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Abstract

Ligand-independent activation of EphA2 receptorak| promotes cancer metastasis and invasion.
Activating EphA2 receptor tyrosine kinase with shmablecule agonist is a novel strategy to treatAbh
overexpressing cancer. In this study, we perforadelad optimization of a small molecule Doxazosin
that was identified as an EphA2 receptor agoni8t.n8w analogs were developed and evaluated; a
structure—activity relationship was summarized dase the EphA2 activation of these derivatives. Two
new derivative compound24 and 27 showed much improved activity compared to Doxazosi
Compound24 possesses a bulky amide moiety, and comp@ridas a dimeric structure that is very
different to the parental compound. Compo@iddvith a twelve-carbon linker of the dimer activated
kinase and induced receptor internalization antdmdth with the best potency. Another dimer with a
six-carbon linker has significantly reduced potermympared to the dimer with a longer linker,
suggesting that the length of the linker is critifta the activity of the dimeric agonist. To exptothe
receptor binding characteristics of the new molesulve applied a docking study to examine how the
small molecule binds to the EphA2 receptor. Thalltegeveal that compoundst and 27 form more
hydrogen bonds to EphA2 than Doxazosin, suggestiagthey may have higher binding affinity to the

receptor.
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1. Introduction

Erythropoietin-producing hepatocellular receptafEphA2) is one of the receptor tyrosine kinases
that regulate cancer cell migration. It has beeli d@cumented that EphA2 is overexpressed in many
types of human cancers, and the overexpressiomrigelated with malignant progression and poor
prognosis[1-3] . EphA2 in breast epithelial cells has been reportedinduce morphological
transformation, while in prostate cancer and gli@@lélines, elevated EphA2 expression causes ase
chemotactic cell migration and invasion[4,5] In contrast to its pro-oncogenic roles, other &sid
indicate that EphA2 activation by its ligand, eph#l, suppresses tumor progression, including itidoc
of apoptosis, inhibition of cell proliferation, arsippression of cell migration[5-8] In vivo studies
demonstrate that EphA2 activation by systemicallyjimistered ephrin-Al decreases tumorigenicity and
invasiveness of carcinoma xenografts[5,8,9Dn the other side, transgenic mice with EphA2 titete
show increased susceptibility to carcinogen-induskioh tumorigenesis[10] . These two opposing
observations raise the question about the trueofdigphA2 in tumor development and metastasisadn, f
EphA2 plays dual roles in tumorigenesis. Undernyatimulation, EphA2 inhibits cell migration in
keeping with the well-established repulsive roleEph receptors in regulating cell motility. Howeym
the absence of ligand, EphA2 promotes cell mignagiod invision, which is correlated with its exmies
level[1-3,11,12] . Unfortunately, EphA2 overexpression is often aceamed by loss of expression or
mislocalization of ephrin-Al in breast cancer, gie and skin tumors. The reduced ligand-dependent
activation of EphA2 coupled with increased EphAdression and frequent Akt activation provide a
permissive environment to promote ligand-independpro-invasive Akt-EphA2 crosstalk. This
interaction may be in part responsible for EphA2rexpression during tumor progression and theigesit

correlation of EphA2 expression and unfavorablegposis[1,2,13-16] .
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This hypothesis is also supported by ianvivo study demonstrating that ephrin administration
inhibited the progression of tumors with high exgsien of EphA2[5,8] . However, ephrins cannot cross
the blood brain barrier, which makes this endogsrgand less useful for the treatment of gliomats w
over expression of EphA2. This fact led us to higpsize that small molecule agonists for EphA2 aan b
exploited as novel cancer therapeutics. In a pusvgtudy, we identified a small molecule EphA2 agjon

Doxazosin using a combination of structure-basedali screening and cell-based assays[4] .

In the current study, we lead optimized Doxazosiadtivate EphA2 with higher potency and reduce
the original targeting effect of Doxazosin on admeptor. Several new analogs of Doxazosin showed
significantly increased potency to activate EphAfl anduce subsequent receptor internalization. A
detailed structure-activity relationship (SAR) vasnmarized based on the diversely modified strastur
and the activities. One particular compo@7dvith a dimeric structure showed superior actiwtthin the

new compound pool. The novel symmetric structuoyides us a new scaffold for further optimization.

2. Results and discussion

2.1. Lead optimization and summarization of the SAR

Our previous efforts to develop small molecule Eplagonist led to the identification of Doxazosin
(2-[4-(2,3-Dihydro-1,4-benzodioxine-2-carbonyl)pipein-1-yl]-6,7-dimethoxyquinazolin-4-amine), an
al-selective alpha blocker, used to treat high blp@ssure and urinary retention associated witlighen
prostatic hyperplasia (BPH)7,18]. Doxazosin significantly activated EphA2 at 50pMvitro, and
inhibited prostate tumor metastasis in the mousdetid] . In the present study, a total of 33 new
derivatives based on Doxazosin were synthesizewjusimbinatorial chemistry strategy. First, we kept

A and B moieties, and changed C moiety systeméti¢gigure 1). Subsequently, we synthesized several
4



symmetric molecules with the best C moiety on bsittes of the piperazine ring to determine if the
whole A and B parts are necessary for the actiwtych is adapted from a recent report about a dane
EphA2 agonist showing promising activity[19] Based on the symmetric molecular hypothesis, a@ al
designed larger symmetric structures as illustragethe dimers (Figure 1). We then modified A mpiet

to ethoxy, B moiety to substituted amines to geteedaverse structures and enrich the SAR for theréu

structure optimization.
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Figure 1. Proposed modification of Doxazosin

In the newly designed derivatives, we explored othiffierent structures at C domain including

aromatic rings and alky groups. For the aromatiggj we also synthesized extended linkers. The

synthesis of C moiety substituted derivativeslisttated in Scheme 1.
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Scheme 1. Synthesis of C moiety substituted Doxazoslogs
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Scheme 2. Synthesis of symmetric structure basgqup@nazine ring as the core structure

As illustrated in Figure 1, we also synthesizedatisnwith piperazine ring as the core scaffold. 4 an
B whole moiety was replaced by a C moiety structlitee symmetric hypothesis led us to explore the
possibility of a bigger dimer based on the whofedemain of the lead compound Doxazosin. Thergfore

we synthesized compoun@3 and28 using different linkers as illustrated in Scheme 3
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Scheme 3. Synthesis of dimer 27 and 28
To investigate if the primary amino group on theimpydine ring is needed for the activity, we

modified the B moiety into different structuresrdtj we acetylated Doxazosin and compo@ddto
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generate compoun@® and30, respectively (Scheme 4).
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Scheme 4. Synthesis of B moiety acetylated analogs

Furthermore, we modified this amino group to alkgthanalogs as illustrated in Scheme 5.
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Scheme 5. Synthesis of B moiety modified analogs
At last, we modified A moiety to ethoxy group teaenine if methoxy is required for the activity.

The synthesis is illustrated in Scheme 6.
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Scheme 6. Synthesis of A moiety modified analog

The 33 new analogs show diverse substitution onthihee identified structural moieties, and the
biological results of the compounds can provideawgetail SAR to elucidate the structure requirement
for the activation of EphA2.

