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ABSTRACT (ENGLISH VERSION )

Chronic myelogenous leukemia (CML), characterizgdibregulated proliferation of myeloid cells
in the bone marrow, accounts for 15 to 20 % otdlilt leukemia cases in the Western population.
The molecular cause for the disease is the chaistatdranslocation between chromosome 9 and
22 which results in the so called Philadelphia olwsome (Ph) and in the formation of the chimeric
Bcr-Abl gene. In CML the protein product of thiskmg gene is a constitutively active protein
kinase. Bcr-Abl kinase drives the pathogenesisMi.Ghrough the phosphorylation and activation
of a broad range of downstream substrates playiriieal role in cellular signal transduction and
cell transformation. ABL tyrosin kinase therefore an interesting therapeutic target and many
potent inhibitors have been developed and broughite clinic in recent years, including Imatinib,
Bosutinib, Nilotinib and Dasatinib. However, the TB8 mutant form of Bcr-Abl, which is
frequently found in CML patients, mediates complegsistance to Imatinib and all of the next
generation Abl kinase inhibitors. Therefore, thisran eminent need for the development of drugs
which are active against the T315] mutant of Bct-ARosutinib and its quinoline scaffold have
been chosen as a template for the constructiomefradrug scaffold potentially able to inhibit the
mutated Bcr-Abl. Starting from the model of Bosttibound to wild-type Abl kinase domain and
the model of T315I Abl kinase domain it was appatéat in order to get potent inhibitors of Abl
T315I the unfavorable interaction caused by thekibaks of isoleucine had to be avoided and
another strong favorable interaction should be dddee strategy to accomplish this goal was to
remove the cyano group at 3 position of the quimeodind strengthen the interaction with the protein
by adding an amino group at position 8 to estaldisladditional hydrogen bond with the backbone
carbonyl of M318. Based on this rational, the sudffof 8-aminoquinolines resulted to be
promising for potential Bcr-Abl T315I inhibitors. hfee main lines of compounds have been
synthesized: 4-substituted-8-aminoquinolines, J8tuted-8-aminoquinolines, 3,4-disubstituted-8-
aminoquinolines. All of these molecules have angexylinked alkyl group at position 7. Different
groups have been employed to functionalize thetiposy. 4-Substituted-8-aminoquinolines were
synthesized starting from a 4,7-dihaloquinolinetréion of this molecule yielded the 8-nitro
derivative which was then successfully functioredifirstly at position 7, and then at the position
4. Reduction of the nitro group allowed to obtdie tlesired 4-substituted-8-aminoquinolines. On
the contrary, 3-substituted 8-aminoquinolines hé&een prepared starting from commercially
available m-aminophenol. Nitration of this molecule yieldedni&o-3-aminophenol which was
alkylated with an appropriate side chain at thenplie oxygen and subsequently cyclized wath
bromoacrolein to give the 3-bromo-7-oxyalkyl-8-oguinoline. This precursor has been employed
for functionalization at position 3. As for the dbstituted derivatives, the last step was the
transformation of nitro group into amino group. -B¥ubstituted-8-aminoquinolines, after a first
attempt of synthesis from a substituted anilinerevsynthesized starting from 4,7-dichloro-8-
nitroquinoline. Position 4 was firstly functionad@ with an electron donating group such as
methoxy or pyrrolidino and bromine was successivelsoduced at position 3 by an electrophilic
aromatic substitution. Attachment of the side claiposition 7 was followed by reduction from 8-
nitro to 8-aminoquinoline. For all the synthesizadlecules, different groups have been attached at
the specific positions either via an oxygen or @ogen or a carbon linker. Oxygen and nitrogen
linked groups have been introduced in the quinolsaffold with an aromatic nucleophilic
substitution using the corresponding alcoholateaoride. Carbon linked groups have been
introduced through palladium catalyzed cross caogpteactions involving the corresponding aryl
or alkyl boronic acids. Two alkynyl groups have meetroduced under the classic Sonogashira
reaction conditions coupling and then reduced to/lalvith hydrogen. All of the molecules
synthesized have been tested in biological assagsder to verify their activity toward the enzyme
in solution and toward cells expressing the oncagesnzyme. It was discovered that as
hydrochloride salt, the inhibitors were more activan as free base, therefore many inhibitors have
been tested as water-soluble salts. Good results been obtained, since the scaffold resulted



active in inhibiting the enzyme. Some of the commisi exhibited inhibitory activity in the
nanomolar range. Seven of the most active and fapeompounds have also been tested toward a
panel of 85 protein kinases (Cohen Lab, Dundeellifferent classes in order to asses their
selectivity profile. Three compounds (CRB1, 106 and148) having nanomolar activity on T315I
Abl resulted to have low selectivity on the panehibiting respectively 10, 40 and 11 kinases by
more of 50% at a concentration of iM. In contrast, CP142 163 167 and 138 resulted very
selective. Among them, CPIB8 appears to be the most selective one becauskiliit;ionly the
Aurora A kinases by more than 50% at the testeduiOconcentration. All other compounds
inhibited strongly PKB (AKT2) which is a Serine/Threonine kinase, whilegmes more related
to Abl, e.g. LCK, SRC and FGFR1, are less targétedhe selected compounds. Insulin receptor
kinase, a clear anti-target for protein kinase bitbrs, is not inhibited by these compounds.
Interestingly there is an inverse correlation bemvéhe selectivity on cells (transduced cells v&rsu
non-transduced cells) and the AKBhibitory activity. The higher the PKBinhibitory activity is
the less selective are the compounds. This indicttat PKB is a target for substituted 8-
aminoquinolines.

In conclusion, a novel active scaffold for the mition of Abl WT and Abl T315I has been
developed. Very active compounds both on the @ellahd enzymatic level have been found. The
synthesized Abl T315 inhibitors allowed to assesptoposed binding mode and gave a consistent
SAR. Based on the obtained results it is clear tihat8-aminoquinoline-based inhibitors are lead
compounds which can be further developed in amopétion process to gain activity and better
selectivity in order to be able to entervivo studies.

ABSTRACT (FRENCH VERSION)

La leucémie myéloide chronique (LMC), caractéripée une prolifération dérégulée des cellules
myeéloides dans la moelle osseuse, est responsablE5@0% des cas de leucémie dans la
population occidentale. La pathogénése de cettadigalest liée a une translocation entre les
chromosomes 9 et 22, résultante dans le bien conramosome de Philadelphie et la formation
d’'un géne chimérique, Bcr-Abl. Dans le cas de laQ,Me produit de ce gene hybride est une
protéine avec activité tyrosine-kinase, la Bcr-Aivlase qui est constitutivement active. Elle induit
nombreuses phosphorylisations et I'activation d’large gamme de substrats responsables de la
transduction de signaux et de la transformation aiisiles. De ce fait elle représente une cible
thérapeutique intéressante. Ainsi, de nombreuxbitghirs potentiels, notamment I'lmatinib, le
Bosutinib, le Nilotinib et le Dasatinib, ont récerman été développés et testés en phase clinique.
Néanmoins, la forme mutée T315| de Bcr-Abl fréquamimtrouvée dans les patients de LMC
montre une résistance absolue contre Imatinib stirlkibiteurs de la Abl-kinase de deuxieme
génération tels que Bosutinib, Nilotinib ou DasdtinCeci rend imminent la nécessité de
développer de nouveaux principes actifs contreedettime mutée. En premier lieu une molécule
contenant un squelette quinolinique, le Bosutiailété choisi comme modeéle pour la construction
d’'une nouvelle structure moléculaire, potentiellain@apable d’inhiber la forme mutée de Bcr-Abl.
Partant du modele 3D de Bosutinib lié au site disdin du domaine “wild type” de la kinase Abl et
du modele du domaine de la kinase T315I kinagearissait évident pour une inhibition de Bcr-
Abl T315I, que, d’'une part, l'interaction défavolaltausée par la chaine latérale de I'isoleucine
devait étre évitée et que d’autre part une nouvetkraction favorable devait étre ajoutée. Pour ce
faire, la stratégie était d’éliminer le groupemeittile en position 3 de la quinoline et de renfarc
l'interaction de la molécule avec la protéine peatdoduction d’'un groupement aminé en position
8, créant ainsi une nouvelle liaison d’hydrogénecae methionine 318. Partant de ces hypothéses,
le squelette 8-aminoquinolinique semblait étre @mdidat promettant de créer la base d'un
inhibiteur de Bcr-Abl T315I. Ainsi, trois lignes ipcipales de composés ont été synthétisées: 8-
aminoquinoline substitué en position 4, 8-aminoqline substitué en position 3 et 8-



aminoquinoline di-substitué en positions 3 et 4ug ces molécules contiennent un groupement o-
alkylique en position 7, divers groupement alkyéguayant été utilisés. Les 8-aminoquinolines
substituées en position 4 ont été synthétisésta game quinoline 4,7-di-halogénée. La nitration
de cette molécule résulte dans un dérivé le 8;nimo par suite a été fonctionnalisé en position 7,
puis en position 4. Enfin, la réduction du groupetmeitrique a permis la synthése de la 8-
aminoquinoline 4-substituées. Les 8-aminoquinolmdsstituées en position 3, en revanche, ont été
préparées a partir de m-aminophénole. Par nitradiercette molécule on obtient la 2-nitro-3-
aminophénole. Celle-ci était ensuite alkylée soxygene phénolique avec une chaine latérale
appropriée, et successivement cyclisée awbdromoacroléine donnant le précurseur 3-bromo-7-
oxyalkyl-8-nitroquinoline qui peut étre fonctionise en position 3. De méme que pour les dérivés
substitués en position 4, le dernier pas considéais la réduction du groupement nitrique en amine.
Les 8-aminoquinoline-3,4-disubstituées, aprés unemigre tentative a partir d’'une aniline
substituée, ont été synthétisées partant d'une Heasé,7dichloro-8-nitroquinoline. D’abord la
position 4 était fonctionnalisée avec un groupentemiateur d’électrons (méthoxy ou pyrrolidine),
puis, le brome était successivement introduit esitipm 3 par moyen d’une substitution électrophile
aromatique. L’attachement de la chaine latéralpasition 7 était suivi d’'une réduction du groupe
nitro en position 8 a amine pour donner la 8-amimaitpne. Pour les molécules synthétisées,
divers groupes ont été introduit dans les positgpesifiees a I'aide de linker d’oxygéene, d’azate o
de carbone. Les groupements contenants un linketygéne ou d’'azote ont été introduit dans le
squelette de quinoline par une substitution aragmatinucléophile en utilisant I'alcoolate ou
'amide correspondant. Les groupements carbonigné%té introduits a I'aide d’'une réaction de
couplage croisé (cross-coupling) des acides aryl-atkylboroniques avec palladium comme
canalisateur. Deux groupements alkyliques ontrétéduit par un couplement de Sonogashira avec
une réduction successive du groupe alken en alled de I'hydrogene. Les molécules synthétisées
ont été testées sur I'enzyme en solution ainsisyueles cellules exprimant I'enzyme oncogénique
afin de vérifier leurs activités. Il a été constgqtee les sels hydrochloriques des inhibiteurs oet u
activité plus importante comparé aux bases libespactives. Pour cela la plupart des inhibiteurs a
ete testée entant que sels hydrosolubles. Le sgu@eaminoquinolinique s’est avérée étre actif
dans l'inhibition de I'enzyme muté allant jusqu’aeuactivité inhibitrice dans les nanomolaires pour
guelques uns des composeés. Entre les composésiseactifs et spécifiques, sept étaient testés sur
une série de 85-protéine-kinases de types valEhgn labs, Dundee) avec le but d’identifier leur
profiles de sélectivité. Trois composés (CHDB1, 106 e 148 avec une activité inhibitrice
nanomolaire sur Abl T315l ont montré une bassecteit® avec une inhibition de plus de 50% de
10, 40 et 11 kinases, respectivement, a une caatient de 10uM. En revanche, CR2 163

167 et 138 avaient une forte sélectivité avec AB8 comme le plus sélectif avec comme seule
activité inhibitrice a plus de 50% (concentratiodulid) une inhibition spécifique de la kinase
Aurora A. Les autres composés avaient un grand effébitoire sur la sérine/thréonine kinase,
PKBB (AKT?2), tandis que les enzymes ressemblant a pdnl,ex. LCK, SRC e FGFR1, n’étaient
guasiment pas inhibées par ces composés. Aucuitgtimi n’a été détectée pour la kinase du
récepteur de I'insuline qui est reconnu comme umi<¢arget». Il est intéressant a noter qu'il exist
une corrélation inverse entre la sélectivité sardellules (tranduites et non-tansduites) et Natéti
inhibitrice des composés envers HKBles composés avec la plus haute activité inhdaitsur
PKBf sont les moins sélectifs au niveau cellulaire.i@etique clairement que PKHBest une cible
pour la 8-aminoquinoline.Pour conclure, un nouveacaffold» (8-aminoquinoliniques) avec
activité inhibitrice envers Bcr-Abl T3151 et Ber-RVT a été développé. Des composés actifs au
niveau cellulaire ainsi qu’enzymatique ont été w1 Les inhibiteurs synthétisés ont donné une
relation structure activité (SAR) consistante eha@ente. Basé sur les résultats obtenus, il est
evident que ces inhibiteurs sont des composés(ldad compounds) qui ont le potentiel d’étre
optimisé a I'égard de leur activité et sélectivaséec pour but leur application dans des études in
vivo.
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NTRODUCTION



1.1DISEASE AND TARGET

1.1.1 Protein Kinases as targets for anticancer agents'

Most extracellular signals are amplified and trarcsdl inside cells either by receptor activated
tyrosine phosphorylations or by receptor coupledsfBP binding protein§.A series of protein
kinases in form of cascades helps propagating idnalswithin the cells. The perturbation of
signaling pathways responsible for cell growth hssusually in a deregulated, autonomous cell
growth and differentiatioh In this context, protein kinases are key playdisey catalyze the
transfer of a phosphate group to peptidic substratel are normally tightly regulatédi?®29% |n
case of mutations at the level of the protein lengsnes, the entire signaling networks is disturbed
leading to changes in cell shape or motility, oredelation of cell differentiation, division, and
apoptosig*?dthat are typical for cancer. In the search for-foslecular weight therapeutic agents
to treat cancers (and other disease processesjmpkinases have become attractive tardtse
complexity and number of protein kinases being useanolecular targets in drug discovery has
greatly increased. Around 600 protein kinases dadital30 protein phosphatases genes have been
discovered through the Human genome préjéctThe protein kinases are subdivided in two
categories based on their substrate specificityetar)) enzymes specific for tyrosine and 2)
enzymes specific for serine/threonine. While thiesstate of each protein kinase is different, al th
protein kinases use the co-substrate ATP as phtesploaor. Thus, inhibitors targeting the ATP
binding site have to face the issue of selectiaitg specificity. Many protein kinases can be found
upstream or downstream of epidemiologically relévancogenes or tumor suppressiyrs346
Their activity in untransformed cells is normalightly regulated, but they become transforming
when mutated or overexpress8d®?4®“°The following alterations are associated with salve
human malignancied: 29

a. Genomic rearrangements, including chromosomaklogations that generate fusion
proteins containing the catalytic kinase domain @adt of an unrelated protein that

! Fabbro, D.; Ruetz, S.; Buchdunger, E.; Cowan-JaGo¥/.; Fendrich, G.; Liebetanz, J.; Mestan, J.; @R T.;
Traxler, P.; Chauduri, B.; Fretz, H.; Zimmermann,Meyer, T.; Caravatti, G.; Furet, P.; Manley,W. Pharm. Ther.
2002 93, 79.
2 (a) Bourne, R. HCurr. Opin. Cell. Biol.1997 9, 134. (b) Marshall, J. .GCurr. Opin. Cell. Biol 1996 8,197. (c)
Molenaar, W.H.; Kraneburg, O.; Postma, F. R.; Zanda C.M.Curr. Opin. Cell. Biol 1997, 9, 168. (d)Blume-Jensen,
P.; Hunter, TNature2001, 411, 355. (e) Hunter, TCell 200Q 100, 113. (f) Pawson, T.; Nash, 8enes. Dev200Q14,
1027. (g)Schlessinger, Xell 2000 103 211. (h) Luttrell, L.M.; Daaka, Y.; Lefkowitz, Rl. Curr. Opin. Cell. Biol
1999 11, 177. (i) Mercurio, F.; Manning, A.MCurr. Opin. Cell. Biol.1999 11, 226.
3 (a) Egan, S.E.; Weinberg, R.ANature 1993 365 781. (b) Hanahan, D.; Weinberg, R@ell 2000 100, 57. (c)
MacLeod, K.Curr. Opin. Genet. Dex200Q 10, 81. (d)Futreal, P.A.; Kasprzyk, A.; Birney, E.; Mullikid,C.; Wooster,
R.; Stratton, M. RNature2001, 409, 850.
* (a) Levitzki, A.Curr. Opin. Cell. Biol 1996 8, 239. (b) Traxler, P.; Bold, G.; Buchdunger, Ear&atti, G.; Furet, P.;
Manley, P.; O'Reilly, T.; Wood, J.; Zimmermann,Med. Res. Re200], 21, 499. (c) McMahon, G.; Sun, L.; Liang,
C.; Tang, CCurr. Opin. Drug. Discov. Dev1998 1, 131. (d) Adams, J.L.; Lee, urr. Opin. Drug. Discov. Devel
1999 2, 96. (e) Ip, Y.T.; Davis, R. Lurr. Opin. Cell. Biol.1998 10, 205.
® International Human Genome Sequencing Consoriature2001, 409, 860.
® Sherr, C.JCancer Re2000, 60, 3689.
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usually provides the activation (dimerization) ftion. The classical example is Bcr-Abl
which is causatively linked to chronic myelogentaiskemia (CML)’

b. Mutations of the protein leading to a constitutvektivated kinase, which is associated
with malignancies, such as acute myelogenous lelakgFit-3) and gastrointestinal
tumors (c-Kit, the receptor of stem cell factdjiist to cite a few.

c. Deregulation of the kinase activity by activatiminoncogenes or loss of tumor suppressor
functions. Cancers carrying oncogenic Ras (aboub@®% of all human cancers) and
deregulates Raf-kina®eactivity are examples of oncogene activation. Delation of
cyclin-dependent kinase (CdK) activities by losstuwhor suppressor function has been
associated with various malignanciés.

d. Deregulation of kinase activity by over-expressias in the case of the epidermal growth
factor-receptor (EGF-RJ and related RTPK%! The transforming effect is ascribed to
enhanced kinase activity due, in part, to enfordauerization, resulting in altered
downstream signaling members.

The discovery of therapeutic agents, based omttibition of protein kinases, is very important. It
has been tried to modulate the activity of proteimases by low-molecular weight compounds
capable to interfere with either ligand binding {lve case of RTPKs) or with protein substrate
binding, but the task resulted to be very difficdiSimilarly, the approach to generate suitable non-
competitive or allosteric inhibitors resulted diffit so far. Although the latter mechanism has
received considerable attention and despite corashbe efforts, the design of small molecule
ligands to inhibit binding to Src homology-2 domgimand thereby regulate tyrosine kinase
signaling, has faile®®'* Thus, targeting the catalytic site of kinases WKMP-competitive
inhibitors remains a very promising approach fargddevelopment. The two main problems of this
approach, that have to be solved, are the accdhg afhibitors to the intracellular targets andith
selectivity. Considering the fact that there auad 600 human protein kinases, it is not surpgisin
that selectivity has proven to be the more diffimilthe two problem&! The commonality as well
as diversity among the ATP-binding sites of kinasas allowed building pharmacophore models
for rational drug design. The recent progress madée crystallization of protein kinases (more
than 50 crystal structures of protein kinases, masimplexed with ATP competitive inhibitors,
are available in the PDB databank) has confirmed tine ATP-binding site of protein kinases is
drugable and an attractive target for drug design.

" (a) Khouri, |.; Kantarjian, H.; Talpaz, M.; AndféeM.; Lee, M.-S.; Champlin, R.; Deisseroth, A.. Bhronic Myeloid
Leukemial995. (b) Abeloff, M.D.; Armitage, J.O.; Lichter, A;SNiederhuber, J.EClinical Oncology2035 New
York: Churchill Livingstone. (c) Cortes, J. E., pak, M.; Kantarjian, HAm. J. Med1996 100, 555.
8 (@) Hirota, S.; Isozaki, K.; Moriyama, Y.; TaniducM.; Nakamura, J.; Okazaki, T.; Kitamura, Sciencel998 79,
577. (b) Lux, M.L.; Rubin, B.P.; Biase, T.L.; Che®.J.; Maclure, T.; Demetri, G.; Xiao, S.; Sing8r, Fletcher, C. D.;
Fletcher, J. AAm. J. Pathol200Q 156, 791.
° Sausville, E.A.; Johnson, J.; Alley, M.; ZahareyD.; Senderowicz, A.MAnn. N.Y. Acad. S&200Q 910, 207.
10 (@) Yarden, Y.; Sliwkowski, M.XNat. Rev. Mol. Cell. Biol2001, 2, 127. (b) Tzahar, E.; Yarden, Biochim.
Biophys. Actal998 1377, M25-M37. (c) Hackel, P. O.; Zwick, E.; Prenzel,; Nlirich, A. Curr. Opin. Cell. Biol.
1999 11, 184.
1 (a) Burke, T.R.Jr.; Yao, Z.-J.; Smyth, M.S.; Ye,@urr. Pharm. Desigri997 3, 291. (b) Sasaki, S.; Hashimoto, T.;
Obana, N.; Yasuda, H.; Uehara, Y.; Maeda,Biborg. Med. Chem. Letl.998 8, 1019. (c) Dalgarno, D. C.; Metcalf,
C.A.lll; Shakespeare, W.C.; Sawyer, T®urr. Opin. Drug Discov. DeveR000,3, 549. (d) Davies, S.P.; Reddy, H.;
Caivano, M.; Cohen, BBiochem. J200Q 351, 95.
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1.1.2 The ATP-binding site
ATP binds to protein kinases inside a deep clefhtx between the two lobes of the protein kinase.

