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Highlights

» Significant antiproliferative activity is demongied for the first time with a

B2R agonist (FR-190997)

* SAR on FR-190997 led to novel analogi@ demonstrating subnanomolar

inhibition in the MDA-MB-231 assay.

* The antiproliferative performance of analogl@in MDA-MB-231 cells is
superior to that exhibited by FDA-approved breasicer drugs

» The mechanism probably involves agonism-induced
internalisation/degradation and inhibition of enolosl B2R signalling

B2R



1. Introduction

Kinins exert their biological effects by actting two types of G protein-coupled
receptors (GPCRs), traditionally known as Bl (Bl&d B2 (B2R) which are
coupled to Gagy and Gai/o G proteins. These receptors have beewnsho
modulate diverse cellular functions leading to mitammatory activity,
vasodilatation, vascular permeability, nociceptiahemotaxis and sodium and
chloride excretion by the renal tubules [1-3].

In general, B1 and B2 activation triggers afiafly the same signalling cascades
nevertheless the observed responses stemming fiaiR @e acute and of short
duration whereas those from B1R are more sustanddf lower intensity. The B2R
is constitutively expressed in a variety of celpég whereas the physiological
expression of B1R is low but up-regulated signifitya in cases of tissue injury,
cytokine stimulation, inflammation and cancer.

Accumulating data with bradykinin (BK) and #@stive metabolite des-Arg9-BK
(DABK), selective activators of B2 and Bl receptoespectively, suggests that
activation of these receptors enhance proliferateomd invasion of gliomas,
colorectal, breast, and cervical cancer cells Aatdthese trends are reversed by B1/2
receptor antagonists [4-11].

In contrast, the protective effects of B1 agonwith des-Arg9-BK in mice with
tumors derived from TM5 melanoma cells has alsamsmostrated [12]. Equally
one cannot ignore the reduced metastatic potemtid16F10 murine melanoma
model following B1 agonism with DABK reported reter{13].

In the long and significant contribution ofetiMarceau group in this area,
compound B-9870 (CU201) was found to inhibit tumoeit growth bothn vitro and
in vivo. In particular it activated c-Jun kinase and casg&while antagonizing BK-
induced calcium signalling causing a debate ashetler this compound is a B2R
antagonist or biased agonist [14].

It is yet unclear whether these controversigginate from different cell lines,
cancer type and microenvironment or there is alsupét important factor in
determining the ultimate cell response upon Bl/2Rwgation.

In an attempt to shed light into this, we dedi to explore the effect of B2
agonism in the context of cancer using the higlelecive and potent non-peptidic
partial agonist FR-190997 (Figure 1) developed hbyisBwa (legacy company of
Astellas) [15]. We reasoned that this approach dadmplement the established
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data which almost Invariably has been generatedgusither the natural peptidic
substrates of B1/2 receptor or synthetic peptidd @on-peptidic antagonists. To the
best of our knowledge, a B2 selective non-pepsdiall molecule partial agonist has

not been utilized in antineoplasmatic studies.
2. Resultsand Discussion

2.1 Scaffold selection and SAR design
Chronic stimulation of B2R has been proposed gpromising approach for the

prevention and treatment of cardiovascular disd4sg16,17]. Nevertheless, BK
suffers from rapid breakdown vivo, thus a research team from Fujisawa developed
a series of novel and stable non-peptidic B2R agsmiased on a quinoline warhead.
In that work it was established that the quinokustitution at position 4 is crucial
for exhibiting either selective antagonism (no siibison or amino-substitution) or
agonism (alkoxy substitution) at B2R [15, 18-20]tithised agonists of this class
include FR-190997 andA (ICsp 0.41 and 0.36 nm, respectively) while the other
warhead that imparts agonistic profile is an appabply substituted benzimidazole
such as the one in full agoni# (ICso 0.68 nm). Changes in the terminal amide part
of the molecule only fine tune solubility and thagnitude of the functional profile
determined by the warhead. Fujisawa's FR-1736572221(Figure 1) is a B2R
antagonist due to the absence of the agonist-ilngasubstituent at the quinoline

warhead despite sharing the same terminal amidg@sst1B.

|
X N~ \
N” M
o} ) i M H M
H N Y °
cl Cl N H o)
L3 L
N O FR-190997 FR-173657
Me (B2R partial agonist) (B2R antagonist)

—

O I\ N/

@\N ~ />—O';\llle
A : H\H/Me
(0]

peves win

(B2R agonlst) (B2R fuII agonlst)

—Z

Figure 1. Structures of B2R ligandsR-190997, FR-173657, 1A and1B.
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I he best characterized member of this clagsoarpeptide BZR agonists IS FR-
190997 (Figure 1); a highly potent and subtypectiele partial agonist of B2R (in
terms of inositol phosphates, prostagladin prodance&nd calcium mobilization in
comparison with bradykinin). FR-190997 was originaleveloped and progressed
through rigorous preclinical studies for cardiowdac indications although it was
subsequently repurposed to the treatment of glaatmular hypertension [23]. We
selected FR-190997 to interrogate the significamicB2 agonism in the context of
cancer primarily because of its high B2R potencg aamplete lack of affinity for
the B1 receptor or other targets for that mattemcle potential antiproliferative
activity would not be associated with off-targefeets. Another reason for choosing
FR-190997 for the present study was the modularreatf its structure allowing for
a focused SAR on its respective fragments whidiiin are amenable to independent
modification.

FR-190997 consists of four modules, namely a 2-phet(2-pyridylmethoxy)-
substituted quinoline, a 4-substituted cinnamid aai2,4-dichloro-3-hydroxymethyl-
aniline and glycine. The latter two domains arensmted through an N-methylated
amide bond which has been shown to adopt prefatnthe cis-conformation, with
the planes of the amide bond and the phenyl ringpsall perpendicular to each other
[17,20]. This central part of the structure seemplay a crucial role in defining the
active conformation of the molecule. In additiame structure of the acid component
in the terminal amide appears to fine-tune the ntade of activity and solubility
properties in these series [15, 18-22]. Inspeatidimese structural components led us
to recognize two privileged scaffolds in cancergddiscovery embedded within FR-
190997, namely quinoline [24,25] and cinnamic gd2i6,27], and reasoned that FR-
190997 could act perhaps as a quinoline-cinnanmit@mnjugate.

In terms of cancer cell lines we decided to ingzdB the response elicited by FR-
190997 initially in the MCF-7 breast cancer cells ia has been reported that
bradykinin agonism at B2R induces proliferationtims and related breast cancer
assays by activation of the oncogenic pathway &K ®KB/Akt, and ERK1/2 [28-
30]. We also chose to examine the response elibyeithe B2R agonist FR-190997
in the triple negative breast cancer (TNBC) celeIMDA-MB-231 because of recent
work [31] demonstrating benefits with the B2R awtaigt FR-173657, a close
analogue of FR-190997 (Figure 1) also from the damyia collection. Oum vitro

tests using FR-190997 in these two breast canoes,iIMCF-7 (low invasive
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potential) and MDA-MB-231 (high Invasive potentialpresented substantial
antiproliferative activity with 1G values of 2.14M and 0.08uM respectively for

the two cell lines.
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Figure 2. Structures of B2R selective agonist FR-190997itmlagment2-5.

We therefore decided to (a) identify which partghe molecule were responsible
for the observed biological effect (see compouxds Figure 2) and (b) synthesize a
series of novel analogs of FR-190997 and key-fragsthereof (Figure 3) in order
to compare their potential antiproliferative adigvio that of the prototype compound
FR-190997 with the view of simplifying the activérusture. For the latter we
considered modifications in (i) the linker connegtithe quinoline with the 2,6-
dichlorophenyl ring (compounds9-11), (i) the N-methylated amide bond
(compounds8 and9), which is crucial for the overall shape of thelewole, and (iii)
the acid residue in the terminal amid&gnd 7). The compounds thus conceived,
synthesized and evaluated as potential antipratifex agents are depicted in Figure
3. It should be noted that compoufb® was designed to assess the impact of the
hydrogen bond donating/accepting capacity of tiseabnide terminal domain in FR-
190997, whereas compounti an FR-190997 hybrid witlall-trans-retinoic acid
(atRA), was designed to mimic the extended congdyaystem of analogu®A.
Additionally, atRA is itself an anticancer drug facute promyelotic leukemia (APL).
Furthermore, compounds$ and14 are analogues of the FR-190997-fragmemsd

3, respectively.
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thereof synthesized in the context of the presemkw



2.2 Chemistry

The synthesis of fragmen2s5 en route to the synthesis of the target molecule FR-
190997 have been described by Fujisawa's researitharseries of articles [15, 18-
22] and summarized in reference 17. For the neddthe present study, we
synthesized these compounds based on the Fujisavesrand implemented some
minor modifications (see Supplementary Material jSMgures S1-S4 and related
experimental procedures). Incorporation of the qglime substructure in the ether-
type analog$-8 and12 was effected using 8-hydroxyquinoline derivat®/evhereas
for the amino-type analog8-11 and, alternatively, for fragment anald@, 8-
aminoquinoline derivativel3 was used as the key precursor. This compound was
synthesized from the commercially available 4-abtM@rmethylquinoline 15) and
(pyridin-2-yl)methanol using the three-step proaedautlined in Scheme 1.

Selective nitration ol5 produced the 8-nitro derivativis [32] in 49% vyield.
Nucleophilic aromatic substitution by (pyridin-24ylethanol in the presence of
'BUOK was accomplished, as expected, under muchemit®nditions than the
corresponding reaction with the hydroxyl group asipon 8 of the quinoline group
(see Scheme S1), and gave intermedidtie 43% vyield. Finally, the nitro group was
reduced with hydrazine monohydrate, in the presearfca catalytic quantity of
FeCk6H.0, to provide fragment3 in 72% yield. On the other hand, diazotization of
13 followed by KI treatment produced the iodid8 in 74% vyield. Initially, this
compound was considered as a key-intermediatehéoassembly of the FR-190997
moleculevia the Ullmann reaction. Attempted condensation dide 18 with alcohol
5 in the presence of @80;, Cul and 1,10-phenanthroline failed however tadpee
the target molecule FR-190997. Interestingly, Ulmaeaction of iodidd8 with the
simpler 3-phenoxybenzyl alcohol under identical ctisam conditions, produced
fragment12 in low yield (18%) suggesting that the reason foe failure of the
Ulimann coupling ob is not entirely steric. In both reactions the alaiopartner was
consumed and reduction of ioditi® was also observed indicating that the stability of
the substrates may be responsible for the pooogeance of the Ullmann reactions.
Alternatively, fragmentl2 could be obtained in a much better yield (60%dtigh

the Mitsunobu reaction of fragme2with m-phenoxybenzyl alcohol.
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Scheme 1. Synthesis of fragment& and 13. Reagents and conditions. (i) KNOsg,
96% HSO,, -10 °C for 50 min then 25 °C,12 h, 49%; (ii) (Rym-2-yl)methanol,
'BUOK, DMI, 0 °C then -10 °C for 50 min and finalB5 °C, 12 h, 43%; (iii)
NoH4'H,0, FeC6H,0O (cat.), activated C, 80% aq. MeOH, 75 °C, 3 H672iv)
NaNG, 37% HCI,HO, 5 °C for 50 min, then 3M aqg. Kl, 5 °C for 10mthen 25
°C, 1 h, 74%; (v) Cul, 1,10-phenathroline,,C8s, mphenoxybenzyl alcohol, 1,3-
dimethyl-2-imidazolidinone (DMI), 110 °C, 12 h, 48 (vi) mphenoxybenzyl
alcohol, TPP, DIAD, dry THF, 0 °C for 30 min th2b °C, 48 h, 60%; (vii) (Pyridin-
2-yl)methanol, NaH, DMI, 0 °C for 1 h then 25 °Cddimally at 100 °C, 12 h, 83%.

We envisaged that replacing the cinnamic auidiety of FR-190997 with
hydroxycinnamic acid (HCA) ferulic acid (FerA) dne retinoid acid atRA would
require the availability of suitable activated estee.g. the succinimidyl esters.
Isolable succinimidyl esters o#,f-unsaturated carboxylic acids are known to
selectively acylate primary amino groups in thespree of secondary ones [33,34].
We therefore selected the succinimidyl ‘active' erestl) of O-(tert-
butyl)diphenylsilylferulic acid 20) and the known isolable succinimidyl 'active’ este
(22) of atRA [34] for generating analoguésand11, respectively. The synthesis of
the former was realized in 42% overall yield bylyuyrotecting FerA with thetért-
butyl)diphenylsilyl (TBDPS) group to give intermatk 19, followed by selective
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carboxyl group deprotection providing ac, and finally activation ot the latter
with N-hydroxysuccinimide (HOSu) andN,N'-dicyclohexylcarbodiimide (DCC)

(Scheme 2). On the other hand, the also isolalgiatline succinimidyl 'active’ ester
22 of atRA was prepared as described in the literafiB4g, using the same system
(HOSu/DCC) for activation.

OH . OSith'Bu .
HO X I BuPh,SiO X “
OMe 2 OMe
0

FerA © 19

OSiPh,'Bu OSiPhyBu
i

L Suo

“OWA\)Q[OMG “ W@we
O 4 ° 2
HOW\/\(\:@ u > SUOM
o) (6]
atRA 22

Scheme 2. Synthesis of isolable 'active' est@isand22. Reagents and conditions: (i)
TBDPSCI, imidazole, dry DMF, 25 °C, 3 h, 81%; (0% ag. kCOs;, MeOH, THF,
0 °C then 25 °C, 1 h, 61%; (iii) HOSu, DCC, dry THF,® for 30 min then 25 °C 12
h, 85% @1), 73% @2).

The synthesis of FR-190997 anald@sand 9 required the prior synthesis of
compound14, which is an analog of fragmer®, in which thecis-amide bond
functionality has been replaced with a triazolgri@ompound4 was synthesized as
depicted in Scheme 3 and involved the reductiontefrmediateS11 (see Scheme S3
of SM) with hydrazine monohydrate and a catalyticamfity of FeCGi6H,O to
produce aniline derivativ@3 in 81% vyield, followed by diazotization and reacti
with sodium azide to provide aryl azidé in 79% yield. The latter was subjected to a
Huisgen 1,3-dipolar cycloaddition reaction with tNephthalylated propargylamine
25, to give the desired triazole derivatii4in 70% yield.
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Scheme 3. Synthesis of fragmenfi4. Reagents and conditions:.(i) N2H4 H-0,
FeCk'6H,O (cat.), activated C, 80% aq. MeOH, 75 °C, 4 h%8Xii)) NaNGQ,,
CRCO:H (TFA), 0 °C, 45 min, then NaNO °C, 5 min then 25 °C for 30 min, 79%;
(ii) Phthalimide, PBP (TPP),PrO,CN=NCG;Pr (DIAD), dry THF, 0 °C then 25 °C,
2 h, 60%; (iv) CuS®5H,0, sodium ascorbate .8, DCM, 25 °C, 3 h, 70%.

