Accepted Manuscript =

Design, synthesis and biological evaluation of novel 4-alkynyl-quinoline derivatives as
PISBK/mTOR dual inhibitors A

Xiaoging Lv, Huazhou Ying, Xiaodong Ma, Ni Qiu, Peng Wu, Bo Yang, Yongzhou Hu 7
PII: S0223-5234(15)30052-0
DOI: 10.1016/j.ejmech.2015.05.025

Reference: EJMECH 7904

To appearin:  European Journal of Medicinal Chemistry

Received Date: 31 October 2014
Revised Date: 9 May 2015
Accepted Date: 15 May 2015

Please cite this article as: X. Lv, H. Ying, X. Ma, N. Qiu, P. Wu, B. Yang, Y. Hu, Design, synthesis and
biological evaluation of novel 4-alkynyl-quinoline derivatives as PI3K/mTOR dual inhibitors, European
Journal of Medicinal Chemistry (2015), doi: 10.1016/j.ejmech.2015.05.025.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2015.05.025

Graphic Abstract

Design, synthesis and biological evaluation of novel 4-alkynyl-quinoline derivatives as

P13K/mTOR dual inhibitors

Xiaoqing Lv, Huazhou Ying, Xiaodong Ma, Ni Qiu, Peng Wu, Bo Yang, Y ongzhou Hu

Lys833 Enzyme IC5y (nM)
PI3Ka 1.63
PI3KB 6.91
PI3Ky 0.38
A V.
v ¢ PI3K3 ( 2.11‘7
% Asp§41 ° mTOR | 3.26

- ¢ valssz N/ \\-ul Asng51
4 /) TyrseT =

\
a /
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Abstract: A novel series of 4-alkynyl-quinoline derivativeseng designed,
synthesized and biologically evaluated for theiBKl inhibitory activities and
anti-proliferative effects against two cancer deles PC-3 and HCT-116. Most of
them showed potent PI3Kinhibitory activities with 1G, values at low nanomolar
level and good to excellent anti-proliferative effeagainst both cell lines. Among
them, compoundl5d, the most potent one, was selected for furthetogical
evaluation. As a resulf,5d displayed strong inhibitory activity against ottwass |
PI3K isoforms (PI3, PI3Ky and PI3K) and mTOR with an acceptable kinase
selectivity profile. Moreover, the western blot ags indicated that the
phosphorylation of Akt, another downstream effeadrPI3K, can be remarkably
suppressed b¥5d at cellular level. All these experimental resdligygested that5d

is a potent PIBK/mTOR dual inhibitor and could seas a promising lead compound

for the development of anticancer agents.
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1. Introduction

The phosphoinositide 3-kinase (PI3K)/protein kinaBe(PKB, also known as
Akt))mammalian target of rapamycin (MTOR) pathwayai key signal transduction
system involved in the regulation of cell cycle gnession, cell growth, survival and
migration, and intracellular vesicular transport3]1 Accumulating studies have
demonstrated that PI3K/Akt/mTOR signaling is freaflye dysregulated in human
cancers, resulting in constitutive activation agtkignaling network [4-8]. Therefore,
a sizeable effort has been devoted to developmiecarer therapies targeting key
kinase PI3K and/or downstream effectors such asaA&tmTOR [9-11]. In patrticular,
dual inhibition of PIS3K and mTOR has been consideas a more effective strategy
for cancer therapy, since it can directly targeé ttmost commonly mutated
kinase-PI3K [4-8] in this pathway as well as sugpreI3K-independent activation of
MTOR. Meanwhile, dual inhibition of PI3K and mTOR avoidsultiple
mTOR-related negative feedback loops that a sekechiTOR inhibitor usually fails
to repress [12-15]. To date, a number of PI3BK/mT@l inhibitors have been
advanced into clinical trials [14, 16], such as @3R6458 [17], BEZ235 [18, 19],
BGT226 [20, 21], PF-04691502 [22], GDC-0980 [23]daRKI-587 [24], further
suggesting that simultaneous inhibition of PI3K amBOR has great potential for the
treatment of canceF(g. 1).

<InsertFig. 1>

In our previous work, a series of quinoxaline datives was identified to be PI3K
inhibitors with favorablan vitro activities [25, 26]. However, the moderatevivo
efficacy of this class of compounds led us to eslhe dual targeting strategies for
an improved potency, especially the dual inhibitadrPI3K and mTOR. Herein, we
describe our initial efforts in this field to puesihe desired PI3BK/mTOR dual
inhibitors through structural modification of GSKZB458. As a PI3K/mTOR dual
inhibitor under clinical trials, GSK2126458 dispdal/remarkablén vitro andin vivo
potency, as well as excellent oral bioavailabifity]. Due to the availability of the

co-crystal structure of GSK2126458 with P{8KL7], we investigated their binding
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mode seriously and envisioned that introductiorhydrophilic side chain onto C-4
position of the quinoline ring of GSK2126458 to leey@ pyridazine ring can not only
improve the water solubility but also explore pai@ninteractions with the residues
located nearby ribose pocket (e.g. Lys802 and Aa&Big. 2). In this study, an
alkyne was employed as a linkage bridge betweenotjoe ring and hydrophilic
group, affording a series of 4-alkynyl-quinolineigiatives Eig. 2). All of them were
subsequently prepared and evaluated for timewtro PI3K inhibitory activities and
anti-proliferative effects.

<InsertFig. 2>

2. Results and discussion
2.1. Chemistry

The synthetic routes for 4-alkynyl-quinolingSa—n, 19a-e are outlined irfScheme
1-3. Treatment of 5-bromo-2-chloro-3-nitropyrididewith sodium methoxide gave
5-bromo-2-methyloxy-3-nitropyridin@. Reduction of2 with SnC} in ethyl acetate
produced the amin@. Sulfonylation of 3 with benzenesulfonyl chlorides gave
corresponding sulfamide$a—f, which were then subjected to palladium-catalyzed
Suzuki coupling with bis(pinacolato)diborane to oaff boric acid esterbaf
(Scheme L

Condensation of 4-bromoaniliné with diethyl-2-(ethoxymethylene) malonate
followed by intramolecularcyclization providedethyl quinoline-3-carboxylates.
Following hydrolysis of8, the newly formed® was heated to remove the carboxylic
group, leading to the generation of 4-hydroxyqummI10. Treatment ofl0 with
POC} afforded 4-chloroquinolinell, which was then treated with Kl to give the
4-iodoquinolinel2 Sonogashira coupling &R with alkynesl3a—lin the presence of
Pd(PPB).Cl, provided the corresponding intermedialds. Couplingl4ak with
5a via Suzuki reaction yielded corresponding targehgoundsl5ak. Similarly,
compoundl5l was prepared by reaction D8 with 5a (Scheme 2.

Deprotection of the Boc-protected piperazidine \aive 14| with TFA followed

by acylation with acetyl chloride or methanesulfioolgloride yielded18a and 18b.
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Subsequently, couplingBa and18b with 5a afforded target compound®m and15n,
respectively. CompoundOa—e were obtained via the Suzuki coupling as described
above Gcheme 3.

<InsertSchemes 1-3

2.2. PI13Ka enzymatic and anti-proliferative assays

All synthesized target compounds were evaluated th@ir PI3Ka inhibitory
activities and anti-proliferative activities again3C-3 and HCT-116 cell lines by
Kinase-Glo Luminescent assay and SulforhodamineSBB|) assay, respectively.
BEZ235 was used as the positive control. The empmrial results of PI3K
enzymatic assay summarized ifmable 1, showed that all the tested 2,
4-difluorophenyl derivativesl6a—n) exhibited potent PI3&inhibitory activities with
ICso values in the range of 1.63-32.54 nM, better tthet of the positive control
BEZ235. However, compound®a-e with mono-fluoro, methyl, trifluoromethyl or
trifluoromethoxy on the phenyl showed moderate &akvinhibitory activities. These
results suggested that the substitution pattememphenyl had a significant effect on
inhibitory activity and the 2,4-difluoro substitateon the phenyl appeared to be
optimal in this series. On the other hand, amoreg 2f4-difluorophenyl derivatives
(15a—n), compounds1ba 15d-h, 15mand15n) with hydroxyl or amide group at the
end of 4-alkynyl linker displayed more than a 4dfainprovement in the enzymatic
activities compared to the compourids and15ik. In addition, compoundi5cwith
N-methylpiperazine fragment and compourd with no 4-alkynyl substituent merely
exhibited moderate inhibitory activity among theeeivatives.

According to the results of anti-proliferative sag (Table 1), the
4-alkynyl-quinoline derivatives showed moderate gotent activities and five
compoundsi5d, 15g 15h, 15n and19b) exhibited submicromolar potencies against
PC-3 or HCT-116 cell line. Among them, it is notethy that compound45d and
15gwith favorable values of molecular parametersifsas ClogP and tPSA) not only
showed potent PI3K inhibitory potencies but also displayed excellent

anti-proliferative activities. More encouragingithydroxylpiperidine derivativé5d,
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the most potent compound in both the PI3K enzymeatid anti-proliferative assays,
showed stronger activity against PC-3 cell linenthtizat of BEZ235. Therefore, this
compound can be used as a promising lead compoandufther biological
evaluation.

<InsertTable 1>

2.4. Kinase selectivity assay

In order to evaluate the activities of target compuis against other class | PI3Ks
(PI3KB, PI3Ky and PI3K) and mTOR, compountlsd wasscreened for its activities
by ADP-Glo Luminescent assay and Lance Ultra asszgpectively. BEZ235 was
used as the positive control. As shown Table 2, compound15d displayed
inhibitory activities with 1G values ranging fromsingle-digit nanomolar (P13# B, &
and mTOR) to subnanomolar (PKwhich were more potent than that of BEZ235.

This result suggested that compourkdl was a potent PIBK/mTOR dual inhibitor.

<InsertTable 2>

Subsequentlhyl5d was submitted for screening in a panel of 50 lgspsovided by
DiscoveRx’s KinomeScan service [27]. The resultshier confirmed thal5d was a
potent PI3K family and mTOR inhibitor showing moat&r-to-good selectivity over
other kinases with the exception of the PI4KKPIK4ACB) (Table 3).

<InsertTable 3>

2.5. Western blot assay

Finally, to determine whethdrbd suppressed the activation of Akt, a key node in
the PI3K/Akt/mTOR signaling pathway, was tested for its suppressive effect on
pAkt(Serd73) level in PC-3 cells. Glyceraldehydptsphate dehydrogenase
(GAPDH) was used as the internal control. The seggive effect forl5d was
evaluated at the concentrations of 1 nM, 5 nM, Rbamd 125 nM. As illustrated in

Fig. 4, at the concentration of 125 ni¥5d exhibited significantly inhibitory effect on
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pAkt(Serd473), which further demonstratedbd can strongly down-regulate the
PISK/AKt/mTOR pathway.

<InsertFig. 3>

2.3. Molecular docking study

To examine structure—activity relationships (SARsnore detail, docking analysis
of 15d bound to PI3k (PDB code 3L08), and5d, 19a and 19b bound to PI3k
(PDB code 4JPS) was performed utilizing the Disep®tudio 2.1 software package,
respectively. The result df5d bound to PI3k as shown irFig. 4, the nitrogen of
sulfonamide inl5d is involved in the hydrogen bonding interactiorihwiys833 and
the 4-hydroxy of the piperidine moiety at the enfd4ealkynyl linker forms an
additional hydrogen bond with Lys802 near the rédbgsocket. Additionally, a
conserved water molecule is bridged between pymitybgen and residues Asp841
and Tyr867, and the nitrogen of quinoline makesriacal hydrogen bond with
Val882 in the hinge region, which is consistenthwihe co-crystal structure of
GSK2126458 bound to PI3K In addition, in the back pocket, the 2-fluoro and
4-fluoro on the phenyl moiety df5d form two hydrogen bonds with the residues
Lys833 and Asn951, respectively. In contrast, tbekthg result ofl5d with PI3Ka
showed the absence of one hydrogen bond betweefthigdroxy of the piperidine
moiety of 15d and PI3Kx near the ribose pocket. In the other regidisl forms five
hydrogen bonds with residues (Lys802, Asp810, T§r8&l851 and Asn920) when
bound to PI3K. These results were consistent with the molec(l&s) potency and
selectivity profiles (subnanomolar PI3Kpotency and > 4-fold selectivity over
PI3Ka).

The binding modes 0193 19b and15d bound to PI3k are generally identical.
The difference lies in the interaction with the bamwcket. In detail, 2-fluoro and
4-fluoro on the phenyl moiety df5d form two hydrogen bonds with the residues
Lys802 and Asn920 in this region, respectively. ldoar, as forl9a and19b, only

one hydrogen bond was formed between the 4-flurg-furo of the phenyl moiety
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and the residue Asn920, thereby accounting forr teggnificant loss in PI3K
activities.

<InsertFig. 4>

3. Conclusion

A novel series of 4-alkynyl-quinoline derivativesasvevaluated as PI3K/mTOR
dual inhibitors with potent enzymatic and celludativities, andl5d was identified as
a potentially interesting lead molecule. Most ofidives exhibited stronger PI3K
inhibitory activities than that of BEZ235. Severabmpounds displayed potent
anti-proliferative activities with 16 values less than 1 uM, which were comparable
to that of BEZ235. Additionally, the most potentmgmound15d with an acceptable
kinase selectivity profile significantly inhibitemther PI3Ks and mTOR, as well as the
phosphorylation of pAkt(Ser47a) nanomolar level. According to these experimental
results, it can be concluded that derivatizatiothatC-4 position of the quinoline core
via introducing appropriate substituents to theyak linker is a feasible way to attain

promising inhibitors with high enzymatic and anteififerative activities.

4. Experimental section
4.1. Chemistry and chemical methods

'H NMR and**C NMR spectra were recorded on the BRUKER AVII 488: 400,
3C: 100 MHz) and AVIII 500 {H: 500,*3C: 125 MHz) NMR instruments. Chemical
shifts are given in ppnd) relative to TMS as internal standard, couplingstants (J)
are in hertz (Hz), and signals are using the falhgwabbreviations: s, singlet; d,
doublet; dd, doublet of doublets; t, triplet; tdputhlet of triplets; q, quartet; m,
multiplet, etc. Mass spectra (MS) were measured am Esquire-LC-00075
spectrometer. Column chromatography and thin laygomatography (TLC) were
carried out using silica gel ZCX-3 and GF-254 (Qiag haiyang chemical Co., Ltd.),
respectively. Reagents and solvents were commigrcaadailable without further

purification.



