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wherein 

R1 is selected from optionally substituted aryl, optionally substituted heteroaryl, 

optionally substituted heteroaromatic 5 to 9-membered ring comprising 1, 2 or 3 

heteroatoms independently selected from O, N, and S;  

R2 is selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl substituted with one or more ��

halogens, C1-C6 alkoxy, hydroxy, nitro or NR7R8, NR7-(CO)-R8, NR7-(CO)-O-R8, 

NR7-(CO)-NR7R8, O-(CO)R7, O-(CO)-O-R7, O-(CO)-NR7R8, (CO)R7, (CO)-O-R7, 

(CO)-NR7R8, SO2-R
7, SO2NR7R8, NR7-SO2-R

8, with R7 and R8 representing 

independently hydrogen, C1-C6 alkyl, phenyl (optionally substituted with one or 

more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl ���

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or 

NR7R8) or benzyl (optionally substituted with one or more substituent groups 

selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl substituted with one or more 

halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or NR7R8), alkenyl, alkynyl, 

cycloalkyl, cycloalkenyl, cycloalkynyl aryl and heteroaryl; ���

L1 is selected from a bond or from optionally substituted C1-C14alkyl(-R3), N(-R3), 

C=O, (CO)-O, (CO)-NR7, and O; 

n is 0, 1, 2, 3 or 4; 

W is selected from: 

���

; 

wherein  

L2 is selected from a bond or from optionally substituted C1-C14alkyl(-R3), N(-R3), 

C=O, (CO)-O, (CO)-NR7, and O; wherein R3 is selected from H, optionally 

substituted aryl, optionally substituted heteroaryl, optionally substituted ���

heterocycloalkyl, optionally substituted C1-C8-alkyl, optionally substituted C2-C8-
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alkenyl, optionally substituted C2-C8-alkynyl, optionally substituted C3-C12

cycloalkyl, and optionally substituted C3-C12 cycloalkenyl; and wherein R7 is as 

defined above; 

R4 and R5 are independently selected from hydrogen, C1-C6 alkyl or phenyl (optionally 

substituted with one or more substituent groups selected from Cl, F, I, Br, C1-C6��

alkyl, C1-C6 alkyl substituted with one or more halogens, C1-C6 alkoxy, hydroxy, 

cyano, nitro or NR7R8) or benzyl (with the phenyl group optionally substituted with 

one or more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or 

NR7R8) or CH2-CH2-Phenyl (with the phenyl group optionally substituted with one ���

or more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or 

NR7R8), (CO)-R7, (CO)-OR7, (CO)-NR7R8, alkenyl, alkynyl, cycloalkyl, 

cycloalkenyl, cycloalkynyl, aryl, monocyclic or bicyclic heteroaryl or R4 and R5 are 

linked to form a heterocyclic group; ���

R6 is selected from H, C1-C6 alkyl, monocyclic or bicyclic cycloalkyl, alkenyl, 

alkynyl, aryl and heteroaryl; 

wherein the term "optionally substituted" means optionally substituted with one or more  

substituents independently selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl substituted 

with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or NR7R8 with R7 and R8
���

representing independently hydrogen, C1-C6 alkyl, phenyl (optionally substituted with 

one or more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or NR7R8) or 

benzyl (optionally substituted with one or more substituent groups selected from Cl, F, I, 

Br, C1-C6 alkyl, C1-C6 alkyl substituted with one or more halogens, C1-C6 alkoxy, ���

hydroxy, cyano, nitro or NR7R8), alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl 

aryl and heteroaryl; 

and any pharmaceutically acceptable salt, solvate or prodrug thereof. 

���
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In still other specific embodiments, the invention provides a compound of formula (I���) 

  (I���) 

wherein L1, L2, R
1, R2, R4, R5, R6 and n are as defined in claim 1; ��

and any pharmaceutically acceptable salt, solvate or prodrug thereof. 

In some specific embodiments, the invention provides a compound selected from: 

2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (I-3); 

7-chloro-2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (II-3); ���

2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline (III-3); 

2-phenyl-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (IV-1); 

2-phenyl-4-[(4-morpholin-4-yl)piperidin-1yl]quinoline (V-1); 

2-(2-naphtyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (VI-5); 

2-(4-bromo-phenyl)-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (VII-4); ���

2-(4-bromo-phenyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (VIII-5); 

2-(1,1�-biphenyl)-4-yl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (IX-1); 

2-(4-chloro-phenyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (X-5); 

2-(1,1�-biphenyl)-4-yl-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (XI-1); 

2-(4-chloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XII-3); ���

2-(4-methyl-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XIII-7); 

2-(3,4-dichloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XIV-7); 

2-(4-methoxy-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XV-7); 
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N
1,N1-dimethyl-N3-(2-phenylquinoline-4-yl)propane-1,3-diamine trifluoroacetate salt 

(XL-2); 

N
1,N1-dimethyl-N3-(2-phenylquinoline-4-yl)propane-1,3-diamine (XLI-1); 

N
1,N1-dimethyl-N3-[2-(naphtalen-2-yl)quinoline-4-yl]propane-1,3-diamine (XLII-1); 

N-[3-(dimethylamino)propyl]-7-chloro-2-phenylquinoline-4-carboxamide (XLIII-1); ��

N
1,N1-dimethyl-N3-(7-chloro-2-phenylquinoline-4-ylmethyl)-propane-1,3-diamine 

(XLIV-1); 

2-phenyl-4-{1-[4-(morpholino)-piperidinyl]-eth-1-yl}quinoline (XLV-1); 

In some other specific embodiments, the invention provides a compound selected from: ���

2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt (I-4); 

7-chloro-2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt (II-

4); 

2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline hydrochloride salt (III-4); 

2-phenyl-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline hydrochloride salt (IV-2); ���

2-phenyl-4-[(4-morpholin-4-yl)piperidin-1yl]quinoline hydrochloride salt (V-2); 

2-(2-naphtyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt (VI-6); 

2-(4-bromo-phenyl)-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline 

hydrochloride salt (VII-5); 

2-(4-bromo-phenyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt ���

(VIII-6); 

2-(1,1�-biphenyl)-4-yl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt 

(IX-2); 

2-(4-chloro-phenyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt 

(X-6); ���

2-(1,1�-biphenyl)-4-yl-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline 

hydrochloride salt (XI-2); 

2-(4-chloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline hydrochloride salt 

(XII-4); 

2-(4-methyl-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline hydrochloride salt ���

(XIII-8); 
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or a pharmaceutically acceptable salt, solvate or prodrug thereof. 

In a specific embodiment, the invention provides a compound of formula (Id) (XXIV-2): 

     (1d) 

or a pharmaceutically acceptable salt, solvate or prodrug thereof. ��

In another aspect, the invention provides a pharmaceutical composition comprising a 

therapeutically effective amount of a compound according to the above, or a 

pharmaceutically acceptable salt, solvate or prodrug thereof, and a pharmaceutically 

acceptable adjuvant, diluent or carrier. ���

In some particular embodiments, the pharmaceutical composition of the invention further 

comprises in combination one or more anti-neoplastic agents. 

In some particular embodiments, the pharmaceutical composition according to the above ���

comprises a therapeutically effective amount of the compound of the invention which is 

formulated or co-formulated in nanoparticles. In some specific embodiments, the 

nanoparticles comprise a polymeric biodegradable composition. In some particular 

specific embodiments, the polymer is based on Poly (DL-Lactic-co-glycolic acid) having 

molecular weight from 7 to 240 kDa; or a copolymer of polylactic acid (PLA and ���

polyglycolic acid (PGA) where the molecular ratio is between 95:5 and 50:50. 

In some specific embodiments of the pharmaceutical composition of the invention, the 

nanoparticles comprise a lysosomal biodegradable composition. 

���

In some specific embodiments of the pharmaceutical composition of the invention, the 

nanoparticles comprise a biocompatible polymer or copolymer. 
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PHA-739358, R-763, AT-9263, pemetrexed, erlotinib. dasatanib, nilotinib, decatanib, 

panitumumab, amrubicin, oregovomab, Lep-etu, nolatrexed, azd2171, batabulin, 

ofatumumab, zanolimumab, edotecarin, tetrandrine, rubitecan, tesmilifene, oblimersen, 

ticilimumab, ipilimumab, gossypol, Bio 111, 131-I-TM-601, ALT-110, BIO 140, CC 

8490, cilengitide, gimatecan. IL13-PE38QQR, TNO 1001, IPdR1 KRX-0402, ��

lucanthone, LY 317615, neuradiab, vitespan, Rta 744, Sdx 102, talampanel, atrasentan, 

Xr 311, romidepsin, ADS-100380, sunitinib, 5-fluorouracil, vorinostat, etoposide, 

gemcitabine, doxorubicin, irinotecan, liposomal doxorubicin, 5'-deoxy-5-fluorouridine, 

vincristine, temozolomide, ZK-304709, seliciclib, PD0325901, AZD-6244, capecitabine, 

L-Glutamic acid, N-[4-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d]pyrimidin-5-���

yl)ethyl]benzoyl]- disodium salt heptahydrate, camptothecin, PEG-labeled irinotecan, 

tamoxifen, toremifene citrate, anastrazole, exemestane, letrozole, DES(diethylstilbestrol), 

estradiol, estrogen, conjugated estrogen, bevacizumab, IMC-1C11, CHIR-258, 3-[5-

(methylsulfonylpiperadinemethyl)-indolyl]-quinolone, vatalanib, AG-013736, AVE-

0005, the acetate salt of [D-Ser(But)6, Azgly10](pyro-Glu-His-Trp-Ser-Tyr-D-Ser(But)-���

Leu-Arg-Pro-Azgly-NH2 acetate  [C59H84N18O14-(C2H4O2)x where x = 1 to 2.4], 

goserelin acetate, leuprolide acetate, triptorelin pamoate, medroxyprogesterone acetate, 

hydroxyprogesterone caproate, megestrol acetate, raloxifene, bicalutamide, flutamide, 

nilutamide, megestrol acetate, CP-724714; TAK-165, HKI-272, erlotinib, lapatanib, 

canertinib, ABX-EGF antibody, erbitux, EKB-569, PKI-166, GW-572016, lonafarnib, ���

