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A series of hybrids bearing N-phenylquinazolin-4-amine and hydroxamic acid
moieties were designed, synthesized, and discovered as dua VEGFR-2/HDAC

inhibitors.
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Abstract:

A single agent that simultaneously inhibits mukighrgets may offer greater
therapeutic benefits in cancer than single-actiggngs through interference with
multiple pathways and potential synergistic actibnthis work, a series of hybrids
bearing N-phenylquinazolin-4-amine and hydroxamic acid megtwere designed
and identified as dual VEGFR-2/HDAC inhibitors. Qomund6fd exhibited the most
potent inhibitory activity against HDAC with kg of 2.2 nM and strong inhibitory
effect against VEGFR-2 with Kgof 74 nM. It also showed the most potent inhikyitor
activity against a human breast cancer cell lineBviGwvith 1Gso of 0.85uM. Docking
simulation supported the initial pharmacophoric dthiesis and suggested a common
mode of interaction at the active binding sitesV&GFR-2 and HDLP ((Histone
Deacetylase-Like Protein), which demonstrates¢batpoundsfd is a potential agent

for cancer therapy deserving further researching.
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1. Introduction

Angiogenesis, the process of new blood vessels dbom from existing
vasculature, is a normal physiological event fayaor development. It occurs during
tissue growth from embryonic development throughmiaturity. It is also activated
during wound repairment and certain stages of meaisttycle [1,2]. However,
abnormal regulation of angiogenesis has been iedoin the development of various
diseases such as rheumatoid arthritis, psoriagbgtic retinopathy, tumor growth,
and tumor metastasis [2-Among the angiogenic factors identified to datescudar
endothelial growth factor (VEGF) and its receptopsine kinase VEGFR-2 or kinase
insert domain receptor (KDR) are the most importagulator of tumor angiogenesis
[8,9]. It is well demonstrated that wuponbinding its ligaWEGFR-2
undergoes receptor dimerization and autophosphayland initiates downstream
signaling, ultimately leading to tumor angiogengsigascular permeability
enhancement, proliferation, and migratid®,11]. Consequently, inhibition of the
VEGF/VEGFR-2 signaling pathway has become a vakiapproach in the treatment
of cancers. Indeed, a number of angiogenesis #tanghiof VEGFR-2 have been
approved by FDA or effectively demonstrated in précal and clinical settings.
Bevacizumab, a monoclonal antibody to VEGF, hasmggproved by the FDA for
the treatment of non-small-cell lung cancer [12] ametastatic colorectal cancer [13].
Ramucirumab, a mAb antibody (human IgG1) directgdirsst VEGFR-2, has been
approved by FDA in 2014 for advanced gastric or trgassophageal
junction adenocarcinoma and metastatic non-sméllHeeng carcinoma [14]. In
addition, small-molecule tyrosine kinase inhibitafs VEGFR-2, such as Sunitinib
[15], Sorafenib [16], and Vandetanjib/] have been approved for treatment of various
types of cancers including renal cell carcinomatrgantestinal stromal tumdgGIST),
hepatocellular carcinoma, thyroid cancer, and tsggtie sarcom.

However, a significant number of patients do nepond to VEGFR-2 targeted
therapy. Furthermore, the effectiveness of theg@ggenesis inhibitors is also limited

by the drug resistance that frequently emergesoviatlg treatment [18-20]. To
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overcome the low response rate and acquired drsigtaace to tyrosine kinase
inhibitors (TKIs), a number of strategies have beéested, including combination
therapies and development of multi-targeted inbiki{21,22].

Histone deacetylases (HDACS) are a class of enzyna¢scatalyze the removal
of acetyl groups from the-amino groups of lysine residues present within the
N-terminal extension of the core histones, leadimgchromatin condensation and
transcriptional repression [23,24]. In additionregulating the acetylation state of
histones, HDACs can bind to, deacetylate and régulae activity of a number of
non-histone proteins, including transcription fastgsuch as p53, E2F1, and NB-
and proteins with diverse biological functions sash-tubulin, Ku70 and Hsp90 [24].
Eighteen HDACs have been identified in humans, theg are subdivided into four
structurally and functionally different phylogerettlasses. Among them, Class |
HDACSs (1, 2, 3, and 8) and Class Il HDACs (4, 5769, and 10) are zinc dependent
proteases [25]. It has been widely recognized that-containing HDACs are
promising targets for therapeutic interventiongmuted to reverse aberrant epigenetic
states associated with cancer [26-28]. Consequeatiysiderable effort has been
devoted to develop HDAC inhibitors recently [29-34]

HDAC inhibitors have been demonstrated to synergiath other antitumor
agents, including RTK inhibitors, to suppress peoition and induce apoptosis in
tumor cells, even to overcome TKI resistance [3b-3FRecently, multi-acting
inhibitors against HDAC and RTK have been reporfi#@-44]. But the report of
VEGFR-2/HDAC dual inhibitors is rare [45]. In thistudy, a series of
N-phenylquinazolin-4-amine hybrids were rationalgsgjned and synthesized as dual
VEGFR-2/HDAC inhibitors by combination of pharmabopes of two reference
drugs, Vandetanib and Vorinostat, which were useachieve VEGFR-2 and HDAC
inhibition, respectively (Figure 1).

2. Results and discussion
2.1. Chemistry

The synthetic route to obtain the desired targetpaunds is outlined in Scheme
3



1 according to the literature with some modificaid40]. Compound8a-3f were
prepared through the coupling of substituted agdin  with
4-chloro-7-methoxyquinazolin-6-yl acetate2),( which was prepared through
chlorination of 7-methoxy-4-oxo-3,4-dihydroquinapeb-yl acetate 1). Hydrolysis
of the acetyl group on compoun8as-3f using lithium hydroxide gave corresponding
phenol intermediate$a-4f. Alkylation of the phenolic hydroxyl group on cooynds
da-4f with various chain lengths of ethyl bromoalkanoajave ethyl ester
intermediate$aa-5fd. Conversion of ethyl esteEma-5fd to hydroxamic acids using
freshly prepared hydroxylamine furnished taf§gthenylquinazolin-4-amine hybrids

6aa-6fd.
2.2. Biological evaluation

The in vitro enzymatic inhibitory activities of the target cooumds against
VEGFR-2 and HDAC were evaluated. Additionally, thevitro antiproliferative
effects of the targeted compounds against MCF-fiuraan breast adenocarcinoma

cell line, were also tested. The results were sunzexhin Table 1.
2.2.1. VEGFR-2 inhibition

As shown in Table 1, the target compougda-6fd exhibited mild to moderate
VEGFR-2 inhibitory activities compared to the refece compound Vandetanib.
Among them, compoundéfa-6fd with para-bromo substituent on the phenyl ring
exhibited potent inhibitory activity against VEGFERkinase with 1@ values ranging
from 74 nM to 153 nM, which was comparable to thsifive drug Vandetanib (K
= 54 nM). Among them, compoun@fb exhibited the most potent VEGFR-2
inhibitory activity with IC50 of 59 nM. It seemsdhthe change of the length of
carbon chain (n = 2 to 5) does not influence VEGFRAhibition significantly. On the
contrary, the type and position of halogen substituon the phenyl ring play
important roles in the VEGFR-2 inhibition. Companedh compound$fa-6fd, the
inhibitory activity of compound$ea-6ed with ortho-bromo substituent decreased

dramatically with 1G, over 10000 nM against VEGFR-2. It is likely thatho-Br
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restricts the free rotation of the benzene ringsi® supported by the fact that the
rank order of the VEGFR-2 inhibitory activity @tho-Br < ortho-Cl <= ortho-F <
ortho-H. Compounds 6ba-6bd with para-fluoro substituent showed stronger
inhibitory activity against VEGFR-2 (g ranged from 270 nM to 524 nM) than
compoundsaa-6ad with ortho-fluoro substituent (I ranged from 754 nM to 918
nM). Similarly, compoundscd-6dd with para-chloro substituent showed weaker
inhibition against VEGFR-2 (I§g ranged from 364 nM to 857 nM) than compounds
6da-6dd with ortho-fluoro substituent (I ranged from 182 nM to 313 nM). All the
above results indicated that introduction of brasabstituent apara position on the
phenyl ring is favorable for the VEGFR-2 inhibitioft is worth noting that
7-(4-(3-ethynylphenylamino)-7-methoxyquinazolin4@xy)-N-hydroxyheptanamide
(CUDC-101) reported by Cai et.al. exhibited potémhtibitory activities against
HDAC, EGFR, and HER2 but weak inhibitory activityaanst VEGFR-2 [40]. The
main difference between our synthesized compoungd @UDC-101 is the
substituent and its position on the phenyl ringe Blbstituent on the phenyl ring of
CUDC-101 ismeta-ethynyl group while of our synthesized compoursipara- or
ortho- substituted halogen.