Having established the availability of all vegd intermediates, the synthesis of
FR-190997 analog$§-11 was realized as follows. The key-intermedi&k was
subjected to hydrazinolysis to provide amB# (Scheme S4, SM), which was then
treated with tetrabutylammonium fluoride (TBAF) mig the aminoalcohol26
(Scheme 4) in 48% vyield for the two steps. Selechi-acylation of intermediat26
with ‘active’ esteR1 gave alcohoR7 in 85% yield. AlcohoR7 was first converted to
the corresponding bromid@8 in 72% yield using Appel reaction, and this wagHar
used to alkylate fragmegt providing intermediat@9 in 44% yield. From compound
29, the projected FR-190997 analégwas finally obtained in 64% vyield after
treatment with TBAF (Scheme 4). On the other haelective O-deprotection of
key-intermediateS15 gave fragmen8 in 55% yield (see also Scheme S3 of SM)
which was condensed with fragmehtunder Mitsunobu reaction conditions, to give
the new intermediat80 in 70% yield. The latter, upon hydrazinolysis ammipling
of the thus obtained, in 40% vyield, amiB& with atRA, in the presence d@-
(benzotriazol-1-yI)N,N,N’,N-tetramethyluronium hexafluorophosphate (HBTU),
provided the FR-190997 anal@gn 50% vyield.
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Scheme 4. Synthesis of FR-190997 analo§sand 7. Reagents and conditions:(i)
NoH, H,0, EtOH, reflux, 1-2 h, 88%S(16), 40% @1); (ii) TBAF-3H,O, THF, 25 °C,
3 h, 57% 8), 56% 6),64% ©); (iii) dry EtsN, dry DMF, 25 °C, 1 h, 85%; (iv) CBr
TPP, dry THF, 0 °C then 25 °C, 3 h, 72%:; (wWdQs, dry DMF, 25 °C, 3 h, 44%;
(vi) TPP, DIAD, dry DMF, 25°C, 1 h then 65-76C, 12 h, 70%; (vii) HBTU, dry
EtsN, dry DMF, 25 °C, 1 h, 50%.

For the synthesis of anal8yfragment2 was first condensed with fragmeht

under Mitsunobu reaction conditions. However, teaction was sluggish and gave
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the product33 In low yield (15%). Alternatively, fragmern# was first converted to
the corresponding bromid& in 47% vyield, under Appel conditions, and this was
then used to alkylate fragme#tin the presence of &LO; (Scheme 5). Produ@3
was then received in 84% yield. Hydrozinolysis nfermediate33 gave the free
amine34 in 45% yield, which was then coupled with fragménin the presence of

the coupling agent HBTU and 4, to give analo@ in 76% yield.

oﬂ@
N N~
/
ﬁl Q wif‘
4/v
8
~N

ii or iii [34]
N

14: X =OH . 33: R =Phth .
32: X = Br<:| I 4:’ v

34:R=H,

Scheme 5. Synthesis of FR-190997 anal@®j Reagents and conditions. (i) CBry,
TPP, dry THF, OC then 25 °C, 3 h, 47%; (ii) TPP, DIAD, dry DMF, 25 to 60-70
°C,48 h, 15%; (iii) kCO;s, dry DMF, 25 °C, 3 h, 84%; (iv) M, H,0O, DMF, MeOH,
70-80 °C, 1 h, 45%; (v) HBTU, dry &, dry DMF, 25 °C, 1 h, 76%.

Fragmeni3 was envisaged as the key-intermediate for thehsgig of analogs-
11 and was initially converted to the N-nosylatediviive 35 in 91% yield (Scheme
6). The nosylamide was subsequently coupled, uNtksunobu reaction conditions
[35], with alcohol3 to give intermediat&6. From this intermediate, the Ns group
was removed with PhSH in the presence ofQ\& to give intermediat&7 in 52%
yield for the two steps. Hydrazinolysis of compowrdproduced the diaming8 in
97% vyield, which was finally coupled with 'activesterS7 (Scheme S2 of SM) to
give FR-190997 analo@0 in 68% yield. Similarly, diamin€8 was coupled with
‘active' ester22 giving the FR-190997 analofjl in 43% vyield. In an analogous
manner, compoun@®5 was alkylated with alcohol4, under Mitsunobu reaction
conditions, to produce intermediaB®. The nosyl group was then removed from
compound39 to provide the intermedia#0 in 43% vyield for the two steps. Finally,
removal of the Phth protecting group with hydraimsis initially produced the N-

formylated derivative4l which, upon deformylation with hydrazine in refing
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EtOH and coupling ot the thus obtained diamdzewith ‘active’ estets/, produced
the desired FR-190997 anal®gn 37% yield (combined for the last three reacijon
Compound4l was formed as an intermediate in the hydrazinslysaction because
DMF had to be used as cosolvent in the first steptd the insolubility of compound
40 in EtOH.

N
SN =
o |N\ N" Me
AN = N
3 /ii R? S7/v
> NR2 _— 10
N Me [35] cl cl /E [38]
R/N\H [Tj o)
Me
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35:'R = Ns ! 36: R' =Ns, R? = Phth i
) 37: R'=H, R2 = Phth
v
38:R'=H,R?=H,
[38] | 22/ v
[35] | 14 /i
1
Y
o |N\ oﬁ
SN =2 AN Z
~ ~
N Me N Me
N vi N S7/v
R” 40 R 42 2
cl cl [40] Cl cl [42]
NPhth NHR
NTN N™N
v v

39:R=Ns 41:R=C(=O)H — .
40:R=H<:|III 42;R=H4;|'V

Scheme 6. Synthesis of FR-190997 analogd1. Reagents and conditions: (i) NsCl,
dry EgN, dry DCM, 0 °C for 50 min then 25 °C for 48 h,%81(ii) TPP, DIAD, THF
dry, 0°C then 40-50°C, 4 16) or 0°C to 40-50 °C for 3.5 h, then 25 °C, 1239
(i) PhSH, NaCQO;, dry DMF, 40-50 °C, 2 h, 52937) or 25 °C, 2 h then 40-50 °C
for 1 h and then 25 °C, 48 h, 43%®); (iv) NoH4'H20O, EtOH, reflux, 1h, 97%38) or
36 h 72% 42); (v) dry EgN, dry DMF, 25 °C, 2 h, 5198] or 1.5 h,68%10) or 12 h,
42% (11);(vi) NoH4H20, DMF/EtOH, 80°C, 12h.
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2.3 Structure-Antiproliterative activity or FR-19099/ and analogue structures

All synthesized compounds were tested forrthatiproliferative potential using
two breast cancer cell lines: the d=PRositive, epithelial MCF-7 cells with low
metastatic potential and the [Rositive, mesenchymal MDA-MB-231 cells with
high metastatic potential. For comparison purposks, commercially available
compounds FerA and atRA were also included inaesessment. The 4§values of

the tested compounds are summarized in Table 1.

Table 1. ICso (uM) values of the synthesized compounds in MCF-7 MiDA-
MB-231 breast cancer cells.
LIGAND MCF-7 MDA-MB-231
FR-190997 2.14 £ 0.034 0.08 + 0.089
2 0.16 £0.06 450 £ 12.169
3 53 +4.026 0.78 £ 0.039
4 2.12 +£0.017 86 +1.049
5 0.93 £ 0.062 650 + 12.427
6 0.33+£0.05 5.9 +£0.028
7 65 + 2.031 193 +9.048
8 91 £7.061 200 + 10.012
9 0.73+£0.043 0.43 £ 0.046
10 1.21+0.071 5.94*19+ 0.00005
11 64 £5.031 5%10 + 0.0014
12 407 £12.073 6.97 £ 0.103
13 0.86 £ 0.076 22 +0.57
14 0.07£1.311 520 + 10.227
FerA 0.36 £0.017 15+ 1.156
atRA 6.14 £ 0.38 16 £1.106

In contrast to the hypothesis made earlietha literature [4] that B2R agonists
may only promote tumor proliferation, we found tHaRR agonist FR-190997
inhibited cell proliferation of the MCF-7 cell linggnificantly with an G, of 2.14
uM whereas the antiproliferative effect in the MDA-MB1 cell line was even more
pronounced with an I§g of 0.08 uM. The SAR results with FR-190997 analogue

structures and sub-domains are discussed sepd@telgch cell line.

MCEF-7 cdl line
Careful inspection of Table 1 reveals thatdffieacy of FR-190997 in the MCF-7
cell line stems from the quinoline (compourl and cinnamic acid anilide

(compounds) domains which independently produce better aolffierative activity
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(ICs0 U.1b and 0.94M respectively). Connecting these two privilegauisiures Into
a single molecular entity (FR-190997) does not har@roduce an additive effect.

Interestingly, examination of the individuadnsponents of amidé reveals that
the p-substituted cinnamic acid alone exhibits essentially the same activity as FR
190997 whereas the N-Phth-protected dichloroanigjlyginamide core3 possesses
much reduced activity (I§g 53 uM). This suggests that the acid component in the
terminal amide of FR-190997 imparts significantiatt to the glycinamide core
hence we tested FR-190997 analogues with othemoxgib acids of established
antitumor potential such as ferulic acid (FerA) atbdtrans-retinoic acid (atRA).
Indeed, FerA derivativé exhibited a 7-fold increase antiproliferative ity with
respect to FR-190997 in the MCF-7 assay whereah ddRvative7 was less active
by 30-fold. This implies that extended conjugationthe terminal acid does not
necessarily impart significant antiproliferativetigity in the combined structure and
that probably cinnamate derivatives possessingdaolgen bond donor/acceptor at
the 4-position (CONH for FR-190997 and OH @y is a much more important
feature in this context.

Next, we interrogated modification at the Nthytanilide region of FR-190997,
by replacing thecis-N-methylglycinamide moiety with a triazole ringofopound8)
in an attempt to restrict the conformational freeda this part of the molecule. The
incorporation of the triazole ring in the structwe FR-190997 had a detrimental
effect on antiproliferative activity (I§g 91 uM) although when this modification was
applied to the dichloroaryl core alone (compoul®), a direct analogue 08,
produced the most active derivative of the presenes with nanomolar activity in
the MCF-7 cell line (1Go 0.07uM).

Further modification oB by switching the ether to a secondary amine linker
(compound9), joining the quinoline core with the 2,6-dichleBetriazolobenzyl
domain of8, imparted nanomolar antiproliferative activitytime FR-190997 daughter
triazole scaffold. Applying this modification diye on FR-190997 produced
analoguel0 which showed 2-fold improved activity over FR-19@9yet slightly
reduced activity with respect to its triazole carpart9.

Consistent with the trend observed in therf®dd compounds, replacement of the
substituted cinnamic acid residue 10 with atRA (compoundll), led to 50-fold
reduction of the antiproliferative potency in theCHM-7 assay thus corroborating

further the negative impact of the atRA-derived desi
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As mentioned above, the 8-hydroxy quinolingegment (Compound) possesses
significant activity against the MCF-7 cell lineCgh 0.16 uM) which is retained to a
large degree in its anilino-analogig (ICso of 0.86uM) whereas the corresponding
quinoline ether derivativé2 lacking the hydrogen bond donor capacity2aind 13,
was essentially inactive in the MCF-7 cell line.

Overall, in the context of the MCF-7 cell ljrteese results support that the choice
of the terminal carboxylic acid residue is of primneportance for antiproliferative
activity with cinnamate derivatives possessing drbgen bond donor/acceptor at the
4-position being particularly active (compounds F#08997,6, 8, 9, 10 versus 7 and
11). Second in importance is the presence of a hyrdgpnd donor in the linker
region as derivatives with an NH linker are mordivac than their O-linked
counterparts (compoundsand 10 versus 8 and FR-190997 respectively). A subtle
yet noticeable feature that further increases titg@liferative activity of the NH-
linked FR-190997 analogue structures, involvesrdggdification around the amine
component in the terminal amide domain by the usd-aminomethyltriazole in
place of the conformationaly more labile glycineelskon (compoun® versus 10).
Based on the above, it is projected that the Fer@logue structures @& and 10

should be even more potent in the MCF-7 cell line.

MDA-MB-231 céll line

In contrast to the MCF-7 assay, the high tallefficacy of FR-190997 in the
MDA-MB-231 cell line appears to emanate largelyniraghe 3-glycinamido-2,6-
dichlorobenzyl core (compour8) rather than the quinoline domain (compo@haer
terminal acid residue (compouddl (ICso 0.78 versus 450 and 86/ respectively in
this assay, Table 1). Connecting the cinnamic acithe form of terminal amide on
core fragment3 produces the essentially inactive derivative(ICso 650 puM).
Interestingly, attaching the inactive quinoline don® through an ether linker to the
also inactiveb, forms FR-190997 which possess nanomolar activityhe MDA-
MB-231 assay. This unpredicted positive synerggiarhains2, and5 (in turn formed
by 3 and4) is in stark contrast with what was observed snMCF-7 assay where the
same fragments exhibited significant antiprolifem@activity yet their union into FR-
190997 had a negative impact. Switching the terheagboxylic acid residue from
the 4-substituted cinnamate in FR-190997 to Ferda&RA in analogue structurés
and 7 led to inferior potency in the MDA-MB-231 cell kn particularly so in the

latter case.
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Restricting the contormational freedom of theN-methyiglycinamide molety Iin
FR-190997 by replacing this with a triazole ring@rgound8) also causes a sharp
drop in the antiproliferative activity in the MDA-B}231assay. The negative impact
of the triazole modification is also consistenttle respective fragmen&and 14
(ICs0 0.78versus 520 uM respectively).

