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Abstract

Multidrug resistance (MDR) is a major obstacle éffiective chemotherapeutic treatment of
cancer frequently leading to failure of the therapDR is often associated with the
overexpression of ABC transport proteins like ABCBA ABCG2 which efflux harmful
substances out of cells at the cost of ATP hydiely@ne way to overcome MDR is to apply
potent inhibitors of ABC transporters to restore #ensitivity of the cells toward cytostatic
agents. This study focusses on the synthesis aatlagwon of novel 2,4-disubstituted
quinazoline derivatives regarding the structurevégtrelationship (SAR), their ability to
reverse MDR and their mode of interaction with ABCGlence, the inhibitory potency and
selectivity toward ABCG2 was determined. Moreovire intrinsic cytotoxicity and the
reversal of MDR were investigated. Interaction tgpedies with the substrate Hoechst 33342
and conformational analyses of ABCG2 with 5D3 mdooal antibody were performed for a
better understanding of the underlying mechanismsur study we could further enhance the
inhibitory effect against ABCG2 (compourl, 1Cse: 55 nM) and identify the structural
features that are crucial for inhibitory potendye impact on transport activity and binding to

the protein.

1. Introduction

ATP-Binding cassette (ABC) transport proteins arend among eukaryotic and prokaryotic
organisms [1]. In eukaryota they are expressed ifierdnt tissues where they provide
membrane transport of nutrients and are responibkmn active efflux of different molecules
upon ATP hydrolysis, protecting the cells from patally harmful compounds [2,3Human

ABC transport proteins form a superfamily of 48 niems, classified into seven subfamilies
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ABC A to ABC G [4,5,6]. The Breast Cancer ResistariRrotein (BCRP, ABCGZ2) for
instance is expressed amongst others in tissuegsHi gut, bile, canaliculi, placenta, blood-
testis, and blood-brain barriers excreting and tlimgi absorption of potentially harmful
substrate molecules [7,8]. ABCG2 is one of thregomanembers of the ABC transport
protein family besides P-glycoprotein (P-gp, ABCEdr)d multidrug resistance associated
protein 1 (MRP1, ABCC1), which are often associatath the occurrence of multidrug
resistance (MDR) in cancer [4,9,10,11]. Breast @aresistance Protein was discovered in
1998 by Doyle et al. when they selected a humaasbreancer cell line for doxorubicin
resistance in the presence of the ABCBL1 inhibiterapamil [12,13]. More cytostatic drugs
like the anthracene derivative mitoxantrone (MX) tbe active metabolite of irinotecan,
namely SN-38, were identified as substrates of ARC{G14 , 15 ]. Therefore, a
chemotherapeutic therapy might lack effectivenesstd overexpression of ABCG2, leading
to a low intracellular concentration of the cytdstaHigh expression rates of ABCG2 were
for instance found in solid tumors and hematopoi¢timors [16]. A possible way to
resensitize such cancer cells could be the co-aslration of potent inhibitors of ABCG2.

The first potent inhibitor was discovered and isadlafrom Aspergillus fumigatus, and named
fumitremorgin C (FTC). Despite its high potency,&mever found clinical application owing
to neurotoxic side effects [17]. More promising whe second generation inhibitor Ko143,
exhibiting a high potency together with selectivity the submicromolar range toward
ABCG2 [18,19].The tyrosine kinase inhibitor gefitinib used innetial application for the
treatment of non-small cell lung carcinoma (NSCLE)was found that co-administration
with topoisomerase | inhibitors was an effectiveoraach to overcome the resistance of
ABCG2 overexpressing cells [20]. However, only feaetent and selective inhibitors of
ABCG2 have been described yet [21].

Our workgroup decided to modify the structure ofitgeb, to increase its relatively low

inhibitory potency toward ABCG2. First step wasstart with the underlying quinazoline
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scaffold introducing a phenyl moiety at positionrdd to introduce various substituents at the
aniline linker at position 4. First results frometiHoechst 33342 accumulation assay with
ABCG2 overexpressing cells were promising, yieldisgveral compounds with higher
potencies than Ko1l43, one of the most potent itdribof ABCG2 known to date
[22,23,24,25,26]. In our most recent study we itigesed a modification of the quinazoline
scaffold using a pyrido[2,3-d]pyrimidine structy&¥]. We found an enantiotopic relation of
the inhibitory activities between those scaffoldading to several highly potent derivatives.
Also, the intrinsic cytotoxicities of these new qumunds were low.

In the present study, we decided to investigaterdiht modifications of our basic 4-anilino-
2-phenylquinazoline scaffold. We replaced the atomeesidue at position 2 by five-
membered heteroaromatic moieties as well as hydrdgedetermine the impact of the
substitution at this position on the inhibitoryigity toward ABCG2. Also, we altered the 4-
amino linker by replacing it by oxygen or sulphkurthermore, the linker was replaced by an
amido group. Based on the results from the oxygehsalphur linkers we methylated the
amino linker to investigate the importance of ad#ar function on inhibitory activity.

With these new insights into the structure-activigdyationship (SAR) of this novel class of

inhibitors new tailored inhibitors of ABCG2 can Besigned.

2. Results and Discussion
2.1. Chemistry. A brief description of the synthetic route for almpounds is presented in

Scheme 1.
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(i) Substituted aniline, isopropanol, 100 wattcnawave irradiation, 110 °C, 15 - 30 min. (iv)
Substituted amine, isopropanol, 100 watt microwianagliation, 110 °C, 15 - 30 min; phenol,

(thiophenol), ethanol (water), reflux, 5-10 (4)\) @-Substituted-2-phenylquinazoline, Mel,



NaH, DMF, 0 °C 1h, RT 2-6 h. (vijBuOK, 150 watt microwave irradiation, 180 °C, 2nmi

(vii) substituted benzoyl chloride, THF, TEA, RT2 k.

Scheme 1General Synthesis Route for Compoufhe#0.

Quinazolinone derivatives containing a five-membdesromatic ring at position 2 were
synthesizedvia cyclic condensation from anthranilamide togetheithwthiophene-2-
carbaldehyde or H-pyrrole-2-carbaldehyde to yield the correspondprgcursorl or 2.
Chlorination of the carbonyl function at positionvas achieved by reaction with PQ@d
yield 3 and 4. The 2-substituted-4-chloroquinazoline derivatives wénen reacted with
different substituted anilines to obtain compouBds3 via nucleophilic aromatic substitution
at position 4.

In scaffold B the initial amino linker was replacled oxygen and sulphur for compounts

24. The derivatives were obtained by reaction of 2mh4-chloroquinazoline with different
substituted phenols and thiophenols. Compo@t28 were obtained by methylation of the
anilino linker at position 4 of the correspondirgrisatives based on scaffold BXRIH).
Moreover, the anilino linker of scaffold B $RNH) was replaced in scaffold C of compounds
29-32 by an amido linker. Initially, the 2-phenyl-4-aroguinazoline was synthesized by a
cyclization of 2-aminobenzonitrile and benzonitrilendergoing an intermolecular
nucleophilic attack by the amino-function followbkg an intramolecular nucleophilic attack
of the formed imine leading to ring closur®4). Compound29-32 were prepared fror4
and the corresponding substituted benzoylchloriteming the amido function by
nucleophilic substitution.

Compounds 3340 were synthesized by nucleophilic aromatic subsbitu of 4-

chloroquinazoline and different substituted an#inelhis structure shows the closest
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resemblance to gefitinib, both lacking substitutadrposition 2. However, gefitinib possesses
additional substituents at position 6 and 7.

Presented variations of the moieties based ondhi ljjuinazoline scaffold should contribute
to a better understanding of the SAR regarding agohne derivatives as inhibitors of

ABCG2.

The identity of all compounds was confirmed iy and**C NMR spectra and the purity by

elemental analysis. All values found were in thegeof £ 0.4% of the theoretical values,

unless indicated.

2.2. Biological evaluation.

2.2.1. Hoechst 33342 Accumulation Assaylhe inhibitory activity toward ABCG2 was
determined using the Hoechst 33342 accumulatioayasBhis assay was carried out as
previously described (see experimental sectionceCthe dye is embedded in a lipophilic
environment like a cell membrane or bound to DNpifescence increases strongly [28].
Being a substrate of ABCG2 the dye can be used asdaator of intracellular accumulation,
which is dependent on the degree of inhibitionhaf transport protein. Thus, the measured
fluorescence can be correlated with the inhibitpogency of a substance toward ABCG2.

Results from the Hoechst accumulation assay asepted in Table 1.

Table 1. Inhibitory activities of derivatives in the Hoecl83342 accumulations assay toward
ABCG2 overexpressing MDCK Il BCRP cell line. Theaffold with substitution pattern is

illustrated in the heading.
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SCAFFOLD A / SCAFFOLD B Compound 14%
Hoechst 33342

Compd. R! R? Scaffold ICs.+ SD [nM]* Inhibition [%] ©
5 3-NO, S A 300 + 47 92
6 4-NO, S A 335 +42 84
7 3-CN S A 178 + 19 92
8 3,4-OMe S A 202 + 21 102
9 3-F S A 953 + 176 86
10 3-NHCOCH, S A 360 + 20 90
11 3-CN NH A 156 + 10 104
12 4-OMe NH A 2570 + 160 103
13 3,4-OMe NH A 652 + 137 98
14* n.a.
15 H e} B 14500 + 2100 .
16 3-NO, o} B 4780 + 1620 .
17 4-NO, o} B na? -
18 3-Br ¢} B 3860 + 960 .
19 4-Br o) B 7270 + 2080 .
20 3-Ch o) B 989 + 146 t
21 H S B >>10000 t
22 3-Br S B n.a.’ -
23 3-CR S B 14800 + 4200 L
24 3-OMe S B 7400 * 3650 .
25 3-NO, N-Me B 2025 + 187 L
26 4-NO, N-Me B 3669+ 385 N
27 4-CN N-Me B 10080 * 1990 .
28 3-F N-Me B 3948 + 347 -
29 H ¢ 424 +32 59
30 2-NO, C 994 + 99 64
31 3-NO, C 54.5 + 9.4 70
32 4-NO, C 93.1+8.4 61
33 H D 10700 + 2100 2
34 3-NO,-4-OH D 2900 + 490 .
35 4-OH D 2630 + 840 55



36 4-CN D 1270 + 460 75
37 3-OMe D 645 + 68 67
38 3-SMe D 1350 + 320 60
39 3-F D 8120 + 2190 .
40 3-NHCOCH, D 28900 * 4600 L
41° H NH B 882 + 157 96
4% 3-NO, NH B 130 * 30 n.d.
43 4-NO, NH B 69.6 + 8.0 84
a4 3-NO,-4-OH NH B 80.0+9.1 81
45° 4-OH NH B 204 + 37 87
46° 3-CN NH B 140 + 40 n.d.
47 4-CN NH B 69.9 + 10 87
48° 3-OMe NH B 1320 + 100 n.d.
49 4-OMe NH B 1930 + 110 n.d.
50° 3,4-OMe NH B 152 19 97
51° 3-SMe NH B 1190 + 31 86
5% 3-F NH B 355 + 53 84
53 3-NHCOCH; NH B 278 + 33 98
Ko143" 227 £ 14 100
gefitinib 1730 + 270 88

& ICsp values are means of three independent experiments.
: Compound was first synthesized elsewhere [23].

. Data taken from our previous studies [24].

: Used as reference in the corresponding assay.

: Percentage of inhibition with regard to Ko143

Top value fixed to Ko143

9 Poorly soluble

n.a.: Not active.

n.d.: No data available.

": See substitution pattern.

..o .0 T

For a better clarity we summarized the SAR of aldifications including their corresponding

compounds with the highest potency in Figure 1.
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Figure 1. SAR of some substitution patterns used in theeckfit quinazoline derivatives.
The 1G;, value of the most potent compounds determinebdaerHoechst 33342 accumulation

assay is shown below the corresponding structure.

In our first series, a thienyl moiety was introdd@ position 2 of the quinazoline scaffold to
compare the five-membered heterocycle with a phessidue, which has been intensively
investigated in earlier studies [22,23,24,26]. Asbstituents at B several groups with
different chemical properties were investigated:

At first, a nitro group was introduced at R meta andpara position obtaining compourfs
and®6, respectively. The 1§ values of 300 nM and 335 nM illustrated, that $iltson with
thienyl at R yielded less potent compounds than with pheAg@l (Cso: 130 nM:; 43: ICsy:
69.6 nM). Nevertheless, substitution witketa cyano resulted in a high inhibitory potency
with an 1G; of 178 nM for compound. The 2-phenyl analogu& possessed a similar €
value of 140 nM. Also the 3,4-dimethoxy derivat®&evas highly potent with an kg of 202
nM. Again, it was slightly less potent than its pyleanalogueb0 (ICso: 152 nM). The lowest
potency among the thienyl derivatives was obtainitd a 3-fluoro substituent at’R9; I1Csq:
953 nM), although still in the submicromolar ran@ée corresponding phenyl analogh@

on the other hand possessed ag I 355 nM. The 3-acetamido derivati¥® was found to
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be almost equally potent as its phenyl analdg@jevith ICso values of 360 nM and 278 nM,
respectively. Moreover, some derivatives with arpiyt residue at position 2 were
synthesized and tested to find similarities anfed#hces to the substitutions with thienyl or
phenyl. Hence, a 3-cyano residue was introducé?t & yield compound.1. The IGq value

of 156 nM is comparable to both, the thienyl arglphenyl analogue and revealed the highest
inhibitory potency among the five-membered hetectes, The concentration-response curve

of compoundl1 with Ko143 is depicted in Figure 2.

1004

fluorescence [%]

concentration log [M]

Figure 2. Exemplary concentration-response curve of com@diin(open circle; 1Gy. 156
nM) and31 (open square; l&: 54.5 nM) in a Hoechst 33342 accumulation assaly 0143

(closed diamond, 1&5: 227 nM) as reference, using the ABCG2 overexpngdgDCK 1l cell

line.