2.2.2. HDAC inhibition

Data in Table 1 illustrated that the target computs6aa-6fd exhibited moderate
to potent HDAC inhibitory activities, which suggedt that the
N-phenylquinazolin-4-amine moiety of the target counpds is a suitable cap group
for HDAC inhibitor. Among the compounds tested, pound6fd exhibited the most
potent HDAC inhibitory activity with 1Gof 2.2 nM, which was 7-fold higher than
the reference compound Vorinostat4J€ 15 nM). Obviously, increasing the length
of the hydroxamic acid side chain increases HDAIhiory activity by comparing
the HDAC inhibitory activity of compound$fa-6fd with the same substituent
(para-bromo) on the phenyl ring. The shortest chain laybfa (n = 2) showed the
weakest HDAC inhibitory activity with 16§30f 545 nM. Moderate HDAC inhibition

was observed when the carbon chain length betweenuinazoline C6 oxygen and
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the hydroxamic acid carbonyl group reached 4 cal{fon= 3, compound@fb, ICso=

68 nM). The HDAC inhibitory activity further incread with the carbon chain length
of 5 carbons (n=4, compourtdic, ICso= 68 nM). The optimal carbon chain length is
6 carbons (n = 5, compour@fd, ICso= 2.2 nM). This discipline was also found in
otherpara or ortho halogen substituted hybrids. In addition, halogabstituent on
the phenyl ring affects the HDAC inhibitory to sometent. The inhibitory activities
against HDAC of compound$bd, 6dd and 6fd with different para-halogen
substituents increased in the following order: ftusubstituted compourgbd, (ICso

= 8.5 nM) < chloro substituted compoufidd (ICso= 3.2 nM) < bromo substituted
compoundébd (ICsp= 2.2 nM). This rule was also found in othgara or ortho
halogen substituted compounds with the same cadb@n length. Besides, the
position of halogen substituent has certain immactHDAC inhibition. In general,
compounds with halogen substituenpata position on the phenyl ring showed more
potent activity against HDAC than compounds with #ame carbon chain length and
the same halogen substituenbgtho position.

In order to further investigate the HDAC isoformelestivity, compoundsfd
with the most potent HDAC inhibitory activity washasen to perform enzyme
inhibitory assays against a series of HDAC isoeregjnncluding HDAC1, HDAC2,
HDACG6 and HDACS. Data in Table 2 indicated that pomuwnd6fd showed potent
inhibitory activities against HDAC1, HDAC2, HDACGd HDACS, with 1Gyof 1.8
nM, 3.3 nM, 16.4 nM and 4.6 nM, respectively.

2.2.3. Cdl growth inhibition

To further explore the antitumor effect of theseGHR-2/HDAC inhibitors, all
the synthesized target compounfiga—6fd were evaluated for their anticancer

activities against a human breast cancer cellMi@&F-7 by MTT assay. The results
were also summarized in Table 1. Among the tesbedpounds, compoungfd with
the most potent HDAC inhibitory activity and stroMiEGFR-2 inhibitory activity
also exhibited the most potent anticancer actwitigth the 1@y value of 0.85uM

against MCF-7, which showed greater potency tham ithference compounds
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Vandetanib (IGo= 18.5uM) and Vorinostat (IG= 4.2uM).

It seemed that the SARs analysis result of anifigralion activities of the tested
compounds were more consistent with their HDAC bitbry activities. This was
probably due to their potent inhibitory activitiemyainst HDAC but moderate

inhibitory activities against VEGFR-2.
2.3. Molecular docking studies

The possible binding modes of the synthesized targ@pounds on VEGFR-2
and HDAC were explored with the representative aommol 6fd using the Discovery
Studio 3.1/CDOCKER protocol.

Figure 2 demonstrates the compowhd docking into the ATP-binding cavity of
VEGFR-2 kinase (PDB code: 2QU5) [46]. In the birgdmodel, the carbonyl oxygen
atom of compoun@fd forms two hydrogen bonds with the amino hydrogema of
Asn923 (0...H-N: 2.3). Besides, the terminal hydroxyl hydrogen atonsarhpound
6fd forms another hydrogen bond with the carbonyl exygtom of Leu840 (O...H-O:
1.9 A). Both the pyrimidine ring and the phenyl ring gfinazoline moiety form
n-cation interactions (distance: 486for pyrimidine ring and 5.4 for phenyl ring)
with the terminal amino cation of Lys868.

The binding model of compoungfd into the binding site of HDLP (Histone
Deacetylase-Like Protein, PDB code: 1C3S) [47] epidted in Figure 3. In this
binding model, the carbonyl oxygen atom of compo6fdiforms a hydrogen bond
with the phenolic hydroxyl hydrogen atom of Tyr2@J...H-O: 2.14). In addition,
the hydrogen atom of amide group forms a hydrogendbwith the imidazole
nitrogen atom of His131 (N...H-N: 2A). Apart from these, the terminal hydroxyl
hydrogen atom forms a hydrogen bond with the carborygen atom of Gly129
(O...H-O: 2.24). It is obvious that th&l-phenylquinazolin moiety at the other end of
the aliphatic chain is well tolerated.

The nice binding model of compoutefid with VEGFR-2 and HDLP indicates
that compoundfd could be a potent dual VEGFR-2/HDAC inhibitor.
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3. Conclusions

A series of hybrids beariniy-phenylquinazolin-4-amine and hydroxamic acid
side chain moieties have been designed, synthesinedevaluatedh vitro as dual
inhibitors against VEGFR-2 and HDAC that displaygdat antiproliferation potency
against a solid tumor cell line (MCF-7). Compousfd exhibited the most potent
inhibitory activity against HDAC with 165 of 2.2 nM and it showed potent inhibition
against VEGFR-2 kinase as well withs®f 74 nM.In vitro cell growth inhibition
assays indicated that compou6idl also exhibited the greatest inhibitory activities
against a human breast cancer cell line MCF-7 Witf of 0.85 uM. Molecular
docking of the compouné@fd into the active binding sites of VEGFR-2 and HDLP
was performed and the result suggested that cona@idrcould bind well with these
two sites. The above results demonstrated that cangp6fd could be a potential
anticancer agent and deserved further research.
4. Experimental Section
4.1. Chemistry

All solvents and reagents were commercially avéelamd used without further
purification. Melting points (uncorrected) were elebined on a RY-1 MP apparatus.
ESI-MS spectra were recorded on an Agilent/HP 183€&Ges LC/MSD Trap SL Mass
spectrometer, antH NMR spectra were recorded on a Bruker AV-300 speteter
at 25 °C with TMS and solvent signals allotted raernal standards. Chemical shifts
were reported in ppnv). Elemental analyses were performed on a CHN-QeRap

instrument.
4.1.1. Preparation of 4-chloro-7-methoxyquinazolin-6-yl acetate (2)

A suspension of 7-methoxy-4-o0x0-3,4-dihydroquinaeélyl acetatg1) (2.34 g)
in SOC} (30 mL) and DMF (0.5 mL) was refluxed for 3h. Aftdat, the mixture was
concentrated under reduced pressure to give 4eflonethoxyquinazolin-6-yl

acetate(2). Yellow powder, yield: 77%'H-NMR (300 MHz; de-DMSO): 2.08 (s,



3H); 3.73 (s, 3H); 7.55 (s, 1H); 7.50 (s, 1H); 9441H). MS (ESI) m/z 253.6
(M+H)".

