare, in particular, 29 with 1, Table 1).

Overall, many of the new described quinazolines displayed 3- to 4-fold improved inhibition of LSD1
compared to 1, with Kp values ranging from 64 to 86 nM and K; values from 108 to 212 nM (see 5-8,
12, 21-24, 27, 29).

Very interesting were the results regarding G9a inhibition. Indeed, all newly prepared compounds
displayed a G9a inhibitory potency 1.7- to >147-fold lower than 1, with the only exception of 5, which
showed almost the same activity. Therefore, in contrast to 1, some of the new most potent LSDI1
inhibitors such as 12, 21 and 29 (LSDI1 K; values = 108-205 nM) can be regarded also as selective over
GY9a (K; values = 26-47 uM). Differently, S confirmed the dual LSD1/G9a inhibition of 1 with an

increased potency against LSD1.

2.4. Effects of Selected Quinazolines 5 and 29 Against a Panel of Histone Methyltransferases,
MAO-A and MAO-B. Compounds 5 and 29 were also tested against a panel of histone lysine and
arginine methyltransferases (HMTs) to assess their selectivity towards LSD1 or LSD1/G9a (for 5)
(Table 2). The substrates used for the assays were the nucleosomes for DOT1L and SETDS, the core
histones for the EZH2 complex, and the histone H4 for PRMT1. For each HMT were determined the
percentage of inhibition by 5 and 29 at 100 uM in duplicate and the ICso values in 10-dose mode with 3-
fold serial dilution starting at 100 pM. SAH (S-(5'-adenosyl)-L-homocysteine) and ryuvidine [46] were
tested as positive controls for the inhibition of DOTIL/EZH2 complex/PRMT1 and SETDS,
respectively. In the assays, both compounds displayed very low inhibition against the tested HMTs,

with ICso values always >100 uM under the experimental conditions (Table 2). In addition, S and 29

13



were tested against the FAD-dependent enzymes MAO-A and -B at 100 uM in duplicate and the I1Cso
values in 10-fold serial dilution at 100 uM, using p-tyramine as the substrate. Clorgyline and pargyline
were tested as reference drugs for MAO-A and -B, respectively. In these assays, both compounds

exerted negligible inhibition of MAOs, with ICso values always >100 uM under the experimental

conditions.

Table 2. Inhibitory Activity of § and 29 Against DOT1L, SETDS8, EZH2 Complex, PRMT1, MAO-
A and MAO-B.
% Inhibition @ 100 pM/ICsg, uM
Compd EZH2
DOTI1L SETDS PRMT1 MAO-A MAO-B
complex
5 30.3%/>100 | 13.9%/>100 | 2.9%/>100 | 0%/>100 | 7.4%/>100 | 0.3%/>100
29 22.6%/>100 0%/>100 1.8%/>100 | 0%/>100 | 0.8%/>100 | 0.5%/>100
SAH 100%/0.14 ND“ 84.2%/23.7 | 100%/0.25 ND ND
Ryuvidine ND 91.6%/0.37 ND ND ND ND
Clorgyline ND ND ND ND 0.043 ND
Pargyline ND ND ND ND ND 0.048
“ND, not detected.

2.5. Structural Studies. Compound 7, 3-fold more potent than 1 against LSD1, was crystallized in
complex with LSD1-CoREST. The X-ray structure, solved at 2.6 A resolution (PDB: 6TUY; Table S2),
displays an unusual mode of inhibition of 7 with three copies of the inhibitor bound to LSD1 (Figure 3),
similarly to what previously observed for 1 [37]. The extensive stacking of the three quinazoline rings is
at the heart of this binding mode. These interactions are further extended by the 2-naphthylmethyl and
3-(N,N-dimethylamino)propylamino moieties of the inhibitor molecules bound in the innermost
segment of the active site. Here, the inhibitor substituents point towards the FAD and extensively
interact with each other as well as with the flavin ring (Figure 3). To exclude the possibility of

crystallization artifacts determined by ligand concentration we performed different soaking experiments
14



in a concentration range of 0.8 to 5 mM. In all tested cases, compound 7 possesses the same
conformation, forming a stacked pile comprising three copies of the molecule. The active site pocket is
thereby filled by the inhibitor molecules blocking the accessibility to the flavin. The presence of these
extensive interactions between the inhibitor molecules and the flavin rationalizes the potency and the

high-affinity binding featured by 7.

Figure 3. A) Crystal structure of 7 in complex with LSD1-CoREST (PDB: 6TUY). Compound 7 is
represented as dark blue sticks; FAD is represented as yellow sticks. B) Key interactions of 7 into the

LSD1-CoREST binding site; FAD is represented in yellow.

2.6. Determination of Growth Arrest in THP-1 Cells.

Selected compounds 1, §, 7-9, 12, 21, and 29 were tested for their effects on the proliferation of THP-
1 acute monocytic leukemia cells using increasing doses (0.025, 0.05, 0.1, 0.2, 0.5, 1, 2.5, and 5 uM) of
each inhibitor for 24, 72, and 144 h (Figure 4). For comparison purposes we also evaluated the activity
on THP-1 cells of 46 and 47, chosen as reference drugs for reversible LSD1 and G9a inhibition,

respectively. Because of the scarce potency shown by 46 in THP-1 cells at the various tested doses,

15



maybe due to cell permeability and/or metabolic issues, the relative ICso values (Table 3) were not

determined.
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Figure 4. Antiproliferative activity of derivatives 1, §, 7-9, 12, 21, and 29 tested at 0.025, 0.05, 0.1, 0.2,
0.5, 1, 2.5, and 5 uM for 24, 72, and 144 h in the THP-1 cell line. Compounds 46 and 47 were used as
reference drugs for reversible LSD1 and G9a inhibition, respectively. Control cells were treated with

vehicle (DMSO).
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The compounds were selected for the assay on THP-1 cells based on their enzyme inhibition profile.
Indeed, 5 was included because it is a dual LSD1/G9a inhibitor like 1, though 3-fold more potent
against LSD1 [K; values, uM: 0.149 (5) and 0.440 (1)] and equipotent against G9a [K; values, pM: 0.69
(5) and 0.68 (1)], while 7 and 8 because they display similar LSD1 inhibition as 5, but with less potency
against G9a [K; values, uM: 2.93 (7) and 1.18 (8)]. In contrast, compounds 9, 12, 21, and 29 were tested
because they are all potent LSD1 inhibitors with great selectivity over G9a. Indeed, 9 is almost 4-fold
less effective than S, 7 and 8 against LSD1, but totally inactive against G9a, while compounds 12, 21,
and 29 show high inhibition against LSD1 (K; from 0.108 to 0.205 pM) with a very low residual activity
against G9a (K; values from 26 to 47 uM).

All compounds showed high, time- and dose-dependent decrease of cell viability and proliferation in
THP-1 cells and were generally more effective than 1 as well as than the positive controls for LSD1
(46) and G9a (47) inhibition (Figure 4). Similarly to 1, the dual LSD1/G9a inhibitor § exerted lower
antiproliferative effects than the compounds endowed with a preferential LSD1 inhibition such as 7-9,
12, 21, and 29. Therefore, LSD1 inhibition seems to play a crucial role in triggering the block of THP-1
proliferation, while the concomitant G9a inhibition does not seem to be essential. Compound 8
exhibited the strongest antiproliferative activity, with a huge arrest of proliferation at 0.2 uM after 24 h
and a total suppression after 72 and 144 h of treatment, followed by 7 and 29 (Figure 4). The highest
potency displayed in inhibiting THP-1 cell proliferation by 7, 8 and 29 was also confirmed by the

corresponding ICso values (Table 3).

Table 3. ICso values (uM) of 1, §, 7-9, 12, 21, and 29 after 24, 72, and 144 h treatment in THP-1 cells.

THP-1, ICs0 (uM)
Compd

24h 72 h 144 h
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1 0.69 +0.07 0.51+0.03 0.38 £0.03
5 0.49 +0.04 0.39 £0.05 0.22 +0.03
7 0.30£0.03 0.16 £ 0.01 0.092 = 0.004
8 0.17£0.01 0.12+0.02 0.087 £ 0.002
9 0.67 £0.06 0.43 £0.05 0.30 £0.04
12 0.87+0.19 0.71 £0.09 0.55+£0.05
21 0.42 £0.05 0.34+£0.03 0.16 £ 0.01
29 0.27 £0.02 0.17 £0.02 0.13 +0.01
47¢ 0.84 +£0.18 0.34 +0.04 0.24 £0.03

“Data for 47 were included as a reference drug for G9a inhibition.

Compounds 7, 8 and 29 (ICso™"! values at 72 h: 0. 12-0.17 pM) were also tested at 1 pM in non-
cancer peripheral blood B lymphocyte AHH-1 cells to assess their differential toxicities. After 72 h
treatment, they only modestly affected the proliferation of normal cells (81.5%, 79.1%, and 90%
residual viability, respectively), thus being less effective in normal than in THP-1 leukemia cells as

antiproliferative agents (Figure S1).

2.7. Anticancer Effects in MV4-11 Cells. The quinazolines 1, 5, 7-9, 21 and 29 were then tested at
0.2, 1.0, and 2.5 uM for 72 and 144 h against human MV4-11 AML cells to determine their effects on
proliferation (Figure 5). The reversible LSD1 inhibitor 46 and the G9a inhibitor 47 were also tested for
comparison. Among the tested compounds, 29 was the most potent with cell growth inhibitory effects
starting from 0.2 pM concentration and abolishing it at 2.5 (after 72 h) or 1 uM (after 144 h).
Compounds 7, 8 and 21 abrogated cell proliferation at 2.5 pM at the same time points. As for the THP-1
cells, G9a inhibition appears to be less important than LSD1 inhibition. In fact, the known G9a inhibitor
47 displayed a modest effect under these conditions, and the dual LSD1/G9a inhibitors 1 and § were

less effective than preferential LSD1 inhibitors 7, 8, and 21, and the reference LSD1 inhibitor 46.
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Compound 9, almost 4-fold less potent against LSD1 than 5, 7, 8, 21 and 29 in vitro, exerted only a very
low activity in this cell line, thereby further supporting the important role for LSD1 inhibition to trigger

the block of proliferation in MV4-11 cells.
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Figure 5. Antiproliferative activity of 1, 5, 7-9, 21, and 29 tested at 0.2, 1.0, and 2.5 uM in MV4-11
cells for 72 and 144 h. Compounds 46 and 47 were tested for comparison purposes. Control cells were

treated with vehicle (DMSO).

To shed light on the causal link between the phenotypic effects observed in MV4-11 cells with the
quinazoline compounds and LSDI1 inhibition, we carried out western blot analyses to detect the levels
of H3K4me?2 after treatment with 1, 5, 7-9, 21 and 29 for 24 h at 0.2, 1.0 and 2.5 uM (Figure 6A).
Moreover, the expression level of the monocyte/macrophage lineage differentiation marker CD86 [38],
a gene known to be silenced by LSDI1, was determined after treatment of MV4-11 cells with the same

inhibitors at 0.2 and 1.0 uM for 24 h (Figure 6B).
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Figure 6. A) Western blot analyses performed on MV4-11 cells treated with 1, 5§, 7-9, 21, and 29 at
0.2, 1.0, and 2.5 uM for 24 h. The known reversible LSD1 inhibitor 46 was used as positive control.

Antibody anti-H3K4me2 has been used. Histone H3 has been used as loading control. B) Expression
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levels of CD86 in MV4-11 cells after 24 h treatment with compounds 1, 5, 7-9, 21, and 29 at 0.2 and 1.0
uM. C) Apoptosis induction in MV4-11 cells treated with 7, 8, 21 and 29 at 0.2, 1.0, and 2.5 uM for 24

h.

Western blot analyses performed on MV4-11 cells using an anti-H3K4me?2 antibody confirmed the
inhibition of LSD1 by the new quinazolines at cellular level. Indeed, all tested inhibitors increased the
H3K4me2 levels respect to the control (DMSO), with § (dual LSD1/G9a inhibitor) and 9 (least potent
LSD1 inhibitor) being the least effective compounds (Figure 6A).

Treatment of MV4-11 cells for 24 h with the same inhibitors at 0.2 and 1.0 uM also showed a dose-
dependent increase of the expression level of CD86, more evident with 8, 21 and 29 (Figure 6B).

Cell cycle analysis performed on MV4-11 cells after 24 h treatment with selected compounds 7, 8, 21
and 29 at 0.2, 1.0, and 2.5 uM showed an arrest at the G1 phase of the cell cycle similar for all tested
compounds (Figure S2). Quantification of the sub-G1 peaks highlighted a dose-dependent induction of

apoptosis by all four tested LSD1 inhibitors (Figure 6C).

2.8. Antiproliferative Activity in MDA-MB-231 Breast Cancer Cells. To evaluate the effects of
the new quinazolines in solid tumor models, selected compounds 1, 5, 7-9, 21 and 29 were also tested in
the MDA-MB-231 TNBC cell line at 0.05, 0.1, 0.25, 0.5, 1, 2.5, and 5 uM for 72 h (Figure 7).
Compounds 46 and 47 were added for comparison, as done before. The ICso values determined for all
tested compounds are reported in Table 4. Due to the scarce potency shown by 46 in this cell system,

the corresponding ICso value was not determined.

21



120

a o
oSN
.7

100

0
o
1

£
o
| -

Cell prolif. (% of control)
N (=2}
o o
L1 1

120

1 l———I————{—-i__ 46
100 § 5

] i

o
1
o
1

[Compd] (M)

[Compd] (uM)

10 0.1 1 10
[Compd] (uM)

Figure 7. Antiproliferative activities of compounds 1, 5, 7-9, 21 and 29 tested at 0.05, 0.1, 0.25, 0.5,

1.0, 2.5, and 5 uM for 72 h in the MDA-MB-231 TNBC cell line. Compounds 46 and 47 were used as

reference drugs for reversible LSD1 and G9a inhibition, respectively. Control cells were treated with

vehicle (DMSO).