A low inhibitory potency was found for compoud@, with a 4-methoxy substitution. The
resulting 1Gy value of 2570 nM is again higher than for the phemalogue49 (ICso: 1930
nM). Likewise, substitution with 3,4-dimethoxyt3 1Cso: 652 nM) exhibits a higher Kg
value than its phenyl analog®® (ICso: 152 nM). In the next series, the anilino linkér a
position 4 was replaced by an oxygen or sulphelinThe compounds5-24 were found to

be poor inhibitors with 165 values in the micromolar range. This was somewhakpected
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and pointed to the importance of NH for inhibitgpgtency. Therefore, we treated some of
our derivatives based on scaffold B%(RIH) with methyl iodide to perform a methylatioh o
the aniline linker at position 4. This also ledatgignificant decrease in the inhibitory potency
of the compounds substantiating the assertion tt&tNH-function is highly favourable.
Methylated derivatives were at least 11-fold lesstept than their counterparts (see
compound25-28 vs. 42, 43, 47 and52). In terms of inhibitory potency the presence di-a
donor function seems to be highly preferable. I§ tis absent the methylamino linker is

preferred over an oxygen linker while the sulphikeér performs worst.

Moreover the aniline linker was replaced by an anidker. For this purpose the precursor
14 with a free amino function at position 4 was irtigegted first. However, no inhibitory
activity could be measured in the Hoechst 33342umctation assay. Though, the
unsubstituted compour2d with amido linker possessed ansd@f 424 nM, a considerably
two-fold higher potency than its anilino analogdé (ICso: 882 nM). Regarding the
percentage of inhibition in comparison to Ko143,iavestigated compounds containing an
amido linker achieved a maximal inhibition in thenge of 60-70%. Nevertheless, high
inhibitory potencies were achieved for some modtfans. As 2-phenylquinazolines with
substitution ofmeta or para nitro anilines were found to be potent inhibitofSABCG2, ortho,
meta andpara nitro functions were investigated on scaffold GRAtto yield compound80,

31 and32. Except compound0 (ICse: 994 nM), themeta andpara nitro derivatives31 and
32 possessed extraordinary low s§Cvalues of 54.5 nM and 93.1 nM, respectively.
Subsequently, the importance of the phenyl moiétyoaition 2 of the quinazoline scaffold
was investigated. Substitution was carried ouhataniline-linker at position 4 (see scaffold
D). Besides the lack of substitution at positiorarid 7, this class of compounds has the

highest resemblance with the tyrosine kinase intnlgefitinib (see Figure 3; Kg. 1730 nM).
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Figure 3. Structural formula of the tyrosine kinase inhobigefitinib. In the Hoechst 33342

assay an I of 1730 nM was determined.

First, the unsubstituted compou8 was investigated, resulting in ansyGf 10700 nM.
Inhibitory potency could be enhanced by using at@®#-hydroxy residue34; 1Cso: 2900
nM) or a 4-hydroxy group at'R35; ICse: 2630 nM). A moderately high inhibitory activity
among derivatives with scaffold D was found for gaund36 (ICso: 1270 nM), with a 4-
cyano substituent. Comparison with their phenyll@nzes4l, 44, 45 and47 illustrates, that
the presence of a phenyl or other aromatic mogtynportant for the inhibitory potency of a
compound. Good inhibitory activities were found 8smethoxy and 3-thiomethyl substituted
compounds at Rof scaffold D. Resulting 1§ values of 645 nM37) and 1354 nM 8)
demonstrate that a substitution with methoxy ooriethyl is favourable for scaffold D.
Compound37 possessed the highest inhibitory potency withiis gubset resulting in a
submicromolar 1G, value. Moreover, this compound was the only déreain the subset
with a lower 1Gg value than the 2-phenyl analogue (48 Furthermore, compoun@® and
40 containing a 3-fluoro or 3-acetamido substituesgpectively, were synthesized. Resulting
ICs0 values of 8120 nM and 28900 nM reveal a substint@wver inhibitory potency than
their phenyl analogues? (ICso: 355 nM) andb3 (ICso: 278 nM). As observed for scaffold C
with an amido linker, the derivatives based onfetéfD only reach between 55-75% of the

top value of Ko143.
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From the results of the Hoechst 33342 accumulatssay several findings can be highlighted:
first subset based on scaffold A with a thiophena pyrrole heterocycle at position 2 showed
some similarity regarding the activities to themepyl analogues. However, both heterocycles
led to either similar or worse inhibitory potenciésn their phenyl counterparts. The most
potent substituent in both cases was a 3-cyan@gis®ae compoundsandll).

Finally, we found that replacement of the anilimkér at position 4 by oxygen or sulpur in
all cases led to a considerable decrease in potempared to their analogs. The same
demetrial effect on activity was observed by methgh of the aniline linker at position 4
(scaffold B; B: NMe vs. NH). This emphasizes the importance o#ailino function with H-
donor properties at position 4 of the quinazolicaf®Ild for potent inhibitors.

Next, an amido-linker was investigated (scaffoldiistead of the amino-linker. Regarding
substituent positions considerable differencesimhbitory potencies were found, which were
in agreement with earlier findings pointing to digantage of amrtho-substitution and the
beneficial effect of nitro substituents [24]. Amotige investigated compounds compoldid
with 3-nitro substituent (I€5: 54.5 nM) showed the highest inhibitory potencpwéver, they
only reach between 59-70% of maximal inhibitioncomparison to Ko143, which might be
due to a different mode of binding, which will bésaissed in the following sections.
Furthermore, different derivatives using scaffoldwre synthesized, lacking substitution
with phenyl at position 2. Except of compouB8@ all investigated compounds showed
considerably lower potencies than their analoguesed on scaffold B @& NH). Also this

subset only reached an inhibition maximum betweeii 3% compared to Ko143.

2.2.2. Screening for ABCB1 and ABCCL1 Inhibition.Compounds with high inhibitory
potency in the Hoechst 33342 accumulation assag Wwether investigated in a calcein AM
accumulation assay to determine their selectiatyard ABCG2. The assay was carried out

with the ABCB1 overexpressing cell line A2780adma| as the ABCC1 overexpressing cell
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line H69 AR to cover the most prominent transpodtgins in the context of MDR. Further
information about the execution of the assay isviged in the experimental section. The
screening was carried out with different compouatisa final concentration of 10 uM. As
positive control cyclosporine A (CsA) was used faoth cell lines. Inhibition by the
compounds is given as percentage of inhibition waepect to the control CsA. A bar chart to
the results is depicted in Figure 4. In the casénbibitory activity of more than 25 % a

dilution series was carried out to determine thg 8 such compounds. The associategh IC

values are given in Table 2.
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Figure 4. Inhibitory effect of screened compounds toward ABQoverexpressing cell line
A2780adr (a) and ABCCL1 overexpressing cell line AB9Db) in the calcein AM assay at a
concentration of 10 puM. Cyclosporine A (CsA) wasdisas positive control, indicating
complete inhibition. The inhibitory effect of eacbhmpound is expressed by the length of the
bars, representing the inhibition compared to tlsitye control in percent. For each
compound, three independent experiments were peefbrand the standard deviation is

expressed by error bars.

Table 2. Inhibitory activity of compounds exhibiting an ifion of more than 25 % in

comparison to the reference cyclosporine A (CsAthacalcein AM assay at a concentration

of 10 uM.
Calcein AM Calcein AM
(ABCB1) (ABCC1)
Compd R! R? Scaffold ICsg+ SD [UM]*  ICs + SD [uM]*©
8 3,4-OMe S A 1.88+0.71 9.68+ 0.26
10 3-NHCOCH; S A 147 £4.42 n.t.
11 3-CN NH A 18.8+0.87 85.1+7.9
12 4-OMe NH A 8.03 +0.96 n.t.
13 3,4-OMe NH A 1.81+0.21 17.3x1.9
Cyclosporine A’ 1.17 +0.17 3.53+0.61

& ICso values were determined by at least three indeper@eriments.
: The ABCB1 overexpressing cell line A2780adr wasdl

: The ABCC1 overexpressing cell line H69AR was used

: Cyclosporine A is used as reference for bothyassa

n.t.: Not tested, due to low effect in the inits@keening.

o

c
d

First compound®-13 were investigated for their inhibitory potency tmd ABCB1. Among
the derivatives with a thiophene moiety at posioonly compound8 and10 exceed the 25 %
cut-off. CompoundB contains 3,4-dimethoxy groups at Bnd yielded an 16 of 1.88 pM

which is similar to the standard inhibitor CsA £C1.17 uM). Substitution with a 3-

16



acetamido group as in compouf@ resulted in an 1§ of 14.7 uM. This outcome is not
surprising, since earlier studies found that thesence of methoxy groups is favourable for a
potent ABCB1 inhibitor [24,25,26]. On the other darall pyrrole derivatives showed
inhibitory activities toward ABCB1 of more than 25. Compounddl, 12 and 13, which
contain 3-cyano, 4-methoxy and 3,4-dimethoxy stimstits, respectively, yielded §§&values

of 18.8 uM, 8.03 uM and 1.81 uM in the given ord@ompoundl3is nearly as potent as the
standard inhibitor CsA (I§: 1.17 pM). Again, the correlation of the amountnoéthoxy
groups present with the inhibitory activity towak@CB1 is striking. AImost no activity was
found for compound81 and32 containing an amido function at position 4. In ademce to
our previous studies, this also confirms the olet@ya that nitro functions do not increase the
potency of compounds toward ABCB1 [24,25,26,27].

The calcein AM assay with ABCC1 overexpressingscetivealed among compounsid. 3,
with a five ring heterocycle at position 2, onlygh compounds that exceeded the 25 % cut-
off: compound8 with a 3,4-dimethoxy substitution af Bnd thienyl ring at position 2 of the
guinazoline scaffold showed the highest inhibitgrgtency with an Ig of 9.68 uM.
Compoundll and13, both with a pyrrole moiety at position 2, as wadl 3-cyano and 3,4-

dimethoxy at R respectively, only slightly exceed the 25 % cfit-o

2.2.3. Determination of the Intrinsic Cytotoxicity. Intrinsic cytotoxicity of selected
compounds was determined with MDCK 1l BCRP overesging and parental cells. The
assay was carried out by incubating the cells difierent dilutions of the test compound for
72 h. Subsequently, the cell viability was evaldatsing 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) which is reductalits insoluble formazan species by
cellular reductases in living cells. Concentratidrthe dye can be measured spectrometrically
and correlated with the amount of living cells pa&il. More detailed information is provided

in the experimental section.
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Cytotoxicity of a compound is given as the concaiin leading to 50 % growth inhibition
(Glsg). A control is established for 100 % cell viabilitsing the same amount of DMSE&: (

1 %) and MeOH € 1.8 %) as for the dilutions but without compouAdko, the state “0 %
cell viability” is induced by adding 10 % DMSO tm® well. Table 3 summarizes thesgsl
values for ABCG2 overexpressing cells as well asmial cells. Furthermore, the therapeutic

ratio (TR = G¢/ICsg) is given for the tested compounds to evaluate gossible use in am

vivo application.

Table 3. Intrinsic Toxicity of Selected Compounds in ABC@&®erexpressing MDCK I

BCRP and Parental Cells.

Glso [UM]?  Glso [uM]®  Therapeutic

Compd R* R? Scaffold BCRP Parental ratio (Gl s¢/IC 50)
5 3-NO, S A 13.8 14.8 46
6 4-NG, S A 83.2 105 248
7 3-CN S A 58.9 63.1 331
11 3-CN NH A 38.8 55.0 249
29 H C 71.7 128 169
31 3-NG, C 1.35 450 25
32 4-NO, C 0.904 1.80 9.7
37 3-OMe D 13.8 8.9 21.9
Ko143 12.6 12.5 56
gefitinib 1.36 2.10 0.80

& Concentration accomplishing 50% of the maximalbition of cell proliferation with MDCK || BCRP ah
parental cells, respectively. The data wasinethfrom at least two independent experiments esmvalues.

First, compound$, 6 and7 based on scaffold A with a thiophene moiety afitpos 2 were
investigated. Substitution was carried out withit8en 4-nitro and 3-cyano in the given order.
Most notably, a significant difference regarding Bko values of compounds (Glso: 13.8
KM) und6 (Glse: 83.2 uM) was found. Due to the fact that both poonds have a similar

ICs0 value, the therapeutic ratio 8{TR: 248) is more than five-fold higher than thebqTR:
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46) and still more than four-fold higher than th@anslard inhibitor Kol143 (TR: 55.5).
However, the highest TR was calculated for compoundTR: 331), due to its low
cytotoxicity (Gko: 58.9 uM) and high inhibitory activity (K& 178 nM). Compoundll,
which also contains a 3-cyano substituent‘abiR a pyrrole moiety at position 2, possesses a
slightly higher cytotoxicity (G: 38.8 uM) than compound leading to a little lower TR of
249. The basic scaffold C with hydrogen &t(Bompound29) showed a low cytotoxicity of
71.7 uM. However, compounds with the highest irtbityi potency in the whole test set,
namely31 and 32, showed also the highest cytotoxic effe@4&: (Glso: 1.35 pM; 32 Glsg:
0.904 uM). Unfortunately, we found that the presemé nitro groups can contribute to
cytotoxic effects unless using a disubstitution3efiydroxy-4-nitro at the aromatic core at
position 4 [24]. Furthermore, the most potent coommb among the derivatives based on
scaffold D was investigated: compouBd@with a 3-methoxy substituent at Rielded a Gl

of 13.8 uM which is in the range of Kol43. Intemagly it is 10-fold less toxic than the
structurally closely related TKI gefitinib, whiclsa lacks substitution at position 2.

In summary, the five-membered heterocycles basedsaaifold A exhibited the least
cytotoxicity among the investigated compounds tegetvith the basic scaffold C present in
compound29. Substitution with 3-cyano was preferable for lawxicities over 3-nitro (see
compound$, 7 and11). However, gara nitro substituent as in compoufided to the lowest
cytotoxic effects. Highest toxicity was found witbmpounds31 and32 containing an amido

linker at position 4 angara or meta nitro substituents.

2.2.4. Determination of the Ability to Reverse MDR Reversal of the MDR induced by the
overexpression of ABCG2 was investigated for teast potent compounds 11, 31 and32.
For this purpose the cytostatic agent mitoxantdiX) was used, since it is a substrate of
ABCG2. Highest cell viability is expected for thé88G2 overexpressing cells in the absence

of any inhibitor. Likewise, a lower cell viabilitys obtained in the presence of a potent
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inhibitor due to the decreased efflux of the cyatstMX. Concentration of MX was chosen

as 0.5 uM and different dilutions of the correspongctompound were added to the wells and
incubated for 72 h. Further information about tiesay is provided in the experimental

section.