Finally, applying the O to NH switch in thalter region of FR-190997 produced
analoguelO which proved the most active compound in the preseries with
subnanomolar antiproliferative activity in the MOMB-231 cell line (1Go5.94*10°
uM). In compound9, the O to NH replacement at the linker of the fivac FR-
190997 triazole analogu® also rescues the antiproliferative activity préeigng
nanomolar potency (Kg 0.43 uM). The profound impact of this modification is
clearly seen in analogudl where one of the consistently inactive atRA anaésgis
rendered a potent antiproliferative agent with lomnomolar potency (g 5107
uM). The evidently key 8-aminoquinoline fragméi®, does possess antiproliferative
capacity (IGy 22 uM) but this is several orders of magnitude loweanththose
achieved by structures encompassing all three dwmsiich as FR-190997 and
analogue®, 10 and11 which further corroborates the beneficial synergyag the
quinoline, the 2,6-dichloro-3-glycinamido-benzyldathe terminal acid domains.

It is thus established for the MDA-MB-231 clatle that the NH linker in the FR-
190997 analogue structures is of paramount impoetdor antiproliferative activity
followed by the conformational flexibility of the-@ycinamide side chain in the 2,6-
dichlorobenzyl core while several carboxylic aod# extended conjugated systems
may be tolerated in the terminal amide domain.

Overall, it is worth noticing that althoughetlSARs for the MCF-7 and MDA-
MB-231 cell lines follow opposite trends with respéo the triazole and terminal
acid modifications, the O to N switch in the linkegion is beneficial across both
assays and that respective optimum potencies cgaveranalogu&O.

It must be also emphasised that whatever iitipraliferative activity of each of
fragments2, 3, 4, 5, 12, 13 and 14, it is not anticipated to stem from B2R agonism
alone, if at all, since molecules of this size téoade promiscuous ligands and the
origin of their activity could be attributed to asgtion with more than one targets.
In contrast, compounds 7, 8, 9, 10 and11 can be safely claimed as B2R agonists or
partial agonists not simply due to their extensstrictural resemblance to FR-

190997 but mostly because of Fujisawa's extensAB 8nd optimisation studies
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which have shown that the agonistantagonist @rasl determined solely by the
substitution at the 4-position of the quinoline dom[15, 18-22] (see also Figure 1).
The same work established that the dichloro beoayé is important for overall
activity whereas the glycinamide and terminal apwmrtions modulate only the
magnitude of the agonistic or antagonistic effead does not change the functional

aspect of the molecule.

2.4 Proposed mechanism of action based on the established knowledge on B2R

As mentioned above, for the two cancer limezmined, bradykinin activation of
B2R is reported to promote cancer proliferatiorthe MCF-7 assay [28] and B2R
antagonist FR-173657 showed antiproliferative ¢fféan the MDA-MB-231 assay
[31] therefore our antiproliferative results wittB&R agonist may appear to create a
paradox. This apparent controversy may be resalvedrtain important points are
taken into consideration.

First, all work supporting the oncogenic faté B2 agonism is based on
stimulation with bradykinin [28-30, 36-40]. B2R mstilation with other types of
agonists does not share the same characteristicveidykinin simulation hence the
oncogenicity of the latter may not apply to all égpof agonists. Synthetic peptidic
and non-peptidic B2R agonists do not actually mirrthe functional
aspects/selectivity of the natural hormone bradykpost B2 stimulation neither in
terms of type nor magnitude. For example, the kigidtent and full agonisiB
(Figure 1) stimulates phosphorylation of ERK (thea@genic pathway) quicker and
with much reduced efficacy in comparison to bradyki (1 uM vs 10 nM,
respectively) [41,42].

Second, bradykinin is rapidly degraded undeysmlogical conditions whereas
FR-190997 belongs to a class of stable and indaivaesistant B2R ligands [41].
Third, the fate of B2 receptor itself varies aftiggand binding/stimulation and this
fate is dependent on ligand type [43]. Agonistdioig to B2R causes internalization
of the receptovia association witlg-arrestin,.. This is a reversible process that with
the short lived bradykinin the receptor is quickéyeased and reinstated at the cell
membrane leading to a vicious circle of potent tsuo$ ERK activation. Conversely,
as elegantly shown by Marceau, when degradatioistaes (long lived) synthetic
peptidic or non-peptidic agonists suchlds(and FR-190997) are bound to B2R, the

internalization process is predominately followey teceptor degradation [44].
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Fujisawa In collaboration with the Gobell group @ahown this IS also the case for
FR-190997 (from the same Fujisawa seriedBf as it induced desensitization of
B2R [45] (by default driven by receptor internatina).

It is precisely this phenomenon that we belieontributes to the observed
antiproliferative properties of FR-190997. Basedtlus well-established process for
GPCRs, prolonged engagement of B2 receptor witigla &ffinity (partial) agonist
would lead to receptor internalization/downregalatithus attenuation of the
membrane-bound B2R oncogenic signalling initiatgdber-expressed extracellular
bradykinin.

This agonist-induced inhibitory effect mirrothke mechanism of action of
fingolimod. Phoshorylated fingolimod (fingolimod &ctually a prodrug) binds to
S1P1 on the T cell surface and causes receptomati®ation and degradation
thereby rendering the cell unresponsive to thessgsggnal of membrane S1P thus
allowing the lymph node signal to be retained [8§-4ike fingolimode, FR-190997,
related B2R agonists and derivatives thereof mag &k designated as functional
antagonists by virtue of their biased agonism tolwf@rarrestin,, which perturbs B2
receptor homeostasis, leading to downregulatidd2i® [49-51].

Furthermore, internalized B2Rs escaping degiaal or recycling have been
shown to be subject of further endosomal traffigkisading to nuclear translocation.
Takano has shown that the B2 receptor is trangpariehe nucleus by forming
heterodimers with lamin C where it is suggestedutaction as a transcriptional
regulator of specific genes [52,53].

More importantly, the group of Gobeil have ridufunctional B2 receptors in the
nuclei of rat hepatocytes corroborating earlieorepof B2Rs residing in the nucleus.
Bradykinin stimulation of isolated nuclei inducedoncentration-dependent
mobilization of nucleoplasmic calcium activationggiphorylation of Akt, acetylation
of histone H3 and pro-inflammatory iINOS gene induc{54]. This intracrine B2R-
mediated signalling was blocked by direct exposiréne nuclei to the peptidic B2R
antagonist HOE-140 but not by the B1R antagonigtR7

The Gobeil team followed this with a landmarkicle describing for the first time
nuclearly expressed B2R in the human triple-negabreast cancer (TNBC) cell line
MDA-MB-231 (cell line of our study) including humaMNBC specimens. Treatment
with cell-permeable peptidic or small molecule BaRtagonists that could reach

endosomal domains elicited far superior anticareféects to those observed with
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non-permeable ones that could only act at memupaned BZR |31]. lhe
antiproliferating and apoptosis-promoting effects MDA-MB-231 cells by these
agents was not manifested in B2ZR shRNA-knockdowmoorB2R expressing (COS-
1) cells. Since GPCR antagonists do not cause GRteRhalization, Gobeil's work
has established that the most efficient antipndiige mechanism for B2R
antagonists is to permeate through the cell anibiintine intracellular/nuclear B2R
signalling rather than the cascade originating emforane-bound B2R.

The classical definitions of GPCR agonistsgaonists are associated to specific
signal transduction originating from extracelluligand interactions with membrane-
bound GPCRs. It is therefore apparent that thelwg@nist/antagonist designations
are not valid for a ligand which permeates the, dgtids to an intracellular GPCR
and inhibits its endosomal signalling (differenbrfr the membrane-originating
cascade).

The apparent paradox of having both B2R agerasd antagonists exhibiting
antiproliferative efficacy is potentially resolvetly this assertion because it
disentangles membrane-bound from intracellular GRERalling as these do not
necessarily involve the same receptor organisatibgand interaction, and
effectors/cascades [55-58]. It is fairer to sayt tharmeable ligands capable of
binding to intracellular GPCR and disrupting itsdesomal signalling are best
viewed as "interceptors” or "sequestrators” and phoperty is independent of their
agonistic/antagonistic capacity at the same GCBHRirg on the membrane.

As evidenced by Gobeil's work, cell perme&piind high GPCR affinity such as
those associated with the B2R antagonist usedaivibrk, FR-173657 (165 1.4 nm
[21,22], ALogP 5.57, CXLogD (pH 7.4) 4.0 [59]) appatly suffice to precipitate
inhibition of intracellular B2R signalling by enteg the cell and sequestering
intracellular B2Rs. The established FR-173657 tyfpagction may be also manifested
by the high affinity B2R ligand FR-190997 ¢£0.41 nm) which is orally active in
several animal species [22,45] attribute for whieli permeability is a prerequisite
and further supported by its logP value(s) (ALogB55 CXLogD (pH 7.4) 4.07
[60]). Based on the B2R affinity and permeabilpofiles of FR-173657 and FR-
190997 one would expect the two Fujisawa molectdesxert similar potenciega
the sequestration mechanism. Nevertheless, in rip&e-hegative breast cancer
(TNBC) cell line MDA-MB-231, agonist FR-190997 ekits far superior
antiproliferative activity than FR-173657 @0.08 versus 20 um respectively)
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Implying that agonist induced BZR InternalisatiGggoadation mechanism (only
available to agonists) is much more efficient thithe sequestration mechanism
(available to both agonists and antagonists of gppate profile) in suppressing
tumorous cell proliferation, at least in this assay

To put things into perspective a comparisorthaf antiproliferative activity of
optimised B2R ligands, approved breast cancer damgs established anticancer
agents against the (TNBC) cell line MDA-MB-231 iegented in Table 2.

Table 2: Antiproliferative activity of B2R antagonists, agonists and
established chemotherapeutic agents against MDA-MB-231 cells

Ligand Mode of Action | Cso / pM Ref.
FR-173657 B2R antagonist 20 31
NG68 B2R antagonist 45
FR-190997 B2R agonist 0.08 This
Compound 10 B2R agonist* 5.94*%0 work
Compound 11 B2R agonist* 0.005

Approved breast cancer drugs
Alpesilib PI13Ka 62.9
Cyclophosphamidg Alkylating agent 195.5
Docetaxel Microtubule stabiliser 0.01-9.6
Epirubicin DNA intercalator 0.15
5-Fluorouracil Antimetabolite 66.6
Fulvestrant ESR 196.3
Gemcitabine Pyrimidine antimetabolite 2.1 61
Lapatinib EGFR, ERBB2 10.6
Olaparib PARP1/2 62.5
Paclitaxel Microtubule stabiliser 0.9
Paldociclib CDK4/6 14.6
Ribociclib CDK4/6 27.3
Tamoxifen ESR1 69.7
Vinblastine Microtubule destabiliser 0.024
Other established anticancer agents

Bortezomib Proteasome inhibitor 0.003
Rapamycin PI3K, mTOR 0.9
Cisplatin DNA crosslinker 36.2 61
Staurosporin Broad spectrum kinase inhibitor 0.01
Doxorubicin DNA intercalator 0.1-1.3
*Based on Fujisawa's Structure-Activity/Functiofstationship work 17-22

The significant antiproliferative activity ¢1R-190997 arguably stems from both
mechanisms (B2 receptor internalisation/degradatiand sequestration of
intracellular/nuclear B2 receptors) thus renderetbmtially a multimodal functional
inhibitor of B2R-mediated signalling. Cognizant tfe fact that we have not

confirmed B2R agonism or off-target effects for thest analogue structul® we
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posit that Its exceptional (Ssubnanomolar) antipeative performance 1S due to the
same multimodal capacity as of FR-190997 sinceetlaes structurally identical bar
one atom and is consistent with the agonist prefi@ablished in Fujisawa's extensive
Structure-Activity/Functional-Relationship work [1%8-22]. Having gained insight
into the structural elements of FR-190997 respdasifor imparting high
antiproliferative potency, our ongoing efforts doeused on preparing additional
analogues that may achieve broader spectrum amtitgemic properties. In addition,
we intend to gather further evidence to support tihe established agonism-induced
B2 receptor internalization and degradation apgise to partial agonist FR-190997
and that the latter is capable of sequesteringagetiular/nuclear B2 receptors.
Unraveling the significance of subcellular GPCR ffitking and endosomal
signalling is one of the most exciting topics inremt biology research as it holds

promise for novel therapeutic interventions [55-58]
3. Conclusions

We have demonstrated for the first time theg hon-peptidic, cell-permeable,
B2R partial agonist FR-190997 and related analaguectures exhibit exceptional
antiproliferating activities particularly in the BC cell line MDA-MB-231 where
our analogud0 with subnanomolar activity, surpasses popularcanter agents and
approved breast cancer drugs. This work represeatstest piece in the B2R-cancer
puzzle which we believe reconciles existing congrsies by considering how the
action of B2R agonists/antagonists in the classeake, transcends into the context

of endosomal B2R signalling.
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4. Materials and methods

4.1 Chemistry

4.1.1 General

Melting points were determined with an Elettesmal apparatus and are
uncorrected*H-NMR and **C-NMR spectra were obtained at 600 and 150 MHz,
respectively, on Bruker Avancelll HD spectrometéhemical shiftsq) are reported
for CDCl solutions in parts per million (ppm) downfield fnotetramethylsilane
(TMS), used as internal standard, unless otherstizied. Electron-spray ionization
(ESI) mass spectra were recorded at 30 eV, on ané/kticromass ZQ spectrometer
using MeOH as solvent. Elemental analyses wererrdated on a Carlo Erba EA
1108 CHNS elemental analyzer.

Flash column chromatography (FCC) was perfdrome Acros Organics silica gel
0.035-0.070 mm, 60 A and TLC on Merck silica gelfgg; films (0.2 mm) precoated
on aluminium foil. Spots were visualized with U\ghit at 254 nm. The solvents or
solvent systems used for the development of TLG-OGC are the following: (A)
CHCls/MeOH (96:4), (B) CHGIMeOH (95:5), (C) CHGIMeOH (9:1), (D)
CHCIls/MeOH(8:2), (E) CHCI/MeOH (9:1), (F) PhMe, (G) EtOAc, (I) PhMe/EtOAc
(9:1), (J) PhMe/EtOAc (8:2), (K) PhMe/EtOAc (6:4),) PhMe/EtOAc (1:1), (M)
PhMe/EtOAc (2:8), (N) PhMe/EtOAc (3:7), (O) HexadagdAc (9:1), (P)
Hexane/EtOAc (1:1), (R)Hexane/EtOAc (8:2), (S) PWHE®Ac (7:3), (T)
CHCls/MeOH (98:2), (U) CHGIMeOH (97:3), (V) CHCIMeOH (92:8), (W)
CHCly/MeOH (93:7).