The interactions between the nucleotide and th&ejrare mainly of liphophilic natute*? but two
important hydrogen-bonds are made with the hingesneof the protein (the region that connect the
two lobes of the kinase) (séggure 1.1)

Hyp1 hydrophobic
pocket

phosphate
binding

Figure 1.1% Schematic representation of tAP binding site of protein kinases. Pharmacophore
model of the ATP-binding site of protein kinaseBPAs in red. Sugl, Hypl, and Hycl are residues
lining the sugar region (Sug), hydrophobic pockelyd), and hydrophobic channel (Hyc),
respectively. Hin, hinge region

The ATP-binding site is very similar among differg@notein kinases. Nevertheless, the architecture
in the regions proximal to the ATP-binding site wisamportant diversities which can become the
keys to selectivity for a specific inhibitor. Forggtical drug discovery purposes, the binding aite
ATP in protein kinases can be divided into thedwihg main features ( séagure 1.1):
a. Adenine region. This region includes the two keyriogen bonds formed by the
interaction of the N-1 and N-6 amino groups of digenine ring with the backbone
NH and carbonyl groups of the hinge region of tmetgin kinase. Many potent
inhibitors use at least one of these hydrogen hokittsough not used by ATP, some
of the backbone carbonyl of residues of the hirggion [position 123 in protein
kinase A (PKA)] can also serve as a hydrogen baadgtor for inhibitor binding.

12 (@) Furet, P.; Caravatti, G.; Lydon, N.; Priestle?.; Sowadski, J.M.; Trinks, U.; TraxlerJPComput. Aided Mol.
Des. 1995 9, 465. (b)Traxler, P.; Furet, PPharmacol. Ther 1999 82, 195. (c) Engh, R.A.; Bossemeyer, D.
Pharmacol. Ther2002 93, 99.
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b. Sugar region. In most of the protein kinases, thgon is hydrophilic and is the
region where the ribose of the ATP accomodates.

c. Hydrophobic pocket (or selectivity pocket). Thiscget is not used by ATP, but is
exploited by most of the kinase inhibitors. It gagn important role for inhibitor
selectivity, and its size is controlled mainly yotamino acid residues.

d. Hydrophobic channel. This channel is a spot thapisn to the solvent. ATP doesn’t
use it but it can be exploited to gain bindingrafii.

e. Phosphate binding region. This region appears tthédeast important in terms of
binding affinity, due to high solvent exposure. Hoar, it is useful to improve
selectivity or to gain some additional affinityarlead optimization program.

Figure 1.2'% Three-dimensional view of t#lP binding site of protein kinases.

According to this pharmacophore model, the develamrof a drug that specifically targets a single
kinase appears to be an almost impossible task. mibe goal, therefore, should be the
development of molecules possessing a “reasorahl@bitory profile with sufficient selectivity,
such that the inhibition of other often closelyated kinases gives an “acceptable” side effect
profile.

1.1.3 Chronic myeloid leukemia
Chronic myeloid leukemia (CME§ is a malignant clonal disorder of hematopoiet@rstells that

results in an increase of myeloid cells accompalnedn increase of erythroid cells and platelets in
peripheral blood and marked myeloid hyperplasighim bone marrow. The typical symptoms of
CML are fatigue, anorexia, and weight loss. Arodfdpercent of patients are asymptomatic, and in
these patients, the diagnosis is based only orbaoraal blood count. The natural history of CML

13 Figure taken and modified from the site: www.kieya®.wordpress.com/2009/05/25/allosterism-a-diatrib
1 For a review see: Sawyers, CNew Engl. J. Med 999 40, 1330.
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is the progression from a benign chronic phase tapally fatal blast crisis within three to five
years. The blast crisis is often preceded by amlated phase. The acute leukemia phase is
marked by the emergence within the clonal hemaggmiof fully transformed cell clones arrested
at an early stage of differentiation, either myglor lymphoid. The diagnosis of CML is usually
based on detection of the Philadelphh)(chromosome. This abnormality, first describedaas
shortened chromosome 22 in 1868nd then as a t(9;22) translocation in 8§78 present in 95%

of patients. Another 5 percent have complex or aritranslocations involving additional
chromosomes that have the same end result, whiktlsien of the Bci(breakpoint cluster region)
gene on chromosome 22 to the Abl (Abelson leukevimas) gene on chromosome 9. TRé
chromosome is found in cells from the myeloid, lergid, megakaryocytic, and B lymphoid
lineages, indicating that CML is a stem-cell digeaBhe molecular consequence of the t(9;22)
translocatioh’ is the creation of the fusion protein Bcr-Abl whids a constitutively active
cytoplasmic tyrosine kinase. Sigriednsduction pathways that are vital for the regoiaof normal
haematopoiesis are constitutively activated inscilat express Ber-Abl, which leads to deregulated
proliferation, differentiation and survival. Howeyelespite the fact that the structural organizatio
and the molecular biology of the Bcr-Adiene as well as that of the normal Abld Bcrgenes have
been subjects of intensive investigation in thd thgty years, many questions concerning the
mechanisms by which the hybrid gene is formed aadsforms the hemopoietic stem cells still
remain unanswered.

Depending on the site of the breakpoint in the dgare, the fusion protein can vary in size from 185
KDa to 230 KDa. Each fusion gene encodes the sarimp of the Abl tyrosine kinase but differs
in the length of Bcr sequence retained at the Mitaxs. This chimeric protelfihas a causative role
in neoplastic transformation of pluripotent stenfis;agiving rise to the expansion of the myeloid
compartment which characterizes the chronic phaskeodisease. ThEh-chromosome may also
be found in leukemias other than CKL

In the late 1980s, the data accumulated on the ablBcr-Abl indicated Bcr-Ablas the most
attractive target for molecularly targeted theramproaches. Therefore, many attempts to inhibit
the protein activity or to avoid its transcriptibave been done. This process finally ended with the
discovery and the development of Imatinib mesgfatehis small, low molecular weight molecule,
inhibits the kinase activity of Bcr-Abl at nanomoleoncentrations (38 nM) and is able to stop
cellular growth and to induce apoptosis of leukenglis bothin vitro andin viva®. Discovery of
Imatinib marked the beginning of the so called "ewnllarly targeted therapy” .

15 Nowell, P.C.; Hungerford, D.ASciencel96Q 132, 1497.

® Rowley, J.D.Nature1973 243 290.

7 (a)Bartram, C.R.; de Klein, A.; Hagemeijer, A.;08veld, G.; Heisterkamp, N.; Groffen.Blood 1984 63, 223. (b)

Groffen, J.; Stephenson, J.R.; Heisterkamp, NKié@, A.; Bartram, C.R.; Grosveld, &ell 1984 36, 93. (c) Stam,

K.; Heisterkamp, N.; Grosveld, G.; de Klein, A.; &, R.S.; Coleman, M.; Dosik, H.; Groffen,N. Engl. J. Med

1985 3131429.

18 Ben-Neriah, Y., Daley, G.Q., Mes-Masson, A.M.; #/jitO.N.; Baltimore DSciencel 986 233 212.

¥(a) Melo, J.V.Blood 1996 88, 2375. (b) Saglio, G.; Pane, F.; Martinelli, Guedrasio, A.;Leuk. Lymphomad997,

26, 281.

20 Buchdunger, E.; Zimmermann, J.; Mett, H.; Meyer, Nuller, M.; Druker, B.J. Lydon, N.BCancer Res1996 56,

100.

Z(a) Druker, B.J.; Tamura, S.; Buchdunger, E.; Of$pSegal, G.M.; Fanning, S.; Zimmermann, J.; lyd¢.B. Nat.

Med. 1996 2, 561. (b) Gambacorti-Passerini, C.; le Coutre Matogni, L.; Fanelli, M.; Bertazzoli, C.; Marchedt.;

Di Nicola, M.; Biondi, A.; Corneo, G.M.; Belotti, DPogliani, E.; Lydon, N.BBlood Cells Mol. Dis1997, 23, 380. (c)

Deininger, M.W.; Goldman, J.M.; Lydon, N.B.; Meld.V. Blood 1997, 90, 3691. (d) le Coutre, P.; Mologni, L.; Cleris,
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Figure 1.3: Structural formula of Imatinib (Gleev&r

The X-ray structure of Abl in complex with Imatinibvealed its molecular mechanism of actfon

—
Ber-Abl Ber-Abl
esah Imatinip  Substfate
BB l mesylate \
Effector é - -
ATP X,
P . Signaling ATP
P

Figure 1.4 Principle of the Bcr-Abl based molecularly targetéérapy. A) The constitutively
active Bcr-Abl tyrosine kinase transfers the phaegphifrom ATP to tyrosine residues of various
substrates inducing excess proliferation and irtiobi of apoptosis of myeloid cells characteristic
of CML. B) Imatinib inhibits the kinase activity bipcking the binding of ATP to the protein, thus
preventing CML.

Imatinib was originally thought to act as a direompetitive inhibitor of ATP binding. However,
structural resolution of Imatinib with a compounbbsely resembling Imatinib showed that it
occupies only part of the ATP binding pocdkét (Figure 1.5). Imatinib exploits the distinctive
inactive conformation of the Bcr-Abl activation lp@nd consequently achieves high specificity. It

L.; Marchesi, E.; Buchdunger, E.; Giardini, R.; faili, F.; Gambacorti-Passerini, C. Natl. Cancer Inst1999 91,
163.
%2 Nagar, B.; Bornmann, W.G.; Pellicena, P.; Schindle; Veach, D.R.; Miller, W.T.; Clarkson, B.; Kiyan, J.Cancer
Res.2002 62, 4236.
2 Figure taken from: Kantarjian, H.; O’Brien, Soldman: Cecil Medicine 23editionchapter 195, Saunders @007,
24 Schindler, T.; Bornmann, W.; Pellicena, P.; Todiflévl W.; Clarkson, B.; Kuriyan, Bcience200Q 289, 1938.
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contacts 21 amino acids within the ATP binding sitel the activation loop. The protein is tightly
held in the inactive state which prevents ATP bagdiand the phosphorylation of Bcr-Abl.
Consequently the downstream effector's molecules @ot phosphorylated and the signal
transduction pathways are not activated.

Imatinib,4-[(4-Methyl-1-piperazinyl)methyl]-N-[4-mByl-3-[[4-(3-pyridinyl)-2-
pyrimidinylJamino]-phenyllbenzamid, binds to a spicinactive conformation of Bcr-Abl in
which the activation loop (A-loop) mimics the subst and the phenylalanine of the DFG motif
points towards the ATP binding site. Imatinib foré&ydrogen bonds with the protein and several
hydrophobic contacts with amino acids forming armeesed selectivity pocket favored by the
closed conformation of the A-loogrigure 1.5). The nitrogen of the pyridine moiety forms a
hydrogen bond with the hinge region that is chamstic for tyrosine kinase inhibitdrs In
addition, the amino group of the 2-phenylaminopydime moiety builds a hydrogen bond with the
gatekeeper amino acid Thr315.

A
N-terminal lobe

C-terminal lobe

% Moretti, L.; Tchernin, L.; Scapozza, ARKIVOC2006 8, 38.
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Figure 1.5: A)**The structure of the catalytic domain of cAbl immsex with Imatinib The hinge
region connects the two lobes. Imatinib is showmnboto the ATP-binding site. T, the
gatekeeper residue, and Pffe the conserved phenylalanine of the DFG motif tmerks the
beginning of the activation segment, are markBi)f?> Two-dimensions representation of the
catalytic domain of cAbl in complex with Imatin®arbons are colored in green for Imatinib, and
in orange for the protein. Nitrogens are colored biue and oxygens in red. Hydrogen bonds
between amino acids of Abl kinase and the inhilaterindicated with dotted lines along with their
distances. Residues forming Van der Waals intevastwith Imatinib are circled with green dotted
lines

The treatment of CML and other types of Philadedptiiromosome positivéPfr+) leukemias is
entering a new phase, thanks to the developmerafinib?’ This molecule is specific and
relatively non-toxic and is able to induce duratd@missions in most patients wiBth+ leukemias,
and cytogenetic responses in the majority of CMtigmés in chronic phase. No other CML drug
had been capable to achieve such important refutsng the 8 years of clinical investigation on
Imatinib over 50.000 patients, mostly affected bWLC or Ph+ALL (Acute Limphoblastic
Leukemia), have received the treatment. Patientis adute leukemia (defined as the presence of
more than 30% blasts in either the bone marrovm@peripheral blood) showed a high (>50%) rate
of initial haematological responses: 52% of theguas with "myeloid” BC-CML and 60% of the
patients withPh+ ALL or "lymphoid” BC-CML showed reduction in blagalues corresponding to
a haematological respon€ePatients included in this category present eitioer novo” acute

% Figure taken from: Noble, M.E.M.; Endicott, J.Aghnson, L.NScience2004 303 1800.
" Goldman, J.M. Druker, B.Blood 2001, 98, 2039.
% (a) Ottmann, O.G.; Druker, B.J.; Sawyers, C.L.|dBwan, J.M.; Reiffers, J.; Silver, R.T.; Tura, Sischer, T.;
Deininger, M.W.; Schiffer, C.A.; Baccarani, M.; @mahl, A.; Hochhaus, A.; Hoelzer, D.; FernandesdeeS.;
Gathmann, |.; Capdeville, R.; O'Brien, S.Blood 2002 100, 1965. (b)Sawyers, C.L.; Hochhaus, A.; Feldman, E.;
Goldman, J.M.; Miller, C.B.; Ottmann, O.G.; SchiffeC.A.; Talpaz, M.; Guilhot, F.; Deininger, M.\WEischer, T.;
O'Brien, S.G.; Stone, R.M.; Gambacorti-Passeriri,Ruissell, N.H.; Reiffers, J.J.; Shea, T.C.; ChgpB.; Coutre, S.;
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leukemias Ph+ ALL or AML) or blast crisis CML. Unfortunately theffect of the treatment with
Imatinib within this patient’s population is quishort: after 3-6 months, almost all patients show
relapses and resistance to the molecule. Althoagjlernds affected by the myeloid blast crisis CML
seem to fare slightly better than the patients Wit or lymphoid blast crisis CML, the present
overall evaluation of Imatinib in this categorypatients can be considered as a "qualified failure”
Approximately 25% of patients with accelerated ghi@sikemia (AP, defined as blasts between 15
and 30%, basophiles > 20%, or platelet counts < K@@h), show durable major cytogenetic
responses although the treatment is probably ablerdlong survival even in the absence of a
cytogenetic responée. Patients affected by CML and treated with Imitim late chronic phase
(defined as < 15% blasts, < 20% basophiles and plielet count > 100 k/mif)) who are
intolerant, resistant or refractory to interfereaatment, respond better than the patients in more
advanced phases. 64% of 450 patients who startatinifmin late chronic phase obtained a major
cytogenetic responses (MCyR), at a median timedom®nths after the diagnosis of CRLThe
results of this trial have been reported after &ryef median follow ufl. After 60 months of
treatment, 81% of patients who reached a MCyR #lteirs cytogenetic remission, and 92% are
alive. Patients reach the cytogenetic remissiotecgarly and the relapse rate (which is an indicato
of the development of resistance to Imatinib) isgrag between 1 and 2% which if compared with
a historical value of 20-25% clearly indicates ttreg treatment of CML with Imatinib changed the
biological history of the disease. This statemenalso supported by a subsequent trial on which
Imatinib demonstrated a clear superiority when carag@ to the old treatments of Interferon
beta/Ara-G% These data indicate that, given the average figéiah CML is diagnosed (45-50
years) and the average life expectation, and censml the present yearly risk of relapse, the
majority of CML patients will die of other causesd not of CML.

1.1.4 Resistanceto Imatinib
The resistance to Imatinib can be defined as thke ¢d a complete haematological response in

patients with chronic-phase dise¥se& return to chronic phase on patient in acutesghaor a
partial response in patients with blast crisis CMLPh-positive ALIZ".

Resistance is common on patients in the acute phadeoccurs within 3-6 months of treatment in
more than 70% of the cases. In contrast, resistigriess frequent on patients in the chronic phase.
Generally a complete cytogenetic response is aetiav over 50% of patients within the first 3-6
months, and this answer is proved to be durabl&3@mains to be seen if the mechanism of
resistance for both patients in acute phase armhahphase is the same. Therefore, although good

Tura, S.; Morra, E.; Larson, R.A.; Saven, A.; Pescl.; Gratwohl, A.; Mandelli, F.; Ben-Am, M.; Ganhann, |.;
Capdeville, R.; Paquette, R.L.; Druker, BBlood 2002 99, 3530.
» Talpaz, M.; Silver, R.T.; Druker, B.J.; Goldmariyl} Gambacorti-Passerini, C.; Guilhot, F.; Schiff€.A.; Fischer,
T.; Deininger, M.W.; Lennard, A.L.; Hochhaus, A.t@ann, O.G.; Gratwohl, A.; Baccarani, M.; Stone, Rura, S.;
Mahon, F.-X.; Fernandes-Reese, S.; Gathmann, pd@&alle, R.; Kantarjian, H.M.; Sawyers, C.Blood 2002 99,
1928.
% Kantarjian, H.; Sawyers, C.; Hochhaus, A.; Guilhet, Schiffer, C.; Gambacorti-Passerini, C.; Niwdeser, D.;
Resta, D.; Capdeville, R.; Zoellner, U.; Talpaz;Dtucker, B.JN. Engl. J. Med2002 346, 645.
31 Gambacorti-Passerini, C.; Talpaz, M.; Sawyers,..COruker, B.J.; Hochhaus, A.; Schiffer, C.A.; Needieser,
D.W.; Stone, R.M.; Goldman, J.M.; Mone, M.; Krahnke; Gathmann, |.; Kantarjian, H.MASH Annual Meeting
Abstracts2005 106, 1089.
% O'Brien, S.G.; Guilhot, F.; Larson, R.A.; Gathmain Baccarani, M.; Cervantes, F.; Cornelissed,; Fischer, T.;
Hochhaus, A.; Hughes, T.; Lechner, K.; Nielsen,;JRousselot, P.; Reiffers, J.; Saglio, G.; Shegphér, Simonsson,
B.; Gratwohl, A.; Goldman, J.M.; Kantarjian, H.;yler, K.; Verhoef, G.; Bolton, A.E.; Capdeville, ;FDruker, B.JN.
Engl. J. Med2003 348, 994.
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results have been obtained with Imatinib, the dgwelent of resistance remains a big problem in
the treating of CML.

At the time of relapse, a fully active Bcr-Abl peait can be found again on patiefitsndicating
that the leukemic cells remains depending on thasforming activity of Bcr-Abl. Resistance
therefore would develop because cells were ablmamtain Bcr-Abl in an active form despite
treatment with Imatinib, rather than becoming inelegent of Bcr-Abl-mediated signaling. It means
that cells find ways to maintain sufficient amouwnfsBcr-Abl signaling. There are three main
different ways by which this result is achievedr8l gene amplification, Ber-Abl gene mutation
and incomplete Bcr-Abl inhibition.

When there is gene amplification, some cells expm@s increased amount of Bcr-Abl. Since
Imatinib, produces a decrease in the degree ofkigy these cells, which maintain the minimum
amount of signal transduction activity needed felt survival, will be selected, surviving even in
presence of Imatinib.

Since it is known that Imatinib binds Bcr-Abl notagtly in the ATP binding site, some mutation in
the kinase domain of the enzyme could be ablegupi Imatinib binding without interfering too
much with its enzymatic activity. At least 90 diéat point mutations have been identified in
leukemic cells from patients who have developettasce to Imatinit? The main position of the
mutation are 250, 252, 253, 255, 289, 315, 317, 396 and 486, the most frequent being those
affecting E255 and T315. At position 255 glutamisesubstituted by a lysine (E255K) or by a
valine (E255V), while at position 315 threoninesigbstituted by an isoleucine (T315l). These
mutations have not been found on patients beforitib treatment, but since mutations can be
detected only when they account for at least 10%udle cell population, it's possible that the
mutated cell were present in low amount before imitatherapy. These mutant, on which Imatinib
is not active, have been selected because of #ufisppressure exerted by the treatméreveral
studies confirmed this theory, suggesting that dagjstant point mutation can arise during
Imatinib treatment. This acquired resistance ugumll/olves the re-appearance of the kinase
activity of Bcr-Abl, suggesting that this protem still a valuable target for inhibition in Imatmi
resistant patients.

33 Gambacorti-Passerini, C.; Rossi, F.; Verga, M.chiiz, H.; Gunby, R.; Frapolli, R.; Zucchetti, Nicapozza, L.;
Bungaro, S.; Tornaghi, L.; Rossi, F.; Pioltelli; Pogliani, E.; D'Incalci, M.; Corneo, ®lood Cells Mol. Dis2002
28, 361.

3 (a) Gorre, M.E.; Mohammed, M.; Ellwood, K.; Hsu,; ®aquette, R.; Rao, P.N.; Sawyers, GStience2001, 293
876. (b) Branford, S.; Rudzki, Z.; Walsh, S.; etBlbod 2002 99,3472. (c) Hofmann, W.K.; de Vos, S.; Elashoff, D.;
Gschaidmeier, H.; Hoelzer, D.; Koeffler, H.P.; Oatnm, O.GLancet2002 359, 481. (d) Kreil, S.; Muller, C.; Lahaye,
T.; et al. Blood 2001, 98, 435a (abstr 1823). (e) von Bubnoff, N.; Schneller,Peschel, C.; Duyster, Jancet2002
359 487. (f) Shah, N.P.; Nicoll, J.M.; Gorre, M.[et,al. Blood2001, 98,3205 (abstr 770).

% Roche-Lestienne, C.; Soenen-Cornu, Y&rardel-Duflos, N.;Lai, J.L.; Philippe, N.; Facofl,; Fenaux, P.;
Preudhomme, Blood2002 100, 1014.
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Figure 1.6 Mutations affecting thelmatinib-binding site in Abl.Imatinit, the aminoacids
involved indirect hydrogen bonding, and the amino acids inedlin som mutations are shown ¢

color coded stick models. Nitrogen atoms are showhlue, oxygen atoms in red, and sulp

atoms in yellow. The carbon atoms of the mutatigaaitions are in green, thoselmatinib are in

white, and those of the remaining ao acids are in orange. The molecular surface (b

represents the van der Waals interactions betvimatinib and the protein. Hydrogen bonds ¢

represented by dashed yellow lines. For claritg, tlucleotid-binding loop has been omitt

1.1.5 Second generation inhibitors of Ber-Abl for the treatment of Imatinib-resistant CML3’
The discovery of thes mechanisn of Imatinibresistances spurred the development of ¢

inhibitors capable to override the resistance. $8af these new molecules incliselective Abl
inhibitors, inhibitors of both Abl and S-family kinases, Aurora kinase inhibitors and -ATP
competitive inhibitors of BcAbl (Figure 1.7).

% Figure taken from: Gambacomiasserini, C.; Gunby, R.; Piazza, R.; Galietta,Rastagno, R.; Scapozza, Lancet
Oncol2003 4, 75.
3" For a review see: Weisberg, E.; Manley, P.Cowandacobs, S. W.; Hochhaus, A.; Griffin, JNat. RevCancer
2007, 7, 345.
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Figure 1.7: Molecular structures of second generation kinashihitors in clinical trials or
approved for CML.