BMS-214662, tipifarnib; amifostine, NVP-LAQ824, suberoyl analide hydroxamic acid, 

valproic acid, trichostatin A, FK-228, SU11248, sorafenib, KRN951, aminoglutethimide, 

amsacrine, anagrelide, L-asparaginase, Bacillus Calmette-Guerin (BCG) vaccine, 

bleomycin, buserelin, busulfan, carboplatin, carmustine, chlorambucil, cisplatin, 

cladribine, clodronate, cyproterone, cytarabine, dacarbazine, dactinomycin, daunorubicin, ���

diethylstilbestrol, epirubicin, fludarabine, fludrocortisone, fluoxymesterone, flutamide, 

gemcitabine, gleevec, hydroxyurea, idarubicin, ifosfamide, imatinib, leuprolide, 

levamisole, lomustine, mechlorethamine,  melphalan,  6-mercaptopurine,  mesna,  

methotrexate,  mitomycin, mitotane,  mitoxantrone,  nilutamide,  octreotide,  oxaliplatin,  

pamidronate,  pentostatin, plicamycin,  porfimer,  procarbazine,  raltitrexed,  rituximab,  ���

streptozocin,  teniposide, testosterone,  thalidomide,  thioguanine,  thiotepa,  tretinoin,  
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vindesine, 13-cis-retinoic acid, phenylalanine mustard, uracil mustard, estramustine, 

altretamine, floxuridine, 5-deoxyuridine, cytosine arabinoside, 6-mecaptopurine, 

deoxycoformycin, calcitriol, valrubicin, mithramycin, vinblastine, vinorelbine, topotecan, 

razoxin, marimastat, COL-3, neovastat, BMS-275291, squalamine, endostatin, SU5416, 

SU6668, EMD121974, interleukin-12, 1M862, angiostatin, vitaxin, droloxifene, ��

idoxyfene, spironolactone, finasteride, cimitidine, trastuzumab, denileukin 

diftitox,gefitinib, bortezimib, paclitaxel, irinotecan, topotecan, doxorubicin, docetaxel, 

vinorelbine, bevacizumab (monoclonal antibody) and erbitux, cremophor-free paclitaxel, 

epithilone B, BMS-247550, BMS-310705, droloxifene, 4-hydroxytamoxifen, 

pipendoxifene, ERA-923, arzoxifene, fulvestrant, acolbifene, lasofoxifene, idoxifene, ���

TSE-424, HMR-3339, ZK186619, PTK787/ZK 222584, VX-745, PD 184352, 

rapamycin, 40-O-(2-hydroxyethyl)-rapamycin, temsirolimus, AP-23573, RAD001, ABT-

578, BC-210, LY294002, LY292223, LY292696, LY293684, LY293646, wortmannin, 

ZM336372, L-779,450, PEG-filgrastim, darbepoetin, erythropoietin, granulocyte colony-

stimulating factor, zolendronate, prednisone, cetuximab, granulocyte macrophage colony-���

stimulating factor, histrelin, pegylated interferon alfa-2a, interferon alfa- 2a, pegylated 

interferon alfa-2b, interferon alfa-2b, azacitidine, PEG-L-asparaginase, lenalidomide, 

gemtuzumab, hydrocortisone, interleukin-11, dexrazoxane, alemtuzumab, all-

transretinoic acid, ketoconazole, interleukin-2, megestrol, nitrogen mustard, 

methylprednisolone, ibritumomab tiuxetan, androgens, decitabine, hexamethylmelamine, ���

bexarotene, tositumomab, arsenic trioxide, cortisone, editronate, mitotane, cyclosporine, 

liposomal daunorubicin, Edwina-asparaginase, strontium 89, casopitant, netupitant, an 

NK-1 receptor antagonists, palonosetron, aprepitant,, diphenhydramine, hydroxyzine, 

metoclopramide, lorazepam, alprazolam, haloperidol, droperidol, dronabinol, 

dexamethasone, methylprednisolone, prochlorperazine, granisetron, ondansetron, ���

dolasetron, tropisetron, sspegfilgrastim,  epoetin alfa and darbepoetin alfa, ipilumumab, 

vemurafenib, FLT-3 inhibitor, a VEGFR inhibitor, an EGFR TK inhibitor, an aurora 

kinase inhibitor, a PIK-1 modulator, a Bcl-2 inhibitor, an HDAC inhibitor, a c-MET 

inhibitor, a PARP inhibitor, a Cdk inhibitor, an EGFR TK inhibitor, an IGFR-TK 

inhibitor, an anti-HGF antibody, a PI3 kinase inhibitors, a mTOR inhibitor, an AKT ���

inhibitor, a JAK/STAT inhibitor, a checkpoint-1 or 2 inhibitor, a focal  
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lower alkoxy groups are methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, 

sec.-butoxy and tert.-butoxy, preferably methoxy and ethoxy and most preferred ethoxy. 

The term "lower alkenyl" or "C2-C6 -alkenyl" signifies a straight- chain or branched chain 

hydrocarbon residue comprising an olefinic bond and 2 to 6, preferably 2 to 5, ��

particularly preferred 2 to 4 carbon atoms. Examples of alkenyl groups are ethenyl, 1-

propenyl, 2-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl and isobutenyl. A 

preferred example is 2-propenyl. 

The term "cycloalkyl" or "C3-C6-cycloalkyl" denotes a saturated carbocyclic group 

containing from 3 to 6 carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, ���

cyclohexyl or cycloheptyl. Especially preferred are cyclobutyl and cyclopentyl. 

 

The term Öheterocyclic groupÖ  signifies a fully saturated or unsaturated, including 

aromatic or nonaromatic cyclic groups, for example 5 to 6 membered monocyclic groups 

or 7 to 11 membered bicyclic ring systems which have at least one heteroatom. Each ring ���

of the heterocyclic group may have at least one heteroatom selected from nitrogen atoms, 

oxygen atoms and/or sulphur atoms. Preferred heterocyclic groups are piperidin and 

morpholin. 

 

The term "halogen" refers to fluorine, chlorine, bromine and iodine, with fluorine, ���

chlorine and bromine being preferred. 

 

The term "lower halogenalkyl" or "halogen-C1-6-alkyl" refers to lower alkyl groups 

bearing at least one halogen atom. 

The term "carboxyl" means the group -COOH. ���

 

The term "lower carboxylalkyl" or "carboxyl-C-1-6-alkyl" refers to lower alkyl groups 

bearing at least one carboxyl group.   

 

The term "heteroaryl" in general refers to an aromatic 5- or 11-membered ring which ���

comprises at least one heteroatom and can in addition comprise one or two atoms selected 

from nitrogen, oxygen and/or sulphur, such as pyridyl, pyrazinyl, pyrimidinyl, 

pyridazinyl, 2-oxo-l,2-dihydropyridinyl, oxadiazolyl, isoxazolyl, thiadiazolyl, tetrazolyl 

pyrazolyl, imidazolyl, thiophenyl, furanyl, oxazolyl, isothiazolyl, and thiazolyl. The term 

"heteroaryl" further refers to bicyclic aromatic or partly unsaturated groups comprising ���
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and less frequently by classical chemical reactions during its diffusion in the body. The 

linkage between the carrier and the drug can be an, but not limited to, ester, amide, 

carbonate, carbamate, imine, acetal, ether (e.g. glucoro conjugation) oxidizable function 

and molecular system, reducible function and molecular system, photoactivated function 

and photoactivated molecular system. For example an ester prodrug of a compound ��

containing a hydroxyl group may be convertible by hydrolysis in vivo to the parent 

molecule. Suitable esters of the compounds of the invention containing a hydroxyl group, 

are for example acetates, citrates, lactates, tartrates, malonates, oxalates, salicylates, 

propionates, succinates, fumarates, maleates, methylene-bis-�-hydroxynaphthoates, 

gentisates, isethionates, di-p-toluoyltartrates, methanesulphonates, ethanesulphonates, ���

benzenesulphonates, p-toluenesulphonates, cyclohexylsulphamates and quinates. As 

another example an ester prodrug of the compound of the invention containing a carboxy 

group may be convertible by hydrolysis in vivo to the parent molecule (Examples of ester 

prodrugs are described by F.J. Leinweber, Drug Metab. Res., 18:379, 1987, incorporated 

herein by reference). Similarly, an acyl prodrug of a compound containing an amino ���

group may be convertible by hydrolysis in vivo to the parent molecule (examples of 

prodrugs for these and other functional groups, including amines, are described in 

Prodrugs: Challenges and Rewards (Parts 1 and 2); Ed V. Stella, R. Borchardt et al., 

Springer, 2007, incorporated herein by reference). 

���

A prodrug carrier system is generally used in order to increase water or lipid solubility, 

reduce toxicity, increase chemical and biological stability of a sensitive compound, 

increase the circulating time in the body (T1/2) and organ distribution (PK-PD profiling) 

and site specific targeting. 