To evaluate the compounds, we utilized a MDA-MB-28&ast cancer cell line which overexpresses
EphA2 receptor (MDA-MB-231-A2). The ratio of phospilated EphA2 protein over total EphA2
protein was measured after treatment with the uarmmpounds as the readout for receptor activation
All the compounds were examined with doses of 2,at@ 50 uM, and we used 50uM Doxazosin and
0.5% DMSO as the positive and negative controlpeesvely (Figure 2). EphA2 activation by 50uM
Doxazosin was used as the cutoff to identify martept analogs. Compounds?4 all showed different
substitution at the C moiety as indicated in Schém@ompound4 and2 with bulky C domain seemed
to show higher activity than compoud However, 50 uM compoundsand?2 did not show a much
higher activity than the lead compound Doxazosirb@tuM. Compoundgl-8 all have one carbon
extension at C moiety, and the activity of thesengounds are comparable to Doxazosin. Compo@nds
10, 18, 19 and20 that have heteroaromatic ring at C moiety showaxtehsed activity, which rules out

other possible substitution with heteroaromatig nin the future. Compoundgl, 12, 22 and 24 have
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slightly or very bulky and electron donating sutg& group at the aromatic ring of C moiety, and
compound®22 and24 show similar or significantly increased activityngpared to Doxazosin, whereas
compoundl3 with electron withdrawing substitution group dexges the activity. However, compound
21 shows decreased activity even with an electronatiog group at 4’° aromatic ring of C moiety.
Compoundsl4-17 all have alky substitute groups at C moiety anowskdecreased activity, suggesting
that small non-aromatic substitution at C moietyidishes the activity and should be avoided in the
future modification. Compoun@3 has a long alky chain at C moiety and shows sligtiecreased
activity. Based on the structure 88, we designed dimer structures as demonstratedimpcunds27
and28. Compound7 shows significantly increased activity compare@®tixazosin, whereas compound
28 with short linkage shows decreased activity, satigg that the length of the linkage of the dineer i
critical for the activity. Inspired by the dimer sign, we also generated dimer structure based ®n th
piperazine ring as the core as illustrated by camgse 25 and 26. However, both compounds show
significantly decreased activity.

Besides C moiety, we also modified the structufethe A and B moieties. Compoun@8 and 30
were based on compounds Doxazosin 2fdespectively. The amino group was acetylatedetoegate
the new analogs. The results indicate that the amgmoup seems critical for the activity, and the
acetylation significantly diminishes the activity. compounds31 and32, we replaced the amino group
with piperidine and pyrrolidine groups, respectyyand all of these changes harm the EphA2 actinati
For the A moiety, we changed the dimethoxy of coumut?4 to generated compourd8. Unfortunately,
this modification diminishes the activity as wélhe structure activity relationship demonstrates
and B moieties of Doxazosin are critical for theivaty and C moiety is an open area for further

optimization. In addition, the dimer structure @ngpound27 provides a new platform to design new
9



core structures for a group of new analogs to at#itEphA2.

Figure 2. EphA2 activation of the new derivatives. MDA-MB-R2-EphA2 cells were treated with the compounds whtiee
doses (in 0.5% DMSO) for 30 minutes and cell lysateere subject to immunoprecipitation and immunbbtar
phosphorylated EphA/B kinases (pEphA/B) and tofathA2. Treatment with 1 pgml ephrin-Al-Fc (EA1-Fc) or Doxazosin

(DZ) 50 uM were served as positive controls. Treathwith 0.5% DMSO was served as vehicle control.
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2.2. EphA2 internalization
EphA2 overexpression has been identified in varidifferent malignant cells[2,6,7,11-14,20,21] .
Decreased levels of EphA2-ligand binding in canmdls lead to the aggressive growth of the tumor,

which can be overcomen vitro by using either monoclonal antibodies, or small levale
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ligand[4,5,8,19,21] . In our previous studies, we have demonstrated EHpA2 ligands negatively
regulate tumor cell growth and invasiveness[4]Ligand binding could even reverse the oncogenic
effects of EphA2 overexpression[15,16] How did EphA2 ligands reverse the oncogenic effexit
EphA2 overexpression? Previous studies have denadedtthat ligand binding causes EphA2 to be
internalized and degraded[4,22] Since we have developed small molecule EphA2 tigamased on
Doxazosin as the lead compound and they can efédgtactivate the kinaset is necessary to determine

if the ligand could cause EphA2 internalization.

To directly demonstrate this phenomenon at theuleglllevel, we used immunofluorescence to
monitor localization of EphA2 following the smallalecule treatment. This was performed using the
MDA-MB-231cell line. This cell line spreads well culture, thereby facilitating immunofluorescence
detection of cell surface and intracellular Eph&Rj(re 3). Ephrin-Al-Fc was used as a positive rabnt
which induced nearly complete internalization ofhB@ within 60 min. Consistent with its agonistic
activities, Doxazosin also stimulated significaphB2 internalization at 50uM. Compoufd, the most
active one in the SAR study, was chosen to perfitieninternalization study. The results showed that
EphA2 internalization by compoun2i7 even happened in very low concentration as 0.4uhich
indicates that compoun2i7 has much better potency to induce EphA2 interaibn than Doxazosin.
Together, these data confirm that the new analdggd triggers EphA2 receptor internalization ingieg

with its agonistic activities.

Figure 3. Doxazosin analog compound 27 treatment aaes EphA2 receptor internalization.
Immunofluorescence staining of MDA-MB-231 cells 8phA2 receptor (green) after treatment for 60 ma@awvith various

concentration of compound 27 in 0.5% DMSO. Treatnwth 1 ug/mL ephrin-Al-Fc, 50uM Doxazosin and %.HMSO
14



served as positive and negative controls, respegtiDAPI nuclear staining is shown in blue. Sdades, 25 um. Cells were

seeded on 24-well plates and stimulated after 2#el8s. The experiment was repeated three timexpentiently, and the

representative one is listed.

DMSO 0.4 uM Comp 27

50 uM DZ 2 uM Comp 27

EA1-Fc 10 pM Comp 27

Mouse anti- EphA2 (D7; Millipore) 50 uM Comp 27

2.3. Compound 27 inhibits cancer cell colony forma&in

EphA2 is involved in tumorigenesis, growth and retgsis. Compoung@7 can activate EphA2 and
induce the internalization of the receptor. Nex¢, examined if the compound could inhibit tumor gitow
with a colony formation assay. The same MDA-MB-28#&ast cancer cells were treated with compound
27 at various concentrations for two weeks (Figurele results indicated that the compound inhibited
colony formation even at nanomolar concentrativ¥s.also determined the activity of compou28sand

24. Compound3is the monomer of compoura¥ and compoun@4 showed potent EphA2 activation in

15



the SAR study. The results revealed that compd&Bdhowed moderate activity to inhibit the colony

formation, and compouri2¥ showed slightly weaker activity compared to conpub2i7.

Figure 4. Compound 27 inhibits cancer cell colonydrmation in MDA-MB-231 cells.

MDA-MB-231 cells (1000 cells/well) were seeded 2rdell plates and cultured for 24 h, followed bgettment with various
concentrations of the Doxazosin analogs (0, 0.08,Dand 10 uM) for 14 days. EAl-Fc (1pug/mL) arak&zosin (10uM and
20uM) were used as positive controls. After washiith PBS, colonies were fixed and stained with talysiolet. The

experiment was repeated three times independeamttithe representative one is listed.