Nilotinib (AMN2107, Novartis) This compound has been synthesized after a ratunog design
based on the crystal structure of Imatinib in camphith Abl>® It's about 30-fold more potent than
Imatinib and it's more selective since it inhibreceptor tyrosine kinase KIT and PDGFRt the
same level of Imatinib. The most important featoiréhis molecule is the inhibition of all cell line
bearing Bcr-Abl kinase domain mutation. The onlytation that is not inhibited by nilotinib is the
T315F. Also the Y235H and E459K mutant clone may alsodbatively resistant to nilotini>*°
The first approval for nilotinib came in Switzerthim July 2007, and was then approved in the US
and European Union in the same year.

Dasatinib (BMS-354825, Bristol-Myers Squibb)Dasatinib is a highly potent orally active
inhibitors of Src and Src-family kinases. It's aB@otent Bcr Abl inhibitor, and have also activity
toward the KIT, PDGFR and ephrin receptor tyrosimases' This lack of selectivity is probably
due to the fact that Dasatinib, unlike Imatinib amidtinib, binds to the active conformation of Bcr
Abl, which is very similar for Ber-Abl and the Sfamily.*? Dasatinib is able to inhibit 21 out of 22

3 Cowan-Jacob, S.Wt al. Acta Cryst2007, D63, 803.
% (a) Azam, M.; Daley, G.QMol. Diagn. Ther 2006 10, 67. (b)O’'Hare, T.; Walters, D.K.; Stoffregen, E.P.; Jia; T
Manley, P.W.; Mestan, J.; Cowan-Jacob, S.W.; Le¥,;Heinrich, M.C.; Deininger, M.W.N.; Druker, B. Cancer
Res.2005 65, 4500.
0 (a) Weisberg, D.; Manley, P.W.; Breitenstein, Wancer Cell2005 7, 129. (b) Kantarjian, H.M.; Giles, F.;
Gattermann, N.; Bhalla, K.; Alimena, G.; Palandki, Ossenkoppele, G.J.; Nicolini, F.E.; O'BrienGSLitzow, M.;
Bhatia, R.; Cervantes, F.; Haque, A.; Shou, Y.tRd3.J.; Weitzman, A.; Hochhaus, A.; le CoutreB®od 2007, 110,
3540. (c) le Coutre, P.; Ottmann, O.G.; Giles,Kim, D.W.; Cortes, J.; Gattermann, N.; Apperle¥.;JLarson, R.A;;
Abruzzese, E.; O'Brien, S.G.; Kuliczkowski, K.; Hdaus, A.; Mahon, F.X.; Saglio, G.; Gobbi, G.; KworY.L.;
Baccarani, M.; Hughes, T.; Martinelli, G.; RadidiR.; Zheng, M.; Shou, Y.; Kantarjian, Blood2008 111, 1834.
*1 Melnick, J. S.; Janes, J.; Kim, S.; Chang, J.Ype§ D.G.; Gunderson, D.; Jarnes, L.; Matzen,; GBrcia, M.E.;
Hood, T.L.; Beigi, R.; Xia, G.; Harig, R.A.; Asatag, H.; Yan, S.F.; Zhou, Y.; Gu, X.-J.; Saadat, zhpu, V.; King,
F.J.; Shaw, C.M.; Su, A.l;; Downs, R.; Gray, N.Schultz, P.G.; Warmuth, M.; Caldwell, JBroc. Natl. Acad. Sci.
USA 2006 103 3153.
2 Tokarski, J. S.; Newitt, J.A.; Chang, C.Y.J.; Ched.D.; Wittekind, M.; Kiefer, S.E.; Kish, K.; Led".Y.F.;
Borzillerri, R.; Lombardo, L.J.; Xie, D.; Zhang, ;¥lei, H.E. Cancer Res2006 66, 5790.
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mutant forms of Bcr-Abl resistant to Imatirfibput it does not have any effect on patients who
carry the T315! Bcr-Abl mutation. It's also lessfeetive against T315A and F317LAY.This
molecule passed successfully phase | and Il traats, received accelerate approval by the U.S.
Food and Drug Administration in June 2006 for tteatment of adults at all stages of CML with
resistance or intolerance to Imatinib therapgsatinib represented a safe and effective thei@py
chronic phase-CML patients who were resistant toveational Imatinib doses, with improved
cytogenetic and molecular response rates and pmsigrefree survival relative to high-dose
Imatinib.*®

Bosutinib (SKI-606, Wyeth). Bosutinib has been developedra@hibitor of Src family kinases,
but it also inhibit Ber-Abl with an 165 of 1.4 nM. However, it is more specific than Iméiimand
dasatinib since it doesn’t inhibit KIT and PDGERBosutinib showed in vitro activity towards all
the mutants except T315l. When tested in phasel llladlinical trials in Imatinib resistant CML
andPh-positive ALL, it showed excellent efficacy at wedlerated dose¥.

INNO-406 (Innovive, originally developed by Nippon Shinyaks NS-187) This molecule is a
potent inhibitor of Bcr-Abl, chemically similar tématinib and nilotinib, which is in clinical
development for the treatment of CRFL INNO-406 is more than 20-folds more potent than
Imatinib in inhibiting the Bcr-Abl positive leukemicell line K562 and KU812. It also inhibit the
T315A and F317L/V mutants which were insensitived&satinib at physiological concentrations.
It's able to prolonge the survival of mice injectedth leukemic cells bearing all the point
mutations but not the T3151.A Phase | study on INNO-406 started in 2006 aradfihal results
were reported at the 2007 Annual Meeting of the Aca@ Society of Hematology. A Phase I
study on INNO-406 is in preparatich.

AZDO0530(AstraZeneca). This compound inhibit very poterftliyl range) all protein kinases of the
family of Src kinases and more weakly Bcr-Abl. #shbeen developed for the treatment of solid

3 (@)O’Hare, T.; Walters, D.K.; Stoffregen, E.P.;efenou, D.W.; Heinrich, M.C.; Deininger, M.W.N.ruker, B.J.
Clin. Cancer Re2005 11, 6987. (b) Shah, N.P.; Tran, C.; Lee, F.Y.; CH&nNorris, D.; Sawyers, C.IScience004
305, 399. (c) Burgess, M.R.; Skaggs, B.J.; Shah, NL€e; F.Y.; Sawyers, C. [Proc. Natl. Acad. Sci. US2005 102,
3395.
* Deguchi, Y.; Kimura, S.; Ashihara, E.; Niwa, T.otbhara, K.; Fujiyama, Y.; Maekawa, Meuk. Res2008 32, 980.
4 Kantarjian, H.; Pasquini, R.; Hamerschlak, N.; Bselot, P.; Holowiecki, J.; Jootar, S.; Robak, Khproshko, N.;
Masszi, T.; Skotnicki, A.; Hellmann, A.; Zaritsk@.; Golenkov, A.; Radich, J.; Hughes, T.; Countotig, A.; Shah,
N. Blood2007, 109, 5143.
“® Puttini, M.; Coluccia, A.M.L.; Boschelli, F.; Clist L.; Marchesi, E.; Donella-Deana, A.; Ahmed, Bedaelli, S.;
Piazza, R.; Magistroni, V.; Andreoni, F.; Scapozza,Formelli, F.; Gambacorti-Passerini, Cancer Res2006, 66,
11314.
*" Cortes, J.Kantarjian, H.M; Baccarani, M.;. Brummendorf, T.Hiu,D.; Ossenkoppele, G.; Volkert, A.D.G.; Becker
H.; Moore, L.; Zacharchuk, C.; Gambacorti-PassefinBlood 2006 108 168a.
8 (a) Kimura, S.; Naito, H.; Segawa, H.; Kuroda, Yuasa, T.; Sato, K.; Yokota, A.; Kamitsuji, Y.; Wata, E.;
Ashihara, E.; Nakaya, Y.; Naruoka, H.; Wakayama,Nlasu, K.; Asaki, T.; Niwa, T.; Hirabayashi, K.;adkawa, T.;
Blood 2005 106, 3948. (b) Kimura, S.; Ashihara, E.; Maekawa Clirr. Pharm. Biotechnol2006 7, 371. (c) Horio,
T.; Hamasaki, T.; Inoue, TWakayama, T.; Itou, S.; Naito, H.; Asaki, T.; Hagasl.; Niwa, T.Bioorg. Med. Chem.
Lett. 2007, 17, 2712.
9 Naito, H.; Kimura, S.; Nakaya, Y.; Naruoka, H.;nira, S.; Ito, S.; Wakayama, T.; Maekawa, T.; Higashi, K.
Leuk. Res2006 30, 1443.
0 Kantarjian, H.; Cortes, J.; le Coutre, 8t al Blood2007110, 144A.
*! Pinilla-lbarz, J.; Kantarjian, H.M.; Cortes, J.EeCoutre, P.; Nagler, A.; Hochhaus, A.; OttmannGQJ. Clin.
Oncol.2008 26, abstr. 7018.
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tumors but it is useful also for leukemia. Currgntis not clear if AZD0530 will be further
developed for the treatment of CML.

Some inhibitors that bind to a non-ATP allostend @ompetitive binding site of kinases have been
recently developed. The advantage offered by thidegyy is that the Imatinib-resistant mutants are
not likely to resist to such inhibitors, owing teetdifferent binding site. High throughput scregnin
for inhibitors of Bcr-Abl found a compound that wasbsequently modified to give 3-(6-((4-
(trifluoromethoxy)phenyl)amino)-4-pyrimidinyl)benzade (GNF-2) as a lead compound for the
development of competitive allosteric inhibitorsBafr-Abl.>?

As for Imatinib, resistance could also developtfa@ second generation Ber-Abl inhibitors, through
the evolution of other point mutations that imganding of the drug.

Therefore overriding these resistances could reptea future challenge in the treatment of
Imatinib resistant patients. Nine point mutatioffe@ing 8 amino acids have been discovered to be
Nilotinib-resistant (G250E, Y253H, E255K/V, E292\315l, F359C, L384M and L387F).
Excluding the T315I, all the other mutations haeerbinhibited when treated with a concentration
of nilotinib higher than 2000 nM, which is usuailghieved in patients treated with nilotinib at 400
mg twice a day. These mutations anyway are notteleto drive the disease, and the patients
continue to respond to drug.

In a similar way, nine dasatinib-resistant mutdmse been discovered (L248V, Q252H, E255K,
V299L, T315I, F3171/C/L/V) affecting just six resids>® Mutations such as V299L and T315I, can
emerge to drive disease during dasatinib therapis means that the inhibition of the Src-family
kinases is not sufficient to stop the proliferatmithese cells. This notion is further supportgd b
the fact that dual Abl and Src-family kinase inkolbs are inactivén vitro against cells that express
T315I Ber-Abl. Therefore the inhibition of the Skamily might not contribute towards efficacy in
CML.

A potential strategy to circumvent resistance egiby the combination of different drugs. A
combination of Imatinib and dasatinib is able tgn#icantly decrease the occurrence of drug
resistant mutants, and highlights the benefit tonlmoe two inhibitors that binds to different
conformations of Bcr-Abl. In fact Imatinib bindsgberentially to the inactive conformation, while
dasatinib can bind both active and inactive conadrom. Nevertheless, T3151 mutation is known to
cause cross resistance for both compounds.

Although second generation Bcr-Abl inhibitors abdeato significantly decrease the progression of
CML, the development of resistances presents deciggd. Many progresses have been done toward
the development of inhibitors able to overcometlal point mutations (but the danger of evolution
of new drug-resistant point mutation is still highyt the development of a drug able to inhibibals
T315I remains an open interesting challenge.

%2 Adrian, F.J.;Adrian, F.J.; Ding, Q.; Sim, T.; Velentza, A.; Sip&.; Liu, Y.; Zhang, G.; Hur, W.; Ding, S.; May|,
P.; Mestan, J.; Fabbro, D.; Gray, NN&ature Chem. BioR00§6 2, 95.
*3 Bradeen, H.A.; Eide, C.A.; O'Hare, T.; Johnson].KWillis, S.G.; Lee, F.Y.; Druker, B.J.; DeinirgeM.W. Blood
2006 108, 2332.
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1.1.6 Overriding resistance to T315| mutation: from second to third generation inhibitors™
As stated above, Imatinib and all second generatibiitors are ineffective against T3151. Gorre

and co-workers34were the first to report that six out of nine pats showing resistance to
Imatinib, had this point mutation. Some studiesgests that patients who carry this mutation have
an average life expectation of 12.6 months fromsttaet of the Imatinib therapy.22 By contrast
other studies suggest the opposite claiming thatstirvival of the patients remains dependent on
the stage of the disea¥eDespite the fact that the impact of this mutatiwm the disease is
controversial, T315l remains one of the biggesttandes in treatment of CML especially in the
latest stages of the disease, even after the unttimsh of second generation inhibitors in the dini

Threonine 315 is an aminoacid located inside thatimb binding site. It directly interacts with the
inhibitor via a hydrogen bond. At the beginningwts thought that the main reason for the
resistance to Imatinib was due to the lack of klyidrogen bond, disruption given by the apolar and
more bulkier isoleucin&>’ Recently it has been shown that the missing hyefrdgpnd is not the
leading cause of the resistance, but instead iveefrom a conformational change on the protein
given by the new residu8.This change in the shape of the active site ire®lmot only the
isoleucine 315 but also many other amino acids fiaa® important interactions with the drug.
Recent molecular dynamics simulation stutfiesnfirmed this theory, highlighting the fact thiaée
T315] mutation decrease abruptly the Imatinib #ffirbecause of some induced conformational
changes that occur in the C-helix, in particulaarainoacids Glu286 and Met298. It is also possible
that the same considerations can be done for titBrigy of nilotinib, since it's proved that similgrl

to Imatinib, nilotinib has a close contact with B28 It is still unclear whether this rational for the
resistance can be applied also to dasatinib aginisdoes not appear to have direct interaction
with E286.

> For a review see: Tanaka, R.; KimuraESpert Rev. Anticancer The&2008§ 8, 1398.
%5 Soverini, S.; Colarossi, S.; Gnani, A.; Rosti, Gastagnetti, F.; Poerio, A.; lacobucci, I.; AmabiM.; Abruzzese,
E.; Orlandi, E.; Radaelli, F.; Ciccone, F.; TirilbeM.; di Lorenzo, R.; Caracciolo, C.; 1zzo, B.afe, F.; Saglio, G.;
Baccarani, M.; Martinelli GClin. Cancer Re2006 12, 7374.
%6 (a) Jabbour, E.; Kantarjian, H.; Jones, D.;Talpdz,Bekele, N.; O'Brien, S.; Zhou, X.; Luthra, Rsarcia-Manero,
G.; Giles, F.; Rios, M.; Verstovsek, S.; CorteslLdukemia2006 20, 1767. (b)Jabbour, E.; Kantarjian, H.; Jones, D.;
Breeden, M.; Garcia-Manero, G.; O'Brien, S.; RavaRd Borthakur, G.; Cortes, Blood200§ 112, 53.
" Corbin, A.S.; Buchdunger, E.; Furet, P.; Drukex].B. Biol. Chem2001, 277, 32214.
%8 Pricl, S.; Fermeglia, M.; Ferrone, M.; Tamborigi,Mol. Cancer Ther2005 4, 1167.
L ee, T-S.; Potts, S.; Kantarian, H.; Cortes, JgeGF.; Albitar, M.Cancer2008 112, 1744.
% (a) Weisberg, E.; Manley, P.; Mestan, J.; CowareBasS.; Ray, A.; Griffin, J. DBrit. J. Cancer2006 94, 1765. (b)
Levinson, N.M.; Kuchment, O.; Shen, K.; Young, M.&Koldobskiy, M.; Karplus, M.; Cole, P.A.; Kuriyad, PLoS
Biol. 2006 4, 144.
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Figurel.859: Representative schematic views of wild-type strastitop) and T315I structures
(bottom) from a molecular dynamics simulating 315! clearly changed the conformation of the
C-helix containing glutamate 286 (Glu286) and matimie 290 (Met290). The “head” of the C-
helix moves away from the Imatinib molecule. Imhatis shown in yellow

Many efforts have been profused to overcome théleno of resistance linked to the T315I
mutation including the inhibition of other enzymé&sown to be strictly correlated to the
proliferations of leukemic cells. The first apprbaaiming at developing substrate mimicking
inhibitors led to the discovery of ON012380 whishai substrate competitive inhibitor of Bcr-Abl
kinase.

HNI \
HO™ O
ON012380
ONO012380(Onconova Therapeutics). This molecule is a sutestramicking inhibitor of Bcr-Abl,

and offers the possibility to overcome the problemresistances to Imatinib and all second
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generation inhibitors, by targeting a non-ATP bigdsite. It inhibits the proliferation of Bcr-Abl
and all Ber-Abl mutants dependant cells (includirgi5l) at a concentration lower than 10 nM. In
addition ON012380 caused a regression of leukemiasce injected with cells expressing T315l,
and works in combination with Imatinib to inhibitilas type Bcr-Abl, binding in two different
binding sites! Despite the promisin vitro andin vivo results, this molecule has not yet entered
clinical trials.

o)

NfN\ ”J\NH
.
J/O

N

0]

BIRB-796
BIRB-796 It's a urea derivative and inhibits all of the8pBIAPK isoform$§? and Carter and co-
workers, reported that it was active against T3h5¥itro.®® In contrast, O’ Hare and Druck®t,
found that Carter’s results were not consistenhthe results they obtained, reporting that BIRB-
796 failed to inhibit the proliferation of T315I gendant cells. The diatribe between the two groups
ended with the conclusion that BIRB-796 itself @ of direct clinical utility, but can provide a
good starting point in development of new drug vifite same scaffoltf.

Aurora kinases play a crucial role in the regulatif mitotic processes during cell divisigh.
Overexpression of these enzymes may results ifncarenesi, therefore targeting these enzymes
became of great interest in cancer thefp$ome Aurora Kinase inhibitors showed inhibitory
activity on Imatinib resistant cells and thus timegy be useful for the treatment of CML in patients
resistant to Imatinib.

1 Gumireddy, K.;Baker, S.T.; Cosenza, S. C.; John, P.; Kang, ARDhell, K.A.; Reddy, M.V.R.; Reddy E.Proc.
Natl. Acad. Sci. USR005 102, 1992.
2 Kuma, Y.; Sabio, G.; Bain, J.; Shapiro, N.; MarguR.; Cuenda, AJ. Biol. Chem2005 280, 19472.
83 (a) Carter, T.A.; Wodicka, L.M.; Shah, N.Relasco, A.M.; Fabian, M.A.; Treiber, D.K.; MilampZ.V.; Atteridge,
C.E.; Biggs lll, W.H.; Edeen, P.T.; Floyd, M.; FordlM.; Grotzfeld, R.M.; Herrgard, S.; Insko, D.Bghta, S.H.;
Patel, H.K.; Pao, W.; Sawyers, C.L.; Varmus, H.rritékar, P.P.; Lockhart, D.Proc. Natl Acad. Sci. US2005 102,
11011. (b) Fabian, M.ABiggs Ill, W.H.; Treiber, D.K.; Atteridge, C.E.; Amiohara, M.D.; Bednedetti, M.G.; Carter,
T.A.; Ciceri, P.; Edeen, P.T.; Floyd, M.; Ford, J;Nbalvin, M.; Gerlach, J.L.; Grotzfeld, R.M.; Hgard, S.; Insko,
D.E.; Insko, M.A.; Lai, A.G.; Lélias, J.-M.; Meht&.H.; Milanov, Z.V.; Velasco, A.M.; Wodicka, L.MPatel, H.K.;
Zarrinkar, P.P.; Lockhart, D.Blat. Biotech2005 23, 329.
% O’Hare, T.; Druker, B.]Nat. Biotecr2005 23, 1209.
% Fabian , M.A.; Biggs Ill, W.H.; Treiber, D.K.; Zankar, P.P.; Lockhart, D.Nat. Biotech2005 23, 1210.
% (a) Carmena, M.; Earnshaw, W.Bat. Rev. Mol. Cell. Biol2003 4, 842. (b) Andrews, P.D.; Knatko, E.; Moore,
W.J.; Swedlow, J.RCurr. Opin. Cell. Biol.2003 15, 672.
6" Katayama, H.; Brinkley, W.R.; Sen, Gancer MetastasiRev 2003 22, 451.
% Keen, N.; Taylor, SNat. Rev. Cance2004 4, 927.
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MK-0457 (VX-680)
MK-0457 (Merk, originally developed by Vertex Pharmaceusicas VX-680). MK-0457 is an
aurora kinase inhibit? in clinical development for the treatment of tusdt causes regression of
leukemia and solid tumors like colon and pancreeditcers. Other than inhibiting the three aurora
kinases, this molecule weakly inhibiex vivo cells of patients bearing the Bcr-Abl T315I
mutatior® with an IGo of about 5pM. MK-0457 inhibits also proliferation of parentalon
transformed cell in the submicromolar range. MK-D4&inds an inactive conformation of the
Aurora-A kinase, exploiting an hydrophobic pocKettis generated when the protein closes from
the active open conformation to the closed inactioeformation. The activity and selectivity of
MK-0457 toward both Aurora and Bcr-Abl T315I is éxipable by the fact that the two kinases
have a very similar active site conformation tmafudes also the key hydrophobic pocket occupied
by the inhibitof* (which is not the same exploited by Imatinib inrBdl). In contrast, MK-0457
binds Bcr-Abl T315I in an active conformation, withe key hydrophobic pocket conserved as
shown by the X-ray structute It's not excluded that the inhibitor could alsimdto the inactive
conformation of Bcr-Abl T315I, but this hypothessll remains to be demonstrated. Efficacy of
MK-0547 in threePh-positive patients bearing the T315I mutation haeen reported. ?0A phase
Il study had been initiated but these trials weaakda owing to a potential heart safety issue.