Among the tested compounds, the potent LSD1 inhibitors 7, 8 and 29 were the most effective as

antiproliferative agents in this cell line. The dual LSD1/G9a inhibitors 1 and 5 as well as 9, the least

potent LSD1 inhibitor, displayed the lowest potency. Surprisingly, the highly potent and selective LSD1

inhibitor 21 failed in inducing growth arrest at the lowest doses, while at the highest tested dose (5 uM),

21 displayed a huge decrease of proliferation, in contrast to the reference LSD1 inhibitor 46 which was

essentially inactive in this context at the same concentration (Figure 7, Table 4).

Table 4. ICso values (uM) of 1, §, 7-9, 21 and 29 after 72 h in the MDA-
MB-231 TNBC cell line. Data for 47 were added for comparison.
Compd ICso (uM), 72 h
1 1.60 £ 0.46
5 0.80 £0.16
7 0.21 £0.02
8 0.29 £0.02
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9 2.38+£1.63

21 3.40 £ 1.66
29 0.40 £0.09
47 3.56 £ 1.77

When tested in human mammary epithelial (HME) normal cells for 72 h to determine their effects on
proliferation, 7 and 8 (ICsoMP* values: 0.21 and 0.29 uM, respectively) showed 96.5% and 88.1% of
residual viability at 1 pM, respectively, while 29 (ICso™PA: 0.42 uM) was slightly more toxic (76%
residual viability at 1 uM), but no substantial toxicity was detected at 0.5 uM (93% of residual viability)

(Figure S3).

2.9. Effects on RD and RH30 Rhabdomyosarcoma Cells. RMS is a highly aggressive pediatric
cancer derived by the failure of differentiation of mesenchymal into skeletal muscle cells. The two most
frequent subtypes are the embryonal, devoid of any fusion gene (fusion-negative RMS, FN-RMS), but
with specific mutations of the RAS and RTK pathways, and the alveolar subtype, characterized by the
expression of the PAX3/PAX7-FOXO1 oncogenic fusion proteins (fusion-positive RMS, FP-RMS) and
poor prognosis [47]. Selected compounds 1, 7, 21 and 29 were tested in the range 0.01-20 uM at 24, 72,
and 144 h against the two most representative RMS cell lines, RD and RH30, belonging to the FN-RMS
and FP-RMS subtype, respectively [48], to determine their effect on cell proliferation (Figure 8A). The
LSDI1 inhibitor 46 and the G9a inhibitor 47 were included in the analysis for comparison purposes. The
ICso values of the tested compounds for the two RMS cell lines at 24, 72 and 144 h are reported in
Table 5. Western blot analysis of the levels of H3K4me?2 after treatment for 48 h with 1, 7, 21 and 29 at
doses around their ICso values was performed as a readout of LSD1 inhibition in RMS cells (Figure

8B). Calcein AM staining of RD and RH30 cells treated with selected inhibitors at 24 and 72 h allowed
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the quantification of live cells (green: Calcein AM positive cells) (Figure 9A-B). Furthermore, caspase-
3/7 activity in both the RMS cell lines treated with selected LSD1 inhibitors for 24 h was evaluated and

quantified as index of apoptosis induction (Figure 9C).
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Figure 8. A) Dose-response curves of selected inhibitors 1, 7, 21, and 29 at 24, 72 and 144 h tested on
RD (FN-RMS) and RH30 (FP-RMS) cells. The LSD1 inhibitor 46 and the G9a inhibitor 47 were used
for comparison purposes. Control cells were treated with vehicle (DMSO). B) Western blot depicting

H3K4me?2 protein levels in RD (left) and RH30 (right) cells treated with reported doses of tested

compounds for 48 h. Histone H3 protein levels were detected as loading control.

Table S. Calculated ICso values for 1, 7, 21 and 29 at the indicated time points in RD and RH30 RMS

cells. Data for the inhibitors 46 and 47 were added for comparison.

RD, ICso (uM) RH30, ICs0 (uM)
Compd
24 h 72 h 144 h 24 h 72 h 144 h
1 6.40+£039 | 336+021 | 2.82+0.05 | 433+0.18 292+0.10 | 2.57£0.04
7 2.28 £0.81 1.23+£0.19 | 090+£0.01 | 1.21+0.31 091+£0.03 | 0.69+0.01
21 4.56 £0.61 1.92+0.08 | 1.42+0.04 | 1.76 £0.06 1.53+0.16 | 1.42+0.04
29 123+043 | 0.85+£0.05 | 0.73+£0.02 | 1.24+0.28 096 +0.23 | 0.68 £0.05
46 1235+ 1.18| 11.43+£1.21 | 10.2+0.49 | 9.93+£0.54 10.7+0.40 | 103 £0.67
47 11.17+142| 3.05+0.16 | 291+0.11 | 501125 2.64+0.08 | 248 +0.02
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Figure 9. A) Representative images of Calcein AM (green) staining of RD and RH30 RMS cells treated

with selected inhibitors at the reported doses for 24 and 72 h. Propidium lodide (red) staining indicates
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remnants of dead cells. Scale bar = 50 um. B) Quantification of live cells (green: Calcein AM positive
cells) in RD (left) and RH30 (right) treated with selected inhibitors at the reported doses for 24 and 72
h. C) Histograms depicting caspase-3/7 activity in RD (left) and RH30 (right) cells treated with selected

inhibitors at the reported doses for 24 h.

All tested compounds 1, 7, 21 and 29 induced arrest of proliferation in both RMS cell lines, with the
new more potent LSDI1 inhibitors 7, 21 and 29 being more effective than the prototype 1. Indeed, LSD1
inhibitors 7, 21 and 29 showed lower ICso values compared to the prototype 1. The evidence that 7, 21
and 29 are LSD1 inhibitors endowed with selectivity over G9a, while 1 is a dual LSD1/G9a inhibitor,
suggests that the simultaneous inhibition of LSD1 and G9a does not provide any added value in terms
of antiproliferative effects in this solid cancer model.

Since human-derived mesenchymal stem cells are the normal precursors of RMS cells, 1, 7, 21 and 29
were also tested in these cells for 72 h at around their ICsp values in RMS lines (2.5 puM for 1, and 1.25
uM for 7, 21 and 29) to assess a potential cancer-selective action. In accordance with what previously
observed in other normal cell lines, all tested compounds exhibited very low cytotoxicity [percentage of
residual viability: 85% (1), 96% (7 and 21), and 92% (29)] in mesenchymal stem cells (data not shown).
The increased levels of the H3K4me2 histone mark detected by Western blot analysis in the two RMS
cell lines treated with the selected compounds confirmed the LSD1 inhibition in cells. The effect is
more evident in RH30 FP-RMS cells and is consistent with the higher sensitivity of this cell line to
epigenetic drugs [49]. Accordingly, Calcein AM staining in RMS cells showed in Figure 9A,B
confirmed that treatment with 7, 21 and 29 in RH30 results in a decreased amount of live cells (green)
as early as 24 h. Conversely, RD cells showed live cells decrease only after 72 h of treatment with the
selected compounds. Regarding the apoptosis induction after 24 h treatment, in RD FN-RMS cells the

most potent LSD1 inhibitors 7, 21 and 29 exhibited the highest activity among the tested compounds, as
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highlighted by the enhancement of caspase-3/7 activity, while in RH30 FP-RMS cells all evaluated

molecules reached almost the same level of induction.
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3. CONCLUSION

For its ability to mimic specific peptide sequences of histone substrates the quinazoline
scaffold is considered a privileged structure in the epi-drug discovery field. Indeed, over the past
years, the decoration of the quinazoline ring with appropriate substituents at the C2, C4, C6
and/or C7 positions led to the medicinal chemistry development of selective epi-drugs targeting
different epi-targets, including KMTs [36, 40, 45, 50-56], KDMs [57], DNMTs [58, 59], HDACs
[60-64], acetyl- and methyl-readers [65-68], and various epigenetic multi-target modulators [69-
73].

During our studies on LSD1 inhibitors [17-25, 37, 74, 75], we selected from our in-house
library some quinazolines bearing potential lysine mimetic chains and identified 1 as a dual non-
covalent LSD1/G9a inhibitor endowed with antiproliferative activity in MV4-11 leukemia cells.
To obtain more potent and specific LSD1 inhibitors we performed some chemical modifications
at the C2, C4, and/or C7 positions of the 1 quinazoline scaffold and prepared compounds 2-30.
Compared to 1, many new derivatives increased their inhibitory potency against LSD1 and some
of them (in particular, 12, 21, and 29) also showed a concomitant loss or at least significant
reduction of activity versus G9a. The structural analysis showed that 7, one of the most potent
LSD1 inhibitors, bind deeply into the active site of LSD1 forming a stacking pile of three copies
and extensively interact with the flavin and nearby protein residues. Among the compounds
tested against THP-1 cells 7, 8 and 29 were the most effective as antiproliferative agents, with
0.12-0.17 uM ICsp values after 72 h and 0.087-0.13 uM after 144 h treatment, without displaying
significant cytotoxicity in non-cancer blood cells. The same compounds were the most potent in
reducing the proliferation of MV4-11 cells, with 29 being the most effective one. Interestingly,

the dual LSD1/G9a inhibitors 1 and 5 as well as the specific but less potent LSD1 inhibitor 9
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showed weaker effects on the proliferation of both AML cell lines than the most potent and
specific LSD1 inhibitors 7, 8, and 29, suggesting a pivotal role for LSD1 inhibition and a
negligible importance of the simultaneous G9a inhibition in this leukemia context. Analyses
carried out in MV4-11 cells showed a dose-dependent increase of the levels of H3K4me2, a
well-known marker of anti-LSD1 activity, and an induction of CD86, a gene under control of
LSDI, thus suggesting that the observed phenotypic effects may likely be ascribed to LSDI1
inhibition. Moreover, selected compounds induced dose-dependent apoptosis in MV4-11 cells.

To evaluate the effects of such compounds in solid cancer models, selected inhibitors 1, 5, 7-9,
21 and 29 were tested against MDA-MB-231 TNBC cells. After 72 h treatment, once again 7, 8
and 29 were the most potent in reducing cell proliferation with 0.21-0.40 uM ICso values,
without cytotoxicity in non-cancer HME cells. Compounds 1, 7, 21 and 29 were also tested in
RD and RH30 RMS cells at 24, 72 and 144 h, with 7 and 29 being the most effective.
Interestingly, RH30 cell line was the most sensitive to LSDI inhibition, accordingly to the high
sensitivity of the FP-RMS subtype to epigenetic drugs. In the RMS cell lines the two quinazoline
derivatives displayed ICso values between 0.85 and 1.23 uM at 72 h and between 0.68 and 0.90
uM at 144 h, without showing major cytotoxicity in human-derived mesenchymal stem cells at
the same doses. The increase of caspase-3/7 activity assay was clearly indicative of apoptosis in
the same cell line and western blot analyses confirmed the LSD1 inhibition in RMS cells.

As already seen in AML cells, in breast and in RMS cancer cell models specific LSDI1
inhibition is more effective than dual LSD1/G9a inhibition in reducing proliferation, suggesting

no added value for the simultaneous G9a inhibition in these contexts.
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Further in-depth investigation of the best prototypes identified in the present study (7, 8, and
29) will likely allow to assess their potential as lead compounds for the development of new

generation therapeutics for the management of hematological and solid tumors.

4. EXPERIMENTAL SECTION

4.1. Chemistry. Melting points were determined on a Buchi 530 melting point apparatus and
are uncorrected. "H-NMR spectra were recorded at 400 MHz on a Bruker AC 400 spectrometer,
while *C-NMR spectra were recorded at 700 MHz on a Bruker AC 700 spectrometer. HRMS
spectra were recorded on ThermoFisher Scientific Orbitrap XL mass spectrometer in
electrospray positive ionization modes (ESI-MS). Chemical shifts are reported in & (ppm) units
relative

to the internal reference tetramethylsilane (MesSi). Microwave-assisted reactions were
performed with a Biotage Initiator (Uppsala, Sweden) high-frequency microwave synthesizer
working at 2.45 GHz, fitted with magnetic stirrer and sample processor; reaction vessels were
Biotage microwave glass vials sealed with applicable cap; temperature was controlled through
the internal IR sensor of the microwave apparatus. Low-resolution mass spectra of final and
intermediate compounds were recorded on an API-TOF Mariner by Perspective Biosystem
(Stratford, Texas, USA), samples were injected by a Harvard pump using a flow rate of 5-10
uL/min, infused in the Electrospray system. All compounds were routinely checked by TLC and
'"H-NMR; all final compounds were also checked by *C-NMR. TLC was performed on
aluminum backed silica gel plates (Merck DC, Alufolien Kieselgel 60 F2s4) with spots visualized

by UV light. All solvents were reagent grade and, when necessary, were purified and dried by
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standard methods. Concentration of solutions after reactions and extractions involved the use of a
rotary evaporator operating at reduced pressure of ca. 20 Torr. Organic solutions were dried over
anhydrous sodium sulphate. Elemental analysis has been used to determine the purity of all final
compounds, that is > 95%. Analytical results are within + 0.40% of the theoretical values. All
chemicals were purchased from Sigma Aldrich s.r.l, Milan (Italy), or from TCI Europe N.V.,
Zwijndrecht (Belgium), and were of the highest purity.