���

���
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In a first aspect, the present invention provides a compound of formula (I) 

 (I) 

wherein 

R1 is selected from optionally substituted aryl, optionally substituted heteroaryl, 

optionally substituted heteroaromatic 5 to 9-membered ring comprising 1, 2 or 3 ��

heteroatoms independently selected from O, N, and S;  

R2 is selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl substituted with one or more 

halogens, C1-C6 alkoxy, hydroxy, nitro or NR7R8, NR7-(CO)-R8, NR7-(CO)-O-R8, 

NR7-(CO)-NR7R8, O-(CO)R7, O-(CO)-O-R7, O-(CO)-NR7R8, (CO)R7, (CO)-O-R7, 

(CO)-NR7R8, SO2-R
7, SO2NR7R8, NR7-SO2-R

8, with R7 and R8 representing ���

independently hydrogen, C1-C6 alkyl, phenyl (optionally substituted with one or 

more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or 

NR7R8) or benzyl (optionally substituted with one or more substituent groups 

selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl substituted with one or more ���

halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or NR7R8), alkenyl, alkynyl, 

cycloalkyl, cycloalkenyl, cycloalkynyl aryl and heteroaryl; 

L1 is selected from a bond or from optionally substituted C1-C14alkyl(-R3), N(-R3), 

C=O, (CO)-O, (CO)-NR7, and O; 

n is 0, 1, 2, 3 or 4; ���

W is selected from: 
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; 

wherein  

L2 is selected from a bond or from optionally substituted C1-C14alkyl(-R3), N(-R3), 

C=O, (CO)-O, (CO)-NR7, and O; wherein R3 is selected from H, optionally 

substituted aryl, optionally substituted heteroaryl, optionally substituted ��

heterocycloalkyl, optionally substituted C1-C8-alkyl, optionally substituted C2-C8-

alkenyl, optionally substituted C2-C8-alkynyl, optionally substituted C3-C12

cycloalkyl, and optionally substituted C3-C12 cycloalkenyl; and wherein R7 is as 

defined above; 

R4 and R5 are independently selected from hydrogen, C1-C6 alkyl or phenyl (optionally ���

substituted with one or more substituent groups selected from Cl, F, I, Br, C1-C6

alkyl, C1-C6 alkyl substituted with one or more halogens, C1-C6 alkoxy, hydroxy, 

cyano, nitro or NR7R8) or benzyl (with the phenyl group optionally substituted with 

one or more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or ���

NR7R8) or CH2-CH2-Phenyl (with the phenyl group optionally substituted with one 

or more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or 

NR7R8), (CO)-R7, (CO)-OR7, (CO)-NR7R8, alkenyl, alkynyl, cycloalkyl, 

cycloalkenyl, cycloalkynyl, aryl, monocyclic or bicyclic heteroaryl or R4 and R5 are ���

linked to form a heterocyclic group; 

R6 is selected from H, C1-C6 alkyl, monocyclic or bicyclic cycloalkyl, alkenyl, 

alkynyl, aryl and heteroaryl; 

wherein the term "optionally substituted" means optionally substituted with one or more  

substituents independently selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl substituted ���

with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or NR7R8 with R7 and R8
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representing independently hydrogen, C1-C6 alkyl, phenyl (optionally substituted with 

one or more substituent groups selected from Cl, F, I, Br, C1-C6 alkyl, C1-C6 alkyl 

substituted with one or more halogens, C1-C6 alkoxy, hydroxy, cyano, nitro or NR7R8) or 

benzyl (optionally substituted with one or more substituent groups selected from Cl, F, I, 

Br, C1-C6 alkyl, C1-C6 alkyl substituted with one or more halogens, C1-C6 alkoxy, ��

hydroxy, cyano, nitro or NR7R8), alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl 

aryl and heteroaryl; 

and any pharmaceutically acceptable salt, solvate or prodrug thereof. 

A specific embodiment of the compounds of the invention encompasses compounds ���

having a formula (I�) 

(I�) 

wherein L1, L2, R
1, R2, R4 and R5 are as defined above, as well as any pharmaceutically 

acceptable salt, solvate or prodrug thereof. ���

A further specific embodiment of the compounds of the invention encompasses 

compounds having a formula (I��) 
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2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline (III-3); 

2-phenyl-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (IV-1); 

2-phenyl-4-[(4-morpholin-4-yl)piperidin-1yl]quinoline (V-1); 

2-(2-naphtyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (VI-5); 

2-(4-bromo-phenyl)-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (VII-4); ��

2-(4-bromo-phenyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (VIII-5); 

2-(1,1�-biphenyl)-4-yl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (IX-1); 

2-(4-chloro-phenyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (X-5); 

2-(1,1�-biphenyl)-4-yl-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (XI-1); 

2-(4-chloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XII-3); ���

2-(4-methyl-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XIII-7); 

2-(3,4-dichloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XIV-7); 

2-(4-methoxy-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XV-7); 

7-Chloro-2-phenyl-4-{1-[4-(N,N-diethylamino)-piperidin-1-yl]-eth-1-yl}quinoline (XVI-

3); ���

7-Chloro-2-phenyl-4-[4-(N,N-diethylamino)-piperidin-1-ylmethyl]quinoline (XVII-5); 

4-[4-(N,N-diethylamino)piperidin-1-ylcarbonyl]-2-phenyl-quinoline (XVIII-1); 

2-phenyl-4-{1-[4-(N,N-diethylamino)-piperidin-1-yl]-eth-1-yl}quinoline (XIX-2); 

2-phenyl-4-[4-(N,N-diethylamino)-piperidin-1-ylmethyl]quinoline (XX-4); 

2-phenyl-4-{1-{4-[benzyl(phenethyl)amino]-piperidin-1-yl}-eth-1-yl}quinoline (XXI-3); ���

2-phenyl-4-{1-[(1.4'-bipiperidin)-1'-yl]-eth-1-yl}quinoline (XXII-3); 

2-phenyl-4-{1-[4-(tert-butylamino)-piperidin-1-yl]-eth-1-yl}quinoline (XXIII-1); 

2-(2-naphtyl)-4-{1-[4-(N,N-diethylamino)-piperidin-1-yl]-eth-1-yl}quinoline (XXIV-2); 

2-phenyl-4-{2-[4-(N,N-diethylamino)-piperidin-1-yl]-propan-2-yl}quinoline 

trifluoroacetate salt (XXV-6). ���

7-chloro-2-phenyl-4-[4-(N,N-diethylaminomethyl)-piperidin-1-yl]quinoline (XXVI-3); 

2-phenyl-4-[4-(N,N-diethylaminomethyl)-piperidin-1-yl)quinoline (XXVII-1); 

7-chloro-2-phenyl-4-[(N-benzylpiperidin-4-yl)-amino]quinoline (XXVIII-1); 

7-chloro-2-phenyl-4-[N-methyl-N-(N-benzylpiperidin-4-yl)-amino]quinoline (XXIX-1); 

7-chloro-2-phenyl-4-[N-methyl-N-(N-1-phenylethyl-piperidin-4-yl)-amino]quinoline ���

(XXX-2); 
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2-phenyl-4-[N-methyl-N-(N-1-phenylethyl-piperidin-4-yl)-amino]quinoline (XXXI-1); 

N-(1-benzylpiperidin-4-yl)-7-chloro-2-phenylquinoline-4-carboxamide (XXXII-1); 

7-chloro-2-phenyl-4-[(N-benzyl-piperidin-4-yl)aminomethyl]quinoline (XXXIII-1); 

2-phenyl-4-{1-[(N-benzyl-piperidin-4-yl)amino]-eth-1-yl}quinoline (XXXIV-1); 

7-chloro-2-phenyl-4-{1-[(N-benzyl-piperidin-4-yl)amino]-eth-1-yl}quinoline (XXXV-1); ��

N
1,N1-dimethyl-N2-(2-naphthalen-2-yl-quinoline-4-yl)-ethane-1,2-diamine (XXXVI-1); 

N
1,N1,N2-trimethyl-N2-(2-naphthalen-2-yl-quinoline-4-yl)-ethane-1,2-diamine (XXXVII-

1); 

N
1,N1,N2-trimethyl-N2-(2-phenyl-7-chloro-quinoline-4-ylmethyl)-ethane-1,2-diamine 

(XXXVIII-1); ���

N
1,N1,N3-trimethyl-N3-[2-(naphthalen-2-yl)-quinoline-4-yl]-propane-1,3-diamine 

(XXXIX-1); 

N
1,N1-dimethyl-N3-(2-phenylquinoline-4-yl)propane-1,3-diamine trifluoroacetate salt 

(XL-2); 

N
1,N1-dimethyl-N3-(2-phenylquinoline-4-yl)propane-1,3-diamine (XLI-1); ���

N
1,N1-dimethyl-N3-[2-(naphtalen-2-yl)quinoline-4-yl]propane-1,3-diamine (XLII-1); 

N-[3-(dimethylamino)propyl]-7-chloro-2-phenylquinoline-4-carboxamide (XLIII-1); 

N
1,N1-dimethyl-N3-(7-chloro-2-phenylquinoline-4-ylmethyl)-propane-1,3-diamine 

(XLIV-1); 

2-phenyl-4-{1-[4-(morpholino)-piperidinyl]-eth-1-yl}quinoline (XLV-1); ���

Some preferred salts of the compound of the invention are as follows: 

2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt (I-4); 

7-chloro-2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt (II-

4); ���

2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline hydrochloride salt (III-4); 

2-phenyl-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline hydrochloride salt (IV-2); 

2-phenyl-4-[(4-morpholin-4-yl)piperidin-1yl]quinoline hydrochloride salt (V-2); 

2-(2-naphtyl)-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline hydrochloride salt (VI-6); 

2-(4-bromo-phenyl)-7-chloro-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline ���

hydrochloride salt (VII-5); 
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or a pharmaceutically acceptable salt, solvate or prodrug thereof. 

In a further aspect, the invention provides a pharmaceutical composition comprising a 

therapeutically effective amount of a compound as described above, or a 

pharmaceutically acceptable salt, solvate or prodrug thereof, and a pharmaceutically ��

acceptable adjuvant, diluent or carrier. The pharmaceutical composition of the invention 

may further comprise one or more anti-viral agents or one or more anti-neoplastic agents. 

In a particular embodiment of the pharmaceutical composition of the invention, a 

therapeutically effective amount of the compound as described above is formulated or co-���

formulated in nanoparticles. Preferred nanoparticles are selected from liposomes and 

PLGA, PLGA-PEG nanoparticles (block type AB, BA, ABA or BAB, where A = PLGA 

and B = PEG), targeted nanoparticules (using for exemple RGD sequence or other 

signaling or receptor motifs), polymeric nanoparticules and nanoassembling systems, 

lipid nanoparticules. See for examples: Danhier F. et al. J. Control. Release 2012 (161) ���

505-522, Dinarvand R. et al. Int. J. Nanomedicine 2011 (6) 877-895, Danhier F. et al.