2

PHA-739358
PHA-739358(Nerviano Medical SciencePHA-739358is an orally bioavailable inhibitor of the
three aurora kinases, which significantly decreas@sor growth in animals at well tolerated

% Young, M.A.; Shah, N.P.; Chao, L.H.; Seeliger, Mlilanov, Z.V.; Biggs Ill, W.H.; Treiber, D.K.; Pat, H.K.;
Zarrinkar, P.P.; Lockhart, D.J.; Sawyers, C.L.; igan, J.Cancer Res2006 66, 1007.
0 (a) Harrington, E. A.; Bebbington, D.; Moore, Rasmussen, R.K; Ajose-Adeogun, A.O.; NakayamaGFaham,
J.A.; Demur, C.; Hercend, T.; Diu-Hercend, A.; $41; Golec, J.M.C.; Miller, K.M.Nature Med.2004 10, 262. (b)
Giles, F.; Cortes, J.; Jones, D.; Bergstrom, DntKgian, H.; Freedma®.J.Blood 2007, 109, 500.
™ Cheetham, G.M.; Charlton, P.A.; Golec, J.M.; Pdlja.R.Cancer Lett 2007, 251, 323.
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doses’? PHA-739358 exhibited strong antiproliferative ameapoptotic activity against a broad
panel of human Bcr-Abl-positive and negative cielé$ and against murine BaF3 cells ectopically
expressing wild-type or Imatinib-resistant Bcr-Abltants, including T315F The inhibitor has
been the first one crystallized in complex with Bdi T3151.”3® The solved crystal structure
provided the explanation for its activity. PHA-733&3binds to an open, active conformation of the
kinase domain in the ATP-binding pocket and hascootacts with the more bulky mutated
gatekeeper. This compound is being tested in pHadaical trials for patients with CML who
have relapsed after Imatinib treatmé&tit.
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AT9283
AT9283 AT9283 is a potent inhibitor of many protein kéesa in the low nanomolar range,
including Bcr-Abl and its mutated form T3151.Clinical studies to investigate the effect of
AT9283 in patients with leukemia have been initgatend a number of CML patients have been
treated””

HO

Homoarringtonine
HomoarringtoningHHT). This cephalotaxine ester demonstrated clinicaviggtoward CML."®> A
possible combination of Imatinib and HHT for theatment of CML has been observeditro and
no cross resistance between the two molecules atirliib resistant cell lines have been observed.
Good results have been obtained in treating patidgvat acquired resistance to Imatinib due to the

2 Fancelli, D.;Moll, J.; Varasi, M.; Bravo, R.; Artico, R.; Bert®,; Bindi, S.; Cameron, A.; Candiani, |.; Cappea;
Carpinelli, P.; Croci, W.; Forte, B.; Giorgini, M.LKlapwijk, J.; Marsiglio, A.; Pesenti, E.; RocdhigM.; Roletto, F.;
Severino, D.; Soncini, C.; Storici, P.; Tonani, Rugnoni, P.; Vianello, PJ. Med. Chen006 49, 7247.
3 (@) Modugno, M.; Casale, E.; Soncini, ®psettani, P.; Colombo, R.; Lupi, R.; Rusconi,Fancelli, D.; Carpinelli,
P.; Cameron, A.D.; Isacchi, A.; Moll, Cancer Res2007, 67, 7987. (b) Gontarewicz, A.; Balabanov, S.; Keller,
Blood2008 111, 4355.
" Squires, M.S.; Reule, M.; Curry, J. et. al. Préseérat:2008 Annual Meeting of American Association of @anc
ResearchCA, USA, 12-16 Aprik008(Abstract 2820).
S O'Brien, S.; Kantarjian, H.; Koller, C.; Feldmah,; Beran, M.; Andreeff, M.; Giralt, S.; Cheson; Beating, M.;
Freireich, E.; Rios, M.B.; Talpaz, NBlood 1999 93, 4149.

20



T315! mutation with HHT'® Patients can be treated with both natural HHTwith omacetaxine
mepesuccinate (a semisinthetic subcutaneously &iaale form of HHT). An exhaustive review
on the preclinical and clinical studies of HHT een published by Quintas-Card&hia 2008.

SGX393 SGX393 is a very potent inhibitor of Becr-Abl witgipe and of all its mutants, including
T3151."8 The structure is not reported in literature. Néveless, it belongs to the family of 3,5-
disubstituted pyrrolopiridine. 2-amino-5-(3-(1-ekiyH-pyrazol-5-yl)-1H-pyrrolo[2,3-b]pyridin-5-
yD)-N,N-dimethylbenzamide is a lead compound abléhibit Bcr-Abl and Bcer-Abl T3151, and is
structurally correlated to SGX393. Crystal struetwf this molecule in complex with Bcr-Abl
T315I shows that the molecule binds to the actwefarmation of the kinase domain. From this
finding it can be inferred that also SGX393 bindsthie active conformation of Bcr-Abl T3151.
SGX393 blocks the growth of leukemic cell lines ®eegsing T3151 with only minimal toxicity
toward Ph-negative cells. The combination of SGX8@th dasatinib or nilotinb prevented the
emerging of resistant cells, including the T31%Vjrgy rise to a very promising way of overcoming
the drug resistance in CML.

Geldanamycine 17AAG IP1 504
Geldanamycine, 17AAG and IPI504eat shock protein 90 (Hsp90) is a molecular chapeer
which affects the stability and function of muléploncogenic proteins includinBcr-Abl.”
Disruption of Hsp90 function by Geldanamycine ors itless toxic analog, 17-
allylaminogeldanamycin (17-AAG), in Bcr-Abl-exprésg leukemia cells has been shown to
induce Bcr-Abl protein degradation and suppressémliferation®® The same considerations can
be done for leukemic cells expressing T315! and5R2Butations.79% In a similar way IPI-504
targets the Hsp90 and causes Bcr—Abl protein dagoag decreased numbers of leukemia stem
cells, and the prolonged survival of mice with Chtiduced by Bcr—Abl-T315% Also heat-shock
protein 32/heme oxygenase-1 (Hsp32/HO-1) has faarime a Bcr-Abl dependent survival protein

% (a) Legros, L.; Hayette, S.; Nicolini, F.E.; Rayda S.; Chabane, K.; Magaud, J.-P.; Cassuto, Miehallet, M.
Leukemia2007, 21, 2204. (b) de Lavallade, H.; Khorashad, J.S.; BaM.P.; Milojkovic, D.; Kaeda, J.S.; Goldman,
J.M.; Apperley, J.F.; Marin, IBlood 2007, 110, 2779.
" Quintas-Cardama, A.; Cortes, Hxpert Opin. Pharmacothe?008 9, 1029.
8 O'Hare, T.; Eide, C.A.; Tyner, J.W.; Corbin, A.$\/ong, M.J.; Buchanan, S.; Holme, K.; Jessen, KIang, C.;
Lewis, H.A.; Romero, R.D.; Burley, S.K.; Deining®,W. Proc. Natl Acad. Sci. US2008 105, 5507.
¥ (@) An, W.G.; Schulte, T.W.; Neckers, L.MCell Growth Differ 200Q 11, 355. (b) Shiotsu, Y.; Neckers, L.M.;
Wortman, I.; An, W.G.; Schulte, T.W.; Soga, S.; llkeita, C.; Tamaoki, T.; Akinaga, Blood200Q 96, 2284.
8 (a) Blagosklonny, M.V. Fojo, T.; Bhalla, K.N.; Kind.-S.; Trepel, J.B.; Figg, W.D.; Rivera, Y.; Neck L.M.
Leukemia2001, 15, 1537. (b) Nimmanapalli, R.; O’Bryan, E.; Bhalka, Cancer Res2001, 61, 1799.
® Gorre, M.E.; Ellwood-Yen, K., Chiosis, G.; Roséh; Sawyers, C.LBlood 2002 100, 3041.
8 peng, C.; Brain, J.; Hu, Y.; Goodrich, A.; Kong; Grayzel, D.; Pak, R.; Read, M.; Li, Blood2007, 110, 678.
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in CML cells. The inhibition of Hsp32/HO-1 with pggted zinc proptoporphirine or styrene
maleic acid-micelle-encapsulated ZnPP resultedomvth inhibition of Bcr-Abl transformed cells,
including the T315! mutatiors.
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LAQ-824 LBH589 SAHA
LAQ824, LBH589 and SAHAreatment with LAQ824, a histone deacetylase inbrbiesults in
downregulation of levels of Bcr-Abl T3151 and induapoptosis in CML-blast crisis cells that
presented primary resistance to ImatiffibA decrease of the number of these leukemic T315I
expressing cells by apoptosis can also be obtdigedeatment with a combination of LBH589, a
novel cinnamic hydroxamic acid derivative historeacketylase inhibitor, and 17-AAG, already
reported to be a Hsp90 inhibithr.LBH589 can also be given together with nilotinitis
combination is active against cultured or primamyatinib-resistant CML cells, including those
expressing Bcr-Abl T315F SAHA (Suberoylanilide Hydroxamic Acid) is anothéistone
deacetylase that attenuates the levels of Ber-AB5K and Ber-Abl T3151 and induced apoptosis
of BaF3 cells with ectopic expression of the mutéorins of Bcr-Abl. If SAHA is used in
combination with dasatinib better results can béaiokd®’ Effect of SAHA can further be
amplified by treatment in combination with drugsttidisrupts the autophagy pathway, e.g, the
chloroquine®®
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BMS-214662
BMS-214662BMS-214662 is a cytotoxic farnesyl transferase bithr that was reported to Kill
non-proliferating tumor cells. BMS-214662, aloneinrcombination with Imatinib or dasatinib,
potently induced apoptosis of both proliferatingl @juiescent CML stem/progenitor cells with less

than 1% recovery of Philadelphia-positive long temfture-initiating cells. It's equally potent also
on cells bearing point mutations including T315hisTis the first compound reported to selectively

8 (a) Mayerhofer, M.; Florian, S.; Krauth, M.T.; Aichtgar, K.J.; Bilban, M.; Marculescu, R.; Printz, Britsch, G.;
Wagner, O.; Selzer, E.; Sperr, W.R.; Valent, RlaBér, C.Cancer Res2004 64, 3148. (b) Mayerhofer, M.; Gleixner,
K.V.; Mayerhofer, J.; Hoermann, G.; Jaeger, E.;hbierger, K.J.; Ott, R.G.; Greish, K.; Nakamura, Berdak, S.;
Samorapoompichit, P.; Pickl, W.F.; Sexl, V.; Esterér, H.; Schwarzinger, |.; Sillaber, C.; Maeda, \Valent, P Blood
2008 111, 2200.
8 Nimmanapalli, R.; Fuino, L.; Bali, P.; Gasparetth; Glozak, M.; Tao, J.;Moscinski, L.; Smith, ®\u, J.; Jove, R.;
Atadja, P; Bhalla, KCancer Res2003 63, 5126.
8 George, P.; Bali, P.; Annavarapu, S.; Scuto, Ask#s, W.; Guo, F.; Sigua, C.; Sondarva, G.; MaskiinL.; Atadja,
P.; Bhalla, KBlood2005 105, 1768.
8 Fiskus, W.; Pranpat, M.; Bali, P.; Balasis, M.; araswamy, S.; Boyapalle, S.; Rocha, K.; Wu, JleGiF.;
Manley, P.W.; Atadja, P.; Bhalla, Blood2006 108 645.
87 Fiskus, W.; Pranpat, M.; Balasis, MRali, P.; Estrella, V.; Kumaraswamy, S.; Rao, RocRa, K.; Herger, B.; Lee,
F.; Richon, V.; Bhalla, KClin. Cancer Re2006 12, 5869.
8 Carew, J.S.; Nawrocki, S.T.; Kahue, C.N.; Zhang, ¥&ng, C.; Chung, L.; Houghton, J.A.; Huang, ®iles, F.J.;
Cleveland, J.LBlood2007, 110, 313.
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kill CML stem/progenitor cells through apoptosisus$ offers potential for eradication of chronic
phase CML%
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Other drugs.Other compounds have also been reported to beigirgrio override the problem of
the T3151 mutation. They are briefly reported he&daphostin, from tyrphostin family of tyrosine
kinase inhibitors induces the generation of reactixygen species (ROS) that are lethal for the
mutant cellS® AG490, is an inhibitor of the Janus kinase 2. Boi-i associated with a cluster of
signaling proteins including the Janus kinase hibiting this enzyme with AG490 resulted in
apoptosis of BaF3 cells expressing the T315! muidli Strityl-L-cysteine, is able to inhibit the

8 Copland, M.; Pellicano, F.; Richmond, L.; Allan,KE Hamilton, A.; Lee, F.Y.; Weinmann, R.; HolyagkT.L.
Blood2008 111, 2843.

% Dasmahapatra, G.; Nguyen, T.K.; Dent, P.; Grarite8k. Res2006 30, 1263.

L Samanta, A.K.; Lin, H.; Sun, T.; Kantarjian, HliAghaus, R.BCancer Res2006 66, 6468.
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Eg5 enzyme, a microtubule-associated motor prdtehis highly expressed in @lh+ cell lines.
Eg5 is located downstream of and regulated by Bar-thus inhibition of its activity induces cell
death also on cells resistant to ImatifibWP1130, is a second-generation tyrphostin detigand

is able to reduce wyld type and T315I Bcr-Abl pmotievels in CML cells through the inhibition of
a novel regulatory mechanisthSymilarly to adaphostin, B-phenylethyl isothiocgte a natural
compound found in vegetables, degradates the BtpAdteins (mutated or not) by the action of
reactive oxygen speci€sOSU-03012 is a celecoxib-derived phosphoinositieeendent kinase-1
inhibitor that works in synergy with Imatinib tatgey Akt, a protein that plays a pivotal role in
Bcr-Abl mediated cell survival. The combined actadrthese two inhibitors is capable to overcome
Imatinib resistancé& R18, a peptide-based 14-3-3 competitive antagodistupts the 14-3-3
ligand association inducing apoptosis in in celpressing the Bcr-Abl T3151 mutatioA.PPY-A,
and related compounds, (structurarly similar to 8&39) pyrrolopyridine inhibitors targets the
ATP binding site of T315l but does not exploit thgdrophobic pocket behind the mutated
gatekeeper, overcoming in this way the problemesfstancé’ Sorafenib (Nexavar™), a potent
oral multikinase inhibitor targets upstream tyresikinase receptors as well as downstream
serine/threonine kinases, causing apoptosis in ifibatresistant cell€® FTY720, plays its
antitumoral role by the activation of PP2A, a piot¢hat has tumor suppression activily.
Resveratrol, the naturally polyphenolic phytoalefdand in grapes and peanuts, induces apoptosis
of T315I cells, caspase independent death, aneérdiffiation that collectively contribute to the
specific elimination of CML cell$® Rapamycin, inhibited the growth of Bcr-Abl T31%lis by
targeting mTOR, an enzyme involved in the regutatid growth of neoplastic cells in CM{!
DCC-2036; block the growth of T315I cells by inhibg the switch pocket enzyni&

In the table below all the inhibitors that are ungieeclinical and clinical investigation are resune

%2 Carter, B.Z.; Mak, D.H.; Shi, Y. ; Schober, W.WVang, R.Y.; Konopleva, M.; Koller, E.; Dean, N.Mndreef, M.
Cell Cycle2006 5, 2223.
% Bartholomeusz, G.A.; Talpaz, M.; Kapuria, V.; KorigY.; Wang, S.; Estrov, Z.; Priebe, W.; Wu, Jorato, N.J.
Blood2007, 109, 3470.
% Zhang, H.; Trachootham, D.; Lu, W.; Carew, J.;eGjlF.J.; Keating, M.J.; Arlinghaus, R.B.; HuangLBukemia
2008 22, 1191.
% Tseng, P.H.; Lin, H.P.; Zhu, J.; Chen, K.F.; Hal&{l.; Young, D.C.; Byrd, J.C.; Grever, M.; Johns&n; Druker,
B.J.; Chen, C.Blood2005 105, 4021.
%Dong, S.; Kang, S.; Lonial, S.; Khoury, H.J.; &) J.; Chen, l.eukemia2008 22, 572.
% Zhou, T.; Parillon, L.; Li, F.;Wang, Y.; Keats; lamore, S.; Xu, Q.; Shakespeare, W.; DalgarnpZbu, X.Chem.
Biol. Drug Des 2007, 70, 171.
% Rahmani, M.; Nguyen, T.K.; Dent, P.; GrantMbl. Pharmacol 2007, 72, 788.
% Neviani, P.; Santhanam, R.; Oaks, J.J.; Eiring/l.ANotari, M.; Blaser, B.W.; Liu, S.; Trotta, RMuthusamy, N.;
Gambacorti-Passerini, C.; Druker, B.J.; CortesMarcucci, G.; Chen, C.S.; Verrills, N.M.; Roy, D;Caligiuri, M.A,;
Bloomfield, C.D.; Byrd, J.C.; Perrotti, Q. Clin. Invest2007, 117, 2408.
19 pyissant, A.; Grosso, S.; Jacquel, A.; BelhacBheColosetti, P.; Cassuto, J.P.; AubergerFRSEB J2008 22,
1894.
11 Sillaber, C.; Mayerhofer, M.; Béhm, A.; Vales, Aruze, A.; Aichberger, K. J.; Esterbauer, H.; Bfécker, M.;
Sperr, W. R.; Pickl, W. F.; Haas, O. A.; ValentHr. J. Clin. Invest2008 38, 43.
1%2van Etten, R.A.; Chan, W.W.; Zaleskas, V.Mt;al. Blood2007, 110, 142A.
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Table 1.1 Inhibitors under preclinical and clinical invegtion.

Inhibition Agents Status for CML
Substrate-binding site ONO012380 Preclinical
P38 MAPK BIRB-796 Preclinical
Aurora kinase MK-0457 Phase IT (now halted)
PHA-739358 Phase II
AT-9283 Phase II
Protein synthesis Homoharringtonine Phase TI/IIT
Omacetaxine mepesuccinate Phase II
(semisynthetic form of HHT)
Ber-Abl kinase SGX393 Preclinical
Heat-shock protein Geldanamycin analog Phase [
[P1-504 Preclinical
PEG-ZnPP, SMA-ZnPP Preclinical
Histone deacetylase LAQS324 Preclinical
LBH589 Phase II/III
Suberoylanilide hydroxamic Phase [
acid
Farnesyl transferase BMS-214662 Phase I
Multikinases Sorafenib Phase II

Most of the agents here reported are not targetiregtly Ber-Abl, but are broad spectrum agents
for different kinases. It's not yet clear if tarogpgt more than one kinase is more effective for CML.
Komarova and co-workef$ reported that multitarget therapeutics may be muoe&ent and
promising, although this approach could lead to enadverse effects than highly specific
compounds.

Nevertheless targeting competitively the active sit Bcr-Abl T3151, remains an open challenge
and a promising perspective to overcome the prololielmatinib resistance.

1.2 BIOLOGICAL ASSAYS

While performing biological tests efficacy and putg have to be distinguished. Efficacy gives us
the strength of the effect while potency gives lus toncentration by which the compound is
reaching its maximal effect. Nevertheless, in patér in the field of enzyme inhibition by small
molecules, it's common to hear the potency repoatedctivity: a compound can be reported to be
more activeor less activehan another one because they have differegtv@ues.The 1G,, the
half maximal inhibitory concentration, is a conwami way of measuring the potency of a

103 Komarova, N.L.; Wodarz, DProc. Natl Acad. Sci. US2005 102, 9714.
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compound in inhibiting biological or biochemicalnfttions. The I, is the concentration of
inhibitor required to produce 50% inhibition of @mzymatic reaction at a specific substrate
concentration. In contrast to the inhibition constd;) or dissociation constant gK the 1G, value

is dependent from the experimental conditions. hveer the 1Gy value is, the more potent the
compound is. When an inhibitor binds to a spe@fieyme forming a complex, a binding affinity
constant can be defined:

El I + E

The strength of the binding affinity can be expeelsas dissociation constang ¥hich is equal the
inhibition constant K The dissociation constantyks expressed by the equation representing the
equilibrium of the dissociation of the complex emz&ginhibitor.

[Enzyme][Inhibitor]
[Elcomplex]

Kq is the dissociation constant of the complex enzyrhéitor: the lower it is the higher the
affinity of the inhibitor for the enzyme will be.

4=

In an enzymatic reaction where an inhibitor is cetitfye to the specific substrate,

S
E = ES E +P

I

ElI

the relation between the d€and the binding affinity constait is given by the Cheng-Prust
equation:

ICso = Ky <1 + If—m>
where S is the concentration of the substrate {(thtéte case of a tyrosine kinases is the ATPaf th
inhibitor is competing with ATP), and,, is its Michaelis-Menten constant. g values are
dependent from the concentration of the substheece values of I§g determined under different
assay condition are not comparable. On the contyyvalues of different inhibitors determined
under the same experimental condition can be djreompared and the differences ins§@alues
represent well the differences in binding affirstief the tested compounds: the lower thgyIC
value, the higher the binding affinity of the inidp to its target.

In our specific case the igvalues have been measured by our partners in thjecprat the
University of Milano Bicocca. 16 have been measured vitro, using an ELISA-based target-
based assay and a cell-based functional assay.

The ELISA-based inhibition assay has been performedhe recombinantly expressed kinase
domain of Bcr-Abl and Bcr-Abl T315Il. This assayoalied assessing the activity of newly

194 Cheng, Y.C.; Prusoff, WBiochem. Pharmacol.973 22, 3099.
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synthesized inhibitors on the target and get mddecinformation on the interaction between
inhibitors and targetm vitro, 1Cs values have been measured using an ELISA-basag asshe
isolated recombinantly expressed tatfefFigure 1.9). ELISA is the acronym of Enzyme-linked
immunosorbent assay, and is a biochemical technigael mainly in immunology to detect the
presence of an antibody or an antigen in a samith the appropriate modifications it is also a
good way for measuring the potency of inhibitorsour specific cas€® a substrate peptide bearing
a tyrosine is immobilized on the bottom of the wadlla 96 wells-plate. The tyrosine kinase (wild
type Bcr-Abl or Ber-Abl T3151), ATP, the inhibit@nd the buffer are then added and the mixture is
incubated at 30°C for 15 minutes. In this step ititebitor, if active, binds to the enzyme and
impairs its activity. Thus the amount of phosphatgtl immobilized peptide in presence of an
inhibitor is reduced compared to the experimerdabsence of inhibitor. The higher the potency of
the inhibitor, the less phosphorylated will be geptide. After the incubation time, everything that
is in solution is washed off while the phosphorgthipeptide remains on the bottom of the well.
After the washing, a primary anti-phosphotyrosinéledy recognizing the phosphorilated peptide
is added, and a complex primary antibody-phospdtexd peptide is formed. This complex is
recognized by a secondary anti-mouse antibody wisatonjugated with a peroxidase enzyme.
Thus the new complex formed bears a peroxidasehmnensforms a specific substrate (TMB,
tetramethylbenzidines) yielding a color that cangbantitatively detected by a spectrophotometer.
Hence the more the inhibitor is active the lessmEa will be at the end the solution.