Procedure for the Synthesis of N*-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(piperidin-4-
yl)quinazoline-2,4-diamine trihydrochloride (2). A 4N hydrochloric acid solution in 1,4-dioxane
(24.87 mmol, 45 eq.) was added dropwise to a cooled solution of 12 (0.55 mmol, 1 eq.) in a
mixture of dry THF/dry methanol 1:1 (2.15 mL:2.15 mL), and the mixture was stirred at room
temperature for about 5 h. Then, the reaction mixture was filtered under vacuum and washed
over filter in sequence with dry THF and dry diethyl ether to afford the final compound 2 as a
white powder. Yield, 57%; mp 282-283 °C. 'H-NMR (400 MHz; DMSO-ds) 6 1.98-2.11 (m, 6H,
4 x CH piperidine ring and NHCH>CH>CH>N(CH3)2), 2.72 (s, 3H, N(CH3)CH3-HCI), 2.73 (s,
3H, N(CH3)CH3'HCIl), 3.12 (br m, 2H, 2 x CH piperidine ring), 3.38 (br m, 2H,
NHCH>CH2CH>N(CH3)2), 3.57 (br m, 4H, NHCH,CH2CH>N(CH3)> and 2 x CH piperidine
ring), 3.89 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 4.43-4.55 (br s, 1H, C4-H piperidine), 6.99 (br s,
IH, Cs-H quinazoline ring), 8.01 (s, 1H, Cs-H quinazoline ring), 8.11 (br s, 1H,
NHCH;CH>CH:N(CH3)2), 9.14-9.19 (br m, 2H, piperidine NI-H-HCI), 9.32 (br s,1H,
quinazoline-C4-NH), 10.84 (br, s, 1H, HCI), 12.73 (br, s, 1H, HCl). 3C-NMR (176 MHz;
DMSO-ds) 6 24.63, 28.19 (2C), 38.42, 42.38 (2C), 42.67, 47.37 (2C), 54.61, 56.53, 57.17, 98.62,
102.47, 105.85, 135.91, 147.01, 152.83, 155.76, 159.13. MS (ESI) m/z: 389 [M + H]*. HR-MS

(ESI) m/z: calcd for C20H33N6O2* [M + H]*, 389.2660; found, 389.2651.
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General Procedure for the Synthesis of 3,6-10,12-30. The properly substituted 2-
chloroquinazolines 32-45 (for 32 [40], 36 [41], 37 [41], 38 [42], 40 [39], 43 [37], 44 [39], and 45
[39] see the related references) (0.24 mmol, 1 eq.) were poured in a microwave glass vial and
dissolved in 2-propanol (1 mL). The appropriate commercial amine (0.53 mmol, 2.2 eq.) was
then added, and the resulting mixture was heated to 130 °C by microwave irradiation for a
variable time from 3 h to 4.5 h. Upon completion of the reaction, the solvent was removed under
vacuum, and the remaining residue was poured into water (7 mL) and extracted with ethyl
acetate (6 x 10 mL). The organic phases were then washed with saturated sodium chloride
solution (30 mL), dried over anhydrous sodium sulfate, and finally concentrated under vacuum
to furnish a crude residue which was purified by alumina gel column chromatography by eluting
with the proper mixture ethyl acetate/methanol to provide the final compounds.

N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(1-methylpiperidin-4-yl)quinazoline-2,4-
diamine (3). Yield, 65%; mp 91-93 °C. 'H-NMR (400 MHz; DMSO-ds) 6 1.57-1.69 (m, 4H, 2 x
CH piperidine ring and NHCH>CH>CH>N(CH3)2), 1.91-1.98 (m, 4H, 4 x CH piperidine ring),
2.19 (s, 6H, N(CH3)2), 2.23 (s, 3H, NCH3), 2.25 (t, /=7 Hz, 2H, NHCH,CH>CH>N(CH3)2), 2.835
(br d, 2H, 2 x CH piperidine ring), 3.24-3.27 (m, 2H, NHCH>CH2CH>N(CH3)2), 3.80 (s, 3H,
OCHs), 3.81 (s, 3H, OCHs), 4.05-4.08 (br m, 1H, Cs4-H piperidine), 6.16 (br t, 1H,
NHCH;CH>CH2N(CH3)2), 6.66 (s, 1H, Cs-H quinazoline ring), 7.17-7.18 (br d, 1H, NH-
piperidine), 7.42 (s, 1H, Cs-H quinazoline ring). 3C-NMR (176 MHz; DMSO-ds) & 24.71, 28.69
(20), 38.51, 42.39 (2C), 42.90, 47.10, 52.71, 54.57, 56.55 (2C), 57.04, 98.66, 102.44, 105.53,
135.92, 147.05, 152.83, 155.80, 159.24. MS (ESI) m/z: 403 [M + H]*. HR-MS (ESI) m/z: calcd

for C»1H35N6O2" [M + HJ*, 404.2816; found, 403.2807.
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N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(1-(naphthalen-1-ylmethyl)piperidin-4-
yl)quinazoline-2,4-diamine (6). Yield, 70%; mp 97-100 °C. 'H-NMR (400 MHz; DMSO-ds) 6
1.56-1.69 (m, 4H, NHCH>CH>CH>N(CH3). and 2 x CH piperidine ring), 1.88-1.91 (br d, 2H, 2 x
CH piperidine ring), 2.09 (m, 2H, 2 x CH piperidine ring), 2.14 (s, 6H, N(CH3)2), 2.26 (t,
J=T7 Hz, 2H, NHCH>CH>;CH>N(CH3)2), 2.94-2.97 (br d, 2H, 2 x CH piperidine ring), 3.24-3.29
(m, 2H, NHCH>CH>CH2N(CHs)2), 3.77 (s, 3H, OCH3), 3.80 (s, 3H, OCHj3), 3.91 (s, 2H, NCH>-
naphthalene), 4.16-4.18 (br m, 1H, C4-H piperidine), 6.17 (br t, 1H, NHCH>CH>CH>N(CH3)2),
6.65 (s, 1H, Cs-H quinazoline ring), 7.16-7.18 (br d, 1H, NH-piperidine), 7.38 (s, 1H, Cs-H
quinazoline ring), 7.45-7.51 (m, 2H, CH naphthalene ring), 7.52-7.56 (m, 2H, CH naphthalene
ring), 7.84-7.87 (t, 1H, CH naphthalene ring) 7.91-7.94 (d, 1H, CH naphthalene ring), 8.34-8.36
(d, 1H, CH naphthalene ring). *C-NMR (176 MHz; DMSO-ds) § 24.84, 28.50 (2C), 38.61,
42.43 (2C), 47.71, 51.15 (2C), 54.60, 55.46, 56.52, 57.16, 98.63, 102.47, 105.83, 124.70, 125.87,
126.70, 126.79, 127.54, 129.24, 130.75, 132.15, 132.76, 133.88, 135.90, 147.02, 152.81, 155.78,
159.27. MS (ESI) m/z: 529 [M + H]*. HR-MS (ESI) m/z: calcd for C31H41N¢O2* [M + HJ*,
529.3286; found, 529.3275.

N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(1-(naphthalen-2-ylmethyl)piperidin-4-
yl)quinazoline-2,4-diamine (7). Yield, 40%; mp 96-98 °C. 'H-NMR (400 MHz; DMSO-ds) &
1.63-1.68 (m, 4H, NHCH,CH>CH>N(CH3). and 2 x CH piperidine ring), 1.90-1.94 (m, 2H, 2 x
CH piperidine ring), 2.08 (m, 2H, 2 x CH piperidine ring), 2.11 (s, 6H, N(CH3)2), 2.25 (t, J=7
Hz, 2H, NHCH,CH>CH>N(CH3)2), 2.92-2.95 (br d, 2H, 2 x CH piperidine ring), 3.25-3.34 (m,
2H, NHCH>CH>CH>N(CH3)2), 3.68 (s, 2H, NCH»-naphthalene), 3.80 (s, 3H, OCH3), 3.81 (s, 3H,
OCH3), 4.12-4.15 (br m, 1H, C4-H piperidine), 6.14 (br t, IH, NHCH>CH>CH>N(CH3)»), 6.66 (s,

1H, Cs-H quinazoline ring), 7.17-7.19 (br d, 1H, NH-piperidine), 7.41 (s, 1H, Cs-H quinazoline
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ring), 7.47-7.53 (m, 3H, CH naphthalene ring), 7.81 (s, 1H, CH naphthalene ring), 7.88-7.90 (m,
3H, CH naphthalene ring). BC-NMR (176 MHz; DMSO-ds) & 24.37, 28.50 (2C), 38.61, 42.43
(20), 47.96, 51.15 (2C), 54.60, 55.40, 56.52, 57.16, 98.63, 102.47, 105.83, 124.80, 125.87,
126.85, 127.60, 129.19, 130.75, 131.64, 132.48, 132.76, 133.88, 135.93, 147.02, 152.81, 155.78,
159.27. MS (ESI) m/z: 529 [M + H]*. HR-MS (ESI) m/z: calcd for C31H4i1NsO2* [M + HJ,
529.3286; found, 529.3278.
N*-(1-([1,1"-biphenyl]-4-ylmethyl)piperidin-4-yl)-N°-(3-(dimethylamino )propyl)-6,7-
dimethoxyquinazoline-2,4-diamine (8). Yield, 48%; mp 100-102 °C. '"H-NMR (400 MHz;
DMSO-ds) 6 1.65-1.68 (m, 4H, NHCH>CH>CH>N(CH3)2 and 2 x CH piperidine ring), 1.91-1.94
(m, 2H, 2 x CH piperidine ring), 2.05-2.10 (br t, 2H, 2 x CH piperidine ring), 2.16 (s, 6H,
N(CH3)2), 2.29 (t, J=7 Hz, 2H, NHCH>CH>CH>N(CH3)2), 2.92 (br d, 2H, 2 x CH piperidine
ring), 3.24-3.29 (m, 2H, NHCH>CH>CH>N(CH3)»), 3.56 (s, 2H, CH>-biphenyl ring), 3.80 (s, 3H,
OCHj3), 3.81 (s, 3H, OCH3), 4.11-4.14 (br m, 1H, Cs-H piperidine), 6.21 (br t, 1H,
NHCH>CH2CH>N(CH3)2), 6.66 (s, 1H, Cs-H quinazoline ring), 7.22-7.24 (br d, 1H, NH-
piperidine) 7.34-7.49 (m, 6H, Cs-H quinazoline ring and 5 x CH biphenyl ring) 7.62-7.68 (m,
4H, CH biphenyl ring). '*C-NMR (176 MHz; DMSO-ds) § 24.73, 28.38 (2C), 38.61, 42.42 (2C),
47.717, 50.82 (2C), 54.60, 56.53, 57.07, 58.91, 98.61, 102.44, 105.60, 127.26 (2C), 127.41 (2C),
128.35 (2C), 129.51 (2C), 132.14, 132.65, 135.92, 139.80, 141.56, 147.04, 152.80, 155.79,
159.27. MS (ESI) m/z: 555 [M + H]". HR-MS (ESI) m/z: calcd for C33H4sNsO2" [M + HJ,
555.3442; found, 555.3436.
N*-(1-benzylpiperidin-4-yl)-N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-methyl

quinazoline-2,4-diamine (9). Yield, 73%; mp 115-117 °C. 'H-NMR (400 MHz; DMSO-ds) 6

1.62-1.69 (m, 2H, NHCH,CH,CH,N(CHz)o), 1.75-1.78 (m, 2H, 2 x CH piperidine ring), 1.86-
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1.93 (m, 2H, 2 x CH piperidine ring), 1.87-2.04 (m, 2H, 2 x CH piperidine ring), 2.12 (s, 6H,
N(CHs)2), 2.25 (t, J=7 Hz, 2H, NHCH2CH2CH>N(CHs)2), 2.91 (br d, 2H, 2 x CH piperidine
ring), 2.98 (br s, 3H, NCH3), 3.25-3.28 (m, 2H, NHCH>CH>,CH,N(CH3),), 3.47 (s, 2H,
NCH>Ph), 3.77 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 4.02 (br m, 1H, Cs-H piperidine), 6.38 (t,
J=6 Hz, 1H, NHCH>CH>CH2N(CH3)2), 6.75 (s, 1H, Cs-H quinazoline ring), 6.99 (s, 1H, Cs-H
quinazoline ring), 7.23-7.27 (m, 1H, CH benzene ring), 7.30-7.35 (m, 4H, CH benzene ring).
BC-NMR (176 MHz; DMSO-ds) § 24.63, 24.91 (2C), 35.55, 38.73, 42.43 (2C), 50.70, 54.60
(20), 56.43, 56.62, 59.09, 65.39, 98.72, 102.85, 108.48, 129.24 (2C), 129.85 (2C), 130.57,
131.85, 138.45, 145.65, 151.42, 155.63, 162.62. MS (ESI) m/z: 493 [M + H]*. HR-MS (ESI)
m/z: caled for CosHa1N¢O2" [M + H]*, 493.3286; found, 493.3263.
N!-(4-((1-benzylpiperidin-4-yl)oxy)-6,7-dimethoxyquinazolin-2-yl)-N°, N°-dimethyl propane-
1,3-diamine (10). Yield, 63%; mp 132-133 °C. 'H-NMR (400 MHz; DMSO-ds) 6 1.63-1.70 (m,
2H, NHCH>CH>CH>N(CH3)2), 1.77-1.82 (m, 2H, 2 x CH piperidine ring), 1.91-2.02 (m, 2H, 2 x
CH piperidine ring), 2.12 (s, 6H, N(CH3)2), 2.23-2.29 (m, 4H, 2 x CH piperidine ring and
NHCH>CH>CH>N(CH3)2), 2.66-2.72 (m, 2H, 2 x CH piperidine ring), 3.27-3.32 (m, 2H,
NHCH:CH2CH2N(CH3s)2), 3.53 (s, 2H, NCH2Ph), 3.79 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 5.23-
525 (m, 1H, OC4-H piperidine), 6.78-6.81 (m, 2H, Cs-H quinazoline ring and
NHCH;CH>CH2N(CH3)2), 7.09 (s, 1H, Cs-H quinazoline ring), 7.23-7.31 (m, 2H, CH benzene
ring), 7.33-7.34 (m, 3H, CH benzene ring). BC-NMR (176 MHz; DMSO-ds) & 26.56, 29.62
(20), 42.36, 46.95 (2C), 54.42 (2C), 56.57, 56.83, 56.92, 64.78, 72.63, 98.63, 103.84, 104.76,
129.18 (2C), 12991, 131.98 (2C), 132.11, 138.58, 147.67, 153.44, 157.75, 165.55. MS (ESI)
m/z: 480 [M + HJ*. HR-MS (ESI) m/z: calcd for Co7H3sNsO3* [M + H]*, 480.2969; found,