All solvents were dried and/or purified acdagito standard procedures prior to
use. Solvents were routinely removed at ca. 40rfdeureduced pressure on Buchi
Rotavapor RE 111 apparatus. Air-sensitive reagevese handled under inert
atmosphere (Ar). All reagents employed in the preseork were purchased from
either Sigma-Aldrich or Alfa Aesar or Merck or Asr@®rganics or Fluorochem and
were used without further purification. For the aeef the present work, 'active’
ester22 was prepared according to a published proced&ie [1

4.1.2 4-Chloro-2-methyl-8-nitroquinoline (16)
To a cooled to -10 °C solution of 4-chloro-2-metjwholine (2.5 g, 14.1 mmol) in
96% HSO, (8.9 mL) was added KN£X2.2 g, 21.8 mmol) portion-wise over 50 min
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and the mixture was stirred at room temperatujeopernight. | he reaction mixture
was poured carefully on ice (40 g), then adjuste@i 7-8 with a saturated ag.
solution of NaOH and finally extracted thrice wiEtOAc. The organic phases were
combined and washed twice with brine, dried oves3@a and finally evaporated to
dryness under reduced pressure. The residue wgsctto silica gel flash column
chromatography (FCC), using PhMe as eluant, ta@fboire compounde6.

Yield: 1.54 g (49%); yellow solid, m.p. 113-114 &, [13] m.p. 111-113C; R (F)
0.26; MS (ESI)m/z 245.24 (M+Na), 223.13 (M+HJ; 'H-NMR: ¢ 8.38 (dd,J = 8.4
and 0.9 Hz, 1H), 7.98 (dd,= 8.4 and 0.9 Hz, 1H), 7.63 (= 8.4 Hz, 1H), 7.52 (s,
1H), 2.74 (s, 3H) ppnt°C-NMR: § 161.9, 148.3, 142.5, 140.0, 127.7, 125.7, 125.2,
123.9, 123.7, 25.6 ppm.

4.1.3 2-Methyl-8-nitro-4-(pyridyl-2-ylmethoxy)quinoline (17)

To an ice-cold solution of (pyridin-2-yl)methan@d.§ mL, 39.3 mmol) in DMI (3.8
mL) was addedBuOK (0.71 g, 6.3 mmol) and, following its dissdtut, the
temperature was lowered to-10 °C. Then, compdith(.4 g, 6.3 mmol) was added
portion-wise over 50 minutes and the mixture wasest at room temperature
overnight. The reaction mixture was diluted withteva(50 mL) and the thus
resulting suspension was extracted thrice with EtOAhe organic phases were
combined and washed twice with brine, dried ovesST4 and evaporated to dryness
under reduced pressure. The residue was subjecte@C, using the solvent system
L as eluant, to give pure compouid

Yield: 0.8 g (43%); orange solid, m.p. 159.5-169C5 R(L) 0.25; MS (ESDhm/z
334.42 (M+KY, 318.42 (M+Na), 296.50 (M+HJ; *H-NMR: & 8.65 (d,J = 4.3 Hz,
1H), 8.43 (dJ = 8.4 Hz, 1H), 7.92 (d] = 8.4 Hz, 1H), 7.76 (t) = 8.4 Hz, 1H), 7.53
(d,J = 7.8 Hz, 1H), 7.48 (t) = 7.8 Hz, 1H), 7.30 (dd] = 7.8 and 4.3 Hz, 1H), 6.80
(s, 1H), 5.43 (s, 2H), 2.67 (s, 3H) ppMC-NMR: § 163.4, 160.6, 155.4, 149.6,
147.9, 140.3, 137.1, 125.8, 123.7, 123.4, 123.3,4,221.2, 103.4, 71.2, 26.4 ppm;
Anal. Calcd for GgH13N3O3: C, 65.08; H, 4.44; N, 14.23. Found: C, 65.384t23;
N, 14.02.

4.1.4 2-Methyl-4-(pyridyl-2-ylmethoxy)quinoline-8-amine (13)
To a solution of compound7 (0.8 g, 2.71 mmol) in ag. MeOH (80%) (10.7 mL)
were added FegbH,O (32.4 mg) and activated carbon (32.4 mg) anddbkalting



25

mixture was heated to reflux. IhengHN'H,O (V.33 mL, 6.8 mmol) was added
dropwise and the mixture was stirred at the samgpéeature for 2 hours. TLC
analysis indicated that the reaction was not cotapl&n additional amount of
N2H4H20 (0.33 mL, 6.8 mmol) was then added and 1 h dlfterlast addition, the
reaction mixture was left to attain rt and dilutedh EtOAc (30 mL). The organic
phase was washed once with an aq. solution of 5¥4Qa and twice with brine,
dried over NgSQO, and evaporated to dryness under reduced presBoeeresidue
was subjected to FCC, using the solvent system &uasnt, to afford pure compound
13.

Yield: 0.52 g (72%); brown solid, m.p. 129.5-130; °“R(L) 0.23; MS (ESI)m/z:
266.40 (M+HJ; *H NMR: 68.63 (d,J = 4.8 Hz, 1H), 7.74 (td) = 8.4 and 1.2 Hz,
1H), 7.59 (dJ = 8.4 Hz, 1H), 7.57 (dd] = 8.4 and 1.2 Hz, 1H), 7.28-7.22 (m, 2H),
6.91(dd,J = 8.4 and 1.2 Hz, 1H), 6.66 (s, 1H) 5.39 (s, 2H334(br.s, 2H), 2.63 (s,
3H) ppm;**C NMR:6 157.2, 156.4, 149.3, 143.2, 137.0, 129.0, 1288,6, 122.9,
121.1, 120.2, 110.9, 109.9, 102.0, 70.6, 25.8 pAnal. Calcd for GgH1sN3O: C,
72.43; H, 5.70; N, 15.84. Found: C, 72.13; H, 518816.12.

4.1.5 8-lodo-2-Methyl-4-(pyridyl-2-ylmethoxy)quinoline (18)

To a suspension df3 (0.13 g, 0.5 mmol) in O (1.5 mL) and 37% aq. HCI (0.2 mL,
2.4 mmol) at 5 °C was added an ag. solution oM..daNGO, (0.34 mL, 0.55 mmol)
dropwise. After 30 min of stirring at 5 °C, TLC dysis confirmedthe complete
conversion of compounti3 to its corresponding diazonium salt and thus ancmld
ag. solution of 3 M Kl (0.35 mL, 1.05 mmol) was adddropwise. The reaction
mixture was stirred at 5 °C for 10 min and at 25f6€1 h. Then, it was adjusted to
pH 9 with a saturated ag. solution of NaH{a&nd extracted thrice with EtOAc. The
organic phases were combined and washed once wshtumated aqg. solution of
NaS;03 and twice with brine, dried over B8O, and evaporated to dryness under
reduced pressure. The residue was subjected to &€)@) the solvent system L, to
afford pure compounti8.

Yield: 0.14 g (74%); brown solid; mp 95.5-97.5 °& (L) 0.35; MS (ESI)
m/'z377.31 (M+HY, 399.29 (M+Na; *H-NMR: 6 8.64 (dddJ = 4.8, 1.8 and 1.2 Hz,
1H), 8.29 (dd,) = 7.5 and 1.2 Hz, 1H), 8.26 (ddli= 7.5 and 1.2 Hz, 1H), 7.75 (td,
=7.8 & 1.8 Hz, 1H), 7.55 (unresolv. dt= 7.8 Hz, 1H), 7.28 (ddt] = 7.8, 5.4 and
0.6 Hz, 1H), 7.17 (dd] = 8.4 and 7.8 Hz, 1H), 6.74 (s, 1H), 5.41 (s, ZH)2 (s, 3H)
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ppm; “"C-NMR: o0 161.4, 160.9, 155.9, 149.4, 14/.b, 140.4, 13/Z28.4, 123.1,
122.5, 121.3, 120.3, 102.5,102.4,71.0, 26.2 ppmalA€@alcd for GgH13IN,O: C,
51.08; H, 3.48; N, 7.45. Found: C, 51.32; H, 31207.32.

4.1.6 2-Methyl-8-(3-phenoxybenzyl oxy)-4-(pyridyl-2-ylmethoxy)quinoline (12)

Method A (Ullmann reaction). To a solution of C8.¢ mg, 0.019 mmol), 1,10-
phenathroline (6.8 mg, 0.038 mmol) and@S; (124.0 mg, 0.38 mmol) in DMI (0.1
mL) were added8 (71 mg, 0.19 mmol) and+phenoxybenzyl alcohol (66L, 0.38

mmol) and the reaction mixture was stirred at 1&6Vernight. The mixture was then

directly subjected to FCC, using the solvent systeras eluant, to afford pure
compoundlL2.

Yield: 15 mg (18%); beige solid; mp 120-123.5 °Q@LR0.15; MS (EShm/z: 449.29
(M+H)"; H-NMR (600 MHz, CDCY): 6 8.64 (d,J = 4.2 Hz, 1H),7.84 (dd) = 8.4
and 0.6 Hz, 1H), 7.75 (td,= 7.8 and 1.8 Hz, 1H), 7.58 (@= 7.8 Hz, 1H), 7.33-7.24
(m, 6H), 7.18 (unresolv. t, 1H), 7.07 (unresolyJtt 7.2 Hz, 1H), 7.01 (d) = 7.2
Hz, 1H), 6.99-6.96 (m, 2H), 6.92 (dd= 7.8 and 1.8 Hz, 1H), 6.73 (s, 1H), 5.41 (s,
4H), 2.71 (s, 3H) pprC-NMR: 160.9, 160.8, 159.2, 157.5, 157.1, 156.23.85
149.4, 139.5, 137.0, 129.9, 129.7 (2C), 124.7, 22323.0, 121.6, 121.2, 121.1,
118.9 (2C), 118.0, 117.3, 114.0, 111.3, 102.5,,70076, 26.3 ppm; Anal. Calcd for
CooH24N203: C, 77.66; H, 5.39; N, 6.25. Found: C, 77.48; 605 N, 6.45.

Method B (Mitsunobu reaction). To a solution of mplinol 2 (100 mg, 0.38 mmol)

and m-phenoxybenzyl alcohol (73L, 0.42 mmol) in dry THF (0.5 mL) was added
TPP (121 mg, 0.46 mmol) under argon and the mixtuae cooled to 0 °C. Then,
DIAD (91 pL, 0.46 mmol) was added and the reaction mixturs stared at rt for
1.5 h. TLC analysis indicated that the reaction wed complete. Therefore,
additionalm-phenoxybenzyl alcohol (78L, 0.42 mmol), TPP (121 mg, 0.46 mmol)
and DIAD (91puL, 0.46 mmol) were added in two portions over 48 he reaction
mixture was evaporated to dryness and the resicagesubjected to FCC using the
solvent system N as eluant, to afford compo@f@dcontaining TPPO in the molar
ratio 1:3 (by'H- NMR). This mixture was portioned between EtOAd 2N HCI, the
aqueous layer was neutralized with NaOH and exdawtith EtOAc. The organic
layer was dried and evaporated to dryness to Ipave compound?2 which was
crystallized on standing. Yield: 102 mg (60%).
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4.1./ tertButyldiphenylsilyl  (kE)-3-(4-(tertbutyldiphenylsilyloxy)-3-methoxyphenyl )-
acrylate (19)

To a solution of FerA (0.19 g, 1 mmol) in dry DMA.§ mL) were added
sequentially, under argon, imidazole (0.16 g, 2mat) and TBDPSCI (0.6 mL, 2.3
mmol) and the mixture was stirred at rt for 3 heThaction mixture was then diluted
with water and extracted thrice with,Bt The organic phases were combined and
washed thrice with water and once with brine, droe@r NaSO, and evaporated
dryness under reduced pressure. The residue wgttto FCC, using the solvent
system O as eluant, to afford pure eger

Yield: 0.54 g (81%); pale-yellow oil;{R0) 0.33; MS (ESIWz 693.31 (M+Naj; *H-
NMR: 6 7.74-7.70 (m, 8H), 7.64 (d,= 15.6 Hz, 1H), 7.46-7.35 (m, 12H), 6.97 {d,
= 1.8 Hz, 1H), 6.88 (ddl = 7.8 and 1.8 Hz, 1H), 6.71 (@= 7.8 Hz, 1H), 6.35 (dJ

= 15.6 Hz, 1H), 3.63 (s, 3H), 1.16 (s, 9 H), 1.4 §H) ppm;*C-NMR: ¢ 166.1,
150.9, 147.6, 146.0, 135.3 (2C), 135.2 (2C), 132Q), 132.1 (2C), 130.0 (4C),
129.8 (4C), 128.1, 127.7 (4C), 127.6 (4C), 12220.4, 117.3, 111.0, 55.4, 27.0
(3C), 26.6 (3C), 19.8, 19.2 ppm.

4.1.8 (E)-3-(4-(tert-Butyl di phenyl silyloxy)- 3-methoxyphenyl )acrylic acid (20)

To an ice-cold solution of esté® (0.37 g, 0.55 mmol) in MeOH (7 mL) and THF
(2.5 mL) was added an aq. solution of 10%CR; (2.3 mL) and the mixture was
stirred at rt for 1 h. The reaction mixture wasutiitl with cold brine (7 mL), cooled
to 0 °C, adjusted to pH 4-5 with a cold aq. soluta 5% citric acid and extracted
thrice with EtOAc. It should be noted that duringdification ferulic acid was also
produced. The organic phases were combined andedas¥ice with brine, dried
over NaSQ, and evaporated to dryness under reduced pressarbath temperature
not exceeding 30 °C. The residue was subjectedCto, kising the solvent system P
for elution, to afford pure acigD.