195 Gunby, R.H.; Tartari, C.J.; Porchia, F.; Donelladba, A .; Scapozza, L.; Gambacorti-PasserinHa@matologica
2005 90, 988.
19 For the detailed procedure see: Mologni, L.; SBlaRiva, B.; Cesaro, L.; Cazzaniga, S.; Redasll,Marin, O.;
Pasquato, N.; Donella-Deana, A.; Gambacorti-Pass€i Protein Expr Purif 2005 41, 177.
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Figure 1.9: ELISA-based kinase assay. A) A peptide is immedbilan the bottom of the well and
Bcr-Abl, the inhibitor, ATP and the buffer are add@)Uninhibited Bcr-Abl phosphorylates the
peptide. C) Everything that is in solution is washevay and a primary anti-phosphotyrosine
antibody is added. The antibody binds to the phosfatted peptide. D) After a second washing
step, the secondary antimouse antibody conjugatéial & peroxidase recognizing the already
present complex, is added. E) TMB, a substratbeperoxidase, is added and transformed by the
enzyme. The product is colored and the color isatet by a spectrophotometer

The cell-based functional assay is a proliferatiohibition assay. It has been carried out on
transformed cells expressing the oncogenic fusiotep (Bcr-Abl and Ber-Abl T3151) as well as
on non-transformed cells. The latter have been tsesess the selectivity of the compounds at
cellular level and indirectly their intrinsic toxig. 1Cso values for proliferation inhibition on Bcr-
Abl (WT and T315I) transformed and non-transforngetls have been measured. The proliferation
test allows evaluating the proliferation ability oéll lines subjected to treatment with inhibitors
previously tested on the recombinantly expressedigal proteins. Different concentration of the
inhibitors, were prepared directly in different \8ebf a 96 wells-plate. A concentration range
around the Igyvalue measured by the ELISA assay has been chosdig assay. Untreated cells
were used as control which the measurements irepecesof inhibitors have been referred to. Cells
have been incubated with different concentrationnbfbitors and buffer for 72 hours. The cells
have been pulsed witld-T during the last 8 hours of culture and the-asiociated radioactivity
was measured by liquid-scintillation. Percent iitiln of *H-T uptake at each inhibitor dose

28



relative to control cells without treatment is thesiculated. The concentration of the inhibitor at
which the proliferation is reduced of 50% is théueaof the 1G,.

The performed cellular assay whose results arertepp@nTable 4.1 Table 4.2, Table 4.3and
Table 4.4(Chapter 4Appendix A) have been performed using the following cell lines:

Ba/F IL3. TheBa/F IL3 cell line is the non-transduced parental cell &0 called wild type cell
line that does not express any oncogenic fusioteprand grows only if Interleukin 3 (IL3) is
added to the media. This cell line is used as megabntrol and indicates whether there is general
cell toxicity. The ideal compound should not hawy @roliferation inhibition activity on this cell
line.

Ba/F Bcr-Abl T3151.The Ba/F Bcr-Abl T315Icell line is the Bcr-AblT3151 (mutant)-transduced
cell line mimicking the CML cells. The growth ofdse cells is now dependent on the expression of
the oncogenic fusion protein Bcr-AblT315l. The cpibliferation of this cell line is now IL3
independent. This cell line represents a statdefart cellular model used to mimic CMLs cells
resistant to the Bcr-Abl tyrosine kinase inhibitans the marked. The inhibitors should have a
strong proliferation inhibitory effect on this céhe.

Ba/F Bcr-Abl.The Ba/F Bcr-Ablcell line is the Ber-Abl-wild type-transduced cétle mimicking
the CML cells.
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1.3AIM OF THE THESIS

Resistance to Imatinib and second generation Bériribitors caused by the point mutation of the
gatekeeper residue T315I is a clinical relevanblenm. The exchange from the polar amino acid
threonine with the apolar bulkier isoleucine impairug binding at the ATP binding site. Different
strategies for circumventing resistance have beseldped, e.g targeting other enzymes than Bcr-
Abl involved in cell signaling cascade, targetidtpsteric sites or oxydoreductive degradation of
the oncogenic proteins. None of them led to a &gamt improvement of the clinical situation up to
now. Thus, finding inhibitors able to efficientlphibit the mutated form of Bcr-Abl remains an
open challenge and a promising perspective to omeedhe problem of Imatinib resistance.
Therefore on the basis of molecular modeling studgsedone within our research group in
Geneva (explained in Chaptef..4), the aim of this thesis is the synthesis of a liary of
compounds with a novel scaffold, able to inhibit te T315] mutant of Bcr-Abl by binding on

the ATP pocket.

In the frame of a collaborative effort with Profaf@bacorti-Passerini, the synthesized compounds
have been then tested in biological assaysrderto assess their efficacy and potencies on both
wild-type Bcr-Abl and T315I Ber-Abl .

1.4RATIONAL OF THE SYNTHESIS OF 8-AMINOQUINOLINES

1.4.1 Rational

Bosutinib is known to be a strong inhibitor of B&b! wild type ( 1Ge=1.4 nM)X*” but it shows no
activity on Bcr-Abl T315] mutant. In this projedt has been thought to use this molecule as a
template for the design of a novel scaffold beibtedo strongly inhibit the mutated form of the
protein.

~N
NO .
N._~_0Ou N\ 2
6 3
Y07 Y e
Bosutinib HNJ@[O\
IC50=1.4 nM Cl Cl
Figure 1.10: Structure and activity of Bosutinib on wild typerBdl kinase domain

To date there are no crystal structure of Bosutiabnd to the kinase domain of Abl WT. However
its binding mode can be inferred by the crystalicttire of a related compoulifito the kinase
domain of the insulin-like growth factor receptardaalso was predicted by means of molecular
docking®® In this binding mode the nitrogen of the quinoliirgy is making a hydrogen bond with
the backbone NH of methionine 318 located at tingdiregion, and the cyano group of Bosutinib

197 Boschelli D. H.; Ye, F.; Wang, Y. D.; Dutia, M.pbnson, S. L.; Wu, B.; Miller, K.; Powell, D. W.;a¢zko, D.;
Young, M.; Tischler, M.; Arndt, K.; Discafani, CEtienne, C.; Gibbons, J.; Grod, J.; Lucas, J.; Weh#.; Boschelli,
F.J. Med. Chen2001, 44, 3965.

198 Miller, L.M.; Mayer, S. C.; Berger, D.M.; BoschelD.H.; Boschelli, F.; Di, L.; Du, X.; Dutia, M.Eloyd, M.B.;
Johnson, M.; Kenny,C.H.; Krishnamurthy, G.; Moy; Petusky, S.; Tkach, D.; Torres, N.; Wu, B.; Xu, Bioorg.
Med. Chem. LetR009 19, 62.

199 pyttini, M.; Coluccia, A.M.L.; Boschelli, F.; Clist L.; Marchesi, E.; Donella-Deana, A.; Ahmed, Bedaelli, S.;
Piazza, R.; Magistroni,V.; Andreoni, F.; Scapoziza,Formelli, F.; Gambacorti-Passerini, Cancer Res2006 66,
11314,
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is predicted to make a polar interaction with tigdrboxyl group of the gatekeepresidue threonine
315. The 2,4-dichloro-Bethoxy-anilin substituent at position 4 of theligoline ring instead, i
interacting with the apolar residues in the hydadpb pocket whereas the polar substituer
position 7 is predicted to point toward the solvaeFigure 1.17).
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Figure 1.11:A) Predicted binding mode of Bosutinib in the actiie ef the kinase domain of A
WT.B) Schematic representation of its binding m

The mutation T315I changes the gatekeeper froma pesidue to an apolar one. Therefore, in
binding mode shown ifrigure 1.11the interaction of the cyano group with the isoleacof the
mutant would be unfavorable, which is in line witle missing activity of this compound in t
mutated form of Abl. In addition the bulkiness sblleucine compared to threonileads to a clash
with the cyano group of Bosutinib and hinders thé&ance of the 2-dichlorc-5-methoxy-anilin
substituent into the hydrophobic pock

From these observations it was apparent that ieraml get potent inhibitors of Abl T315I tt
unfavorable interaction needed to be avoided and angatineng favorable interaction should
added. The strategy to accomplish this goal wanwove the cyano group at 3 position of
quinoline and strengthen the interaction with tivg region by acing an amino group at positic
8 to establish an additional hydrogen bond withlihekbone carbonyl of M318. Furthermore,
substituent at position 4 was modified to optintize entrance and fitting into the apolar pocket
the interaction with the otated gatekeeper. From the docking studies of tBobut was also see
that the methoxy group at position 6 of the qumelmoiety was not involved in strong interacti
with the protein. Since three elect-donating groups on the aryl moiety of tquinoline could
make the molecule oxidizable and thus unstablentethoxy group at position 6 of the quinol
has been removed. Studies on the role of the sudstiat position 7 clearly showed that f
substituent is needed for good cell activity does not significantly influence the inhibitc
activity on the isolated Abl kinase dom.'® Thereof, the substituent in position 7 was k
unmodified compared to Bosutinib in the first seroé synthesized compounds. The entire stra
outlined aboves summarized iFigure 1.12.

10 Boschelli, D.H; Wu, B.; Ye, F.; Wang, %; Golas, J.M.; Lucas, J.; Boschelli, B.;Med. Chel. 2006 49, 7868
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1.Remove the CN group which isgrdicted to make polar interaction with the gatekeeadeABL
2. Strenghten the interaction withirige region in order to compensate the missing Couigr

3. Optimize the apolar substitugorietended to interact with the mutated gatekeepersI'31

4. Remove the methoxy group feynthetic and stability reason

Figure 1.12: Scheme for the conversion of Bosutinib into a neaffald able to inhibit B¢-Abl
T315l.

This strategy led to a compound with a nov-aminoquinoline scaffold which can be stituted at
position 3 and/or 4.
The predicted binding mode of this scaffold is,admng to docking studies, similar to the one
Bosutinib with an additional hydrogen bond to theckbone carbonyl of M318 formed with t
newly introduced amino groupeeFigure 1.13.
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Figure 1.13:A) Predicted binding mode 105 in the active site of the kinase domain of AbISI:
(M52 mutated, intermediate conformatioB) Schematic representation of the general ing
mode of 8-aminoquinolines.

1.4.2 Methods

Binding mode predictions and rational drug desigs\wone using FlexX (BSolvelT) and Sybyl
(Trypos) FlexX allowed us to perform molecu docking of the compourdnto the active site of
Abl WT and Abl T315I. Sybylvas used for visualization and the anal of the molecular dockin
results The docking with FlexX was performed using defgarameter if not stated otherwise. 1
crystal structures used for docking were 1M52 aRdJ.(both at intermediate nformation) in the
case of the kinase domain of AMT and 2V7A™ for the Abl T315I kinase domain. Since 2V7A
in an active conformation, and we cannot excludat tthe ~aminoquinolines bind to ¢
intermediate conformation likéne inhibitorPD173955asreported in the crystal structure 1N\,

" These initials indiates the crystal structure proteinsstored in the protein database at thewww.pdb.org.
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we generated a model of Abl T315I kinase domaith@aintermediate conformation by changing
the gatekeeper residue in 1M52. The model was gtdahto a local minimization procedure 4.5 A
around the mutation.

1.5 8-AMINOQUINOLINES AS DRUGS

The 8-aminoquinoline scaffold is known to be biatadly active and it has been widely employed
during the years to build new drugs. 8-aminoqumesi have been the first group of compounds
synthesized specifically for antimalarial activitinitially it has been tried to incorporate a
diethylaminoalkylamino moiety (which was provedeohance antimalarial activity of methylene
blue) inside the 6-methoxyquinoline scaffold of mjoe, resulting in the introduction of
Plasmoquine later called pamaquineThis compound was found to be effective in theppsdaxis
against different strains &flasmodium vivax>.

L

\O =

/

Pamaquine
Figurel.14: Structure of pamaquine

Unfortunately the side chain of pamaquine and otbkted N-alkyl-6-methoxy-8-aminoquinoline
were found to cause severe, irreversible neurcitgxit’ In the forties a big research program was
initiated in the USA to improve potency and deceetxicity of antimalarial drugs. These effort
resulted in the discovery of other four drugs, pgoine'® isopentaquine, quinocif& and
primaquine, the latter being the most promisthglthough all of these are shown to be neurotoxic

in monkeys-*®

12 Muhlens, PNaturwissenschafteh926 14, 1162.

113 (@) James, S. Rancet 193], 2, 341. (b) Feldman, H.R.; Packer, H.; Murphy).FWatson, R.BFed. Proc.1946
5, 244. (c) Jones, R.Jr.; Craige, B.Jr.; AlvingSA.Whorton, C.M.; Pullman, T.N.; Eichelberger, 1. Clin Invest
1948 27, 6.

114 (@) Schmidt, 1.G.; Schmidt, L.Hl. Neuropath. Exper. Neut949 7, 368. (b) Richter, R.BJ. Neuropath. Exper.
Neur.1949 8, 155.

%1 oeb, M.D.J Am Med Assod.946 132, 321.

1% (@) Braude, M. B.; Stavrovskaya, ¥. Obshch. Khim 1956 26, 378. (b) Braude, M. B. ; Stavrovskaya,Med.
Prom. S.S.S.R957 7, 19. (c) for a review see: Lisenko, A.Bull. World Healt Org196Q 22, 641.

17 (@) Edgcomb, J.H. et al. Nat. Mal. Sod.95Q 9, 285 (b) Alving, A.; Arnold, J.; Robinson, D.H.J. Am. Med.
Ass1952 149, 1558. (c) Cooper, W.@&m. J. Trop. Med. Hy§953 2, 949.

18 @) Moe, G.K.; Peralta, B.; Seevers, M.BL.;Pharm. Exp. Ther1949 95, 407. (b) Schmidt, I.G.; Schmidt, L.H.
Neuropath. Exper. Neut951 10, 231.
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Primaquine Pentaquine Isopentaquine Quinocide
Figure 1.15: Structure of primaquine, pentaquine, isopentaqainé quinocide

Primaquine is the drug of choice for the radicakcof relapsing malarta’ caused bylasmodium
vivax and Plasmodium oval@nd is also being used as a prophylactic agalhshagor forms of
human malari#®. In addition to its activity against the parasiiitfections, primaquine in
combination with clindamycin has been successfudlgd for the treatment as well as prophylaxis
of Pneumocystis carinii pneumonia AIDS patients?! This drug has also shown significant
activity against other diseases-causing parasitels asTrypanosom&? andLeishmania?®® There
are also reports on the use of primaquine and adBlaminoquinolines for the treatment of
Trypanosoma cruzi infection in humaffs** A set of 200 different 8-aminoquinolines has also
been investigated for their effect radical cure iffections with sporozoites of Plasmodium
cynomolgi'® 8-Aminoquinolines containing a stereogenic cenée usually administered as a
racemic mixture. More recently it has been repottet in most of the cases one enantiomer is
more potent and less toxic than the other, theeedaesolution of the racemate can be uséful.

Over the years, several chemical modification ainpguine structure have been made in order to
improve the potency of primaquine against maland beishmaniaand decrease the toxicity.
Methyl group at position 4 and phenoxy group atitpms 5’ or alkoxy group&¥® have been
introduced obtaining inhibitors with much superitssue and blood schizonticidal activity.
However, toxicity studies have shown that thesdogsaalso have a greater potential of producing
methemoglobitf® an hemoglobin form on which iron is oxidized to*Fend is no more able to
carry oxygen. The introduction of a methoxyl gratgposition 2 of the quinoline ring reduces the
toxicity of some of these compounds, especiallynfatron of methemoglobin, without losing

19 panisko, D.M.; Keystone, J.Brugs, 199Q 39, 160. (b)Keystone, J.SDrugs 199Q 39, 337.
120 Baird, J.K. Purnomo, H.B.; Bangs, M.J.; Andersen, E.MneX T.R.; Masbar, S.; Harjosuwarno, S.; SubiaBip,
Arbani, P.RAm. J. Trop. Med. Hyd 993 49, 707.
121 (@) Kay, R. Du Bois, R.ESouth. Med. .J199Q 83, 403.; (b) Toma, E.; Poisson, M.; Phaneuf, D.; rRr, S.;
Morisset, R.; Vega, Q.ancet1989 333 1046. (c) Noskinm, G.&t al Clin. Infect. Dis 1992 14, 183. (d)Ball, M.D.;
Meshnick, S.R.; Milhouse, W.K.; Ellis, W.Y.; ShaM.M.; Smith, J.W.; Bartlett, M.SAbstr. Gen. Meet. Am. Soc.
Microbiol. 1998 98, 271.
22 McCabe, R.E.J. Parasit 1988 74, 748.
123 Berman, D.J.; Lee, L.9\m. J. Trop. Med. Hyd 983 32, 753.
124 Kinnamon, K.E; Poon,B.T.; Hanson, W.L.; Waits, V.Bnn. Trop. Med. Par1997 91, 147.
125 5chmidt, L.H.Antimic. Ag. Chemotet983 24, 615.
126 Mc.Chesney, J.; Nanayakkara, D.; Martlett, M.; AgeL. US PatentUS63765112001
127 3) LaMontagne, M.Rl. Med. Cheml1982 25, 1094. (b) Nodiff, E.A.;J. Med. Cheml982 25, 1097.
128 Chen, E.HJ. Med. Cheml987, 30, 1193.
129 Anders, Xt al Fundam. Appl. Toxicoll988 10, 270.
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activity.**° From these results an 8-aminoquinoline firstlyeshMWR-238605 and later Tafenoquine
emerged as a potential replacement for primaquinghé treatment of relapsing malatfa.

F3C\©/O
Tafenoquine

Figure 1.16:Structure of Tafenoquine.

The 8-aminoquinoline sitamaquine (WR-6026) 4-mgihgtaquine analog was selected as a good
candidate for the treatment of leishmanida®isA large number of 5-phenoxy or 5-alkoxy-4-
sitamaquine analogs have been synthesized in dodefecrease the toxicity. Some of these
compounds have shown higher antileishmanial agttian WR-6026 in ain vitro assay >

N

\/N\/\/\/\NH

/

\

>0

Sitamaquine
Figure 1.17:Structure of Sitamaquine.

Primaquine has also been found to have antipneustiscyactivity in combination with
clindamycin'?'%33 Several other 8-aminoquinolines were evaluated #&mtipneumocystic
activity'** and some of them, even when used alone, were fdondbe superior to the
primaqguine/clindamycin combination.

Primaquine, pamaquine and pentaquine were alsateebto be active against coccidioi®,a
devastating disease which causes severe econassgslan the poultry industry.

130 aMontagne, M.PJ. Med. Cheml1989 32, 1728.
131 (@) Brueckner, R.P.; Fleckenstein,Rharm. Res1991, 8, 1505. (b) Shanks, G.D.; Oloo, A.J.; Aleman, G.®@hrt,
C.; Klotz, F.W.; Braitman, D.;Horton, J.; Brueckn&. Clin Infect Dis2001, 33, 1968 (c) Crockett, M.; Kain, K.C.
Exp. Opin. Invest. Drug2007, 16, 705. (d) Lell, B.; Faucher, J.F.; Missinou, M.Borrmann, S.; Dangelmaier, O.;
Horton, J.; Kremsner, P.Gancet200Q 355, 2041.
132 @) Kinnamon, K.E.Steck, E.A.; Loizeaux, P.S.; Hanson, W.L.; Chapndan,W.L.; Waits, V.BAm. J. Trop. Med.
Hyg., 1978 27, 751. (b) Shipley, L.AXenobiotica199Q 20, 31.(c) Yeates, CCurr. Opin. Investig. Drug2002, 10,
1446. (c)Sherwood, J.A.; Gachihi, G.S.; Muigai, R.K.; Skidlm D.R.; Mugo, M.; Rashid, J.R.; Wasunna, K.M.;ré&/e
J.B.; Kasili, S.K.; Mbugua, J.Met al Clin. Infect. Dis 1994 19,1034.
133 Queener, S.Fet al Antimicrob. Ag. Chemotheraf988 32, 807.
134 ) Bartlett, M.SAntimicrob. Ag. Chemotherap991, 34: 277. (b) Queener. S.Rntimicrob. Ag. Chemotherap
1993 37, 2166.
135 (@) Matsuno, T.; Hariguchi, F.; Okamoto, TV&t. Med. Scil991, 53, 13 (b) Arrner, R.E.; Barlow, J.S.; Dutton,
C.J.; Greenway, D.H.J.; Greenwood, S.D.W.; Lad,ldmmasini, | Bioorg. Med. Chem. Lett.997, 7, 2585. (c)
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This brief report on the therapeutic use of 8-amuioolines, highlights the fact that all the 8-
aminoquinolines employed as drug are N-alkylatedyihg therefore “free” the field for our 3,4,7-
trisubstituted-8-NH-quinoline completely new scaffold.

1.6 CHEMISTRY OF QUINOLINES

In this chapter we describe the reactivity of qliimes and the main synthetic routes to obtain them,
in order to offer a general overview on the diffdrgpossibilities aimed to the synthesis and
functionalization of this family of molecules.

In 1834 Runge described the isolation from coal dércrude quinoliné?® presumably also
containing isoquinoline and the alkyl derivativdsboth bases. Later, Gerhardt isolated quinoline
from the alkaloids cinchonine and quinine by vigeralistillation with alkalt*’

AN -~ X
~ ~

N N
Cinchonine Quinine

Figure 1.18:Natural alkaloids cinchonine and quinine.

Quinolines has also been obtained from crude matno] shale oil, and tobacco, by destructive
distillation and by direct synthesis. The chemistiguinolines have been extensively reviewéd.

Quinolines are usually synthesized from the readigilable aromatic amines by completing and
closing the heterocyclic ring. The problem preseéritg these syntheses is the ring closure between
nitrogen and the ortho position of the benzene, iagher complicated by the requirement of the
correct number of carbon atoms. As a consequembefaur fundamental synthetic processes,

¢, andd, are possible; the other processes are mereivasaif the former ones (ségure 1.19.

O CGr Y

a Cc

Figure 1.19:Possible ways of quinoline ring closure.

The Skraup reactiott’ the Doebner-Von Miller reactioff and their numerous variations: the
Combes:* the Conrad-Limpacfi’? and the Knorf*® reactions, use a three-carbon intermediate, as

Armer, R.E.; Barlow, J.S.; Dutton, C.J.; Greenwiayl.J.; Greenwood, S.D.W.; Lad, N.; Thompson, AThong, K.-
W.; Tommasini |.Bioorg. Med. Chem. Lett998 8, 1487. (d) Armer, R.E.; Barlow, J.S.; Chopra, Dutton, C.J.;
Greenway, D.H.J.; Greenwood, S.D.W.; Lad, N.; Shhw,hompson, A.P.; Thong, K.-W.; TommasinBioorg. Med.
Chem. Lett1999 9, 2425.
13 Runge, F.FANN. Phys. Cheni834 31, 65.
137 @) Gerhardt, CAnn. Chim. Phy&842 7, 251. (b) Gerhardt, @nnalen1842 44, 279.
138 (a) Manske, R. H. -Chem. Rev1942 30, 113. (b) Bergstrom, F. WChem. Rev1944 35, 77. (c) Elderfield, R. C.
Heterocyclic Compound4,952 Wiley, New York, Chapman and Hall, London, vo).chapter 1. (d) Campbell, N.
Rodds Chemistry of Carbon Compourets. S. Coffey, Elsevier, Amsterdanfi® dition,1976 4F, 231.
139a) Skraup, Z. HBer.188Q 13, 2086. (b) Manske, R. H. F.; Kulka, Mrganic Reaction4953 7, 59.
19Doebner, O.; von Miller, WBer. 1881, 14, 2812.
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illustrated by schema in Figure 1.19.The Friedlandéf* and Pfitzinget* syntheses are illustrated
by schemeb, where a two carbon unit is used to complete therbeyclic ring, by a final ring
closure between carbon and carbon. Cyclization iofiamnanilide$®® and of derivatives ob-
aminocinnamic acid’ are illustrated by schemesndd respectively.