Mol Pharm. 2012 (9) 2961-2973, , Mu L. et al. J. Control Release 2003 (86) 33-48, 

Danhier F. et al. J. Control Release 2010 (148) 135-146. Danhier F. et al. J. Control. 

Release 2009 (133) 11-17, Sah H. et al. Int. J. Nanomedicine 2013 (8) 747-765, Pan J. et 

al. Biomaterials 2008 (29) 2663-2672. For example, known products in PLGA ���

formulation: Lupron Depot®, Sandostatin LAR Depot®, Zoladex®, Vivitrol®, Risperdal 

Consta®, OsteoScaf®, Arestin®, and Atridox®; nanoparticules : Abraxane®; nanoparticule 

from biocompatible polymer: Livatag®, and liposomes formulation: Myocet®, 

Daunoxome®, Caelys®/Doxil®. 

���

According to another embodiment the pharmaceutical composition of the invention 

comprises nanoparticles which are made from polymeric biodegradable composition. 

Said polymer might be based on Poly (DL-Lactic-co-glycolic acid) having molecular 

weight from 7 to 240 kDa; or a copolymer of polylactic acid (PLA and polyglycolic acid 

(PGA) where the molecular ratio is between 95:5 and 50:50. ���

In a specific embodiment of the invention, the nanoparticles are made from lysosomal 

biodegradable composition. Optionally, the nanoparticles are associated with the non-
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active agent polyethylene glycols (PEG). In yet another embodiment, said nanoparticles 

have an average size of from about 40 to about 600 nm. 

In a further embodiment, the pharmaceutical composition of the invention comprises a 

combination of a therapeutically effective amount of a compound as described above and ��

a therapeutically effective amount of one or more other active agents selected anti-

neoplastic agents. The products which constitute said combination may be administered 

simultaneously, separately or sequentially either in a cancer therapy. 

Anti-neoplastic agents included in the compositions of the invention are preferably ���

selected from: everolimus, trabectedin, abraxane, TLK 286, AV-299, DN-101, 

pazopanib, GSK690693, RTA 744, ON 0910.Na, AZD 6244 (ARRY-142886), AMN-

107, TKI-258, GSK461364, AZD 1152, enzastaurin, vandetanib, ARQ-197, MK-0457, 

MLN8054, PHA-739358, R-763, AT-9263, pemetrexed, erlotinib. dasatanib, nilotinib, 

decatanib, panitumumab, amrubicin, oregovomab, Lep-etu, nolatrexed, azd2171, ���

batabulin, ofatumumab, zanolimumab, edotecarin, tetrandrine, rubitecan, tesmilifene, 

oblimersen, ticilimumab, ipilimumab, gossypol, Bio 111, 131-I-TM-601, ALT-110, BIO 

140, CC 8490, cilengitide, gimatecan. IL13-PE38QQR, TNO 1001, IPdR1 KRX-0402, 

lucanthone, LY 317615, neuradiab, vitespan, Rta 744, Sdx 102, talampanel, atrasentan, 

Xr 311, romidepsin, ADS-100380, sunitinib, 5-fluorouracil, vorinostat, etoposide, ���

gemcitabine, doxorubicin, irinotecan, liposomal doxorubicin, 5'-deoxy-5-fluorouridine, 

vincristine, temozolomide, ZK-304709, seliciclib, PD0325901, AZD-6244, capecitabine, 

L-Glutamic acid, N-[4-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d]pyrimidin-5-

yl)ethyl]benz-oyl]-, disodium salt, heptahydrate, camptothecin, PEG-labeled irinotecan, 

tamoxifen, toremifene citrate, anastrazole, exemestane, letrozole, DES(diethylstilbestrol), ���

estradiol, estrogen, conjugated estrogen, bevacizumab, IMC-1C11, CHIR-258, 3-[5-

(methylsulfonylpiperadinemethyl)-indolyl]-quinolone, vatalanib, AG-013736, AVE-

0005, the acetate salt of [D-Ser(But)6, Azgly10](pyro-Glu-His-Trp-Ser-Tyr-D-Ser(But)-

Leu-Arg-Pro-Azgly-NH2 acetate [C59H84N18O14 -(C2H4O2)x where x = 1 to 2.4], goserelin 

acetate, leuprolide acetate, triptorelin pamoate, medroxyprogesterone acetate, ���

hydroxyprogesterone caproate, megestrol acetate, raloxifene, bicalutamide, flutamide, 

nilutamide, megestrol acetate, CP-724714; TAK-165, HKI-272, erlotinib, lapatanib, 
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 canertinib, ABX-EGF antibody, erbitux, EKB-569, PKI-166, GW-572016, lonafarnib, 

BMS-214662, tipifarnib; amifostine, NVP-LAQ824, suberoyl analide hydroxamic acid, 

valproic acid, trichostatin A, FK-228, SU11248, sorafenib, KRN951, aminoglutethimide, 

amsacrine, anagrelide, L-asparaginase, Bacillus Calmette-Guerin (BCG) vaccine, 

bleomycin, buserelin, busulfan, carboplatin, carmustine, chlorambucil, cisplatin, ��

cladribine, clodronate, cyproterone, cytarabine, dacarbazine, dactinomycin, daunorubicin, 

diethylstilbestrol, epirubicin, fludarabine, fludrocortisone, fluoxymesterone, flutamide, 

gemcitabine, gleevec, hydroxyurea, idarubicin, ifosfamide, imatinib, leuprolide, 

levamisole, lomustine, mechlorethamine, melphalan, 6-mercaptopurine, mesna, 

methotrexate, mitomycin, mitotane, mitoxantrone, nilutamide, octreotide, oxaliplatin, ���

pamidronate, pentostatin, plicamycin, porfimer, procarbazine, raltitrexed, rituximab, 

streptozocin, teniposide, testosterone, thalidomide, thioguanine, thiotepa, tretinoin, 

vindesine, 13-cis-retinoic acid, phenylalanine mustard, uracil mustard, estramustine, 

altretamine, floxuridine, 5-deoxyuridine, cytosine arabinoside, 6-mecaptopurine, 

deoxycoformycin, calcitriol, valrubicin, mithramycin, vinblastine, vinorelbine, topotecan, ���

razoxin, marimastat, COL-3, neovastat, BMS-275291, squalamine, endostatin, SU5416, 

SU6668, EMD121974, interleukin-12, 1M862, angiostatin, vitaxin, droloxifene, 

idoxyfene, spironolactone, finasteride, cimitidine, trastuzumab, denileukin 

diftitox,gefitinib, bortezimib, paclitaxel, irinotecan, topotecan, doxorubicin, docetaxel, 

vinorelbine, bevacizumab (monoclonal antibody) and erbitux, cremophor-free paclitaxel, ���

epithilone B, BMS-247550, BMS-310705, droloxifene, 4-hydroxytamoxifen, 

pipendoxifene, ERA-923, arzoxifene, fulvestrant, acolbifene, lasofoxifene, idoxifene, 

TSE-424, HMR-3339, ZK186619, PTK787/ZK 222584, VX-745, PD 184352, 

rapamycin, 40-O-(2-hydroxyethyl)-rapamycin, temsirolimus, AP-23573, RAD001, ABT-

578, BC-210, LY294002, LY292223, LY292696, LY293684, LY293646, wortmannin, ���

ZM336372, L-779,450, PEG-filgrastim, darbepoetin, erythropoietin, granulocyte colony-

stimulating factor, zolendronate, prednisone, cetuximab, granulocyte macrophage colony-

stimulating factor, histrelin, pegylated interferon alfa-2a, interferon alfa- 2a, pegylated 

interferon alfa-2b, interferon alfa-2b, azacitidine, PEG-L-asparaginase, lenalidomide, 

gemtuzumab, hydrocortisone, interleukin-11, dexrazoxane, alemtuzumab, all-���

transretinoic acid, ketoconazole, interleukin-2, megestrol, immune globulin, nitrogen 
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mustard, methylprednisolone, ibritumomab tiuxetan, androgens, decitabine, 

hexamethylmelamine, bexarotene, tositumomab, arsenic trioxide, cortisone, editronate, 

mitotane, cyclosporine, liposomal daunorubicin, Edwina-asparaginase, strontium 89, 

casopitant, netupitant, an NK-1 receptor antagonists, palonosetron, aprepitant,, 

diphenhydramine, hydroxyzine, metoclopramide, lorazepam, alprazolam, haloperidol, ��

droperidol, dronabinol, dexamethasone, methylprednisolone, prochlorperazine, 

granisetron, ondansetron, dolasetron, tropisetron, sspegfilgrastim, erythropoietin, epoetin 

alfa and darbepoetin alfa, ipilumumab, vemurafenib, FLT-3 inhibitor, a VEGFR 

inhibitor, an EGFR TK inhibitor, an aurora kinase inhibitor, a PIK-1 modulator, a Bcl-2 

inhibitor, an HDAC inhibitor, a c-MET inhibitor, a PARP inhibitor, a Cdk inhibitor, an ���

EGFR TK inhibitor, an IGFR-TK inhibitor, an anti-HGF antibody, a PI3 kinase 

inhibitors, an AKT inhibitor, a JAK/STAT inhibitor, a checkpoint-1 or 2 inhibitor, a focal 

adhesion kinase inhibitor, a Map kinase kinase (mek) inhibitor, a VEGF trap antibody 

and mixtures thereof. 

���

The pharmaceutical compositions of the invention are particularly suitable for the 

treatment and/or prevention and to prevent relapse of cancers and tumors.