Cell viability of the corresponding compounds isayi as a bar chart (Figure 5), where the

light grey bars represent the viability in the mrese and the dark grey bars in the absence of

MX.
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Figure 5. MDR reversal assay of compoundga), 11 (b), 31 (c) and32 (d) demonstrating
their ability to reverse MDR toward the cytostatimitoxantrone, in the ABCG2
overexpressing cell line MDCK Il BCRP. The barsresent the cell viability at a given

modulator concentration in the presence (light grayyd absence (dark grey) of 0.5 uM
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mitoxantrone. Control shows viability of cells watlt modulator. The standard deviation is

expressed by error bars.

Compound?, with a thienyl moiety at position 2 and 3-cyandRa of scaffold A showed no
cytotoxicity, which is illustrated by the constamil viability in the absence of MX (Figure 5
a, dark bars) for all applied compound concentraticCo-administered with MX (light bars) a
slow decrease of the cell viability was found floe two lowest compound concentration, but

attaining complete reversal of MDR at a concerdraf* 1 uM. From the dose-effect curve

fitted from the cell viability an 16 value of 45.3 nM was calculated. Compoubd
substituted with 3-cyano at'Rind pyrrole at position 2 of scaffold A exhibited cytotoxic
effects as well (Figure 5 b, dark bars). Indeed,dfcrease of the cell viability in the presence
of MX is more distinct at lower concentrations thaith compound?. Hence, the resulting
ICs0 Of 7.98 nM value is significantly lower. Completeversal of MDR was achieved at a
compound concentration of about 3 pM. Moreover, poumd31 and32 based on scaffold C
were investigated in the MTT efficacy assay. Commub81 contains a 3-nitro substituent
while 32 has a 4-nitro substituent at'.RAccording to the black bars (Figure 5, ¢, d)
representing the cell viability in the absence of ket various compound concentrations, a
significant cytotoxic effect of both compounds da@ observed. Compourll exhibits a
stronger cytotoxicity, which is in accordance witle results from the MTT cytotoxicity assay
presented above. The derivedsd@alues of 47.3 nM31) and 77.3 nM 32) from the cell
viability in presence of MX also reflect their difence in potency, which was observed in the
Hoechst 33342 accumulation ass&f:(54.5 nM; 32 93.1 nM), very accurately. Both

compounds achieve a complete reversal of the MDiRcaincentration of approximately 1

HM.
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2.2.5. Investigation of ATPase activityATPase activity measurements were carried out with
High Five insect cell membranes, expressing ABC@&2gm after infection with baculovirus
containing ABCG2 cDNA.

We screened a representative selection of compoointtee most potent scaffolds found in
the Hoechst 33342 accumulation assay using threeeotrations (0.1, 1 and 10 pM). The

vanadate-sensitive ATPase activity is given in cangon to the basal activity which was set

to 100 %. Table 4 shows the effect of the corredpmncompounds on ATPase activity. In

case of activation or inhibition an additional{value is given.

Table 4. Effect of compounds in the ATPase activity asgdiyvalues are relative vanadate-

sensitive ATPase activities in relation to the bas#vity, which is set to 100 %.

Vmax
Compound R! R? Scaffold Effect on ATPase activity [% of control]
5 3-NG, S A activating 160
6 4-NG, S A no effect
7 3-CN S A activating 157
8 3,4-OMe S A activating 180
9 3-F S A activating 132
11 3-CN NH A activating 158
12 4-OMe NH A biphasic 137
14 no effect
29 H C no effect
30 2-NG, C inhibiting 60
31 3-NG, C no effect
32 4-NG, C no effect
33 H D no effect
34 3-NO,-4-OH D activating 150
35 4-OH D no effect
36 4-CN D no effect
37 3-OMe D activating 157
39 3-F D activating 140
41° H NH B no effect
42 3-NG, NH B activating 147
43" 3-NO»-4-OH NH B activating 135
45° 4-OH NH B activating 145
46° 3-CN NH B activating 145
47° 4-CN NH B no effect



49 4-OMe NH B no effect

50 3,4-OMe NH B activating 140
52° 3-F NH B activating 142
Ko143"° inhibiting 14
gefitinib no effect

quercetin ° activating 177

& Data taken from our previous studies [27].
> Data taken from our previous studies [25].
The data was obtained from at least two indepenebgreriments as mean values.

The effect of the compounds based on scaffold ADRase activity was mostly stimulating.
A significantly high stimulation of 180 % of contnwas found for 2-thienyl derivativé with

a 3,4-dimethoxy substitution at}Rshowing a comparable effect as the standard Ettoru
guercetin (177 %). While allmeta substituted derivatives were stimulating, tpara
substituted ones showed a different effect on A€Rasivity: compounds (R": 4-NO,, R*: S)
and 12 (R 4-OMe, R: NH) either led to no effect or showed a biphabihavior,
respectively. Regarding compouf@ with a biphasic behavior, it is assumed that midii to

an activating high affinity binding site and a laaffinity inhibiting site. In the case of a
sufficient difference between the affinities of bdiinding sites a bell-shaped concentration
dependent curve is expected [29,Fthough stimulation of ATPase activity is commonly
linked to a transport-activity induced by substsateur previous work showed in detail that
this is not the general case [25,26,27]. For irc#gaoechst 33342, a well-known substrate of
ABCG2, shows inhibition of ATPase activity with re@asing compound concentrations (data
not shown), which has already been observed by @yatel. [31].

For scaffold B (R NH) we found similar effects as for the 2-pheaghlogs: most
compounds had a stimulating effect on ATPase agtiwm particular allmeta substituted
derivatives at R In contrast, two out of the thrgara substituted derivatives of this subset
showed no effect on ATPase activity (see compouitdand49). Also, we did not observe
any effect on ATPase activity for the unsubstitutechpound4 1.
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Surprisingly, we found a different behavior for thebset based on scaffold C, with an amido-
linker at position 4 of the quinazoline scaffolditiexception of compoun80 all derivatives
had no effect on ATPase activity. Compowttion the other hand inhibited ATPase activity
with a Viax of 60 %. Being the only compound with artho-functionalized aromatic moiety,
it can be promising to continue investigating tudbstitution pattern in terms of its impact on
ATPase activity. In our previous study of 2,4-suthstd quinazolines we identified another
ortho-substituted compound (compouB@) as an inhibitor of ATPase activity [26]. However,
ortho-substituents were found to lead to poor ABCG2 hitbis in the Hoechst 33342
accumulation assay, why we did not pursue thistguben pattern.

In the subset based on scaffold D, lacking the phewiety at position 2 of the quinazoline
scaffold, we observed mixed results for ATPasevagti Again, meta-substituted compounds
as 37 and 39 led to stimulation of ATPase activity whilgara-substituted derivatives (see
compounds35 and36) and the unsubstituted derivati88 had no effect on ATPase activity at
all.

This investigation could further confirm, that tingpact of quinazoline derivatives on ATPase
activity is highly dependent on the substitutioritgua at the anilino moiety at position 4.
Furthermore, we found that the type of linker (ae®do vs amino) also plays a crucial role.
The gathered results can help to elucidate the mpechanisms of the transport protein

ABCG2 even more.

2.2.6. Investigation of Type of InteractionInvestigation of the type of inhibition of Hoechst
33342 was carried out for selected compoumds 7, 11, 31, 32 and gefitinib. The assay was
carried out with the ABCG2 overexpressing MDCK ICBP cell line using different
concentrations of Hoechst 33342 and compound. Dlgerthe type of interaction of the
ABCG2 substrate Hoechst 33342 and the corresponcomgpound could be determined

applying the Lineweaver-Burk linearization and thieect linear plot according to Cornish-
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Bowden. Further details to the assay are provigethé experimental section. Exemplary

diagrams of compounds 6, 31 and32 are depicted in Figure 6.
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Figure 6. Lineweaver—Burk plot for compounds(a), 6 (c), 31 (e) and32 (g) at various
concentrations together with the ABCG2 substratedHet 33342. Plot of the Michaelis-
Menten constant i (closed circle) and the maximum velocity,/ (closed square) derived
from the analysis according to Cornish-Bowden agjaithe corresponding compound
concentration5 (b), 6 (d), 31 (f) and 32 (h). Excluded values are depicted by the

corresponding open symbols.

Compounds, 6, 7, 11, 31 and32 eachyielded an intersection of the lines calculatedrfrihe
Lineweaver-Burk linearization in the second quatrahthe coordinate system. This is
interpreted as a non-competitive interaction witlkeehst 33342 but can also include
characteristics of a competitive interaction altflounot binding to the same pocket as
Hoechst 33342. Such “mixed-type” inhibitors can fastance trigger a conformational
change within the protein and thus influence teduer rate of the substrate at the active site.
Due to the fact that the double reciprocal plotdusethe Lineweaver-Burk linearization can
be susceptible to experimental error, the direwtdr plot according to Cornish-Bowden was
additionally applied out to confirm the resultstbé Lineweaver-Burk plot and to get more
insights into the underlying mechanism. For all poonds a clear non-competitive behaviour
was confirmed with the Cornish-Bowden plot, illagded by an approximately constany K
value and a decreasingn¥ with increasing compound concentration. The tyreskinase
inhbitor gefitinib and the reference inhibitor K@&l4/ielded an intersection in the third
guadrant the Lineweaver-Burk plot which is also raebteristic for a non-competitive
interaction. This was additionally confirmed by fhernish-Bowden plot resulting in constant

Kwm values and decreasing,¥ values with increasing compound concentration.
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All investigated compounds showed a non-competiinteraction of the mixed type with
Hoechst 33342. This means that their binding-potkélifferent from Hoechst 33342 but is
likely to have an influenceia allosteric interactions. Due to the fact that éhisr still limited

knowledge about the binding sites of ABCG2, thisilatory kinetic study contributes to a

better understanding of the interaction and bindihghibitors toward ABCG2 [32,33].

2.2.7. 5D3 antibody binding assaynvestigation of the conformational change of ABCG2
the presence of an inhibitor was carried out wite tonformational sensitive monoclonal
antibody PerCP-CY'5.5 Mouse Anti-Human CD338. This conformationallgnsitive
antibody binds specifically to the CD338 epitopeAdCG2 and contains a fluorescent dye
which can be excited with a blue laser (488 nmk $tudy was carried out with the PLB-985
ABCG2 overexpressing cell line and the fluoresceoicéhe bound antibody was measured
with a FACSCalibur cytometer. Here, the four mostept compounds7( 11, 31, 32), the
tyrosine kinase inhibitor gefitinib and the ABCGabstrate Hoechst 33342 were selected. All
compounds were measured at a concentration of 1@Gpdvthe obtained fluorescence with
Kol143 set as reference, representing 100 % labgetin ABCG2 with the antibody. The
degree of immunostaining by each compound is ptedeas bar-chart in Figure 7. A

histogram showing the highest and the lowest 50f3-ishthe assay is presented in Figure 8.
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Figure 7. 5D3 immunoreactivity modulation of ABCG2 by var® compounds at a
concentration of 10 uM. Fluorescence detected gy 3B3-labeling of ABCG2 in the
presence of 10 uM Ko143 was set to 100 % and tlwedbcence measured in the absence of

any compound taken as 0 %.
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Figure 8. Histogram of the measured fluorescence at the Hrldtector (X-axis) and the
cell-count gated according to the fluorescence.i@ep is the fluorescence of the isotype-
control (dotted curve) as well as of 5D3 antibaalyhie absence of a compound (dashed curve)
and in the presence of a compound (continuous f@wempounds with the highest and

lowest 5D3 shiftsKo143 (a) and32 (b) at a concentration of 10M.

28




The highest amount of 5D3-labelling among the testypounds was found for compound
(81 %), containing a 3-cyano group at &d sulphur at Rof scaffold A. In contrast to
compound?7, compoundll having the same substituent, but a pyrrole instdatiiophene,
only reached a labelling of 60 %. Although both pouwnds yielded similar I§ values in the
Hoechst 33342 accumulation assag (78 nM; 11: 156 nM), they possess different
calculated LogP values/:(3.79; 11 2.35) which might be a factor in the binding bkt
inhibitor toward ABCG2. The lowest immunostainingasvdetermined for compoun@d
(55%) and32 (54%) based on scaffold C, with a 3-nitro and 4enisubstituent at R
respectively. The second highest labelling with 5B8ulted for the TKI gefitinib (66%). In
contrast, the ABCG2 substrate Hoechst 33342 led lmw labelling of only 35% which is
often observed for transported substrates.

Based on the immunostaining study it can be comcudhat small modifications of the
investigated inhibitor can have a big impact ondbeformation of ABCG2 in the presence of
the inhibitor (e.g7 and11). Although the structural features and propentiean inhibitor of
ABCG2 and the impact on the conformational charfgd® protein are not yet resolved, the
data provides insights in the function and intaececbetween transport protein and inhibitor

for further studies.

3. Conclusions

In this study several modifications of the quinaz®lscaffold were carried out. The first
series based on scaffold A contained the five-meeatbbeterocycles thiophene and pyrrole at
position 2. For both heterocycles the highest imdilp activity in the Hoechst 33342
accumulation assay was obtained with a 3-cyanctisudast of the anilino linker at position 4
(see compound; ICsy: 178 nM andll; ICsy: 156 nM), revealing even higher potencies
toward ABCG2 than standard inhibitor Kol4l€s,: 227 nM). Nevertheless, the obtained

ICso values were either similar or higher than for tberresponding 4-substituted-2-
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phenylquinazoline analogues. The screening of w#Eecompounds toward ABCB1 and
ABCC1 revealed a high selectivity toward ABCG2 wsla substitution with 3,4-dimethoxy
was carried out at R Investigations of the intrinsic cytotoxicity shed mostly low toxic
effects resulting in several compounds with sigaifitly higher therapeutic ratios §&1Cso)
than Kol143 (TR: 55), like compound (TR: 331). Most potent compounds of this subset
(compoundy/, 11, 31, and32) led to a total reversion of the MDR toward mitokane at a
concentration of about 1 pM using MDCK 1l ABCG2 oegpressing cells proving their
efficacy.

Regarding the subset based on scaffold C, consigehagh inhibitory potencies resulted
after replacing the anilino-linker at position 4tkeven amido-linker. Compourgil with a 3-
nitro substituent at Ryielded an I1G value 4-fold lower than Ko143. However, a maximal
inhibition level between 60-70% with respect to tesponse of Kol43 was found for this
class of compounds. In agreement with often obskeiwereased toxicity of nitro group
containing compounds the most potent derivativeh wither a 3-nitro or 4-nitro group at R
resulted in a low Gb. While derivatives containing an anilino-linkessalcontaining a nitro
group resulted in much less cytotoxic effects thabserved for the amido analogues.
Investigation of the efficacy to restore sensiyivitf the MDCK 1| ABCG2 overexpressing
cells toward mitoxantrone with the most potent wegives from this subset confirmed a full
reversal of the MDR at a concentration of aboutVl p

Replacement of the amino-linker at position 4 bygen, sulphur or methylamino led to a
substantial loss of the inhibitory potency (compseaffold B, B: O, S, NMe vs NH). Hence,
an anilino function at this position is crucial fmotent inhibitors of ABCG2.