In the Skraupsynthesis, the aniline molecule with a vacartho position is heated with glycerol,
sulphuric acid and an oxidizing agent, which maynhwemiently be the nitro compound
corresponding to the aromatic amine. Other oxidizagents, such as A3, H3AsO,, I, ferric
salts, orm-itrobenzenesulphonic acid can replace the aronmtio compound. The use of
inorganic oxidizing agents reduces tar formatiod gives cleaner products.

OH H,SO4 O

|
HO.___oH H|
HO H

0
0 | H,S0,
Ny T L
NH, | N N

H

HO H

i N 5
N H20 H N
H

Figure 1.20:Skraup synthesis of quinoline.

The first step is then situ dehydration of glycerol to acrolein, which theeacts with the aniline by
Michael addition. The formed adduct closes intragnolarly by electrophilic attack of the carbonyl
carbon to the ring; the newly formed ring is fidgthydrated, and finally oxidized to quinoline.

In the Doebner von Miller synthesis, which is clygseelated to the Skraup synthesis, an aromatic
amine is heated together with an aldehyde in thegmrce of chloridic acid

O . .
) acid catalysis o N

O
Q. § =
NH, | N

Figure 1.21:Doebner-von Miller synthesis of quinolines

141 combes, ABull. Soc. Chim. Franc&888 49, 89.
142 Conrad, M.; Limpach, LBer.1888 21, 523.
143 Knorr, L. Annalen1886 236, 69.
144 Eriedlander, PBer. 1882 15, 2572.
145 pfitzinger, W.J. Prakt. Chem1886 33, 100.
146 @) Conley, R. T.; Knopka, W. N. Org. Chem1964 29, 496. (b) Johnston, K. M.; Luker, R. M.; Willians, H.J.
Chem Soc. Perkin Trans.1972,1648.
147 Chiozza, L./Annalen.1852 83, 117.
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The originally considered mechanism was supposéuvtidve the formation of an,3—unsaturated
carbonyl intermediate by an acid catalyzed aldoldemsation and elimination of water. A Michael
condensation with the aromatic amine followed griclosure and oxidation, similarly to the
Skraup reaction, will then complete the synthesis.

In the Combes reaction aniline and 1,3-diketoneshaated together with sulphuric acid, to yield
2,4-disubstituted quinolines.

H

0 R 0 R R
Lo "L™ 0L 2 (0 — ()
NH; R™~0 N” R N” R N” R
0
, R
o e oy
NH, o N

R=CN or NO,

Figure 1.22:Combes synthesis of quinolines.

In the same way, 2-nitromalonodialdehydes or 2-og@alonodialdehydes give the 3-nitro and the
3-cyano quinolines. The mechanism involves firgly imine formation between aniline and one of
the two carbonyl groups, followed by acid catalyogdlization. Dehydration givethen the 2,4-
disubstituted or the 3-substituted quinoline.

In the Conrad-Limpachnd the Knorisynthesis, aromatic amines react vwtketo-esters to give 2
or 4-quinolones, which can be readily convertedhioroquinolines with phosphoryl chlorid&

(0] (0] Cl
20°C fJ\OR 250°C ©\)J]\ POC|3 m
~
o) /" Conrad-Limpach H R H R N R
synthesis
L)
NH,

R0 o R R
N () L O, = CLL
~
N~ 0 N” 0 N~ Cl
H H

Knorr synthesis

Figure 1.23:Conrad-Limpach and Knorr synthesis of quinolines.

The amine condenses at low temperatures with thre neactive keto group to give an ester, which
on heating cyclizes to the 4-quinolone (Conrad-lactp synthesis). At higher temperatures the
initial product is the thermodynamically favoredilig®, formed by the addition-elimination
reaction of the amine with the carboxylic grouplué ester. This anilide undergoes ring closure on
heating, alone or with sulphuric acid, to give Zaguinolone (Knorr synthesis).

148 3ohnston, K. M.; Luker, R. M.; Williams, G. H. Chem. Sod972 1648.
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In the Friedlandesynthesis quinolines are formed by the condensatioraminobenzaldehydes or
o-aminoacetophenones with aldehydes, ketones or atbempounds containing an activated
hydrogen.

o) R R4 R4
3 base R
CL ok — Ol = OO
NH, S N~ R2 N R

Figure 1.24:Friedlander synthesis of quinolines.

The first step is the formation of the Schiff basellowed by ring closure (a Knoevenagel
condensation) between carbons 3 and 4 of the guendlhe method suffers from the disadvantage
that amino aldehydes present two functions, thatwalergo self condensation. This fact can be
avoided by the use of the Pfitzingmodification, where th@-aminobenzaldehyde is replaced by
the anion of isatinic acid. The keto grofipto the carboxylic group is less reactive than the
aldehyde, so that autocondensation is avoided.

o) COO Ccoo
R3 R H* X R3
COO 4 i . O Rs base -3 +CO,
—_— —_— ~
0" R ?[ = heat or N™ 'R
NH, 2 N>R, N" Rz Gy powder ?

Figure 1.25:Pfitzinger synthesis of quinolines.

The quinoline 4-carboxylic acid can be decarboxedaty heating to melting point or by addition of
Cu powder.

The o-amino derivatives otis-cinnamic acid, obtained by reduction of the coroesjing nitro
compound, readily undergo ring closure to give bhglones. Also theéransisomer gives the same
product after rearrangement to tigisomer by treatment with acetic anhydride or sutghacid.

X reduction X heat N
COOH COOH
NO NH H 6]

2 2

Figure 1.26:Cyclization of ortho-amino derivatives of cinnaraad.

Another possibility for the synthesis of quinolingsoffered by the cyclization of cinnamanilides.
When these compounds are heated with polyphosphori; 4-aryl-3,4-dihydro-2-quinolones are
formed. On the contrary, the treatment with AlG@iives 2-quinolones, with elimination of the aryl

group.
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Figure 1.27:Cyclization of cinnamanilides.

These methods above described are the most comgmihesc ways, leading to substituted
qguinolines. Some of them have been actually usedhe preparation of the series of desired
inhibitors.

As an aromatic compound, quinoline can undergotguben reactions. The reaction outcome, and
particularly the orientation of the substitutiorancbe rationalized in terms of chemistry of the
pyridine moiety, and carbocyclic ring. The electrazh nitrogen atom of the free base is the main
center of attack by electrophiles; however, whes ith protonated or otherwise quaternarized, the
main reaction is electrophilic substitution at tteabons of the carbocyclic ring. The number of
canonical mesomeric structures describing the Widelatermediate offers a rational for the

substitution orientation. Thus, two mesomeric gtriigs, not involving the destruction of the

pyridine ring aromaticity, can be presented for #ttack at the positions 5 or 8, but only one
structure for the attack at the positions 6 and 7.

Yy @
+ 4 =
H E H E
H position 5
H *X_ N position 7 NI position 6 X
N Et + |  — |
E | H =
= =
E
positionsﬂ
E H E H
+ N\ N\
| — |
Z %
+
Figure 1.28: Mesomeric structures of the Wheland intermediatahim electrophilic attack to
quinoline.

40



These considerations are also consistent with déheulated values of the electron delocalization

energies for electrophilic attack on the quinoliniaation**®

As a trdeficient heterocycle, quinoline is less reactiavards electrophiles than benzene,

particularly in acid solution. Conversely, nucledighattack is favored, and can occur particularly

at the 2 and 4 electron-deficient positions inlib&erocyclic ring. The quinolinium ion is even more

reactive. In non-acidic media, nucleophilic sulogiitn at 2 and 4 positions is observed, but also
electrophilic substitution at position 3.

As an electrophilic process, oxidation of the piyredring requires stronger condition than that of
benzene, and in general the heterocyclic ring isemesistant to degradation than carbocyclic ring,
The effects of substituents may reverse this teryemeduction of the electron-deficient
heterocyclic occurs readily, but again substitueatsreverse the reactivity order.

149 Brown, R. D.; Harcourt, R.0l. Chem. Sod 959 3451.
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CHAPTER 2

RESULTS AND DISCUSSIONS
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2.1 SYNTHESIS OF 8-AMINOQUINOLINES

The thorough investigation of the mutated proteiquires the synthesis of a considerable number
of substituted 8-aminoquinolines. At the beginnofghe project, it was important to verify if the
assumptions that had been presented for novelodtatiere correct. Therefore the priority was the
quick synthesis and test of some specific compautie amino group and the group linked
through oxygen are kept fixed at 8 and 7 positi@spectively. It was required the insertion of a
series of specific and different substituents at3tor 4 position, or at both positions.

A retrosynthetical analysis suggests that the 4stgubed molecules were easier and faster
synthesize, because there was no need to builguiheline scaffold from substituted anilines. The
steps of the synthesis will be discussed here taildor every compound. The last step, the
reduction to amines, is common for all synthetioj@cts, concerning either the 3,7 disubstituted
molecules and the 3,4,7 trisubstituted ones, atidbeidiscussed at the end of this section.

2.1.1Synthesisis of 4,7-disubstituted 8-aminoquinolines

The target is shown iRigure 2.1, with the position numbering.

R,= O-linked, N-linked
C-linked

Figure 2.1. 4,7-disubstituted-8-aminoquinolines

The retrosynthetic approach is useful to plan tb& btrategy of synthesis for the target. The amino
group is easily obtainable from the reduction & tfitro group Figure 2.2 step A). The nitro
group is further necessary for the introductiorth& oxygen-linked Rgroup. A different reaction
will introduce the R group. Both Rand R may replace halogen atoms, and the nature of the
halogen will dictate the more appropriate reactipology (Figure 2.2 step B). Finally a nitro
group is well known to be easy to introduce in anglinic ring (Figure 2.2 step C). As 4,7-
dichloroquinoline is commercially available andatelely inexpensive, there is no need for the
synthesis of the quinoline scaffold.

NH, NO, NO, Cl N
B X N c
@ /O N\ A @ o N\ — N —— A
_— ; _ p— — —1 =
Cl

X
@ @ 80 Euro/100g

Figure 2.2.Retrosynthetic approach to 4,7-disubstituted-8-ammuinolines.

From this retrosynthetic analysis, it is possibbe plan the strategy for the syntheses of 4,7-
disubstituted 8-aminoquinolines, starting from-di@hloroquinoline. Different kinds of substituent
were needed (C-linked, O-linked and N-linked) asipon 4, and therefore different reaction
typologies had to be considered, depending on détere of the linking atom. When the linker is a
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carbon atom (both aromatic or aliphatic), the Subpukthe Sonogashira cross coupling reactions are
mandatory As the most appropriate substituent for these i@astis iodine, the necessity of
changing the halogen at 4 position from chlorinetbne is here highlighted. The substitution must
occur before the introduction of the nitro groumg assuring that it will occur on the only ring
which is activated for the nuclephilic substitutiddn the contrary, when the linker is oxygen or
nitrogen, the best synthetic choice is the nuclémpiromatic substitution, and for this reactidre t
already present chlorine atom is the most apprtgrigherefore two different parallel ways of
synthesis are needed, one starting from molecwdasiriy chlorine and the other with molecules
bearing iodine at position 4 of quinoline.

For both 4,7-dichloroquinoline and 4-iodo-7-chlonotpline the first step is the introduction of the
nitro group at position 8, a strategy that alsovedl the subsequent nucleophilic substitution of the
chlorine at position 7 with the oxygen linked satain. At this point the halogen atom at position 4
can be replaced with the desired group. The lagtistthe reduction of the nitro group to amine.

NO, NO,
C|\®EN; CI\CEN; R/O Ny \@J
2 - —’
— _ \
Cl NH,
these precursors are synthesized R=R'N, R'O R/ Ny
in big amounts
=
NO, R
N« N\ TARGET
pZ R= C-linked
O-linked
| N-linked

R= Aryl, AIkyI

Figure 2.3: Synthetic pathway to 4,7-disubstituted-8-aminogiunes.

The strategies were conceivedorder to synthesize large amounts of the precsysuitable for
the different substitutions at the 4 position. Tjiecesses occur at the second-last step, sohnat t
procedure allows the synthesis of a number of diffe compounds without the necessity of
restarting anew the whole procedure for each famatiuct. To further minimize the number of the
reactions to perform, it had been thought to redbheenitro group before the introduction of the
substituent at position 4. Laboratory trials highted that this procedure was not workable. In the
case of cross coupling reactions the starting nad$ewas completely recovered: the most probably
reason is the inactivation of the palladium catabyscomplexation with the amine moiety. On the
other hand, in case of nucleophilic substitutione tfree amino group could compete as a
nucleophile.

2.1.1.1lodination of 4,7-dichloroguinoline

Following the procedure reported by W&if,which is based on nucleophilic aromatic substiuti
the iodine atom can selectively replace the chéoanposition 4 in 4,7-dichloroquinoline.

130 Wwolf,C.; Tumambac, G. E.; Villalobos, C. Nsynlet2003 12, 1801.
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cl Ny 1.HCI 4M/dioxane cl Ny
2.Nal
1oe 1oe
1.THF
Cl 2. CH,CN |
1 2

Figure 2.4:1odination of 4,7-dichloroquinoline.

The nucleophilic substitution requiresteelectron poor aromatic ring, which is assured gy t

presence of an electron widthdrawing group (EWQ@)iclv is, specifically, the nitrogen atom in
pyridine, and an appropriate leaving group (LG),ichin our case is the chlorine atom. The
substitution is further facilitated when the leayigroup is on an activated positions: the position

in compoundL.

The mechanism involves the intermediacy of the Bla®imercomplex, where the nucleophile
attacks at the LG position. The intermediate stgbibnd hence the reaction overall rate, is
governed by the number of effectively contributmgsomeric structures that describe the complex.
The subsequent departure of the LG regeneratesirtbearomaticity, via an overall addition—
eliminationreaction®*

X Y XY

Y Y
o =er— B—0c
Co

Meisenheimer intermediate

Figure 2.5: Mechanism of SN

These considerations explain the regioselectivify tloe nucleophilic substitution in 4,7-
dichloroquinolinel, that is the reason because the nucleophile iadiesubstitutes the chlorine
atom at position 4and not at position 7. Three mmesa structures (seBigure 2.6) can be
considered for the Meisenheimer intermediate indhlestitution at position 7, while four can be
drawn in the substitution at the 4 position. Funthere, two of these latter structures show the
negative charge onto the electronegative nitrogemaThus mesomeric and inductive effects
direct the observed regioselectivity.

31 March, JAdvanced organic Chemistry, Reactions, mechanismsauctures”" Ed. Wiley Ed., Chaptet3, 850.
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N Cl N\ Cl N
cl ~ -~ |
I Cl I e

poorly stabilized Meisenheimer intermediate

Figure 2.6: Nucleophilic aromatic substitution on 4,7-dichlotogoline: mesomeric structures and
regioselectivity.

When the nitrogen atom of pyridine is protonateag reaction is even more favored: one

mesomeric structure of the starting reagent brang®sitive charge at the 4 positions, making this
position more electrophilic.

® |

cl NN} HCiidioxane | CI N? @
) TO - =
cl

Z-T
Z-T

@

Cl more electrophilic

carbon

Figure 2.7: Effect of protonation on the reaction.

The reaction carried out in acid medium cleanlyldgd the desired 4 substituted product
exclusively,allowing to proceed in the synthetiqwence without purification.

2.1.1.2Nitration of 4,7-dichloroquinoline and 7-chloro-édoquinoline

As shown on the synthetic scheme, the first step@tynthesis involves the introduction of a nitro

group at position 8 in the quinolininc ring. Thigra group plays a crucial role in the planned
synthetic strategy:
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a) it will be transformed in the final step of the pess into the amino group, predicted to
interact with the hinge region of the protein.

b) as a good electron withdrawing group, it will alldlxe substitution of the chlorine at
position 7 with the oxygen linked group.

A literature report states that the nitro group t@nselectively introduced at 8 position of 4,7-
dichloroquinoline®®> A similar reactivity can be predicted for 4-iodefiloroquinoline. The
reaction is a classic aromatic electrophilic substn which uses concentrated sulphuric acid as
solvent and dehydrating agent for the formatiomibfonium ion. The conversion of the starting
material was complete for both quinoline reagesmutsl, totally selective at the 8 position

NO,
cl NS HNogHso,  © NS
\©/\g 0°C, 2h =

1 Cl 3 Cl

NO,
cl NS HNogHso, @ NS
m 0°C, 2h =
2 | 4 |

Figure 2.8: Nitration of 4,7-dichloroquinoline and 7-chloro-édoquinoline.

The regioselectivity may be rationalized takingpimiccount the relative stabilities of the Wheland
intermediates arising from the nitronium ion attatlpositions 8 and 6. Two mesomeric structures,
which do not alter the aromaticity of the pyridinag, can be written in the case of attack at
position 8, differently a unique structure is pbgsifor the attack at position 6.

T 8 O,N. H O,N_ H
r Cl N
Cl | N\ S | J Cl | N\ Cl N\
OHN = [ h = = | P
2 ® o @
Cl NO,* Cl Cl o]
only one mesomeric - B
structure two mesomeric structures

Figure 2.9: Explanation for regioselectivity on nitration of74dlichloroquinoline.

2.1.1.3Aromatic nucleophilic substitution at position 7

After the differentiation of the halogen atom asjpion 4, an oxygen linked side chain at position 7
must be introduced. If the hypothesized model deisg the binding mode is correct, the side
chain should point outside the protein pocket awehtd the solvent, and therefore should not have
important interactions with the active site. Theinmi@nction of this side chain is to increase the
solubility of the molecule, and in the first compols synthesized the same dialkylpiperazinic

32 3urrey, A. R.; Hammer, H. B. Am. Chem. Sot946 68, 1244.
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moiety of Bosutinib has been used. Being this mmhmercially available, it required to be
synthesized.

| OH
N neat ~
() ) —=
N QN\/\/OH
H Cl
5 6 7

Figure 2.10: Synthesis of the piperazinic substituent at posiffon

We used 2 equivalents dFmethylpiperazine, the first one as reactant ardseércond one as the
base, for the salification of the HCI that evoldesing the reaction.

The chlorine atom at position 7 has to be repldnethe oxygen linked chain. The only proposable
reaction is the aromatic nucleophilic substitutiasth alcohol 7 or from the corresponding
alcoholate. The regioselectivity problem presentgdthis choice is linked to the fact that two
chlorine LG are present, at 4 and 7 positions, lmstharomatic rings activated for nucleophilic
substitution. Thus both produc& (from 7 substitution) an® (from 4 substitution) can be
generated. We had to resort to a series of emptasts for establishing the best conditions fa th
desired selectivity.

)
O,

A O. A - 0 O\\+/O_
ey \+N/O O © N NO, NO,
rRo. I N RO N RO N cl Ny cl NO ¢ S
cl N —.Cl P | - - |
% = o = < = S)
cl Cl Cl O‘\/‘CI RO CI R Cl
Meisenheimer intermediate stabilized Meisenhei int diat
for mesomeric effect by nitro group vieisenheimer intermediate
stabilized for induction by nitrogen
N/\‘
NN
-Cr -Cr

NO,
both products are possible cl N
N
\N/\ NO, / \ P
K/ N og
9 O
N
|

Figure 2.11: Explanation for regioselectivity toward aromatic akeophilc substitution on 4,7-
dichloro-8-nitroquinoline3

The reaction kinetics can be improved if the aldateis adopted as nucleophile. Potasstart
butoxyde has been used for this purpose, becaisshatavily hindered , not nucleophilic and strong
enough to deprotonate the alcohol function; algogéneratedert-butanol can be easly removed
from the reaction mixture.

When the reaction was performed in THF, prodiiatas favored over produétin a 2:1 ratio. On
the contrary, when the reaction is run in NMP, tmdy product obtained i9. This rational is
offered: the NMP solvent, more polar than the Tldlvent, presents stronger interactions with the
polar nitro group, thus effectively hindering thesgion 7.
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Cl

+ + BuOK THF +
= > P
KL 0°C, 1h
cl reflux, 23h cl N

OH [ j
N
7 3 8 9 |
NO,
Cl N
| \
() g
Cl N
N + A +  {BuOK NMP 0
/ —
KL 0°C, 1h
OH Cl reflux, 23h N

Figure 2.12: Attachment of side chain @&

The regioselectivity toward the 7 position beconaéimost selective when iodine is present at
position 4 (moleculd). The rational is straighforward: because of tighér electronegativity, the
clorine group is notoriously better at stabilizittge Meisenheimer intermediate than the iodine
group. In our trial, the ratio between produtfsand9is 6:1.

NO,
Cl N
| AN
N ~ _

[ j NO, r\() NO,
Cl N N o) N o}

N . S, £ BUOK THE ~ N N,
= > =
0°C, 1h

OH | reflux, 23h | [Nj
N
7 4 10 9 |

Figure 2.13: Attachment of side chain @n

In all situations, the desired regioisom8rand10 could beseparated from the other regioisor@er
via crystallization with ethyl acetate.

With the same reaction of nucleophilic substitutiother oxygen linked side chains have been
attached on quinoling, in order to have other precursors for the subsdqgsebstitution at 4
position.
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NO, NO, NO,
Cl N\ THE _0 N\ N Cl N\
+ NaOMe
0°C, 1h = Z
reflux, 23h
Cl Cl (ONQ
3 1 12
NO,
Cl N
N
O =
SIS & Do
Cl N N (0] N (0]
N + h +  t-BuOK THF ~TN -
Z > =
0°C, 1h
oH Cl reflux, 23h cl [Nj
(0]
13 3 14 15

Figure 2.14: Attachment of other side chains.

Also in these cases crystallization from ethyl atetllowed the separation of the regioison&ts.

The alcoholl3 has been synthesized similarly to the alcoholising morpholine rather thax-

methylpiperazine.

H
neat

L

N
H

16

0
+ §
Cl

6

_—

o
@\/\/OH
13

Figure 2.15:SN reaction for the synthesis of alcoHd.