4.1.2. General procedure for the preparation of the
7-methoxy-4-(phenylamino)quinazolin-6-yl acetate derivatives 3a-3f

A mixture of 4-chloro-7-methoxyquinazolin-6-yl aa&t (2, 10 mmol) and
appropriate substituted anilines (15 mmol) in isganol (80 mL) was stirred at
reflux for 4 h. The mixture was cooled to room temgiure and the resultant
precipitate was collected by filtration and waslveith isopropanol. The solid was
dried to give compound3a-3f.
4-(2-Fluor ophenylamino)-7-methoxyquinazolin-6-yl acetate (3a)

White powder, yield: 64%'H-NMR (300 MHz; CDC}): 2.11 (s, 3H); 3.69 (s,
3H); 7.27 (s, 1H); 7.42-7.68 (m, 4H); 8.11 (s, 1B)1 (s, 1H). MS (ES) m/z 328.1
(M+H)".
4-(4-Fluor ophenylamino)-7-methoxyquinazolin-6-yl acetate (3b)

White powder, yield: 64%'H-NMR (300 MHz; CDC}): 2.14 (s, 3H); 3.70 (s,
3H); 7.26 (s, 1H); 7.43 (d] = 8.1 Hz, 2H); 7.69 (s, 1H); 8.11 (d,= 8.1 Hz, 2H);
8.61 (s, 1H), 11.18 (s, 1H). MS (EBinz 328.1 (M+H].
4-(2-Chlor ophenylamino)-7-methoxyquinazolin-6-yl acetate (3c)

White powder, yield: 65%'H-NMR (300 MHz; CDC}): 2.13 (s, 3H); 3.70 (s,
3H); 7.25 (s, 1H); 7.43-7.66 (m, 4H); 7.75 (s, 1Bl)t2 (s, 1H); 8.61 (s, 1H), 11.22 (s,
1H). MS (EST) m/z 344.1 (M+H].
4-(4-Chlor ophenylamino)-7-methoxyquinazolin-6-yl acetate (3d)

White powder, yield: 65%'H-NMR (300 MHz; CDC}): 2.12 (s, 3H); 3.68 (s,
3H); 7.21 (s, 1H); 7.37 (d] = 8.4 Hz, 2H); 7.75 (s, 1H); 8.10 (d,= 8.4 Hz, 2H);
8.59 (s, 1H). MS (ES) mVz 344.1 (M+HJ.
4-(2-Bromophenylamino)-7-methoxyquinazolin-6-yl acetate (3¢)

Yellow powder, yield: 62%'H-NMR (300 MHz; CDC}): 2.11 (s, 3H); 3.72 (s,
3H); 7.32 (s, 1H); 7.43-7.56 (m, 3H); 7.75 (s, 1B)14 (d,J = 8.4 Hz, 1H); 8.63 (s,
1H); 11.05 (s, 1H). MS (E9Im/z 388.0 (M+H].
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4-(4-Bromophenylamino)-7-methoxyquinazolin-6-yl acetate (3f)

Yellow powder, yield: 63%'H-NMR (300 MHz; CDC}): 2.16 (s, 3H); 3.71 (s,
3H); 7.16 (s, 1H); 7.41 (d] = 8.7 Hz, 2H); 7.84 (s, 1H); 8.12 (d,= 8.7 Hz, 2H);
8.60 (s, 1H); 11.27 (s, 1H). MS (E®h/z 388.0 (M+HJ.

4.1.3. General procedure for the preparation of the
7-methoxy-4-(phenylamino)quinazolin-6-ol derivatives 4a-4f

A mixture of 7-methoxy-4-(phenylamino)quinazolinyb-acetate derivatives
(3a-3f, 6 mmol) and LiOH- KO (19.8 mmol) in methanol (190 mL) and® (190 mL)
was stirred at 36C for 1 h. The mixture was neutralized by the additof 1.0 M
hydrochloric acid. The resultant precipitate wallected by filtration and dried to
give compoundda-4f.
4-(2-Fluor ophenylamino)-7-methoxyquinazolin-6-ol (4a)

Yellow powder, yield: 53%'H-NMR (300 MHz; CDC}): 3.70 (s, 3H); 7.18 (s,
1H); 7.40-7.71 (m, 4H); 8.19 (s, 1H,); 8.62 (s, 1843 (s, 1H); 9.52(s, 1H). MS
(ESI") Mz 286.0 (M+H].
4-(4-Fluor ophenylamino)-7-methoxyquinazolin-6-ol (4b)

Yellow powder, yield: 60%'H-NMR (300 MHz; CDC}): 3.71 (s, 3H); 7.19 (s,
1H); 7.41 (d,J =8.4 Hz, 2H); 7.82 (dJ = 8.1 Hz, 2H); 8.21 (s, 1H,); 8.58 (s, 1H);
9.46 (s, 1H) . MS (ES) m/z 286.0 (M+H].
4-(2-Chlor ophenylamino)-7-methoxyquinazolin-6-ol (4c)

Yellow powder, yield: 55%'H-NMR (300 MHz; CDC}): 3.73 (s, 3H); 7.26 (s,
1H); 7.44-7.56 (m, 2H); 7.76-7.86 (m, 2H); 8.13 18l,); 8.66 (s, 1H); 9.39 (s, 1H);
9.59 (s, 1H) . MS (ES) m/z 302.0 (M+H].
4-(4-Chlorophenylamino)-7-methoxyquinazolin-6-ol (4d)

Yellow powder, yield: 53%'H-NMR (300 MHz; CDC}): 3.71 (s, 3H); 7.26 (s,
1H); 7.43 (d,J = 8.4 Hz, 2H); 7.84 (d) = 8.7 Hz, 2H); 8.12 (s, 1H,); 8.61 (s, 1H);
9.45 (s, 1H). MS (ES) mVz 302.0 (M+HJ.
4-(2-Bromophenylamino)-7-methoxyquinazolin-6-ol (4e)

Yellow powder, yield: 52%'H-NMR (300 MHz; CDC}): 3.69 (s, 3H); 7.12 (s,
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1H); 7.37 (d,J =8.4 Hz, 2H); 7.78 (d) = 8.1 Hz, 1H); 7.82 (d] = 8.4 Hz, 1H); 8.11
(s, 1H,); 8.58 (s, 1H); 9.52 (s, 1H) . MS (BS1Vz 346.0 (M+H)J.
4-(4-Br omophenylamino)-7-methoxyquinazolin-6-ol (4f)

Yellow powder, yield: 62%'H-NMR (300 MHz; CDC}): 3.71 (s, 3H); 7.26 (s,
1H); 7.42 (d,J = 8.1 Hz, 2H); 7.83 (dJ = 8.1 Hz, 2H); 8.13 (s, 1H,); 8.71 (s, 1H);
9.42 (s, 1H); 9.69 (s, 1H). MS (E$hvz 302.0 (M+H]J.

4.1.4. General procedurefor the preparation of the ethyl esters 5aa-4fd
A mixture of 7-methoxy-4-(phenylamino)quinazolinebderivativesda-4f (0.87
mmol), appropriate ethyl bromoalkanoate (3.48 mmahd potassium carbonate
(0.3g, 2.18 mmol) in DMF (20 mL) was stirred at“@for 4 h. The reaction mixture
was filtered, and the filtrate was poured into veater (200 mL) and extracted with
ethyl acetate (&0 mL). The combined organic extract was washel mine, dried
over NaSQy, and filtered and the filtrate was evaporated acuo. The residue was
washed with diethyl ether and dried to give compmbaa-5fd.
Ethyl 4-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)butanoate (5aa)
Yellow powder, yield: 67%'H-NMR (300 MHz;ds-DMSO): 1.28 (tJ = 6.9 Hz,
3H); 1.57-1.62 (m, 2H); 2.30 @,= 6.9 Hz, 2H); 3.88 (s, 3H); 4.15-4.20 (m, 4H}LJ.
(s, 1H ); 7.42-7.84 (m, 5H); 8.13 (s, 1H); 8.451(8). MS (EST) m/z 400.1 (M+HY.
Ethyl 5-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)pentanoate (5ab)
Pale yellow powder, yield: 6698H-NMR (300 MHz; ds-DMSO): 1.31 (t,J =
6.3 Hz, 3H); 1.91-2.02 (m, 4H); 2.44 {t= 6.3 Hz, 2H); 3.93 (s, 3H); 4.13 = 6.6
Hz, 2H); 4.24 (tJ = 6.9 Hz, 2H); 7.48-7.59 (m, 4H); 7.84 (s, 1H); B(5, 1H); 8.26
(s, 1H); 8.48 (s, 1H). MS (EQIm/z 414.2 (M+H].
Ethyl 6-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)hexanoate (5ac)
Yellow powder, yield: 70%'H-NMR (300 MHz;ds-DMSO): 1.31 (tJ = 6.6 Hz,
3H); 1.32-1.35 (m, 2H), 1.64-1.72 (m, 4H); 2.44Jt 6.6 Hz, 2H); 3.93 (s, 3H);
4.13-4.24 (m, 4H); 7.48-7.59 (m, 4H); 7.84 (s, 1812 (s, 1H); 8.26 (s, 1H); 8.46 (s,
1H). MS (EST) mV/z 428.2 (M+H].
Ethyl 7-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)heptanoate (5ad)
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Yellow powder, yield: 74%'H-NMR (300 MHz;ds-DMSO): 1.38 (tJ = 6.3 Hz,
3H); 1.35-1.37 (m, 2H), 1.47-1.53 (m, 4H); 1.657@n, 2H); 2.46 (t] = 6.9 Hz,
2H); 3.97 (s, 3H); 4.15-4.18 (m, 4H); 7.23 (s, 1A¥5-7.84 (m, 5H); 8.18 (s, 1H);
8.56 (s, 1H). MS (ES) mz 442.1 (M+HJ.