Furthermore, the importance of the substitutiorhveih aromatic residue at position 2 of the
guinazoline scaffold was confirmed to be necesdaryhigh inhibitory potencies toward
ABCG2 illustrated by the subset based on scaffaldMh one exception (compourdy), all

variations yielded less potent inhibitors thanitf2ephenylquinazoline analogues.
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Studies of the interaction of selected compounds ttoechst 33342 at ABCG2 resulted in a
non-competitive mechanism. Thus, the investigatedpounds all bind to a different epitope
than Hoechst 33342. Moreover, a conformational yamalof ABCG2 in the presence of
selected compounds was carried out using the cmiatoon sensitive 5D3 antibody. The rate
of labelling by all investigated compounds was fdua be higher than that of the substrate
Hoechst 33342 and comparable to the tyrosine kimdsbitor gefitinib. High conformation
sensitive labelling gives a good indication tha dompounds are non-transported inhibitors.
The highest amount of conformational change wa®mks for a compound based on a
pyrrole heterocycle at position 2 and a 3-benzibmitmoiety at position 4 of the quinazoline
scaffold (compound).

The investigation of the ATPase activity yieldedotwajor findings: in accordance to our
previous studies we found that most of theta substituted 4-phenylquinazoline derivatives
led to a stimulation of ATPase activity. In contréise bulk ofpara substituted derivatives
either had no effect on ATPase activity or inhiditein one case (compourgf). Also, the
linker used at position 4 has a significant impacthe ATPase activity (compare scaffold C
vs A, B and D). All derivatives based on an amith&dr revealed no effect or inhibition of
the ATPase activity (see compour$32).

The results of this study can be utilized to findeaw class of inhibitors of ABCG2 and to
expand the current compound-library. Investigabbthe compounds ability to reverse MDR
can be a promising starting point for furthewrivo studies. Since very little information about
the interactions of an inhibitor with ABCG2 is knowthe functional studies of the type of
interaction and the influence on the conformatiérthe protein, as well as the impact on

ATPase activity, can give valuable insights to astdh classification.

4. Experimental Section

4.1. Chemistry.
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4.1.1. Materials. Chemicals were purchased from Acros Organics (GRelgium), Alfa
Aesar (Karlsruhe, Germany), Sigma Aldrich (SteinmeiGermany) or Merck (Darmstadt,
Germany) and used without further purification. &e&ms in the microwave were performed
with 50 ml vials using with a CEM Discover SP (CBMmbH, Kamp-Lintfort, Germany).
Reaction progress was monitored using thin layeorotography (TLC) with an aluminium
plate coated with silica gel 60,4z (Merck Millipore, Billerica, MA, USA). As eluent a
mixture of dichloromethane and methanol (9:1) wagliad and the TLCs analysed in a UV
cabinet with an excitation wavelength of 254 nmeniiky of all test compounds was
confirmed by NMR with théH- and**C spectra either obtained on a Bruker Advance 500
MHz (500/126 MHz) or Bruker Advance 600 MHz (600118 Hz) giving chemical shiftss]

in ppm relative to the internal standard DMSO-d@gttwas also used as solvent for the
compounds. Moreover=C signals were assigned using distortionless ergmaeaot by
polarization transfer (DEPT) and attached protost {&PT) and signals multiplicity is
indicated as singulet (s), doublet (d), doubletiofiblets (dd), triplet of doublets (td), triplet
(t), doublet of triplets (dt), quartet (q) and nipiiet (m). Coupling constants J are given in Hz.
Purity of the test compounds used for biologicatitey was determined by elemental analysis
measuring with a Vario EL V24 CHN Elemental Analyzg&lementar Analysesysteme
GmbH, Hanau, Germany). All values found were in ithege of £ 0.4% of the theoretical

values, unless indicated.

4.1.2. General Procedure for the Preparation Compawds 1-2 A mixture of

anthranilamide (2.72 g, 20 mmol), the correspondivietmembered heterocycle bearing a 2-
carbaldehyde residue (20 mmol), iodine (3.17 gn2bol), anhydrous potassium carbonate
(2.76 g, 20 mmol) and 20 ml DMF was stirred at D0°@ for 4-8 h. The end of the reaction
was monitored by TLC and the mixture was pouredcarshed ice to form a precipitate.

Incomplete precipitation can be prevented by agjgghe pH with concentrated HCI solution
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to about 7. After filtration of the precipitate wias thoroughly washed with 100 mL of a 20%
sodium thiosulfate solution followed by 100 mL obthdistilled water. Purification was

performed by recrystallization from ethanol.

4.1.2.1. 2-(thiophen-2-yl)quinazolin-4(3H)-one (1).

The compound was synthesized from anthranilami®® (hg, 1 mmol) and thiophene-2-
carbaldehyde (112 mg, 1 mmol) as described in émel procedure for compounti® to
yield 1 as a white solid (199 mg, 87%MH NMR (500 MHz, DMSOd) & 12.61 (s, 1H), 8.22
(dd,J = 3.8, 1.1 Hz, 1H), 8.11 (ddd,= 7.9, 1.6, 0.6 Hz, 1H), 7.85 (ddi= 5.0, 1.1 Hz, 1H),
7.79 (dddJ=8.2, 7.1, 1.6 Hz, 1H), 7.68 — 7.60 (m, 1H), 7(d8d,J = 8.1, 7.1, 1.1 Hz, 1H),
7.23 (dd,J = 5.0, 3.8 Hz, 1H)"*C NMR (126 MHz, DMSOdg) & 161.93, 148.01, 142.56,

137.52, 134.79, 132.26, 129.51, 128.61, 127.044482426.11, 121.01.

4.1.2.2. 2-(1H-pyrrol-2-yl)quinazolin-4(3H)-one (2)

The compound was synthesized from anthranilami® (hg, 1 mmol) and H-pyrrole-2-
carbaldehyde (95.1 mg, 1 mmol) as described irgémeral procedure for compount to
yield 2 as a white solid (118 mg, 56%H NMR (500 MHz, DMSOdg) & 12.17 (s, 1H),
11.70 (s, 1H), 8.08 (dd,= 7.9, 1.5 Hz, 1H), 7.75 (ddd,= 8.5, 7.1, 1.6 Hz, 1H), 7.60 (dt=
8.2, 0.8 Hz, 1H), 7.39 (ddd,= 8.1, 7.1, 1.2 Hz, 1H), 7.30 (ddd= 3.9, 2.5, 1.5 Hz, 1H),
7.03 (td,J = 2.7, 1.4 Hz, 1H), 6.20 (di,= 3.8, 2.4 Hz, 1H)"*C NMR (126 MHz, DMSO#l)

0 161.98, 149.40, 146.50, 134.57, 126.54, 126.06,31R 124.39, 123.95, 120.60, 112.59,

109.84.

4.1.3. General Procedure for the Preparation of copounds 34.
The corresponding 2-substituted quinazolinone dagére 1-2 (10 mmol) was added to

phosphorous oxychloride (30 mL, 0.32 mol) and atirfor 10 min at room temperature. The
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mixture was then refluxed for 4-8 h and the remactnonitored by TLC. After completion of
the reaction, excess PQ@Vas removed under reduced pressure and 50 mLater wdded.
Subsequently, 50 mL DCM was added while stirringl dhe pH of the mixture slowly
adjusted to 7 with 25% ammonium solution. With pagatory funnel, the organic phase was
collected, washed with 50 mL brine and dried ovegyS@,. The solvent was removed under

reduced pressure and the obtained solid recrysgdlfirom isopropanol.

4.1.3.1. 4-chloro-2-(thiophen-2-yl)quinazoline (3).

The compound was synthesized frdm(228 mg, 1 mmol) as described in the general
procedure for compounds4 to yield3 as a white solid (175 mg, 71%H NMR (500 MHz,
DMSO-dg) & 8.23 (dd,J = 3.8, 1.1 Hz, 1H), 8.11 (dd,= 7.9, 1.4 Hz, 1H), 7.86 (dd,= 5.0,

1.1 Hz, 1H), 7.79 (ddd] = 8.5, 7.1, 1.6 Hz, 1H), 7.65 (dt= 8.0, 0.7 Hz, 1H), 7.48 (ddd =
8.1, 7.1, 1.1 Hz, 1H), 7.22 (dd,= 5.1, 3.8 Hz, 1H)*C NMR (126 MHz, DMSOds) &
161.93, 148.55, 148.07, 137.35, 134.82, 132.36,6629128.62, 126.89, 126.47, 126.12,

120.98.

4.1.3.2. 4-chloro-2-(1H-pyrrol-2-yl)quinazoline (4)

The compound was synthesized frdn(211 mg, 1 mmol) as described in the general
procedure for compounds4 to yield4 as a white solid (106 mg, 46%H NMR (500 MHz,
DMSO-ds) 5 9.58 (dd,J = 2.2, 0.9 Hz, 1H), 8.79 — 8.71 (m, 2H), 8.33 278(m, 1H), 8.18 —
8.12 (m, 2H), 7.88 (ddd] = 8.2, 5.8, 2.3 Hz, 1H), 7.65 — 7.57 (m, 1HC NMR (126 MHz,
DMSO-dg) 6 162.34, 157.51, 151.18, 149.38, 136.29, 135.65,7/3 129.90, 128.72, 125.85,

124.11, 122.19.

4.1.4. General Procedure for the Preparation of coppunds5-13
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The corresponding 4-chloroquinazoline derivatvé (1 mmol) was added to isopropanol (5
mL) with the corresponding substituted aniline dative (1 mmol) and sealed in a
microwave tube. The mixture was heated by 100 mattowave irradiation to 110 °C for a
period of 15 — 30 min to completion of the reactias indicated by TLC. The formed
precipitate was filtered off, washed with 10 mL psgpanol and dried in vacuo. If no
precipitate was formed, the solvent was removeceunedduced pressure and the remaining

solid recrystallized from ethanol.

4.1.4.1. N-(3-nitrophenyl)-2-(thiophen-2-yl)quinazbn-4-amine (5).

The compound was synthesized fr8r{246 mg, 1 mmol) and 3-nitroaniline (138 mg, 1 nimo
as described in the general procedure for compoGrb3to yield 5 as a white-yellowish
solid (275 mg, 79%)mp >300 °C.*H NMR (500 MHz, DMSO#) 5 11.17 (s, 1H), 9.07 (1]

= 2.3 Hz, 1H), 8.78 (d] = 8.2 Hz, 1H), 8.49 (s, 1H), 8.36 — 8.31 (m, 18{},8 — 8.08 (M, 2H),
8.04 — 7.95 (m, 2H), 7.81 — 7.71 (m, 2H), 7.32 (#d,5.0, 3.8 Hz, 1H)**C NMR (126 MHz,
DMSO-dg) 6 158.50, 153.87, 147.93, 139.33, 135.42, 134.06,683 130.05, 129.32, 129.15,
127.29, 124.21, 123.30, 119.56, 117.67, 113.29 (TGwatoms were not detecteddnal.

Calcd. for C1gH12N40,S: C, 62.40; H, 3.85; N, 15.69. Found: C, 62.06 3H4,7;N, 16.08.

4.1.4.2. N-(4-nitrophenyl)-2-(thiophen-2-yl)quinazbn-4-amine (6).

The compound was synthesized fr8r{246 mg, 1 mmol) and 4-nitroaniline (138 mg, 1 niimo
as described in the general procedure for compobfiddto yield 6 as a light-yellow solid
(244 mg, 70%)mp >300 °C.*H NMR (500 MHz, DMSO€s) & 10.74 (s, 1H), 8.69 (d] =
8.3 Hz, 1H), 8.41 — 8.28 (m, 4H), 8.20 (s, 1H),67(8,J = 4.3 Hz, 2H), 7.86 (d] = 4.9 Hz,
1H), 7.70 (dtJ = 8.2, 4.6 Hz, 1H), 7.30 — 7.25 (m, 1HJC NMR (126 MHz, DMSOdg) 5

157.92, 155.01, 145.36, 142.75, 134.78, 132.16,14301028.97, 126.81, 124.67, 123.84,
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121.95, 113.86, 112.52 (Two C-atoms were not det@cAnal. Calcd. for C1gH12N40,S: C,

62.06; H, 3.47; N, 16.08. Found: C, 62.01; H, 38115.71.

4.1.4.3. 3-((2-(thiophen-2-yl)quinazolin-4-yl)aminghenzonitrile (7).

The compound was synthesized fr8n246 mg, 1 mmol) and 3-aminobenzonitrile (118 mg,
1 mmol) as described in the general procedure donpounds5-13 to yield 7 as a light-
yellow solid (210 mg, 64%)np 296-297 °C (decompositiofH NMR (500 MHz, DMSO-
ds) & 11.34 (s, 1H), 8.81 (d,= 8.3 Hz, 1H), 8.58 (s, 1H), 8.46 Jt= 1.9 Hz, 1H), 8.25 — 8.16
(m, 2H), 8.06 — 7.99 (m, 2H), 7.78 — 7.68 (m, 3HB4 (dd,J = 5.0, 3.8 Hz, 1H)**C NMR
(126 MHz, DMSOsdg) 6 158.62, 153.48, 138.71, 135.62, 134.40, 131.99,163 130.15,
129.48, 128.84, 128.17, 127.42, 126.88, 124.35,602218.65, 113.11, 111.56 (One C-atom
was not detected)Anal. Calcd. for C19H1oN4S: C, 69.49; H, 3.68; N, 17.06. Found: C, 69.30;

H, 4.06; N, 16.99.