At this phase of the synthetic procedures, foufedéht precursors (moleculds 10, 11 and 14)
have been synthesized and purified in relevant tifiesr The molecule8, 11 and 14, bearing a
chlorine at position 4, are suitable for the attaeht of oxygen linked and nitrogen linked groups,
via SNy, while the moleculelO, with iodine at position 4, can be subjected to Juzwr

Sonogashira cross coupling reactions.

133 Compoundl5 has not been isolated and characterized.
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\N/\ NO, \N/ﬁ NO,

k/ N_~_0 Ny k/ N _~_0© Ny
= =
8 Cl 10 I
N
0, o/ﬁ NO,
O AN k/ No~_0 AN
= =
11 Cl 14 Cl

Figure 2.16:4-substituted precursors synthesized.

2.1.1.4Substitution at position 4

2.1.1.4.1Cross coupling reactions for 4-aryl and 4-alkyl stitution

The cross coupling reaction constitutes a fundaatesynthetic methodology, where a carbon-
carbon bond is generated from an organic halidesanarganometallic compound, with the aid of a
metal catalyst :

Metal catalyst
R-M + R'-X R-R' + M-X

For example, Kumada and Tamaoand Corrid®® reported independently that the reaction of
Grignard organomagnesium reagents with alkenyl rgt laalides could be catalyzed by Ni(ll)
complexes. Kocfit® reported the efficiency of Fe(lll) catalyst fire cross-coupling of Grignard
reagents with 1-halo-1-alkenes andQuCl, catalyst for haloalkanes. The palladium catalyzed
reaction of Grignard reagents was firstly reporgdMurahashi®” The synthetic utility of this
procedure was then amply demonstrated by Nelgisior the reactions of organic aluminum, zinc,

154 (@) Tamao, K.; Sumitani, K.; Kumada, Nl. Am. Chem. So¢972 94, 4374. (b) Tamao, K.; Kiso, Y.; Sumitani, K.;
Kumada, M.J. Am. Chem. Sat972 94, 9268. (c) Tamao, K.; Zembayashi, M.; Kiso, Y.;iKada, M.J. Organomet.
Chem.1973 55, C91. (d) Hayashi, T.; Konishi, M.; Fukushima, Mlise, T.; Kagotani, M.; Tajika, M.; Kumada, M. J
Am. Chem. S0d982 104, 180. (e) Hayashi, T.; Konishi, M.; Kobori, Y.; Kaada, M.; Higuchi, T.; Hirotsu, KI. Am.
Chem. Socl984 106, 158. (f) For a review, see: Kumada, Rure Appl. Cheml98Q 52, 669.
135 Corriu, R. J. P.; Masse, J.P.Chem. SocCchem. Commuri972,144
1%6 (@) Tamura, M.; Kochi, J. KI. Am. Chem. So&971, 93, 1487 (b) Tamura, M.; Kochi, J.KSynthesis1971, 303
(c) Neumann, S. M.; Kochi, J. K. Org. Chem1975 40, 599.(d) Kwan, C. L.;Kochi, J. KJ. Am. Chem. S0d976
98, 4903 (e) For a review,see: Kochi, J. Kcc. Chem. Re4974 7, 351.
57 yamamura, M.; Moritani, I.; Murahashi, $.Organomet. Chert975 91, C39.
138 (@) Aluminum: Negishi, E.; Baba, 3. Chem. SacChem.Communl976 596 (b) Baba, S.; Negishi, E. Am.
Chem. Socl1976 98, 6729 (c) Zinc: Negishi, E.; King, A.; Okukado, N. Org. Chem1977 42, 1821 (d) King, A,
Okukado, N.; Negishi, EJ. Chem. SacChem. Commuril977, 683.(e)Negishi, E.; King. A.; Okukado, N.. Org.
Chem.1977, 42, 1821 (f) King, A.; Negishi, E.J. Org. Chem1978 43, 358. (f)Zirconium: Negishi, E.; Van Horn, D.
E.J. Am. Chem. Sd977, 99, 3168 (g) Van Horn, D.E.; Negishi, El. Am. Chem. S0&978,100, 2252.(h) Negishi,
E.; Takahashi, T.; Baba, S.;Van Horn, D. E.; Okukad. J. Am. ChemSoc 1987 109,2393For reviews, see: (i)
Negishi, E.Aspects of Mechanism and Organometallic Chemigrgwster, H., Ed.; Plenum Press: New Yorl9Q78
285 (j) Negishi, E.Acc. Chem. Re4982 15, 340. (k) Negishi, ECurrent Trends in Organic Synthediszaki, H., Ed.
Pergamon: Oxfordl 983 269
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and zirconium reagents. After these initial disaea& many other organometallic reagents have
proven to be highly useful as nucleophiles for ¢hess-coupling reaction, e.g. organolithiums by
Murahashit>® organostannans by Migifd and Stille’®® 1-alkenylcopper(l) by Normant?
organosilicon compounds by Hiyarf4. Organoboron compounds for cross coupling have been
introduced by Suzuki and Miyaut& The palladium-catalyzed cross coupling of aryides with
boronic acids is an exceptionally versatile andhlyigutilized reaction for the construction of
carbon-carbon bonds, and in particular for the grajon of heterobiary$>

A general catalytic cycle for the cross couplingateons, shown ifrigure 2.17,involves oxidative
addition to a palladium atom, transmetalation adlictive elimination.

R1-R;
/ \ oxidative addition
reductive elimination

R2 Pd an Rz—Pd ) _

/ transmetalation

MX RM
Figure 2.17:General catalytic cycle for palladium catalyzed ssa@oupling reactions.

Oxydative addition of 1-alkenyl, 1l-alkynyl, allyhenzyl, and aryl halides to a palladium (0O)
compoundaffords a stablé&rans-o-palladium(ll) complex. This is often the rate-detening step in
the catalytic cycle. The relative reactivity de@es in the order of | > OTf > Br >>Cl. The most
commonly used catalyst is Pd(RPhbut also PdG(PPh),, and Pd(OAg) with PPh or other
phosphines, are also efficient, since they arelest@bair and readily reduced to the active Pd(0)
complex with the organometallics or the phosphimed for the cross couplinf

Organoboron compounds are highly electrophilic, th& organic groups on boron are weakly
nucleophilic, so that these compounds require domme of activation, in order to be utilized in the

159 Murahashi, S.; Yamamura, M.; Yanagisawa, K.; Mia,Kondo,K.J. Org. Chem1979 44, 2408
160 (@) Kosugi, M.; Simizu, Y.; Migita, TChem. Lett1977, 1423 (b) Kosugi, M. Hagiwara, |.; Migita, TChem. Lett.
1983 839.
161 @) Milstein, D.; Stille, J.KJ. Am. Chem. So¢979 101, 4992.(b) Scott, W.J.; Crisp, G.T.; Stille, J.&. Am. Chem.
S0c.1984 106, 4630.(c) Scott, W.J.; Stille, J.KI. Am. Chem. S0d.986 108 3033.(d) Echavarren, A.M.; Stille, J.K.
J. Am. Chem. So&987, 109, 5478.(e) For a review, see: Stille, BAngew. Chem. Int. Ed. Endl986 25, 508.
162 Alexakis, N. JA.; Normant, J.FTetrahedron Lett1981, 22, 959.
183 (a) Hatanaka, Y.; Hiyama, T. Org. Chem1988 53, 918.(b) Hatanaka, Y.; Hiyama, T. Org. Chem1989 54,
268.(c) Hatanaka, Y.; Matsui, K.; Hiyama, Tetrahedron Lett1989 30, 2403.(d) Hatanaka, Y.; Hiyama, T. Am.
Chem. Soc199Q 112, 7793.(e) For a review, see: Hatanaka, Y.; HiyamaSynlett1991 845.
184 (@) Miyaura, N.; Yamada, K.; Suzuki, Aetrahedron Lett1979 20, 3437. (b) Miyaura, N.; Suzuki, AChem.
Communl1979 866.
185 (@) Stanfort, S. PTetrahedron1998 54, 263. (b) Suzuki, AJ. Organomet. Chen2002 653 83. (c) Hassan, J.:
Sévignon, M.; Gozzi, C.; Schulz, E.; Lemaire, ®hem. Rev2002 219 1359. (d) Miyaura, NTopics Curr. Chem.
2002 219, 5. For reviews see: (d) Suzuki, Rure Appl. Chem199], 63, 419. (e) Miyaura, N.; Suzuki, Ahem. Rev.
1995 95, 2457. (f) Suzuki, AJ. Organometallic Cheni999 576, 147.
186 (@) Mc Crindle, R.; Ferguson, G.; Arsenault, GMc Alees, A. J.;Stephanson D. K.; Chem. Res. (S)984 360.
(b) Amatore, C.; Jutand, A.; M'Barki, M. ®rganometallics1992 11, 3009. (c) Ozawa, F.; Kubo, A.; Hayashi, T
Chem. Lett1992 2177. (d) Amatore, C.; Jutand, A.; SuarezJAAmM. Chem. So0d993 115 9531. (e) Amatore, C.;
Carre, E.; Jutand, A.; M'Barki, M. ®rganometallics1989 8, 180.
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Suzuki-Miyaura cross coupling. It has been recogphthat the coordination of a negatively charged
base is an efficient method for increasing the emyahilicity. The activation of the boron atom
enhances the polarization of the organic ligandfantitates transmetallation.

R1-Rz
Pd (0)
\ oxidative addition
reductive elimination /
R,-Pd(ll) -R; Ro-Pd(ll) -X
B(OH), NaOH
transmetalation \
R,-Pd(I1)-OH

NaX

activation of boronic acid

@ _OH
R- B(OH)2

Figure 2.18: Activation of boronic acids by bases in the catalgicle of palladium mediated cross
coupling reactions.

Friesen and Trimble reported a procedure wHeredoquinolines undergo Suzuki-Miyaura cross
coupling with arylboronics acids catalyzed by phusp-free palladium acetate in boiling wat&r.
We tried the same procedure on precutkdmith different boronic acids with excellent result
Thus we could prepare a library of 4-aryl-7-oxy&l8ynitroquinolines. The yield for almost all
compounds has been greater than 80% and in mass tas reaction raw was very clean, without
the necessity of further purification.

\N/\I NO, \N/\ NO,

k/ N_~_0 N H,0 K/ N_~_0© AN
+ AT—B(OH)Q + Pd(OAC)2 + NaQCO:s
= 150°C, 90min Pz

| Ar
10 17-33

Figure 2.19: Suzuki-Miyaura cross coupling for the synthesis 4#faryl-substituted-8-
nitroquinolines.

%7 Eriesen, R. W.; Trimble, L. ACan. J. Chen2004 82, 206.
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Table 2.1:4-Aryl-8-nitroquinolines synthesized with Suzukydira cross coupling.

55 N,ﬂml NO,
N WD\/%/ AN
L %
=}
M° R yield % N° R yield %

3
,f'"-. T
v 00 | 26 | I | o0
\_\_H__-"'-: -.N

18 | % Ni 90,0 27 311\\/0\ 65,0
/f"\) /
N
=

—
- - i g
19 - 86,0 28 |OW, ¢ 74,0
[ L
N —
20 : ag,0 29 L j\ 65,0

21 N rhj 99,0 30 ”]/%J 88,0

Jd_ |
A0 _ ‘-F:""'\--""H-.. O
22 | - 59,0 31 | /\[ J 80,0
g ~F hey
] "":'“-.-'"-':???.-"'-"R.
23 e - 94,0 32 | 55,0

24 F.A@_/_% 90,0 33 A\\“Zq 90,0

25 BB 90,0
H

When the introduction of an alkyl group insteadaofl group was required, we adopted a different
procedure. Wallace and Chen reported a protocolevbgclopropyl boronic acid is coupled with
various aryl bromides, cytalyzed by palladium ateeta the presence of tricyclohexylphosphtffe.

In a similar way, Hof coupled aryl bromides witkhexyl boronic acid, using the same metal but a

188 \nallace, D. J.; Chen, CTetrahedron Lett2002 43, 6987.
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slightly different liganddicyclohexylphosphanyl)biphenyl$? The two phosphine ligands were not
readily available in our laboratory, and therefotke reaction was carried out with
dicyclohexyl(2',6'-dimethoxybiphenyl-2-yl)phosphjneery similar to those proposed in literature,
with good results.

B(OH),

SN NO, O
L_N_~_O Ny o PO poy,  TOUH:0
+ + +Pd(OAc + + _
_ ( )2 + 3 4 /0 O O\ 100°C
10 '

Figure 2.20:Suzuki miyaura cross coupling.

34

yield 99%

The other 3-substituted compound synthesized wiith rmetodology will be reported ichapter
21241

Another possibility to have 4-alkyl substituted qumnds from 4-iodoquinolines is represented by
the Sonogashira cross coupling, followed by conepletdrogenation of the acetylenic function.
Sonogashira cross-coupling is the palladium-caglyzoupling reaction between aryl or alkenyl
halides or triflates and terminal alkynes, in thegence of a copper(l) cocatalyst.

Pd cat, (Cu* cat.
R————H + R'-X ( ) R——R'
base

R= aryl, heteroaryl, alkenyl, alkyl, SiR,
R'= aryl, heteroaryl, vinyl
X=1, Br, Cl, OTf

Figure 2.21:General Sonogashira cross-coupling reaction.

This reaction has become the most important metbhogreparing arylalkynes and conjugated
enynes:’® The reaction was first reported by Sonogashirahd@oand Hagihard! as an
improvement of Heck? and Cassaf® reactions. The Heck procedure, based on the jpaitad
catalyzed arylation or alkenylation of alkenes rég by Mizoroki and Hecdk? performs the
coupling employing a phosphane-palladium complea eatalyst and triethylamine or piperidine as
base and solvent. The procedure of Cassar invéheesise of a phosphane-palladium catalyst in
combination with sodium methoxide as base and DBIBavent. Both methods generally requirs
high temperatures (up to 100 °C). Sonogashira amgiHtdra reported that addition of a catalytic

%9 Hof, F.; Schutz, A.; F&h, C.; Meyer, S.; Bur, Diy, J.; Goldberg, D. E.; Diedrich, FAngewandte Chem. Int. Ed.
2006 45, 2138.
170 @) Brandsma, LSynthesis of Acetylenes, Allenes and Cumulenesiolietand Techniqudslsevier: Oxford 2004
p 293. (b) Sonogashira, K. Metal-Catalyzed Cross-Coupling Reactidbigderich, F., de Meijera, A., Eds.; Wiley-
VCH: Weinheim,2004 Vol. 1, p 319. (c) Tykwinski, R.R. Agew. Chem., Int. ER003 42, 1566. (d) Negishi, E.;
Anastasia, L.Chem. Rev2003 103 1979. (e) Sonogashira, K. Handbook of Organopalladium Chemistry for
Organic SynthesjNegishi, E.;de Meijere, A., Eds.; Wiley-Intersoge: New York 2002 p 493. (f) Sonogashira, K.
Organomet. ChenR002 653, 46. (g) Rossi, R.; Carpita, A.; Bellina, ®tg. Prep. Proced. Int1995 27, 127. (h)
Sonogashira, K. IComprehensie Organic Synthesigrost, B. M.; Fleming, |.; Eds.;Pergamon: Oxfot®91 Vol. 3
p 521. (i) For a review see: Chinchilla, R.; NajgzaChem. Rev2007, 107, 874.
" 3sonogashira, K.; Tohda, Y.; Hagihara, N. TetrtL#975,16, 4467.
12 Djek, H. A.; Heck, F. RJ. Organomet. Chem 975 93, 259.
173 Cassar, LJ. Organomet. Chem 975 93, 253.
174 (@) Mori, K.; Mizoroki, T.; Ozaki, ABull. Chem. Soc. Jpri973 46, 1505. (b) Ziegler Jr., C.B.; Heck, F. R.Org.
Chem.1978 43, 2941.
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amount of copper(l) iodide greatly accelerates rimction, thus enabling alkynylation at room

temperature, in accordance with the already knosupling between copper acetylides and phenyl

or vinyl halides, the so-called Stephens-Castrotiea’’

RyX

Pd (0) L,
\ oxidative addition

R——R>

reductive elimination /?

L b
T Ry-Pd(ll) -X

Ri-Pd(I) =R, !

L
transmetalation cycle of alkyne
/ activation
cu*X: Cu——R,
H— Rj\«
RsN*HX"
H—R;
CuX RsN

Figure 2.22:Catalyticcycle for the copper-cocatalyzed Sonogashira reacti

The copper cocatalyzed Sonogashira reaction isosgopto take place through two independent
catalytic cycles, as shown Figure 2.22The base action is exerteg thetertiary amine and by
other amines and inorganic bases. The generalpéed cycle for the palladium catalysis (the Pd-
cycle) is based on the usually fast oxidative adidibf R-X (R; = aryl, hetaryl, vinyl; X = I, Br,

Cl, OTf) to the real catalyst generated from th@ahpalladium complex. This specie is thought to
be a classical 14-electron Pd(@)kormed by reduction of different palladium-(lipmplexes by s-
electron donors, such as phosphanes, amines, aedseused as ligands and solvents, via a
mechanism o6-complexation-dehydropalladation-reductive elimioas"®

The characteristics of the ;& substrate are crucial in the oxidative additistep, which is
facilitated if X = | or OTf and if the electronicedsity is reduced on the C-X bond by the presence
of electron-withdrawing groups. In the subsequeeatimanistic step, the Pd cycle is connected with
Cu cycle, the cycle of the copper cocatalyst. Thhe, usually rate-determining transmetalation
from the copper acetylide formed in the Cu cycleagates the ®Pd(-C=CR,)L, species, which in
turn gives the final coupled alkyne aftémrans/cis isomerization, reductive elimination and
regeneration of the catalyst. The second Cu cgc#ili poorly understood. The base (generally the
amine) is supposed to seize the acidic proton @fte¢hminal alkyne, favouring, in the presence of

175 (a) Stephens, R. D.; Castro, C.JE.Org. Chem1963 28, 2163. (b) Stephens, R. D.; Castro, CJEOrg. Chem.
1963 28, 3313.
176 Negishi, E.; de Meijere, Adandbook of Organopalladium Chemistry for Organjm®esisEds. Wiley: New York,
2002
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the copper(l) salt, the formation of copper acdg/lilt should be pointed out that the generally
employed amines are not basic enough for depratmnaihe alkyne. Therefore, malkyne-Cu
complex as shown ifigure 2.22 could be involved in the cycle, thus making thieyaé proton
more acidic for easier abstraction.

More recently, many procedures for a “copper fréehogashira coupling have been repottéd.
The absence of copper in the reaction mixture avthid homocoupling of the intermediate copper
acetylide occurrimg when it is exposed to oxidatgents or ait’® The mechanism of the copper-
free Sonogashira reaction is not well-known. Whtiie first step is supposed to be the oxidative
addition of R-X to the palladium(0) complexXt{gure 2.23, the second step is still debated. As
previously mentioned, the amines generally empl@aredusually not strong enough to deprotonate
the alkyne. Also in this instance, the compla&RC=CH)-PdXL, may display greater acidity and
easier deprotonation to the compledPB(-C=CR,)L.,*"® which will then give the coupling product
R;-C=C-R; by reductive elimination.

d (0) L,
oxidative addition
reductive elimination /

Ry- Pd(II)—X
Ry- Pd (=R, !
L
RyN*HX- H—R,

deprotonation / RN +L H—=—"R, L \

Figure 2.23:Catalytic cycle for the “copper free” Sonogashireoss coupling.

activation of alkyne

Liang reported a mild protocol for the copper fi@enogashira coupling of aryl iodides with
terminal acetylenes in water under aerobic conuktls” We have adopted this procedure, obtaining
the 4-alkynil quinolines35 and 36 with good vyields. The triple bond was subsequerdgfjuced to
the alkane together with nitro group in a singégpst

177 (a) Alami, M.; Ferri, F.; Linstrumelle, Gletrahedron Lett1993 34, 6403. (b) Nguefack, J.; Bolitt, V.; Sinou, D.
Tetrahedron Lett1996 37, 5527. (c) Herrmann, W. A.; Bohm Volker, P. ®&ur. J. Org.Chem200Q 22, 3679. (d)
Fukuyama, T.; Shinmen, M.; Nishitani, S.; Sato, Ryu, I. Org. Lett.2002 4, 1691. (e) Pal, M.; Parasuraman, K;
Gupta, S.; Yeleswarapu, K. Bynlett2002 12, 1976. (f) Alonso, D.; Najera, C.; Pacheco, M.Tetrahedron Lett.
2002 43, 9365. (g) Fu, X.; Zhang, S.; Yin, J.; SchumaclierP. Tetrahedron Lett2002 43, 6673. (h) Uozumi, Y.;
Kobayashi, Y.Heterocycle2003 59, 71. (i) Ma, Y.; Song, C.; Jiang, W.; Wu, Q.; Wang; Liu, X.; Andrus, M. B.
Org. Lett.2003 5, 3317. (j) Soheili, A.; Albaneze-Walker, J.; Murid. A.; Dormer, P. G.; Hughes, D. Org. Lett
2003 5, 4191.
178 (a) Glaser, CBer. Dtsch. Chem. Ge$869 2, 42. (b) Hay, A. SJ. Org. Chem1962 27, 3320. (c) For a review of
alkyne coupling, see: Siemsen, P.; Livingston, RD&derich, FAngew. Chem. Int. E@00Q 39, 2632.
19 5oheili, A.; Albaneze-Walker, J.; Murry, J. A.; Beer, P. G.; Hughes, D. Org. Lett.2003 5, 4191.
180 jang,B.; Dai, M.; Jiahua, C.; Zhen, Y.; Org. Chem2005 70, 391.
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\N/\ NO,

ONTY NO, PdCL, (1%) "\ _N._~_0 N
K/N\/\/O N\ .\ He— r pyrrolidine P
P H,0, 50°C
24h ||
|
10

35 R=n-butyl (yield 90%)
36 R= cyclohexyl (yield 94%)

Figure 2.24 Sonogashira cross coupling for the synthesis dksrgyl-8-nitroquinolines.

During a trial with an alkyne containg a free oxidrgroup, run under the basic catalysis of
pyrrolidine, the reaction surprisingly yielded theyrrolidine substituted produ&?7, and not the
expected alkynyl compound. Compould, obtained with low yield, has been purified and
characterized. The reaction, repeated in the abstrcalkyne, gav87 in any case. It's possible
that the reaction could take place even in absefcgalladium, via an aromatic nucleophilic
substitution, because of the high nucleophilicifypgrrolidine, but this hypothesis has not been
demonstrated. Although the investigation of thiact®n could lead to really interesting and
innovative results, we did not undertake furthedsts for a better characterization.

~
N NO
~ 2

N 10 PACI, (1% Q\/\/o N
L\V/N\V/A\V/O Ny H 2 (1%) h

+ H,0, 50°C =

7 2Y,
Q 24h
10 I

N

37
yield (18%) <—7

Figure 2.25 Introduction of pyrrolidine moiety at the 4 positio

The molecules synthesized with cross coupling nuilogies have to be reduced to amines in
order to be tested in biological assays.