Examples of cancers suitable for treatment according to the present invention are: 

carcinoma, cancer of the esophagus, head, kidney, liver, lung, nasopharyngeal, neck, ���

ovary, pancreas, prostate, and stomach; a leukemia (e.g. acute myelogenous leukemia, 

acute lymphocytic leukemia, acute promyelocytic leukemia (APL), acute T-cell 

lymphoblastic leukemia, adult T-cell leukemia, basophilic leukemia, eosinophilic 

leukemia, granulocytic leukemia, hairy cell leukemia, leukopenic leukemia, lymphatic 

leukemia, lymphoblastic leukemia, lymphocytic leukemia, megakaryocytic leukemia, ���

micromyeloblastic leukemia, monocytic leukemia, neutrophilic leukemia and stem cell 

leukemia), a malignant lymphoma, a malignant melanoma; myeloproliferative diseases; a 

sarcoma, a tumor of the central nervous system, a germ-line tumor, lung cancer, ovarian 

cancer, testicular cancer, thyroid cancer, astrocytoma, esophageal cancer, pancreatic 

cancer, stomach cancer, liver cancer, colon cancer, melanoma, a mixed type of neoplasia. ���
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In a further aspect, the present invention provides a compound as defined above for use 

as a therapeutically active substance for the treatment and/or prevention and/or relapse 

prevention of cancer. 

In a further aspect, the present invention provides a compound as defined above for use ��

as a therapeutically active substance for inhibiting, arresting or killing cancer stem cells 

(CSC) like. 

In a further aspect, the present invention provides a pharmaceutical composition 

comprising the compound of the invention which is associated with at least one ���

therapeutically anti-cancer agent. 

In a specific embodiment, the pharmaceutical composition of the invention is suitable for 

oral-, parenteral-, ocular-, transdermal- or nasal-administration, or for inhalation. 

Optionally, the pharmaceutical composition of the invention is suitable for slow- or ���

sustained-release. 

In still a further aspect, the invention provides a method for the treatment and/or 

prevention of cancers, comprising the step of administering a therapeutically active 

amount of a compound or a pharmaceutical composition as described above, to a human ���

being or animal in need thereof. 

The following examples, which further describe the invention, are offered by way of 

illustration and are not intended to limit the invention in any manner. 

���

General procedures for examples 1 to 44 

Reagents and solvents were obtained from commercial suppliers and were used without 

further purification. Methylene chloride was dried and distilled over CaCl2 and stored 

over molecular sieves 4Å under argon. Tetrahydrofuran was dried over 

sodium/benzophenone ketyl under argon and distilled prior to use. Flash chromatography ���

purifications were performed on Merck silica gel (40-63 µm) as the stationary phase. 

Analytical High Performance Liquid Chromatography � mass analysis (HPLC-MS): 
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II-2/ 4,7-dichloro-2-phenylquinoline: 

NCl

OH

NCl

Cl

POCl3, ∆

A mixture of 1.65 g (6.61 mmol) of 7-chloro-4-hydroxy-2-phenylquinoline and 3.7 ml of 

phosphoryl chloride was heated for 3 h under reflux and then concentrated to dryness. ��

The residue was taken up with a saturated aqueous solution of sodium bicarbonate and 

the aqueous layer was extracted with ethyl acetate. The organic layer was dried over 

MgSO4, filtered and concentrated on a rotary evaporator. The residue was triturated with 

petroleum ether to give 1.53 g of a yellow solid. It was purified by silica gel column 

chromatography (petroleum ether / ethyl acetate 98:2) to yield 874 mg (yield 61%) of a ���

yellow solid corresponding to 4,7-dichloro-2-phenylquinoline. 

HPLC: conditions D: tr = 11.71 min, (ES+) C15H9Cl2N requires 273/275; found 274/276 

[M + H]. 
1H NMR (300 MHz, DMSO-d6) 

���

II-3/ 7-chloro-2-phenyl-4-(4-N,N-diethylamino-piperidin-1-yl)quinoline (II-3): 

NCl

Cl

+

N
H

N NMP, 200°C

Microwave

NCl

N

N

In a microwave vial was successively added, 175 mg (0.64 mmol) of 4,7-dichloro-2-

phenylquinoline, 300 mg (1.92 mmol) of 4-diethylamino-piperidine and 1.5 ml of NMP. ���

The solution was heated for 30 min at 200°C in a microwave oven and treated with a 1N 

NaOH aqueous solution. The mixture was extracted with ethyl acetate and the organic 

layer dried over MgSO4, filtered and concentrated. The oily residue was purified by silica 
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Example 3: 

Preparation of 2-phenyl-4-([1,4’]-bipiperidin-1’-yl)quinoline hydrochloride salt (III-

4): 

N

N

N HCl

HCl

 

III-1/ 2-phenyl-4-(1,4-dioxa-8-aza-spiro[4,5]dec-8-yl)quinoline: 5 

N

Cl

+

N
H

OO NMP, 200°C

Microwave

N

N

OO

 

A mixture of 1.7 g (7.09 mmol) of 4-chloro-2-phenylquinoline, 9.09 ml (70.91 mmol) of 

1,4-dioxa-8-azaspiro[4,8]decane and a few drops of NMP was heated for 30 min at 

200°C in a microwave oven. The mixture was then diluted with a 1N NaOH aqueous 

solution and extracted with ethyl acetate. The organic layer was washed with water, dried 10 

over MgSO4 and concentrated on a rotary evaporator. The resulting residue was purified 

by silica gel column chromatography (CH2Cl2 / Ethyl acetate 9:1 then 98:2 and then 96:4) 

to give 2.4 g (yield 97%) of a colourless oil corresponding to 2-phenyl-4-(1,4-dioxa-8-

aza-spiro[4,5]dec-8-yl)quinoline. 

HPLC: conditions D: tr = 6.00 min, (ES+) C22H22N2O2 requires 346; found 347 [M + H]. 15 

1
H NMR (300 MHz, CDCl3). 

 

 

 

 20 
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III-2/ 1-(2-phenyl-quinoline-4-yl)-piperidin-4-one:

N

N HCl 2N in H2O

THF, 60°C

N

N

O
OO

To a solution of 2.39 g (6.898 mmol) of 2-phenyl-4-(1,4-dioxa-8-aza-spiro[4,5]dec-8-

yl)quinoline in 14 ml of dry tetrahydrofuran was added 14 ml of 2N HCl aqueous ��

solution. The mixture was stirred for 4h30 at 60°C then treated with a 1N NaOH aqueous 

solution. The basic mixture was extracted with ethyl acetate and the organic layer dried 

over MgSO4, filtered and concentrated to give yellow oil. The crude product was purified 

by silica gel column chromatography (dichloromethane / ethyl acetate 99:1, then 98:2) to 

give 1.09 g (yield 52%) of a colourless oil corresponding to 1-(2-phenyl-quinoline-4-yl)-���

piperidin-4-one. 

HPLC: conditions D: tr = 5.05 min, (ES+) C20H18N2O requires 302; found 303 [M + H]. 
1H NMR (300 MHz, CDCl3). 

III-3/ 2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline (III-3): ���

N

N

O

H
N

+

1. Ti(OiPr)4, 45°C

2., NaBH3CN, 45°C

N

N

N

To 300 mg (0.99 mmol) of 1-(2-phenyl-quinoline-4-yl)-piperidin-4-one were added under 

argon, 147 µl (1.48 mmol) of piperidine and 414 µl (1.39mmol) of titanium (IV) 

isopropoxide. The mixture was stirred for 5h at 45°C, then cooled and diluted with 2 ml 

of dry ethanol. 137 mg (2.18 mmol) of sodium cyanoborohydride were added and the  ���
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mixture stirred for 4h30 at 45°C, then 20h at room temperature. The mixture was poured 

onto 33 ml of water, stirred for 1h at room temperature, filtered through a celite® pad and 

the filtrate was extracted with dichloromethane. The organic layer was washed with 

brine, dried over MgSO4, filtered and concentrated to give 450 mg of a crude white 

compound. The crude product was purified by silica gel column chromatography ��

(dichloromethane / methanol 99:1 (with a few drops of NH4OH), then 98:2 (with a few 

drops of NH4OH) to give 208 mg (yield 56%) of a white solid corresponding to 2-phenyl-

4-([1,4�]-bipiperidin-1�-yl)quinoline. 

HPLC: conditions D: tr = 2.00 min, (ES+) C25H29N3 requires 371; found 372 [M + H]. 
1H NMR (300 MHz, CDCl3). ���

III-4/ 2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline dihydrochloride (III-4): 

N

N

N

N

N

N

HCl 1N in Et2O

HCl

HCl

To a solution of 85 mg (0.228 mmol) of 2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline in 

400 µl of dry dichloromethane was added under argon, 458 µl (0.457 mmol) of a solution ���

of 1N HCl in ether. After stirring for 1 h at room temperature, the mixture was 

concentrated and solubilized in ethanol, and then petroleum ether was added to 

precipitate a solid product. It was dissolved in pure water and the solution was filtered on 

Nalgene 0.2 µm PTFE seringue filter and then freeze-dried to give 81 mg (yield 90%) of 

a yellow solid compound corresponding to 2-phenyl-4-([1,4�]-bipiperidin-1�-yl)quinoline ���

dihydrochloride. 

HPLC: conditions D: tr = 4.16 min, (ES+) C25H29N3 requires 371; found 372 [M + H]. 
1H NMR (DMSO and DMSO-d6). 
1H NMR (DMSO and DMSO-d6 + D2O). 

���
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dichloromethane and the organic layer was dried over MgSO4, filtered and concentrated 

to give 560 mg of a yellow impure solid. The crude product was purified by silica gel 

column chromatography (petroleum ether / ethyl acetate 8:2) to give 424 mg (yield 69%) 

of a beige solid compound corresponding to 1-[2-(4-methoxy-phenyl)-quinoline-4-yl]-

piperidin-4-one. ��

HPLC-MS: conditions F: tr = 5.30 min, (ES+) C21H20N2O2 requires 332; found 333 [M + 

H], purity 92%. 
1H NMR (300 MHz, CDCl3). 