Yield: 0.14 g (61%); yellow oil; R(P) 0.20;:MS (ESIn'z:433.21 (M+H); 'H-NMR:

5 7.80-7.76 (m, 4H), 7.72 (d,= 16.2 Hz, 1H), 7.50 (tt] = 7.2 and 1.4 Hz, 2H), 7.44
(t, J=7.2 Hz, 4H), 7.04 (d] = 1.5 Hz, 1H), 6.95 (ddl= 8.4 and 1.5 Hz, 1H), 6.78
(d, J= 8.4 Hz, 1H), 6.32 (dJ= 16.2 Hz, 1H), 3.69 (s, 3H), 1.20 (s, 9H) pprc-
NMR: 6 172.1, 150.9, 149.7, 149.2, 135.3 (4C), 133.1 (2@9.8 (2C), 127.7, 127.6
(4C), 122.5, 120.4, 114.7, 111.2, 55.3, 26.6 (3G)8 ppm.
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4.19 25-Dioxopyrrolidin-1-yl  (k)-3-(4-(tert-butyldiphenylsilyloxy)-3-methoxyphe-
nyl)acrylate (21)

To an ice-cold solution of ac2D (0.12 g, 0.28 mmol) in dry THF (1 mL) were added
HOSu (0.08 g, 0.72 mmol) and DCC (0.08 g, 0.4 mmafer argon and the mixture
was stirred for 30 min at 0 °C and 5 h at rt. Tlu@lgsis indicated that the reaction
was not completed, therefore, additional DCC (@P0.05 mmol) was added in the
same manner and the reaction mixture was furtireedtovernight at rt. Then, water
(0.15 mL) and gl. AcOH (0.05 mL) were added ancraB0 min of stirring, the
precipitate was filtered off and washed on thefilvith cold EtOAc. The filtrate was
diluted with EtOAc, washed thrice with an ag. swiotof 5% NaHCQ, twice with
water and once with brine, dried over .88y, and evaporated to dryness under
reduced pressure. The residue was subjected to &€ the solvent system P as
eluant to afford pure 'active' estr.

Yield: 126 mg (85%); yellow oil; R(P); 0.34; MS (ESI)wz 1081.23 (2M+Na),
568.31 (M+K), 552.50 (M+Na); *H-NMR: 6 7.77 (d,J = 16.2 Hz, 1H), 7.70-7.67
(m, 4H), 7.43-7.39 (m, 2H), 7.37-7.33 (m, 4H), 6(85J = 1.8 Hz, 1H), 6.89 (ddl =
7.8 and 1.8 Hz, 1H), 6.70 (d= 8.4 Hz, 1H), 6.36 (d] = 16.2 Hz, 1H), 3.60 (s, 3H),
2.86 (br.s, 4H), 1.12 (s, 9H) ppMC-NMR: § 169.4 (2C), 162.3, 151.0, 150.2, 148.8,
135.3 (4C), 132.9 (2C), 129.9 (2C), 127.6 (4C),.227123.1, 120.5, 111.3, 108.8,
55.3, 26.6 (3C), 25.6 (2C), 19.8 ppm; Anal. Calod €30H31NOeSi: C, 68.03; H,
5.90; N, 2.64. Found: C, 68.34; H, 5.49; N, 2.41.

4.1.10 (3-Amino-2,6-dichlorophenyl)methanol (23)

To a solution of nitro compoung11 (1.0 g, 4.5 mmol) in aq. MeOH (80%) (16.2
mL) were added FegbH,O (36.0 mg) and activated carbon (36.0 mg) and the
mixture was heated to reflux. ThenyHN-H,O (0.53 mL, 10.7 mmol) was added
drop-wise and the reaction mixture was stirrechatdame temperature for 2 h. TLC
analysis indicated that the reaction was not cotegle therefore, additional
N2H4H>O (0.53 mL, 10.7 mmol) was added and after 2 marar at the same
temperature, the reaction was completed. The mractixture was left to attain rt
and then diluted with EtOAc. The organic phase weashed once with an aq.
solution of 5% NaHC@and twice with brine, dried over 80O, and evaporated to
dryness under reduced pressure. The residue wasctdto FCC, using the solvent

system S as eluant, to afford pure aniline denres8.
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Yield: 0./ g (81%); white solid, mp Y/.5-98 “C;(B) U.21;*H-NMR: o /.13 (d,J =
8.4 Hz, 1H), 6.70 (dJ = 8.4 Hz, 1H), 4.95 (s, 2H), 4.13 (br.s, 2H) pgiC-NMR: &
142.4, 135.6, 128.3, 123.7, 120.5, 115.9, 60.7 pdnal. Calcd for GH;CI,NO: C,
43.78; H, 3.67; N, 7.29. Found: C, 43.54; H, 31907.51.

4.1.11 (3-Azido-2,6-dichl orophenyl)methanol (24)

To an ice-cold solution of aniline derivatie8 (0.69 g, 3.6 mmol) in TFA (10 mL)
was added NaN£©(0.29 g, 4.3 mmol) portion-wise over 15 min. Aft&d min of
stirring at 0 °C, the complete conversion of commb@3 to its corresponding
diazonium salt was confirmed by TLC analysis anehtiNaN (0.27 g, 4.2 mmol)
was added portion-wise over 5 min and the mixtues stirred at rt for 30 more
minutes. The completion of the reaction was cordilnby TLC analysis and the
naphthol test. The reaction mixture was then dilut&h HO (12 mL), adjusted to
pH 7-8 with solid KCO; and extracted four times with J&&. The organic phases
were combined and washed twice withkCHand once with brine, dried over 166
and evaporated to dryness under reduced pressweeesidue was subjected to FCC,
using the solvent system I, to afford pure aZde

Yield: 0.62 g (79%); beige solid; mp 87-88 °C; ® 0.33; MS (ESI)nVz217.34
(M)*: *H-NMR: § 7.36 (d,J = 8.4 Hz, 1H), 7.10 (d) = 8.4 Hz, 1H), 4.96 (s, 2H),
2.12 (br. s, 1H) ppnt’C-NMR: ¢ 137.5, 137.0, 131.4, 128.8, 126.7, 119.7, 60.4 ppm;
Anal. Calcd for GHsCIoN3O: C, 38.56; H, 2.31; N, 19.27. Found: C, 38.22259;

N, 19.54.

4.1.12 2-(Prop-2-ynyl)isoindoline-1,3-dione (25)

To a suspension of phthalimide (0.74 g, 5 mmol) @&R& (1.57 g, 6 mmol) in THF
dry (10 mL) was added propargyl alcohol (0.35 mLménol) under argon. The
mixture was then cooled to 0 °C, followed by themwise addition of DIAD (1.2
mL, 6 mmol). The reaction mixture was stirred atort 2 h and then evaporated to
dryness under reduced pressure. The residue wgcttto FCC, using the solvent
system R as eluant, to afford compo@ad

Yield: 0.56 g (60%); white solid; mp 139-141 °C; (R) 0.21;*H-NMR: §7.91-7.87
(m, 2H), 7.76-7.72 (m, 2H), 4.46 (A= 2.4 Hz, 2H), 2.22 (t) = 2.4 Hz, 1H) ppm;
13C-NMR: §167.0 (2C), 134.2 (2C), 132.0 (2C), 123.6 (2C)2771.5, 27.0 ppm.
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4.1.13 2-((1-(2,4-Dichloro-3-(hydroxymethyl )phenyl )- 1H-1,2,3-tr1azol-4-yl )methyl )-
isoindoline-1,3-dione (14)

To a solution of azid@4 (0.74 g, 3.4 mmol) and alkyri#gs (0.76 g, 4.1 mmol) in
DCM (20 mL) were added 4 (20 mL), CuS@5H,0 (0.12 g, 0.49 mmol) and
sodium ascorbate (0.16 g, 0.82 mmol) under argahtha reaction mixture was
stirred at rt for 3 h. The resulting precipitateswallected by vacuum filtration and
then dissolved on the filter with boiling-hot CHCIThe filtrate was immediately
washed twice with water, dried over /88, and evaporated under reduced pressure
to afford pure compounty.

Yield:0.96 g (70%); yellow solid; mp 194.5-195.5 ;°®&; (J) 0.07; MS (ESI)
m/z425.32 (M+Na); *H-NMR (ds-DMSO): § 8.52 (s, 1H), 7.95-7.90 (m, 2H), 7.89-
7.85 (m, 2H), 7.68 (d] = 8.4 Hz, 1H), 7.62 (d) = 8.4 Hz, 1H), 5.42 (t) = 5.4 Hz,
1H), 4.96 (s, 2H), 4.76 (d,= 5.4 Hz, 2H) ppm**C-NMR (ds-DMSO): 5 167.8 (2C),
143.0, 138.5, 137.2, 135.1 (2C), 134.5, 132.1 (2GB2.0, 129.4, 129.0, 126.0, 123.8
(2C), 59.2, 33.3 ppm; Anal. Calcd fordBl;1.CIoN4O3: C, 53.62; H, 3.00; N, 13.89.
Found: C, 53.88; H, 2.79; N, 13.62.

4.1.14 2-Amino-N-(2,4-dichloro-3-(hydroxymethyl ) phenyl)-N-methyl acetamide (26)

To an ice-cold solution 016 (0.35 g, 0.7 mmol) in dry THF (4.6 mL) was added
TBAF-3H0 (0.32 g, 1.0 mmol) under argon and the mixture stared at rt for 3 h.
The reaction mixture was then diluted with DCM amalshed twice with brine. The
agueous phases were re-extracted with DCM and tiien,organic phases were
combined, dried over N8O, and evaporated under reduced pressure. The residue
was subjected to FCC, using the solvent system ¢gMEDH=8:2 as eluant, to
afford 0.11 g crude compouritbas colorless oil, which contains a small quantity o
TBAF (molar ratio 11:1byH-NMR) and was used as such to the next step.

Rr (D): 0.23; MS (ESI)Wz 263.04 (M+HJ; *H-NMR: 6 7.40 (d,J = 8.4 Hz, 1H),
7.19 (d,J = 8.4 Hz, 1H), 4.94 (s, 2H), 3.19 (s, 3H), 3.07J¢,16.8 Hz, 1H), 2.97 (d,

J = 16.8 Hz, 1H), 2.55 (br.s, 3H) ppriC-NMR: ¢ 172.3, 139.0, 138.3, 136.3,
135.3,129.7, 129.5, 60.2, 43.6, 35.9 ppm.

4.1.15 (E)-3-(4-(tert-Butyl diphenyl silyl)-3-methoxyphenyl)-N-(2-((2,4-dichloro-3-
(hydroxymethyl)phenyl) (methyl )Jamino)-2-oxoethyl)acrylamide (27)
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A solution otZ6 (8U mg, U.3 mmol) and dry N (Y0uL, U.64 mmol) in dry DMF (1
mL) was added under argon 24 (0.19 g, 0.36 mmol). The reaction mixture was
stirred at rt for 1 h and then, it was diluted witiHCk. The organic phase was
washed once with an ag. solution of 5% NaHCWice with water and once with
brine, dried over N&O, and evaporated to dryness under reduced presshes. T
residue was subjected to FCC, using the solvenesy$! as eluant, to afford pure
compound?7.

Yield:174 mg (85%); colourless oil;:RM) 0.34; MS (ESIm/z 699.19 (M+K): *H-
NMR: 6 7.69 (d,J = 7.8 Hz, 4H), 7.46-7.31 (m, 9H), 6.90 = 1.2 Hz, 1H), 6.81
(dd,J=8.1 and 1.2 Hz, 1H), 6.67 (@= 8.1 Hz, 1H), 6.26 (d] = 15.6 Hz, 1H), 6.53
(unresolv. t, 1H), 4.99 (ABqg] = 12.0 Hz, 2H), 3.87 (dd] = 18.0 and 4.5 Hz, 1H),
3.63 (dd,J = 18.0 and 4.5 Hz, 1H), 3.59 (s, 3H), 3.24 (s, 3H}1 (s, 9H) ppm-C-
NMR: ¢ 168.4, 165.9, 150.7, 147.0, 141.4, 138.3, 138.8,913135.4, 135.3 (4C),
135.2, 133.3, 129.9, 129.8, 129.7 (2C), 128.3,424C), 121.4, 120.3, 117.9, 111.2,
60.5, 55.3, 42.1, 36.0, 26.6 (3C), 19.8 ppm.

4.1.16 (E)-N-(2-((3-(Bromomethyl)-2,4-dichlorophenyl)(methyl)amino)-2-oxoethyl)-
3-(4-(tert-butyl di phenyl silyl oxy)-3-methoxyphenyl)acrylamide (28)

To a solution of alcoho?7 (82 mg, 0.12 mmol) in THF dry (0.2 mL) were added
CBr4(0.12g, 0.36 mmol) and TPP (94 mg, 0.36 mmol) &€ 0n three portions over
2 h and the mixture was stirred at rt after eadtitah, protected from light. An hour
after the last addition, TLC analysis indicatedt tthee reaction was not completed,
therefore, the reaction mixture was further stireédt overnight. Then, additional
CBr4(0.12 g, 0.36 mmol) and TPP (94 mg, 0.36 mmol) veetéed and the reaction
was completed within an hour. The mixture was evaied to dryness under reduced
pressure and the residue was subjected to FCQy tisnsolvent system K as eluant,
to afford pure bromides.

Yield: 64 mg (72%); white foam; RK) 0.4; MS (ESI)mVz. 761.08 (M+NaJ; *H-
NMR: 6 7.69 (unresolv. dd] = 7.2 Hz, 4H), 7.47-7.38 (m, 4H), 7.34 Jt= 7.2 Hz,
4H), 7.26 (t,J = 4.2 Hz, 1H), 6.90 (d] = 1.2 Hz, 1H), 6.82 (dd] = 7.8 and 1.2 Hz,
1H), 6.67 (dJ = 8.4 Hz, 1H), 6.51 (unresolv. t, 1H), 6.26 Jd 15.6 Hz, 1H), 4.76
(ABqg, J = 10.2 Hz, 2H), 3.90 (unresolv. dd,= 18 Hz, 1H), 3.59 (s, 3H), 3.59
(unresolv. ddJ = 18 Hz, 1H), 3.25 (s, 3H), 1.11 (s, 9H) ppFC-NMR: § 168.3,
165.9, 150.7, 147.0, 141.4, 138.5, 136.7, 136.8,3.C), 135.0, 133.2 (2C), 130.0,
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129.9, 129.7 (2C), 128.3, 12/.6 (4C), 121.5, 1201%,.8, 111.1, 55.3, 42.0, 36.U,
27.1, 26.6 (3C), 19.8 ppm.

4.1.17 (E)-3-(4-(tert-Butyldiphenylsilyloxy)-3-methoxyphenyl)-N-(2-((2,4-dichloro-3-
(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl)oxy)methyl ) phenyl ) (methyl)-
amino)-2-oxoethyl)acrylamide (29)

To a solution of bromid@8 (46 mg, 0.062 mmol) and quinolin@l (17 mg, 0.064
mmol) in dry DMF (0.4 mL) was added,80; (26 mg, 0.19 mmol) under argon and
the reaction mixture was stirred at rt for 3 h. the was diluted with CHGland
washed thrice with water. The organic phase wasddover NaSO,, evaporated to
dryness under reduced pressure and the residueswigescted to FCC, using the
solvent system B as eluant, to afford pure compd@during this reaction, 5 mg
of compound6é were also produced and isolated from the aforeimeed FCC as a
pale yellow solid.