4.1.1. 5-Bromo-2-methoxy-3-nitropyridine (2)

To a solution of 5-bromo-2-chloro-3-nitropyriding) ((10.0 g, 42.37 mmol) in
anhydrous methanol (40 mL) was added sodium medleogolution (20 mL, 63.56
mmol) slowly at 0 °C. The reaction mixture was theated to 50 °C and stirred for
12 h. After the completion of reaction, the mixtwas filtered and the precipitate was
washed with water. The obtained solids were theeddunder reduced pressure to
give the title compound (8.12 g, 35.0 mmol, 83%djiavith light yellow. ESI-MS:
m/z = 233 [M+HT.

4.1.2. 5-Bromo-2-methoxypyridin-3-amine (3)

A mixture of 5-bromo-2-methoxy-3-nitropyridin)((5.0 g, 21.55 mmol) and tin(ll)
chloride dihydrate (24.35 g, 107.75 mmol) was dis=w into ethyl acetate (0.2 L)
and stirred at 50 °C for 3 h under a nitrogen aphege. The mixture was dissolved
in EtOAc (0.8 L), washed with 1 N sodium hydroxifle2 L) twice, water twice,
dried over magnesium sulfate and concentratedve tjie title compound (3.31 g,
16.39 mmol, 76 % yield) as a brown sofftl. NMR (500 MHz, DMSOds) & 7.37 (d,
J=2.0 Hz, 1H, Ar-H), 6.97 (d] = 2.0 Hz, 1H, Ar-H), 5.28 (s, 2H, N 3.82 (s, 3H,
OCHg). ESI-MS: m/z = 203 [M+H].

4.1.3. General procedure A for synthesis of
N-(5-bromo-2-methoxypyridin-3-yl) benzenesul fonamides (4a-f)

To a solution of 5-bromo-2-methoxypyridin-3-amir® (1.0 equiv) in anhydrous
pyridine was added benzenesulfonyl chloride (1.0ivygat room temperature. The
reaction was then stirred at room temperature fbh2The pyridine was removed
under reduced pressure and the residue was pubfiesilica gel chromatography
(10% ethyl acetate/petroleum ether to 100% ethstade) to give the crude product. It

was further washed with diethyl ether to give tkle tompound.

4.1.3.1. N-(5-Bromo-2-methoxypyridin-3-yl)-2,4- difluorobenzenesulfonamide (4a)

This compound was prepared from 5-bromo-2-methomgpmy¢3-amine 8) (3.0 g,
8



14.85 mmol) and 2,4-difluorobenzenesulfonyl chlerid3.15 g, 14.85 mmol)
according to the general synthesis procedure Aftwdathe title compound (3.58 g,
9.47 mmol, 64 % yield) as a white solfti NMR (500 MHz, DMSOds) & 10.41 (s,
1H, NH), 8.10 (dJ = 2.5 Hz, 1H, Ar-H), 7.75 (m, 1H, Ar-H), 7.74 @= 2.5 Hz, 1H,
Ar-H), 7.54 (td,J = 8.5, 2.0 Hz, 1H, Ar-H), 7.21 (td,= 8.5, 2.0 Hz, 1H, Ar-H), 3.60
(s, 3H, OCH). ESI-MS: m/z = 379 [M+H].

4.1.3.2. N-(5-Bromo-2-methoxypyridin-3-yl)-4-fluor obenzenesulfonamide (4b)

This compound was prepared from 5-bromo-2-methonigmy¢3-amine 8) (3.0 g,
14.85 mmol) and 4-fluorobenzenesulfonyl chloridég8g, 14.85 mmol) according to
the general synthesis procedure A to afford the tbmpound (3.15 g, 8.75 mmol,
59% vyield) as a white solidH NMR (500 MHz, DMSOdg) § 10.19 (s, 1H, NH),
8.08 (d,J = 2.5 Hz, 1H, Ar-H), 7.84 — 7.81 (m, 2H, Ar-H),72.(d,J = 2.5 Hz, 1H,
Ar-H), 7.43 (t,J = 8.5 Hz, 2H, Ar-H), 3.64 (s, 3H, OGH ESI-MS: m/z = 361
[M+H] "

4.1.3.3. N-(5-Bromo-2-methoxypyridin-3-yl)-3-fluor obenzenesulfonamide (4c)

This compound was prepared from 5-bromo-2-methongpy3-amine 8) (3.0 g,
14.85 mmol) and 3-fluorobenzenesulfonyl chlorid&®g, 14.85 mmol) according to
the general synthesis procedure A to afford tHe tbmpound (2.86 g, 7.94 mmol,
53% vyield) as a white solidH NMR (500 MHz, DMSOdg) & 10.31 (s, 1H, NH),
8.09 (d,J = 2.5 Hz, 1H, Ar-H), 7.73 (d] = 2.5 Hz, 1H, Ar-H), 7.65 (m, 1H, Ar-H),
7.59 (m, 2H, Ar-H), 7.55 (m, 1H, Ar-H), 3.64 (s, 3BCH;). ESI-MS: m/z = 361
[M+H] ™.

4.1.3.4. N-(5-Bromo-2-methoxypyridin-3-yl)-4-(trifluoromethyl) benzenesulfonamide
(4d)

This compound was prepared from 5-bromo-2-methomgpy3-amine 8) (3.0 g,
14.85 mmol) and 4-(trifluoromethyl)benzene-1-sulfiochloride (3.62 g, 14.85 mmol)

according to the general synthesis procedure Aftwdathe title compound (3.31 g,
9



8.07 mmol, 54% yield) as a white softtl NMR (500 MHz, DMSOsg) & 10.42 (s,
1H, NH), 8.11 (dJ = 2.5 Hz, 1H, Ar-H), 7.97 (q] = 8.5 Hz, 4H, Ar-H), 7.77 (d] =
2.5 Hz, 1H, Ar-H), 3.55 (s, 3H, OGH ESI-MS: m/z = 411 [M+H].

4.1.3.5. N-(5-Bromo-2-methoxypyridin-3-yl)-4-(trifluoromethoxy)benzenesul fonamide
(4e)

This compound was prepared from 5-bromo-2-methonigm¢3-amine 8) (3.0 g,
14.85 mmol) and 4-(trifluoromethoxy)benzene-1-sojfio chloride (3.86 g, 14.85
mmol) according to the general synthesis procedute afford the title compound
(3.55 g, 8.33 mmol, 56% yield) as a white solid.NMR (500 MHz, DMSOdg) &
10.28 (s, 1H, NH), 8.11 (d} = 2.0 Hz, 1H, Ar-H), 7.86 (d] = 8.5 Hz, 2H, Ar-H),
7.75 (d,d = 2.0 Hz, 1H, Ar-H), 7.59 (d] = 8.5 Hz, 2H, Ar-H), 3.57 (s, 3H, OGH
ESI-MS: m/z = 427 [M+H].

4.1.3.6. N-(5-Bromo-2-methoxypyridin-3-yl)-4-methyl benzenesul fonamide (4f)

This compound was prepared from 5-bromo-2-methomgpy3-amine 8) (3.0 g,
14.85 mmol) and 4-methylbenzene-1-sulfonyl chlori®282 g, 14.85 mmol)
according to the general synthesis procedure Aftwdathe title compound (3.02 g,
8.46 mmol, 57% yield) as a white softtl NMR (500 MHz, DMSOsg) & 10.07 (s,
1H, NH), 8.03 (d,J = 2.5 Hz, 1H, Ar-H), 7.68 (d] = 8.0 Hz, 1H, Ar-H), 7.66 (d] =
8.0 Hz, 2H, Ar-H), 7.38 (dJ = 8.0 Hz, 2H, Ar-H), 3.66 (s, 3H, OGH 2.37 (s, 3H,
CHa). ESI-MS: m/z = 357 [M+H].

4.1.4. General procedure B for synthesis of
N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-di oxabor olan-2-yl ) pyridin-3-yl ) benzenesul
fonamides (5a-f)

To a two neck flask with a magnetic stir bar wadeatibis(pinacolato)diborane (1.0
equiv), N-(5-bromo-2-methoxypyridin-3-yl)benzenesulfonamide(1.0  equiv),
Pd(dppfCl, (0.1 equiv), KOAc (3.0 equiv) and anhydrous diaxahhe mixture was

deoxygenated by bubbling nitrogen through it for mth. The mixture was then
10



stirred at 100 °C for 3 h. After cooling to roommigerature, the mixture was
evaporated under reduced pressure and the resiasieligsolved in EtOAc, washed
with water twice and dried over magnesium sulfatee crude product was purified
by flash chromatography (25% ethyl acetate/petrolaiher) to give the target

compound.

41.4.1.
2,4-Difluor o-N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-di oxabor olan-2-yl )pyridin-3-
yl)benzenesulfonamide (5a)

This compound was prepared from bis(pinacolato)dibe (335 mg, 1.32 mmol),
N-(5-bromo-2-methoxypyridin-3-yl)-2,4-difluorobenzgulfonamide 4a) (499 mg,
1.32 mmol), Pd(dppfCl, (97 mg, 0.13 mmol) and KOAc (388 mg, 3.96 mmol)
according to the general synthesis procedure Bfoodathe title compound (495 mg,
1.16 mmol, 88% vield) as a white softti NMR (500 MHz, DMSOds) & 10.17 (s,
1H, NH), 8.20 (dJ = 1.5 Hz, 1H, Ar-H), 7.71 (d] = 1.5 Hz, 1H, Ar-H), 7.69 (m, 1H,
Ar-H), 7.56 (td,J = 8.5, 2.5 Hz, 1H, Ar-H), 7.19 (td,= 8.5, 2.5 Hz, 1H, Ar-H), 3.62
(s, 3H, OCH), 1.29 (s, 12H, Ckix 4). ESI-MS: m/z = 427 [M+H]

4.14.2.
4-Fluoro-N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-dioxaborolan-2-yl )pyridin-3-yl)b
enzenesulfonamide (5b)

This compound was prepared from bis(pinacolato)dibe (335 mg, 1.32 mmol),
N-(5-bromo-2-methoxypyridin-3-yl)-4-fluorobenzenewmamide 4b) (475 mg, 1.32
mmol), Pd(dppf)Cl, (97 mg, 0.13 mmol) and KOAc (388 mg, 3.96 mmobading
to the general synthesis procedure B to afforditleecompound (413 mg, 1.01 mmol,
77% vyield) as a white solidH NMR (500 MHz, DMSOds) 5 9.91 (s, 1H, NH), 8.18
(d,J = 1.5 Hz, 1H, Ar-H), 7.75 — 7.71 (m, 3H, Ar-H)40.(t,J = 8.5 Hz, 2H, Ar-H),
3.62 (d,J = 4.5 Hz, 3H, OCH), 1.30 (s, 12H, Ckix 4). ESI-MS: m/z = 409 [M+H]

4.1.4.3.
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3-Fluoro-N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-dioxaborolan-2-yl)pyridin-3-yl)b
enzenesulfonamide (5c)

This compound was prepared from bis(pinacolato)dibe (335 mg, 1.32 mmol),
N-(5-bromo-2-methoxypyridin-3-yl)-3-fluorobenzendsmamide 4c) (475 mg, 1.32
mmol), Pd(dppf)Cl, (97 mg, 0.13 mmol) and KOAc (388 mg, 3.96 mmolading
to the general synthesis procedure B to affordittecompound (433 mg, 1.06 mmaol,
80% vyield) as a white solidH NMR (500 MHz, DMSOdg) & 10.06 (s, 1H, NH),
8.19 (d,J = 1.5 Hz, 1H, Ar-H), 7.73 (dJ = 1.5 Hz, 1H, Ar-H), 7.64 — 7.60 (m, 1H,
Ar-H), 7.55-7.48 (m, 3H, Ar-H), 3.64( s, 3H, OGH1.30 (s, 12H, Ckix 4). ESI-MS:
m/z = 409 [M+HT.

4.14.4.
N-(2-Methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-dioxaborolan-2-yl)pyridin-3-yl)-4-(trifluor
omethyl)benzenesulfonamide (5d)

This compound was prepared from bis(pinacolato)dibe (335 mg, 1.32 mmol),
N-(5-bromo-2-methoxypyridin-3-yl)-4-(trifluoromethjdenzenesulfonamide  4d)
(541 mg, 1.32 mmol), Pd(dpp@l, (97 mg, 0.13 mmol) and KOAc (388 mg, 3.96
mmol) according to the general synthesis proce@ute afford the title compound
(445 mg, 0.97 mmol, 73% yield) as a white solld.NMR (500 MHz, DMSOds) &
10.15 (s, 1H, NH), 8.20 (dl = 1.5 Hz, 1H, Ar-H), 7.97 (dJ = 8.5 Hz, 2H, Ar-H),
7.88 (d,J = 8.5 Hz, 2H, Ar-H), 7.69 (d] = 1.5 Hz, 1H, Ar-H), 3.55 (s, 3H, OGH
1.30 (s, 12H, Chix 4). ESI-MS: m/z = 459 [M+H]

4.1.45.
N-(2-Methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-dioxabor olan-2-yl)pyridin-3-yl)-4-(trifluor
omethoxy)benzenesulfonamide (5€)

This compound was prepared from bis(pinacolato)dibe (335 mg, 1.32 mmol),
N-(5-bromo-2-methoxypyridin-3-yl)-4-(trifluoromethg)}oenzenesulfonamide 44
(562 mg, 1.32 mmol), Pd(dppfl, (97 mg, 0.13 mmol) and KOAc (388 mg, 3.96

mmol) according to the general synthesis proce@ute afford the title compound
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(461 mg, 0.97 mmol, 73% yield) as a white solld.NMR (500 MHz, DMSOds) &
10.01 (s, 1H, NH), 8.20 (d = 1.5 Hz, 1H, Ar-H), 7.79 (dJ = 8.5 Hz, 2H, Ar-H),
7.70 (d,J = 1.5 Hz, 1H, Ar-H), 7.57 (d] = 8.5 Hz, 2H, Ar-H), 3.57 (s, 3H, OGH
1.30 (s, 12H, CHix 4). ESI-MS: m/z = 475 [M+H]