Ethyl 4-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)butanoate (5ba)

Yellow powder, yield: 62%'H-NMR (300 MHz;ds-DMSO): 1.26 (tJ = 6.6 Hz,
3H); 1.70-1.78 (m, 2H); 2.45 ({d,= 6.6 Hz, 2H); 3.94 (s, 3H); 4.14 &= 6.3 Hz, 2H);
4.23 (t,J = 6.9 Hz, 2H); 7.28 (d] = 8.1 Hz, 2H); 7.35 (s, 1H ); 7.45 (@= 8.7 Hz,
2H); 7.85 (s, 1H); 8.16 (s, 1H); 8.64(s, 1H). MSS(B m/z 400.1 (M+H].

Ethyl 5-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)pentanoate
(5bb)

Pale yellow powder, yield: 65%H-NMR (300 MHz; ds-DMSO): 1.23 (t,J =
6.6 Hz, 3H); 1.97-2.02 (m, 4H); 2.45 {t= 6.3 Hz, 2H); 3.94 (s, 3H); 4.13-4.22 (m,
4H); 7.23 (s, 1H); 7.43 (d] = 8.4 Hz, 2H); 7.84 (d) = 8.4 Hz, 2H); 8.14 (s, 1H);
8.26 (s, 1H); 8.63 (s, 1H). MS (E$/z414.1 (M+H]J.

Ethyl 6-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)hexanoate (5bc)

Yellow powder, yield: 70%H-NMR (300 MHz;ds-DMSO): 1.24 (tJ = 6.3 Hz,
3H); 1.60-1.68 (m, 4H); 1.83-1.86 (m, 2H); 2.44Jt= 6.6 Hz, 2H); 3.93 (s, 3H);
4.14-4.17 (m, 4H); 7.24 (s, 1H); 7.48 M= 8.1 Hz, 2H); 7.92 (d) = 8.1 Hz, 2H);
8.15 (s, 1H); 8.23 (s, 1H); 8.64 (s, 1H). MS (B3Wz 428.1 (M+HJ.

Ethyl 7-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)heptanoate
(5bd)

Yellow powder, yield: 73%'H-NMR (300 MHz;ds-DMSO): 1.24 (tJ = 6.6 Hz,
3H); 1.34-1.38 (m, 2H); 1.53-1.57 (m, 2H); 1.633.(fn, 4H); 2.43 (t] = 6.6 Hz,
2H); 3.95 (s, 3H); 4.14-4.23(m, 4H); 7.25 (s, 1AY5 (d,J = 8.1 Hz, 2H); 7.86 (dJ
= 8.4 Hz, 2H); 7.95 (s, 1H); 8.16 (s, 1H); 8.531(). MS (ESI) m/iz 442.1 (M+H].
Ethyl 4-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)butanoate (5ca)

Yellow powder, yield: 66%'H-NMR (300 MHz;ds-DMSO): 1.31 (tJ = 6.9 Hz,
3H); 1.57-1.61 (m, 2H); 2.43 @,= 6.3 Hz, 2H); 3.92 (s, 3H); 4.15-4.22 (m, 4HR4.

(s, 1H); 7.43-7.56 (m, 4H); 7.83 (d,= 8.7 Hz, 1H); 8.14 (s, 1H); 8.64 (s, 1H). MS
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(ESI) mVz416.1 (M+H]J.
Ethyl 5-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)pentanoate
(5¢cb)

Yellow powder, yield: 65%'H-NMR (300 MHz;ds-DMSO): 1.31 (tJ = 6.3 Hz,
3H); 2.12-2.18 (m, 4H); 2.46 (1,= 6.6 Hz, 2H); 3.93 (s, 3H); 4.14-4.23 (m, 4HR4.
(s, 1H); 7.73-7.85 (m, 2H); 7.89-7.96 (m, 3H); 8(341H); 8.32 (s, 1H); 8.63 (s, 1H).
MS (ESI) m/z430.1 (M+H]J.

Ethyl 6-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)hexanoate (5cc)

Pale yellow powder, yield: 729%H-NMR (300 MHz; ds-DMSO): 1.31 (t,J =
6.3 Hz, 3H); 1.46-1.56 (m, 2H); 1.64-1.68 (m, 4843 (t,J = 6.3 Hz, 2H); 3.94 (s,
3H); 4.13-4.22 (m, 4H); 7.23 (s, 1H); 7.42-7.45 @K); 7.42-7.47(m, 2H); 7.87 (s,
1H); 8.13 (s, 1H); 8.52 (s, 1H). MS (EBinz 444.1 (M+HY.

Ethyl 7-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)heptanoate
(5cd)

Pale yellow powder, yield: 45%H-NMR (300 MHz; ds-DMSO): 1.32 (t,J =
6.3 Hz, 3H); 1.44-1.62 (m, 6H); 1.71-1.75 (m, 2847 (t,J = 6.3 Hz, 2H); 3.94 (s,
3H); 4.14-4.24 (m, 4H); 7.23 (s, 1H); 7.45-7.63 @hi); 7.86 (s, 1H); 8.22 (s, 1H);
8.73 (s, 1H). MS (ES) mz 458.1 (M+HJ.

Ethyl 4-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)butanoate (5da)

Yellow powder, yield: 52%'H-NMR (300 MHz;ds-DMSO): 1.28 (tJ = 6.6 Hz,
3H); 1.54-1.58 (m, 2H); 2.41 @,= 6.6 Hz, 2H); 3.93 (s, 3H); 4.13 (= 6.3 Hz, 2H);
4.23 (d,J = 6.0 Hz, 2H); 7.24 (s, 1H); 7.44 (@= 8.1 Hz, 2H); 7.85 (d] = 8.4 Hz,
2H); 8.14 (s, 1H); 8.23 (s, 1H); 8.56 (s, 1H). M=S(") Mz 416.1 (M+HYJ.

Ethyl 5-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)pentanoate
(5db)

Pale yellow powder, yield: 729%8H-NMR (300 MHz; d-DMSO): 1.26 (t,J =
6.3 Hz, 3H); 1.86-1.97 (m, 4H); 2.34 {t= 6.9 Hz, 2H); 3.92 (s, 3H); 4.13 &= 6.3
Hz, 2H); 4.23 (d,J) = 6.6 Hz, 2H); 7.23 (s, 1H); 7.46 (@ = 8.4 Hz, 2H); 7.82 (d] =
8.1 Hz, 2H); 8.12 (s, 1H); 8.16 (s, 1H); 8.6791(d). MS (ESI) mVz430.2 (M+H].

Ethyl 6-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)hexanoate (5dc)
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Pale yellow powder, yield: 709%H-NMR (300 MHz; d-DMSO): 1.19 (t,J =
6.3 Hz, 3H); 1.64-1.71(m, 6H); 2.41 (= 6.6 Hz, 2H); 3.94 (s, 3H); 4.15-4.23 (m,
4H); 7.24 (s, 1H); 7.48 (d, = 8.4 Hz, 2H); 7.83 (s, 1H); 8.02 (s, 1H); 8.14J¢ 8.4
Hz, 2H); 8.64 (s, 1H). MS (E§InVz 444.1 (M+HY.

Ethyl 7-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)heptanoate
(5dd)

Yellow powder, yield: 53%H-NMR (300 MHz;ds-DMSO): 1.38 (tJ = 6.3 Hz,
3H); 1.45-1.49 (m, 2H); 1.57-1.61 (m, 2H); 1.644@n, 4H); 2.44 (t] = 6.6 Hz,
2H); 3.92 (s, 3H); 4.12-4.17 (m, 4H); 7.24 (s, 1AW6 (d,J = 8.7 Hz, 2H); 7.85 (d)
= 8.7 Hz, 2H); 8.15 (s, 1H); 8.58 (s, 1H); 8.62(H). MS (ESI) m/z 458.1 (M+H].
Ethyl 4-(4-(2-br omophenylamino)-7-methoxyquinazolin-6-yloxy)butanoate (5ea)

Yellow powder, yield: 61%'H-NMR (300 MHz;ds-DMSO): 1.31 (tJ = 6.9 Hz,
3H); 1.76-1.80 (m, 2H); 2.45 @,= 6.9 Hz, 2H); 3.94 (s, 3H); 4.12 (= 6.6 Hz, 2H);
4.23 (d,J = 6.0 Hz, 2H); 7.24 (s, 1H); 7.45-7.52(m, 3H); 7(8% = 8.4 Hz, 1H); 7.96
(s, 1H); 8.15 (dJ = 8.4 Hz, 1H); 8.53 (s, 1H). MS (E$hvz 460.1 (M+H].