DMSO EA1-Fe(1pg/mL) DZ(10uM) DZ(20uM)

2.4. Docking of compounds 24 and 27 to EphA2

Doxazosin has been demonstrated as a small molegahel of EphA2, and the docking domain has
been identified with NMR approach and other biotagjiassays[4,23-25] .Compounds24 and 27
showed improved EphA2 activation compared to DogazoWMe would like to see if the new ligand

16



shows any stronger interaction to the binding donediDoxazosin in EphA2. To further elucidate the
binding characteristics of the compounds with Ephwe performed docking studies with Doxazog#,
and27 with the crystal structure (PDB:3FL7) of the Ephé&&racellular domain[26] . As illustrated in
Figure 5 upper panel, the aromatic amino group okd2osin forms hydrogen bonds with GLY51,
SERG68; the oxygen of the Dioxane ring forms hydrogend with ARG103. In addition to the polar
interaction, the dihydrobenzo-dioxine moiety sitside a hydrophobic pocket. Compared to Doxazosin,
compound24 forms more hydrogen bonds (Figure 5, middle paddle methoxy group forms hydrogen
bond with GLY51, the aromatic amino group forms toggen bonds with GLY51, SER68. The ketone of
the amide bond forms hydrogen bond with ARG103. bimeling characteristics of compoui2d are
guite similar to Doxazosin, and the aromatic grofiphe amide bond sits inside the same hydrophobic
pocket. However, the aromatic group of compowddis bulkier than Doxazosin, which pushes the
structure a little bit out, and makes the methosgug closer to GLY51 to form the extra hydrogendhon
The results suggest that compo@ddmay have higher binding affinity to EphA2 than Bawsin, which

is consistent with previous EphA2 activation studpwever, the most potent compougd has very
different structure scaffold compared to Doxaz@sid compoun@4. The binding manner of this ligand
looks very different to Doxazosin and compow#ti(Figure 5, low panel). Due to the bulkiness of the
structure, it does not fit into the hydrophobic keicanymore. The molecule adapts itself into two
grooves of the protein. Besides the regular hydsbjhinteraction, it forms 4 hydrogen bonds as well
One of the nitrogens in the quinazoline ring fortww® hydrogen bonds with ARG159, and one of the
ketone forms two hydrogen bonds with ARG103. Tairftb the two grooves, the length of the linker
seems quite critical, and short linker could naiviste enough flexibility for the structure to bital the
groove. Compared to compouid, compound28 has a shorter multiple carbon linker and does not

show any activity to activate EphA2, and could fitahto the two grooves.

Figure 5. Compounds27, 24 and Doxazosin docking with EphA2. EphA2 (PDB:3Floi)t membrane part was used to

perform the docking study. The original identifiBdxazosin binding site was used to fit the compsui@bmpound 24 and
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ACCEPTED MANUSCRIPT

Doxazosin share the similar binding mode, whereaspound 27 shows a different binding characteristic

NH,

Doxazosin
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MeO
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Compound 24

e
MeO N NS (NN OMe
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Compound 27

2.5 Adrenoceptor binding activity

Doxazosin is ana-adrenoceptor antagonist, and is well used in clifur the treatment of
18



hypertension or benign prostate hyperplasia[17,18] The EphA2 activation of Doxazosin is
independent of thei-adrenoceptor activity. During the lead optimizatiprocess, we would like to
gradually eliminate the-adrenoceptor binding activity of Doxazosin, angbiove the EphA2 activation
potency in the new derivatives. To examine if oewranalogs still show-adrenoceptor binding activity,
we performed the competition experiments with tHegands. We used Doxazosin as the positive control
for the binding assay, and Prazosin as the coropétitthe receptor. As shown in Figure 6, Doxazosin
shows an Ig of 0.74 £ 0.30 nM, whereas compourfsand27 show 1Gs of 4.28 + 3.10 nM and 2.50
+ 1.62 nM, respectively. The results suggest thHasé modifications actually decreased the
a-adrenoceptor binding affinity. Although we won# lble to summarize a structure activity relatigmsh
about thex-adrenoceptor binding activity at this stage, &l optimization process at least showed the

feasibility to eliminate the-adrenoceptor activity of the new derivatives ia fature.

Figure 6. Compound®7, 24 and Doxazosin binding with-adrenoceptor. The compounds were tested in tadtin. IC50s

of the three compounds were listed as mean + SD
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3. Conclusion
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We developed a series of EphA2 agonists based ocmaZdsin as a lead compound. Several new
derivatives showed improved activity to activatehEp and induce receptor internalization as well. An
SAR was summarized based on the structures of dngpaunds and their corresponding EphA2
activation. The A and B moieties of Doxazosin améctty limited to the current structure, and any
change in our current optimization leads to de@@as even loss of activity. C moiety seems an open
area for further structural optimization in theud. In addition, we developed compoithat has the
dimer structure, which is different to the mainusture scaffold of most analogs. It provides a new
platform that can be used to design new dimer stmgctures as a group of new analogs to activate

EphA2.

The two most potent new compoun@d4, and 27, inhibit the colony formation of the cancer cells
expressing high level of EphA2. Our molecular dagkstudy revealed that the new compounds may
possess stronger interaction to the protein thaxaPusin based on the hydrogen bonds formed between
the ligands and EphA2. Finally, the new derivatist®owed relatively weaker binding affinity to
a-adrenoceptor, suggesting that our lead optiminatitecreased the original targeting effect of

Doxazosin.
4. Experimental section
4.1. Chemistry

Chemicals were commercially available and usedeasived without further purification unless
otherwise noted. Moisture sensitive reactions weseried out under a dry argon atmosphere in
flame-dried glassware. Solvents were distilled tefese under argon. Thin-layer chromatography was
performed on precoated silica gel F254 plates (Wiha). Silica gel column chromatography was
performed using silica gel 60A(Merck, 230-400 Mesind hexane/ethyl acetate was used as the elution
solvent. Mass spectra were obtained on the elgrtigsnass spectrometer at Cleveland State Uniyersit
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MS facility Center. The molecular weight of the qmmunds was examined with LC-MS. All the NMR
spectra were recorded on a Bruker 400 MHz in eiliSO-ds or CDCk. Chemical shifts &) for *H
NMR spectra are reported in parts per million tsidaal solvent protons.

Compounds 1-24, 27 and 28 were prepared as the fmling procedure.

The dimethoxyquinazolin and piperazine were dissoln n-BuOH with 1 to 5 mole ratio, and the
mixture was heated to 100°C for 24 hours, then dis veooled down to room temperature. The
precipitated while solid was collected via filt@ti and washed with n-BuOH. After it was dried, the
solid was mixed with various different substitutegktyl chloride and ¥CO; in DMF. It was stirred until
the reaction was completed. The reaction was quehetith NaCO; aqueous solution and stirred
overnight, and the precipitated product was cadi@atia filtration and washed with water and dried t
give the corresponding compounds.
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(naphthalen-2-yl)methanone(1).