4.1.4.6.
N-(2-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl ) pyridin-3-yl)-4-methyl b
enzenesulfonamide (5f)

This compound was prepared from bis(pinacolato)dibe (335 mg, 1.32 mmol),
N-(5-bromo-2-methoxypyridin-3-yl)-4-methylbenzendenbmide 4f) (470 mg, 1.32
mmol), Pd(dppfCl, (97 mg, 0.13 mmol) and KOAc (388 mg, 3.96 mmolading
to the general synthesis procedure B to afforditeecompound (423 mg, 1.05 mmaol,
80% vyield) as a white soliH NMR (500 MHz, DMSOds) & 9.76 (s, 1H, NH), 8.14
(d, J = 1.5 Hz, 1H, Ar-H), 7.73 (d] = 1.5 Hz, 1H, Ar-H), 7.58 (dJ = 8.0 Hz, 2H,
Ar-H), 7.35 (d,J = 8.0 Hz, 2H, Ar-H), 3.64 (s, 3H, OGH 2.36 (s, 3H, Ch), 1.30 (s,
12H, CH; x 4). ESI-MS: m/z = 405 [M+H]

4.1.5. Ethyl 6-bromo-4-hydroxyquinoline-3-carboxylate (8)

A mixture of  4-bromoaniline (10.0 g, 58.48 mmol) dan
diethyl-2-(ethoxymethylene)malonate (12.63 g, 58@@&ol) was stirred at 80 °C for
2 h. The mixture was evaporated under reduced ymest® give the diethyl
2-((4-bromophenylamino)methylene)malonate {[This product was then treated with
PhO (100 mL) and stirred at 250 °C for 6 h. After lbeg to 60 °C, petroleum ether
(100 mL) was added to the mixture and the suspesdkid was filtered, washed with
petroleumether, EtOAc and dried under reduced pressurevio thee title compound
(10.52 g, 35.66 mmol, 61% yield) as a white sdlilNMR (500 MHz, DMSOdg) &
12.46 (s, 1H, OH), 8.60 (s, 1H, Ar-H), 8.23 (= 2.5 Hz, 1H, Ar-H), 7.88 (dd] =
8.5, 2.5 Hz, 1H, Ar-H), 7.61 (d,= 8.5 Hz, 1H, Ar-H), 4.23 (q] = 7.0 Hz, 2H, Ch),
1.29 (t,J = 7.0 Hz, 3H, CH). ESI-MS: m/z = 296 [M+H].
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4.1.6. 6-Bromo-4-hydroxyquinoline-3-carboxylic acid (9)

Ethyl 6-bromo-4-hydroxyquinoline-3-carboxylat8) (6.0 g, 20.34 mmol) and 2.5
N NaOH (50 mL) were charged in a 100 mL round-butd flask. The mixture was
stirred at reflux for 1 h. After cooling to roonnteerature, the pH of the mixture was
adjusted to 5 using 2 N HCI and the resulting sel@s filtered and washed with
water. The filter cake was then dried under redupesssure to afford the title
compound (5.15 g, 19.22 mmol, 94% yield) as a whikd. '"H NMR (500 MHz,
DMSO-dg) § 12.51 (s, 1H), 8.63 (s, 1H, Ar-), 8.23 (s 2.5 Hz, 1H, Ar-H), 7.87 (dd,
J = 8.5, 2.5 Hz, 1H, Ar-H), 7.61 (dl = 8.5 Hz, 1H, Ar-H). ESI-MS: m/z = 268
[M+H] ™.

4.1.7. 6-Bromoquinolin-4-ol (10)

6-Bromo-4-hydroxyquinoline-3-carboxylic aci@)((5.0 g, 18.73 mmol) was added
to a 100 mL round-bottomed flask in4&h(30 mL) and then stirred at 260 °C for 2 h.
After cooling to 60 °C, 30 mL petroleum ether wakled and the suspended solid
was filtered, washed with petroleum ether, EtOA@ dned under reduced pressure to
give the title compound (3.21 g, 14.39 mmol, 77%ld) as a brown solid. ESI-MS:
m/z = 224 [M+HT.

4.1.8. 6-Bromo-4-chloroquinoline (11)

To a 100 mL round-bottomed flask was added 6-branmmdjin-4-ol (L0) (3.0 g,
13.45 mmol), POGI(20 mL) and DMF (0.5 mL). The mixture was stirretdreflux
for 6 h. After cooling to room temperature, thectea mixture was poured into ice
water (100 mL) and stirred for 1 h. Then the pHtleg mixture was adjusted to 8
using saturated aqueous NaHCOhe mixture was extracted with EtOAc and the
organic phase was dried over sodium sulfate anderdrated in vacuo to give the
title compound (2.75 g, 11.36 mmol, 84% vyield) ashite solid."H NMR (500 MHz,
DMSO-ds) § 8.87 (d,J = 4.5 Hz, 1H, Ar-H), 8.32 (d] = 2.0 Hz, 1H, Ar-H), 8.03 (d]
= 9.0 Hz, 1H, Ar-H), 7.99 (dd] = 9.0, 2.0 Hz, 1H, Ar-H), 7.82 (d, = 4.5 Hz, 1H,

Ar-H). ESI-MS: m/z = 242 [M+H].
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4.1.9. 6-Bromo-4-iodoquinoline (12)

To a solution of 6-bromo-4-chloroquinolinellj (3.50 g, 14.46 mmol) in
anhydrous EtOAc (20 mL) was added HCl-saturatedAEt@10 mL) and a white
precipitate formed immediately. After stirring f&0 min, the suspension was
concentrated under vacuum to afford 6-bromo-4-dgomoline hydrochloride as an
off white solid (3.91 g, 14.14 mmol).

A two-neck flask was charged with 6-bromo-4-chlarogline hydrochloride (3.91
g, 14.14mmol), anhydrous potassium iodide (9.76d @70 mmol) and anhydrous
acetonitrile (100 mL). The resulting slurry wagret at reflux for 48 h and allowed
to cool to room temperature. Saturated agueous KaHGlution (40 mL) was added
to the mixture, followed by 20 mL of a 5% sodiumifise solution. The reaction
mixture was extracted with GBI, (200 mL x 2). The combined organic extracts
were dried over magnesium sulfate and concentratedacuo to give the crude
product, which was further purified by silica gellemn chromatography (25% ethyl
acetate/petroleurather) to give the title compound (4.42 g, 13.27ahr84% vyield)
as an off-white solid'H NMR (500 MHz, DMSOds) & 8.51 (d,J = 4.5 Hz, 1H,
Ar-H), 8.21 (d,J = 4.5 Hz, 1H, Ar-H), 8.11 (t) = 1.5 Hz, 1H, Ar-H), 7.97 — 7.91 (m,
2H, Ar-H). ESI-MS: m/z = 334 [M+H]

4.1.10. General procedure C for synthesis of aliphatic propargylamines (13b-h and
13l)

A solution of 3-bromopropyne (1.0 equiv), amiie0 equiv) and KCOs; (2.0 equiv)
in THF was stirred at reflux for 6 h. The solverdswemoved and the residue was
partitioned between water and €. The organic layer was dried over magnesium
sulfate and under reduced pressure. The crude gredhs further purified by silica

gel column chromatography to give the desired pigpgamine.

4.1.10.1. 1-(Prop-2-ynyl)piperidine (13b)
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This compound was prepared from 3-bromopropyne (5f) 4.24 mmol),
piperidine (360 mg, 4.24 mmol) and,®0; (1.17 g, 8.48 mmol) according to the
general synthesis procedure C to afford the tal@mound (344 mg, 2.80 mmol, 66%
yield) as a viscous oil. ESI-MS: m/z = 124 [M+H]

4.1.10.2. 1-Methyl-4-(prop-2-ynyl)piperazine (13c)

This compound was prepared from 3-bromopropyne (5f) 4.24 mmol),
N-methylpiperazine (424 mg, 4.24 mmol) angdlO; (1.17 g, 8.48 mmol) according
to the general synthesis procedure C to afforditltecompound (359 mg, 2.59 mmol,
61% yield) as a white solidH NMR (500 MHz, DMSOeg) & 3.24 (d,J = 2.5 Hz, 2H,
CHy), 3.14 (t,J = 2.5 Hz, 1H, acetylenic hydrogen), 2.44 (s, 4H,Q@ 2), 2.30 (s, 4H,
CH, x 2), 2.15 (s, 3H, CH). ESI-MS: m/z = 139 [M+H].

4.1.10.3. 1-(Prop-2-ynyl)piperidin-4-ol (13d)

This compound was prepared from 3-bromopropyne (5@f) 4.24 mmol),
4-hydroxypiperidine (428 mg, 4.24 mmol) anddO; (1.17 g, 8.48 mmol) according
to general synthesis procedure C to afford the ttmpound (403 mg, 2.90 mmol,
68% yield) as a white solidH NMR (500 MHz, DMSOeg) & 4.53 (d,J = 3.5 Hz, 1H,
OH), 3.48 — 3.31 (m, 1H, CH), 3.19 @= 2.0 Hz, 2H, Ch), 3.09 (d,J = 2.0 Hz, 1H,
acetylenic hydrogen), 2.69 — 2.59 (m, 2H,L£R.14 (t,J = 9.5 Hz, 2H, Ch), 1.68 (d,
J=9.5Hz, 2H, Ch), 1.41 — 1.30 (m, 2H, CH ESI-MS: m/z = 140 [M+H].

4.1.10.4. 1-(Prop-2-ynyl)piperidin-3-ol (13e)

This compound was prepared from 3-bromopropyne (50§ 4.24 mmol),
3-hydroxypiperidine (428 mg, 4.24 mmol) andd0Os (1.17 g, 8.48 mmol) according
to general synthesis procedure C to afford the timpound (392 mg, 2.82 mmol,
67% vyield) as a white solidH NMR (500 MHz, DMSOdg) & 4.60 (d,J = 5.0 Hz, 1H,
OH), 3.43 (m, 1H, CH), 3.21 (dl = 2.0 Hz, 2H, Ch), 3.10 (d,J = 2.0 Hz, 1H,
acetylenic hydrogen), 2.74 (m, 1H, @H2.55 (m, 1H, CH), 1.98 (m, 1H, CH), 1.86

(m, 1H, CH), 1.74 (m, 1H, Ch), 1.64 — 1.56 (m, 1H, CHi 1.42 — 1.32 (m, 1H, CH
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0.99 (M, 1H, CH). ESI-MS: m/z = 140 [M+H].

4.1.10.5. 2-(Methyl (prop-2-ynyl)amino)ethanol (13g)

This compound was prepared from 3-bromopropyne (50§ 4.24 mmol),
2-methylaminoethanol (318 mg, 4.24 mmol) andCR; (1.17 g, 8.48 mmol)
according to the general synthesis procedure Gfdodathe title compound (271 mg,
2.40 mmol, 57% vyield) as a viscous Ol NMR (500 MHz, DMSOd) 5 4.42 (s, 1H,
OH), 3.45 (tJ = 6.5 Hz, 2H, Ch), 3.30 (d,J = 2.5 Hz, 2H, Ch)), 3.10 (t,J = 2.5 Hz,
1H, acetylenic hydrogen), 2.43 {t= 6.5 Hz, 2H, CH), 2.21 (s, 3H, Ck). ESI-MS:
m/z = 114 [M+H].

4.1.10.6. 3-(Methyl (prop-2-ynyl)amino)propane-1,2-diol (13h)

This compound was prepared from 3-bromopropyne (5@f) 4.24 mmol),
3-methylamino-1,2-propanediol (445 mg, 4.24 mmal) &,CO; (1.17 g, 8.48 mmol)
according to general synthesis procedure C toatfoz title compound (314 mg, 2.18
mmol, 51% yield) as a viscous ot NMR (500 MHz, DMSOdg) & 4.48 (s, 1H,
OH), 4.41 (dJ = 4.5 Hz, 1H, OH), 3.54 (m, 1H, CH), 3.34 — 3.8, @H, CH x 2),
3.10 (t,J = 2.5 Hz, 1H, acetylenic hydrogen), 2.40 (dd; 12.5, 5.0 Hz, 1H, C}),
2.28 (ddJ=12.5, 7.0 Hz, 1H, CH), 2.23 (s, 3H, Ck). ESI-MS: m/z = 144 [M+H].

4.1.10.7. Tert-butyl 4-(prop-2-ynyl)piperazine-1-carboxylate (13I)

This compound was prepared from 3-bromopropyne (50§ 4.24 mmol),
N-(tert-butoxycarbonyl)piperazine (789 mg, 4.24 mmahd KCO; (1.17 g, 8.48
mmol) according to the general synthesis proce@ute afford the title compound
(515 mg, 2.30 mmol, 54% vyield) as a viscous ®il.NMR (500 MHz, DMSOds) &
3.33 (m, 4H, CH x 2), 3.29 (dJ = 2.5 Hz, 2H, CH), 3.18 (t,J = 2.5 Hz, 1H,
acetylenic hydrogen), 2.42 — 2.33 (m, 4H, CH2), 1.40 (s, 9H, Ckix 3). ESI-MS:
m/z = 225 [M+HT.

4.1.11. General procedure D for synthesis of aromatic propargylamines (13i-k)
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To a round-bottomed flask was added 3-bromoprog{r@ equiv), phenylamine
(2.0 equiv), KCO; (2.0 equiv) and acetone. The mixture was stirredroam
temperature for 24 h. The solvent was removed &edrésidue was partitioned
between water and GBI,. The organic layer was dried over magnesium s kaid
under reduced pressure. The crude product wasefuptlrified by silica gel column

chromatography to give the desired propargylamine.

4.1.11.1. N-(Prop-2-ynyl)aniline (13i)

This compound was prepared from 3-bromopropyne (6804.24 mmol), aniline
(394 mg, 4.24 mmol) and XO; (1.17 g, 8.48 mmol) according to the general
synthesis procedure D to afford the title compo(t®&B mg, 1.39 mmol, 33% yield)
as a viscous oil'H NMR (500 MHz, DMSOdg) & 7.11 (dd,J = 8.5, 7.5 Hz, 2H,
Ar-H), 6.64 (d,J = 8.5 Hz, 2H, Ar-H), 6.60 () = 7.5 Hz, 1H, Ar-H), 5.94 () = 6.0
Hz, 1H, NH), 3.85 (ddJ = 6.0, 2.5 Hz, 2H, CH), 3.05 (t,J = 2.5 Hz, 1H, acetylenic
hydrogen). ESI-MS: m/z = 132 [M+H]

4.1.11.2. 4-Methoxy-N-(prop-2-ynyl)aniline (13))

This compound was prepared from 3-bromopropyne (50§ 4.24 mmol),
p-anisidine (522 mg, 4.24 mmol) and®0; (1.17 g, 8.48 mmol) according to the
general synthesis procedure D to afford the titlepgound (151 mg, 0.94 mmol, 22%
yield) as a viscous oitH NMR (500 MHz, DMSOsdg) & 6.75 (d,J = 9.0 Hz, 2H,
Ar-H), 6.61 (d,J = 9.0 Hz, 2H, Ar-H), 5.52 (] = 6.5 Hz, 1H, NH), 3.80 (dd}, = 6.5,
2.5 Hz, 2H, CH), 3.65 (s, 3H, OC}J, 3.02 (t,J = 2.5 Hz, 1H, acetylenic hydrogen).
ESI-MS: m/z = 162 [M+H].