480.2953.
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Tert-butyl 4-((2-((3-(dimethylamino)propyl)amino)-6, 7-dimethoxyquinazolin-4-
yl)amino)piperidine-1-carboxylate (12). Yield, 71%; mp 106-107 °C. 'H-NMR (400 MHz;
DMSO-ds) 0 1.43 (s, 9H, COO(CH3)3), 1.46-1.48 (m, 2H, 2 x CH piperidine ring), 1.58-1.67 (m,
2H, NHCH,CH>CH>N(CH3)2), 1.91-1.94 (br d, 2H, 2 x CH piperidine ring), 2.13 (s, 6H,
N(CHs3)2), 2.25 (t, /=8 Hz, 2H, NHCH,CH,CH>N(CH3)2), 2.82 (br m, 2H, 2 x CH piperidine
ring), 3.25-3.28 (m, 2H, NHCH>CH2CH:N(CH3)2), 3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3),
4.01-4.04 (br m, 2H, 2 x CH piperidine ring), 4.25-4.33 (br m, 1H, C4-H piperidine), 6.14-6.17
(br t, 1H, NHCH2CH2CH2N(CH3)2), 6.67 (s, 1H, Cs-H quinazoline ring), 7.15-7.17 (br d, 1H,
NH-piperidine), 7.38 (s, 1H, Cs-H quinazoline ring). 3C-NMR (176 MHz; DMSO-ds) & 28.05,
28.58 (3C), 32.01 (2C), 43.10, 43.90 (2C), 45.76 (2C), 47.59, 55.78, 56.49, 57.72, 79.11, 103.78,
103.91, 105.66, 144.78, 149.33, 154.19, 154.33, 158.67, 159.39. MS (ESI) m/z: 489 [M + H]*.
HR-MS (ESI) m/z: caled for CosH4iNgO4* [M + H]* 489.3184; found, 489.3166 .

N*-(I1-benzylpyrrolidin-3-yl)-N?-(3-(dimethylamino)propyl)-6,7-dimethoxyquinazoline-2,4-
diamine (13). Yield, 61%; mp 58-61 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.60-1.65 (m, 2H,
NHCH>CH>CH>N(CH3)2), 1.84-1.93 (m, 1H, CH pyrrolidine ring), 2.12 (s, 6H, N(CH3)>), 2.22-
2.26 (m, 3H, NHCH,CH2CH:N(CHs): and CH pyrrolidine ring), 2.44-2.47 (m, 1H, CH
pyrrolidine ring), 2.67-2.68 (m, 1H, CH pyrrolidine ring), 2.87-2.91 (br t, 1H, CH pyrrolidine
ring), 3.22-3.28 (m, 3H, NHCH>CH,CH2N(CH3) and CH pyrrolidine ring), 3.61 (s, 1H,
NCHHPhH), 3.64 (s, 1H, NCHHPh), 3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.60-4.66 (br m,
IH, NHC3-H pyrrolidine), 6.16 (br t, 1H, NHCH,CH,CH>N(CH3),), 6.66 (s, 1H, Cs-H
quinazoline ring), 7.22-7.26 (m, 1H, CH benzene ring), 7.29-7.32 (m, 4H, CH benzene ring),
7.39-7.41 (br d, 1H, NH-pyrrolidine), 7.46 (s, 1H, Cs-H quinazoline ring). 13C-NMR (176 MHz;

DMSO-ds) 6 24.59, 30.31, 37.33, 42.43 (2C), 50.18, 52.14, 54.51, 56.54, 56.84, 57.21, 57.54,
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98.60, 102.57, 106.48, 129.21 (2C), 129.71, 131.05 (2C), 131.65, 135.91, 147.08, 152.73,
155.90, 159.72. MS (ESI) m/z: 465 [M + H]*. HR-MS (ESI) m/z: calcd for CosH37Ne¢O2" [M +
H]*, 465.2973; found, 465.2954.
N*-((1-benzylpiperidin-4-yl)methyl)-N?-(3-(dimethylamino)propyl)-6,7-
dimethoxyquinazoline-2,4-diamine (14). Yield, 71%; mp 185-186 °C. '"H-NMR (400 MHz;
DMSO-ds) o 1.16-1.27 (m, 2H, 2 x CH piperidine ring), 1.63-1.71 (m, S5H,
NHCH:CH:CH:N(CH3s)2, 2 x CH piperidine ring and C4-H-piperidine), 1.87-1.92 (br t, 2H, 2 x
CH piperidine ring), 2.12 (s, 6H, N(CH3)2), 2.25 (m, J=8 Hz, 2H, NHCH>CH>CH:N(CH3)2),
2.79-2.82 (br d, 2H, 2 x CH piperidine ring), 3.23-3.41 (m, 4H, NHCH:-piperidine and
NHCH>CH>CH2N(CH3)2 and 3.43 (s, 2H, NCH>Ph), 3.78 (s, 3H, OCH3), 3.80 (s, 3H, OCH3),
6.12 (br t, IH, NHCH2CH>CH2N(CHa)2), 6.59 (s, 1H, Cs-H quinazoline ring), 7.21-7.23 (m, 1H,
CH benzene ring), 7.27-7.33 (m, 4H, CH benzene ring), 7.40 (s, 1H, Cs-H quinazoline ring), 7.52
(br s, 1H, NHCH,-piperidine). *C-NMR (176 MHz; DMSO-ds) § 24.54, 27.16 (2C), 34.03,
42.42 (2C), 46.15, 51.48 (2C), 54.59, 56.53, 57.04, 59.29, 65.39, 98.51, 102.58, 105.58, 129.15
(20), 129.80, 130.44, 131.91 (2C), 135.64, 147.03, 152.82, 155.67, 159.87. MS (ESI) m/z: 493
[M + H]*. HR-MS (ESI) m/z: caled for C2sH41N6O2* [M + H]*, 493.3286; found, 493.3271.
N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(3-(phenylamine )propyl )quinazolin-2,4-

diamine (15). Yield, 71%; mp 102-105 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.68-1.75 (m, 2H,
NHCH>CH>CH>N(CH3)2), 1.93-2.00 (m, 2H, NHCH>,CH>CH>NHPh), 2.18 (s, 6H, N(CH3)2),
2.31 (t, /=8 Hz, 2H, NHCH,CH>CH:N(CH3)2), 3.12-3.17 (m, 2H, NHCH,CH>CH>NHPh), 3.31-
3.36 (m, 2H, NHCH>CH>CH2N(CH3)2), 3.57-3.63 (m, 2H, NHCH>CH>CH>NHPh), 3.84 (s, 3H,
OCHs3), 3.87 (s, 3H, OCH3), 5.63 (t, J=5 Hz, 1H, CH.CH.CH:NHPh), 6.18 (br t, 1H,

NHCH>CH2CH2N(CH3)2), 6.54-6.58 (m, 1H, CH benzene ring), 6.62-6.64 (m, 2H, 2 x CH
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benzene ring), 6.73 (s, 1H, Cs-H quinazoline ring), 7.09-7.13 (m, 2H, CH benzene ring), 7.45 (s,
1H, Cs-H quinazoline ring), 7.60 (br m, 1H, NHCH>CH,CH,NHPh). 3C-NMR (176 MHz;
DMSO-ds) 6 24.53, 25.94, 38.34, 39.02, 42.48 (2C), 47.40, 54.64, 56.52, 57.01, 98.63, 99.85,
102.64, 105.56, 121.62, 130.11 (2C), 135.56 (2C), 146.95, 147.01, 152.90, 155.61, 159.66. MS
(ESD) m/z: 439 [M + H]*. HR-MS (ESI) m/z: calcd for C24H35N6O>" [M + HJ*, 439.2816; found,
439.2805.

N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(2-(naphthalen-1-
ylamino)ethyl)quinazoline-2,4-diamine (16). Yield, 68%; mp 109-110 °C. '"H-NMR (400 MHz;
DMSO-ds) 6 1.68-1.75 (m, 2H, NHCH>CH>CH>N(CH3)2), 2.12 (s, 6H, N(CH3)2), 2.27-2.30 (t,
J=8 Hz, 2H, NHCH>CH>CH>N(CHs)2), 3.34-3.39 (m, 2H, NHCH>CH,CH>N(CH3)>), 3.48-3.51
(m, 2H, NHCH:CH:NH-naphthalene), 3.79 (s, 3H, OCHs), 3.82-3.86 (m, 5SH, OCH> and NH-
CH:CH:NH-naphthalene), 6.26 (t, J=6 Hz, 1H, NHCH>CH:NH-naphthalene), 6.38-6.41 (br t,
1H, NHCH>CH>CH>N(CH3)2), 6.64 (d, 1H, CH naphthalene ring), 6.71(s, 1H, Cs-H quinazoline
ring), 7.10 (d, 1H, CH naphthalene ring), 7.28-7.44 (m, 4H, Cs-H quinazoline ring and 3 x CH
naphthalene ring), 7.75 (d, 1H, CH naphthalene ring), 7.81 (br t, 1H, NH-CH.CH.-NH-
naphthalene), 8.06 (d, 1H, CH naphthalene ring). '*°C-NMR (176 MHz; DMSO-ds) & 24.48,
38.28, 42.41 (2C), 43.39, 54.61, 56.51, 57.12, 65.39, 98.71, 102.76, 105.76, 118.19, 122.49,
123.91, 124.93, 125.38, 126.34, 127.07, 128.49, 134.57, 135.58, 142.61, 147.02, 152.95, 155.68,
159.86. MS (ESI) m/z: 475 [M + H]". HR-MS (ESI) m/z: calcd for Co7H3sNsO2" [M + H]*
475.2816; found, 475.2808.

N*-(1-benzylpiperidin-4-yl)-N*-(2-(dimethylamino )ethyl)-6,7-dimethoxyquinazoline-2,4-
diamine (17). Yield, 63%; mp 95-97 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.58-1.68 (m, 2H, 2

x CH piperidine ring), 1.88-1.92 (br d, 2H, 2 x CH piperidine ring), 1.99-2.06 (br t, 2H, 2 x CH
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piperidine ring), 2.17 (s, 6H, N(CH3)2 ), 2.39 (t, J=7 Hz, 2H, NHCH>CH>N(CH3)2), 2.86-2.89 (br
d, 2H, 2 x CH piperidine ring), 3.27-3.31 (m, 2H, NHCH>CH>N(CH3)2), 3.50 (s, 2H, NCH:Ph),
3.80 (s, 3H, OCHs3), 3.81 (s, 3H, OCH3), 4.08-4.15 (br m, 1H, C4-H piperidine), 5.89 (br s, 1H,
NHCH;CH2N(CHz3)2), 6.66 (s, 1H, Cs-H quinazoline ring), 7.20 (br d, 1H, NH), 7.23-7.24 (m,
1H, CH benzene ring ), 7.26-7.34 (m, 4H, benzene ring protons), 7.42 (s, 1H, Cs-H quinazoline
ring). *C-NMR (176 MHz; DMSO-ds) & 28.47 (2C), 36.21, 42.82 (2C), 47.30, 50.70 (2C),
55.37, 56.55, 57.09, 59.51, 98.69, 102.58, 105.60, 129.26 (2C), 129.35 (2C), 129.92, 131.48,
135.91, 147.16, 152.66, 155.81, 159.18. MS (ESI) m/z: 465 [M + H]*. HR-MS (ESI) m/z: calcd
for C26H37N6O2" [M + H]*, 465.2973; found, 465.2954.
N*-(I1-benzylpiperidin-4-yl)-N?-(4-(dimethylamino)butyl)-6,7-dimethoxyquinazoline-2,4-

diamine (18). Yield, 65%; mp 78-80 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.39-1.51 (m, 4H,
NHCH>CH>CH>CH>N(CH3)2), 1.55-1.68 (m, 2H, 2 x CH piperidine ring), 1.90-1.92 (br d, 2H, 2
x CH piperidine ring), 2.01-2.06 (br t, 2H, 2 x CH piperidine ring), 2.10 (s, 6H, N(CH3)>), 2.19
(t, J=7 Hz, 2H, NHCH>CH>,CH>CH>N(CH3)2), 2.87-2.90 (br d, 2H, 2 x CH piperidine ring),
3.22-3.25 (m, 2H, NHCH>CH>CH>CH:2N(CH3)2), 3.50 (s, 2H, NCH:Ph), 3.80 (s, 3H, OCH3),
381 (s, 3H, OCH3), 4.10-4.12 (br m, 1H, C4-H piperidine), 6.20 (br t, 1H,
NHCH>CH>CH>CH2N(CH3)2), 6.65 (s, 1H, Cs-H quinazoline ring), 7.18-7.19 (br d, 1H, NH),
7.2-7.25 (m, 1H, CH benzene ring), 7.26-7.36 (m, 4H, CH benzene ring), 7.41 (s, 1H, Cs-H
quinazoline ring). BC-NMR (176 MHz; DMSO-ds) & 21.95, 26.74, 28.25 (2C), 42.29 (20),
42.42, 48.05, 50.80 (2C), 56.47, 56.53, 57.06, 59.03, 98.62, 102.33, 105.66, 129.19 (2C), 129.85,
130.67, 132.01 (2C), 135.91, 146.99, 152.75, 155.79, 159.25. MS (ESI) m/z: 493 [M + H]". HR-