4.1.4.4. N-(3,4-dimethoxyphenyl)-2-(thiophen-2-ylygjnazolin-4-amine (8).

The compound was synthesized fr8246 mg, 1 mmol) and 3,4-dimethoxyaniline (153 mg,
1 mmol) as described in the general procedure dompounds5-13 to yield 8 as a yellow
solid (244 mg, 67%)mp 250-251 °C (decomposition}H NMR (500 MHz, DMSOd) &
10.97 (s, 1H), 8.70 (d] = 8.3 Hz, 1H), 8.51 (s, 1H), 8.10 (s, 1H), 8.00J(t 7.4 Hz, 2H),
7.73 (t,J = 7.7 Hz, 1H), 7.55 (d] = 2.5 Hz, 1H), 7.38 (dd] = 8.6, 2.4 Hz, 1H), 7.34 (§,=
4.5 Hz, 1H), 7.08 (dJ = 8.7 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3HJC NMR (126 MHz,
DMSO-dg) 6 158.96, 157.89, 155.67, 149.50, 148.49, 145.06,8/3 133.31, 133.26, 128.33,
126.55, 124.80, 123.47, 123.03, 114.34, 113.28,001207.24, 55.92, 55.58nal. Calcd.

for CoH17N30,S: C, 66.10; H, 4.72; N, 11.56. Found: C, 66.314t99; N, 11.64.

4.1.4.5. N-(3-fluorophenyl)-2-(thiophen-2-yl)quinaalin-4-amine (9).
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The compound was synthesized fr@1{246 mg, 1 mmol) and 3-fluoroaniline (111 mg, 1
mmol) as described in the general procedure forpoamds5-13to yield9 as a light-yellow
solid (247 mg, 77%)mp 292-293 °C (decompositionJH NMR (500 MHz, DMSOd) &
11.43 (s, 1H), 8.88 (dd, = 8.3, 1.3 Hz, 1H), 8.77 (s, 1H), 8.32 (= 8.4 Hz, 1H), 8.09 —
8.00 (m, 2H), 7.91 (dt) = 11.4, 2.3 Hz, 1H), 7.77 — 7.69 (m, 2H), 7.53 {t& 8.2, 6.7 Hz,
1H), 7.35 (dd) = 5.0, 3.9 Hz, 1H), 7.18 — 7.11 (m, 1HC NMR (126 MHz, DMSO¢g) &
161.92 (d,J = 242.2 Hz), 158.70, 152.80, 141.56, 139.05J(d, 11.0 Hz), 137.32, 135.90,
135.58, 133.13, 130.25 (d, = 9.2 Hz), 129.64, 127.64, 124.67, 121.08, 1191/83.91,
112.58 (dJ = 21.3 Hz), 111.09 (d] = 26.0 Hz)Anal. Calcd. for C1gH1,FN3S: C, 67.27; H,

3.76; N, 13.08. Found: C, 67.22; H, 3.98; N, 12.76.

4.1.4.6. N-(3-((2-(thiophen-2-yl)quinazolin-4-yl)anmo)phenyl)acetamide (10).

The compound was synthesized fr8ni246 mg, 1 mmol) and N-(3-aminophenyl)acetamide
(150 mg, 1 mmol) as described in the general prareetbr compounds-13to yield10 as a
light-yellow solid (288 mg, 80%)np >300 °C."H NMR (500 MHz, DMSOdg)  11.33 (s,
1H), 10.18 (s, 1H), 8.85 — 8.65 (m, 2H), 8.30J¢ 8.4 Hz, 1H), 8.10 (dJ = 2.2 Hz, 1H),
8.07 — 7.96 (m, 2H), 7.78 — 7.70 (m, 1H), 7.59 Jdt, 6.8, 2.1 Hz, 1H), 7.47 — 7.38 (m, 2H),
7.34 (dd,J = 5.0, 3.9 Hz, 1H), 2.08 (s, 3H*C NMR (126 MHz, DMSO€s) & 168.60,
158.78, 152.75, 141.06, 139.83, 137.33, 135.81,1033129.52, 128.69, 127.59, 124.59,
120.98, 119.31, 116.96, 115.03, 112.82, 24.18 (Cvatoms were not detectednal. Calcd.

for C,0H16N4OS: C, 66.65; H, 4.47; N, 15.54. Found: C, 66.7245; N, 15.30.

4.1.4.7. 3-((2-(1H-pyrrol-2-yl)quinazolin-4-yl)amiro)benzonitrile (11).
The compound was synthesized frdn230 mg, 1 mmol) and 3-aminobenzonitrile (118 mg,
1 mmol) as described in the general procedure donpounds5-13 to yield 11 as a light-

yellow solid (177 mg, 57%)np 172-173 °C*H NMR (500 MHz, DMSOd) & 10.62 (s, 1H),
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9.51 (d,J = 2.1 Hz, 1H), 8.98 (dfl = 8.1, 1.8 Hz, 1H), 8.88 (dd,= 5.1, 1.6 Hz, 1H), 8.72 (dd,
J=8.3, 1.1 Hz, 1H), 8.38 (§,= 1.8 Hz, 1H), 8.31 — 8.27 (m, 1H), 8.03 — 7.95 2H), 7.89
(dd,J = 8.1, 5.2 Hz, 1H), 7.76 — 7.71 (m, 1H), 7.71 657(m, 2H).**C NMR (126 MHz,
DMSO-ds) & 158.43, 155.85, 148.99, 147.54, 145.57, 139.79,583 134.46, 130.16, 127.86,
127.59, 127.52, 127.39, 125.91, 125.56, 123.72,8118114.23, 111.58nal. Calcd. for

CidH13Ns: C, 73.30; H, 4.21; N, 22.49. Found: C, 73.02482; N, 22.25.

4.1.4.8. N-(4-methoxyphenyl)-2-(1H-pyrrol-2-yl)quiazolin-4-amine (12).

The compound was synthesized frdni230 mg, 1 mmol) and 4-methoxyaniline (123 mg, 1
mmol) as described in the general procedure forpoamds5-13to yield 12 as a light-beige
solid (155 mg, 49%)mp 268-269 °C (decomposition}H NMR (500 MHz, DMSOd) &
9.85 (s, 1H), 9.51 (dd), = 2.0, 0.9 Hz, 1H), 8.68 — 8.63 (m, 2H), 8.54 {dt, 8.5, 1.1 Hz, 1H),
7.88 — 7.83 (m, 2H), 7.82 — 7.78 (m, 2H), 7.64 577(m, 1H), 7.55 — 7.49 (m, 1H), 7.07 —
7.02 (m, 2H), 3.80 (s, 3H}’C NMR (126 MHz, DMSOss) § 158.21, 157.69, 156.06, 150.29,
149.33, 135.15, 133.85, 133.34, 132.01, 128.18,2826124.40, 123.65, 123.13, 114.24,
113.85, 55.40Anal. Calcd. for C10H16N4O: C, 72.13; H, 5.10; N, 17.71. Found: C, 72.36; H,

4.94; N, 17.45.

4.1.4.9. N-(3,4-dimethoxyphenyl)-2-(1H-pyrrol-2-yluinazolin-4-amine (13).

The compound was synthesized frdrt230 mg, 1 mmol) and 3,4-dimethoxyaniline (153 mg,
1 mmol) as described in the general procedure donpounds5-13 to yield 13 as a light-
yellow solid (184 mg, 53%)np 161-163 °C*H NMR (500 MHz, DMSOss) & 9.82 (s, 1H),
9.56 (s, 1H), 8.69 (dfl = 8.0, 1.9 Hz, 2H), 8.56 (di,= 8.5, 1.1 Hz, 1H), 7.88 — 7.84 (m, 2H),
7.66 (d,J = 2.5 Hz, 1H), 7.65 — 7.60 (m, 1H), 7.54 (dd; 7.8, 4.8 Hz, 1H), 7.44 (dd,= 8.7,
2.5 Hz, 1H), 7.06 (dJ = 8.7 Hz, 1H), 3.82 (s, 3H), 3.80 (s, 3HJC NMR (126 MHz,

DMSO-ds) 6 158.06, 157.68, 150.99, 150.28, 149.32, 148.49,644 135.12, 133.38, 132.52,
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128.22, 126.34, 123.67, 123.10, 114.60, 114.28,95]11107.80, 55.92, 55.6Bnal. Calcd.

for CooH18N4O2: C, 69.35; H, 5.24; N, 16.17. Found: C, 69.165124; N, 16.17.

4.1.5. General Procedure for the Preparation of 24penylquinazolin-4-amine (14)
2-aminobenzonitrile (1.03 g, 10 mmol), benzonit(le03 g, 10 mmol) andBuOK (112 mg,

1 mmol) were transferred to a microwave tube aalesl. The mixture was heated at 150
watt microwave irradiation to 180 °C, held for 2mait this temperature and then poured into
ice water. The formed precipitate was filtered urslection and the solid recrystallized from
methanol to yieldl4 as a slightly yellow solid (951 mg, 43%jp 149-151 °C.*H NMR
(500 MHz, DMSO#€) 5 8.48 — 8.42 (m, 2H), 8.23 (di,= 8.2, 1.2 Hz, 1H), 7.90 — 7.72 (m,
4H), 7.50 — 7.42 (m, 4H}3C NMR (126 MHz, DMSOes) 5 162.20, 159.84, 150.50, 138.70,
133.04, 130.00, 128.23, 127.93, 127.77, 125.21,682313.38Anal. Calcd. for Ci4H11Ns:

C, 76.00; H, 5.01; N, 18.99. Found: C, 76.35; HO5N, 18.66.

4.1.6. General Procedure for preparation of 2-Pherly4-phenoxyquinazolines 15-20

The corresponding phenol derivative (1 eq.) wassa®d in ethanol (10 ml/mmol),

potassium carbonate (5 eq.) added and stirred fmins at room temperature. 4-Chloro-2-
phenylquinazoline [24] (1 eq.) was added and tlaetren mixture was refluxed for 5-10 h.
Progress of the reaction was monitored by TLC. rAéampletion of the reaction, the mixture
was poured into ice water (100 ml/mmol) and ex&gdcB times with ethyl acetate. The
organic phase was removed under reduced presstuith@obtained solid recrystallized from

methanol or ethanol/water (1/1).

4.1.6.1. 4-phenoxy-2-phenylquinazoline (15)
The compound was synthesized from 4-chloro-2-plignybzoline (240 mg, 1 mmol) and

phenol (94 mg, 1 mmol) as described in the ger@rdedure for compound$-20to yield
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15 as white needles (98 mg, 33%)p 118-119 °CH NMR (500 MHz, DMSO¢l) & 8.38
(dt,J = 8.0, 1.1 Hz, 1H), 8.24 — 8.19 (m, 2H), 8.06 608(m, 2H), 7.77 — 7.71 (m, 1H), 7.59
— 7.53 (m, 2H), 7.48 — 7.42 (m, 5H), 7.41 — 7.36 {#d). °C NMR (126 MHz, DMSO#d) &
166.58, 158.85, 152.37, 152.03, 137.11, 134.92,9830129.75, 128.65, 127.95, 127.88,
127.76, 125.96, 123.60, 122.16, 114.B68al. Calcd. for C,0H1N:0O: C, 80.52; H, 4.73; N,

9.39. Found: C, 79.94; H, 5.02; N, 9.28.

4.1.6.2. 4-(3-nitrophenoxy)-2-phenylquinazoline (16

The compound was synthesized from 4-chloro-2-plignghzoline (240 mg, 1 mmol) and 3-
nitrophenol (139 mg, 1 mmol) as described in theegal procedure for compoundS-20to
yield 16 as a white solid (151 mg, 44%W)p 159-160 °CH NMR (500 MHz, DMSOdg) &
8.44 (t,J = 2.3 Hz, 1H), 8.42 — 8.38 (m, 1H), 8.28 — 8.24 (i), 8.23 — 8.20 (m, 2H), 8.09 —
8.04 (m, 2H), 8.02 — 7.99 (m, 1H), 7.86Jt 8.2 Hz, 1H), 7.79 — 7.75 (m, 1H), 7.50 — 7.43
(m, 3H).*C NMR (126 MHz, DMSOd) & 166.15, 158.60, 152.59, 152.14, 148.63, 136.89,
135.15, 131.09, 130.97, 129.40, 128.73, 127.95,9P27127.90, 123.62, 120.94, 117.71,
114.40.Anal. Calcd. for CyH13N3O3: C, 69.96; H, 3.82; N, 12.24. Found: C, 69.754H1;

N, 12.05.

4.1.6.3. 4-(4-nitrophenoxy)-2-phenylquinazoline ()7

The compound was synthesized from 4-chloro-2-plipnghzoline (240 mg, 1 mmol) and 4-
nitrophenol (139 mg, 1 mmol) as described in theegal procedure for compounds-20to
yield 17 as a white solid (251 mg, 73%hp 219-220 °C*H NMR (500 MHz, CDC})  8.44

— 8.36 (M, 2H), 8.32 (td] = 6.2, 3.3 Hz, 3H), 8.08 (d,= 8.4 Hz, 1H), 7.96 — 7.88 (m, 1H),
7.63 (t,J = 7.6 Hz, 1H), 7.60 — 7.52 (m, 2H), 7.43 Jd5 7.1 Hz, 3H)*C NMR (126 MHz,

CDCl;) 6 165.83, 159.56, 157.55, 152.94, 145.18, 137.13,483 130.92, 128.54, 128.37,
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128.33, 127.31, 125.30, 123.26, 122.81, 114val. Calcd. for CyoH13N303: C, 69.96; H,

3.82; N, 12.24. Found: C, 69.89; H, 3.92; N, 11.97.

4.1.6.4. 4-(3-bromophenoxy)-2-phenylquinazoline (18

The compound was synthesized from 4-chloro-2-plignghzoline (240 mg, 1 mmol) and 3-
bromophenol (173 mg, 1 mmol) as described in theege procedure for compounds-20
to yield 18 as a white solid (108 mg, 29%p 133-134 °CH NMR (500 MHz, DMSO#)

§ 8.35 (dt,J = 8.1, 1.1 Hz, 1H), 8.24 — 8.20 (m, 2H), 8.06 818(m, 2H), 7.79 — 7.76 (m,
1H), 7.76 — 7.72 (m, 1H), 7.61 — 7.56 (m, 1H), 7-52.43 (m, 5H)*C NMR (126 MHz,
DMSO-dg) 6 166.33, 158.73, 153.05, 152.10, 137.03, 135.05,483 131.08, 128.97, 128.73,
127.94, 127.89, 127.86, 125.43, 123.60, 121.64,4B1f0One C-atom not detectedpnal.

Calcd. for C0H13BrN,O: C, 63.68; H, 3.47; N, 7.43. Found: C, 63.49; 323N, 7.39.