Ethyl 5-(4-(2-bromophenylamino)-7-methoxyquinazolin-6-yloxy)pentanoate
(5eb)

Yellow powder, yield: 63%'H-NMR (300 MHz;ds-DMSO): 1.31 (tJ = 6.6 Hz,
3H); 1.87-1.92 (m, 4H); 2.45 @,= 6.9 Hz, 2H); 3.92 (s, 3H); 4.12-4.23 (m, 4HpRY.
(s, 1H); 7.43-7.68 (m, 3H); 7.74 (s, 1H); 8.2248l); 8.35 (s, 1H); 8.56 (s, 1H). MS
(ESI") Mz 474.1 (M+H].

Ethyl 6-(4-(2-bromophenylamino)-7-methoxyquinazolin-6-yloxy)hexanoate (5ec)

Pale yellow powder, yield: 45%H-NMR (300 MHz; d-DMSO): 1.31 (t,J =
6.9 Hz, 3H); 1.57-1.66 (m, 4H); 1.71-1.73 (m, 2B)33 (t,J = 6.6 Hz, 2H); 3.92 (s,
3H); 4.13-4.22 (m, 4H); 7.23 (s, 1H); 7.48-7.82 @H); 7.99 (s, 1H); 8.16 (s, 1H);
8.63 (s, 1H). MS (ES) mVz 488.1 (M+HJ.

Ethyl 7-(4-(2-bromophenylamino)-7-methoxyquinazolin-6-yloxy)heptanoate
(Sed)
Pale yellow powder, yield: 709%H-NMR (300 MHz; d-DMSO): 1.37 (t,J =

6.6 Hz, 3H); 1.45-1.47 (m, 2H); 1.56-1.74 (m, 6B6 (t,J = 6.3 Hz, 2H); 3.98 (s,
14



3H); 4.16-4.22 (m, 4H); 7.261 (s, 1H); 7.46 {d= 8.4 Hz, 2H); 7.58-7.63 (m, 2H);
7.95 (s, 1H); 8.19 (s, 1H); 8.641 (s, 1H). MS (B8Wz 488.1 (M+H].
Ethyl 4-(4-(4-br omophenylamino)-7-methoxyquinazolin-6-yloxy)butanoate (5fa)

Pale yellow powder, yield: 63%H-NMR (300 MHz; ds-DMSO): 1.30 (t,J =
6.9 Hz, 3H); 1.56-1.60 (m, 2H); 2.43 @= 6.6 Hz, 2H); 3.91 (s, 3H); 4.12 &= 6.6
Hz, 2H); 4.18-4.22 (m, 2H); 7.23 (s, 1H); 7.43Jc; 8.7 Hz, 2H); 7.84 (d] = 8.7 Hz,
2H); 8.15 (s, 1H); 8.52 (s, 1H). MS (E$hvz 460.2 (M+H].

Ethyl 5-(4-(4-bromophenylamino)-7-methoxyquinazolin-6-yloxy)pentanoate
(5fb)

Yellow powder, yield: 66%'H-NMR (300 MHz;ds-DMSO): 1.33 (tJ = 6.6 Hz,
3H); 1.71-1.76 (m, 4H); 2.42 (,= 6.3 Hz, 2H); 3.94 (s, 3H); 4.13-4.18 (m, 4HR4.
(s, 1H); 7.45 (dJ = 8.4 Hz, 2H); 7.87 (d] = 8.4 Hz, 2H); 8.13 (s, 1H); 8.66 (s, 1H).
MS (ESI) m/z474.1 (M+HJ.

Ethyl 6-(4-(4-bromophenylamino)-7-methoxyquinazolin-6-yloxy)hexanoate (5fc)

Pale yellow powder, yield: 68%H-NMR (300 MHz; ds-DMSO): 1.30 (t,J =
6.6 Hz, 3H); 1.56-1.63 (m, 4H); 1.82-1.84 (m, 2844 (t,J = 6.9 Hz, 2H); 3.92 (s,
3H); 4.15-4.23 (m, 4H); 7.24 (s, 1H); 7.45 (= 8.7 Hz, 2H); 7.84 (d) = 8.7 Hz,
2H); 7.91(s, 1H); 8.16 (s, 1H); 8.55 (s, 1H). MSS(B nm/z 488.1 (M+H).

Ethyl 7-(4-(4-bromophenylamino)-7-methoxyquinazolin-6-yloxy)heptanoate
(5fd)

Pale yellow powder, yield: 729%H-NMR (300 MHz; ds-DMSO): 1.28 (t,J =
6.6 Hz, 3H,); 1.34-1.37 (m, 2H); 1.53-1.67 (m, 6R)B4 (t,J = 6.7 Hz, 2H); 3.95 (s,
3H); 4.12 (t,J = 6.3 Hz, 2H); 4.28 (d] = 6.6 Hz, 2H); 7.33 (s, 1H); 7.60 (8= 8.4
Hz, 2H); 7.78 (d,J = 8.7 Hz, 2H); 7.90 (s, 1H); 8.15 (s, 1H); 8.621(sl). MS (EST)
m/z502.1 (M+H].

4.1.5. General procedurefor the preparation of thetitle compounds 6aa-6fd
A solution of potassium hydroxide (5.6 g, 100 mmialmethanol (14 mL) was
added to a stirred solution of hydroxylamine hytitoade (4.67 g, 67.2 mmol) in

methanol (24 mL) at C. The reaction mixture was stirred af® for 1 h. The
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precipitate was removed by filtration and the dil& was collected to provide fresh
hydroxylamine solution which was stored in a redragor before use. The appropriate
estersbaa-5fd (10 mmol) was added to the above freshly prepasettoxylamine
solution (30 mL) at GC. The reaction mixture was stirred at room temieeafor 24

h. The reaction mixture was neutralized with acaticl. The formed precipitate was
collected by filtration, washed with water, andedriin vacuo to give the title
compounds.

4-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxybutanamid

e (6aa)

Pale yellow powder, yield: 36%, mp: 195-19C. 'H-NMR (300 MHz;
de-DMSO): 2.06 (t J= 6.9 Hz, 2H); 2.21 (t) = 6.9 Hz, 2H); 3.94 (s, 3H); 4.15 &=
5.1 Hz); 7.20 (s, 1H); 7.43 (d,= 8.4 Hz, 2H); 7.88 (t) = 8.4 Hz, 2H); 8.48 (s, 1H);
8.72 (s, 1H); 9.52 (s, 1H); 10.47 (s, 1H). MS (BSWz 387.2 (M+HJ. Anal. Calcd
for CigH10FN4O4: C, 59.06; H, 4.96; N, 14.50; Found: C, 59.344t92; N, 14.58.
5-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxypentanami
de (6ab)

Pale yellow powder, yield: 32%, mp: 235-23C. 'H-NMR (300 MHz;
de-DMSO): 1.70-1.83 (m, 4H); 2.07 @,= 6.4 Hz, 2H); 4.02 (s, 3H); 4.21 (t= 6.3
Hz, 2H); 7.32-7.59 (m, 5H); 8.25 (s, 1H); 8.791l); 10.429 (s, 1H). MS (E§InVz
401.2 (M+H). Anal. Caled for GoH21FN4O4: C, 59.99; H, 5.29; N, 13.99; Found: C,
59.78; H, 5.33; N, 14.02.
6-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyhexanamid
e (6ac)

Pale yellow powder, yield: 40%, mp: 220-228. 'H-NMR (300 MHz;
de-DMSO0): 1.25-1.30 (m, 2H); 1.44-1.46 (m, 2H); 1.5&2 (m, 2H); 2.00 (tJ = 6.9
Hz, 2H); 4.01 (s, 3H); 4.20 (8, = 6.2 Hz, 2H); 7.32-7.59 (m, 5H); 8.25 (s, 1H)7SB.
(s, 1H); 10.40 (s, 1H). MS (ESIm/z 415.2 (M+HY. Anal. Calcd for GiH23FN4O4: C,
60.86; H, 5.59; N, 13.52; Found: C, 61.13; H, 5]8413.60.
7-(4-(2-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyheptanami

de (6ad)
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Pale yellow powder, yield: 35%, mp: 165-16C. 'H-NMR (300 MHz;
de-DMSO): 1.26-1.56 (m, 6H); 1.83 (s, 2H); 1.97 Jt= 6.6 Hz, 2H); 4.01 (s, 3H);
4.18 (t,J = 6.4 Hz, 2H); 7.35-7.58 (m, 5H); 8.22 (s, 1H)7B(s, 1H); 10.36 (s, 1H).
MS (ESI) mvz 429.2 (M+HJ. Anal. Calcd for GoH2sFN4O4: C, 61.67; H, 5.88; N,
13.08; Found: C, 61.55; H, 5.85; N, 13.14.
4-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxybutanamid
e (6ba)