MS (ESI) m/z: caled for C2sHa1N6O2* [M + HJ, 493.3286; found, 493.3263.
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N*-(I1-benzylpiperidin-4-yl)-N?-(5-(dimethylamino)pentyl)-6,7-dimethoxyquinazoline-2,4-
diamine (19). Yield, 40%; mp 158-161 °C. 'H-NMR (400 MHz; DMSO-ds) 6 1.35-1.39 (m, 2H,
NHCH>CH>CH>CH>CH2N(CH3)2), 1.43-1.49 (m, 2H, NHCH>CH>CH>CH>CH>N(CH3)2), 1.50-
1.56 (m, 2H, NHCH>CH>CH,CH>CH>N(CH3)2), 1.58-1.64 (m, 2H, 2 x CH piperidine ring),
1.89-1.96 (br d, 2H, 2 x CH piperidine ring), 2.06-2.12 (m, 2H, 2 x CH piperidine ring), 2.14 (s,
6H, NHCH,CH>CH>CH>CH>N(CHj3)>), 2.22 (t, /=7 Hz, 2H, NHCH>CH>CH>CH>CH>N(CH3)»),
2.92-2.95 (m, 2H, 2 x CH piperidine ring), 3.27-3.32 (m, 2H, NHCH>CH,CH>CH>CH>N(CH3)>),
3.56 (s, 2H, NCH2Ph), 3.85 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 4.15-4.18 (br m, 1H, C4-H
piperidine), 6.18 (br t, 1H, NH(CH2)sN(CHs)2), 6.70 (s, 1H, Cs-H quinazoline ring), 7.22-7.24
(br d, 1H, NH), 7.29-7.31 (m, 1H, CH benzene ring), 7.33-7.38 (m, 4H, CH benzene ring), 7.46
(s, 1H, Cs-H quinazoline ring). 3C-NMR (176 MHz; DMSO-ds) & 23.82, 28.23, 28.96 (2C),
31.78, 40.77, 42.39 (2C), 47.96, 50.79 (2C), 56.53, 56.75, 57.05, 59.11, 98.09, 102.75, 105.66,
129.22 (2C), 129.91, 131.55, 132.04 (2C), 135.87, 146.98, 152.83, 155.78, 159.27. MS (ESI)
m/z: 507 [M + H]*. HR-MS (ESI) m/z: calcd for C20Hs3NsO2* [M + H]*, 507.3442; found,
507.3416 [M + H]".

N?-(3-(benzyl(methyl)amino)propyl)-N*-(1-benzylpiperidin-4-yl)-6,7-dimethoxy ~ quinazoline-
2,4-diamine (20). Yield, 69%; mp 79-82 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.56-1.69 (m,
2H, 2 x CH piperidine ring), 1.70-1.76 (m, 2H, NHCH,CH>CH:N), 1.84-1.95 (br d, 2H, 2 x CH
piperidine ring), 1.95-2.06 (br t, 2H, 2 x CH piperidine ring), 2.09 (s, 3H, NCH3), 2.39 (t, J=7
Hz, 2H, NHCH>CH:CH:N), 2.85-2.88 (m, 2H, CH: piperidine ring), 3.25-3.31 (m, 2H,
NHCH>CH>CH>N), 3.46 (s, 2H, N(CH3)CH:Ph), 3.49 (s, 2H, NCH-Ph), 3.77 (s, 3H, OCH3),
3.79 (s, 3H, OCH3), 4.02-4.12 (br m, 1H, C4-H piperidine), 6.16 (br t, IH, NHCH>CH>CH2N),

6.63 (s, 1H, Cs-H quinazoline ring), 7.17-7.21 (br d, 1H, NH), 7.22-7.25 (m, 2H, CH benzene
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ring), 7.26-7.36 (m, 8H, CH benzene rings), 7.41 (s, 1H, Cs-H quinazoline ring). >*C-NMR (176
MHz; DMSO-ds) & 24.31, 28.36 (2C), 38.53, 39.08, 47.84, 50.80 (2C), 52.65, 56.54, 57.08,
58.46, 59.29, 98.72, 102.44, 105.62, 129.13, 129.20 (2C), 129.32, 129.76 (2C), 129.86, 130.64,
131.75 (2C), 131.99 (2C), 135.90, 147.04, 152.77, 155.80, 159.22. MS (ESI) m/z: 555 [M + H]".
HR-MS (ESI) m/z: caled for C33Ha3N6O2t [M + H]*, 555.3442; found, 555.3428.
N*-(1-benzylpiperidin-4-yl)-6,7-dimethoxy-N?-(3-(methyl(prop-2-yn-1-yl)amino )propyl)
quinazoline-2,4-diamine (21). Yield, 64%; mp 85-88 °C. 'H-NMR (400 MHz; DMSO-ds) ¢
1.59-1.68 (m, 4H, 2 x CH piperidine ring and NHCH>CH>CH:N), 1.87-1.92 (m, 2H, 2 x CH
piperidine ring), 1.99-2.07 (br t, 2H, 2 x CH piperidine ring), 2.19 (s, 3H, NCH3), 2.38 (t, J=7
Hz, 2H, NHCH>CH2CH>N(CH3)2), 2.87-2.89 (br d, 2H, 2 x CH piperidine ring), 3.10 (t, J=2 Hz,
1H, CH>-C=CH), 3.23-3.27 (m, 2H, NHCH>CH>CH>N(CHz3)2), 3.31 (d, J=2 Hz, 2H, CH>-
C=CH), 3.51 (s, 2H, NCH>Ph), 3.78 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.10-4.13 (br m, 1H,
C4-H piperidine), 6.15 (br t, IH, NHCH>CH>CH>N(CH3)2), 6.66 (s, 1H, Cs-H quinazoline ring),
7.18 (br d, 1H, NH), 7.25-7.28 (m, 1H, CH benzene ring), 7.29-7.34 (m, 4H, CH benzene ring),
7.41 (s, 1H, Cs-H quinazoline ring). '*C-NMR (176 MHz; DMSO-ds) & 27.95, 32.19 (2C), 40.49,
41.76, 45.43, 47.85, 53.02 (2C), 53.54, 55.76, 56.52, 62.61, 76.09, 79.61, 103.90, 105.51,
108.06, 127.32, 128.63 (2C), 129.19 (2C), 139.10, 144.75, 149.22, 154.13, 158.81, 159.40. MS
(ESI) m/z: 503 [M + H]*. HR-MS (ESI) m/z: calcd for C20H39N6O>" [M + HJ*, 503.3129; found,
503.3120.
N*-(1-benzylpiperidin-4-yl)-N?-(3-(diethylamino )propyl)-6,7-dimethoxyquinazoline-2,4-

diamine (22). Yield, 75%; mp 89-91 °C. 'H-NMR (400 MHz; DMSO-ds) 6 0.93-1.00 (t, J=7 Hz,
6H, N(CH2CH3)2), 1.58-1.66 (m, 4H, 2 x CH piperidine ring e NHCH,CH>CH>N), 1.91-1.93 (br

d, 2H, 2 x CH piperidine ring), 2.03 (br t, 2H, 2 x CH piperidine ring), 2.43-2.50 (m, 6H,
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N(CH2CH3)2 and NHCH2CH2CH2N), 2.88 (br d, 2H, 2 x CH piperidine ring), 3.23-3.29 (m, 2H,
NHCH>CH>CH:N), 3.50 (s, 2H, NCH:zPh), 3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.06-4.11
(br m, 1H, C4-H piperidine), 6.23 (t, /=6 Hz, 1H, NHCH,CH,CH:N), 6.65 (s, 1H, Cs-H
quinazoline ring), 7.18 (br d, 1H, NH), 7.24-7.28 (m, 1H, CH benzene ring), 7.31-7.36 (m, 4H,
CH benzene ring), 7.41 (s, 1H, Cs-H quinazoline ring). 3C-NMR (176 MHz; DMSO-ds) & 15.64
(20), 24.03, 28.34 (2C), 38.62, 46.43 (2C), 48.75, 50.80 (2C), 56.53, 57.06, 59.34, 65.39, 98.62,
102.41, 105.60, 129.21 (2C), 129.89 (2C), 130.46, 131.99, 135.90, 147.04, 152.85, 155.78,
159.27. MS (ESI) m/z: 507 [M + H]*. HR-MS (ESI) m/z: calcd for CaoH43sNsO2* [M + HJY,
507.3442; found, 507.3417.
N*-(I1-benzylpiperidin-4-yl)-6,7-dimethoxy-N>-(3-(pyrrolidin-1-yl)propyl)quinazoline-2,4-

diamine (23). Yield, 72%; mp 90-92 °C. 'H-NMR (400 MHz; DMSO-ds) J 1.54-1.71 (m, 8H, 2
x CH piperidine ring, 4 x CH pyrrolidine ring and NHCH,CH>CH:N), 1.84-1.91 (m, 2H, 2 x CH
piperidine ring), 1.96-2.05 (br t, 2H, 2 x CH piperidine ring), 2.36-2.43 (m, 6H, 4 x CH
pyrrolidine ring and NHCH>CH>CH>N), 2.86 (br d, 2H, 2 x CH piperidine ring), 3.22-3.26 (m,
2H, NHCH>CH>CH2N), 3.48 (s, 2H, NCH>Ph), 3.77 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 4.07 (br
m, 1H, C4-H piperidine), 6.19 (t, /=8 Hz, 1H, NHCH2CH>CH-pyrrolidine), 6.63 (s, 1H, Cs-H
quinazoline ring), 7.15-7.18 (br d, 1H, NH), 7.22-7.26 (m, 1H, CH benzene ring), 7.28-7.35 (m,
4H, CH benzene ring), 7.39 (s, 1H, Cs-H quinazoline ring). 3C-NMR (176 MHz; DMSO-ds) &
23.21 (2C), 25.97, 28.38 (2C), 38.69, 47.76, 50.80, 51.87 (2C), 53.22 (2C), 56.53, 57.06, 59.35,
98.68, 102.42, 105.59, 129.22 (2C), 129.34 (2C), 129.89, 132.00, 135.92, 147.04, 152.77,
155.80, 159.27. MS (ESI) m/z: 505 [M + H]*. HR-MS (ESI) m/z: calcd for C20H41N¢O2" [M +

HJ*, 505.3286; found, 505.3278.
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N*-(I1-benzylpiperidin-4-yl)-6,7-dimethoxy-N*-(3-(piperidin-1-yl)propyl)quinazoline-2,4-
diamine (24). Yield, 70%; mp 91-93 °C. 'TH-NMR (400 MHz; DMSO-ds) J 1.44-1.45 (m, 2H, 2
x CH piperidine ring), 1.55-1.58 (m, 4H, 4 x CH piperidine ring), 1.64-1.75 (m, 4H, 2 x CH
piperidine ring and NHCH>CH>CH;-piperidine), 1.96-1.99 (br d, 2H, 2 x CH piperidine ring),
2.05-2.11 (br t, 2H, 2 x CH piperidine ring), 2.35-2.38 (m, 6H, 4 x CH piperidine ring and
NHCH2CH2CH:>N), 2.94 (br d, 2H, 2 x CH piperidine ring), 3.30-3.35 (m, 2H, NHCH>CH>CH>-
piperidine), 3.56 (s, 2H, NCH>Ph), 3.85 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 4.13-4.15 (br m, 1H,
C4-H piperidine), 6.41 (br m, 1H, NHCH>CH2CH2R), 6.72 (s, 1H, Cs-H quinazoline ring), 7.22
(br d, 1H, NH), 7.29-7.31 (m, 1H, CH benzene ring), 7.33-7.41 (m, 4H, benzene ring), 7.47 (s,
1H, Cs-H quinazoline ring). 3C-NMR (176 MHz; DMSO-ds) § 21.78, 22.79 (2C), 24.05, 28.33
(20), 38.46, 47.52, 50.84 (2C), 52.39, 53.93, 56.58 (2C), 57.06, 59.36, 98.67, 102.27, 105.46,
129.28 (2C), 130.00, 130.31, 131.95 (2C), 135.74, 147.09, 152.54, 155.87, 159.20. MS (ESI)
m/z: 519 [M + H]*. HR-MS (ESI) m/z: calcd for C3oHs3sNsO2* [M + H]*, 519.3442; found,
519.3433.