White solid, melting point 2226-229°C, 72% yield fie last step'H-NMR (400MHz, DMSO-¢) &
8.016 (4H, m), 7.580 (3H, m), 7.440 (1H, s), 7.1BR, br), 6.745 (1H, s), 3.795 (12H, m), 3.490 (2H,
br). *C-NMR (100MHz, DMSO-g) 5 169.642, 161.632, 158.757, 154.699, 149.117, B%5.533.709,
132.754, 130.970, 129.745, 128.525, 127.826, 135.385.645, 104.111, 103.460, 67.487, 56.294,
66.889, 25.592. DUIS-MS calculated fogs825Ns04 [M + H]™: 444.1, found : 443.5
[1,1'-biphenyl]-3-yl(4-(4-amino-6,7-dimethoxyquinasolin-2-yl)piperazin-1-yl)methanone(2).

White solid, melting point 179-182°C, 73% vyield fthre last step!H-NMR (400MHz, DMSO-@) &
7.735 (4H, m), 7.498 (6H, m), 7.152 (2H, br), 6.746, s), 3.794 (12H, m), 3.464 (2H, MJC-NMR
(100MHz, DMSO-d) 6 169.475, 161.620, 158.802, 154.687, 149.184, 185.340.765, 139.825,

137.207, 129.509,128.279, 127.297, 126.522, 125.688.669, 104.085, 103.455, 56.287, 66.879.
21



DUIS-MS calculated for &H,7NsOs [M + H]*: 470.1, found : 469.2
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(benzo[d][1,3]dioxol-5-yl)methanone (3)
White solid, melting point 267-269°C, 71% yield fine last step'H-NMR (400MHz, DMSO-g) &
7.431 (1H, s), 7.145 (2H, br), 6.981 (3H, m), 6.788, s), 6.094 (2H, s), 3.791 (10H, m), 3.541 (B,
3C-NMR (100MHz, DMSO-¢) & 169.133, 161.610, 158.769, 154.682, 149.187, D83.147.605,
145.499, 130.049, 121.990, 108.458, 105.666, 1@4.093.440, 101.901, 56.503, 56.283, 55.878,
44.074, 19.023. DUIS-MS calculated fog,8,3N505 [M + H]™: 438.1, found : 437.5
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)-2-(4-methoxyphenyl)ethanone(4)

White solid, melting point 240-243°C, 65% yield fore last step‘H-NMR (400MHz, DMSO-@) &
7.422 (1H, s), 7.168 (4H, m), 6.881 (2HJd,8.8 Hz), 6.734 (1H, s), 3.831 (3H, s), 3.788 (3513729
(3H, s), 3.671 (4H, m), 3.601 (2H, br), 3.532 (4t). **C-NMR (100MHz, DMSO-¢) 5 169.795,
161.584, 158.522, 154.669, 149.169, 145.485, 1380.428.163, 114.233, 105.668, 104.061, 103.412,
56.276, 55.662, 45.928, 44.254, 43.886, 41.754.9DMS calculated for £H,7NsO4 [M + H]™: 438.1,
found : 437.5
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)-2-(3-methoxyphenyl)ethanonéb)

White solid, melting point 198-201°C, 60% yield fore last step‘H-NMR (400MHz, DMSO-@) &
7.423 (1H, s), 7.231 (1H, m), 7.143 (1H, br), 6.3/, m), 6.737 (1H, s), 3.830 (3H, s), 3.788 (3M,
3.738 (5H, m), 3.598 (9H, m}$*C-NMR (100MHz, DMSO-¢) 5 169.382, 161.590, 159.707, 158.745,
154.676, 149.159, 145.495, 137.832, 129.834, 12]1.685.114, 112.281, 105.662, 104.060, 103.416,
67.488, 56.275, 55. 643, 45.977, 44.237, 43.879,881 DUIS-MS calculated forfgH,7NsO04 [M + H]™:
438.1, found : 437.5

1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)-2-phenylethanone(6)
22



White solid, melting point 221-223°C, 96% yield fore last step‘H-NMR (400MHz, DMSO-@) &
7.420 (1H, s), 7.272 (5H, m), 7.140 (2H, br), 6.788, s), 3.829 (3H, s), 3.786 (3H, s), 3.775 (8N,
3.607 (8H, m)M*C-NMR (100MHz, DMSO-g) 5 169.500, 161.590, 158.759, 154.674, 149.173, 925.4
136.385, 129.469, 128.807, 126.828, 105.672, 1@4 0@3.419, 56.279, 55.877, 45.955, 44.239, 43.883,
41.778. DUIS-MS calculated for,@H,5Ns05 [M + H]™: 408.1, found : 407.2
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperaan-1-yl)-2-(naphthalen-2-yl)ethanone(7)

White solid, melting point 236-238°C, 70% yield fore last step*H-NMR (400MHz, DMSO-@) &
7.862 (3H, m), 7.774 (1H, s), 7.436 (4H, m), 7.128, br), 6.725 (1H, s), 3.957 (2H, s), 3.823 (3H,
3.782 (3H, s), 3.610 (8H, mJ°C-NMR (100MHz, CDC}-ds) & 169.688, 160.521, 158.510, 155.158,
149.759, 145.970, 133.577, 132.459, 128.540, 1B7.446.517, 125.780, 105.814, 102.901, 101.134,
56.160, 46.256, 43.913, 41.707. DUIS-MS calculdtedC,6H,7Ns03 [M + H]*: 458.1, found : 457.5
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)-2-phenylpropan-1-one(8)

White solid, melting point 207-209°C, 82% vyield fire last step'H-NMR (400MHz, DMSO-@) &
7.400 (1H, s), 7.306 (5H, m), 7.112 (2H, br), 6.1Q#, s), 4.155 (1H, gJ= 6.8 Hz), 3.816 (3H, s),
3.775 (3H, s), 3.680-3.399 (6H, m), 3.007 (1H, hB16 (3H, d,J= 6.8 Hz).*C-NMR (100MHz,
CDCls-ds) 6 172.254, 160.514, 158.541, 155.142, 149.783, 145.842.085, 128.993, 127.214, 126.849,
105.782, 102.866, 101.177, 56.091, 45.570, 43.74Z2]118, 20.719. DUIS-MS calculated for
CooH23NsOs [M + H]™: 422.1, found : 421.5
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(pyridin-2-yl)methanone (9)

White solid, melting point 250-252°C, 42% yield fore last step‘H-NMR (400MHz, DMSO-@) &
8.625 (1H, dJ= 4.4 Hz), 7.952 (1H, = 8 Hz), 7.615 (1H, dJ= 8 Hz), 7.507 (1H, m), 7.432 (1H, s),

7.156 (2H, br), 6.738 (1H, s), 3.831-3.726 (12H, 869 (2H, M) *C-NMR (100MHz, DMSO-¢) 5
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167.378, 161.623, 158.737, 154.599, 149.175, 148.905.529, 137.864, 125.097, 123.712, 105.685,
104.109, 103.456, 56.299, 55.886, 47.042, 44.48866, 42.193. DUIS-MS calculated fosdH2:NeO3

[M + H]™: 395.1, found : 394.4
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(pyridin-4-yl)methanone(10)

White solid, melting point 235-237°C, 32% vyield fore last step*H-NMR (400MHz, DMSO-@) &
8.697 (2H, dJ= 4.8 Hz), 7.444 (3H, m), 7.163 (2H, br), 6.735 (M), 3.830-3.710 (14H, m) (Note: it
seems that two protons are missing but they magtapvavith the peak from water)’C-NMR (100MHz,
DMSO-a&;) 6 167.422, 161.632, 158.709, 154.711, 150.553, $49.145.559, 143.952, 121.794,
105.669, 104.104, 103.463, 56.301, 55.896, 47.34215, 43.737, 41.990. DUIS-MS calculated for
CooH2oNGOs [M + H]*: 395.1, found : 394.4
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(4-ethylphenyl)methanone(11)