4.1.11.3. 4-Fluoro-N-(prop-2-ynyl)aniline (13K)

This compound was prepared from 3-bromopropyne (5f) 4.24 mmol),
4-fluoroaniline (471 mg, 4.24 mmol) ang®0; (1.17 g, 8.48 mmol) according to the
general synthesis procedure D to afford the titlegound (179 mg, 1.20 mmol, 28%

yield) as a viscous oifH NMR (500 MHz, DMSOsg) & 6.96 (t,J = 9.0 Hz, 2H,
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Ar-H), 6.65 — 6.61 (m, 2H, Ar-H), 5.90 (,= 6.0 Hz, 1H, NH), 3.84 (dd,= 6.0, 2.5
Hz, 2H, CH), 3.05 (t,J = 2.5 Hz, 1H, acetylenic hydrogen). ESI-MS: m/ZA50
[M+H]".

4.1.12. General procedure E for sonogashira coupling reaction (14a-)
6-Bromo-4-iodoquinoline 12) (1.0 equiv), Pd(PRkCl, (0.1 equiv), Cul (0.15
equiv) and triethylamine were charged in a thregkrreund bottom flask. The flask
was fitted with a N inlet adaptor and purged witho,Nor 10 min. The solution of
alkyne (1.0 equiv) was then added via syringe andqu with N for another 10 min.
The reaction mixture was stirred at 50 °C for B\fter the completion of reaction, the
mixture was concentrated under reduced pressureghendesidue was dissolved in
EtOAc, washed with 1 N NaOH and water, then theaoig phase was dried over
magnesium sulfate. The crude product was purifigd dilica gel column

chromatography yielded the desired compound.

4.1.12.1. 4-(6-Bromoquinolin-4-yl)but-3-yn-1-ol (14a)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and commercially available but-3-yn-1-&B@) (21 mg, 0.30 mmol) according
to the general synthesis procedure E to afforditltecompound (58 mg, 0.21 mmol,
70% yield) as an off-white solidH NMR (500 MHz, DMSOedg) & 8.88 (d,J = 4.5 Hz,
1H, Ar-H), 8.38 (dJ = 2.0 Hz, 1H, Ar-H), 7.98 (d] = 9.0 Hz, 1H, Ar-H), 7.93 (dd
=9.0, 2.0 Hz, 1H, Ar-H), 7.61 (d,= 4.5 Hz, 1H, Ar-H), 5.05 (i = 5.5 Hz, 1H, OH),
3.69 (q,J = 6.5 Hz, 2H, Ch), 2.77 (t,J = 6.5 Hz, 2H, Ch). ESI-MS: m/z = 276
[M+H] ™.

4.1.12.2. 6-Bromo-4-(3-(piperidin-1-yl)prop-1-ynyl)quinoline (14b)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 1-(prop-2-ynyl)piperidinel8b) (37 mg, 0.30 mmol) according to the
general synthesis procedure E to afford the t@mound (56 mg, 0.17 mmol, 57%

yield) as an off-white solidH NMR (500 MHz, DMSOs) & 8.90 (d,J = 4.5 Hz, 1H,
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Ar-H), 8.38 (d,J = 2.0 Hz, 1H, Ar-H), 8.00 (d] = 9.0 Hz, 1H, Ar-H), 7.94 (dd] =
9.0, 2.0 Hz, 1H, Ar-H), 7.66 (d,= 4.5 Hz, 1H, Ar-H), 3.70 (s, 2H, G} 2.56 (m, 4H,
CH, x 2), 1.58 — 1.52 (m, 4H, GHk 2), 1.42 — 1.37 (m, 2H, GH ESI-MS: m/z =
329 [M+H]".

4.1.12.3. 6-Bromo-4-(3-(4-methyl pi perazin-1-yl)prop-1-ynyl)quinoline (14c)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 1-methyl-4-(prop-2-ynyl)piperazing3¢) (41 mg, 0.30 mmol) according
to the general synthesis procedure E to afforditttecompound (62 mg, 0.18 mmol,
60% yield) as a viscous otH NMR (500 MHz, CDC}) & 8.87 (d,J = 4.5 Hz, 1H,
Ar-H), 8.36 (d,J = 2.0 Hz, 1H, Ar-H), 7.98 (dJ = 9.0 Hz, 1H, Ar-H), 7.80 (dd] =
9.0, 2.0 Hz, 1H, Ar-H), 7.61 (d,= 4.5 Hz, 1H, Ar-H), 3.76 (s, 2H, GH 3.01 — 2.85
(m, 8H, CH x 4), 2.57 (s, 3H, CH. ESI-MS: m/z = 344 [M+H].

4.1.12.4. 1-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl)piperidin-4-ol (14d)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 1-(prop-2-ynyl)piperidin-4-olL8d) (42 mg, 0.30 mmol) according to the
general synthesis procedure E to afford the t@mound (58 mg, 0.17 mmol, 57%
yield) as an off-white solidH NMR (500 MHz, DMSOsdg) § 8.92 (d,J = 4.5 Hz, 1H,
Ar-H), 8.38 (d,J = 2.0 Hz, 1H, Ar-H), 8.03 (d] = 9.0 Hz, 1H, Ar-H), 7.97 (dd] =
9.0, 2.0 Hz, 1H, Ar-H), 7.68 (d, = 4.5 Hz, 1H, Ar-H), 4.61 (d] = 4.5 Hz, 1H, OH),
3.74 (s, 2H, Ch), 3.50 (m, 1H, CH), 2.86 (m, 2H, GH 2.44 — 2.30 (m, 2H, CHj
1.77 (m, 2H, CH)), 1.47 (m, 2H, CH). ESI-MS: m/z = 345 [M+H].

4.1.12.5. 1-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl )piperidin-3-ol (14e)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 1-(prop-2-ynyl)piperidin-3-olL.88 (42 mg, 0.30 mmol) according to the
general synthesis procedure E to afford the t@mound (51 mg, 0.15 mmol, 50%
yield) as an off-white solidH NMR (500 MHz, DMSO#dg) § 8.92 (d,J = 4.5 Hz, 1H,

Ar-H), 8.38 (d,J = 2.0 Hz, 1H, Ar-H), 8.02 (dJ = 9.0 Hz, 1H, Ar-H), 7.96 (dd] =
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9.0, 2.0 Hz, 1H, Ar-H), 7.67 (d,= 4.5 Hz, 1H, Ar-H), 4.72 (s, 1H, OH), 3.76 (s,,2H
CH,), 3.56 (m, 1H, CH), 2.94 (dd, = 10.0, 4.0 Hz, 1H, C}), 2.77 (d,J = 11.0 Hz,
1H, CHp), 2.24 (td,J = 11.0, 3.0 Hz, 1H, C}), 2.10 (t,J = 10.0 Hz, 1H, Ch), 1.85 —
1.79 (m, 1H, CH), 1.74 — 1.67 (m, 1H, CHl 1.52 — 1.44 (m, 1H, CHi 1.15 — 1.07
(m, 1H, CH). ESI-MS: m/z = 345 [M+H],

4.1.12.6. 2-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl oxy)ethanol (14f)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30

mmol) and commercially available 2-(prop-2-ynylostjanol 13f) (30 mg, 0.30
mmol) according to the general synthesis proceéite afford the title compound
(55 mg, 0.18 mmol, 60% yield) as an off-white solidl NMR (500 MHz, DMSOdg)
§ 8.92 (d,J = 4.5 Hz, 1H, Ar-H), 8.32 (d] = 2.0 Hz, 1H, Ar-H), 8.01 (d] = 9.0 Hz,
1H, Ar-H), 7.95 (dd,J = 9.0, 2.0 Hz, 1H, Ar-H), 7.69 (d,= 4.5 Hz, 1H, Ar-H), 4.73
(t, J=5.5 Hz, 1H, OH), 4.61 (s, 2H, GH3.64 — 3.61 (m, 2H, CH} 3.60 — 3.56 (m,
2H, CHy). ESI-MS: m/z = 306 [M+H].

4.1.12.7. 2-((3-(6-Bromoquinolin-4-yl)prop-2-ynyl) (methyl Jamino)ethanol (14g)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 2-(methyl(prop-2-ynyl)amino)ethanoll3¢) (34 mg, 0.30 mmol)
according to the general synthesis procedure Hfdodathe title compound (51 mg,
0.16 mmol, 53% yield) as a viscous Gil. NMR (500 MHz, DMSOdg) & 8.90 (d,J =
4.5 Hz, 1H, Ar-H), 8.36 (dJ = 2.0 Hz, 1H, Ar-H), 8.00 (dJ = 9.0 Hz, 1H, Ar-H),
7.95 (dd,J = 9.0, 2.0 Hz, 1H, Ar-H), 7.66 (d,= 4.5 Hz, 1H, Ar-H), 4.49 () = 5.5
Hz, 1H, OH), 3.78 (s, 2H, GHi 3.53 (q,J = 6.0 Hz, 2H, Ch), 2.58 (t,J = 6.0 Hz, 2H,
CH,), 2.37 (s, 3H, Ch). ESI-MS: m/z = 319 [M+H].

4.1.12.8. 3-((3-(6-Bromoquinolin-4-yl)prop-2-ynyl)(methyl)amino)propane-1,2-diol
(14h)
This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30

mmol) and 3-(methyl(prop-2-ynyl)amino)propane-1i@td13h) (43 mg, 0.30 mmol)
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according to the general synthesis procedure Eftodathe title compound (66 mg,
0.19 mmol, 63% yield) as a viscous . NMR (500 MHz, DMSOd) 5 8.90 (d,J =
4.5 Hz, 1H, Ar-H), 8.37 (dJ = 2.0 Hz, 1H, Ar-H), 8.00 (d] = 9.0 Hz, 1H, Ar-H),
7.94 (dd,J = 9.0, 2.0 Hz, 1H, Ar-H), 7.66 (d,= 4.5 Hz, 1H, Ar-H), 4.50 (d] = 4.5
Hz, 2H, OH x 2), 3.80 (s, 2H, GM 3.62 (m, 1H, CH), 3.40 — 3.33 (m, 2H, §H
2.57 (ddJ = 12.5, 5.0 Hz, 1H, C}), 2.44 (ddJ = 12.5, 7.0 Hz, 1H, CH), 2.39 (s, 3H,
CHs). ESI-MS: m/z = 349 [M+H].

4.1.12.9. N-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl)aniline (14i)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) andN-(prop-2-ynylaniline {3i) (39 mg, 0.30 mmol) according to the general
synthesis procedure E to afford the title compo(@@dmg, 0.18 mmol, 60% yield) as
a viscous oil'H NMR (500 MHz, DMSOds) & 8.89 (d,J = 4.5 Hz, 1H, Ar-H), 8.24
(d, J = 2.0 Hz, 1H, Ar-H), 7.98 (d] = 9.0 Hz, 1H, Ar-H), 7.92 (dd] = 9.0, 2.0 Hz,
1H, Ar-H), 7.60 (dJ = 4.5 Hz, 1H, Ar-H), 7.19 (dd] = 9.5, 9.0 Hz, 2H, Ar-H ), 6.80
(d, J= 9.5 Hz, 2H, Ar-H), 6.66 (] = 9.0 Hz, 1H, Ar-H), 6.21 (] = 6.5 Hz, 1H, NH),
4.35 (d,J = 6.5 Hz, 2H, Ch)). ESI-MS: m/z = 337 [M+H],

4.1.12.10. N-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl)-4-methoxyaniline (14j)

This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 4-methox\-(prop-2-ynyl)aniline {3)) (48 mg, 0.30 mmol) according to
the general synthesis procedure E to afford the ¢tmpound (52 mg, 0.14 mmol,
47% yield) as a viscous ofH NMR (500 MHz, DMSOdg) & 8.87 (s, 1H, Ar-H),
8.16 (s, 1H, Ar-H), 7.95 (d] = 9.0 Hz, 1H, Ar-H), 7.89 (dJ = 9.0 Hz, 1H, Ar-H),
7.57 (d,J = 4.0 Hz, 1H, Ar-H), 6.80 (d] = 8.5 Hz, 2H, Ar-H), 6.75 (d] = 8.5 Hz, 2H,
Ar-H), 5.79 (t,J = 6.5 Hz, 1H, NH), 4.27 (d] = 6.5 Hz, 2H, Ch), 3.64 (s, 3H,
OCHg). ESI-MS: m/z = 367 [M+H].

4.1.12.11. N-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl)-4-fluoroaniline (14k)
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This compound was prepared from 6-bromo-4-iododineo(12) (100 mg, 0.30
mmol) and 4-fluoraN-(prop-2-ynyl)aniline {3k) (45 mg, 0.30 mmol) according to
the general synthesis procedure E to afford the ¢thmpound (63 mg, 0.18 mmol,
60% vyield) as a viscous ot NMR (500 MHz, DMSOsg) & 8.87 (d,J = 4.5 Hz, 1H,
Ar-H), 8.13 (d,J = 2.0 Hz, 1H, Ar-H), 7.95 (dJ = 9.0 Hz, 1H, Ar-H), 7.89 (dd] =
9.0, 2.0 Hz, 1H, Ar-H), 7.57 (d,= 4.5 Hz, 1H, Ar-H), 7.01 () = 9.0 Hz, 2H, Ar-H ),
6.84 — 6.75 (m, 2H, Ar-H), 6.15 @,= 6.5 Hz, 1H, NH), 4.31 (dl = 6.5 Hz, 2H, CH).
ESI-MS: m/z = 355 [M+H].