Yield: 25 mg (44%); yellow oil; R(B) 0.26; MS (ESIWz 925.29 (M+HJ.

4.1.18 (E)-N-(2-((2,4-dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-
yl)oxy)methyl) phenyl) (methyl )amino)-2-oxoethyl )-3-(4-hydr oxy-3-methoxyphenyl)-
acrylamide (6)

To an ice-cold solution of compoura® (25 mg, 0.028 mmol) in dry THF (0.2 mL)
was added TBAF- 34D (13 mg, 0.04 mmol) under argon and the mixturs stared
at rt for 3 h. The reaction mixture was then didiuwath CHCE, washed once with an
ag. solution of 5% NaHC£and twice with water. The organic phase was donst
NaSO,, evaporated to dryness under reduced pressurthamdsidue was subjected
to FCC, using the solvent system B as eluant. Coimgh6 was then, treated with a
small volume of BEO and refrigerated overnight. The precipitate wakected by
vacuum filtration, washed on the filter with iceldd&t,O and dried under vacuum.
Yield:12 mg (64%); beige solid; mp 176.8-179.1 ®&};(B) 0.1; MS (ESI)m/z
687.17 (M+HJ; *H-NMR: ¢ 8.65 (unresolv. dt] = 4.2 Hz, 1H), 7.95 (unresolv. dd,
=8.4 Hz, 1H), 7.77 (tdJ= 7.8 and 1.2 Hz, 1H), 7.60 (@= 7.8 Hz, 1H), 7.49 (d] =
15.6 Hz, 1H), 7.46-7.40 (m, 2H), 7.31-7.25 (m, 3AN1-6.96 (m, 2H), 6.86 (d,=
7.8 Hz, 1H), 6.72 (s, 1H), 6.67 (unresolv. t, 18)34 (d,J = 15.6 Hz, 1H), 5.61
(ABg, J = 10.8 Hz, 2H), 5.42 (s, 2H), 3.93 (d#i= 18.0 and 3.9 Hz, 1H), 3.87 (s,
3H), 3.64 (ddJ = 18.0 and 3.9 Hz, 1H), 3.25 (s, 3H), 2.65 (s, Bpin;**C-NMR: ¢
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168.5, 166.0, 161.0, 159.4, 156.1, 153.9, 149.4),(44 ./, 146.9, 141.2, 138.3,
138.1, 137.0, 136.5, 135.0, 130.2, 129.7, 127.2.812123.0, 122.4, 121.3, 121.2,
117.8, 115.5, 114.8, 114.2, 109.6, 102.5, 70.8),&5.9, 42.2, 36.1, 26.0 ppm; Anal.
Calcd for GgH32CIoN4Og: C, 62.89; H, 4.61; N, 8.15. Found: C, 62.65; 814 N,
8.37.

4.1.19 N-(2,4-dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl )oxy)-
methyl)phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methylacetamide (30)

To a solution of quinolinoR (0.19 g, 0.72 mmol) in DMF dry (1 mL) were added
sequentially alcohoB (0.24 g, 0.6 mmol) and TPP (0.18 g, 0.7 mmol) uradgon.
The resulting suspension was cooled to 0 °C and BI&D (0.14 mL, 0.7 mmol)
was added drop-wise. The reaction mixture wasestiat rt for 30 min and at 65 °C
for 1h. Then, it was allowed to attain rt, followbd the addition of alcohd@ (0.1 g,
0.26 mmol), TPP (77 mg, 0.3 mmol) and DIAD (60, 0.3 mmol) in the same
manner. The reaction mixture was further stirredtdor 30 min and at 65-70 °C
overnight. Then, it was evaporated to dryness uretitrced pressure and the residue
was subjected to FCC, using the solvent system éuasnt, to afford pure compound
30.

Yield:0.32 g (70%); beige solid; mp 239.0-240.5 ®;(A) 0.33; MS (ESI)m/z
663.17 (M+Naj, 641.31 (M+HJ; *H-NMR (dg-DMSO): 6 8.62 (m, 1H), 7.93-7.84
(m, 6H), 7.83-7.78 (m, 2H), 7.63 (d= 7.8 Hz, 1H),7.43 (tJ = 7.8 Hz, 1H), 7.41-
7.38 (m, 2H), 7.07 (s, 1H), 5.54 (ABd,= 11.4 Hz, 2H), 5.40 (ABqJ = 13.2 Hz,
2H), 4.04 (dJ = 16.8 Hz, 1H), 3.83 (d] = 16.8 Hz, 1H), 3.14 (s, 3H), 2.54 (s, 3H)
ppm;°*C-NMR (150 MHz, ds-DMSO): § 167.6 (2C), 165.7, 160.7, 159.2, 156.3,
154.1, 149.7, 141.3, 139.0, 137.7, 137.4, 136.%,2&C), 134.7, 132.4, 131.9 (2C),
130.6, 125.4, 123.8 (2C), 123.7, 122.0, 121.0,2,1%13.6, 103.4, 79.6, 71.0, 67.8,
36.2, 26.0 ppm; Anal. Calcd fors,6CIoN4Os: C, 63.63; H, 4.09; N, 8.73. Found:
C, 63.88; H, 3.79; N, 8.54.

4120  2-Amino-N-(2,4-dichloro-3-(((2-methyl-4-(pyridin-2-yl methoxy)quinolin-8-
yl)oxy)methyl)phenyl)-N-methylacetamide (31)

To a suspension of compoudd (0.32 g, 0.5 mmol) in EtOH (4 mL) was added
N2H4H2O (73pL, 1.5 mmol) and the reaction mixture was heatedleumeflux for 1

h. Then, it was evaporated to dryness under redpoessure and the residue was
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dissolved In CHG | he organic phase was washed once with an agu@olor 5%
NaHCQ; and once with brine, dried over M0, and evaporated to dryness under
reduced pressure. The residue was subjected to &€ the solvent system E as
eluant, to afford compourtgiL.

Yield:0.1 g (40%); yellow solid; R(E) 0.14; MS (ES)m/z511.16 (M+H); *H-
NMR: 68.64 (m, 1H), 7.95 (dd) = 8.4 and 0.6 Hz, 1H), 7.75 (td,= 7.8 and 1.8
Hz,1H), 7.58 (dJ = 7.8 Hz,1H), 7.45 (dJ= 8.4 Hz,1H), 7.37 (tJ = 7.8 Hz,1H),
7.29-7.26 (m, 1H), 7.25-7.22 (m, 2H), 6.71 (s, 1544 (s, 2H), 5.40 (s, 2H), 3.20 (s,
3H), 3.09 (dJ = 17.4 Hz, 1H), 2.97 (dl = 17.4 Hz, 1H), 2.66 (s, 3H), 1.93 (br.s, 2H)
ppm; *C-NMR: ¢ 173.1, 161.3, 159.8, 156.5, 154.3, 149.8, 142.4.4,3138.1,
137.4, 137.0, 135.4, 130.7, 129.9, 125.1, 123.4,72121.6, 116.2, 115.2, 102.8,
71.2,68.7,44.2, 36.3, 26.7 ppm.

4121  (2E,4E,6E,8E)-N-(2-((2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)-
quinolin-8-yl)oxy)methyl)phenyl ) (methyl )amino)-2-oxoethyl)-3,7-dimethyl-9-(2,6,6-
trimethyl cyclohex-1-en-1-yl)nona-2,4,6,8-tetraenamide (7)

To a suspension &1 (51 mg, 0.10 mmol) and atRA (33 mg, 0.11 mmoljiy DMF
(0.2 mL) were added sequentially HBTU (53 mg, Orihol) and dry BN (43 uL,
0.31 mmol) and the resulting solution was stirredtdor 1 h. Then, it was diluted
with CHCl and washed once with an aqg. solution of 5% Nakl@@d once with
brine. The organic phase was dried overI@ and evaporated to dryness under
reduced pressure. The residue was subjected to #<dt} EtOAc as eluant, to afford
pure compound.

Yield:40 mg (50%); pale-green solid; &) 0.22; MS (ESIjn/'z: 793.17 (M+H]J, *H-
NMR: ¢ 8.64 (unresolv. dt) = 4.2 Hz, 1H), 7.95 (unresolv. ddi= 7.8 Hz, 1H), 7.75
(td,J= 7.8 and 1.2 Hz, 1H), 7.59 @z 7.8 Hz,1H), 7.46 (d] = 8.4 Hz, 1H), 7.40 (t,
J= 7.8 Hz, 1H), 7.31-7.25 (m, 3H), 6.90 (dts 15 and 11.1 Hz, 1H), 6.71 (s, 1H),
6.44 (unresolv. t, 1H), 6.24 (d= 16.2 Hz, 1H), 6.23 (dl = 15 Hz, 1H), 6.12 (d] =
16.2 Hz, 1H), 6.11 (d) = 11.1 Hz, 1H), 5.74 (s, 1H), 5.63 (ABg= 10.2 Hz, 2H),
5.41 (s, 2H), 3.87 (dd} = 18 and 4.8 Hz, 1H), 3.54 (ddl= 18 and 3.6 Hz, 1H), 3.24
(s, 3H), 2.66 (s, 3H),2.31 (s,3H), 2.02Jt 6.0 Hz, 2H), 1.98 (s, 3H), 1.71 (s, 3H),
1.64-1.58 (m, 2H), 1.49-1.44 (m, 2H), 1.02 (s, G)n; *C-NMR: § 168.5, 166.8,
159.3, 156.1, 149.4, 149.0, 138.7, 138.3, 138.2,7,3137.4, 137.0, 136.6, 135.6,
130.2, 129.9, 129.8, 129.7, 129.6, 128.2, 124.8.012121.3, 121.2, 120.8, 115.6,
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114.6, 102.4, (0./, 68.2, 42.0, 39.b, 38.6, 39%,333.1, 31.6, 2Y.7, 29.0 (2C), 22./,
21.7,19.2, 14.1, 13.6, 12.9 ppm; Anal. Calcd fgsHz0CIloN4O,4: C, 69.60; H, 6.35;
N, 7.06. Found: C, 69.89; H, 6.12; N, 6.82.

4.1.22  2-((1-(3-(Bromomethyl)-2,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl )methyl )-
isoindoline-1,3-dione (32)

To a solution of alcohdl4 (0.65 g, 1.6 mmol) in dry THF (2.5 mL) were adder,
(1.6 g, 4.8 mmol) and TPP (1.26 g, 4.8 mmol) aCQrf three portions over 2 h and
the mixture was stirred at rt after each additijprgtected from light. An hour after
the last addition, the reaction mixture was evajgorao dryness under reduced
pressure and the residue was subjected to FCQj tiensolvent system J as eluant,
to afford pure bromid82.

Yield:0.35 g (47%); white solid, m.p. 153-154.5 ®&;(J) 0.37; MS (ESIn'z488.91
(M+Na)*, 504.85 (M+KJ; 'H-NMR: 68.03 (s, 1H), 7.90-7.85 (m, 2H), 7.76-7.71 (m,
2H), 7.48 (ABqg,J =9.0 Hz, 2H), 5.11 (s, 2H), 4.79 (s, 2H) pphC-NMR:6167.6
(2C), 142.8, 137.2, 135.7, 134.4, 134.2 (2C), 132@©), 130.9, 129.0, 128.2, 125.1,
123.6 (2C), 32.9, 27.0 ppm; Anal. Calcd forgld;1BrCI,N,O,: C, 46.38; H, 2.38; N,
12.02. Found: C, 46.11; H, 2.60; N, 12.27.

4.1.23 2-((1-(2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl)-oxy)-
methyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl )isoindoline-1,3-dione (33)

Method A. To a solution of quinolinoR (0.15 g, 0.58 mmol) in dry DMF (1 mL)
were added sequentiall4 (0.15 g, 0.36 mmol) and TPP (0.1 g, 0.4 mmol) unde
argon. The resulting suspension was cooled to g€ then DIAD (79uL, 0.4
mmol) was added dropwise. The reaction mixture steiged at rt for 30 min and at
60-70 °C for 1h. Then, it was allowed to attainfaljowed by the addition ol4
(0.15 g, 0.36 mmol), TPP (0.1 g, 0.4 mmol) and DIEDO uL, 0.4 mmol) in the same
manner. The reaction mixture was further stirred &r 30 min and at 60-70 °C for
2 h. TLC analysis indicated that the reaction watscompleted. Therefore, additional
TPP (0.2 g, 0.8 mmol) and DIAD (0.16 mL, 0.8 mmwRBre added in two portions,
one portion every 24 h, where the reaction mixtuas stirred at 40 °C for 20 h and
at 60-70 °C for 2 h. Finally, it was subjected ©Q; using the solvent system U as
eluant. The isolated product was treated with Et@Ad refrigerated for 1 h. The
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precipitate was collected by vacuum filtration, nes on the filter with 1ce-cold
EtOAc and dried under vacuum to afford p@8e

Yield:56 mg (15%); white solid.

Method B. To a suspension @2 (0.34 mg, 0.73 mmol) and quinolin@l (0.19 g,
0.73 mmol) in dry DMF (4.5 mL) was added®0O; (0.3 g, 2.19 mmol) under argon
and the reaction mixture was stirred at rt for Jhen, it was diluted with $#0 and
the suspension was extracted twice with DCM. Thgawic phase was washed twice
with water and once with brine, dried over,8@y, and evaporated to dryness under
reduced pressure. The resulting solid was treatgdbwiling EtOAc and then, left to
attain rt. The precipitate was collected by vacdiltmation, washed on the filter with
EtOAc and dried under vacuum to afford pu88 Due to the insolubility of
compound 33 in CDChk, or (CD;),SO or CROD, NMR spectra could not be
obtained. Therefore, the compound was processeithetonext step as described
below.

Yield:0.4 g (84%); beige solid, mp 249-249.5 °G;(B) 0.39; MS (ESIm/z651.12
(M+H)"; Anal. Calcd for G4H24CloNgO4: C, 62.68; H, 3.71; N, 12.90. Found: C,
62.39; H, 3.88; N, 13.12.