Yellow powder, yield: 52%, mp: 216-27€. *H-NMR (300 MHz; ds-DMSO):
2.06 (t,J = 6.3 Hz, 2H); 2.22 (&) = 6.0 Hz, 2H); 3.94 (s, 3H); 4.07-4.15 (m, 2H);
7.19-7.25 (m, 3H); 7.76-7.86 (m, 2H); 8.41 (s, 18)72 (s, 1H); 9.50 (s, 1H); 10.47
(s, 1H). MS (ESI) m/z 387.2 (M+H). Anal. Calcd for GoH1sFN4O4: C, 59.06; H,
4.96; N, 14.50; Found: C, 58.73; H, 4.93; N, 14.46.
5-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxypentanami
de (6bb)

Pale yellow powder, vyield: 54%, mp: 236-238. 'H-NMR (300 MHz;
ds-DMSO): 1.70-1.82 (m, 4H); 2.05 (,= 6.3 Hz, 2H); 3.94 (s, 3H); 4.15 (= 6.0
Hz, 2H); 7.19-7.26 (m, 3H); 7.75-7.85 (m, 2H); 8.45 1H); 8.70 (s, 1H); 9.71 (s,
1H).10.39 (s, 1H). MS (E9I m/z 401.2 (M+HY. Anal. Calcd for GoH2:FN4O4: C,
59.99; H, 5.29; N, 13.99; Found: C, 60.25; H, 518214.04.
6-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyhexanamid
e (6bc)

Pale yellow powder, yield: 52%, mp: 198-20C. 'H-NMR (300 MHz;
de-DMSO): 1.45 (s, 2H); 1.60 (8= 6.9 Hz, 2H); 1.82 (d] = 6.6 Hz, 2H); 2.00 (] =
6.9 Hz, 2H); 3.97 (s, 3H); 4.16 (,= 6.3 Hz, 2H); 7.24 (s, 1H); 7.49 @ = 8.7 Hz,
2H); 7.81 (dJ = 8.7 Hz, 2H); 7.98 (s, 1H); 8.63 (s, 1H); 10.891H). MS (ES)) nvz
415.2 (M+H)Y. Anal. Calcd for GiH23sFN4O4: C, 60.86; H, 5.59; N, 13.52; Found: C,
61.16; H, 5.56; N, 13.45.
7-(4-(4-fluor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyheptanami
de (6bd)

Yellow powder, yield: 43%, mp: 251-258. *H-NMR (300 MHz; ds-DMSO):
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1.34-1.56 (m, 6H); 1.81 (dl = 6.9 Hz, 2H); 1.97 (t) = 6.9 Hz, 2H); 4.00 (s, 3H);
4.20 (t,d = 6.3 Hz, 2H); 7.30-7.36 (m, 3H); 7.68-7.73 (m, 2B3 (s, 1H); 8.79 (s,
1H); 10.36 (s, 1H). MS (ESIm/z 429.3 (M+H). Anal. Calcd for GH2sFN4O4: C,
61.67; H, 5.88; N, 13.08; Found: C, 61.89; H, 59113.14.

4-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxybutanamid
e (6ca)

Pale yellow powder, yield: 57%, mp: 210-2fZ. 'H-NMR (300 MHz;
de-DMSO): 2.08 (tJ = 6.6 Hz, 2H); 2.22 (d] = 6.6 Hz, 2H); 4.00 (s, 3H); 4.22 {t=
6.2 Hz, 2H); 7.32 (s, 1H); 7.64-7.79 (m, 4H); 8(391H); 8.78 (s, 1H); 10.48 (s, 1H).
MS (ESI) m/z 403.1 (M+HJ. Anal. Calcd for GgH1oCIN4Oy4: C, 56.65; H, 4.75; N,
13.91; Found: C, 56.79; H, 4.71; N, 13.86.
5-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxypentanami
de (6¢hb)

Pale yellow powder, yield: 52%, mp: 168-17C. 'H-NMR (300 MHz;
ds-DMSO): 1.71-1.83 (m, 4H); 2.09 (s, 2H); 3.98 (6])34.17 (s, 2H); 7.25 (s, 1H);
7.40-7.49 (m, 2H); 7.55-7.64 (m, 2H); 7.99 (s, 1BB3 (s, 1H); 10.36 (s, 1H). MS
(ESI) m/z417.2 (M+HJ. Anal. Calcd for GeH21:CIN4O4: C, 57.62; H, 5.08; N, 13.44;
Found: C, 57.85; H, 5.12; N, 13.49.
6-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyhexanamid
e (6ce)

Pale yellow powder, vyield: 48%, mp: 193-19€. 'H-NMR (300 MHz;
de-DMSO): 1.45 (dJ = 5.2 Hz, 2H); 1.60-2.09 (m, 6H); 3.96 (s, 3H)12.(s, 2H);
7.21 (s, 1H); 7.36-7.47 (m, 2H); 7.54-7.62 (m, 28i%2 (s, 1H); 8.68 (s, 1H); 9.98 (s,
1H); 10.36 (s, 1H). MS (E9Im/z 431.1 (M+HJ. Anal. Calcd for GiH2sCIN4Ox: C,
58.54; H, 5.38; N, 13.00; Found: C, 58.32; H, 5M212.96.
7-(4-(2-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyheptanami
de (6cd)

Pale yellow powder, yield: 36%, mp: 185-18C. ‘H-NMR (300 MHz;
ds-DMSO): 1.34-1.56 (m, 6H); 1.82 (d,= 6.6 Hz, 2H); 1.97 (t] = 6.9 Hz, 2H); 4.00

(s, 3H); 4.17 (1] = 6.3 Hz, 2H); 7.29 (s, 1H); 7.44-7.68 (m, 4H);B(@®, 1H); 8.67 (s,
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1H); 10.35 (s, 1H). MS (E$) m/z 445.1 (M+HY). Anal. Calcd for GH2sCIN4O4: C,
59.39; H, 5.66; N, 12.59; Found: C, 59.64; H, 51§112.53.

4-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxybutanamid
e (6da)

Yellow powder, yield: 64%, mp: 245-24T. *H-NMR (300 MHz; ds-DMSO):
2.06 (t,J = 6.9 Hz, 2H); 2.22 (t) = 7.2 Hz, 2H); 3.94 (s, 3H); 4.15 {t= 5.4 Hz, 2H);
7.20 (s, 1H); 7.43 (d] = 8.4 Hz, 2H); 7.85-7.91 (m, 2H); 8.48 (s, 1H7B(s, 1H);
9.52 (s, 1H); 10.47 (s, 1H). MS (E%Invz 403.2 (M+HJ. Anal. Calcd for
C19H1oCIN4O,: C, 56.65; H, 4.75; N, 13.91; Found: C, 56.82480; N, 13.98.
5-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxypentanami
de (6db)

Pale yellow powder, yield: 63%, mp: 235-23C. 'H-NMR (300 MHz;
ds-DMSO): 1.70-1.83 (m, 4H); 2.07 @,= 7.2 Hz, 2H); 3.99 (s, 3H); 4.20 (= 6.0
Hz, 2H); 7.26 (s, 1H); 7.52 (d,= 8.7 Hz, 2H); 7.78 (d] = 8.7 Hz, 2H); 8.07 (s, 1H);
8.72 (s, 1H); 10.40 (s, 1H). MS (EIm/z 417.2 (M+H). Anal. Calcd for
Ca0H21CIN4O,: C, 57.62; H, 5.08; N, 13.44; Found: C, 57.365H)3; N, 13.51.
6-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyhexanamid
e (6dc)

Pale yellow powder, vyield: 45%, mp: 218-22C. 'H-NMR (300 MHz;
ds-DMSO): 1.46 (d,) = 6.6 Hz, 2H); 1.60 (t) = 6.9 Hz, 2H); 1.82 (1} = 6.6 Hz, 2H);
2.00 (t,J = 6.9 Hz, 2H); 3.97 (s, 3H); 4.16 (t= 6.3 Hz, 2H); 7.24 (s, 1H), 7.49 (@,
= 8.7 Hz, 2H); 7.81 (dJ = 8.7 Hz, 2H); 7.98 (s, 1H); 8.63 (s, 1H); 10.871H). MS
(ESI') m'z 431.2 (M+HJ. Anal. Calcd for G;H»3:CIN4Oy4: C, 58.54; H, 5.38; N, 13.00;
Found: C, 58.91; H, 5.43; N, 13.06.
7-(4-(4-chlor ophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyheptanami
de (6dd)

Pale yellow powder, vyield: 51%, mp: 238-24C. 'H-NMR (300 MHz;
de-DMSO): 1.34-1.53 (m, 6H); 1.83 (s, 2H); 1.96 Jt= 7.2 Hz, 2H); 4.00 (s, 3H);
4.17 (t,J = 5.4 Hz, 2H); 7.28 (s, 1H); 7.55 (d= 8.4 Hz, 2H); 7.74 (dJ = 8.7 Hz,

2H); 8.12 (s, 1H); 8.79 (s, 1H); 10.34 (s, 1H). NESI) m/z 445.2 (M+HY. Anal.
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Calcd for G2H25CIN4O4: C, 59.39; H, 5.66; N, 12.59; Found: C, 59.14;5:63; N,
12.64.