4.1.12.12. Tert-butyl
4-(3-(6-bromoquinolin-4-yl)prop-2-ynyl ) pi per azine-1-car boxyl ate (14l)

This compound was prepared from 6-bromo-4-iododineo(12) (400 mg, 1.20
mmol) and tert-butyl 4-(prop-2-ynyl)piperazine-Idsaxylate (3l) (269 mg, 1.20
mmol) according to the general synthesis proceéite afford the title compound
(224 mg, 0.52 mmol, 43% yield) as an off-white ddiH NMR (500 MHz, DMSO#dg)
§ 8.93 (d,J = 4.5 Hz, 1H, Ar-H), 8.36 (d] = 2.0 Hz, 1H, Ar-H), 8.03 (d] = 9.0 Hz,
1H, Ar-H), 7.97 (ddJ = 9.0, 2.0 Hz, 1H, Ar-H), 7.70 (d,= 4.5 Hz, 1H, Ar-H), 3.82
(s, 2H, CH), 3.40 (m, 4H, Chix 2), 2.60 — 2.55 (m, 4H, Gtk 2), 1.40 (s, 9H, CH
x 3). ESI-MS: m/z = 430 [M+H]

4.1.13. General procedure F for suzuki coupling reaction (15a-n, 19a-€)

To a three-neck round bottom flask was added aédli.0 equiv), a boronic ester
(2.0 equiv), Pd(dppfCl, (0.1 equiv) and BCO; (3.0 equiv) in dioxane/}O (3/1).
The flask was fitted with a Ninlet adaptor and purged with,Nor 15 min. The
reaction mixture was then sealed under an atmospey, and stirred at 100 °C for
10 h. The crude mixture was concentrated underceztipressure and the residue was
dissolved in CHCl,, washed with water twice, then the organic phase avied over
magnesium sulfate. The crude product was purifigd dilica gel column

chromatography to give the desired target compound.
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4.1.13.1.
2,4-Difluoro-N-(5-(4-(4-hydroxybut-1-ynyl )quinolin-6-yl)-2-methoxypyridin-3-yl )benz
enesulfonamide (15a)

This compound was prepared frdma (33 mg, 0.12 mmol) an8la (50 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (25
mg, 0.051 mmol, 43% yield) as an off-white soltd.NMR (500 MHz, DMSOsdg) &
10.36 (s, 1H, NH), 8.85 (d] = 4.5 Hz, 1H, Ar-H), 8.48 (dJ = 2.5 Hz, 1H, Ar-H),
8.39 (d,J = 2.0 Hz, 1H, Ar-H), 8.12 (d] = 9.0 Hz, 1H, Ar-H), 8.07 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.03 (dJ = 2.5 Hz, 1H, Ar-H), 7.77 (m, 1H, Ar-H), 7.59 @@= 4.5
Hz, 1H, Ar-H), 7.56(m, 1H, Ar-H), 7.20 (m, 1H, Ar)H5.04 (t,J = 5.5 Hz, 1H, OH),
3.72 (9,J = 6.5 Hz, 2H, CH)), 3.68 (s, 3H, OCH}, 2.78 (t,J = 6.5 Hz, 2H, CH). *°C
NMR (100 MHz, DMSO€g) 6 165.06 (ddJc.r = 252.8, 11.2 Hz), 159.36 (dd;-r
255.9, 13.4 Hz), 157.59, 150.31, 146.88, 142.65.03 133.96, 131.83 (dcr
11.2 Hz), 130.45, 129.41, 128.75, 128.73, 127.25,d1 (dd,Jc.r = 14.2, 3.3 Hz),
124.04, 122.42, 119.82, 111.85 (dd,- = 22.8, 3.8 Hz), 105.81 (fcr = 25.8 Hz),
100.20, 76.65, 59.48, 53.49, 23.69. ESI-MS: m/86 pM+H]".

4.1.13.2.
2,4-Difluoro-N-(2-methoxy-5-(4-(3-(pi peridin-1-yl)prop-1-ynyl)quinolin-6-yl)pyridin-
3-yl)benzenesulfonamide (15b)

This compound was prepared frdmb (39 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (16
mg, 0.029 mmol, 24% yield) as an off-white soltd.NMR (500 MHz, DMSO¢g) &
10.38 (s, 1H, NH), 8.87 (dl = 4.5 Hz, 1H, Ar-H), 8.42 (dJ = 2.5 Hz, 1H, Ar-H),
8.39 (d,J = 2.0 Hz, 1H, Ar-H), 8.14 (d] = 9.0 Hz, 1H, Ar-H), 8.09 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 7.99 (dJ = 2.5 Hz, 1H, Ar-H), 7.74 (m, 1H, Ar-H), 7.64 @z= 4.5
Hz, 1H, Ar-H), 7.53 (m, 1H, Ar-H), 7.17 (m, 1H, Af), 3.74 (s, 2H, Ch), 3.66 (s,
3H, OCH), 2.61 (m, 4H, Chix 2), 1.59 — 1.52 (m, 4H, Gtk 2), 1.35 (m, 2H, Ch).
¥C NMR (100 MHz, DMSOdg) & 164.98 (dd,Jc.F = 251.7, 11.0 Hz), 159.36 (dik.

= 254.3, 11.8 Hz), 157.72, 150.35, 146.88, 142185,.31, 133.76, 131.77 (cr =
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10.0 Hz), 130.55, 128.82, 128.71, 127.28, 125.184d = 13.6 Hz), 124.21, 122.31,
120.27, 111.75 (dd)c.r = 21.9, 3.8 Hz), 105.73 (Ic.r = 25.6 Hz), 96.66, 80.48,
53.42,52.63, 47.68, 25.37, 23.39. ESI-MS: m/z & BA+H]".

4.1.133.
2,4-Difluoro-N-(2-methoxy-5-(4-(3-(4-methyl pi per azin- 1-yl ) prop-1-ynyl )quinolin-6-yl
)pyridin-3-yl)benzenesulfonamide (15c¢)

This compound was prepared frdc (41 mg, 0.12 mmol) an8la (50 mg, 0.12
mmol) according to the general synthesis proceBurceafford the title compound (21
mg, 0.037 mmol, 31% vyield) as an off-white sottd.NMR (500 MHz, CDC}) & 8.85
(d,J = 4.5 Hz, 1H, Ar-H), 8.36 (s, 1H, Ar-H), 8.26 (&, Ar-H), 8.17 (dJ = 9.0 Hz,
1H, Ar-H), 8.12 (s, 1H, Ar-H), 7.88 (m, 2H, Ar-HJ,53 (d,J = 4.5 Hz, 1H, Ar-H),
7.00 — 6.90 (M, 2H, Ar-H), 3.95 (s, 3H, OgH3.75 (s, 2H, Ch), 2.82 (s, 4H, Chix
2), 2.62 (s, 4H, Chix 2), 2.36 (s, 3H, CH. °C NMR (125 MHz, DMSOds) 5
165.12 (ddJc.r = 251.0, 11.0 Hz), 159.81 (dds.r = 255.5, 13.5 Hz), 158.14, 150.67,
147.33, 141.13, 136.13, 132.53, 132.15X¢; = 11.1 Hz), 130.98, 129.25, 129.02,
128.99, 127.78, 126.73 (dds.r = 15.6, 4.5 Hz), 124.75, 123.06, 122.50, 112.@R (d
Jcr = 21.6, 3.1 Hz), 106.08 (8cF = 26.1 Hz), 96.68, 81.08, 54.63, 53.79, 51.13,
47.24, 45.41. ESI-MS: m/z = 564 [M+H]

4.1.13.4.
2,4-Difluoro-N-(5-(4-(3-(4-hydroxypi peridin-1-yl) prop- 1-ynyl )quinolin-6-yl)-2-metho
xypyridin-3-yl)benzenesulfonamide (15d)

This compound was prepared frdmd (41 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (18
mg, 0.032 mmol, 27% yield) as an off-white soltd.NMR (500 MHz, DMSOdg) &
10.36 (s, 1H, NH), 8.89 (d} = 4.5 Hz, 1H, Ar-H), 8.43 (dJ = 2.5 Hz, 1H, Ar-H),
8.38 (d,J = 2.0 Hz, 1H, Ar-H), 8.16 (d] = 9.0 Hz, 1H, Ar-H), 8.11 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.01 (dJ = 2.5 Hz, 1H, Ar-H), 7.78 (m, 1H, Ar-H), 7.67 (@= 4.5

Hz, 1H, Ar-H), 7.55 (m, 1H, Ar-H), 7.21 (m, 1H, Af), 4.52 (s, 1H, OH), 3.76 (s, 2H,
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CH,), 3.70 (s, 3H, OCH), 3.45 (m, 1H, CH), 2.87 (m, 2H, GH2.42 (m, 2H, CHl),
1.79 (m, 2H, CH), 1.46 (m, 2H, Ch). °C NMR (100 MHz, DMSO#ds)  164.98 (dd,
Jor = 251.6, 9.6 Hz), 159.41 (ddc.r = 267.8, 13.4 Hz), 157.68, 150.34, 146.86,
142.37, 135.28, 133.75, 131.77 (d,r = 10.3 Hz), 130.54, 128.81, 128.67, 128.64,
127.28, 125.16 (ddle.r = 13.5, 4.2 Hz), 124.31, 122.27, 120.23, 111.81, Jgr =
21.2, 3.8 Hz), 105.77 (lcr = 25.7 Hz), 96.63, 80.34, 63.7, 53.47, 49.75, 37.0
34.19. ESI-MS: m/z = 565 [M+H]

4.1.135.
2,4-Difluoro-N-(5-(4-(3-(3-hydroxypi peridin-1-yl) prop- 1-ynyl)quinolin-6-yl)-2-metho
xypyridin-3-yl)benzenesulfonamide (15€)

This compound was prepared frdme (41 mg, 0.12 mmol) an8la (50 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (15
mg, 0.027 mmol, 23% yield) as an off-white soltd.NMR (500 MHz, DMSOdg) &
10.38 (s, 1H, NH), 8.90 (dl = 4.5 Hz, 1H, Ar-H), 8.47 (dJ = 2.5 Hz, 1H, Ar-H),
8.40 (d,J = 2.0 Hz, 1H, Ar-H), 8.17 (d] = 9.0 Hz, 1H, Ar-H), 8.12 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.03 (dJ = 2.5 Hz, 1H, Ar-H), 7.78 (m, 1H, Ar-H), 7.68 (@= 4.5
Hz, 1H, Ar-H), 7.60 — 7.54 (m, 1H, Ar-H), 7.21 (ti= 8.5, 2.0 Hz, 1H, Ar-H), 4.67
(s, 1H, OH), 3.78 (dJ = 4.5 Hz, 2H, Ch), 3.69 (s, 3H, OC}}, 3.59 — 3.53 (m, 1H,
CH,), 2.96 — 2.91 (dd] = 10.5, 3.5 Hz, 1H, C§), 2.82 (m, 1H, Ch), 2.32 (tJ = 9.5
Hz, 1H, CH), 2.14 (t,J = 9.5 Hz, 1H, CH), 1.76 (m, 2H, Ck), 1.49 (m, 1H, Ch),
1.08 (m, 1H, CH). 3C NMR (125 MHz, DMSOdg) & 165.51 (ddJc.r = 251.8, 11.5
Hz), 159.86 (ddJc.r = 255.8, 12.7 Hz), 158.18, 150.79, 147.37, 142185.78,
134.30, 132.30 (dlc.r = 10.8 Hz), 131.03, 129.29, 129.22, 129.15, 127126.65 (d,
Jo.r = 11.3 Hz), 124.78, 122.78, 120.62, 112.28 (Wd; = 21.6, 2.8 Hz), 106.24 (t,
Je-r = 25.9 Hz), 96.92, 81.03, 66.41, 60.37, 53.9316247.68, 33.19, 23.34. ESI-MS:
m/z = 565 [M+H].

4.1.13.6.

2,4-Difluoro-N-(5-(4-(3-(2-hydroxyethoxy)prop-1-ynyl )quinolin-6-yl)-2-methoxypyridi
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n-3-yl)benzenesulfonamide (15f)

This compound was prepared frdmf (37 mg, 0.12 mmol) an@la (50 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (25
mg, 0.048 mmol, 40% yield) as an off-white soltd.NMR (500 MHz, DMSOdg) &
10.36 (s, 1H, NH), 8.90 (dl = 4.5 Hz, 1H, Ar-H), 8.47 (dJ = 2.5 Hz, 1H, Ar-H),
8.32 (d,J = 2.0 Hz, 1H, Ar-H), 8.15 (d] = 9.0 Hz, 1H, Ar-H), 8.09 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.01 (dJ = 2.5 Hz, 1H, Ar-H), 7.76 (m, 1H, Ar-H), 7.68 (@= 4.5
Hz, 1H, Ar-H), 7.59 — 7.53 (m, 1H, Ar-H), 7.20 (dH, Ar-H), 4.69 (s, 1H, OH), 4.63
(s, 2H, CH), 3.67 (s, 3H, OCH}, 3.66 — 3.62 (m, 2H, CH 3.58 (m, 2H, Ch). *°C
NMR (100 MHz, DMSOsdg) 6 165.07 (ddJcr = 254.2, 12.8 Hz), 159.36 (dd;.F =
255.7, 12.9 Hz), 157.66, 150.32, 146.87, 142.75.38 134.05, 131.83 (dcr =
10.7 Hz), 130.55, 128.98, 128.70, 128.10, 127.28,01 (d,Jc.r = 13.6 Hz), 124.49,
122.15, 119.86, 111.85 (dde.r = 21.8, 2.7 Hz), 105.80 (§c.r = 27.0 Hz), 96.79,
80.86, 71.63, 60.07, 58.24, 53.48. ESI-MS: m/z 6 pa+H]".