4.1.6.5. 4-(4-bromophenoxy)-2-phenylquinazoline (19

The compound was synthesized from 4-chloro-2-plepryazoline (150 mg, 0.62 mmol) and
4-bromophenol (107 mg, 0.62 mmol) as describechéngeneral procedure for compounds
15-20to yield 19 as a pale yellow powder (199 mg, 85%)p 99-100 °C.*H NMR (500
MHz, DMSO-ds) § 8.55 — 8.48 (m, 2H), 8.15 — 8.10 (m, 1H), 7.97.891m, 2H), 7.64 — 7.59
(m, 1H), 7.56 — 7.50 (m, 3H), 7.31 — 7.25 (m, 2614 — 6.69 (m, 2H)*C NMR (126 MHz,
DMSO-dg) 6 166.34, 159.09, 156.92, 151.31, 137.59, 134.28,1103 130.86, 128.65, 128.15,
127.74, 127.14, 123.36, 117.67, 114.74, 109/9%wl. Calcd. for Cy0H13BrN,O: C, 63.68;

H, 3.47; N, 7.43. Found: C, 62.69; H, 4.61: N, 6.68

4.1.6.6. 2-phenyl-4-(3-(trifluormethyl)phenoxy)quirazoline (20)
The compound was synthesized from 4-chloro-2-plignghzoline (240 mg, 1 mmol) and 3-

trifluoromethylphenol (162 mg, 1 mmol) as descriliethe general procedure for compounds
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15-20 to yield 20 as white needles (51 mg, 14%)p 110-111 °C.*H NMR (500 MHz,
DMSO-ds) & 8.40 — 8.37 (m, 1H), 8.22 — 8.18 (m, 2H), 8.07.628m, 2H), 7.96 (tt) = 1.4,
0.7 Hz, 1H), 7.84 — 7.79 (m, 2H), 7.79 — 7.74 (#),27.50 — 7.42 (m, 3H)°C NMR (126
MHz, DMSO-d) & 166.25, 158.64, 152.56, 152.14, 137.00, 135.08,0B3 131.03, 130.43
(9, J = 32.3 Hz), 128.69, 127.90, 127.88, 126.60, 1284 = 272.5 Hz), 122.85, 122.64,
119.67 (d,J = 3.7 Hz), 114.45 (One C-atom was not detecté)al. Calcd. for

021H13F3N20: C, 68.85; H, 3.58; N, 7.65. Found: C, 68.77; H,83 N, 7.67.

4.1.7. General Procedure for preparation of 2-Phery4-phenylthioquinazolines 21-24

A suspension of the corresponding thiophenol daviga (1.1 eq.) and 4-chloro-2-
phenylquinazoline (1 eq.) in water (5 ml/mmol) wadluxed for 4 h. The progress of the
reaction was monitored by TLC. After completiontleé reaction, the precipitate was filtered

off, dried and the obtained solid recrystallizeahfrethanol.

4.1.7.1. 2-phenyl-4-(phenylthio)quinazoline (21)

The compound was synthesized from 4-chloro-2-plepryazoline (150 mg, 0.62 mmol) and
phenol (82 mg, 0.74 mmol) as described in the ggrmaocedure for compoundXl-24to
yield 21 as a white needles (100 mg, 51%) 120-121 °C*H NMR (500 MHz, DMSOdg)

§ 8.23 (dt,J = 8.2, 1.0 Hz, 1H), 8.14 — 8.10 (m, 2H), 8.03 608(m, 2H), 7.77 — 7.72 (m,
3H), 7.65 — 7.58 (m, 3H), 7.47 — 7.43 (m, 1H), 7-41.36 (m, 2H)*C NMR (126 MHz,
DMSO-dg) 6 170.63, 157.98, 148.76, 137.05, 136.05, 134.90,943 129.98, 129.52, 128.81,
128.58, 128.01, 127.97, 126.90, 123.67, 121A2l. Calcd. for Cy;0H14NLS: C, 76.40; H,

4.49: N, 8.91. Found: C, 76.29; H, 4.61; N, 8.91.

4.1.7.2. 4-((3-bromophenyl)thio)-2-phenylquinazolia (22)
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The compound was synthesized from 4-chloro-2-plepryazoline (150 mg, 0.62 mmol) and
3-bromophenol (141 mg, 0.74 mmol) as describechéngeneral procedure for compounds
21-2410 yield 22 as white powder (172 mg, 71%jp 144-145 °C*H NMR (500 MHz,
DMSO-dg) & 8.22 — 8.16 (m, 3H), 8.05 — 8.00 (m, 3H), 7.85.817m, 1H), 7.77 — 7.72 (m,
2H), 7.55 (tJ = 7.9 Hz, 1H), 7.50 — 7.40 (m, 3HYC NMR (126 MHz, DMSO#s) 5 169.68,
157.94, 148.86, 138.21, 137.03, 135.05, 134.59,7832131.34, 131.05, 129.34, 128.87,
128.67, 128.13, 128.01, 123.61, 121.88, 121A2@l. Calcd. for C,0H13BrN,S: C, 61.08; H,

3.33; N, 7.12. Found: C, 61.21; H, 3.40; N, 6.95.

4.1.7.3. 2-phenyl-4-((3-(trifluormethyl)phenyl)thigquinazoline (23)

The compound was synthesized from 4-chloro-2-plepnyazoline (157 mg, 0.65 mmol) and
3-trifluoromethylthiophenol (125 mg, 0.72 mmol) dsscribed in the general procedure for
compounds21-24 to yield 23 as white needles (180 mg, 72%)p 133-134 °C*H NMR
(500 MHz, DMSO#€) 5 8.24 (dt,J = 8.3, 1.0 Hz, 1H), 8.20 — 8.18 (m, 1H), 8.14 $08(m,
2H), 8.06 — 8.03 (m, 3H), 8.01 — 7.98 (m, 1H), 7-86.81 (m, 1H), 7.78 — 7.75 (m, 1H), 7.49
— 7.44 (m, 1H), 7.41 — 7.36 (m, 2HYC NMR (126 MHz, DMSO-dg) & 169.58, 157.93,
148.88, 139.59, 136.93, 135.13, 132.82)d, 3.8 Hz), 131.09, 130.65, 130.14 {d+ 32.1
Hz), 128.88, 128.77, 128.57, 128.21, 127.92, 12@6a= 3.5 Hz), 123.99 (d] = 272.5 Hz),
123.64, 121.2 (Two C-atoms were not detectadil. Calcd. for C,1H13F3N2S: C, 65.96; H,

3.43; N, 7.33. Found: C, 65.59; H, 3.59; N, 7.36.

4.1.7.4. 4-((3-methoxyphenyl)thio)-2-phenylquinazoie (24)

The compound was synthesized from 4-chloro-2-plepriyazoline (165 mg, 0.68 mmol) and
3-methoxythiophenol (105 mg, 0.75 mmol) as desdrile the general procedure for
compound®21-24to yield 24 as white needles (26 mg, 11%)p 82-83 °C.'H NMR (500

MHz, DMSO-dg) & 8.22 (dt,J = 8.2, 1.1 Hz, 1H), 8.19 — 8.16 (m, 2H), 8.04 997(m, 2H),
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7.76 — 7.71 (m, 1H), 7.51 (dd= 8.3, 7.6 Hz, 1H), 7.49 — 7.44 (m, 1H), 7.44 397(m, 2H),
7.35 — 7.29 (m, 2H), 7.21 — 7.17 (m, 1H), 3.813(d). **C NMR (126 MHz, DMSOdg) 5
170.48, 159.88, 158.02, 148.81, 137.12, 134.91,9830130.32, 128.85, 128.62, 128.01,
127.96, 123.65, 121.31, 120.92, 116.10, 55.61 (Cwadtoms not detectedhnal. Calcd. for

C21H16N20S: C, 73.23; H, 4.68; N, 8.13. Found: C, 73.21; H44 N, 8.06.

4.1.8. General procedure for the preparation of 4-Nmethylanilino-2-phenylquinazoline
derivatives 25-28.Preparation ofthe precursors was carried out according to theergén
method described below. Compounds were not furttheracterized as they are already
described in literature [22,24].Second step was carried out with some modification
according to literature [34]. Therefore, 4-chlor@{Zenylquinazoline (1 mmol) and the
corresponding substituted aniline (1 mmol) wereealdtb a 50 mL microwave tube and
suspended in 25 mL isopropanol. The tube was sealddhe reaction mixture stirred under
100 watt microwave irradiation at 110 °C for 30 midompletion of the reaction was
monitored by TLC. After cooling, a precipitate wlasmed and filtered off by suction. If no
precipitate was formed, the solvent was removeddigry evaporation and the obtained
solids recrystallized from 75% EtOH.

The corresponding synthesized 4-substituted-2-dhgamazoline derivative (1 mmol) was
subsequently dissolved in the necessary amountiedl ddMF using a round bottom flask
equipped with a drying tube and an ultrasonic lztb0 °C. The solution was then cooled
with an ice bath to 0 °C and sodium hydride (1.5at)rfollowed by methyl iodide (1.5 mmol)
were added under stirring. After 1h the mixture whswed to warm up to room temperature
and stirred for another 2-6 h. After completiontioé reaction, excess DMF was evaporated
and ice-water added to induce precipitation. Sohe@se collected by suction and either re-

crystallized from ethanol or purified by column ehratography using DCM as eluent.
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4.1.8.1. N-methyl-N-(3-nitrophenyl)-2-phenylquinazbn-4-amine (25).The compound was
synthesized frond2 (342.36 mg, 1 mmol), sodium hydride (36.0 mg, hmol) and methyl
iodide (212.91 mg, 1.5 mmol) as described in theegd procedure for compounds-28to
yield 25 as a yellow solid (281 mg, 79%jp 132-133 °CH NMR (600 MHz, CDC}) 5
8.65 — 8.60 (m, 2H), 8.15 — 8.05 (m, 2H), 8.06 628m, 1H), 7.68 — 7.63 (m, 1H), 7.55 —
7.49 (m, 3H), 7.46 () = 8.1 Hz, 1H), 7.37 (dd = 8.0, 2.2 Hz, 1H), 7.11 (d,= 4.1 Hz, 2H),
3.83 (s, 3H)C NMR (151 MHz, CDCJ) § 162.15, 159.62, 152.27, 149.62, 149.26, 137.49,
132.81, 130.75, 130.41, 130.39, 128.96, 128.54,5028125.55, 120.04, 119.15, 115.26,
42.07 (One C-atom was not detectednal. Calcd. for CiH16N4O2: C, 70.77; H, 4.53 N,

15.72. Found: C, 70.63; H, 4.38; N, 15.90.

4.1.8.2. N-methyl-N-(4-nitrophenyl)-2-phenylquinazbn-4-amine (26). The compound was
synthesized frond3 (342.36 mg, 1 mmol), sodium hydride (36.0 mg, hfmol) and methyl
iodide (212.91 mg, 1.5 mmol) as described in theegd procedure for compounds-28to
yield 26 as a yellow solid (299 mg, 84%jp 173-174 °CH NMR (600 MHz, CDC}) &
8.56 — 8.51 (m, 2H), 8.19 — 8.13 (m, 2H), 7.99 Jdt,8.4, 1.0 Hz, 1H), 7.86 — 7.80 (m, 1H),
7.59 — 7.51 (m, 3H), 7.38 — 7.32 (m, 4H), 3.8(B). °C NMR (151 MHz, CDCJ) & 162.84,
159.14, 153.68, 152.57, 142.59, 137.64, 133.71,8430129.02, 128.72, 128.16, 126.54,
125.60, 125.35, 122.13, 116.42, 40.8Bal. Calcd. for Cy1H16N4O2: C, 70.77; H, 4.53 N,

15.72. Found: C, 70.91; H, 4.46; N, 15.87.

4.1.8.3. 4-(methyl(2-phenylquinazolin-4-yl)amino)bezonitrile (27). The compound was
synthesized frond7 (322.37 mg, 1 mmol), sodium hydride (36.0 mg, hfmol) and methyl
iodide (212.91 mg, 1.5 mmol) as described in theeg@ procedure for compoun@ds-28to
yield 27 as a yellow solid (313 mg, 93%jp 201-203 °C*H NMR (500 MHz, DMSO#) &

8.61 — 8.49 (m, 2H), 7.95 (dd,= 8.6, 1.2 Hz, 1H), 7.83 — 7.74 (m, 3H), 7.58 507(m, 3H),
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7.40 — 7.34 (m, 2H), 7.33 — 7.27 (m, 1H), 7.21 @d,8.4, 1.3 Hz, 1H), 3.76 (d,= 0.8 Hz,
3H). %C NMR (126 MHz, DMSO€g) 6 162.37, 158.91, 152.35, 151.98, 137.77, 133.87,
133.29, 130.71, 128.90, 128.63, 128.11, 126.02,65625123.90, 118.85, 115.84, 106.47,
41.00.Anal. Calcd. for CyHieNa: C, 78.55; H, 4.79 N, 16.66. Found: C, 78.69; 594 N,

16.76.

4.1.8.4 N-(3-fluorophenyl)-N-methyl-2-phenylquinaziin-4-amine (28). The compound
was synthesized fror2 (315.35 mg, 1 mmol), sodium hydride (36.0 mg, th&ol) and
methyl iodide (212.91 mg, 1.5 mmol) as describethm general procedure for compounds
25-28t0 yield 28 as a yellow solid (260 mg, 79%yp 109-111 °C*H NMR (500 MHz,
DMSO-ds) 5 8.59 — 8.52 (m, 2H), 7.87 (dd= 8.5, 1.2 Hz, 1H), 7.72 — 7.67 (m, 1H), 7.58 —
7.49 (m, 3H), 7.42 (tdJ = 8.2, 6.7 Hz, 1H), 7.26 (df,= 10.5, 2.3 Hz, 1H), 7.21 — 7.16 (m,
1H), 7.16 — 7.10 (m, 1H), 7.10 — 7.05 (m, 2H), 3§13H).°*C NMR (126 MHz, DMSO#)

0 162.90 (dJ = 245.2 Hz), 161.73, 158.63, 152.15, 149.85)(d,10.0 Hz), 138.08, 132.71,
131.53 (d,J = 9.5 Hz), 130.54, 128.71, 128.55, 128.09, 1251/25.25, 121.57, 115.19,
113.04 (d,J = 21.0 Hz), 112.68 (d] = 23.0 Hz), 41.91Anal. Calcd. for C,H16FN3: C,

76.58; H, 4.90 N, 12.76. Found: C, 76.44; H, 4N312.50.

4.1.9. General Procedure for the Preparation of copounds 29-32

Compoundl4 (2.21 g, 10 mmoljvas dissolved in a mixture of triethylamine (5.9Dd. mol)
and THF (50 mL) and chilled to 0 °C. A solution tbe corresponding substituted benzoyl
chloride (10 mmol) in THF was slowly added whilérgtg with a dropping funnel under
exclusion of moisture and the mixture then allowegvarm up to room temperature. After 12
h excess solvent was evaporated under reducedupeesmsd 50 mL water added. The formed
precipitate was filtered under suction and the pobgurified by column chromatography

with DCM/MeOH as eluent.
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4.1.9.1 N-(2-phenylquinazolin-4-yl)benzamide (29).