4.1.24 (1-(2,4-Dichloro-3-(((2-methyl -4-(pyridin-2-ylmethoxy)quinolin-8-yl )oxy)-
methyl)phenyl)-1H-1,2,3-triazol-4-yl)methanamine (34)

A suspension 083 (0.4 g, 0.61 mmol) in DMF (4 mL) was heated to 1€ and
once the solid was dissolved, MeOH (0.5 mL) ant#i/\H,O (59.0uL, 1.21 mmol)
was added dropwise. The reaction mixture was dtiatethe same temperature for 1
h. Then, it was diluted with an ag. solution of B¥HCQ; and extracted thrice with
DCM. The organic phase was washed once with watdramce with brine, dried
over NaSQO, and evaporated to dryness under reduced presBheeresidue was
subjected to FCC, using the solvent system D amglto afford compoungi.
Yield:0.14 g (45%); slightly grey thick oil; {/RD) 0.15; MS (ESI)m/zz 521.38
(M+H)"; *H-NMR (CDsOD): ¢ 8.60 (unresolv. dt] = 4.2 Hz, 1H), 8.29 (s, 1H), 7.93
(td,J= 7.2 and 1.2 Hz, 1H),7.87 (d= 8.4 Hz, 1H), 7.74-7.70 (m, 2H), 7.67 (b=
9Hz, 1H), 7.46 (tJ) = 7.8 Hz, 1H), 7.43 (dd] = 7.2and 4.2Hz, 1H), 7.38 (d,= 7.8
Hz, 1H), 6.99 (s, 1H), 5.59 (s, 2H), 5.43 (s, 245 (s, 2H), 2.61 (s, 3H) pprhiC-
NMR (CDsOD): ¢ 165.2, 163.5, 159.6, 157.4, 152.7, 151.2, 144.2.614141.7,
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138.4, 1338.0, 130.9, 132.8, 128.9, 128.0, 128.9,41.72126.1, 124.8, 1138.0, 114.3,
106.6, 74.3, 69.9, 39.8, 27.4 ppm.

4.1.25 (E)-4-(3-(((1-(2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-
yl)oxy)methyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl Jamino)-3-oxoprop-1-en-1-yl)-N-
methylbenzamide (8)

To a solution o34 (89 mg, 0.17 mmol) and (39 mg, 0.19 mmol) in dry DMF (0.3
mL) were added sequentially HBTU (91 mg, 0.24 mnaoljl dry E4N (74 uL, 0.53
mmol) and the reaction mixture was stirred at rt Xoh. Then, it was diluted with
CHCI; and washed once with an aq. solution of 5% Nakl@al once with brine.
The organic phase was dried overn8l@, and evaporated to dryness under reduced
pressure. The residue was subjected to FCC, usmgdlvent system V as eluant.
The product was crystallized from DCM after ovehtigefrigeration. The precipitate
was then, collected by vacuum filtration, washedtanfilter with ice-cold DCM and
dried under vacuum to afford puse

Yield: 92 mg (76%); white solid, mp 157-160 °C; (R) 0.27;MS (ESI)wz 708.19
(M+H)*:*H-NMR: 68.64 (unresolv. dt) = 4.2 Hz, 1H), 8.03 (unresolv. t, 1H), 7.95
(d,J=7.8 Hz, 1H), 7.90 (s, 1H), 7.92-7.87 (m, 1H),0r@,J = 8.4 Hz, 2H), 7.76
(td,J=7.8 and 1.2 Hz, 1H), 7.59 (d= 7.8 Hz, 1H), 7.51 (d = 15.6 Hz, 1H), 7.45
(t, J= 7.8 Hz, 1H), 7.38 (d] = 7.8 Hz, 2H), 7.31-7.26 (m, 4H), 6.81 (b 15.6 Hz,
1H), 6.70 (s, 1H), 5.56 (s, 2H), 5.40 (s, 2H), 4@1) = 4.8 Hz, 2H), 2.77 (] = 4.2
Hz, 3H), 2.38 (s, 3H) ppm-C-NMR: §166.9, 166.1, 161.1, 159.5, 155.9, 153.8,
149.5 (2C), 144.8, 140.8, 139.5, 138.7, 137.5,1%2C), 134.9, 134.1, 133.7, 132.3,
128.8, 128.6, 127.6, 127.5, 124.9, 124.7, 123.2,92121.3, 121.2, 114.9, 111.0,
102.9, 70.9, 66.4, 34.9, 26.6, 25.2 ppm; Anal. €&bc Gs7H3:CIoN7O4: C, 62.72; H,
4.41; N, 13.84. Found: C, 62.55; H, 4.61; N, 14.01.

4.1.262-Methyl-8-(0o-nitrophenyl sulfonylamido)-4-(pyridin-2-yl )methoxyquinoline

(35)

To an ice-cold solution a3 (0.27 g, 1 mmol) in dry DCM (4.5 mL) was added dry
EtN (0.3 mL, 2.15 mmol) and then NsCI (0.25 g, 1.1 ef)nportion-wise over 50
min, under argon. The mixture was stirred at 0 €30 min and at rt for 1h. TLC
analysis indicated that the reaction was not cotag|gherefore, additional dry 4&t
(0.15 mL, 1.07 mmol) and NsCI (0.16 g, 0.7 mmolyevadded in the same manner

over 2 h. The reaction mixture was further stireédt overnight and then, diluted
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with DCM. | he organic phase was washed once witacasolution ot b% NaHC4,)
twice with water and once with brine, dried overn8@, and evaporated to dryness
under reduced pressure. The residue was subjecte@Q, using the solvent system
B as eluant to afford pure compoustl

Yield:0.41 g (91%); orange solid; mp 161-162.5 &;;(B); 0.48; MS (ESI)n/z
451.13 (M+H); *H-NMR (600 MHz, CDCJ): ¢ 10.15 (br.s, 1H),8.62 (d,= 4.2 Hz,
1H), 8.09 (ddJ = 7.8 and 1.2 Hz, 1H), 7.94 (d#i= 7.8 and 1.2 Hz, 1H), 7.91 (dd,

= 8.4 and 1.2 Hz, 1H), 7.81 (ddl= 7.8 and 1.2 Hz, 1H), 7.73 (tdl= 7.8 and 1.2 Hz,
1H) 7.59 (td, k= 7.8 and1.2 Hz, 1H), 7.56 (td,=)7.8 and1.2 Hz, 1H), 7.52 (d,=
7.8 Hz, 1H), 7.32 (t) = 8.4 Hz, 1H), 7.27(m, 1H), 6.68 (s, 1H), 5.362H), 2.61 (s,
3H) ppm;**C-NMR: ¢ 161.1, 159.4, 155.8, 149.4, 148.1, 139.5, 137.3,613133.2,
132.4,132.3, 131.3, 125.4, 124.8, 123.1, 121.8,8117.1, 116.4, 102.8, 71.0, 25.6
ppm; Anal. Calcd for H1gN4OsS: C, 58.66; H, 4.03; N, 12.44. Found: C, 58.93; H,
3.89; N, 12.11.

4.1.27N-(2,4-Dichloro-3-((N-(2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl)-2-
nitrophenyl sulfonami do)methyl) phenyl )-2-(1,3-di oxoi soindolin-2-yl)-N-methyl-
acetamide (36)

To a suspension & (0.29 g, 0.65 mmol) angdl (0.31 g, 0.78 mmol) in dry THF (0.8
mL) was added TPP (0.2 g, 0.78 mmol) and the maxtuas cooled to 0 °C. Then,
was added DIAD (0.15 mL, 0.78 mmol) and the reactioxture was heated to 50 °C
for 2 h. TLC analysis indicated that the reactioaswnot completed. Therefore,
additional TPP (79 mg, 0.3 mmol) and DIAD (pB, 0.3 mmol) were added and the
mixture was further stirred at 50 °C for 2 h. Thiénwyas evaporated to dryness under
reduced pressure and the residue was subjecte@@ Esing EtOAc as eluant, to
afford 36as an inseparable mixture with TPPO (0.59 g), winek used as suchto the
next step.

Orange foam; RIN) 0.15; MS (ESI)wz 847.02 (M+Na).

4.1.28N-(2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl )Jamino)-
methyl)phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methylacetamide (37)

To a solution of crud&6 (0.59 g) in dry DMF (3 mL) were added }&0;(0.32 g, 3
mmol) and PhSH (0.21 mL, 2 mmol) and the reactiaxtume was stirred vigorously
at 40-50 °C for 2 h. Then, it was diluted with wated extracted twice with CHEI
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Ine organic phase was washed once with water and wih brine, dried over
NaSO, and evaporated to dryness under reduced pressheereBulting oil was
treated with BEO and refrigerated overnight. The precipitate wad#lected by
vacuum filtration, washed on the filter with iceld¢dt,O and dried under vacuum to
afford pure37.

Yield:0.22 g (52% over the two steps); yellow spidp 257-259 °C; R(G); 0.35;
MS (ESI)mV/z640.15 (M+H); *H-NMR: ¢ 8.61 (unresolv. dt) = 4.2 Hz, 1H), 7.86-
7.83 (m, 2H), 7.72 (td) = 7.8 and 1.8 Hz, 1H), 7.71-7.69 (m, 2H), 7.56)¢;, 7.8
Hz, 1H), 7.51 (ddJ = 7.8 and 1.2 Hz, 1H), 7.48 (d~= 8.4 Hz, 1H), 7.41 (dJ=8.4
Hz, 1H), 7.35 (tJ = 7.8 Hz, 1H), 7.25 (dd] = 6.6 and 4.8 Hz, 1H), 7.00 (d~= 7.2
Hz, 1H), 6.70 (tJ = 6.6 Hz, 1H), 6.64 (s, 1H), 5.36 (s, 2H), 4.87Jd, 6.6 Hz, 2H),
4.06 (ABq,J = 16.8 Hz, 2H), 3.23 (s, 3H), 2.59 (s, 3H) ppiG-NMR: § 167.7 (2C),
165.7, 161.0, 157.1, 156.4, 149.3, 143.3, 138.8.8,3137.5, 136.9 (2C), 135.8,
134.0 (2C), 132.2, 129.7, 129.4, 125.7, 123.5 (2€2.8, 121.1, 120.0, 119.8, 108.9,
106.6, 102.2, 70.5, 44.0, 39.5, 36.2, 25.8 fAmal. Calcd for GsH»7/CloNsOq4: C,
63.76; H, 4.25; N, 10.93. Found: C, 63.46; H, 418011.24.

41.29  2-Amino-N-(2,4-dichloro-3-(((2-methyl-4-(pyridin-2-yl methoxy)quinolin-8-
yl)amino)methyl)phenyl)-N-methylacetamide (38)

To a suspension &7 (0.19 g, 0.3 mmol) in EtOH (2.5 mL) was addegHNH,O (29
uL, 0.6 mmol) and the reaction mixture was heatedeumeflux for 1 h. Then, it was
diluted with an aqg. solution of 5% NaHG@nd extracted twice with DCM. The
organic phase was washed once with water and orthebvine, dried over N&O,
and evaporated to dryness under reduced pressweeesidue was subjected to FCC,
using the solvent system Was eluant, to afford pomae38.

Yield: 0.15 g (97%); yellow foam; RC); 0.26; MS (ESI/Wz510.16 (M+H); *H-
NMR: 6 8.62 (unresolv. dtj = 4.8 Hz, 1H), 7.73 (td]= 7.8 and 1.2 Hz, 1H), 7.58 (d,
J=7.8 Hz, 1H), 7.53 (ddl= 7.8 and 0.6 Hz, 1H),7.43 (d= 8.4 Hz, 1H), 7.35 (t)=
7.8 Hz, 1H), 7.26 (t)= 7.8 Hz, 1H), 7.19 (dJ= 8.4, 1H), 6.97 (dJ= 7.2, 1H), 6.66
(s, 1H), 6.61 (unresolv. t, 1H), 5.39 (s, 2H), 4(82J= 1.8 Hz, 2H), 3.22 (s, 3H),
3.08 (d,J = 17.1 Hz, 1H), 2.99 (dJ = 17.1 Hz, 1H), 2.59 (s, 3H), 1.71 (br.s, 2H)
ppm; *C-NMR: ¢ 172.8, 161.1, 157.1, 156.4, 149.3, 143.3, 139.8.8,3137.3,
137.0, 136.5, 135.6, 129.6, 129.3, 125.7, 122.9,112119.8, 108.9, 106.4, 102.3,
70.6, 44.0, 43.9, 36.0, 25.8 ppm.
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4.1.30 (E)-4-(3-((2-((2,4-Dichioro-3-(((2-methyl-4-(pyr1din-2-ylmethoxy)quinolin-8-
yl)amino)methyl)phenyl) (methyl yamino)-2-oxoethyl)amino)-3-oxoprop-1-en-1-yl)-N-
methylbenzamide (10)

To a solution of38 (87 mg, 0.17 mmol) in dry DMF (0.3 mL) were addeg &t;N
(50 pL, 0.36 mmol) andS7 (63 mg, 0.21 mmol) under argon and the reaction
mixture was stirred at rt for 1.5 h. Then, it wabjected twice to FCC, using the
solvent system Was eluant. The resulting oil wasted with boiling EtOAc and
then, refrigerated overnight. The precipitate wa#lected by vacuum filtration,
washed on the filter with ice-cold EtOAc and driedder vacuum to afford pure
compoundLO.

Yield:80 mg (68%); beige solid; mp 225-228.5 °G(R) 0.5; MS (ESI)wWz 697.22
(M+H)*; 'H-NMR: ¢ 8.61 (unresolv. dt) = 4.8 Hz, 1H), 7.75-7.70 (m, 3H), 7.58 (d,
J=7.8 Hz, 1H), 7.55-7.48 (m, 4H), 7.47 (d5 8.4 Hz, 1H), 7.36 ({) = 7.8 Hz, 1H),
7.28-7.23 (m, 2H), 6.97 (d,= 7.2 Hz, 1H), 6.73 (unresolv. t, 1H), 6.65 (s, 16166
(unresolv. g, 1H), 6.50 (d,= 15.6 Hz, 1H), 6.26 (unresolv. t, 1H), 5.38 (s, 2481
(unresolv. d, 2H), 3.95(ddl = 17.4 and 4.8 Hz, 1H), 3.63 (dd, = 17.4 and 2.4
Hz,1H), 3.25 (s, 3H), 3.00 (d,= 4.8 Hz, 3H), 2.59 (s, 3H) ppriiC-NMR: 5 168.3,
167.5 (2C), 165.2, 161.1, 157.0, 156.4, 149.3 (2€3.3, 140.0, 138.3, 137.6, 137.2,
137.0, 135.4, 129.9, 129.3, 127.9 (2C), 127.4 (2€%.7, 122.9, 122.0, 121.1, 119.8,
108.9 (2C), 106.4, 102.3, 70.6, 44.1, 42.1, 366.8,225.7 ppm; Anal. Calcd for
Cs7/H34CIoNgO4: C, 63.70; H, 4.91; N, 12.05. Found: C, 63.884H9; N, 11.82.