4.1.13.7.
2,4-Difluoro-N-(5-(4-(3-((2-hydroxyethyl ) (methyl Jamino) prop-1-ynyl)quinolin-6-yl)-2
-methoxypyridin-3-yl)benzenesulfonamide (15g)

This compound was prepared frdmg (38 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (28
mg, 0.052 mmol, 43% yield) as an off-white soltd.NMR (500 MHz, DMSO¢g) &
10.34 (s, 1H, NH), 8.88 (dl = 4.5 Hz, 1H, Ar-H), 8.45 (dJ = 2.5 Hz, 1H, Ar-H),
8.38 (d,J = 2.0 Hz, 1H, Ar-H), 8.14 (d] = 9.0 Hz, 1H, Ar-H), 8.09 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.01 (dJ = 2.5 Hz, 1H, Ar-H), 7.75 (m, 1H, Ar-H), 7.66 @= 4.5
Hz, 1H, Ar-H), 7.55 (m, 1H, Ar-H), 7.19 (m, 1H, Af), 4.47 (s, 1H, OH), 3.83 (s, 2H,
CH,), 3.67 (s, 3H, OCHJ, 3.54 (tJ = 6.0 Hz, 2H, CH), 2.62 (t.J = 6.0 Hz, 2H, Ch),
2.42 (s, 3H, Ch). °C NMR (100 MHz, DMSOdg) & 165.05 (ddJc.r = 251.7, 9.6
Hz), 159.52 (ddJcr = 255.6, 8.6 Hz), 157.78, 150.40, 146.94, 1421435.32,
133.91, 131.82 (dJc.r = 10.6 Hz), 130.61, 128.90, 128.76, 128.72, 12712%.27

(dd, Jc.r = 13.8, 3.6 Hz), 124.45, 122.25, 120.30, 111.85 Jd.r = 22.0, 2.9 Hz),
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105.82 (t,Jc.r = 25.3 Hz), 96.45, 80.60, 58.96, 57.78, 54.9343642.08. ESI-MS.:
m/z = 539 [M+HT.

4.1.13.8.
N-(5-(4-(3-((2,3-Dihydroxypropyl ) (methyl Jamino) prop-1-ynyl)quinolin-6-yl)-2-metho
xypyridin-3-yl)-2,4-difluorobenzenesulfonamide (15h)

This compound was prepared frdmh (42 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (33
mg, 0.058 mmol, 48% yield) as an off-white soltd.NMR (500 MHz, DMSOsg) &
10.32 (s, 1H, NH), 8.88 (s, 1H, Ar-H), 8.44 (s, 3i-H), 8.38 (s, 1H, Ar-H), 8.14 (d,
J = 8.5 Hz, 1H, Ar-H), 8.08 (d] = 7.5 Hz, 1H, Ar-H), 8.00 (s, 1H, Ar-H), 7.75 (m,
1H, Ar-H), 7.66 (s, 1H, Ar-H), 7.55 (m, 1H, Ar-HJ,19 (m, 1H, Ar-H), 4.48 (s, 2H,
OH x 2), 3.84 (s, 2H, C}), 3.67 (s, 3H, OC}J, 3.63 (s, 1H, CH), 3.35 (m, 2H, GH
2.59 (m, 1H, CH), 2.41 (m, 4H, CH + CH,). *C NMR (125 MHz, DMSOdg) §
165.49 (ddJc.r = 252.6, 11.6 Hz), 159.85 (dds.r = 256.0, 13.6 Hz), 158.19, 150.79,
147.39, 142.84, 135.78, 134.26, 132.27X¢; = 10.6 Hz), 131.03, 129.33, 129.24,
129.19, 127.77, 125.73 (dds.r = 14.9, 4.0 Hz), 124.91, 122.73, 120.76, 112.28 (d
Jcr = 22.0, 2.9 Hz), 106.24 (8cF = 25.9 Hz), 96.96, 81.03, 69.90, 65.00, 59.34,
53.95, 47.26, 42.89. ESI-MS: m/z = 569 [M+H]

4.1.13.9.
2,4-Difluoro-N-(2-methoxy-5-(4-(3-(phenylamino)prop- 1-ynyl)quinolin-6-yl )pyridin-3
-yl)benzenesulfonamide (15i)

This compound was prepared frdi (40 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (18
mg, 0.032 mmol, 27% yield) as an off-white soltd.NMR (500 MHz, DMSOdg) &
10.39 (s, 1H, NH), 8.87 (dl = 4.5 Hz, 1H, Ar-H), 8.36 (dJ = 2.5 Hz, 1H, Ar-H),
8.25 (d,J = 2.0 Hz, 1H, Ar-H), 8.13 (d] = 9.0 Hz, 1H, Ar-H), 8.05 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.00 (d,J = 2.5 Hz, 1H, Ar-H), 7.78 (m, 1H, Ar-H), 7.60 @= 4.5

Hz, 1H, Ar-H), 7.59 (m, 1H, Ar-H), 7.24 — 7.21 (thH, Ar-H), 7.09 (m, 2H, Ar-H),
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6.80 (M, 2H, Ar-H), 6.54 () = 7.5 Hz, 1H, Ar-H), 6.21 (] = 6.5 Hz, 1H, NH), 4.37
(d, J = 6.5 Hz, 2H, Ch), 3.73 (s, 3H, OCH. *C NMR (100 MHz, DMSOdg) &
165.13 (d,Jc.r = 257.2 Hz), 159.46 (dlcr = 255.2 Hz), 157.70, 150.29, 147.59,
146.82, 142.83, 142.71, 135.36, 134.24, 131.804d,= 10.1 Hz), 130.53, 130.48,
129.01, 128.85, 128.75, 128.67, 127.33, 125.17dd,= 14.4 Hz), 124.21, 122.29,
119.96, 116.90, 112.99, 111.79 (dd. = 21.7, 3.4 Hz), 105.78 (fc.r = 25.4 Hz),
99.28, 77.18, 53.36, 32.97. ESI-MS: m/z = 557 [M%H]

4.1.13.10.
2,4-Difluoro-N-(2-methoxy-5-(4-(3-(4-methoxyphenyl amino)prop- 1-ynyl )quinolin-6-y
)pyridin-3-yl)benzenesulfonamide (15j)

This compound was prepared frdmj (44 mg, 0.12 mmol) anBla (50 mg, 0.12
mmol) according to the general synthesis proceBurceafford the title compound (22
mg, 0.038 mmol, 32% yield) as an off-white soltd.NMR (500 MHz, DMSOsdg) &
10.42 (s, 1H, NH), 8.87 (d = 4.5 Hz, 1H, Ar-H), 8.39 (d] = 2.5 Hz, 1H, Ar-H),
8.27 (d,J = 2.0 Hz, 1H, Ar-H), 8.14 (d] = 9.0 Hz, 1H, Ar-H), 8.06 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.02 (dJ = 2.5 Hz, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.59 @@= 4.5
Hz, 1H, Ar-H), 7.58 (m, 1H, Ar-H), 7.22 (m, 1H, Af), 6.77 (d,J = 9.0 Hz, 2H,
Ar-H), 6.71 (d,J = 9.0 Hz, 2H, Ar-H), 5.83 () = 5.0 Hz, 1H, NH), 4.31 (d] = 5.0
Hz, 2H, CH), 3.73 (s, 3H, OCH), 3.53 (s, 3H, OChH. °C NMR (125 MHz,
DMSO-dg) 5 165.51 (ddJc.r = 252.3, 11.8 Hz), 159.86 (dd.r = 256.3, 13.5 Hz),
158.13, 151.99, 150.75, 147.34, 142.87, 142.16,8835.34.30, 132.29 (dlcr =
10.4 Hz), 130.96, 129.41, 129.24, 129.22, 127.8%,7/ (d,Jc.r = 13.8 Hz), 124.61,
123.44,122.78, 114.97, 114.76, 112.28 (dds= 21.8, 3.1 Hz), 106.25 @c.r= 26.1
Hz), 100.18, 77.74, 55.56, 53.93, 34.45. ESI-M% mb87 [M+HT].

4.1.13.11.
2,4-Difluor o-N-(5-(4-(3-(4-fluor ophenylamino)prop-1-ynyl )guinolin-6-yl)-2-methoxyp
yridin-3-yl)benzenesulfonamide (15k)
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This compound was prepared frdmk (42 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (28
mg, 0.049 mmol, 41% yield) as an off-white soltd.NMR (500 MHz, DMSOsg) &
10.41 (s, 1H, NH), 8.87 (dl = 4.5 Hz, 1H, Ar-H), 8.33 (dJ = 2.5 Hz, 1H, Ar-H),
8.24 (d,J = 2.0 Hz, 1H, Ar-H), 8.13 (d] = 9.0 Hz, 1H, Ar-H), 8.05 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.00 (dJ = 2.5 Hz, 1H, Ar-H), 7.78 (m, 1H, Ar-H), 7.60 @= 4.5
Hz, 1H, Ar-H), 7.59 (m, 1H, Ar-H), 7.21 (m, 1H, A}, 6.92 (t,J = 8.5 Hz, 2H,
Ar-H), 6.83 — 6.76 (m, 2H, Ar-H), 6.19 {,= 6.5 Hz, 1H, NH), 4.35 (d] = 6.5 Hz,
2H, CHp), 3.73 (s, 3H, OCH. **C NMR (100MHz, DMSOds) & 165.08 (ddJc.r =
251.5, 12.4 Hz), 159.39 (dd¢.r = 255.3, 12.2 Hz), 157.68, 156.08, 150.29, 146.85,
144.23, 142.69, 135.30, 134.21, 131.82X%¢g; = 10.8 Hz), 130.50, 129.34, 128.95,
128.68, 128.62, 128.23, 127.68, 127.31, 125.91,612(, Jc.r = 12.3 Hz), 124.15,
122.22,119.74, 115.39, 115.17, 113.92, 113.85,8B1(d,Jc.r = 23.8 Hz), 105.77 (t,
Jer=27.0Hz), 99.17, 77.29, 53.42, 33.59. ESI-MS mb75 [M+HT.

4.1.13.12.
2,4-Difluor o-N-(2-methoxy-5-(quinolin-6-yl)pyridin-3-yl)benzenesul fonamide (15l)

This compound was prepared fra (25 mg, 0.12 mmol) an8a (50 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (23
mg, 0.054 mmol, 45% yield) as an off-white sofid. NMR (500 MHz, DMSOdg) &
10.36 (s, 1H, NH), 8.93 (dd} = 4.0, 1.5 Hz, 1H, Ar-H), 8.51 (d} = 2.0 Hz, 1H,
Ar-H), 8.45 (dd,J = 8.5, 1.0 Hz, 1H, Ar-H), 8.27 (d,= 2.0 Hz, 1H, Ar-H), 8.12 (d]
= 9.0 Hz, 1H, Ar-H), 8.06 (m, 2H, Ar-H), 7.79 (mH1Ar-H), 7.62 — 7.56 (m, 2H,
Ar-H), 7.23 (m, 1H, Ar-H), 3.68 (s, 3H, OGH *C NMR (125 MHz, DMSOdg) &
165.56 (ddJc.F = 252.5, 11.8 Hz), 159.88 (ddsr = 256.1, 13.4 Hz), 158.13, 151.23,
147.58, 143.16, 136.73, 134.78, 134.57, 132.36dd,= 16.0 Hz), 130.24, 129.37,
128.65, 128.56, 126.65, 125.56 (dd+ = 13.8, 3.6 Hz), 122.46, 120.22, 112.31 (dd,
Jor=22.1,3.1 Hz), 106.27 (c.r = 25.8 Hz), 53.90. ESI-MS: m/z = 428 [M+H]

4.1.14. 6-Bromo-4-(3-(piperazin-1-yl)prop-1-ynyl)quinoline (17)
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A solution of tert-butyl
4-(3-(6-bromoquinolin-4-yl)prop-2-ynyl)piperazineehrboxylate 14l) (200 mg, 0.47
mmol) in CHCl, (10 mL) was treated with TFA (10 mL) and stirretl raom
temperature for 1 h. The crude mixture was conaégdrunder reduced pressure and
the residue was dissolved in Fh, washed with 1 N NaOH and water. The organic
phase was dried over magnesium sulfate to giveitleecompound (130 mg, 0.40
mmol, 85% yield ) as a viscous diH NMR (500 MHz, DMSOds) 5 8.91 (d,J = 4.5
Hz, 1H, Ar-H), 8.33 (dJ = 2.0 Hz, 1H, Ar-H), 7.99 (t) = 9.0 Hz, 1H, Ar-H), 7.94
(dd, J = 9.0, 2.0 Hz, 1H, Ar-H), 7.65 (fl = 4.5 Hz, 1H, Ar-H), 3.71 (s, 2H, GH
2.77 (s, 4H, Chix 2), 2.54 (s, 4H, Cix 2). ESI-MS: m/z = 330 [M+H]

4.1.15.1 1-(4-(3-(6-Bromoquinolin-4-yl)prop-2-ynyl) piperazin-1-yl )ethanone (18a)

A solution of 6-bromo-4-(3-(piperazin-1-yl)prop-Iyyl)quinoline @7) (60 mg,
0.18 mmol) was dissolved in anhydrous LCH (10 mL) followed by addition of
anhydrous EN (75 ul, 0.54 mmol). A solution of acetyl chlori@&3 pl, 0.18 mmol)
in anhydrous CkCl, (2 mL) was then syringed into the reaction mixtsi@wvly and
the solution was stirred for 10 min at 0 °C. Thact®n mixture was washed with 1 N
NaOH, water and brine. The organic layer was doieel magnesium sulfate to give
title compound as a white solid (56 mg, 0.15 mrB8%s yield).*H NMR (500 MHz,
DMSO-dg) § 8.93 (d,J = 4.5 Hz, 1H, Ar-H), 8.36 (d] = 2.0 Hz, 1H, Ar-H), 8.03 (d]
= 9.0 Hz, 1H, Ar-H), 7.97 (dd] = 9.0, 2.0 Hz, 1H, Ar-H), 7.70 (d,= 4.5 Hz, 1H,
Ar-H), 3.84 (s, 2H, Ch), 3.56 — 3.48 (m, 4H, CHx 2 ), 2.68 — 2.60 (m, 2H, GN
2.59 — 2.55 (m, 2H, CH, 2.02 (s, 3H, Ch). ESI-MS: m/z = 372 [M+H],

4.1.15.2. 6-Bromo-4-(3-(4-(methyl sulfonyl ) piperazn-1-yl)prop-1-ynyl )quinoline (18b)
This compound was prepared from
6-bromo-4-(3-(piperazin-1-yl)prop-1-ynyl)quinoling17) (60 mg, 0.18 mmol),
methanesulfonyl chloride (14 ul, 0.18 mmol) andyaitbus EfN (75 pl, 0.54 mmol)
according to the above synthesis procedure to chffioe titte compound as a white

solid (65 mg, 0.16 mmol, 89% vyieldd NMR (500 MHz, DMSO¢d) & 8.94 (d,J =
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4.5 Hz, 1H, Ar-H), 8.36 (d) = 2.0 Hz, 1H, Ar-H), 8.03 (dJ = 9.0 Hz, 1H, Ar-H),
7.98 (dd,J = 9.0, 2.0 Hz, 1H, Ar-H), 7.72 (d,= 4.5 Hz, 1H, Ar-H), 3.86 (s, 2H, GH
3.20 (M, 4H, CH x 2), 2.91 (s, 3H, CH, 2.73 (m, 4H, Chix 2). ESI-MS: m/z = 408
[M+H] ™.