White solid, melting point 240-242°C, 84% yield fdre last step'H-NMR (400MHz, DMSO-@) &
7.433 (1H, s), 7.370 (2H, d= 8 Hz), 7.302 (2H, d)= 8 Hz), 7.154 (2H, br), 6.735 (1H, s), 3.831-3.445
(14H, m), 2.660 (2H, g)= 7.6 Hz), 1.214 (3H, )= 7.6 Hz).*C-NMR (100MHz, DMSO-¢) § 169.768,
161.614, 158.774, 154.687, 149.181, 145.696, 123.748.206, 127.749, 105.667, 104.088, 103.453,
56.284, 55.877, 28.458, 15.801. DUIS-MS calculdtedC,3H,7Ns03 [M + H]™: 422.1, found : 421.5
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(4-iodophenyl)methanone(12)

White solid, melting point 254-258°C, 85% yield fore last step*H-NMR (400MHz, DMSO-@) &
7.843 (2H, dJ= 8 Hz), 7.423 (1H, s), 7.252 (2H, 3 8 Hz), 7.144 (2H, br), 6.735 (1H, s), 3.841-3.716
(14H, m).**C-NMR (100MHz, DMSO-¢) & 168.865, 161.618, 158.734, 154.704, 149.161, B&5.5
137.730, 135.857, 129.657, 105.670, 104.110, 143965865, 56.301, 55.893. DUIS-MS calculated for

C,1H2,IN505 [M + H]+: 520.0, found : 519.3
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(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(4-chloro-3-nitrophenyl)methanone(13)
White solid, melting point 268-272°C, 91% yield fdre last step'H-NMR (400MHz, DMSO-@) &
8.179 (1H, s), 7.883 (1H, d= 8 Hz), 7.792 (1H, dJ= 8 Hz), 7.434 (1H, s), 7.159 (2H, br), 6.740 (1H,
s), 3.833-3.401 (14H, m)**C-NMR (100MHz, DMSO-¢) & 166.451, 161.632, 158.722, 154.699,
149.143, 148.029, 145.547, 136.683, 132.589, 1P6.404.905, 105.664, 104.089, 103.456, 56.293,
55.892. DUIS-MS calculated for,@H,:CINgOs [M + H]*: 473.0, found : 472.9
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)ethanone(14)

White solid, melting point 244-247°C, 88% yield fdre last step'H-NMR (400MHz, DMSO-@) &
7.426 (1H, s), 7.143 (2H, br), 6.745 (1H, s), 3:83684 (10H, m), 3.490 (4H, m), 2.050 (3H, s).
¥C-NMR (100MHz, DMSO-¢) 6 168.845, 161.606, 158.768, 154.682, 149.209, 545.405.675,
104.106, 103.410, 56.289, 55.885, 46.158, 44.281872, 41.361, 21.803. DUIS-MS calculated for
C16H2:N503 [M + H]™: 332.1, found : 331.4
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperaan-1-yl)propan-1-one(15)

White solid, melting point 269-272°C, 63% yield fore last step‘H-NMR (400MHz, DMSO-@) &
7.428 (1H, s), 7.141 (2H, br), 6.746 (1H, s), 3:8386 (10H, m), 3.507 (4H, m), 2.366 (2H,Jg, 7.2
Hz), 1.017 (3H, tJ= 7.2 Hz).**C-NMR (100MHz, DMSO-¢) § 171.950, 161.602, 158.795, 154.682,
149.227, 145.466, 105.680, 104.110, 103.413, 56.28879, 45.251, 44.304, 43.930, 41.538, 26.125,
9.897. DUIS-MS calculated for:@H23Ns0s [M + H]": 346.1, found : 345.4
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)butan-1-one(16)

White solid, melting point 259-262°C, 72% yield fore last step*H-NMR (400MHz, DMSO-@) &
7.426 (1H, s), 7.142 (2H, br), 6.743 (1H, s), 3.83K, s), 3.791 (3H, s), 3.735 (2H, m), 3.683 (2},

3.507 (4H, m), 2.337 (2H, 8=7.2 Hz), 1.555 (2H, m), 0.914 (3H,X 7.6 Hz)."*C-NMR (100MHz,
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DMSO-d) 6 171.13, 161.60, 158.78, 154.68, 149.23, 145.45.68) 104.11, 103.41,67.49, 56.29, 55.86,
45.41, 44.37, 43.96, 41.49, 34.76, 25.59, 18.6B11DUIS-MS calculated for gHsNsO3 [M + H] ™
360.1, found : 359.4
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(cyclohexyl)methanone(17)

White solid, melting point 220-222°C, 89% yield fore last step*H-NMR (400MHz, DMSO-@) &
7.429 (1H, s), 7.138 (2H, br), 6.740 (1H, s), 3.83/, s), 3.792 (3H, s), 3.703 (4H, m), 3.520 (4},
2.627 (1H, m), 1.701 (5H, m), 1.336 (4H, m), 1.174, m).**C-NMR (100MHz, DMSO-¢) § 174.107,
161.596, 158.774, 154.691, 149.220, 145.480, 1@5.684.138, 103.432, 56.299, 55.879, 45.298,
44.640, 43.992, 41.567, 29.631, 26.081, 25.65@200.DUIS-MS calculated for gHgNsO3 [M + H]™:
400.2, found : 399.5
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(furan-2-yl)methanone(18)

White solid, melting point 230-233°C, 66% yield fdre last step'H-NMR (400MHz, DMSO-@) &
7.869 (1H, dJ= 0.8 Hz), 7.438 (1H, s), 7.162 (2H, br), 7.037 (tHJ= 3.2 Hz), 6.752 (1H, s), 6.652
(1H, dd,J= 0.8, 3.2 Hz), 3.795 (14H, m>C-NMR (100MHz, DMSO-g) § 161.633, 158.862, 154.712,
149.213, 147.474, 145.521, 145.205, 116.020, 151.705.700, 104.137, 103.463, 67.487, 56.302,
55.886, 44.153, 25.591. DUIS-MS calculated fgsHGiNsO4 [M + H]": 384.1, found : 383.4
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(thiophen-2-yl)methanone(19)

White solid, melting point 222-224°C, 56% yield fore last step‘H-NMR (400MHz, DMSO-@) &
7.784 (1H, d,J= 4.8 Hz), 7.475 (1H, dJ= 3.2 Hz), 7.438 (1H, s), 7.161 (3H, m), 6.750 (I,
3.811(10H, m), 3.761 (4H, br*C-NMR (100MHz, DMSO-g) 5 162.930, 161.637, 158, 732, 154.715,
149.215, 145.523, 137.835, 130.013, 129.650, 187.6R5.698, 104.143, 103.465, 56.308, 55.892,

44.090. DUIS-MS calculated for,@4,:Ns0sS [M + HJ": 400.1, found : 399.5
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(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(isoxazol-5-yl)methanone (20)