N*-(I1-benzylpiperidin-4-yl)-6,7-dimethoxy-N>-(3-morpholinopropyl)quinazoline-2,4-diamine
(25). Yield, 60%; mp 98-100 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.60-1.71 (m, 4H, 2 x CH
piperidine ring and NHCH>CH>CHz-morpholine), 1.91 (br d, 2H, 2 x CH piperidine ring), 2.03
(br t, 2H, 2 x CH piperidine ring) 2.32-2.35 (m, 6H, 2 x CH: morpholine ring and
NHCH;CH2CH>-morpholine), 2.88 (br d, 2H, 2 x CH piperidine ring), 3.26-3.31 (m, 2H,
NHCH>CH>CHz-morpholine), 3.51 (s, 2H, NCH>Ph), 3.58 (t, 4H, 2 x CH> morpholine ring),
3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.02-4.11 (br m, 1H, C4-H piperidine), 6.24 (t, /=6 Hz,
1H, NHCH>CH2CHz-morpholine), 6.65 (s, 1H, Cs-H quinazoline ring), 7.17 (br d, 1H, NH),

7.24-7.25 (m, 1H, CH benzene ring), 7.31-7.36 (m, 4H, CH benzene ring), 7.41 (s, 1H, Cs-H
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quinazoline ring). "*C-NMR (176 MHz; DMSO-ds) & 23.71, 28.36 (2C), 38.59, 47.81, 50.84
(2C), 51.48, 54.06, 56.54 (2C), 57.06, 59.34, 63.62 (2C), 98.72, 102.45, 105.56, 129.24 (2C),
129.92, 131.51 (2C), 131.99, 135.95, 147.07, 152.72, 155.82, 159.27. MS (ESI) m/z: 521 [M +
H]*. HR-MS (ESI) m/z: calcd for C20Ha1N6O3™ [M + H]*, 521.3235; found, 521.3231.
N*-(1-benzylpiperidin-4-yl)-6,7-dimethoxy-N?-(3-(4-methylpiperazin-1-
yl)propyl)quinazoline-2,4-diamine (26). Yield, 63%; mp 94-97 °C. 'H-NMR (400 MHz; DMSO-
ds) 0 1.64-1.79 (m, 4H, 2 x CH piperidine ring and NHCH>CH>CHbz-piperazine), 1.90-1.93 (br d,
2H, 2 x CH piperidine ring), 2.05 (br t, 2H, NHCH>CH>CH:>-piperazine), 2.16 (s, 3H, NCH3),
2.30-2.36, (m, 10H, 8 x CH piperazine ring and NHCH>CH>CH>-piperazine), 2.88 (br d, 2H, 2 x
CH piperidine ring), 3.25-3.30 (m, 2H, 2 x CH piperidine ring), 3.51 (s, 2H, NCH>Ph), 3.80 (s,
3H, OCH3), 3.81 (s, 3H, OCHj3), 4.09-4.13 (br m, 1H, Cs-H piperidine), 6.26 (t, /=5 Hz, 1H,
NHCH>CH>CHa»-piperazine), 6.66 (s, 1H, Cs-H quinazoline ring), 7.19 (br d, 1H, NH), 7.24-7.28
(m, 1H, CH benzene ring), 7.30-7.36 (m, 4H, CH benzene ring), 7.41 (s, 1H, Cs-H quinazoline
ring). "*C-NMR (176 MHz; DMSO-ds) § 23.98, 28.35 (2C), 38.58, 42.51, 47.84, 48.49, 50.07,
50.87 (2C), 54.06, 56.53 (2C), 57.07 (2C), 59.39, 98.64, 102.43, 105.63, 129.21 (2C), 129.86,
131.50, 132.04 (2C), 135.90, 147.02, 152.81, 155.78, 159.26. MS (ESI) m/z: 534 [M + H]*. HR-
MS (ESI) m/z: calcd for C3oH44N7O," [M + H]*, 534.3551; found, 534.3541.
N*-(1-benzylpiperidin-4-yl)-6,7-dimethoxy-N?-(1-methylpiperidin-4-yl)quinazoline-2,4-

diamine (27). Yield, 43%; mp 103-106 °C. '"H-NMR (400 MHz; DMSO-ds) § 1.43-1.58 (m, 2H,
2 x CH methylpiperidine ring), 1.59-1.64 (m, 2H, 2 x CH piperidine ring), 1.65-1.67 (m, 2H, 2 x
CH methylpiperidine ring), 1.81-1.95 (m, 4H, 2 x CH piperidine and 2 x CH methylpiperidine
ring), 2.06-2.09 (m, 2H, 2 x CH piperidine ring), 2.16 (s, 3H, NCH3), 2.73 (br d, 2H, 2 x CH

methylpiperidine ring), 2.88 (br d, 2H, 2 x CH piperidine ring), 3.51 (s, 2H, NCH>Ph), 3.68-3.79
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(br m, 1H, Cs4-H methylpiperidine), 3.79 (s, 3H, OCHs3), 3.81 (s, 3H, OCHj3), 4.02-4.10 (br m,
1H, C4-H piperidine), 5.97 (br d, J=7 Hz, 1H, NH-methylpiperidine), 6.64 (s, 1H, Cs-H
quinazoline ring), 7.19-7.24 (br m, 1H, NH), 7.25-7.28 (m, 1H, CH benzene ring), 7.31-7.36 (m,
4H, CH benzene ring), 7.41 (s, 1H, Cs-H quinazoline ring). BC-NMR (176 MHz; DMSO-ds) §
28.42 (2C), 29.24 (2C), 42.83, 47.94, 49.29, 50.66, 52.53, 56.14 (2C), 57.02 (2C), 59.08, 98.93,
102.44, 105.57, 129.21, 129.92 (2C), 130.73, 132.68 (2C), 138.37, 147.13, 152.09, 155.98,
159.12. MS (ESI) m/z: 491 [M + H]". HR-MS (ESI) m/z: calcd for CasH30NsO2* [M + HJT,
491.3129; found, 491.3129.
N*-(I-benzylpiperidin-4-yl)-N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N2-methyl

quinazoline-2,4-diamine (28). Yield, 66%; mp 78-81 °C. 'H-NMR (400 MHz; DMSO-ds) ¢
1.58-1.69 (m, 4H, 2 x CH piperidine ring and N(CH3)CH>CH>CH>N(CH3)2), 1.97 (br d, 2H, 2 X
CH piperidine ring), 2.06 (br t, 2H, 2 x CH piperidine ring), 2.11 (s, 6H,
N(CH3)CH2CH2CH2N(CH3)2), 2.20 (t, J=7 Hz, 2H, N(CH3)CH2CH>CH>N(CH3)2), 2.89 (br d,
2H, 2 x CH piperidine ring), 3.06 (s, 3H, N(CH3)CH>CH>CH>N(CH3)2), 3.51 (s, 2H, NCH>Ph),
3.56 (t, /=7 Hz, 2H, N(CH3)CH>CH2CH,N(CH3)2), 3.80 (s, 3H, OCH3), 3.82 (s, 3H, OCH3),
3.99-4.06 (br m, 1H, C4-H piperidine), 6.69 (s, 1H, Cs-H quinazoline ring), 7.25 (br d, 1H, NH),
7.27-7.29 (m, 1H, CH benzene ring), 7.31-7.36 (m, 4H, CH benzene ring), 7.42 (s, 1H, Cs-H
quinazoline ring). 3C-NMR (176 MHz, DMSO) § 25.95, 32.08 (2C), 35.27, 45.76 (2C), 47.47,
48.67, 53.09 (2C), 55.78, 56.50, 57.53, 62.69, 103.20, 103.75, 105.73, 127.34, 128.63 (2C),
129.23 (2C), 139.03, 144.83, 149.38, 154.20, 158.58, 158.81. MS (ESI) m/z: 493 [M + H]". HR-

MS (ESI) m/z: calcd, for CsHa1N6O2" [M + H]* 493.3286; found, 493.3263.
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7-(benzyloxy)-N*-(1-benzylpiperidin-4-yl)-N*-(3-(dimethylamino)propyl)-6-methoxy
quinazoline-2,4-diamine (29). Yield, 78%; mp 149-152 °C. '"H-NMR (400 MHz; DMSO-ds) ¢
1.55-1.65 (m, 4H, 2 x CH piperidine ring and NHCH>CH>CH>N(CH3)2), 1.91 (br d, 2H, 2 x CH
piperidine ring), 1.92-2.01-2.03 (br t, 2H, 2 x CH piperidine ring), 2.11 (s, 6H, N(CH3)2), 2.23 (t,
J=T7 Hz, 2H, NHCH>CH>CH>N(CHa)2), 2.88 (br d, 2H, 2 x CH piperidine ring), 3.22-3.27 (m,
2H, NHCH>CH>CH>N(CH3)2), 3.52 (s, 2H, NCH>Ph), 3.81 (s, 3H, OCH3), 4.10-4.12 (br m, 1H,
Cy4-H piperidine), 5.16 (s, 2H, OCH>Ph), 6.17 (br t, 1H, NHCH>,CH>CH2>N(CH3)»2), 6.75 (s, 1H,
Cs-H quinazoline ring), 7.19-7.21 (br d, 1H, NH-piperidine), 7.24-7.28 (m, 1H, CH benzene
ring), 7.31-7.36 (m, SH, CH benzene ring), 7.39-7.47 (m, 5H, CH benzene ring and Cs-H
quinazoline ring). *C-NMR (176 MHz; DMSO-ds) & 28.11, 32.17 (2C), 40.49, 45.75 (2C),
48.00, 53.02 (2C), 56.61, 57.72, 62.62, 69.93, 104.16, 105.70, 106.92, 127.33, 128.23, 128.34
(20), 128.63 (2C), 128.91 (2C), 129.19 (2C), 137.31, 139.08, 144.89, 149.16, 153.08, 158.80,
159.43. MS (ESI) m/z: 555 [M + H]*. HR-MS (ESI) m/z: calcd for C33H43N6O2" [M + HJ*,
555.3442; found, 555.3423.
7-(benzyloxy)-N*-(3-(dimethylamino )propyl)-6-methoxy-N*-(2-(naphthalen-1 -

ylamino)ethyl)quinazoline-2,4-diamine (30). Yield, 61%; mp 117-118 °C. '"H-NMR (400 MHz;
DMSO-ds) 6 1.66-1.71 (m, 2H, NHCH2CH>CH;N(CH3)2), 2.10 (s, 6H, N(CHs)2), 2.26 (t, J=8
Hz, 2H, NHCH,CH>CH>N(CH3)2), 3.32-3.38 (m, 2H, NHCH>CH>CH>N(CH3)2), 3.46-3.50 (m,
2H, NHCH:CH:NH-naphthalene), 3.79-3.83 (m, SH, OCHs and NHCH:CH.NH-naphthalene),
5.16 (s, 2H, OCH:Ph), 6.23-6.25 (br t, 1H, NHCH.CH.NH-naphthalene), 6.39 (br t, 1H,
NHCH;CH>CH2N(CH3)2), 6.61 (d, 1H, CH naphthalene ring), 6.79 (s, 1H, Cs-H quinazoline
ring), 7.07-7.10 (d, 1H CH naphthalene ring), 7.26-7.41 (m, 9H, 5 x CH benzene ring, Cs-H

quinazoline ring and 3 x CH naphthalene ring), 7.72-7.75 (m, 1H, CH naphthalene ring), 7.82 (br
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t, 1H, NH-CH2CH2-NH-naphthalene), 8.03-8.06 (br d, 1H, CH naphthalene ring). BC-NMR (176
MHz; DMSO-ds) & 24.46, 31.78, 38.28, 42.42 (2C), 42.99, 54.62, 57.13, 70.66, 99.90, 102.91,
104.79, 105.91, 117.14, 122.43, 123.76, 124.74, 126.27, 127.14, 128.46, 128.61, 128.78 (20),
129.03 (2C), 134.58, 135.42, 136.14, 143.30, 147.22, 152.96, 154.51, 159.85. MS (ESI) m/z: 551
[M + H]*. HR-MS (ESI) m/z: calcd for C33H39NgO2* [M + H]*, 551.3129; found, 551.3112.
General Procedure for the Synthesis of 4 and 5. The proper phenylalkyl bromide (0.28
mmol, 1.4 eq.), anhydrous potassium carbonate (0.81 mmol, 4 eq.), and sodium iodide (0.22
mmol, 1.1 eq.) were added in sequence to a solution of 2 (0.20 mmol, 1 eq.) in dry DMF (1.2
mL). The resulting mixture was stirred at room temperature for 48 h. Upon conclusion of the
reaction, the solvent was concentrated under vacuum and the resulting crude was poured into a
saturated sodium chloride solution (10 mL) and extracted with ethyl acetate (4 x 15 mL). The
organic phases were dried over sodium sulphate and concentrated under vacuum to furnish a
crude that was purified on alumina column chromatography by eluting with a mixture ethyl
acetate/methanol 15:1 to obtain the final compounds 4 and 5.
N?~(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(1-phenethylpiperidin-4-yl)quinazoline-2,4-
diamine (4). Yield, 68%; mp 82-85 °C. 'H-NMR (400 MHz; DMSO-ds) 6 1.69-1.75 (m, 4H, 2 x
CH piperidine ring and NHCH.CH>CH>N(CHs)2), 1.99 (br d, 2H, 2 x CH piperidine ring), 2.10
(br t, 2H, 2 x CH npiperidine ring), 2.19 (s, 6H, N(CH3)2), 2.31 (t, J=7 Hz, 2H,
NHCH,CH>CH:N(CH3)2), 2.60 (t, /=7 Hz, 2H, NCH.CH,Ph), 2.81 (t, J=7 Hz, 2H,
NCH>CH;Ph), 3.07 (br d, 2H, 2 x CH piperidine ring), 3.29-3.33 (m, 2H,
NHCH>CH>CH2N(CHas)2), 3.85 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 4.15-4.19 (br m, 1H, Cs-H
piperidine), 6.21 (br t, 1H, NHCH>CH>CH>N(CHs)2), 6.72 (s, 1H, Cs-H quinazoline ring), 7.19-

7.27 (m, 2H, quinazoline-C4-NH and CH benzene ring), 7.30-7.36 (m, 4H, CH benzene ring),

49



7.47 (s, 1H, Cs-H quinazoline ring). '*C-NMR (176 MHz; DMSO-ds) & 24.72, 28.60, 29.98 (2C),
38.52, 42.44 (2C), 47.58, 51.08, 54.60 (2C), 56.56, 57.03, 57.08, 98.71, 102.46, 105.57, 127.29,
129.15 (2C), 129.22 (2C), 135.95, 137.72, 147.07, 152.80, 155.83, 159.28. MS (ESI) m/z: 493
[M+H]*. HR-MS (ESI) m/z: calcd for C2sHa1N6O2" [M + H]*, 493.3286; found, 493.3279.