4-(4-(2-br omophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxybutanami
de (6ea)

Yellow powder, yield: 63%, mp: 183-18€. *H-NMR (300 MHz; ds-DMSO):
2.06 (d,J = 7.2 Hz, 2H); 2.21 (dJ = 6.6 Hz, 2H); 3.97 (s, 3H); 4.14 (s, 2H);
7.22-7.54 (m, 4H); 7.70-7.79 (m, 1H); 7.94-7.99 (Hl); 8.46 (s, 1H); 10.45 (s, 1H).
MS (ESI) m/z 447.1 (M+HJ. Anal. Calcd for GeH19BrN4O4: C, 51.02; H, 4.28; N,
12.53; Found: C, 50.75; H, 4.30; N, 12.58.
5-(4-(2-br omophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxypentanami
de (6€eb)

Yellow powder, yield: 46%, mp: 195-19C. *H-NMR (300 MHz; ds-DMSO):
1.73-1.82 (m, 4H); 2.09 (s, 2H); 3.94 (s, 3H); 4(&32H); 7.19 (s, 1H); 7.28 (d,=
7.2 Hz, 1H); 7.47-7.52 (m, 1H); 7.75 @@= 7.8Hz, 1H); 7.85 (s, 1H); 8.33 (s, 1H);
8.69 (s, 1H); 9.63 (s, 1H); 10.38 (s, 1H). MS (B3Wz 461.1 (M+HJ. Anal. Calcd
for CoH21BrN4Oy: C, 52.07; H, 4.59; N, 12.15; Found: C, 51.824H3; N, 12.10.
6-(4-(2-bromophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyhexanami
de (6ec)

Yellow powder, yield: 50%, mp: 170-17Z. *H-NMR (300 MHz; ds-DMSO):
1.46 (d,J = 6.6 Hz, 2H); 1.60 (t) = 6.9 Hz, 2H); 1.82 (d] =6.6 Hz, 2H); 2.00 (t) =
6.9 Hz, 2H); 3.97 (s, 3H); 4.16 @,= 6.3 Hz, 2H); 7.24 (s, 1H); 7.49 (d~= 8.7 Hz,
2H); 7.81 (d,J = 8.7 Hz, 2H); 7.98(s, 1H); 8.63 (s, 1H); 10.371(s).MS (ESI) m/z
475.1 (M+HY. Anal. Calcd for GH»3BrN4O4: C, 53.06; H, 4.88; N, 11.79; Found: C,
53.32; H, 4.92; N, 11.84.
7-(4-(2-bromophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyheptanami
de (6ed)

Yellow powder, yield: 44%, mp: 188-19€. *H-NMR (300 MHz; ds-DMSO):
1.23-1.55 (m, 6H); 1.81 (d = 6.9 Hz, 2H); 1.95 (dJ = 7.2 Hz, 2H); 4.00 (s, 3H);
4.16 (t,J = 6.0 Hz, 2H); 7.31-7.38 (m, 2H); 7.43 (s, 2H)BT (d,J = 8.1 Hz, 1H);

8.05 (d,J = 8.1 Hz, 1H); 8.67 (s, 1H); 10.35 (s, 1MIS (ESI) mvz 489.1 (M+HJ.
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Anal. Calcd for GoH2sBrN4Os: C, 54.00; H, 5.15; N, 11.45; Found: C, 54.265H.9;
N, 11.50.

4-(4-(4-br omophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxybutanami
de (6fa)

Yellow powder, yield: 54%, mp: 225-22C. *H-NMR (300 MHz; ds-DMSO):
2.06 (t,J = 6.3 Hz, 2H); 2.21 (t) = 6.6 Hz, 2H); 4.00 (s, 3H); 4.22 (s, 2H); 7.32 (s,
1H); 7.64-7.75(m, 4H); 8.19 (s, 1H); 8.78 (s, 1H);48(s, 1H). MS (ES) m/z 447.1
(M+H)". Anal. Calcd for GH19BrN4O4: C, 51.02; H, 4.28; N, 12.53; Found: C, 51.26;
H, 4.31; N, 12.49.
5-(4-(4-br omophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxypentanami
de (6fb)

Yellow powder, yield: 35%, mp: 212-278. *H-NMR (300 MHz; ds-DMSO):
1.71-1.82 (m, 4H); 2.08 (s, 2H); 3.94 (s, 3H); 4(f14J = 6.0 Hz, 2H); 7.20 (s, 1H);
7.56 (d,J = 8.7 Hz, 2H); 7.82 (d] = 7.2 Hz, 2H); 8.47 (s, 1H); 8.69 (s, 1H); 9.50 (s
1H); 10.39 (s, 1H). Anal. Calcd for,6H2:BrN4O4: C, 52.07; H, 4.59; N, 12.15;
Found: C, 52.30; H, 4.57; N, 12.11.
6-(4-(4-bromophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyhexanami
de (6fc)

Yellow powder, yield: 61%, mp: 225-22€. *H-NMR (300 MHz; ds-DMSO):
1.45 (s, 2H); 1.61 (s, 2H); 1.83 (s, 2H); 1.99¢; 6.9 Hz, 2H); 3.94 (s, 3H); 4.13 (s,
2H); 7.20 (s, 1H); 7.56 (d] = 8.7 Hz, 2H); 7.81 (dJ = 6.0 Hz, 2H); 8.47 (s, 1H);
8.68 (s, 1H); 9.51 (s, 1H,) ;10.38 (s, 1H). MS (B®Wz 475.1 (M+H]. Anal. Calcd
for C,1H23BrN4O4: C, 53.06; H, 4.88; N, 11.79; Found: C, 53.294185; N, 11.74.
7-(4-(4-bromophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydr oxyheptanami
de (6fd)

Yellow powder, yield: 45%, mp: 235-23C. *H-NMR (300 MHz; ds-DMSO):
1.34 (d,J = 6.3 Hz, 2H); 1.46-1.54 (m, 4H); 1.83 (s, 2H).98.(d,J = 6.9 Hz, 2H);
4.00 (s, 3H); 4.19 (s, 2H); 7.28 (s, 1H); 7.694(d); 8.12 (s, 1H); 8.78 (s, 1H); 10.35
(s, 1H). MS (ESI) m/z 489.1 (M+HY. Anal. Calcd for GH,sBrN4O4: C, 54.00; H,

5.15; N, 11.45; Found: C, 54.24; H, 5.18; N, 11.41.
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4.2. VEGFR-2 Inhibition Assay

VEGFR-2 kinase inhibitory activity was measured ngsiHTScan VEGF
Receptor 2 Kinase Assay Kit (Cell Signaling Teclmgyl, Inc.) by colorimetric
ELISA assay according to the manufacturer’s insions, as described previously by
us [48]. Briefly, 12.5uL of the 4« reaction cocktail containing 100 ng VEGFR-2 was
incubated with 12.5uL of various concentrations of tested compoundsSfonin at
room temperature. 2hL of 2x ATP/gastrin precursor (Tyr87) biotinylated peptide
cocktail was then added to the pre-incubated m@aatocktail. After incubation at
room temperature for 30 min, Bl of stop buffer (50 mM EDTA, pH 8) were added
to each well to stop the reaction. After that,|250f each reaction were transferred
into a 96-well streptavidin-coated plate containiiig§ pL H,O/well and were
incubated at room temperature for 60 min. Next, weds were washed three times
with 200 uL/well PBS/T (0.05% Tween 20), after which 10D of primary antibody
[phosphorylated tyrosine monoclonal antibody (pI96), 1:1000 in PBS/T with 1%
bovine serum albumin (BSA)] was added per well.ldwaihg incubation at room
temperature for 60 min, the wells were washed thiees with 200uL/well of
PBS/T. Next, 100L secondary antibody (HRP labeled anti-mouse 1gG0Q in
PBS/T with 1% BSA) was added per well. Followingubation at room temperature
for 30 min, the wells were washed five times witB02ulL/well of PBS/T.
Subsequently, 10QL of TMB substrate were added per well, and theeplaas
incubated at room temperature for 15 min. After,ti®0 uL/well of stop solution
was added, and the wells were mixed and incubatesban temperature for 20 min.
The plate was then read at 450 nm with an ELISAopiate reader.