White solid, melting point 249-251°C, 43% yield fdre last step'H-NMR (400MHz, DMSO-@) &
8.782 (1H, s), 7.442 (1H, s), 7.198 (2H, br), 6.98#, s), 6.758 (1H, s), 3.839-3.611 (14H, m).
¥C-NMR (100MHz, DMSO-¢) 6 161.661, 157.432, 151.435, 145.615, 106.739, P@4.103.462,
56.310, 55.916. DUIS-MS calculated forgB20NsO4 [M + H]": 385.1, found : 384.4
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(4-methoxyphenyl)methanone (21)

White solid, melting point 229-232°C, 85% yield fore last step*H-NMR (400MHz, DMSO-@) &
7.420 (3H, m), 7.148 (2H, br), 7.007 (2H,J 8.4 Hz), 6.738 (1H, s), 3.813 (13H, m), 3.557 (4,
13C-NMR (100MHz, DMSO-¢) & 169.598, 161.623, 160.689, 158.790, 154.705, 149.245.517,
129.628, 128.371, 114.131, 105.691, 104.134, 18336302, 55.803, 44.140. DUIS-MS calculated for
CooH2sNsO4 [M + H]™: 424.1, found : 423.5
(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazini-yl)(4-bromophenyl)methanone (22)

White solid, melting point 128-130°C, 83% vyield fire last step'H-NMR (400MHz, DMSO-@) &
7.665 (2H, dJ= 8.4 Hz), 7.440 (1H, s), 7.407 (2H, & 8.4 Hz), 7.164 (2H, br), 6.744 (1H, s), 3.832
(3H, s), 3.793 (3H, s), 3.725 (6H, m), 3.388 (2H). B°C-NMR (100MHz, DMSO-¢) & 168.663,
161.624, 158.747, 154.710, 149.178, 145.538, 186.581.933, 129.770, 123.409, 105.679, 104.115,
103.4584, 56.303, 55.895. DUIS-MS calculated foiHzNsOsBr [M + H]": 474.0, found : 472.5
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperazn-1-yl)hexan-1-one (23)

White solid, melting point 170-172°C, 73% yield fdre last step'H-NMR (400MHz, DMSO-@) &
7.427 (1H, s), 7.146 (2H, br), 6.743 (1H, s), 3.83H, s), 3.790 (3H, s), 3.731 (2H, M), 3.679 (2h),
3.500 (4H, m), 2.335 (2H, tl= 7.2 Hz), 1.516 (2H, m), 1.287 (4H, m), 0.872 (3HJ% 6.4 Hz).

3C-NMR (100MHz, DMSO-¢) & 171.287, 161.603, 158.789, 154.690, 149.226, 745.405.679,
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104.123, 103.424, 56.294, 55.878, 45.433, 44.383059, 41.508, 32.789, 31.497, 24.984, 22.452,
14.356. DUIS-MS calculated for,@420NsO3 [M + H]™: 388.1, found : 387.5
1-(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piperaan-1-yl)-2-(4-(benzyloxy)phenyl)ethanone (24)
White solid, melting point 230-234°C, 89% yield fdre last step'H-NMR (400MHz, DMSO-@) &
7.381 (6H, m), 7.169 (4H, m), 6.958 (2H, X 8.4 Hz), 6.740 (1H, s), 5.071 (2H, s), 3.830 (3H, S
3.789 (3H, s), 3.693-3.535 (10H, mMfC-NMR (100MHz, DMSO-¢) § 169.755, 161.602, 158.781,
157.409, 154.701, 149.206, 145.510, 137.636, 150.488.410, 115.151, 105.703, 104.125, 103.441,
69.643, 67.493, 56.302, 55.879, 45.937, 44.2749083.41.764, 25.596. DUIS-MS calculated for
CaoH31NsO4[M + H]™: 514.2, found : 513.6
1,12-bis(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)gerazin-1-yl)dodecane-1,12-dione (27)

White solid, melting point 218-225°C, 68% yield fove last step'H-NMR (400MHz, DMSO-@) &
7.425 (2H, s), 7.145 (4H, br), 6.740 (2H, s), 3.881, s), 3.787 (6H, s), 3.700 (8H, m), 3.495 (8K,
2.331 (4H, tJ= 7.2 Hz), 1.504 (4H, br), 1.267 (12H, btJC-NMR (100MHz, DMSO-g¢) § 171.277,
161.596, 158.786, 154.682, 149.221, 145.467, 105.884.119, 103.417, 56.293, 55.880, 45.427,
44.380, 43.958, 41.504, 32.834, 29. 358, 25.306SEMS calculated for gHseN1¢0s [M + H]™: 774.0,
found : 772.9

1,6-bis(4-(4-amino-6,7-dimethoxyquinazolin-2-yl)piprazin-1-yl)hexane-1,6-dione (28)

White solid, melting point 279-280°C, 77% yield fore last step‘H-NMR (400MHz, DMSO-@) &
7.424 (2H, s), 7.138 (4H, br), 6.743 (2H, s), 2:24807 (28H, m), 2.393 (4H, br), 1.567 (4H, br).
3C-NMR (100MHz, DMSO-¢) & 171.217, 161.602, 158.789, 154.683, 149.218, ¥45.405.679,
104.105, 103.413, 56.293, 55.882, 45.433, 44.38062, 41.521, 32.759, 25.050. DUIS-MS calculated

for C34H44N 1006 [M + H]+: 689.1, found : 688.8
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Compounds 25 and 26 were prepared as the followingocedure.

The substituted acetyl chloride and piperazine vadssolved in DMF and ¥COs; with 2 to 1 mole
ratio, and the mixture was stirred at room tempgeatintil the reaction was completed. The reactias
guenched with N&O; aqueous solution and stirred overnight, and teeipitated product was collected
via filtration and washed with water and dried teegthe corresponding compounds.
piperazine-1,4-diylbis((4-methoxyphenyl)methanone(25)

White solid, melting point 215°C decomposed, 86%ldjifor the last step'H-NMR (400MHz,
DMSO-ds) § 7.403 (4H, dJ= 8.4 Hz), 6.994 (4H, dl= 8.4 Hz), 3.799 (6H, s), 3.542 (8H, bHC-NMR
(100MHz, DMSO-d) ¢ 169.643, 160.793, 129.640, 127.996, 114.152, 85.D41S-MS calculated for
CooH2oN204 [M + H]*: 355.1, found : 354.4
piperazine-1,4-diylbis((4-(methylthio)phenyl)methamne) (26)

White solid, melting point 220°C decomposed, 91%ldjifor the last step'H-NMR (400MHz,
DMSO-d) § 7.378 (4H, dJ= 8.4 Hz), 7.315 (4H, dJ= 8.4 Hz), 3.355 (6H, s), 3.533 (8H, bHC-NMR
(100MHz, DMSO-d) 6 169.394, 141.119, 132.045, 128.339, 125.694, $4.0UIS-MS calculated for
Ca0H22N20,S; [M + H]*: 387.1, found : 386.5

Compounds 29 and 30 were prepared as the followingocedure.

Doxazosin or compoung4 were dissolved in DMF and,K O3, and then acetyl chloride was added
to the three reactions respectively with 1 to Semailtio to the two compounds. The mixture wasedirr
until the reaction was completed. The reaction g@snched with N&O; aqueous solution and stirred
overnight, and the precipitated product was caddieatia filtration and washed with water and dried t
give the corresponding compounds.