4.1.16.1
N-(5-(4-(3-(4-Acetyl piperazin-1-yl)prop- 1-ynyl )quinolin-6-yl)-2-methoxypyridin-3-yl)
-2,4-difluorobenzenesulfonamide (15m)

This compound was prepared frdBa (45 mg, 0.12 mmol) anéla (50 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (32
mg, 0.054 mmol, 45% yield) as an off-white soltd.NMR (500 MHz, DMSOsg) &
10.41 (s, 1H, NH), 8.91 (dl = 4.5 Hz, 1H, Ar-H), 8.48 (dJ = 2.0 Hz, 1H, Ar-H),
8.36 (d,J = 2.0 Hz, 1H, Ar-H), 8.17 (d] = 9.0 Hz, 1H, Ar-H), 8.13 (dd] = 9.0, 2.0
Hz, 1H, Ar-H), 8.04 (dJ = 2.0 Hz, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.69 @= 4.5
Hz, 1H, Ar-H), 7.62 — 7.56 (m, 1H, Ar-H), 7.22 (rhH, Ar-H), 3.84 (s, 2H, Cb),
3.69 (s, 3H, OCH), 3.51 (m, 4H, Chix 2), 2.68 (tJ = 5.0 Hz, 2H, Ch), 2.58 (t,J =
5.0 Hz, 2H, CH), 1.96 (s, 3H, Ch). *C NMR (125 MHz, DMSOd;) & 168.69,
165.55 (ddJc.F = 252.9, 11.0 Hz), 159.87 (dds.r = 256.1, 13.0 Hz), 158.17, 150.81,
147.38, 142.98, 135.75, 134.35, 132.29X¢; = 11.0 Hz), 131.04, 129.31, 129.18,
128.99, 127.75, 125.60 (ddsr = 14.8, 4.1 Hz), 124.90, 122.68, 120.55, 112.3P (d
Jo.r = 21.6, 2.9 Hz), 106.27 (§c.r = 25.4 Hz), 96.55, 80.97, 53.97, 52.19, 51.74,
47.37, 46.00, 41.16. 21.56. ESI-MS: m/z = 592 [M*%H]

4.1.16.2.
2,4-Difluoro-N-(2-methoxy-5-(4-(3-(4-(methyl sulfonyl ) pi per azin-1-yl )prop-1-ynyl)qui
nolin-6-yl)pyridin-3-yl)benzenesulfonamide (15n)

This compound was prepared frdBb (49 mg, 0.12 mmol) anfla (50 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (42
mg, 0.067 mmol, 56% vyield) as a off-white sofid. NMR (500 MHz, DMSO#d) &

10.39 (s, 1H, NH), 8.91 (d,= 4.5 Hz, 1H, Ar-H), 8.44 (s, 1H, Ar-H), 8.36 @l= 2.0
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Hz, 1H, Ar-H), 8.17 (d,J = 9.0 Hz, 1H, Ar-H), 8.12 (dd] = 9.0, 2.0 Hz, 1H, Ar-H),
8.03 (d,J = 2.0 Hz, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.70 @= 4.5 Hz, 1H, Ar-H),
7.56 (t,J = 9.0 Hz, 1H, Ar-H), 7.21 (m, 1H, Ar-H), 3.86 @H, CHb), 3.70 (s, 3H,
OCHs), 3.20 (M, 4H, Chix 2), 2.88 (s, 3H, CH), 2.75 (m, 4H, Chix 2).*C NMR
(100 MHz, DMSO#ds) & 164.97 (dd,Jc.r = 253.7, 11.0 Hz), 159.50 (dds.r = 256.2,
11.1 Hz), 157.65, 150.35, 146.90, 142.56, 135.38,88, 131.81 (dJor = 10.1 Hz),
130.57, 128.86, 128.68, 128.46, 127.25, 125.06 Jd¢,= 12.0, 4.3 Hz), 124.47,
122.20, 120.04, 111.84 (ddr = 21.9, 3.0 Hz), 105.79 (B¢ = 26.7 Hz), 96.03,
80.43, 53.47, 50.86, 46.66, 45.28, 33.87. ESI-M&: 7628 [M+H] .

41.17.1.
4-Fluoro-N-(5-(4-(3-(4-hydroxypiperidin-1-yl)prop-1-ynyl )quinolin-6-yl)-2-methoxyp
yridin-3-yl)benzenesulfonamide (19a)

This compound was prepared frdmd (41 mg, 0.12 mmol) an8b (49 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (32
mg, 0.059 mmol, 49% vyield) as an off-white sofid. NMR (500 MHz, DMSOdg) &
10.13 (s, 1H, NH), 8.90 (dl = 4.5 Hz, 1H, Ar-H), 8.43 (s, 1H, Ar-H), 8.39 (&,
Ar-H), 8.17 (d,J = 8.5 Hz, 1H, Ar-H), 8.11 (dJ = 8.5 Hz, 1H, Ar-H), 8.02 (s, 1H,
Ar-H), 7.83 (dd,J = 8.0, 5.0 Hz, 2H, Ar-H), 7.68 (d,= 4.5 Hz, 1H, Ar-H), 7.41 (t]
= 8.5 Hz, 2H, Ar-H), 4.51 (dJ = 5.0 Hz, 1H, OH), 3.76 (s, 2H, GH 3.70 (s, 3H,
OCHs), 3.45 (m, 1H, CH), 2.87 (m, 2H, GHi 2.42 (m, 2H, Ch), 1.79 (m, 2H, CH),
1.47 (m, 2H, CH). °C NMR (125 MHz, DMSOds) & 164.80 (d,Jc.r = 249.9 Hz),
157.32, 150.80, 147.37, 142.13, 137.21)¢s = 2.0 Hz), 135.86, 132.28, 131.04,
130.18 (d,Jcr = 9.5 Hz), 129.24, 129.18, 129.11, 127.80, 124182.74, 121.29,
116.66 (dJc.r = 22.8 Hz), 97.28, 80.75, 66.31, 53.99, 50.3058,734.77. ESI-MS:
m/z = 547 [M+HT.

4.1.17.2.
3-Fluoro-N-(5-(4-(3-(4-hydroxypi peridin-1-yl ) prop-1-ynyl )quinolin-6-yl)-2-methoxyp

yridin-3-yl)benzenesulfonamide (19b)
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This compound was prepared frdmd (41 mg, 0.12 mmol) an8ic (49 mg, 0.12
mmol) according to the general synthesis proceBuceafford the title compound (38
mg, 0.070 mmol, 58% yield) as an off-white sofid. NMR (500 MHz, DMSOdg) &
10.25 (s, 1H, NH), 8.90 (dl = 4.5 Hz, 1H, Ar-H), 8.44 (dJ = 2.0 Hz, 1H, Ar-H),
8.38 (d,J = 1.5 Hz, 1H, Ar-H), 8.17 (d] = 8.5 Hz, 1H, Ar-H), 8.10 (dd] = 8.5, 1.5
Hz, 1H, Ar-H), 8.02 (tJ = 2.0 Hz, 1H, Ar-H), 7.68 (dl = 4.5 Hz, 1H, Ar-H), 7.64 (m,
1H, Ar-H), 7.61 — 7.57 (m, 2H, Ar-H), 7.53 (m, 1Ar-H), 4.50 (s, 1H, OH), 3.77 (s,
2H, CH), 3.72 (s, 3H, OCH), 3.46 (m, 1H, CH), 2.90 — 2.84 (m, 2H, §H2.42 (m,
2H, CHp), 1.79 (m, 2H, Ch), 1.46 (m, 2H, Ch). *C NMR (125 MHz, DMSOd) &
162.06 (dJc.r = 247.1 Hz), 157.39, 150.81, 147.37, 142.98, 12A26Jc.F = 6.6 Hz),
135.82, 132.51, 131.90 (dcr =7.8 Hz), 131.03, 129.25, 129.16, 129.14, 127.79,
124.81, 123.36 (dlc.r = 2.9 Hz), 122.75, 121.10, 120.48 {d,- = 21.1 Hz), 114.07
(d, JcFr = 24.4 Hz), 97.19, 80.77, 66.22, 53.99, 50.2754,734.72. ESI-MS: m/z =
547 [M+H]".

41.17.3.
N-(5-(4-(3-(4-Hydroxypiperidin-1-yl)prop-1-ynyl )quinolin-6-yl)-2-methoxypyridin-3-y
[)-4-(trifluoromethyl)benzenesulfonamide (19c)

This compound was prepared frdmd (41 mg, 0.12 mmol) anfld (55 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (31
mg, 0.052 mmol, 43% yield) as an off-white sofid. NMR (500 MHz, DMSOdg) &
8.89 (t,J = 4.5 Hz, 1H, Ar-H), 8.45 (d] = 2.5 Hz, 1H, Ar-H), 8.40 (d] = 2.0 Hz, 1H,
Ar-H), 8.16 (d,J = 9.0 Hz, 1H, Ar-H), 8.09 (dd] = 9.0, 2.0 Hz, 1H, Ar-H), 8.04 (d,
= 2.5 Hz, 1H, Ar-H), 8.01 — 7.93 (m, 4H, Ar-H), 7.6d,J = 4.5 Hz, 1H, Ar-H), 4.55
(s, 1H, OH), 3.77 (s, 2H, Gi 3.61 (s, 3H, OCHJ, 3.46 (m, 1H, CH), 2.88 (m, 2H,
CHy,), 2.44 (m, 2H, Ch), 1.80 (m, 2H, Ch), 1.46 (m, 2H, Ch). :°C NMR (125 MHz,
DMSO-dg) 6 157.67, 150.82, 147.38, 144.87, 142.57, 135.88,343 132.90 (dJc-F
= 32.3 Hz), 131.02, 129.28, 129.22, 129.18, 128128,80, 126.69 (dlc.r = 3.6 Hz),
123.94 (dJc.r= 271.0 Hz), 124.80, 122.79, 121.03, 97.20, 8068024, 53.80, 50.26,

47.56, 34.71. ESI-MS: m/z = 597 [M+H]
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41.17.4.
N-(5-(4-(3-(4-Hydroxypiperidin-1-yl)prop-1-ynyl)quinolin-6-yl)-2-methoxypyridin-3-y
1)-4-(trifluoromethoxy)benzenesulfonamide (19d)

This compound was prepared frdmd (41 mg, 0.12 mmol) an8e (57 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (35
mg, 0.057 mmol, 48% yield) as an off-white sofid. NMR (500 MHz, DMSOdg) &
8.90 (d,J = 4.5 Hz, 1H, Ar-H), 8.46 (d] = 2.5 Hz, 1H, Ar-H), 8.40 (dl = 2.0 Hz, 1H,
Ar-H), 8.16 (d,J = 9.0 Hz, 1H, Ar-H), 8.10 (dd] = 9.0, 2.0 Hz, 1H, Ar-H), 8.03 (d,
= 2.5 Hz, 1H, Ar-H), 7.89 — 7.86 (d,= 9.0 Hz, 2H, Ar-H), 7.67 (d] = 4.5 Hz, 1H,
Ar-H), 7.58 (d,J = 8.5 Hz, 2H, Ar-H), 4.54 (s, 1H, OH), 3.77 (s,,2EH,), 3.62 (s,
3H, OCHy), 3.44 (m, 1H, CH), 2.88 (m, 2H, GH 2.44 (m, 2H, Ch), 1.80 (m, 2H,
CH,), 1.46 (m, 2H, Ch). **C NMR (125 MHz, DMSOdg) 6 157.67, 151.50, 150.83,
147.38, 142.69, 139.78, 135.79, 133.46, 131.02,7¥29129.27, 129.19, 127.80,
124.80, 122.79, 121.80, 121.34, 120.90, 119.221®780.80, 66.23, 53.80, 50.26,
47.56, 34.70. ESI-MS: m/z = 613 [M+H]

41.17.5.
N-(5-(4-(3-(4-Hydroxypiperidin-1-yl)prop-1-ynyl )quinolin-6-yl)-2-methoxypyridin-3-y
1)-4-methyl benzenesulfonamide (19¢)

This compound was prepared frdmd (41 mg, 0.12 mmol) an8f (48 mg, 0.12
mmol) according to the general synthesis proceBureafford the title compound (28
mg, 0.052 mmol, 43% yield) as an off-white sofid. NMR (500 MHz, DMSOdg) &
9.98 (s, 1H, NH), 8.89 (d, = 4.5 Hz, 1H, Ar-H), 8.39 (d] = 2.0 Hz, 1H, Ar-H), 8.36
(d,J = 1.5 Hz, 1H, Ar-H), 8.15 (d] = 8.5 Hz, 1H, Ar-H), 8.05 (dd] = 8.5, 1.5 Hz,
1H, Ar-H), 8.00 (d,J = 2.0 Hz, 1H, Ar-H), 7.68 (d] = 8.0 Hz, 2H, Ar-H), 7.66 (d] =
4.5 Hz, 1H, Ar-H), 7.36 (dJ = 8.0 Hz, 2H, Ar-H), 4.52 (s, 1H, OH), 3.76 (s,,2H
CH,), 3.72 (s, 3H, OCH), 3.46 (m, 1H, CH), 2.87 (m, 2H, GH 2.42 (m, 2H, Ch),
2.35 (s, 3H, Ch), 1.79 (m, 2H, CH), 1.46 (m, 2H, CH). *C NMR (125 MHz,

DMSO-ds) 6 156.89, 150.79, 147.36, 143.79, 141.54, 137.79,923 131.05, 130.88,
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129.94, 129.17, 128.95, 127.80, 127.16, 124.81,612221.65, 97.28, 80.72, 66.32,
54.02, 50.31, 47.59, 34.78, 21.41. ESI-MS: m/z 3 BA+H]".