N?-(3-(dimethylamino)propyl)-6,7-dimethoxy-N*-(1-(3-phenylpropyl)piperidin-4-yl)
quinazoline-2,4-diamine (5). Yield, 70%; mp 75-78 °C. 'H-NMR (400 MHz; DMSO-ds) § 1.57-
1.67 (m, 4H, 2 x CH piperidine ring and NHCH,CH>CH;N(CH3)2), 1.69-1.74 (m, 2H,
CH>CH>CH2Ph), 1.82-1.92 (m, 4H, 4 x CH piperidine ring), 2.09 (s, 6H, N(CH3)2), 2.24 (t, J=7
Hz, 2H, NHCH2CH>CH>N(CH3)2), 2.29 (t, /=7 Hz, 2H, NCH>CH2CH2Ph), 2.61 (t, /=7 Hz, 2H,
CH.CH,CH>Ph), 292 (br d, 2H, 2 x CH piperidine ring), 3.23-3.28 (m, 2H,
NHCH>CH>CH>N(CHzs)2), 3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.09-4.11 (br m, 1H, Cs-H
piperidine), 6.16 (br t, 1H, NHCH>CH>CH>N(CH3)2), 6.66 (s, 1H, Cs-H quinazoline ring), 7.16-
7.23 (m, 4H, quinazoline-C4-NH and 3 x CH benzene ring), 7.27-7.36 (m, 2H, CH benzene ring),
7.42 (s, 1H, Cs-H quinazoline ring). '*C-NMR (176 MHz; DMSO-ds) & 24.72, 28.53, 29.98 (2C),
31.78, 38.52, 42.54 (2C), 47.58 (2C), 51.07, 54.60, 56.56, 57.03, 57.08, 98.72, 102.47, 105.58,
127.29, 129.15 (2C), 129.18 (2C), 135.95, 137.72, 147.07, 152.77, 155.81, 159.24. MS (ESI)
m/z: 507 [M + HJ*. HR-MS (ESI) m/z: calcd for CaoHasNsO2t [M + H]*, 507.3442; found,
507.3433.

Procedure  for  the  Synthesis  of  (4-((2-((3-(dimethylamino)propyl)amino)-6,7-
dimethoxyquinazolin-4-yl)amino)piperidin-1-yl)(phenyl)methanone (11). Triethylamine (1.21
mmol, 6 eq.) and benzoyl chloride (0.23 mmol, 1.15 eq.) were added in sequence to a cooled
solution of 2 (0.20 mmol, 1 eq.) in dry DCM (1.6 mL), and the resulting mixture was stirred at

room temperature for 3.5 h. Upon conclusion of the reaction, the resulting mixture was poured
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into water (10 mL) and extracted with DCM (4 x 10 mL). The organic phases were washed with
saturated sodium bicarbonate solution (2 x 20 mL) and saturated sodium chloride solution (30
mL), dried over anhydrous sodium sulphate and concentrated under vacuum to furnish a crude
residue that was purified by silica gel column chromatography by eluting with a mixture
chloroform/methanol/ammonia 18:1:0.1 to afford the final compound 11. Yield, 45%; mp 192-
194 °C. '"H-NMR (400 MHz; DMSO-ds) 6 1.48-1.57 (br m, 2H, 2 x CH piperidine ring), 1.65-
1.68 (m, 2H, NHCH,CH>CH>N(CH3)2), 1.91 (br m, 1H, CH piperidine ring), 2.06-2.09 (br m,
1H, CH piperidine ring), 2.16 (s, 6H, N(CH3)2), 2.29 (t, /=7 Hz, 2H, NHCH>CH2CH>N(CH3)2),
2.89 (br m, 1H, CH piperidine ring), 3.17 (br m, 1H, CH piperidine ring), 3.25-3.30 (m, 2H,
NHCH>CH>CH>N(CH3)»), 3.67 (m, 1H, CH piperidine ring), 3.80 (s, 3H, OCH3), 3.81 (s, 3H,
OCHs3), 4.38-4.41 (br m, 1H, CH piperidine ring), 4.55 (br m, 1H, Cs-H piperidine), 6.22 (br t,
1H, NHCH>CH>CH:N(CH3)2), 6.68 (s, 1H, Cs-H quinazoline ring), 7.23-7.25 (br d, 1H, NH-
piperidine), 7.40-7.42 (m, 3H, 2 x CH benzene ring and Cs-H quinazoline ring), 7.47-7.49 (m,
3H, CH benzene ring). >*C-NMR (176 MHz; DMSO-ds) § 24.54, 31.11, 31.85, 42.43 (2C),
46.72, 49.38, 54.64 (2C), 56.53 (2C), 57.11, 98.72, 102.55, 105.52, 127.12 (2C), 129.01 (2C),
130.03, 135.86, 136.60, 147.05, 152.87, 155.71, 158.90, 169.58. MS (ESI) m/z: 493 [M + H]*.

HR-MS (ESI) m/z: caled for C27H37N6O3" [M + HJ*, 493.2922; found, 493.2913 [M + H]".

General Procedure for the Synthesis of the Intermediates 33-35,39,41,42. The specific
commercially available amine (2.89 mmol, 3 eq.) was added to a solution of the 2,4-
dichloroquinazoline 31[39] (0.96 mmol, 1 eq.) in dry THF (5.5 mL) in the presence of
triethylamine (0.40 mL, 3 eq.), and the resulting suspension was left stirring at room temperature

for about 24 h. Upon completion of the reaction, the salt was filtered under vacuum, and the
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filtrate was concentrated in vacuo. The resulting crude product was triturated with petroleum
ether, collected by filtration, and finally purified by silica gel column chromatography by eluting
with the appropriate mixture chloroform/methanol to provide the intermediates 33-35,39,41,42.
2-chloro-6,7-dimethoxy-N-(1-(naphthalen- I -ylmethyl)piperidin-4-yl)quinazolin-4-amine
(33). Yield, 65%; mp 121-123 °C. '"H-NMR (400 MHz; DMSO-ds) J 1.60-1.69 (m, 2H, 2 x CH
piperidine ring), 1.86-1.90 (br d, 2H, 2 x CH piperidine ring), 2.18 (br t, 2H, 2 x CH piperidine
ring), 2.95 (br d, 2H, 2 x CH piperidine ring), 3.87 (s, 3H, OCH3), 3.88 (s, 3H, OCHj3), 3.92 (s,
2H, CHz-naphthalene), 4.12-4.17 (br m, 1H, Cs-H piperidine), 7.06 (s, 1H, Cs-H quinazoline
ring), 7.46 (m, 2H, CH naphthalene ring), 7.52-7.55 (m, 2H, CH naphthalene ring and NH), 7.61
(s, 1H, Cs-H quinazoline ring), 7.84-7.87 (m, 1H, CH naphthalene ring), 7.92-7.94 (m, 1H, CH
naphthalene ring), 7.97-7.99 (d, 1H, CH naphthalene ring), 8.37 (d, 1H, CH naphthalene ring).
MS (ESI) m/z: 463 [M + H]*.
2-chloro-6,7-dimethoxy-N-(1-(naphthalen-2-ylmethyl)piperidin-4-yl)quinazolin-4-amine
(34). Yield, 95%; mp 135-138 °C. '"H-NMR (400 MHz; DMSO-ds) 6 1.67-1.75 (m, 2H, 2 x CH
piperidine ring), 1.92-1.94 (br d, 2H, 2 x CH piperidine ring), 2.13-2.34 (br t, 2H, 2 x CH
piperidine ring), 2.94 (br d, 2H, 2 x CH piperidine ring), 3.70 (s, 2H, CHz-naphthalene), 3.88 (s,
3H, OCH3), 3.90 (s, 3H, OCHs), 4.11-4.16 (br m, 1H, C4-H piperidine), 7.06 (s, 1H, Cs-H
quinazoline ring), 7.47-7.54 (m, 3H, CH naphthalene ring), 7.65 (s, 1H, Cs-H quinazoline ring),
7.82 (s, 1H, CH naphthalene ring), 7.88-7.91 (m, 3H, CH naphthalene ring), 8.01-8.03 (br d, 1H,
NH). MS (ESI) m/z: 463 [M + H]".
N-(1-([1,1'-biphenyl]-4-ylmethyl)piperidin-4-yl)-2-chloro-6,7-dimethoxyquinazolin-4-amine
(35). Yield, 89%; mp 181-183 °C. 'H-NMR (400 MHz; DMSO-ds) 6 1.66-1.74 (m, 2H, 2 x CH

piperidine ring), 1.92-1.95 (br d, 2H, 2 x CH piperidine ring), 2.12-2.15 (br t, 2H, 2 x CH

52



piperidine ring), 2.94 (br d, 2H, 2 x CH piperidine ring), 3.57 (s, 2H, NCH>-biphenyl ring), 3.88
(s, 3H, OCHs3), 3.90 (s, 3H, OCH3), 4.13 (br m, 1H, Cs-H piperidine), 7.07 (s, 1H, Cs-H
quinazoline ring), 7.36-7.41 (m, 1H, CH biphenyl ring), 7.43-7.47 (m, 4H, 3 x CH biphenyl ring
and NH), 7.63-7.68 (m, SH, 4 x CH biphenyl ring and Cs-H quinazoline ring), 8.03 (d, 1H, CH
biphenyl ring). MS (ESI) m/z: 489 [M + H]".

N-((1-benzylpiperidin-4-yl)methyl)-2-chloro-6,7-dimethoxyquinazolin-4-amine (39). Yield,
85%; mp 181-183 °C. '"H-NMR (400 MHz; DMSO-ds) 6 1.27-1.37 (m, 2H, 2 x CH piperidine
ring), 1.71-1.73 (m, 3H, 2 x CH piperidine ring and Cs-H piperidine), 1.91-1.97 (br m, 2H, 2 x
CH piperidine ring), 2.68-2.86 (br m, 2H, 2 x CH piperidine ring), 3.40 (s, 2H, NCH>-Ph), 3.47-
3.48 (m, 2H, NHCH:>-piperidine), 3.88 (s, 6H, 2 x OCHj3), 7.06 (s, 1H, Cs-H quinazoline ring),
7.28-7.32 (m, SH, CH benzene ring) ), 7.65 (s, 1H, Cs-H quinazoline ring), 8.37 (br t, 1H,
NHCH,-piperidine). MS (ESI) m/z: 427 [M + H]".

N'-(2-chloro-6,7-dimethoxyquinazolin-4-yl)-N°-phenylpropane-1,3-diamine ~ (41).  Yield,
89%; mp 137-139 °C. 'H-NMR (400 MHz; CDCl3) 6 2.02-2.10 (m, 2H, CHCH,CH,NHPh),
338 (t, J=6 Hz, 2H, CHCH.CH:NHPh), 3.75 (s, 3H, OCH;), 3.83-3.87 (m, 2H,
NHCH:CH>CH:NHPh), 3.97 (s, 3H, OCH3), 4.13-4-17 (br m, 1H, NHCH>CH>CH2NHPh), 6.58
(t, J=4 Hz, 1H, NHCH>CH>,CH>NHPh), 6.72 (s, 1H, Cs-H quinazoline ring), 6.76-6.80 (m, 3H,
CH benzene ring), 7.13 (s, 1H, Cs-H quinazoline ring), 7.20-7.24 (m, 2H, CH benzene ring). MS
(ESI) m/z: 373 [M + H]".

N!-(2-chloro-6,7-dimethoxyquinazolin-4-yl)-N*-(naphthalen-1-yl )ethane-1,2-diamine ~ (42).
Yield, 71%; mp 150-151 °C. 'H-NMR (400 MHz; DMSO-ds) § 3.43-3.48 (m, 2H,
NHCH:CH:NH-naphthalene), 3.68-3.75 (m, 2H, NHCH:CH:NH-naphthalene), 3.80 (s, 3H,

OCH3), 3.82 (s, 3H, OCH3), 6.34 (t, J=7 Hz, 1H, NHCH-CH.NH-naphthalene), 6.80-6.83 (d, 1H,
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CH naphthalene), 7.06-7.22 (d, 2H, Cs-H quinazoline ring and CH naphthalene), 7.22-7.31 (m,
3H, CH naphthalene), 7.53 (s, 1H, Cs-H quinazoline ring), 7.66-7.69 (dd, 1H, CH naphthalene
ring), 8.03-8.06 (br d, 1H, CH naphthalene ring), 8.55 (t, /=7 Hz, 1H, NH-CH:CH:-NH-

naphthalene). MS (ESI) m/z: 475 [M + H]".

4.2. Biochemistry.
4.2.1. LSD1-CoREST Binding and Inhibition Assays. Thermal stability, activity on histone
H3K4me peptide, and inhibition of human LSD1-CoREST were measured using established
protocols [43]. Fluorescence polarization experiments were performed on a CLARIOstar plate
reader (BMG LABTECH) in a 384-well format using previously described protocols [75]. Direct
binding of the histone H3 N-terminal tail peptide to LSD1-CoREST was assayed using protein
samples (final concentration, 2 mM) with labeled peptides (constant at a final concentration of 1
nM) followed by serial 1:1 dilutions. For competitive experiments, each well contained LSD1-
CoREST (constant at a final concentration of 60 nM) and labeled peptides (fixed at a final
concentration of 1 nM) to which decreasing concentrations of the competing inhibitors were

added. The shown values are average of 3 replicates + SD.