XV-7/ 2-(4-methoxy-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (XV-7): ���

N

OMe

N

O

+
NH2

1. Ti(OiPr)4, 50°C

2. NaBH3CN, EtOH

50°C then RT

N

OMe

N

NH

To 200 mg (0.6 mmol) of 1-[2-(4-methoxy-phenyl)-quinoline-4-yl]-piperidin-4-one were 

added under argon, 95 µl (0.9 mmol) of tert-butylamine and 251 µl (0.84 mmol) of 

titanium (IV) isopropoxide. The mixture was stirred for 5 h at 50°C. Then, the reaction 

mixture was cooled, diluted with 0.5 ml of dry ethanol and 83 mg (1.32 mmol) of sodium ���

cyanoborohydride were added. The resulting mixture was stirred for 3h30 at 50°C and 

then 20 h at room temperature. The mixture was poured onto 25 ml of water, stirred for 1 

h at room temperature, filtrated through a celite® pad and the filtrate was extracted with 

dichloromethane. The organic layer was washed with brine, dried over MgSO4, filtered 

and concentrated to give 227 mg of a residue. The crude product was purified by silica ���

gel column chromatography (dichloromethane / ethyl acetate 7:3) to give 125 mg of 

impure yellow oil. This product was purified by silica C18 reversed-phase column 

Biotage (13 g � water / methanol (containing 2% of triethylamine) 3:7) to give 68 mg 

(yield 29%) of a white solid compound corresponding to 2-(4-methoxy-phenyl)-4-(4-N-

tert-butylamino-piperidin-1-yl)quinoline. ���
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Example 18: 

Preparation of 4-[4-(N,N-diethylamino)piperidin-1-ylcarbonyl]-2-phenyl-quinoline 

hydrochloride salt (XVIII-2): 

N

N

N

O

XVIII-1/ 4-[4-(N,N-diethylamino)piperidin-1-ylcarbonyl]-2-phenyl-quinoline (XVIII-1): ��

N

CO2H

N
H

N

+
EDCI, TEA, HOBt

DCM, RT

N

O N

N

To 500 mg (2 mmol) of commercially available 2-phenyl-4-quinolinecarboxylic acid in 

10 ml of dichloromethane were added 376 mg (2.41 mmol) of 4-diethylamino-piperidine, 

335 µl (2.41 mmol) of triethylamine, 462 mg of (2.41 mmol) of 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide and 325 mg (2.41 mmol) of hydroxybenzotriazole. ���

The mixture was stirred overnight at room temperature and diluted with dichloromethane. 

The organic layer was washed with water, dried over MgSO4, filtered and concentrated to 

give 1.11 g of yellow oil. This compound was purified by silica gel column 

chromatography (20 g dichloromethane then dichloromethane / ethyl acetate 1:1 then 

ethyl acetate 100%) to give 692 mg of impure sticky white foam. This product was ���

additionally purified by silica C18 reversed-phase column Biotage (100 g �water / 

methanol 1:1) to give 565 mg of still impure pale yellow oil. This oil was solubilized in 

ethyl acetate and the solution was extracted with a 1N HCl aqueous solution. The 

aqueous layer was basified with 1N NaOH aqueous solution and the solution was 

extracted with ethyl acetate. The organic layer was dried over MgSO4, filtered and ���
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XXVI-3/ 7-chloro-2-phenyl-4-[4-(N,N-diethylaminomethyl)-piperidin-1-yl]quinoline 

(XXVI-3): 

N
H

N

NCl

Cl

+
NMP, Microwave

200°C

NCl

N

N

In a microwave vial was successively added, 80 mg (0.3 mmol) of 4,7-dichloro-2-

phenylquinoline (obtained according to the protocol described in paragraph II-2), 153 mg ��

(0.9 mmol) of 4-(N,N-diethylaminomethyl)-1-piperidine and 1 ml of NMP. The solution 

was heated for 1 h at 200°C in a microwave oven and then treated with a 1N NaOH 

aqueous solution. The mixture was extracted with dichloromethane and the organic layer 

was dried over MgSO4, filtered and concentrated to give 672 mg of an oily residue. It was 

purified by silica gel column chromatography (25 g - gradient from dichloromethane ���

100% to dichloromethane / methanol 9:1) to provide 139 mg of impure brown oil. This 

product was taken up in a 1N NaOH aqueous solution and the aqueous layer was 

extracted with toluene. The organic layer was washed with water, dried over MgSO4, 

filtered and concentrated to give 28 mg (yield 23%) of pale brown oil corresponding to 7-

chloro-2-phenyl-4-[4-(N,N-diethylaminomethyl)-piperidin-1-yl]quinoline. ���

HPLC-MS: conditions D: tr = 4.75 min, (ES+) C25H30ClN3 requires 407; found 408 [M + 

H], purity 98%. 
1H NMR (300 MHz, CDCl3). 

���
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Example 28: 

Preparation of 7-chloro-2-phenyl-4-[(N-benzylpiperidin-4-yl)-amino]quinoline 

hydrochloride salt: (XXVIII-2): 

N

HN HCl
HCl

N

Cl

XXVIII-1/ 7-chloro-2-phenyl-4-[(N-benzylpiperidin-4-yl)-amino]quinoline (XXVIII-1): ��

N
N

Cl

+
NMP, Microwave

200°CCl

NH2

N

HN

N

Cl

In a microwave vial was successively added, 370 mg (1.35 mmol) of  4,7-dichloro-2-

phenylquinoline obtained according to the protocol described in paragraph II-2, 2.8 ml 

(13.5 mmol) of 1-benzyl-4-aminopiperidine and 0.5 ml of NMP. The solution was heated 

for 1 h at 200°C in a microwave oven and then treated with a 1N NaOH aqueous ���

solution. The mixture was extracted with ethyl acetate and the organic layer was washed 

with water, dried over MgSO4, filtered and concentrated to provide 3.4 g of an oily 

residue. The crude product was purified by silica gel column chromatography (20 g - 

gradient from dichloromethane 100% to dichloromethane / ethanol 95:5) to give 599 mg 

of brown oil. This product was additionally purified by silica C18 reversed-phase column ���

Biotage (31g � gradient from water / methanol 7:3 to methanol 100%) to give a brown 

solid compound that was triturated with petroleum ether to give 239 mg (yield 41%) of a 

beige solid compound corresponding to 7-chloro-2-phenyl-4-[(N-benzylpiperidin-4-yl)-

amino]quinoline. 

HPLC-MS: conditions D: tr = 5.33 min, (ES+) C27H26ClN3 requires 427/429; found ���

428/430 [M + H], purity 96%. 
1H NMR (300 MHz, DMSO-d6). 
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XXIX-1/ 7-chloro-2-phenyl-4-[N-methyl-N-(N-benzylpiperidin-4-yl)-amino]quinoline 

(XXIX-1): 

N
N

Cl

+
NMP, Microwave

200°CCl

HN

N

N

N

Cl

In a microwave vial was successively added, 300 mg (1.1 mmol) of 4,7-dichloro-2-

phenylquinoline (prepared according to the protocol described in paragraph II-2), 1.12 g ��

(5.5 mmol) of 1-benzyl-4-(N-methyl-amino)piperidine and 1 ml of NMP. The resulting 

reaction mixture was heated for 7 h at 200°C in a microwave oven and then treated with a 

1N NaOH aqueous solution. The mixture was extracted with ethyl acetate and the organic 

layer was dried over MgSO4, filtered and concentrated to give 1.9 g of brown oil. This oil 

was purified by silica gel column chromatography (20 g - toluene / ethyl acetate 9:1 + 1% ���

triethylamine) to give 606 mg of impure yellow oil. This product was additionally 

purified according to the slightly modified previous conditions (10 g of silica gel - 

toluene / ethyl acetate 95:5 without triethylamine) to give 318 mg of impure yellow oil. A 

new purification using silica C18 reversed-phase column Biotage (31g � water / methanol 

1:1 + 1% triethylamine) gave 186 mg (yield 38%) of yellow oil corresponding to 7-���

chloro-2-phenyl-4-[N-methyl-N-(N-benzylpiperidin-4-yl)-amino]quinoline. 

HPLC-MS: conditions F: tr = 5.03 min, (ES+) C28H28ClN3 requires 441/443; found 

442/444 [M + H], purity >99%. 
1H NMR (300 MHz, CDCl3). 

���

XXIX-2/ 7-chloro-2-phenyl-4-[N-methyl-N-(N-benzylpiperidin-4-yl)-amino]quinoline 

dihydrochloride (XXIX-2): 

1N HCl in Et2O

N

N

N

Cl
N

N HCl
HCl

N

Cl
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temperature, and then concentrated and taken up in ethyl acetate. The organic solution 

was washed with a saturated aqueous solution of sodium bicarbonate, dried over MgSO4, 

filtered and concentrated to give 4 g of brown oil. This crude product was purified by 

silica gel column chromatography (100 g dichloromethane / methanol + 1% of 

triethylamine, 9:1) to give 2.56 g (yield 55%) of brown oil corresponding to 1-(1-��

phenylethyl)-4-(N-methylamino)-piperidine. 

HPLC-MS: conditions D: tr = 2.46 min, (ES+) C14H22N2 requires 218; found 219 [M + 

H]. 
1H NMR (300 MHz, CDCl3). 