N-(2-(4-(2,3-dihydrobenzo[b][1,4]dioxine-2-carbonyjpiperazin-1-yl)-6,7-dimethoxyquinazolin-4-yl)
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acetamide (29)
White solid, melting point 269-271°C, 36% yield fdre last step'H-NMR (400MHz, DMSO-@) &
10.464 (1H, s), 7.477 (1H, s), 6.874 (5H, m), 5.298, dd,J= 2.4, 6.4HZ), 4.427 (1H, dd= 2.4, 11.6
Hz), 4.220 (1H, ddJ=6.8, 12 Hz), 3.899 (3H, s), 3.846 (3H, s), 3.718,(8), 2.411 (3H, s)**C-NMR
(100MHz, DMSO-d) 6 171.532, 165.464, 157.725, 156.160, 151.018, B%6.343.432, 121.912,
117.443, 105.629, 103.741, 69.985, 65.205, 56.26873, 44.592, 43.964, 41.858, 25.802. DUIS-MS
calculated for GsHo7/NsOg[M + H]™: 494.1, found : 493.5
N-(2-(4-(2-(4-(benzyloxy)phenyl)acetyl)piperazin-14)-6,7-dimethoxyquinazolin-4-yl)acetamide
(30)
White solid, melting point 205-209°C, 29% yield fdre last step'H-NMR (400MHz, DMSO-@) &
10.436 (1H, s), 7.382 (6H, m), 7.181 (2HJd, 8.4 Hz), 6.958 (2H, dJ= 8.4 Hz), 6.897 (1H, s), 5.076
(2H, s), 3.889 (3H, s), 3.838 (3H, s), 3.704 (61, 81583 (4H, br), 2.394 (3H, SFC-NMR (100MHz,
CDCls-ds) 6 170.048, 157.680, 156.151, 154.624, 151.293, $47.036.950, 129.637, 128.582, 127.556,
115.237, 105.657, 100.764, 70.084, 56.270, 45.988102, 41.715, 40.284, 25.679. DUIS-MS
calculated for @Hs3NsOs [M + H]*: 556.2, found : 555.6

Compounds 31and32 were prepared as the following procedure.

The dichloro-dimethoxyquinazolin and piperidinepgrrolidine were dissolved in n-BuOH with 2 to
1 mole ratio, and the mixture was heated to 70°C2# hours, then it was cooled down to room
temperature. The precipitated while solid was otdé via filtration and washed with n-BuOH to gt t
corresponding intermediates. After it was drieds thtermediates and piperazine were dissolved in
n-BuOH with 1 to 5 mole ratio, respectively. Theotweactions were all heated to 100°C for 24 hours,

then it was cooled down to room temperature. Theeipitated while solid was collected via filtration
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and washed with n-BuOH to get two new intermedjatés/-dimethoxy-2-(piperazin-1-yl)-4-
(piperidin-1-yl)quinazoline, 6,7-dimethoxy-2-(pipein-1-yl)-4-(pyrrolidin-1-yl)quinazoline. Last, ¢h
two intermediates were mixed with 2-(4-(benzylogpyl)acetyl chloride (1:1 mole ratio) and@Os

in DMF, respectively. The reactions were stirredilucompleted, and were quenched with ,86);
aqueous solution and stirred overnight. The preatigd products were collected via filtration andsined
with water and dried to give the corresponding coumuls31, 32.
2-(4-(benzyloxy)phenyl)-1-(4-(6,7-dimethoxy-4-(pip&din-1-yl)quinazolin-2-yl)piperazin-1-yl)ethan

one (31)

White solid, melting point 160°C decomposed, 56%ldjifor the last step'H-NMR (400MHz,
DMSO-ds) 5 7.383 (5H, m), 7.182 (2H, d= 8.8 Hz), 6.958 (2H, d= 7.2 Hz), 6.848 (1H, s), 5.077 (2H,
s), 3.861 (3H, s), 3.813 (3H, s), 3.561 (15H, mBE8T (6H, br).**C-NMR (100MHz, DMSO-¢) &
169.778, 165.057, 157.608, 154.765, 151.037, 185.237.534, 130.440, 128.408, 115.157, 106.105,
105.426, 104.824, 69.631, 56.021, 55.906, 50.838320, 44.325, 43.913, 41.647, 25.832, 24.832.
DUIS-MS calculated for @HsgNsO4 [M + H]™: 582.2, found : 581.7
2-(4-(benzyloxy)phenyl)-1-(4-(6,7-dimethoxy-4-(pymlidin-1-yl)quinazolin-2-yl)piperazin-1-yl)etha
none (32)

White solid, melting point 137°C decomposed, 60%ldjifor the last step'H-NMR (400MHz,
DMSO-ds) § 7.382 (6H, m), 7.179 (2H, d= 8.4 Hz), 6.958 (2H, d]= 8.4 Hz), 6.793 (1H, s), 5.075 (2H,
s), 3.815 (10H, m), 3.623 (10H, m), 1.939 (4H, HE-NMR (100MHz, DMSO-g) & 169.772, 159.752,
157.638, 154.027, 150.966, 144.298, 137.636, 150.428.517, 115.166, 106.435, 105.506, 69.638,
56.086, 55.829, 50.454, 25.716. DUIS-MS calculédedCssHs:NsO, [M + H]*: 568.2, found : 567.7

Compound 33 was prepared as the following procedure
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A solution of 4-amino-2-chloro-6,7-dimethoxyquinéime in CHCI, was cooled to -70 °C under argon,
and boron tribromide (1:1.2 mole ratio) was added, The mixture was allowed to warm to room
temperature over a period of 4h and was then comed0 °C; methanol was added to quench the
reaction, and the solution was concentrated. The sesidue was washed with ethyl acetate to olitan
intermediate 4-amino-2-chloro-6,7-dihydroxyquinazel A mixture of the intermediate, ethyl iodine
and KCO; in DMF was stirred overnight and purified by sdliaggel chromatography to afford
4-amino-2-chloro-6,7-diethoxyquinazoline. The detiquinazoline and piperazine were dissolved in
n-BuOH with 1 to 5 mole ratio, and the mixture weeated to 100°C for 24 hours, then it was cooled
down to room temperature. The precipitated whilkdswas collected via filtration and washed with
n-BuOH. After it was dried, the solid was mixed wi-(4-(benzyloxy)phenyl)acetyl chloride (1:1 mole
ratio) and KCO; in DMF. It was stirred until the reaction was cdetpd. The reaction was quenched
with NaCO; aqueous solution and stirred overnight, and thexipitated product was collected via
filtration and washed with water and dried to gieenpound33.
1-(4-(4-amino-6,7-diethoxyquinazolin-2-yl)piperazirl-yl)-2-(4-(benzyloxy)phenyl)ethanone (33)
White solid, melting point 248-254°C, 69% yield fdre last step'H-NMR (400MHz, DMSO-@) &
7.383 (6H, m), 7.177 (2H, d= 8.4 Hz), 7.112 (2H, br), 6.958 (2H, & 8.4 Hz), 6.714 (1H, s), 5.075
(2H, s), 4.066 (4H, m), 3.590 (6H, m), 1.369 (6H). MC-NMR (100MHz, CDC}-ds) & 170.017,
136.987, 129.646, 128.580, 127.739, 115.192, 103.B2.075, 65.149, 46.164, 41.904, 40.295, 29.705,
14.666. DUIS-MS calculated fors@431NsO,4 [M + H]™: 542.2, found : 541.6

4.2. Biological studies

4.2.1. Cell Culture and Antibodies.

MDA-MB-231 cells were obtained from ATCC (Rockvill®D). The generation of overexpression
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EphA2 protein in the cells was reported in our pres study.[4] The cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM) supplementeith 10% fetal bovine serum (FBS), 10
mg/ml L-Glutamine, 100 U/mLpenicillin-streptomycin, and 0.1 mg/ml streptomycin EphA2
overexpression cells were grown in the presendepad/ml puromycin.  Cell cultures were grown at 37
°C, in a humidified atmosphere of 5% €@ a Thermo C@incubator (Grand Island, NY).