4.2.2. G9a Inhibition.
The Ki values for each compound were measured using microfluidic capillary electrophoresis
which allows to monitor the methylation status of peptide substrates [45, 52, 76]. Each reaction

mixture (15 pL) was set up in 384-well polypropylene shallow microplates and consisted of: 5

uL of each compound dissolved in assay buffer (20 mM Tris-HCI (pH 8), 25 mM NaCl, 0.025%
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Tween 20, 2 mM DTT) + 1% DMSO; 5 uL of histone H3 (1-21) peptide substrate in assay
buffer; 5 uL of a solution containing G9a (12.5 nM) and SAM (50 uM) in assay buffer.

Each compound was titrated from 80 to 0.3125 uM while the H3 peptide was titrated from 100
to 1.5625 puM; in both cases a 2-fold dilution scheme was followed. A total of 4 grids for each
assay time point were set up. The G9a/SAM solution was added to the mixture containing the
compound and histone H3 peptide in order to initiate the reactions. Parallel reactions were set up
and allowed to proceed for 15, 30, 45, and 60 min at 25°C, after which they were stopped by
adding 10 pL of a solution containing Endo-LysC (40 pg/ml), to digest the remaining
unmethylated peptide, and UNCO0224 (10 uM), to immediately inhibit all further enzyme
activity. After 1 h, peptide concentrations over 20 uM were diluted to 20 uM in reaction buffer to
avoid saturation of the optics. The plate was read on a Caliper Life Sciences EZR I, using
upstream voltage = -500 V, downstream voltage = -1200 V, and pressure = 1.5 psi. Predigested
peptide was used as marker. The steady-state velocity was determined by plotting the amount of
methylated peptide as a function of time and, applying linear regression, the observed velocities
(Vobs) were calculated at each peptide concentration to determine Michaelis-Menten kinetics (K,
kcat) (GraphPad Prism 9.0). This process was repeated for each compound concentration to yield
apparent K., values which were plotted as a function of compound concentration. Linear
regression analysis yielded the Ki[76]. The shown values are average of 3 replicates + SD.

4.23. DOTIL, SETDS8, EZH2 Complex and PRMT1 Assays. The appropriate
methyltransferase substrate (0.05 mg/ml HeLa oligo nucleosomes for DOT1L, 0.05 mg/ml HeLa
nucleosomes for SETDS, 0.05 mg/ml chicken core histone for EZH2 complex, and 5 uM chicken
histone H4 for PRMT1) was added in freshly prepared reaction buffer (50 mM Tris-HCI (pH

8.5), 5 mM MgClz, 50 mM NaCl, 1 mM PMSF, 1 mM DTT, 1% DMSO). The MT enzyme was
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delivered into the substrate solution and the mixture was mixed gently. Afterwards, the tested
compounds dissolved in DMSO were delivered into the enzyme/substrate reaction mixture by
using Acoustic Technology (Echo 550, LabCyte Inc. Sunnyvale, CA) in nanoliter range, and 1
uM *H-SAM was also added into the reaction mixture to initiate the reaction. The reaction
mixture was incubated for 1 h at 30 °C and then it was delivered to filter-paper for detection. The
data were analyzed using Excel and GraphPad Prism software for ICso curve fits. The shown
values are average of 3 replicates + SD.

4.2.4. Inhibition of Human MAO-A and MAO-B Activity. The synthesized compounds were
evaluated against human MAO isoforms by means of a fluorimetric method [77, 78] (Aexiem =
530/585 nm) using the EnzyChromTM Monoamine Oxidase Assay Kit (BioAssay Systems),
with the aid of multi detection microplate fluorescence reader (FLX80, Bio-Tek Instruments,
Inc., Winooski, VT, USA). The synthesized compounds were assayed in the concentration range
from 100 to 0.01 uM (standard solutions were prepared by 10-fold dilution in Assay Buffer) and
compared with reference inhibitors: clorgyline (to inhibit MAO A) and pargyline (to inhibit
MAO B). In the experimental conditions, MAO A/B catalyzed the oxidation of 1 mM of p-
tyramine to p-hydroxyphenetylacetaldehyde. The results are expressed as % of enzymes
inhibition.

4.2.5. Structural Studies. LSD1-CoREST (N-terminally deleted A123LSD1 and residues 305-
485 of CoREST1) crystals were prepared at 20 °C in 100 mM N-(2-acetamido)iminodiacetic acid
(pH 6.5) and 1.2 M Na/K tartrate using the hanging-drop technique. Soaking was performed by
incubating crystals with 0.8 to 5 mM compounds for 1 to 48 h at 20 °C; this was followed by
washing in a reservoir solution supplemented with 20% glycerol for cryoprotection and

immediate freezing in liquid nitrogen. X-ray diffraction data were collected at a wavelength of
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1.000 A on beamlines X06SA and X06DA at the Swiss Light Source (SLS; Villigen,
Switzerland) and at a wavelength of 0.976 A on beamline ID23EH]1 at the European Synchrotron
Radiation Facility (ESRF; Grenoble, France). Data processing and scaling were carried out using
MOSFLM [79], XDS [80], and AIMLESS [81]. Structure refinement was performed using
REFMACS [82]. Topologies for the inhibitors were obtained from the PRODRG server [83].
Final data collection and refinement statistics are shown in Table S2. Structural figures were
prepared using PyMOL (The PyMOL Molecular Graphics System; Schrodinger LLC;

www.pymol.org).

4.3. Cellular Assays.
4.3.1. THP1, MDA-MB231, AHH1 and HME Cell Proliferation Assays. Human
commercially available acute monocytic leukemia THP1, breast cancer MDA-MB231, human B
lymphocyte AHH1 and human mammary epithelial (HME) cell lines were maintained in RPMI
1640 (EUROCLONE, Milan, IT) medium contained 10% fetal bovine serum (FBS, HyClone,
Thermoscientific, South Logan, UT), 2 mM L-glutamine and antibiotics in a humidified
atmosphere with 5% COz at 37 °C. For analysis of cell proliferation, cells were treated with 0.1%
DMSO as control. After 24 h from seeding, exponentially growing cells were exposed to
different drugs for 24-144 h. The inhibitory effect of different drugs was assessed by quantitation
of metabolically active cells using CellTiter-Glo Luminescent (Promega, Fitchburg, Wisconsin,
USA) for THP1, by MTT (Sigma, St. Louis, MO, USA) colorimetric assays for MDA-MB231,
AHHI1 and HME cells. The results are reported as “viability of drug-treated cells/viability of
untreated cells” x 100 and represent the average + SD of at least three independent experiments.

ICso values were calculated using GraphPad Prism 9.0 software (Biosoft).
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4.3.2. MV4-11 Cell Proliferation Assay, Western Blot Analysis of H3K4me2 Levels, and
CD86 Induction. RPMI culture media, L-glutamine, FBS and penicillin streptomycin mixture
were obtained from EuroClone S.p.A. (Pero, IT). Trypan Blue was purchased from Sigma (St.
Louis, US). CD86 primers (Sequence 5' -3', forward CAAGACGCGGCTTTTATCTT; reverse
ATCCAAGGAATGTGGTCTGG) and Gfil-B  primers (Sequence 5' -3', forward
TCTGGCCTCATGCCCTTA; reverse GGCACTGGTTTGGGAATAGA) were bought from
Life Technologies Italia (Monza, IT). Direct-zol RNA MiniPrep was obtained from Zymo
Research (Irvine, US). FAST SYBR Green Master Mix was purchased from Applied Biosystems
by ThermoFisher (Waltham, US). Anti-H3K4me2 and anti-H3 antibodies were bought from
AbCam (Cambridge, UK). Clarity Western ECL substrate was obtained from Biorad (Hercules,
USs).

4.3.3. Cell Growth Analysis. MV4-11 cells were grown in RPMI supplemented with 10%
FBS, 2 mM L-glutamine and antibiotics, treated with increasing concentrations of the indicated
compounds (0.2 - 1 - 2.5 uM), and incubated at 37 °C with 5% CO». The cells were counted
(trypan blue) after 3 days and 6 days of treatment.

4.3.4. Transcriptional Analysis: Quantitative PCR. Total RNA was purified using Direct-
zol RNA MiniPrep, quantified, and reverse transcribed. 10 ng of cDNA were used to perform
quantitative PCR (qPCR) using FAST SYBR Green Master Mix. Gfil-B and CD86 mRNA
levels were normalized against rPPO mRNA.

4.3.5. Immunoblotting. MV4-11 cells were treated with increasing concentrations of the
indicated compounds (1, 5, 7-9, 21, 29, 46). Whole cell lysates were subjected to SDS-PAGE

and then immunoblotted using antibodies against H3K4me2, and against H3 for equal loading.
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4.3.6. RD and RH30 RMS and Human Derived Mesenchymal Stem Cells. Cell Culture
and Reagents. RD (embryonal FN-RMS) and RH30 (PAX3-FOXOI1 expressing alveolar FP-
RMS) cell lines were obtained from the American Type Culture Collection (ATCC, Rockville,
MD, USA). Human derived Mesenchymal stem cell (MSC) were purchased from Lonza
(Walkersville, MD, USA, Cat: PT-2501). RD and RH30 cells were cultured in Dulbecco
Modified Eagle Medium (DMEM) high-glucose (Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS), 1% L-glutamine and 1% penicillin-streptomycin. MSC cells
were cultured in Mesenchymal stem cell medium (MSCBM, Lonza, Cat: PT-3238)
supplemented with mesenchymal cell growth supplement (MCGS, Lonza, Cat: PT-4105). They
were cultured at 37 °C in a humidified atmosphere of 5% CO> 95% air. All cell lines were
routinely tested for Mycoplasma within one or two passages of each experiment.

4.3.7. Cell Proliferation Assay and Determination of the ICso Values. RD and RH30 RMS
cells were plated in triplicate on 384-well plates in DMEM high-glucose media containing 10%
FBS. After 24 h treatment was added with increasing doses of selected inhibitors. Cells were
plated to achieve 20% confluence at time of drug dosing and monitored each 24 h until control
(DMSO) wells reached >95% confluence. ICso values (shown as average of 3 replicates = SD)
were calculated for each time point using the GraphPad Prism 9.0. Proliferation rate of adherent
cells was determined by quantifying percentage of cell confluence from phase contrast images
taken every 24 h using the Celigo image cytometer (Nexcelom Bioscience, Lawrence, MA,
USA). At selected time points, cells were stained using Calcein AM (1 mM final concentration,
Nexcelom Bioscience, Lawrence, MA, USA) and Propidium Iodide (1 mg/mL final

concentration, Sigma Aldrich, St Louis, MO, USA) to highlight live and remnant of dead cells,
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respectively. Image capture and analysis were performed using Celigo image cytometer
(Nexcelom Bioscience, Lawrence, MA, USA).

4.3.8. Determination of Caspase-3/7 Activity. RD and RH30 cells were seeded into 96-well,
black, flat bottom plates at a concentration of 5000 cells per well. For evaluation of apoptosis
effects, cells were treated in triplicates. After 24 h, the cells were treated with indicated
compound. The measurement of caspase-3/7 has been determined using Caspase-Glo-3/7
(Promega Company, Madison, WI, USA), according to the manufacturer’s protocol. The activity
of caspase-3/7 was then examined using EnSpire Multimode Plate Reader (PerkinElmer,
Waltham, MA, USA).

4.3.9. Western Blot Analysis. Western blotting was performed on whole-cell lysates by
homogenizing cells in RIPA lysis buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1% Triton X-100,
I mM EDTA, 1% sodium deoxycholate, 0.1% SDS), containing the protease inhibitor cocktail
(Sigma, St Louis, MO, USA), NaF 1 mM, Na3VOs 1mM and PMSF 1 mM. Lysates were
incubated on ice for 30 min and centrifuged at 12,000g for 20 min at 4 °C. Supernatants were
used as total lysates. Protein concentrations were estimated with the BCA protein assay (Pierce,
Rockford, IL, USA), according to the manufacturer’s protocol. The proteins (40 pg) were boiled
in reducing SDS sample buffer (200 mM Tris-HCl pH 6.8, 40% glycerol, 20% pB-
mercaptoethanol, 4% sodium dodecyl sulfate, and bromophenol blue), and run on 8% SDS-
polyacrylamide gels. Then, the proteins were transferred to Hybond ECL membranes
(Amersham, GE HEALTHCARE BioScience Corporate, Piscataway, NJ, USA). Membranes
were blocked in 5 % non-fat dried milk in Tris-buffered saline (TBS) for 1 h and incubated
overnight with the appropriate primary antibody at 4 °C. After incubation, membranes were

washed in TBS and incubated with the appropriate secondary antibody for 1 h at room
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temperature. Detection was performed by Pierce ECL Western Blotting Substrate (Thermo
Fisher Scientific, Waltham, MA, USA). Antibody against H3K4me2 (Cat. #07-030) was
purchased from Millipore (Burlington, MA, USA). Membranes were stripped (ReBlot Plus Mild
Antibody Stripping Solution, Millipore, Burlington, MA, USA) and reprobed using antibody
against total histone H3 (#4499, Cell Signaling Technology, Danvers, MA, USA) as loading
control. Images of blots were acquired through the iBright FL1500 Imaging System (Thermo

Fisher Scientific, Waltham, MA, USA).

Accession Codes. Structure factors and coordinates of the LSD1-CoREST complex with 7
were deposited with the Protein Data Bank (PDB, www.rcsb.org/pdb/) under accession code
6TUY. The authors will release the atomic coordinates and experimental data upon article

publication.
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