���

XXX-2/ 7-chloro-2-phenyl-4-[N-methyl-N-(N-1-phenylethyl-piperidin-4-yl)-

amino]quinoline (XXX-2): 

N
N

Cl

+
NMP, Microwave

200°CCl

HN

N

N

N

Cl

In a microwave vial was successively added, 250 mg (0.92 mmol) of 4,7-dichloro-2-

phenylquinoline (prepared according to the protocol described in paragraph II-2), 1 g ���

(4.58 mmol) of 1-(1-phenylethyl)-4-(N-methylamino)-piperidine and 0.5 ml of NMP. The 

resulting solution was heated for 8 h at 200°C in a microwave oven and then treated with 

a 1N NaOH aqueous solution. The mixture was extracted with ethyl acetate and the 

organic layer was dried over MgSO4, filtered and concentrated to give 1.29 g of brown 

oil. This compound was purified by silica gel column chromatography (20 g - ���

dichloromethane / ethyl acetate 9:1) to give 424 mg of impure brown oil. This product 

was additionally purified by silica C18 reversed-phase column Biotage (31g � water / 

methanol 1:1 then water / methanol + 1% triethylamine, 1:9) to give 182 mg of a mixture 

of oil and solid. This mixture was taken up in a 1N NaOH aqueous solution and the 

aqueous layer was extracted with chloroform. The organic layer was dried over MgSO4, ���

filtered and concentrated to give 176 mg of yellow oil that was triturated with petroleum 

ether to precipitate a pasty solid. A new purification using silica gel column 
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Example 33: 

Preparation of 7-chloro-2-phenyl-4-[(N-benzyl-piperidin-4-

yl)aminomethyl]quinoline hydrochloride salt (XXXIII-2): 

NCl

NH

N
HCl

HCl

XXXIII-1/ 7-chloro-2-phenyl-4-[(N-benzyl-piperidin-4-yl)aminomethyl]quinoline ��

(XXXIII-1): 

N

NH

N

ClN

NH

N

Cl

O

1. POCl3, Ph-Me, ∆

2. NaBH4, EtOH, RT

To a solution of 116 mg (0.254 mmol) of N-(1-benzylpiperidin-4-yl)-7-chloro-2-

phenylquinoline-4-carboxamide (prepared according to the protocol described in 

paragraph XXXII-1) in 6 ml of dry toluene was added under argon, 48 µl (0.508 mmol) ���

of phosphoryl chloride. The mixture was heated for 52 h under reflux and then cooled 

before addition of 6 ml of ethanol and 39 mg (1.017 mmol) of sodium borohydride. This 

resulting mixture was stirred for 3 days at room temperature, and then quenched with 

water. The resulting mixture was extracted with dichloromethane and the organic layer 

was washed with water, dried over MgSO4, filtered and concentrated to give 162 mg of ���

orange oil. This compound was purified by silica gel column chromatography (10 g - 

dichloromethane / methanol 98:2 then 96:4) to give 42 mg of yellow oil that was 
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Example 35: 

Preparation of 7-chloro-2-phenyl-4-{1-[(N-benzyl-piperidin-4-yl)amino]-eth-1-

yl}quinoline hydrochloride salt (XXXV-2): 

HCl

HCl

N

NH

N

Cl

XXXV-1/ 7-chloro-2-phenyl-4-{1-[(N-benzyl-piperidin-4-yl)amino]-eth-1-yl}quinoline ��

(XXXV-1): 

N

N

+
1. Ti(Oi-Pr)4, 45°C

2. NaBH3CN, EtOH, 45°C

NH2

N

O

NH

N

Cl

Cl

To 133 mg (0.47 mmol) of 4-acetyl-7-chloro-2-phenyl-quinoline (prepared according to 

the protocol described in paragraph XVI-2) were added a solution of 144 µl (0.71 mmol) 

of 1-benzyl-4-aminopiperidine in 2 ml of dichloromethane. The mixture was ���

concentrated under vacuum and 197 µl (0.66 mmol) of titanium (IV) isopropoxide were 

added under argon. The mixture was heated for 4h30 at 45°C. Then, the reaction mixture 

was cooled, diluted with 2 ml of dry ethanol and 65 mg (1.04 mmol) of sodium 

cyanoborohydride were added. The resulting reaction mixture was heated for 4 h at 45°C 

and then 14 h at room temperature. The mixture was poured onto 20 ml of water, stirred ���

for 1h at room temperature, filtered through a celite® pad and the filtrate was extracted 

with dichloromethane. The organic layer was washed with brine, dried over MgSO4, 
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XLVI-1/ N-methoxy-N-methyl-2-phenylquinoline-4-carboxamide: 

N Ph

CO2H

N Ph

O N

OMe

EDCI, DiPEA

CH3NHOCH3.HCl

MeCN

To a solution of 2.00 g (8.0 mmol) of 2-phenylquinoline-4-carboxylic acid in 50 ml of 

acetonitrile was added 1.17 g (12 mmol) of N,O-dimethylhydroxylamine hydrochloride, 

2.30 g (12 mmol) of EDCI.HCl, 2.1 mL (12 mmol) of DiPEA and the reaction mixture ��

was stirred for 20 h at room temperature. After completion of the reaction, the solvent 

was evaporated under vacuum. The residue was dissolved in DCM (100 mL) and the 

solution was washed with 50 ml of 1N HCl aqueous solution and 50 ml of 1N NaOH 

aqueous solution. The organic layer was dried over anhydrous Na2SO4, filtered and 

evaporated under vacuum to give 1.5 g (crude product) of N-methoxy-N-methyl-2-���

phenylquinoline-4-carboxamide. The crude product was carried to the next step without 

further purification. 

XLVI-2/ 4-acetyl-2-phenyl quinoline: 

N Ph

O N

OMe

N Ph

O

MeMgCl, THF

0°C to RT

���

To a solution of 1.5 g (5.13 mmol) of crude N-methoxy-N-methyl-2-phenylquinoline-4-

carboxamide in 30 ml of THF was added slowly at 00C methyl magnesium chloride (3 

Molar solution in THF, 5 mL, 15 mmol) and the resulting reaction mixture was stirred for 

5 h at RT. After completion of the reaction monitored by TLC [AcOEt/Hexane 2:8), 

carboxamide Rf-0.1, ketone Rf-0.7], the reaction mixture was quenched with 50% aq. ���

AcOH (20 mL), diluted with 50 ml of water and then extracted with 2 x 50 mL of AcOEt. 

The combined organic layers were washed with 50 ml of brine and dried over anhydrous

Na2SO4, filtered and evaporated under vacuum. The crude residue was purified by flash 

column chromatography (AcOEt/Hexane 2:8), to give 1g (yield 50%) of a light solid 

yellow solid compound corresponding to 4-acetyl-2-phenyl quinoline. ���

Rf 0.7 (Petroleum ether/AcOEt 8:2) 
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Example 47: 

Preparation of 2-phenyl-4-{1-[4-(N,N-diethylamino)-piperidinyl]-eth-1-yl}quinoline 

hydrochloride salt (XIX-3) according to an enamine intermediarte synthesis, 

followed by a catalytic reduction: 

��

N Ph

CO2H

N Ph

O N

OMe

EDCI, DiPEA

CH3NHOCH3.HCl

MeCN N Ph

O

MeMgI, Et2O

HN

N Ti(OiPr)4, THF

N Ph

N

N

N Ph

N

N

1. H2, Pd-C

MeOH

+

2. HCl, Et2O

HCl

HCl

N Ph

N

N

N Ph

O

XLVII-1/ N-methoxy-N-methyl-2-phenylquinoline-4-carboxamide: 

N Ph

CO2H

N Ph

O N

OMe

EDCI, DiPEA

CH3NHOCH3.HCl

MeCN
���

To a solution of 5.0 g (20.0 mmol) of 2-phenyl-quinoline-4-carboxylic acid in 125 ml of 

acetonitrile was added at room temperature 2.9 g (30 mmol) of N,O-
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Example 48: 

Preparation of 2-phenyl-4-{1-[4-(N,N-diethylamino)-piperidinyl]-eth-1-yl}quinoline 

hydrochloride salt (XIX-3) according to a Still coupling and hydride reduction of 

enamine intermediate: 

N

Cl

OSn

n-Bu

n-Bu

n-Bu
+ 1. Pd(dba)2, PPh3, Ph-Me, ∆

2. HCl 1N in H2O, RT
N

O

N

O

+

N
H

N

1. Ti(OiPr)4, 45°C

2. NaBH3CN, EtOH, 45°C

N

N

N

HCl

HCl

3. HCl, Et2O

��

XLVIII-1/ 4-acetyl-2-phenyl-quinoline: 

N

Cl

OSn

n-Bu

n-Bu

n-Bu
+ 1. Pd(dba)2, PPh3, Ph-Me, ∆

2. HCl 1N in H2O, RT
N

O

3

In a microwave vial was successively added: 0.5 g (2.08 mmol) of 4-chloro-2-

phenylquinoline, 48 mg (0.83 mmol) of bis-(dibenzylideneacetone)palladium(0), 44 mg 

(0.166 mmol) of triphenylphosphine and 5 ml of dry toluene. The solution was stirred for ���

15 min at room temperature and 705 µl (2.08 mmol) of ethyl 1-(tributylstannyl)vinyl 

ether were added under nitrogen. The resulting reaction mixture was heated for 4 h at 

130°C and then treated with 10 ml of a 1N HCl aqueous solution and stirred for 12 h at 

room temperature. The resulting mixture was neutralized with a 1N NaOH aqueous 

solution, extracted with ether and the combinated organic layers were dried over MgSO4, ���

filtered and concentrated to give 1.2 g of brown oil. This product was purified by silica 

gel column chromatography (25 g - petroleum ether/ethyl acetate 98:2) to give 283 mg 

(yield 55%) of a yellow solid compound corresponding to the 4-acetyl-2-phenyl-

quinoline. 
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room temperature and concentrated to dryness. The residue was coevaporated twice with 

500 mL of toluene. The residue was dissolved in 500 mL of dichloromethane and 

hydrolyzed carefully at 0 °C with 500 mL of water. The aqueous layer was extracted with 

500 mL of dichloromethane. The combined organic layers were washed with 500 mL of 

water, dried over anhydrous Na2SO4, filtered and evaporated under vacuum to give 57.0 g ��

(93%) of a brown solid corresponding to 2,4-dichloroquinoline. This product was carried 

to the next step without further purification. 

HPLC-MS: conditions H: tr = 2.71 min, (ES+) C9H5Cl2N requires 197; found 198 [M + 

H], purity 94.6 %. 
1H NMR (400 MHz, CDCl3). ���

L-2/ 4-chloro-2-(4-chlorophenyl)-quinoline: 

To a solution of 28.8 g (145 mmol) of 2,4-dichloroquinoline and 25.0 g (160 mmol) of 4-

chlorophenylboronic acid in 350 mL of 1,4-dioxane, at room temperature, was added 120 ���

mL of 5.4 M K2CO3 aqueous solution. The reaction mixture was degazed for 20 minutes 

with nitrogen. Then, 8.4 g (7.3 mmol) of tetrakis (triphenylphosphine)palladium were 

added and the mixture was warmed to reflux and stirred for 20 hours. The reaction 

mixture was cooled down to room temperature and poured into 350 mL of a 5% NaCl 

aqueous solution. The layers were separated and the aqueous layer was extracted with ���

dichloromethane. The combined organic layers were washed with water, dried over 

anhydrous Na2SO4, filtered and evaporated under vacuum to give 49.6 g of crude product. 