4.3. HDAC Inhibition Assay

HDAC inhibitory activity was measured using the dflude Lys HDAC
fluorometric activity assay kit (Enzo Life Sciencésc.) as described elsewhere [44]
with some modifications. Briefly, HeLa cell nucleaxtracts or HDAC isoforms were
incubated with various concentrations of compouind4.5 min at room temperature,

and HDAC reaction was initiated by addition of FHu® Lys substrate. The resulting
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mixture was incubated for 1 h at room temperatinigwed by adding developer to
stop the reaction. Fluorescence was measured bigraptate reader (Synergy Mx)
with excitation at 355 nm and emission at 460 nhre &ssay was repeated three times
independently.

4.4. Céll proliferation Assay

The antiproliferative activities of the preparédtphenylquinazolin-4-amine
hybrids against MCF-7 cells were evaluated by MTT assayessribed previously
by us [48]. Briefly, MCF-7 cells were grown to lgdhase in RPMI 1640 medium
supplemented with 10% fetal bovine serum. Afteutitig to 2x106 cells mL* with
the complete medium, 100 pL of the obtained cedpsusion was added to each well
of 96-well culture plates. The subsequent inculbatvas permitted at 37TC; 5% CQ
atmosphere for 24 h before the antiproliferativeeasments. Tested compounds at
pre-set concentrations were added to 6 wells. Af&h exposure period, 40 pL of
PBS containing 2.5 mg miLof MTT was added to each well. 100 pL extraction
solution (10% SDS-5% isobutyl alcohol-0.010M HClasvadded after 4 h. After an
overnight incubation at 37C; the optical density was measured at a waveleofyth
570 nm on an ELISA microplate reader. The inhibbitrate of tumor cells for each
compound with different concentrations was cal@adafollowing the formula:
inhibition rate (%) = (1 - ORmpound exposul®©Dcontro) * 100. The 16 value was
defined as the concentration at which 50% suna¥&klls was occurred.

4.5. Molecular docking

Molecular docking of compounéfd into the three dimensional X-ray structure
of VEGFR-2 (PDB code: 2QU5) and HDLP (HDAC homoleg&DB code: 1C3S)
was carried out using the Discovery Stutio (vers3ah) as implemented through the
graphical user interface DiscoveryStudio CDOCKEBtq@eol.

The three-dimensional structure of the compoéhdl was constructed using
ChemBio 3D Ultra 11.0 software [Chemical Structbmawing Standard; Cambridge
Soft corporation, USA (2008)], then it was energgty minimized by using

MMFF94 with 5000 iterations and minimum RMS gradied 0.10. The crystal
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structures of VEGFR-2 kinase and HDLP were retdeivem the RCSB Protein Data
Bank (http://www.rcsb.org/pdb/home/home.-do). Adlumd waters and ligands were
eliminated and the polar hydrogen was added. Thden2QUS or 1C3S was defined
as a receptor and the site sphere was selected basthe binding site of 2QU5 or
1C3S. Compounéfd were placed during the molecular docking procedlypes of

interactions of the docked protein with ligand wearalyzed after the end of

molecular docking.
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Captions:

Table 1. VEGFR-2 and HDAC inhibitory activities anantiproliferative activities
against MCF-7 of targét-phenylquinazolin-4-amine hybrids.

Table 2. HDAC isoenzymes inhibitory activities of compoudfdi.

Figure 1. Design of dual inhibitors against VEGFR-2 and HDAC

Figure 2. (A) 2D molecular docking modeling of compouéidl with VEGFR-2. The
hydrogen bonds are displayed as green or blueddiites. Ther-cation interactions
are shown as yellow line. (B) 3D model of the iat#ion between compouréfid and
VEGFR-2 kinase ATP binding site.

Figure 3. (A) 2D molecular docking modeling of compoustd with HDLP. The
hydrogen bonds are displayed as green or bluedltities. (B) 3D model of the
interaction between compouttd and the active site of HDLP.

Scheme 1. General procedure for the synthesis Mphenylquinazolin-4-amine
hybrids. Reagents and conditions: (a) SOCIMF, reflux; (b) substituted aniline,
isopropanol, refiux; (c) LIOH- D, CHOH, H0; (d) ethyl bromoalkanoate,,&O;,
DMF, 40°C; () NHOH, CH;OH, 0°C to rt.
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Tablel

R
N ;

H
HO/HNj(HnVO Sy R
0] ~0 N/)

Compound VEGFR-2 HDAC MCF-7
No. R R> n (1Cs0, NM) (ICs0, NM) (ICs0, UM)
6aa F H 2 865 673 >100
6ab F H 3 840 554 >100
6ac F H 4 918 145 84
6ad F H 5 754 32 15
6ba H F 2 376 1340 >100
6bb H F 3 455 139 74
6bc H F 4 524 29 18
6bd H F 5 270 8.5 2.4
6ca Cl H 2 857 1255 >100
6¢ch Cl H 3 832 128 78
6cc Cl H 4 685 29 15
6¢d Cl H 5 364 18 7.8
6da H Cl 2 182 698 85
6db H Cl 3 220 132 61
6dc H Cl 4 313 11 4.0
6dd H Cl 5 215 3.2 1.7
6ea Br H 2 >10000 840 >100
6eb Br H 3 >10000 74 33
6ec Br H 4 >10000 31 17
6ed Br H 5 >10000 8.8 2.6
6fa H Br 2 98 545 52
6fb H Br 3 59 68 36
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6fc H Br 4 153 12 3.5

6fd H Br 5 74 2.2 0.85
Vandetanib 54 >10000 18.5
Vorinostat >10000 15 4.2

Table2

HDAC isoenzyme 1Go (NM)

HDAC1 1.8

HDAC2 3.3

HDACG6 16.4

HDACS8 4.6
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R, Rz

% cl HN o HN T
AcO 1
AcO NH a ¢ SN p  AcO S N
~ = ~ ) /) ~o N/)
o N 0 N ~o N
1 2 3a-3f da-af

3a,4a: Ri=F, R,=H
3b,4b: Ry=H, Ry=F
3c¢,4c: R4=Cl, Ry=H
3d,4d: R4=H, R,=Cl
3e,4e: R4=Br, R,=H
3f,4f: Ry=H, R,=Br

Ry Ry
" HN 0 P R
d _~.0 0 SYEAL e HO~ j(H;/ SN
" ) o} ~ /)
(0] _
~o N (o N
5aa-5fd 6aa-6fd
5aa,6aa: R4=F, Ry=H, n=2 5ca,6ca: R(=Cl, R,=H, n=2 5ea,6ea: Ry=Br, Ry=H, n=2
5ab,6ab: R{=F, Ry=H, n=3 5cb,6¢h: Ry=Cl, Ry=H, n=3 5eb,6eb: R;=Br, R,=H, n=3
5ac,6ac: R;=F, Ry=H, n=4 5ce,6¢cc: Ry=Cl, R,=H, n=4  5ec,6ec: Ry=Br, Ry=H, n=4
5ad,6ad: R{=F, R,=H, n=5 5cd,6¢d: R4=Cl, R,=H, n=5 5ed,6ed: R4=Br, Ry=H, n=5
5ba,6ba: R(=H, R,=F, n=2 5da,6da: R,=H, R,=Cl, n=2 5fa,6fa: R4=H, R,=Br, n=2
5bb,6bb: Ri=H, R,=F, n=3 5db,6db: R=H, R,=Cl, n=3  5fb,6fb: Ry=H, Ry=Br, n=3
5bc,6bc: Ri=H, Ry=F, n=4 5dc,6dc: Ri=H, Ry=Cl, n=4 5fc,6fc: Ry=H, Ry=Br, n=4
5bd,6bd: Ry=H, R,=F, n=5 5dd,6dd: R=H, R,=Cl,n=5  5fd,6fd: Ry=H, Ry=Br, n=5

Schemel
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-24 Novel hybrids were synthesized as dual VEGFR-2/HADC inhibitors.
‘Thein vitro enzymatic and cellular activities were evaluated.
-The primary structure-activity relationships were discussed.

‘Compound 6fd exhibited the most potent biological activities.