4131  (2E,4E,6E,8E)-N-(2-((2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)-
quinolin-8-yl)amino)methyl)phenyl ) (methyl )amino)-2-oxoethyl )-3,7-dimethyl -9-
(2,6,6-trimethyl cyclohex-1-en-1-yl)nona-2,4,6,8-tetraenamide (11)

To a solution of38 (77 mg, 0.15 mmol) in dry DMF (0.3 mL) were addeg &t;N
(45 pL, 0.32 mmol) and22 (72.0 mg, 0.18 mmol) under argon and the reaction
mixture was stirred at rt for 1.5 h. TLC analysiglicated that the reaction was not
completed, thus, the mixture was further stirredt atvernight. Then, it was diluted
with CHCk and washed twice with water and once with brirtee ®rganic phase was
dried over NaSQ, and evaporated to dryness under reduced presBoeeresidue
was subjected to FCC, using EtOAc as eluant, réfbure compouniil.

Yield:50 mg (42%); yellow solid; mp 127-130 °C; (&) 0.37; MS (ESI)nwz 814.35
[M+Na]*, 792.38 (M+HJ; *H-NMR: 6 8.62 (d,J = 4.2 Hz, 1H), 7.73 (td] = 7.8 and
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U.b Hz, 1H), /.58 (&) = /.8 Hz, 1H), /.53 (d) = 8.4 Hz, 1H), /.45 () = 8.4 Hz,
1H), 7.36 (t,J = 7.8 Hz, 1H), 7.28-7.22 (m, 2H), 6.97 (b 7.8 Hz, 1H), 6.91 (dd]

= 14.4 and 11.4 Hz, 1H), 6.65 (s, 1H), 6.39@ 4.2 Hz, 1H), 6.24 (dJ = 14.4 Hz,
2H), 6.13 (dJ = 15.6 Hz, 2H), 5.74 (s, 1H), 5.39 (s, 2H), 4.812(d), 3.89 (dd) =
18.3 and 4.8 Hz, 1H), 3.56 (ddi= 18.3 and 3.6 Hz, 1H), 3.24 (s, 3H), 2.59 (s,,3H)
2.31 (s, 3H), 2.04-2.00 (m, 2H), 1.98 (s, 3H), 1(313H), 1.64-1.59 (m, 2H), 1.49-
1.44 (m, 2H), 1.03 (s, 6H) ppiC-NMR: 6 168.5, 166.7, 161.1, 157.0, 156.4, 149.3,
149.0, 143.4, 138.9, 138.8, 138.4, 137.8, 137.5,.4,3137.1, 137.0, 135.5 (2C),
129.9, 129.8 (2C), 129.6, 129.3, 128.2, 125.7,8,2221.1, 120.8, 119.8, 108.9,
106.4, 102.3, 70.6, 44.1, 41.9, 39.7, 36.0, 3433,,329.0 (2C), 25.7, 21.7, 19.2, 13.6,
12.8 ppm; Anal. Calcd for £Hs5,CIoNsOs: C, 69.69; H, 6.48; N, 8.83. Found: C,
70.08; H, 6.32; N, 8.51.

4.1.32N-(2,6-Dichloro-3-(4-((1,3-dioxoisoindolin-2-yl )methyl)-1H-1,2,3-triazol-1-
yl)benzyl)-N-(2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl)-2-nitr obenzenesul fo-
namide (39)

To a suspension &5 (0.11 g, 0.25 mmol) ant4 (0.12 g, 0.30 mmol) in dry THF
(0.3 mL) was added TPP (79 mg, 0.3 mmol) and theure was cooled to 0 °C.
Then DIAD (59uL, 0.3 mmol) was added and the reaction mixture kesged at 40-
50 °C for 2.5 h. TLC analysis indicated that thecte®on was not completed,
therefore, additional TPP (40 mg, 0.15 mmol) andD|30 pL, 0.15 mmol) were
added and the mixture was further stirred at theestemperature for 1 h and at rt
overnight. Then, it was evaporated to dryness uretirced pressure and the residue
was subjected to FCC, using EtOAc as eluant, tor@ff0.3 g crude39as an
inseparable mixture with TPPO, which was used abktsithe next step.

Orange foam; RK) 0.12; MS (ESI)Wz 835.15 (M+H].

4.1.33 2-((2-(2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-yl)-
amino)methyl)phenyl)-1H-1,2,3-triazol-4-yl )methyl)isoindoline-1,3-dione (40)

To a solution of crud89 (0.3 g) in dry DMF (2.5 mL) were added }0;(0.11 g, 1
mmol) and PhSH (7iL, 0.75 mmol) and the reaction mixture was stivegbrously
at rt for 2 h.TLC analysis indicated that the remctvas not completed, therefore, it
was heated at 40-50 °C for 1 h and then, additibl@aCOs; (56 mg, 0.5 mmol) and
PhSH (39uL, 0.38 mmol) were added and the reaction mixtuas wrther stirred at
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rt tor 48 h. lhen, it was diluted with,B and extracted thrice with CHLI 1 he
organic phase was washed once with water and orthebvine, dried over N&O,
and evaporated to dryness under reduced pressweeaesulting oil was treated with
Et,O and refrigerated overnight. The precipitate waltected by vacuum filtration,
washed on the filter with ice-cold £ and dried under vacuum to affatd

Yield:70 mg (43% for the last two steps); yellowidpmp 258-260 °C; R(G); 0.34;
MS (ESI)mVz 650.12 (M+H); *H-NMR: ¢ 8.62 (unresolv. dt) = 4.2 Hz, 1H), 8.01
(s, 1H), 7.88-7.85 (m, 2H), 7.73 (tdl= 7.8 and 1.8 Hz, 1H), 7.73-7.70 (m, 2H), 7.58
(d,J=7.8 Hz, 1H), 7.52 (dd] = 8.4 and 1.2 Hz, 1H), 7.50 (d= 8.7 Hz, 1H), 7.45
(d,J = 8.7 Hz, 1H), 7.34 (t) = 7.8 Hz, 1H), 7.26-7.24 (m, 1H), 6.94 (b= 6.6 Hz,
1H), 6.65 (s, 1H), 6.56 (8= 6 Hz, 1H), 5.38 (s, 2H), 5.09 (s, 2H), 4.84Jd, 6 Hz,
2H), 2.58 (s, 3H) ppm:*C-NMR: § 167.6 (2C), 161.0, 157.1, 156.4, 149.3, 143.2,
142.6, 138.7, 137.8, 137.0 (2C), 136.9, 134.3,1182C), 132.0, 131.5, 128.9, 127.6,
125.7, 125.2, 123.5 (2C), 122.8, 121.1, 119.7,8,0806.1, 102.3, 70.5, 43.8, 32.9,
25.8 ppmAnal. Calcd for G4sH2sCloN;Os: C, 62.78; H, 3.87; N, 15.07. Found: C,
62.50; H, 3.65; N, 15.38.

4.1.34 N-(3-(4-(Aminomethyl)-1H-1,2,3-triazol-1-yl)-2,6-dichl or obenzyl)-2-methyl -4-
(pyridin-2-ylmethoxy)quinolin-8-amine (42)

A suspension ofi0( 70 mg, 0.11 mmol) in DMF (0.5 mL) was heated @t°8 and
then, MeOH (0.15 mL) and AN4-H,O (11uL, 0.23 mmol) were added. The reaction
mixture was stirred at 80 °C for 2 h. TLC analysdicated that the reaction was not
completed, therefore, additionabi'H,O (22 uL, 0.46 mmol) was added in two
portions every two hours and finally was stirred8@t °C overnight. The reaction
mixture was, then, diluted with 5% NaHg@qg. solutionand extracted thrice with
CHCIs. The organic phase was washed once wiB ldnd once with brine, dried
over NaSQO, and evaporated to dryness under reduced presBoeeresidue was
subjected to FCC, using CHCAs eluant. The resulting solid (40 mg) was shown b
'H-NMR and**C-NMR spectroscopy (see SM) and ESI-M8Z 548.12 (M+H)]

to be the corresponding formamidd. Formamide4l was then, subjected to
hydrazinolysis at refluxing EtOH (1 mL) with Q. N>H4 H>O overnight. Additional
50 uL N2H4'H2O were added and the reaction was completed adtdr. Aqueous
work-up as mentioned above gave the anticipatedyataas an oil which was used as

such to the next coupling step without further facetion.
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Yield: 38 mg (/2% tor the last two steps); yellow, & (D); 0.3b; MS (ES)m/z
520.13 (M+H]J.

4.1.35 (E)-4-(3-(((1-(2,4-Dichloro-3-(((2-methyl-4-(pyridin-2-ylmethoxy)quinolin-8-
ylh)amino)methyl)phenyl)-1H-1,2,3-triazol-4-yl )methyl Jamino)-3-oxoprop-1-en-1-yl)-
N-methylbenzamide (9)

To a solution o2 (36 mg, 0.07 mmol) in dry DMF (0.1 mL) were addeg &t;N
(21 puL, 0.15 mmol) and7 (27 mg, 0.09 mmol) under argon and the reactiortumax
was stirred at rt for 2 h. Then, it was diluted W€HCE and washed thrice with
water and once with brine. The organic phase wiasl diver NaSO, and evaporated
to dryness under reduced pressure. The precipitasesubjected to FCC, using the
solvent system CH@MeOH=92:8 as eluant. The product was treated Wiing
EtOAc and then, refrigerated overnight. The preatpi was collected by vacuum
filtration, washed on the filter with ice-cold Et@Aand dried under vacuum to afford
pure compoun@®.

Yield: 25 mg (51%); brown solid; mp 247-250 °G;(R) 0.33; MS (ESlnwz 707.21
(M+H)"; *H-NMR (ds-DMSO): 6 8.75 (t,J = 5.4 Hz, 1H), 8.61 (d] = 4.2 Hz, 1H),
8.46 (g,J = 4.8 Hz, 1H), 8.44 (s, 1H), 7.87 &= 7.2 Hz, 1H), 7.85 (dJ = 7.8 Hz,
2H), 7.78 (dJ = 8.4 Hz, 1H), 7.68 (d] = 8.4 Hz, 1H), 7.63 (d] = 7.8 Hz, 2H), 7.63
(t, J= 6.6 Hz, 1H), 7.51 (d] = 15.9 Hz, 1H), 7.41-7.35 (m, 2H), 7.32Jt 7.8 Hz,
1H), 7.03 (s, 1H), 6.96 (d,= 7.8 Hz, 1H), 6.77 (d) = 15.9 Hz, 1H), 6.48 ({1 =5.4
Hz, 1H), 5.41 (s, 2H), 4.78 (d,= 5.4 Hz, 2H), 4.57 (d] = 5.4 Hz, 2H), 2.78 (d] =
4.2 Hz, 3H), 2.54 (s, 3H) ppm’C-NMR (dg-DMSO): 6 166.5, 165.2, 161.1, 157.3,
156.4, 149.7, 145.3, 143.4, 138.6, 138.4, 137.8,613137.2, 136.5, 135.6, 135.0,
132.0, 129.8, 129.1, 128.1 (2C), 127.8 (2C), 12628.8, 123.9, 123.6, 122.0, 119.7,
108.6, 106.3, 103.3, 71.0, 43.9, 34.7, 26.7, 2pr@;pAnal. Calcd for gH3,CIoNgOs:

C, 62.80; H, 4.56; N, 15.84. Found: C, 62.54; I814N, 16.01.

4.2 Biology
4.2.1 Cdl cultures

MCF-7 and MDA-MB-231 breast cancer cell linegre purchased from the
American Type Culture Collection (ATCC). All celigere routinely cultured in a

humidified 95% air/5% C@ incubator at 37C in complete medium Dulbecco's
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Moditied Eagle’s Medium (DMEM) supplemented witiya@v/v) tetal bovine serum
(FBS) 1.0mM sodium pyruvate, &iM I-glutamine, 100U/mL penicillin. The
synthesized compounds were dissolved in DMSO anthdu dilutions were

conducted with culture medium.

4.2.2 Determination of | Csg values

Breast cancer cells were seeded in 12-welépland were allowed to grow up to
60%-70% confluence. After renewing the culture medi the synthesized
compounds were added in a range of concentratiorZ0@ uM) and cells were
incubated for 24 in serum-containing culture medium and the sumgvbreast
cancer cells were measured manually. The percerghdeing cells was plotted
against the log values of compounds concentrafodsa non-linear fit plot was used

to estimate the IC50 value for each drug.
4.2.3 Satistical analysis

Reported values in diagrams are expresseceasistandard deviation (SD) bars
of experiments in triplicate. Statistically sige#int differences were evaluated using
an unpaired two-tailed t-test and were considetatistically significant at the level
of at least £ 0.05. Statistical analyses and graphs were maag @iaphPad Prism
5 (GraphPad Software).
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Supplementary data to this article, including expental procedures for the
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dependent responses of MCF-7 and MDA-MB-231 breaster cells to the tested
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Abbreviations

APL acute promyelotic leukemia
aqg. aqueous

atRA all-trans-retinoic acid

BK bradykinin

B1R/B2R bradykinin B1/B2 receptor
cat. catalytic quantity

CDI 1,1’-carbonyl diimidazole
DCC N,N'-dicyclohexylcarbodiimide
DCM dichloromethane

DIAD diisopropyl azodicarboxylate
DIPEA N,N-diisopropylethylamine

DMI 1,3-dimethyl-2-imidazolidinone
FCC flash column chromatography
FerA ferulic acid

GBCR G protein-coupled receptor

HBTU O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
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hexafluorophosphate
HCA hydroxycinnamic acid
HOSu N-hydroxysuccinimide

Ns nosyl ¢-nitrosulfonyl)

Phth phthalyl

rt room temperature

SM supporting material

TBAF tetrabutylammonium fluoride

TBDPS tert-butyldiphenylsilyl

TNBC Triple-negative breast cancer
TPP triphenylphosphine

TPPO triphenylphosphine oxide
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