Antibodies used included rabbit polyclonal antilesdagainst pEphA/B (synthesized as described
previously)[28] and EphA2 (Santa Cruz, Santa Cruz, CA), as welhasase monoclonal antibody to
EphA2 (clone D7, Millipore, Billerica, MA). Secoady antibodies used were goat anti-rabbit
conjugated to HRP (Santa Cruz) and donkey anti-mgosjugated to Alexa Fluor 488 (Thermo Fisher,
Grand Island, NY).

4.2.2. EphA2 activation.

MDA-MB-231 EphA2-overexpressing cells were platedli2-well dishes at a density of 100,000
cells/well and grown for 24 hours prior to stimidat with appropriate compounds and ephrins for 30 m
and 10 min, respectively. Compounds were preparddMSO at 200 times the final concentrations and
0.5% DMSO was used as vehicle control. Followirggatiment, cells were washed and lysed in modified
RIPA Buffer (20 mM Tris-HCI pH 7.4, 20 mM NaF, 15M NaCl, 10% glycerol, 0.1% SDS, 0.5% DCA,
2 mM EDTA, 1% Triton X-100, 2 mM N&O, and protease inhibitors, including 1 mM
phenylmethylsulphonyl fluoride, and 2 pg/ml eachapfotinin and leupeptin) for 20 min, followed by
immunoprecipitation. For immunoprecipitation, liessmawere combined with 10 pg of ephrin-Al-Fc and
10-15 pl of Gamma-Bind Protein G beads (GE Heaith@&oscience, Pittsburgh, PA) and rotated for 3
hours at 4 °C. 10 pg of human unconjugated Fcused as a negative control. Beads were pelleted at

9,000 rpm for 2 min at 4 °C , and washed twice Witiml of IP Wash Buffer (20 mM Tris, pH 7.4, 10%
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glycerol, 50 mM NacCl, 0.2% Triton X-100, 0.5 mM N&,, 0.5 mM PMSF). All wash buffer was
removed and beads were resuspended in 25 pl of X lloading Buffer (Thermo Fisher, Grand Island,
NY) with 4 pul of 10X Bolt Sample Reducing Agent @mo Fisher), followed by Western Blotting.
Samples were boiled 5 min and run on 4-12% Bis-Fhiss gels (Thermo Fisher), followed by transfer to
Immobilon-P PVDF membranes (Millipore, Billerica, A1 Membranes were blocked 1 hr at room
temperature in 3% BSA in TBS containing 0.05% Tw28n(TBS-T) followed by overnight incubation
with pEphA/B (1:500) and EphA2 (Santa Cruz) (1:10pmary antibodies. Membranes were washed
in TBS-T and incubated with goat anti-rabbit-HRESQD0) secondary antibody 1 hr at room temperature,
followed by washing and developing with Luminol Reat (Santa Cruz). Band intensities were
guantified using Quantity One software (Bio-Radrdtdes, CA).

4.2.3. EphA2 internalization.

MDA-MB-231 cells were plated in 24-well plates od mm square coverslips coated with 10 pg/ml
fibronectin and incubated 24-48 hrs before treatmeith 50 uM Doxazosin and various doses of
compound 27 (0.4, 2, 10, 50 uM) in 0.5% DMSO fdwl As another positive control, cells were trdate
with 2 pg/ml ephrin-Al-Fc. Cells were then washeth PBS and fixed with 4% paraformaldehyde
(Electron Microscopy Sciences, Hatfield, PA) on ifer 10 min, followed by washing and
permeabilization with 0.4% NP-40 for 10 min on icéNon-specific binding sites were blocked with 50
mM NH4CI on ice for 10 min, followed by washing with PBSd 0.1% BSA in PBS. Cells were then
incubated in primary mouse EphA2 antibody (D7, 0)1i 0.1% BSA/PBS for 1 hr at room temperature,
washed in PBS and BSA/PBS, followed by incubatiosecondary donkey anti-mouse Alexa Fluor 488
antibody (1:300) in BSA/PBS for 30 min at room tergiure. Cells were washed in PBS and

BSA/PBS, followed by mounting in DAPI Mounting Meuih (Electron Microscopy Sciences). Images
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were taken with a Leica microscope.
4.2.4. Clonogenic assay.

MDA-MB-231 cells (1000 cells/well) were seeded Bvdell plates and cultured for 24 h, followed by
treatment with various concentrations of the Dosazanalogs (0, 0.08, 0.4, 2 and 10 uM) in 0.5% @MS
for 14 days. After washing with PBS, colonies wiexed in 4% paraformaldehyde in PBS, washed in 20%
methanol, and stained with 0.5% crystal violet.

4.2.5. Docking investigation.
Docking studies were done to gain insight into pussible mode of interaction between the

compounds and EphA2. The structures were drawn Medinvin Sketch (www.ChemAxon.com) and

energy minimized in MOE 2010 (www.chemcomp.compgshe MMFF94s force field. The database of

compounds was then used for the docking studies. pratein crystal structure of 3FL7.p{t®s] was
prepared for docking by adjusting the pH of thetesysto a pH of 7.4. The binding site in EphA2 was
delineated by Doxazosin. After docking, only the tiocked pose of each compound was retained for
analysis.
4.2.6.Adrenoceptor binding activity

Analysis of Doxazosin and analog binding toaat adrenergic receptor was performed by Eurofins
Panlabs Taiwan, Ltd. (Taiwan). ®H]-prazosin at 0.25 nM was used as the radioligar@mpounds 24,
27, and Doxazosin at 5 different doses ranging f00d8 nM-3 uM in 0.1 % DMSO were incubated with
[*H]-prazosin in a final volume of 1 ml of assay lEuf{50 mM Tris-HCI, pH 7.4, 0.5 mM EDTA) for 1 h
at 28C. Non-specific binding was defined by use of 101 phentolamine. Incubations were
terminated by vacuum filtration over 0.1% PEI peated glass fiber filters and filters were washad f

10s with ice cold 0.1M NaCl and radioactivity rekd on the filters was determined by liquid
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scintillation spectrometry. Kg values were determined by a non-linear regressioalysis using
GraphPad Prism v.5 (GraphPad).
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» |dentification of a potent small molecule EphA2 agonist with adimeric structure based on lead
compound Doxazosin.

» The compound triggers EphA2 receptor internalization at sub micro mole concentrations.

» The compound forms more hydrogen bonds to EphA2 receptor compared to Doxazosin based on the
docking resuilt.

» The compound shows less binding affinity to adrenoceptor compared to Doxazosin.