5. Biological assay
5.1. Class | PI3Ks enzyme assay

The inhibition of PI3Ks (P11085u, Promege; P1R) Millipore; P110G,
Invitrogen; P116, Millipore) activity was determined using the Ks®Glo Plus
Luminescent Kinase assay (PiBKPromege) and ADP-Glo Kinase assay (HI3K
and s, Promege), respectively. Test compounds were lisedduted to the desired
concentrations and then 28 of each of them was added to a 384-well plate
(Corning) as assay plate. 1x kinase buffer wasgssgpcontained 50 mM HEPES (pH
7.5), 3 mM MgC}, 1 mM EGTA, 100 mM NacCl, 0.03% CHAPS, 2 mM DTT23RI
enzyme was diluted in the 1x kinase buffer to gixekinase solutions. PI3K B, v
andos were diluted to the final concentrations of 1.656, 4.8 nM, 7.6 nM and 5.7 nM,
respectively. 2.51L of kinase solution was then added to each wethefassay plate,
except for control well without enzyme (add 2ib of 1x kinase buffer instead).
Meanwhile, PIP2 substrate and ATP were dilutecha Ix kinase buffer to give 2x
substrate solution with final concentrations of |8@ of PIP2 and 25uM of ATP.
After that, 5uL of substrate solution was added to each welhefdssay plate to start
reaction. The assay plate was covered and inculaatexbm temperature for 1 h. As
for PI3Ka, 10 uL of Kinase-Glo reagent was then added to each ofelhe assay
plate to stop the reaction. Subsequently, the mextwas treated briefly with
centrifuge, shaked slowly on the shaker for 15 before reading on a plate reader
for luminescence. As for PI3Ky ands, 5 uL reaction mixture was transferred from
384-well to a new 384 plate andib of ADP-Glo reagent was added to each well to
stop the reaction. The mixture was treated briefih centrifuge, shaked slowly on
the shaker and equilibrated for 40 min. d0Kinase Detection reagent was added to
each wells, shaked for 1 min and equilibrated for defore reading on a plate reader
for luminescence. Finally, conversion data waseotdd on Flex station and RLU

values were converted to inhibition values using formula of (sample RLU
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-min)/(max-min) x100. Herein, “min” means the RLW wo enzyme control and

“max” means the RLU of DMSO control.

5.2. mTOR enzyme assay

The inhibition of mMTOR (1362-end, Millipore) actiyiwas determined by using
the Lance Ultra assay. Test compounds were seridilyted to the desired
concentrations and then 28 of each of them was added to a 384-well plate
(Corning) as assay plate. 1x kinase buffer wasgregbcontained 50 mM HEPES (pH
7.5), 10 mM MgC}, 1 mM EGTA, 3 mM MnCJ, 0.01% Tween-20, 2 mM DTT.
MTOR was diluted in the 1x kinase buffer to give Kdrase solution with a final
concentration of 2.5 nM. 24 of kinase solution was then added to each wethef
assay plate, except for control well without enzyrveanwhile, ULight-4E-BP1
peptide substrate (Thr37/46, PE) and ATP wereaetilun the 1x kinase buffer to give
2x substrate solution with final concentrations56fuM of ULight-4E-BP1 peptide
and 10.8uM of ATP. 5pL of substrate solution was then added to each efethe
assay plate to start reaction. The assay plate cmasd and incubated at room
temperature for 1 hour. Subsequently, ([0 of prepared detection solution buffer
containing EDTA and Eu-anti-phospho-4E-BP1 antib¢@gr37/46, PE) was added
to each well of the assay plate. After treatin@fyiwith centrifuge, allow the plate to
equilibrate for 60 minutes before reading on aeplaiader. Finally, conversion data
was collected on Envision and Lance signal (665malles were converted to
inhibition values using the formula of (Lance sigman)/(max-min) x 100. Herein,
“min” means the Lance signal of no enzyme contrad &max” means the Lance

signal of DMSO control.

5.3. KinomeScan binding assay
Kinase selectivity of test compound was screengdeatoncentration of 10M by
the KinomeScanbinding assay (DiscoveRx), and the protocol of th&say is

consistent with literature [27].
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5.4. Anti-proliferative assay

All new synthesized 4-alkynyl-quinoline derivativegere screened for their
anti-proliferative activity by SRB assay. PC-3 ad@T-116 cells were seeded into
96-well plates and cultured for 10 h. Subsequentlywas exposed to serial
concentrations of compound for 72 h. Cells werentheashed with PBS and fixed
with 10% (w/v) trichloroacetic acid at 4 °C for bur. After washing, the cells were
stained for 30 min with 0.4% SRB dissolved in 1%tacacid and then washed by
1% acetic acid for 5 times. Finally, the proteinibd dye was extracted using 10 mM
unbuffered Tris base. The absorbance was obtaimesllad nm on a multiscan
spectrum (Thermo Fisher). The inhibition rate ol pmoliferation of each well was
calculated using the formula of (A515 control cells515 treated cells)/A515 control

cells x 100%.

5.5. Western blot assay

The suppressive activities of Akt and pAkt(Ser4irBPC-3 cells were determined
by western blot analysis. GAPDH was employed asiritexnal control. PC-3 cells
were seeded into six-well plate at 8L&° cells per well and then incubated at 37 °C
overnight prior to drug exposure. Cells were trdateith 15d at various
concentrations of 1 nM, 5 nM, 25 nM and 125 nM, amtubated at 37 °C for 3 h.
After compound treatment, culture medium was didedrand cells were rinsed with
pre-chilled PBS 3 times immediately. Subsequer}l lysates were collected by
adding RIPA lysis buffer (50 mM Tris-HCI pH 8.0, @M NaCl, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS) with protease arabgimatase inhibitor (Roche)
onto cells. The cell lysates were clarified by cémgation at 12,000 rpm for 15 min
at 4 °C and the supernatant was collected as pratample. The total protein
concentration in protein sample was quantified gi®8CA protein Assay Kit (Pierce).
Following this, the normalized protein samples wernged with 4x NUPAGE LDS
sample buffer (Life Tech) and boiled at 95°C forntinute, then loaded and
electrophoresed in NUPAGE 4-12 % Novex Bis-Tris @ale Tech). Subsequently,

using Life Technologies IBLOT transfer system (Lifech, IB301002), proteins were
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transferred from gel to a nitrocellulose membramigich was blocked in SuperBlock
blocking buffer (Thermo Fisher) for 1 h then inrmpary antibody dilution (rabbit
anti-pAkt(Ser473), rabbit anti-Akt, mouse anti-GARDAbcam) overnight at 4 °C.
After washing in TBST buffer (25 mM Tris-HCI pH 7.450 mM NaCl, 0.1%
Tween-20), membrane was incubated in diluted sesmgnahtibodies for 2 h at room
temperature, and washed in TBST again. Finally, brame was imaged using

LICOR Odyssey system.

6. Molecular docking study

The co-crystal structures of PI3Kvith GSK2126458 (PDB code 3L08) and Pt8K
with BYL719 (PDB code 4JPS) were chosen as the lepto generate the docking
modes. For the preparation of ligands, the 3D sires were generated and their
energy minimization was performed by using Discgvé&tudio 2.1. For the
preparation of protein, the hydrogen atoms weredddnd the CHARMm-force field
was employed. The whole enzyme was defined asept@cand the site sphere was
selected based on the ligand binding sites, then lidpand was removed and
compound was placed during the molecular dockimgguture. Types of interactions
of the docked PI3K protein with compound were apedly and then the docking

conformations were selected and saved based anatald energy.
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Figure captions:

Fig. 1. Structures of clinical PI3K/mTOR dual inhibitors.

Fig. 2. The design concept based on the co-crystal steicti GSK2126458 with
PI3Ky.

Fig. 3. The suppressive effect d6d on pAkt(Ser473) in PC-3 cells.

Fig. 4. Docking modes of compound$d with PI3Ky, and15d, 19a and 19b with
P13Ka, respectively. The hydrogen bonds are shown blgethbnes. (A) ribbon show
of compoundl5d bound to PI3K; (B, C and D) ribbon show of compountisd, 19a
and19b bound to PI3lg, respectively.

Scheme 1.The synthetic route for intermediata-f. Reagents and conditions: (a)
NaOCH;, CH;OH, 0-50 °C, 12 h; (b) SnglEtOAc, 50 °C, 3 h; (c) benzenesulfonyl
chloride, pyridine, rt, 24 h; (d) bis(pinacolatdydrane, Pd(dppfLl,, AcOK, dioxane,
100 °C, 3 h.

Scheme 2The synthetic route for target compourdds-l. Reagents and conditions:
(a) diethyl-2-(ethoxymethylene)malonate, 80 °C, ;2(lh) PhO, 250 °C, 6 h; (c)
NaOH, 100 °C, 1 h, then HCI, rt, 10min; (d):Bh 260 °C, 2 h; (e) POg&I120 °C, 6
h; (f) HCI/EA, rt, 30min, then KI, MeCN, reflux, 48 (g) Pd(PP¥).Cl,, Cul, E&N, rt,
5 h; (h) Pd(dpp®Cl,, K.CO;, dioxane/HO, 100 °C, 10 h.
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Scheme 3.The synthetic route for target compouridsn, 15n and 19a-e Reagents
and conditions: A. (a) TFA, Ci€l,, rt, 1-2 h; (b) acetic chloride or methanesulfonyl
chloride, CHCI,, EtN, 0 °C, 10 min; (c) Pd(dppktl,, Ko.COs, dioxane/HO, 100 °C,
15 h; B. (a) Pd(dppfLl,, K.CO;, dioxane/HO, 100 °C, 15 h.
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Tablel

PI13Ka inhibitory activities and anti-proliferative aciiies of compoundsl5a-n and 19a-e as well as their

molecular parameters.

Ry

Ra

HN S Ry
O~ | Re
Nx S
g
Compd. R Ry R, R Piska 'Coo (MM)” ClogP tPSA
ICs (M)  PC-3  HCT116
15| H H F F 14.28 7.16 3.67 4.71 80.12
15a [ H F F 4.62 2.30 1.26 4.05 100.35
15b O H F F 27.33 1.64 1.60 5.66 83.36
15¢ O H F F 24.15 1.95 1.54 3.52 86.60
15d Paas H F F 1.63 0.37 2.47 3.58 103.59
15e ety H F F 2.57 1.15 1.42 4.46 103.59
15f s H F F 2.34 1.10 1.02 3.54 109.58
159 asy H F F 271 112 0.48 3.88 103.59
15h ase H F F 2.21 0.66 0.49 3.86 123.82
15i Vs H F F 27.43 1.37 1.71 5.92 92.15
15 fael H F F 32.54 7.76 6.23 6.03 101.38
15k SO H F F 21.91 4.83 3.53 6.37 92.15
15m O H F F 2.02 3.25 121 4.03 103.67
15n 0= H F F 3.45 2.42 0.61 4.45 120.74
19a Pata H F H 39.76 1.40 2.14 3.41 103.59
19 Patas F H H 43.11 1.93 0.88 3.41 103.59
19¢ Pata H CR H 86.64 4.93 4.24 4.23 103.59
19d Pata H OCR H > 300 6.21 6.26 4.42 112.82
19 Pata H CHy H 151.23 2.15 3.37 3.68 103.59
BEZ-235 35.15 0.51 0.22 5.81 72.06
GSK2126458 4.07 104.84

&/alues are means of three experiments
®Calculated by ChemBioDraw Ultra 11.0.



Table2
Enzymatic activities of compound 15d against PI3Ks and mTOR (ICgo, NM)?

Compd.
Enzyme
15d BEZ235
PI3Ka 1.63 35.15
PI3KP 6.91 16.23
PI3Ky 0.38 25.53
PI3KS 214 89.06
mTOR 3.26 20.74

&/ alues are means of three experiments



Table3 Kinase selectivity o15d in a panel of kinasegifomeSca)?

Kinas& % Ctrl Kinase % Ctrl Kinase % Ctrl Kinase % Ctrl  inse % Ctrl
AAK1 24 CDKL3 93 IRAK3 11 PCTK3 100 PIP5K1C 20
ACVR2A 100 CDKL5 100 LZK 76 PFTK1 100 PIP5K2B 100
ACVR2B 100 CIT 74 MAP3K15 57 PIK3C2B 0 PIP5K2C 7.5
ANKK1 25 CSNK1AlL 85 MAP3K4 92 PIK3C2G 0 PKMYT1 87
BIKE 12 EPHB6 7.6 MAST1 54 PIK3CA 0 PRP4 90
BUB1 11 ERBB3 49 MEKS 6.8 PIK3CB 12 RIPK1 100
CDC2L1 87 ERK3 100 MKK7 21 PIK3CD 0 RIPK4 48
CDK11 100 ERK4 86 MTOR 0.4 PIK3CG 0 TIE1 74
CDK8 40 ERN1 85 NEK10 79 PIK4CB 0.45 TNNI3K 48
CDKL1 89 GAK 10 PCTK2 82 PIP5K1A 38 YANK1 100

#15d was screened at the concentration ofllDin a panel of 50 kinases, and results for pringayeen binding

interactions are reported as “% Ctrl”, where lowemiers indicate stronger hits. % Ctrl calculationCt = (test

compound signal positive control signal)/(negative control sigrapositive control signalx 100, negative

control = DMSO (100% Ctrl), positive control = casitcompound (0% Citrl).
®Gene symbol of kinases.
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Highlights

e Our study directly focused on new binding sitesin PI3Ky protein.

e Almost half of compounds possess high potencies less than 5 nM against PI3K a.

e Five compounds exhibited submicromolar anti-proliferative activities.

e 15d was the most potent compound in both PI3Ka assay and anti-proliferative assay.

e 15d exhibited strong inhibitory effect on other class | PI3Ks, mTOR and pAkt(ser473).
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Design, synthesis and biological evaluation of novel 4-alkynyl-quinoline derivatives as

PI3K/mTOR dual inhibitors
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'H and *C NMR of compound 15a
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!4 and **C NMR of compound 15b
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!4 and ¥*C NMR of compound 15¢
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!4 and ¥*C NMR of compound 15d
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!4 and **C NMR of compound 15e
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'H and *C NM R of compound 15f
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'H and *C NM R of compound 15g
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!4 and **C NMR of compound 15h
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!4 and *C NMR of compound 15i
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!4 and *C NMR of compound 15j
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'H and *C NM R of compound 15k
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'H and *C NMR of compound 15l
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!4 and *C NMR of compound 15m
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!4 and ¥*C NMR of compound 15n
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!4 and *C NMR of compound 19a
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!4 and **C NMR of compound 19b
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!4 and ®*C NMR of compound 19¢c
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!4 and ¥*C NMR of compound 19d
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!4 and **C NMR of compound 19e
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