The compound was synthesized fra#h (221 mg, 1 mmol) and benzoyl chloride (141 mg, 1
mmol) as described in the general procedure forpoamds29-32to yield 29 as a light-
yellow solid (153 mg, 47%)mp 157-159 °C*H NMR (500 MHz, DMSOeg) & 11.31 (s, 1H),
8.42 — 8.34 (m, 2H), 8.22 (d,= 8.3 Hz, 1H), 8.07 — 7.96 (m, 4H), 7.69 — 7.63 PH), 7.59

— 7.54 (m, 2H), 7.51 (d] = 5.7 Hz, 3H)C NMR (126 MHz, DMSO¢) & 168.05, 159.20,
159.09, 151.88, 137.34, 134.60, 134.19, 132.39,9130128.68, 128.62, 128.53, 128.25,
128.16, 127.15, 125.72, 117.4Anal. Calcd. for Cy;H1sN3O: C, 77.52; H, 4.65; N, 12.91.

Found: C, 77.71; H, 4.94; N, 12.71.

4.1.9.2. 2-nitro-N-(2-phenylquinazolin-4-yl)benzande (30).

The compound was synthesized fras (221 mg, 1 mmol) and 2-nitrobenzoyl chloride (186
mg, 1 mmol) as described in the general procedorecdmpounds29-32to yield 30 as a
light-yellow solid (181 mg, 49%)np 205-206 °C'H NMR (600 MHz, DMSO#€l) & 11.81
(s, 1H), 8.56 (dtJ = 8.4, 1.0 Hz, 1H), 8.28 (dd,= 8.6, 1.1 Hz, 1H), 8.01 — 7.96 (m, 2H),
7.88 (td,J = 7.5, 1.2 Hz, 1H), 7.85 — 7.75 (m, 4H), 7.73 697(m, 1H), 7.47 — 7.42 (m, 1H),
7.36 (t,J = 7.6 Hz, 2H)!*C NMR (151 MHz, DMSOdg) & 167.70, 158.87, 156.97, 151.78,
145.83, 137.41, 135.38, 135.05, 134.41, 131.16,8P30128.75, 128.71, 128.66, 128.17,
127.69, 124.95, 124.72, 115.28nal. Calcd. for C;H14N4O3: C, 68.10; H, 3.81; N, 15.13.

Found: C, 68.39; H, 3.90; N, 14.86.

4.1.9.3. 3-nitro-N-(2-phenylquinazolin-4-yl)benzande (31).
The compound was synthesized fras (221 mg, 1 mmol) and 3-nitrobenzoyl chloride (186
mg, 1 mmol) as described in the general procedorecdmpounds29-32to yield 31 as a

light-yellow solid (303 mg, 82%)np 230-233 °C'H NMR (500 MHz, DMSO#€l) & 11.68
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(s, 1H), 8.86 (s, 1H), 8.52 — 8.46 (m, 1H), 8.45)( 6.5 Hz, 1H), 8.41 — 8.32 (m, 2H), 8.27
(d,J = 7.8 Hz, 1H), 8.03 (df] = 15.1, 8.2 Hz, 2H), 7.86 @,= 8.0 Hz, 1H), 7.69 (1] = 7.3 Hz,
1H), 7.61 — 7.41 (m, 3H}C NMR (126 MHz, DMSO#ds) 5 166.04, 159.15, 158.66, 151.98,
147.95, 137.22, 135.76, 134.87, 134.81, 131.02,4530128.74, 128.32, 128.13, 127.30,
126.80, 125.76, 123.31, 117.3¥nal. Calcd. for C;;H14N4O3: C, 68.10; H, 3.81; N, 15.13.

Found: C, 68.05; H, 4.18; N, 14.97.

4.1.9.4. 4-nitro-N-(2-phenylquinazolin-4-yl)benzande (32).

The compound was synthesized fras (221 mg, 1 mmol) and 4-nitrobenzoyl chloride (186
mg, 1 mmol) as described in the general procedorecdmpounds29-32to yield 32 as a
light-yellow solid (285 mg, 77%)np 233-235 °C!H NMR (500 MHz, DMSO#€l) & 11.68
(s, 1H), 8.41 — 8.35 (m, 2H), 8.35 — 8.28 (m, 18126 (dt,J = 6.9, 1.6 Hz, 2H), 8.24 — 8.12
(m, 2H), 8.08 — 7.98 (m, 2H), 7.73 — 7.66 (m, 1H}19 (dt,J = 13.8, 7.0 Hz, 3H)**C NMR
(126 MHz, DMSOsdg) 6 167.13, 158.97, 158.38, 151.88, 149.45, 140.44,163 134.80,
131.00, 129.87, 128.63, 128.31, 128.04, 127.32,4825123.75, 116.87Anal. Calcd. for

C21H14N4O3: C, 68.10; H, 3.81; N, 15.13. Found: C, 68.273190; N, 14.80.

4.1.10. General Procedure for the Preparation of copounds 33-40.

4-chloroquinazoline (164 mg, 1 mmol) was added sopropanol (5 mL) with the
corresponding substituted aniline derivative (1 Mnamd sealed in a microwave tube. The
mixture was heated by 100 watt microwave irradratim 110 °C for a period of 15 — 30 min
to completion of the reaction, as indicated by TO®e formed precipitate was filtered off,
washed with 10 mL isopropanol and dried in vact@iool precipitate was formed, the solvent

was removed under reduced pressure and the remaioiia recrystallized from ethanol.

4.1.10.1. N-phenylquinazolin-4-amine (33).
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The compound was synthesized from 4-chloroquinaedl65 mg, 1 mmol) and aniline (93.1
mg, 1 mmol) as described in the general procedareedmpounds33-40to yield 33 as a
olorless solid (184 mg, 83%Mp 226-227 °C*H NMR (500 MHz, DMSO#€) § 9.76 (s, 1H),
8.62 — 8.51 (m, 2H), 7.90 — 7.81 (m, 3H), 7.78 (#d,8.3, 1.3 Hz, 1H), 7.66 — 7.59 (m, 1H),
7.43 — 7.35 (m, 2H), 7.16 — 7.09 (m, 1FC NMR (126 MHz, DMSOdg) § 157.91, 154.61,
149.82, 139.28, 133.09, 128.56, 127.92, 126.33,862323.10, 122.60, 115.3Anal. Calcd.

for C14H11Ns: C, 76.00; H, 5.01; N, 18.99. Found: C, 76.155H)5; N, 18.65.

4.1.10.2. 2-nitro-4-(quinazolin-4-ylamino)phenol (8).

The compound was synthesized from 4-chloroquinaed|i65 mg, 1 mmol) and 4-amino-2-
nitrophenol (109 mg, 1 mmol) as described in theegal procedure for compound8-40to
yield 34 as a yellow solid (208 mg, 74%yp 288-289 °C (decomposition)d NMR (500
MHz, DMSO-dg) 6 11.97 (s, 1H), 11.39 (s, 1H), 9.03 — 8.96 (m, 18495 (s, 1H), 8.33 (dl =
2.7 Hz, 1H), 8.13 — 8.06 (m, 1H), 8.00 (dd; 8.5, 1.2 Hz, 1H), 7.93 (dd,= 9.0, 2.7 Hz, 1H),
7.88 — 7.80 (m, 1H), 7.32 (d,= 8.9 Hz, 1H).**C NMR (126 MHz, DMSOds) & 159.99,
151.05, 150.85, 138.50, 136.42, 136.18, 131.97,8028128.00, 125.14, 121.40, 119.67,
119.33, 113.58Anal. Calcd. for C14H10N4O3: C, 59.57; H, 3.57; N, 19.85. Found: C, 59.43,;

H, 3.80; N, 19.68.

4.1.10.3. 4-(quinazolin-4-ylamino)phenol (35).

The compound was synthesized from 4-chloroquinaeol{165 mg, 1 mmol) and 4-
aminophenol (109 mg, 1 mmol) as described in timege procedure for compounds-40to
yield 35 as a bright yellow solid (157 mg, 66%)p >300 °C.*H NMR (500 MHz, DMSO-
de) 5 15.11 (s, 1H), 11.61 (s, 1H), 9.75 (s, 1H), 8.9877 (m, 2H), 8.07 () = 7.8 Hz, 1H),
7.96 (d,J = 8.4 Hz, 1H), 7.82 (t) = 7.8 Hz, 1H), 7.55 — 7.36 (m, 2H), 6.94 — 6.77 RH).

13C NMR (126 MHz, DMSOeds) § 159.57, 156.45, 150.92, 138.31, 136.14, 128.61,752
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126.45, 124.88, 119.55, 115.38, 113.A6al. Calcd. for C14H11N3O: C, 70.87; H, 4.67; N,

17.71. Found: C, 71.24; H, 5.00; N, 17.37.

4.1.10.4. 4-(quinazolin-4-ylamino)benzonitrile (36)

The compound was synthesized from 4-chloroquinaeol{165 mg, 1 mmol) and 4-
aminobenzonitrile (118 mg, 1 mmol) as describeth@égeneral procedure for compoudds

40 to yield 36 as a light yellow solid (185 mg, 75%yp >300 °C.*H NMR (500 MHz,
DMSO-dg) 5 12.04 (s, 1H), 9.11 (d, = 8.4 Hz, 1H), 9.02 (s, 1H), 8.09 (t#i= 17.4, 15.8, 7.9
Hz, 4H), 7.94 (d) = 8.5 Hz, 2H), 7.87 (t] = 7.7 Hz, 1H)*C NMR (126 MHz, DMSOd) &
160.08, 151.17, 141.46, 139.49, 136.54, 132.98,8628125.33, 124.91, 120.27, 118.80,
114.02, 108.29Anal. Calcd. for CisH10N4: C, 73.16; H, 4.09; N, 22.75. Found: C, 73.00; H,

4.32; N, 22.50.

4.1.10.5. N-(3-methoxyphenyl)quinazolin-4-amine (37

The compound was synthesized from 4-chloroquinaeol{165 mg, 1 mmol) and 3-
methoxyaniline (123 mg, 1 mmol) as described ingéeeral procedure for compourix40
to yield 37 as a yellow solid (204 mg, 81%hp 235-237 °CH NMR (500 MHz, DMSOe)
§ 11.86 (s, 1H), 9.07 (dd,= 8.4, 1.2 Hz, 1H), 8.92 (s, 1H), 8.13 — 8.07 (), 8.06 — 8.01
(m, 1H), 7.87 — 7.80 (m, 1H), 7.42 — 7.34 (m, 36193 — 6.87 (m, 1H), 3.78 (s, 3HYC
NMR (126 MHz, DMSOs€s) & 160.00, 159.49, 150.89, 138.60, 137.85, 136.30@.5R?
128.67, 125.25, 119.64, 117.19, 113.60, 112.20,08155.44 Anal. Calcd. for C35H13N30:

C, 71.70; H, 5.21; N, 16.72. Found: C, 72.01; 365N, 16.44.

4.1.10.6. N-(3-(methylthio)phenyl)quinazolin-4-amie (38).
The compound was synthesized from 4-chloroquinaeol{165 mg, 1 mmol) and 3-

(methylthio)aniline (139 mg, 1 mmol) as describedhe general procedure for compounds
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33-40 to yield 38 as a bright yellow solid (230 mg, 89%)p 233-234 °C!H NMR (500
MHz, DMSO-dg) § 11.82 (s, 1H), 9.06 — 9.02 (m, 1H), 8.92 (s, 1)1 — 8.07 (m, 1H), 8.04
—8.00 (m, 1H), 7.86 — 7.81 (m, 1H), 7.69)(t 1.9 Hz, 1H), 7.58 — 7.53 (m, 1H), 7.41Jt
7.9 Hz, 1H), 7.22 — 7.18 (m, 1H), 2.50 (s, 3HC NMR (126 MHz, DMSOdg) & 159.95,
151.07, 139.05, 138.87, 137.46, 136.20, 129.22,5828125.13, 123.97, 122.03, 121.30,
119.97, 113.67, 14.84nal. Calcd. for CisH13N3S: C, 67.39; H, 4.90; N, 15.72. Found: C,

67.36; H, 5.10; N, 15.35.

4.1.10.7. N-(3-fluorophenyl)quinazolin-4-amine (39)

The compound was synthesized from 4-chloroquinaeol{165 mg, 1 mmol) and 3-
fluoroaniline (111 mg, 1 mmol) as described ingle@eral procedure for compour23-40to
yield 39 as a light yellow solid (199 mg, 83%jp 266-267 °C (decompositiomH NMR
(500 MHz, DMSO¢) 8 11.95 (s, 1H), 9.08 (df,= 8.5, 0.9 Hz, 1H), 8.98 (s, 1H), 8.15 — 8.08
(m, 1H), 8.04 (dd) = 8.4, 1.3 Hz, 1H), 7.89 — 7.83 (m, 1H), 7.79 #37(m, 1H), 7.68 — 7.62
(m, 1H), 7.52 (tdJ = 8.2, 6.6 Hz, 1H), 7.20 — 7.13 (m, 1#)C NMR (126 MHz, DMSO#l)

§ 161.87 (d,J = 242.7 Hz), 160.08, 151.09, 138.94, 138.57(d,10.8 Hz), 136.44, 130.41 (d,
J=9.2 Hz), 128.79, 125.26, 120.77, 119.93, 113113,34 (dJ = 21.0 Hz), 111.99 (d] =
25.3 Hz).Anal. Calcd. for C14H10FN3: C, 70.28; H, 4.21; N, 17.56. Found: C, 70.39459;

N, 17.31.

4.1.10.8. N-(3-(quinazolin-4-ylamino)phenyl)acetarde (40).

The compound was synthesized from 4-chloroquinaeo(il65 mg, 1 mmol) and N-(3-
aminophenyl)acetamide (150 mg, 1 mmol) as descrilmedhe general procedure for
compounds33-40to yield 40 as a yellow solid (256 mg, 92%Hp >300 °C.*H NMR (500
MHz, DMSO-dg) 5 12.10 — 11.56 (m, 1H), 10.30 (s, 1H), 8.98 (@i, 8.5, 1.3 Hz, 1H), 8.90

(s, 1H), 8.13 — 8.05 (m, 1H), 8.05 — 7.97 (m, 2HB7 — 7.80 (M, 1H), 7.53 — 7.46 (m, 1H),
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7.41 — 7.31 (m, 2H), 2.07 (s, 3HJC NMR (126 MHz, DMSOd) & 168.67, 160.14, 150.87,
139.97, 138.49, 136.80, 136.34, 128.91, 128.73,1%25120.02, 119.57, 117.62, 115.83,
113.52, 24.14Anal. Calcd. for C1gH14N4O: C, 69.05; H, 5.07 N, 20.13. Found: C, 69.21; H,

5.37; N, 19.87.