The residue was purified by silica gel column chromatography (Cyclohexane/EtOAc 

98:2) to give 40.5 g of an off-white solid corresponding to a mixture of 4-chloro-2-(4-

chlorophenyl)quinoline and 2,4-bis(4-chlorophenyl)quinoline (72.7% of 4-chloro-2-(4-���

chlorophenyl)quinoline according to UPLC analysis at 260 nm). The mixture was used in 

the next step without further purification. 
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HPLC-MS: conditions H: tr = 4.05 min, (ES+) C15H9Cl2N requires 273; found 274 [M + 

H], purity 72.7 %. 
1H NMR (300 MHz, CDCl3). 

L-3/ 2-(4-chloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline: ��

To a solution of 20.7 g of the above mixture of 4-chloro-2-(4-chlorophenyl)quinoline and 

4-bis(4-chlorophenyl)quinoline and 14.2 g (90.6 mmol) of 4-(tert-butylamino)piperidine 

in 100 mL of NMP, at room temperature, was added dropwise 9.6 mL (113 mmol) of 

DIPEA. The reaction mixture was warmed to 140 °C and stirred for 20 hours. After ���

cooling down to room temperature, 400 mL of 1 M NaOH aqueous solution and 200 mL 

of ethyl acetate were added. The aqueous layer was extracted with ethyl acetate. The 

combined organic layers were dried over anhydrous Na2SO4, filtered and evaporated 

under vacuum to give 34.3 g of crude product. The residue was purified by silica gel 

column chromatography (dichloromethane/methanol 95:5 to 90:10) to give a first fraction ���

of 16.6 g as a brown oil containing  the expected product contaminated with 30% w/w of 

residual NMP, and a second fraction of 5.6 g of a white solid  corresponding to 2-(4-

chloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-yl)quinoline (19% from 2,4-

dichloroquinoline). The first fraction was triturated in a mixture of DCM-iPr2O, filtrered

off and dried under vacuum to give 5.2 g (yield 18% from 2,4-dichloroquinoline) of a ���

white solid corresponding to 2-(4-chloro-phenyl)-4-(4-N-tert-butylamino-piperidin-1-

yl)quinoline. 

HPLC-MS: conditions G: tr = 1.38 min, (ES+) C24H28ClN3 requires 393; found 394 [M + 

H], purity 94.8 %. 
1H NMR (300 MHz, CDCl3). ���
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Table 7: EC50 (µM) determination of compound XIX-3 in cancer cell lines LNCaP, 

SkBr3, HepG2, HT29, B16F10, U87-MG 

Cell Line 
LNCaP 

(µM)
a, c

SkBr3 

(µM)
a, c

HepG2 

(µM)
a, c

HT29 

(µM)
a, c

B16F10 

(µM)
a, c

U87-MG 

(µM)
b, c, e

Cancer type Prostate Breast Liver Colon Melanoma Glioma 

XIX-3 25 20 22f 18f 10 26 

Gemcitabine 0.04 0.2 0.02 0.2 ND ND 

HCQ 25 20 20 20 20 55 

Doxorubicine ND ND ND ND 0.2 ND 

a EC50 Cell viability was evaluated with Cell Titer-Glo luminescent Cell Viability assay ��

(Promega, Ref G7571), 
b EC550 Cell viability was evaluated with Cell Titer 96 Aqueous One Solution Cell 
Proliferation Assay (Promega, Ref G3581), 
C Cell viability was evaluated during 72h, d Cell viability was evaluated during 48h 
e mean of seven independend triplicate assays, ND: Not Determined,f data from example ���

53. 

Table 8: EC50 (µM) determination of compound XIX-3 in cancer cell lines BxPC-3, 

Capan-1, Capan-2, MIA-PaCa-2, Panc-1���

Cell Line 
BxPC-3 

(µM)
a, d

Capan-1 

(µM)
a, d

Capan-2 

(µM)
a, d

MIA PaCa-2 

(µM)
a, d

Panc-1 

(µM)
a, d

Cancer type Pancreas Pancreas Pancreas Pancreas Pancreas 

XIX-3 33 27 32 34 34 

Gemcitabine 0.02 ND ND ND ND 

HCQ 53 41 47 47 57 

a EC50 Cell viability was evaluated with Cell Titer-Glo luminescent Cell Viability assay 
(Promega, Ref G7571), 
b EC550 Cell viability was evaluated with Cell Titer 96 Aqueous One Solution Cell 
Proliferation Assay (Promega, Ref G3581), ���
C Cell viability was evaluated during 72h, d Cell viability was evaluated during 48h 
ND: Not Determined. 
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described by the manufacturer (Promega, Ref G7571 Madison, WI, USA) using a Centro 

(Berthold, France) plate reader. 

In each experiment, each point represents the average of triplicates in cell culture. 

��

The experimental data are analyzed using a computer program, Graphpad Prism 

(GraphPad Software, Inc. La Jolla, CA) and EC50 values were determined as the dose of 

compound required to reduce absorbance values to 50% of the signal obtained for vehicle 

treated cell cultures. 

���

Analysis of the of aldehyde dehydrogenase (ALDH) compartment and high activity level 

of aldehyde dehydrogenase activity (ALDH+) was used to detect tumor initiating cells 

(cancer stem cells, CSC) population. The AldefluorTM kit assay (StemCell Technologies) 

allowed to assess the activity of drugs on CSC cells like in a MOLM-14 acute myeloid 

leukemia cell line population. The AldefluorTM kit assay was used according to the ���

procedure described by the manufacturer. Briefly, MOLM-14 cell line was cultured in 

RPMI-1640 Medium supplemented with 10% v/v Fetal Bovine Serum (FBS), 1% 

Penicillin-Streptomycin and maintained at 37°C with 5% CO2. 5.105 cells were used in 

this assay. Each compound was added at different concentrations (see table 13 and 14), 

and cell cultures were incubated for 72 h. Vehicle (H2O) was used as a control, and all ���

compounds were tested in a constant percentage of vehicle. Cells obtained from cell 

culture were incubated for 45 minutes at 37°C with AldefluorTM buffer assay containing 

the BodipyTM-aminoacetaldehyde (BAAA), a fluorescent ALDH aldehyde substrate. 

ALDH converts the fluorescent substrate BAAA to the BodipyTM-aminoacetic acid 

(BAA) which is retained in the cell. An active efflux inhibitor is present in the ���

AdelfluorTM assay buffer in order to avoid the active efflux from the cell of the substrate 

product ALDH dependent converted BAA. The fluorescent signal is directly proportional 

to the ALDH activity in the cells and is measured by flow cytometry. A negative control 

is used to measure the background fluorescence level. For such purpose, 4-(N,N-

diethylamino)-benzaldehyde (DEAB) was used as selective ALDH inhibitor. A viability ���

cell count was performed using LIVE/DEAD® Fixable Far Red Dead Cell Stain Kit 

(Invitrogen). The experimental data are analyzed using a computer program, Graphpad 

Prism (GraphPad Software, Inc. La Jolla, CA) and EC50 values were determined as the 
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1 ml of a solution of XIX-2 in dichloromethane (10 mg/ml) and vortexed to obtain a 

uniform PLGA-PLGAPEG solution. Then, 2 ml of a 1% sodium cholate aqueous solution 

was added and the resulting biphasic system was sonicated (Branson sonifier, USA) at 70 

W for 15 s. This emulsion was added dropwise to 100 ml of a 1% sodium cholate 

aqueous solution at 37°C and stirred at 600 rpm for 1 h. The nanoparticle suspension was ��

then washed twice in distilled water by centrifugation (Avanti-JE centrifuge, Beckman 

coulter, USA) for 60 min at 10,000 t.min-1 and 4 °C. Supernatants were collected to 

evaluate encapsulation efficiency of XIX-2. Empty nanoparticles were prepared with the 

same procedure except the addition of XIX-2 during the preparation of the formulation. 

The particles can be stored in solution at +4°C or then freeze dried (Labconco, USA) and ���

stored at 4 °C until further use. 

Particle size, poly dispersity and zeta potential assessment: The particle size and poly 

dispersity index (PDI) of PLGA-PLGAPEG:XIX-2 nanoparticules were measured by 

dynamic light scattering and the zeta potential was determined using a zeta potential ���

analyzer (NanoSizer Zeta Series, Malvern Instruments, Malvern, UK). 

Encapsulation efficiency estimated the amount of XIX-2 encapsulated in PLGA-

PLGAPEG nanoparticules. Supernatants were used to measure the non-encapsulated 

XIX-2. Nanoparticules were dissolved in 1 ml of mobile phase to evaluate the ���

encapsulated XIX-2. An HPLC system (Waters Breeze) with a diode array detector and 

multiple wavelength detector was used for the quantification of XIX-2 in supernatants 

and nanoparticles. The column used was an EC 125/4 Nucleodur 100-5 C18 ec 

(Macherey-Nagel, DE). The sample (25 �l) in a series of dilutions was eluted with the 

mobile phase composed of A: H2O-0.1% HCO2H, B: MeCN-0.1% HCO2H. Eluting ���

conditions comprised a linear gradient (minute/%B): 0/10% B, 0.5/10% B, 2.5/90% B, 

4.0/90% B. Flow rate 1 ml/min. Detection was achieved at 257 nm and the retention time 

of XIX-2 was 3.1 min. 

The coefficients of variation (CV) for intra- and inter-assay measurements were within ���

5%. The encapsulation efficiency of XIX-2 is given by [XIX-2 used � XIX-2 non-

encapsulated)/ XIX-2 used] × 100 and XIX-2 recovery was calculated. 






