4.2. Biological investigations.

4.2.1. Materials for biological investigationsKo143 ((3S,6S,12aS)-1,2,3,4,6,7,12,12a-
Octahydro-9-methoxy-6-(2-methylpropyl)-1,4-dioxoaymo[1,2":1,6]pyrido[3,4-b]indole-3-
propanoicacidl,1-dimethylethyl ester) was purchds®d Tocris Bioscience (Bristol, United
Kingdom). All other chemicals were purchased froign&-Aldrich (Taufkirchen, Germany).
For all cell based assays 10 mM stock solutiontheftest compound in DMSO were used.
Prepared Krebs-HEPES buffer (KHB) contains a sotutf 118.6 mM NaCl, 4.7 mM KClI,
1.2 mM MgSQ, 2.5 mM CacCl, 11.7 mM D-glucose monohydrate, a@d InM HEPES in
doubly distilled water. The pH of the solution wajusted with 4 N NaOH (aq) at 37 °C and

sterilized, using a 0.2 uM membrane filter.

4.2.2. Cell culture. MDCK Il BCRP cells were generated by transfectibthe canine kidney
epithelial cell line MDCK Il with human wild-typeQ@NA C-terminally linked to the cDNA
of the green fluorescent protein (GFP) and wereiral lgift of Dr. A. Schinkel (The
Netherlands Cancer Institute, Amsterdam, The NE&thds). Corresponding cell culture was
carried out with Dulbecco’s modified Eagle’s mediybMEM) with 10% fetal calf serum
(FCS), 50 pg/mL streptomycin, 50 U/mL penicilling@d 2 mML-glutamine. Human ovarian
carcinoma cell line A2780adr was purchased fromofean Collection of Animal Cell
Culture (ECACC, No 93112520). This cell line shoars overexpression of ABCB1 and

resistance against doxorubicin and was culturedd RRMI-1640 medium supplemented with
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20% FCS, 50 pg/mL streptomycin, 50 U/mL penicilld and 2 mM L-glutamine.
Overexpression of ABCB1 was preserved by treathw dells with doxorubicin every 10
passages for less than 40 passages. Furthermat csthlung cancer cell line HG9AR with
overexpression of ABCC1 was purchased from Ameritgpe Culture Collection (ATCC,
CRL-11351). Culture of the cells was carried ouRiAMI 1640 medium with 20% FCS, 50
mg/mL streptomycin, 50 U/mL penicillin G and 2 miMglutamine and stored under a 5%
CO, humidified atmosphere at 37 °C. At a confluenc8@P0% detachment of the cells was
performed with 0.05% trypsin and 0.02% EDTA. Foistpurpose, excess medium was
removed from the cells by washing with PBS befoeatment with trypsin. Detached cells
were then collected with medium and centrifugea 50 mL falcon (266 x g, 4 °C, 4 min).
Excess liquid was removed from the obtained cdlepéefore it was resuspended in fresh
medium. Cell density of the suspension was theardehed with a CASY1 model TT cell
counter equipped with a 150 um capillary (Scha&gstem GmbH, Reutlingen, Germany).
The PLB-985 G2 acute myeloid leukemia cell linestigbly transfected with ABCG2wt and
was cultured in RPMI-1640 medium supplemented Ao FCS, 50 pg/mL streptomycin
and 50 U/mL penicillin G. For cultivation the celénsity of those suspension cells had to be
maintained between 500,000 cells/mL and less th@@®02000 cells/mL. Cells were counted
with a CASY1 model TT cell counter, which was us$adall the cell lines.

Prior to use of all cell lines in a cell based gsbeey were washed with KHB three times to
remove any remaining liquids.

High Five insect cells were originated from the maa cells of the cabbage looper,
Trichoplusia ni and cultured in Express Five medium at 27 °C witHo0,. For recombinant
protein expression, High Five insect cells wereedtdéd by a baculovirus, Autographa
californica multicapsid nuclear polyhedrosis villscMNPV), carrying the cDNA of the
human ABCG2 gene (R482). High Five insect cellsvall as baculovirus were a kind gift

from Dr. Christine Hrycyna (Purdue University, lada, USA).
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4.2.3. Hoechst 33342 accumulation assayo investigate the inhibitory effect of the test
compounds toward ABCG2 the Hoechst 33342 accunounlassay was performed according
to literature with small modifications [23,35,36,38,39,40,41,42, 43,44,45, 46,50].

The assay was carried out with the correspondimgpoaind dissolved in DMSO to a final
concentration of 10 mM. Dilution series of the &tgolution of the corresponding compound
were carried out with sterile filtered KHB as wa#l a small amount of methanol. Therefor the
amount of methanol and DMSO used was chosen tedsetthan 5% and 0.1%, respectively.
Cells were harvested at a confluence of 80-90%édnylg trypsination (0.05% trypsin/0.02%
EDTA) followed by centrifugation (266 x g, 4 °Cydin) to form a cell pellet.

Resuspension of the cell pellet was performed Wwegkh medium in order to determine the
cell count with a CASY1 model TT cell counter dexi®Removal of excess medium from the
cells was accomplished by centrifugation in KHBethtimes.

Then, 90 pL of the washed cell suspension was adde®6 well plates (Greiner,
Frickenhausen, Germany) together with 10 pL ofdifferent compound dilutions attaining a
cell density of about 30,000 cells per well. Foliogy the plates were incubated for 30 min at
37 °C and 5% C® Then 20 pl of a 6 M Hoechst 33342 solution @cted from light) was
added quickly to each well. Fluorescence was medswith a POLARstar microplate reader
(BMG Labtech, Offenburg, Germany) in constant timtervals (60 s) up to 120 min using an
excitation wavelength of 355 nm and an emission elemgth of 460 nm. Unrelated
fluorescence as fluorescence from KHB, the MDCKdlls, and most important fluorescence
of the compound was subtracted from the total #aoence. Average of the fluorescence
between 100 and 109 min in the steady state waslatéd and plotted against the logarithm
of the compound concentration. By this means, despense curves could be fitted by
nonlinear regression using the four-parameter etiparameter logistic equation whichever

was statistically preferred (GraphPad Prism, versi®, San Diego, CA, USA).
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4.2.4. Calcein AM assay.Selectivity toward ABCG2 was determined by perforgiia
calcein AM assay according to literature to obtaicompounds inhibitory activity toward
ABCB1 and ABCC1 [36,37,38,39,40,41,42,43,44,45,48.8,49]. The assay was carried out
either with the ABCB1 overexpressing cell line AR@8r or the ABCC1 overexpressing cell
line HE9AR. Cell culturing and preparation for thgsay was carried out as described in the
section “cell culture” above. Prepared and washedld gvere transferred as a suspension in a
volume of 90 puL KHB per well to a colorless flat ttmon 96 well plate (Greiner,
Frickenhausen, Germany) adding 10 pl of differemhpound dilutions. After a preincubation
period of 30 min at 5% CfQand 37 °C, 33 ul of a 1.25 uM calcein AM solutigmotected
from light) was added quickly to each well and ptatvere promptly measured in a 37 °C
tempered BMG POLARstar microplate reader. Fluoneseef each well was measured over
a period of 60 min at constant intervals of 60iagian excitation wavelength of 485 nm and
an emission wavelength of 520 nm. The initial linpart of the fluorescence time curves was
taken to calculate the corresponding slopes of @acitentration in order to fit a slope-
concentration response curve by nonlinear regnessising the four-parameter or three-

parameter logistic equation whichever was stasilipreferred.

4.2.5. MTT viability assay. Intrinsic cytotoxicity of selected compounds wasestigated
using the MTT viability assay as described earliith slight modifications
[38,39,42,43,44,46,50].

For the assay MDCK Il BCRP and parental cells veaeded in 96 well tissue culture plates
(Sarsted, Newton, USA) at approximately 2,000 gedls well using a volume of 180 uL of
medium for each well. The plate was then incubate8% CQ and 37 °C for 12 h. After
incubation, the old medium was quickly replacedhwitte same volume of fresh medium.

Subsequently, 20 pL of different compound dilutievith medium were added to each well
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resulting in a final volume of 200 pL followed bg ancubation period of 72 h at 5% ¢énd
37 °C. Preparation of the compound dilutions wase out with small amounts of methanol
and DMSO lower than 1.8% and 1% in the highest eotration, respectively. Moreover, a
positive control with medium and 10% (v/v) DMSOwsll as a negative control with solely
medium was carried out as comparison. After thebation period of 72 h, 40 uL of MTT
reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-diphemyghazolium bromide) (5 mg/mL) was added
to each well and incubated under the same condifionan additional hour. Afterwards, the
supernatants were removed and lysis of the cellsvedb as solubilization of the formed
formazan induced by addition of 100 uL DMSO to eambll. The absorbance was
determined spectrometrically with a BMG POLARstacnoplate reader at a wavelength of

544 nm and a background correction at 710 nm.

4.2.6. MDR reversal assayThe ability to reverse MDR was investigated with ©IK Il
BCRP overexpressing cells and the cytostatic mitbwae (MX) which is also substrate of
ABCG2. For this purpose 160 pL of a cell suspengmofresh medium was seeded into the
wells of a clear 96 well tissue culture plate (8sdsNewton, USA) with a cell density of
2,000 cells per well. Pre-incubation was carrietlaith% CQ at 37 °C for 12 h, followed by
replacement of the old medium with fresh mediunthef same volume of 160 pL. Then 20
pL of different compound dilutions in medium wemddad to the rows, together with 20 pL
of either 5 UM MX or culture medium in alternatiogder to a final concentration of 200 pL.
For comparison to some wells 10% (v/iv) DMSO waseadading to complete cell death.
The so prepared plate was then incubated at 3h8G% CQfor a period of 72 h. Further
preparation and measurement of the plate was daoué analogously as described in the

section “MTT viability assay”.
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4.2.7. Type of interaction assayslo elucidate the type of interaction between irtbihithe
substrate Hoechst 33342 and ABCG2 various inhibitexperiments were performed.
Therefor different concentrations of a selected pound were prepared and combined with
different concentrations of Hoechst 33342 (0.4 4 @M). The assay was carried out as
described for the “Hoechst 33342 accumulation dssdpve using MDCK 1l ABCG2
overexpressing cells. Moreover, a control was distadxl using the response in the absence of
a compound. Obtained values were then utilizedHerLineweaver-Burk linearization and to
calculate the direct linear Cornish-Bowden plottMboth methods the type of interaction of

a compound with Hoechst 33342 and ABCG2 can béieldr

4.2.8. 5D3 antibody binding assayConformation-sensitive binding was carried out with
monoclonal antibody PerCP-845.5 Mouse Anti-Human CD338. This conjugated primary
antibody specifically binds to an epitope of ABC@E# human CD338 antigen. Furthermore
an isotype control was established to determinentive specific staining. The mammalian
PLB-985 acute myeloid leukaemia cell line with arer@xpression of ABCG2 was used in a
flow cytometry assay.

For the assay, cells were centrifuged and wash#d avsolution of DPBS containing 0.25%
BSA. Subsequently, the cell density was adjustetth Wwirther DPBS/BSA solution to 2.5
million cells per mL and added in 98 uL portionslté mL Eppendorf reaction tubes. Then, 1
pnL of a solution prepared from the compound and @MB the desired concentration was
added to the tube, followed by a 5 minute preintiobaperiod at 37 °C with shaking (500
rpm). Subsequently, 1 puL of the antibody was addeitie tube to a final volume of 100 pL
and the mixture incubated with shaking (500 rpm3at°’C for another 30 min. Cells were
centrifuged, the supernatants removed and thepedlkt resuspended in 1 mL DPBS for

immediate measurement in the FACS.
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Measurement was performed with a FACSCalibur cytemsith an excitation wavelength of
488 nm and the fluorescence detected in the FLAngHaAdditionally, a control containing
the same amount of DMSO as the test samples biwoutitcompound was established.
Thereby, a shift of the fluorescence between celitout compound and cells with
compound could be observed in most cases. Calonlat the shift was carried out after
subtraction of the median of the obtained fluoraseeusing the antibody from the median of
the obtained fluorescence with the isotype conffbk value of the shift was then calculated
for every test compound by subtracting the corgeéigorescence with compound from the

corrected fluorescence without compound.

4.2.9. ATPase activity assay.Through infection by baculovirus expression systam
overexpression of ABCG2 protein in High Five inseells was induced. The cell membranes
containing ABCG2 protein were obtained by membraneparation procedure described
elsewheré® Approximately 10ug of total membrane protein was incubated in d tailume

of 100 uL of assay buffer (50 mM Tris, pH 7.0, 5 mM sodiazide, 1 mM oubain, 2 mM
DTT, 50 mM KCI, and 10 mM MgG). Until use the assay buffer was kept on ice. As a
consequence of analyzing the vanadate-sensitivad Bad vanadate-sensitive drug stimulated
ATP hydrolysis, the ATPase activity was determimethe presence and absence of g00D
vanadate. Investigated compounds were dissolvedDMSO, ensuring that the final
concentration of DMSO in the assay medium was 1%addrement of the basal activity for
reference was carried out with 1% DMSO insteadashgound. The membrane protein was
added to the ice-cold assay medium and then congpaas added. The ATPase reaction was
started by the addition of 5 mM ATP. After 20 mihimcubation at 37 °C, the reaction was
stopped by the addition of 10 of 5% SDS solution. Liberated phosphate contemiegated

by ATP cleavage was measured by a colorimetricragcacid ammonia molybdate reaction

(1% ammonium molybdate, 0.014% antimony potassiartrate in 2.5 N sulfuric acid,
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freshly prepared 1% ascorbic acid solution) [51]p@sitive control for ATPase stimulation
was established by the standard quercetin, as kn@vn for a high ATPase activity
stimulation. In the case of inhibition of ATP cleme, Kol43 was used as a standard for

ATPase inhibition.

Supplementary Data

Representative’C and'H NMR spectra and biological data including SMIL&Sall

compounds.
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