2.1.1.4.2 Aromatic nucleophilc substitution for &y@ryl, 4-Oxyalkyl, 4-N-Alkyl, 4-N-Aryl
quinolines

As already discussed in the section concerning tiomalization of 7 position, aromatic
nucleophilic substitution is the best methodology the functionalization with oxygen linked or
nitrogen linked organic moieties in 4 position. Tgrecursors, 11 and14 have been synthesized in
great quantities in order to insert an extenderdhtipof groups in 4 position. No regioselectivity
problem is presented by these molecules. Bothyhdipe ring and the all carbon ring are activated
for nucleophuilic substutitiom, and both possessemial LG However, chlorine atom is
notoriously a better LG then the nitro or the aldake groups.

181 (@) For a review see: Beck, JRetrahedron1978 34, 2057. (b) Effemberg; Koch; Stechemb&igem. Ber1991,
24, 163.
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YR'

NO,
RO Ny RO N« RO N
_ 47% / \ _
Cl NO,- - e Cr
|

Rl
Y=0, NR"
nitrite worse leaving group than chloride
Figure 2.26:Regioselectivity for position 4 in aromatic nuclédje substitution.

Furthermore, the solvent NMP proved to be totadliestive toward the substitution at 4 positions,
with no hint for products derived from 7 substituns

\N/\ NO, \Nﬁ NO,
K/ N0 AN NMP k/ N~_©0 AN
+ R OH + {BuOK
100°C, 24h Z

OR;

8 Cl 38-54

Figure:2.27: Aromatic nucleophilc substitution for 4-oxyaryl afélkyquinolines.

Good yields have been been obtained in almosteaittions. Compoundd44 and 50 are two
exceptions. Probably the yield of compouttiwas low because of the low nucleophilicity of the
alcoholate induced by the presence of three eleetithdrawing chlorine atoms. For the synthesis
of compound0, we utilized a commercial 30% wt. solution of sadimethoxyde in methanol, and
not the usuak-BuOK in methanol. Because of its strong nucleapityl and the mass excess,
NaOMe displaced also the side chain at 7 positimiding compound5 as major product.

Y NO, >N NO, NO,
L_N_~_0 AN NMP N~ O NS -0 Ns
+ MeONa ————> +
= 100°C, 24h % Z
cl (N 2N
8 50 55
yield 15 % yield 75 %

Figure 2.28:Byproduct in aromatic nucleophilic substitution

The compound synthesized with this procedure asgmted iTable 2.2
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Table 2.2: 4-Oxyaryl and 4-oxyalkyl 7-(3-(4-methylpiperazind)propoxy)-8-nitroquinolines
synthesized with SN

N® R yield % I N R ield %
™
0—% e
33 @_/ | aap a7 | {}_“ 80,0
c
ﬁo _rrf L}"‘
39 A 93,0 ag |F %, 4/ © 67,0
H--.__,:—"’m__. = (e
';‘n I';.l-..
a0 (HO— O 44,0 49 F {\ } © 60,0
o
Y
% b?"“ i
s |\ g/ © 82,0 50 T 15,0
O"x
:\5_ U:_Jm - w-
a2 {f" Vs 86,0 51 | pe ;‘*—ﬁ 55,0
O i .
a3 S S| 90 2 | yd | 80
f'-."' ______
?-. | E'*-\-._--"""-"-‘?,.-'Z\
4 T 43,0 53 Ty 50,0
o=
. |
o —{ "n
45 _l_,l]\ 50,0 54 HjN—(% é}’:'—-:j 63,0
e L |
46 H_;N—‘\ I,;}—O SG,D
W

The compounds derived from precurddrand14 have been synthesized with the same procedure.
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NO, Cl
0 AN cl, NMP 0 AN
+ tBUOK
= 100°C, 24h Z ol
Cl
56
yield 75,8 % Cl

07 NO, 0 NO,
k/ N0 AN NMP K/ N ~_O Ny
+ R4OH + tBuOK
> 100°C, 24h %
14 Cl 57-60 OR4

Figure 2.29: Aromatic nucleophilic substitution for 4-Oxyaryldalky quinolines.

Compound56 has also been tried to be synthesized by readtinglichloroquinoline3 first with

the aromatic alcohol in NMP to functionalize pasiti4 and then with sodium methoxide to
functionalize position 7 In the first step someudhistituted compound was found, thus we decided
to push forththe reaction toward the complete difunctionalizatwith the 2,3,4-trichlorophenoxy
moiety, gaining the compouriba

NO, Cl

Cl NO,
Cl N\ Cl NMP Cl (0] N\
+ + tBuOK P
= al 100°C, 24h cl cl
3 Cl OH O Cl
56a
yield 99% Cl

Figure 2.30: SNy, for disubstitution.

In the case of the substitution reactionl@ghcarried out in ethanol rather than in NMP, usimg o
equivalent of KOH for the generation of the alca@te] the compoun@0a was also obtained,
arising from the displacement of propoxy-morpholside chain (se€igure 2.31). This behavior
may be attributed to the strong nucleophilicitysoflium ethoxyde.

o™ NO, oY NO, NO,
I\/N\/\/O N\ EtOH K/N\/\/O N\ + \/O N\
+ KOH ——M
% 100°C, 24h > /
14 Cl 60 © 60a O

)

_/

Figure 2.31:Byproduct in SN.

Compound60a can also be synthesized in 86% yield by the direection of 4,7-dichloro-8-
nitroquinoline3 with two equivalents of KOH in ethanol .

The results are summarizedTiable 2.3
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Table 2.3:4-Oxyaryl and 4-oxyalkyl 7-(3-morpholinopropoxyNaro quinolines synthesized with

SNy
o7 NO,
NWD = N%«
=
R
N® R yield % N® R yield %
."‘d"-n
Ao J— e
57 o 74,4 59 Fal 8 .J 74,4
L, S/
L]
oM. T
58 | Tl\/ T 16,5 60 O, 80
cI g

Similarly to the alcohols that yields O-linked gpsuat position 4, amines can be introduced in the
qguinoline scaffold with an aromatic nucleophilidostitution to yield N-linked groups. Amines are
known to be enough nucleophilic to give SKeactiond®* on activated aryl halides. However, in
our case no reaction occurred. We therefore devsattrease the nucleophilicity of the amines by
generating the corresponding amide anion with angtibase®® As a matter of fact, unactivated
aryl halides react with KNk with a mechanism involving formation of benzyfe.

OR OR

OR OR
X NH," | NH3 @\ + ©/NH2
i NH,

NH3 + X"

Figure 2.32:Benzyne mechanism for aromatic nucleophilic suligiit.

In our case, because of the strength of the RiNidleophile, both 3 and 4 amino substituted
guinolines would be expected. We obtained only4lsaibstituted product, either with the SMr
the benzyne mechanism.

182 March, J.; Smith, M. BAdvanced Organic Chemistrigd. Wiley2001,chapterl3-5 864.
183 Nucleophilcity order is: NK> PhC > PhNH > ArS > RO > R,NH > ArO > OH > ArNH, > NH; > | > Br > CI
> H,O > ROH This list is compiled from data in Bunnet, J. Fahter, R. E. Ref p. 340; Bunnet, J. 8.; Rev. Chem.
S0c.1958 12, 1. See pag 13. (b) Sauer, J.; HuisgerAiyew. Cheml96Q 72, 294. (c) Bunnett, J. Annu. Rev. Phys.
Chem.1963 14, 271.
18 Roberts, J. D.; Semenow, D. A.; Simmons, H. ErjgBaith, L. A.J. Am. Chem. So&965 78, 601.
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~ ~
N NO, »O NO,
LN ~_O AN R{R;NH NMP N0 AN
Aot Nen 100°C, 24h =
R;{NH, ,
8 Cl 61-65 NHRq
(NR1Rp)
NO,
O Ny s NMP h
+ +  NaH =
= \ / 100°C, 24h
N
Cl ¢ 9
1 66
yield 99 %
o™ NO, 0" NO,
LN~ O AN R1RoNH NMP LN ~0 AN
oot e 100°C, 24h Z
R1NH; :
14 Cl 67, 68 NHR;
(NR4Ry)

Figure 2.33: Aromatic nucleophilc substitution for 4-N-aryl aatky quinolines.

The basd-BuOK is not strong enough for generating the anaiden, and we had to resort to the
stronger base NaH. Compou6@lis an exception, asBuOK can be utilized successfully. It is also
possible that the reaction could also be carriedvathout the presence of a base, being cyclic
amines in general highly nucleophilic. In fact camupd 62 can be synthesized also usiihg
methylpiperazine as solvent and as a base withabt N

Table 2.4: 4-N-aryl and 4-N-alkyl-7-(3-(4-methylpiperazin-Itiopoxy)-8-nitroquinolines
synthesized with aromatic nucleophilic substitution

xMh‘j NO,
S e
R
M R yield % M I R wield %
N
61 N 35,0 64 | I: _?z 65,0
( N
e |
SN HM .
62 N N § 80,0 65 j 50,0
— - -.._CFS
~
63 J.:J” 2 84,0
F
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Table 2.5: 4-N-Aryl and 4-N-alkyl 7-(3-morpholinopropoxy)-8neiquinolines synthesized with

aromatic nucleophilic substitution

O NO,

K._.—-" N w’ﬁwfcl“nr}w NHL
L\f/]\g

R
N® R yield %
,.,]NW
67 { \? e8,7
H
68 | 1]\:: 14,4
cI~ = g

The alcohol necessary for the preparation of compé8 was not commercially available, and was
synthesized via nucleophilic substitution to metiodide by the correspondent primary amide
anion. This anion is in fact a dianion, where atstygen bears a negative charge: actually, the
hydroxyl proton is far more acid then the aminet@no and two equivalents of a strong base are
necessary to generate the dianion. At the same theeamide group, as a stronger base than the
alcoholate group, is also a stronger nucleophilés the former group, in fact, that displaces the
electrophile Mel. After quench in water, the compdudO0 is recovered.

Conversely, when the relatively milder bad@uOK is used stoichiometrically, only the alcohelat
is generated as nucleophile, and methylation ocairghis group, with generation of the
methoxylated moleculél.

negatively charged nitrogen
is more nucleophilic than
negatively charged oxygen

[ o H

HO NH, THF o) NH Mel HO N__

cl ci ~ (excess) c o | ocrt2n g -
69 .

. i

HO NH, THF 0 NH, Mel 0 NH,

o e By ot

cl cl cl o | ocrt2an g o
69 ,

Figure 2.34:Methylation of68 under different reactions conditions.

The oxygen and nitrogen linked molecules at 4 posire to be subjected to reduction of the nitro
group to the amine group, in order to be testatierbiological assays.
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2.1.2Synthesis of 3,7-Disubstituted-8-Aminoquinolines

The synthetic way so successfully utilized for generation of the library of 4,7 disubstituted-8-
aminoquinolines cannot be utilized for the generatiof the corresponding library of 3,7
disubstituted 8-aminoquinolines. This unfortunatewsmstance simply arises from the fact that 3,7-
dihaloquinolines are not commercially available.vai¢heless the 3-haloquinoline remains a
fundamental intermediate for the functionalizatadrposition 3. We had therefore devised a novel
synthetic strategy that allowed us to obtain th&rdd 3-halogenated precursor.

R,= O-linked, N-linked
C-linked

Figure 2.35:3,7-Disubstituted-8-aminoquinolines.

The strategy is, also in this case, based on thesyathetic analysis.
NH, NO, NO,
(0] Ny A o N\ B (0] N«
@ U L@ @
@ @ .
NO, NO,
_0 N g c o] NH,
== @ "
SFX 0=
NO NO,
NO, 2
_o Ng c D ° N c O Ne >
— _ > + O/
s,
X

NO,

NO,
zio\ﬁj/NH2 b HO\©/NH2 E HO\©/NH2

17,6 Euro/100 g

Figure 2.36:Retrosynthetic approach to 3,7-disubstituted-8-amminnolines.

The amino group at the position 8 could be obtalmgdeduction of nitro compounds (step A). The
various typologies of substituents at 3 positioxy(en linked, nitrogen linked and carbon linked),
could be sistematically obtained, with aromaticsdiibtion or cross coupling reaction, when this
position is properly activated with a halogen at@tep B). At this point the retrosynthetic analysis
suggests two choices: (a) the direct constructidhequinoline scaffold from an halogenated three
carbons moiety and aniline (step C); (b) the sysithef the quinoline scaffold firstly, by reactioh

aniline with a normal three carbons moiety. followay the halogenations of the quinoline ring
(steps C’ and C”). In both cases, the synthesishef quinoline scaffold was adjusted over the
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Skraup and Doebner-Von Miller reactions. The stepnd E describe the usual attachment of the
side chain and the introduction of the nitro group.

After this retrosynthetic analysis, it has beensgae to plan a synthetic route that leads to 3,7-
disubstituted-8-aminoquinolines.

NO, NO, NO,
HO\©/ NH, HO\©/NH2 o\©/NH2 O\CENJ\
. o ‘ 2 / N
Z> X

precursor to synthesize
in big amount

NO, NO, NH,
@, @, @
Z % Z> R Z >R

R= C-linked TARGET
O-linked
N-linked

Figure 2.37:Synthetic pathway to 3,7-disubstituted-8-aminodiuies.

In the actual synthetic project, 3-hydroxyanilire firstly nitrated and then alkylated with the
desired side chain. The target can be synthesi#ideither proposed way, the first one involving
the ring closure followed by the selective halogemaat 3 position, the second one involving the
direct ring closure with an halogenated thredsgamoiety. With the same strategy adopted in the
case of the 4,7-disubstituted molecules, this stidiplan was devised in order to gain a relevant
amount of precursor, utilized for the creation loé whole library with different groups at the 3
position.

2.1.2.1Nitration of 3-aminophenol

3-Amino-2-nitrophenol72 can be obtained from the nitration of 3-aminophestwongly activated
toward electrophilic substitution by the preseméetwo electron donating groups. In order to
hinder polyfunctionalization, we attempted mildeethods for the generation of the nitronium ion.
A first attempt, where the nitronium ions was gewed by molecular bromine, silver nitrate and
triphenylphosphind® was unsuccessful. Nor the method that utilizesicniacid and nickel
ammonium sulphat®® in a series of different solvents (chloroform, hlazomethane, ether,
DMSO), gave any result. After these unsuccessfalsirwe turned to the same procedure that
proved to be successful in the nitration of 4,hiticoquinoline*®” namely the generation of the
nitronium ion in the nitric acid/sulfuric acid mite. The produc?2 was obtained, together with
the other two regioisomef3 and 74, i.e. all products derived from the functionalizatiofn tbe

activatedortho andpara positions.

185 |ranpoor, N.; Firouzabadi, H.; Nowrouzi, N.; Fimabadi, D Tetrahedron Lett2006 47, 6879.
18 Tasneem, M.; Ali, M.; Rajanna, K. C.; Saiparakashk.Synth. Commur2001, 31, 1123.
87 Surrey, A. R.; Hammer, H. B. Am. Chem. Sot946 68, 1244.
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Ha

NO,
HO\©/NH2 . HNO, 2SO HO\©/NH2 HO NH,  HO NH,
0°C, 2h + j@/ + \C[
O,N NO
72 73 74

2

products distribution= 72 : 1:3
30% overall yield

Figure 2.38:Nitration of 3-aminophenol.

The main product was the desired 3-amino-2-nitraphé2, that could be separated from the other
isomer, albeit with some difficulty. The separatiohthe mixture by crystallization with toluene
gave mixed crystals of the majd® and 74 isomers'®® A series of other solvents have been tried,
but always a mixture of both crystals was obtairietause the crystals have different shape, they
can be discriminated by sight and manually separdtee two resulting fractions are richer in one
isomer, but still significantly contaminated by tb#er one. A second crystallization from toluene
of the fraction richer in72 yielded pure crystals of this isomer. Anyway, chabographic
separation on silica gel of the first precipitatéhvhexane:AcOEt (7:3) allows complete separation
of the products and complete recover af

Any other attempt, with different reaction conditso(also the temperature lowering from 0°C to -
15°C), did not change either regioselectivity algi

2.1.2.2Side chain introduction

In order to have a comparison between activity cdn8l 4-substituted inhibitors, both kind of
molecules needed to have the same side chain #topog. In this case methoxy group like
precursorll and N-propyl-morpholin group like precursdr4 were not used, but only the-

methylpiperazine “Bosutinib-like” side chain. Inighcase, and differently from the synthesis of 4-
substituted molecules, the attachment of the Celinlside chain is an aliphatic nucleophilic
substitution, where the “nucleophilic oxygen” iscdded on the aromatic ring, while the
“electrophilic halide” is located on the side chalimus, the side chain has to be functionalize@t wit
an halogen leaving group. This molecule is not cenunally available and must be synthesized

|

| N

N THF [ j
N

N 75 rt,18h
H
5

Cl
76

Figure 2.39:Synthesis of th&l-methylpiperazine side chain.

18 products73 and 74 were not characterized and distinguished one fiwrother, because of the hydentical pattern of
signal in'H-NMR spectroscopy.
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The nucleophilic attack oN-methylpiperazine is regiospecifically directed #vd the carbon
bearing the bromine atom, which has a greater igagroup attitude than the chlorine atom. The
nucleophileN-methylpiperazine acts also as a base, sequestagrmgyoton liberated in the reaction.

The most nucleophilic centre of the aminophefis the nitrogen atom. As the most acidic center
is instead the hydroxyl group, the proton remotigra base, generates the alcoholate and the most
nucleophilic center becomes the negatively chargegyen. The utilized base is KOH, able at
deprotonating the phenolic group, but not the tmére group. Thus, when the reaction is carried
out in alcoholic KOHN-alkylation is avoided.

\N/ﬁ NO,

cl N2 EtOH
/\ f + HO NHz . KoH LN~ 0 NH,
—N N reflux, 18h

76 72 77

Figure 2.40:Introduction of the side chain.

2.1.2.3The quinoline ring closure

In our first attempt, we tried to build the quinaiscaffold in a two step procedure: the ring dglesu
followed by halogenation. As anticipated in therasynthesis scheme, a modification of Skraup
reaction can be used to transform an aniline diéviw@nto a quinoline. Yale and Bernstein reported
the sggrgthesis of 8-nitroquinoline, involving theeusf acrolein and arsenic acid as oxidizing
agent.

NO, NO, NO,
NO, /\ | H + H H
H
NH2 + _— D —— R
(l) | * -H*
0] OH

OH
78
NO,
H NO NO
N + 2 H 2
+H N H3ASO4 N
> > N
- H,O P P
OH
79
yield 43%

Figure 2.41:Synthesis of 8-nitroquinoline.

In this procedure, the aniline nitrogen undergaessly a Michael addition with acrolein. The acid
behaviour of the solvent RO, 80%) enhances the electrophilicity of carbonylboar; which
closes the ringortho to the aniline by aromatic electrophilic substiati The hydroxylic
intermediate is then dehydrated and finally oxidibg arsenic acid to full aromaticity, yielding the
desired quinoline.

189 vale, H.L.; Bernstein, J. Am. Chem. So&948 70, 254.
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According to a procedure reported by Gershi8®-nitroquinoline can be halogenated with NBS or
NCS to yield selectively the 3-halo-8-nitroquinain

NO, NO,
N
Na s _AcoH D
+
= 110°C Z gy
79 80
yield 43%

Figure 2.41:Bromination of 8-nitroquinoline.

In our hands, 3-bromo-8-nitroquinoli®) was obtained in an acceptable yield by heating 8-
nitroquinoline 79 at 110°C with NBS. This reactions has been ingastd in order to establish
whether the method was suitable for the preparatiaur inhibitors.

We tried initially the Yale ring closure on compalir2, but the corresponding ring closure product
was detected only in traces in the reaction mixturdicating that the hydroxyl group exherts a
disruptive action.

NO, o NO,
HO NHz | +  H3AsO4 —>H3PO4 HO AN
| 100°C
P
72 traces

Figure 2.42:Reaction off2 with acrolein.

Actually, when we tried the reaction with compound bearing an alkyl group at the phenolic
oxygen , 7-oxyalkylated-8-nitroquinolir@l was obtained in 75% yield.

~N ~N
U 0 g NH T HsPOs @ g
~N \@/ 2+ H +  H3AsO, N_~_© N\
| 100°C

77 81
yield 75%

Figure 2.43:Ring closure reaction.

As already stated, we could easily brominate &qiimoline79 on position 3 by using NBS in
acetic acid. Nevertheless, the same reaction run-alkoxylated-8-nitroquinolin@1, using either
NBS or NCS, was unsuccessfull, probably becauseeaictivation of the halogenating agent

1% Gershon, H.; Clarke, D. Ddonatshefte fiir Chemie / Chemical Month§91, 122, 935.
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exherted by thé&l-methylpiperazine moiety. Unchanged starting matdrave been recovered from
the reaction mixture.

~N
NKﬁ“\/\/o i N AcOH N 12
X NBS c N 0 N
_ + or X K/ \/\/ J
NCS =
X
81 X =Br, Cl

Figure 1.44:Halogenation attempt

This failure prompted us to the investigation ofadternative method of ring closure, namely that
contemplating the closure of the ring with the lyelo located at position 3 in a single step. Thus
aniline 72 will be reacted with am-haloacrolein, in a synthesis which is reminisceihboth the
Skraup and Doebner-Von Miller reaction. Thehaloacrolein molecules are not commercially
available and are to be synthesized. The firstignapted synthesis regardeebromoacrolein82,
with the aim of gaining 3-bromo-7-substituted-8mguinolines, which are good substrates for
coupling reactions.

For the synthesis ai-bromoacrolein82 two reports are found in literature. The first deethe
addition of bromine to acrolein in water, with stedistillation of the product® In our hands, the
yield was low (about 24%), probably because heatamgl acid environment promoted
polymerization of the product, observed as tahm distillation flask. Neutralization of the excess
of Br, with N&S,;03 just before steam distillation increased the yield 7%.

) )
| water |
+ BI’2 —_— Br
| 0°C

82
yield 47%

Figure 2.45:First method for the synthesise@bromoacrolein.

In the second method, reported by Col®ythe bromine addition to acrolein generates 2,3-
dibromopropanal, which is then subjectedBtelimination by the action of a base. Acrolein was
dissolved in dichloromethane at 0°C and bromine added dropwise over 5 minutes. After the
work-up, triethylamine (added in an amount equingl® the quantity of 2,3-dibromopropanal

recovered), promotes the precipitation of triethyilee hydrobromide. After filtration, the desired

product could be recovered with good purity in 6yiédd.

91 Smith, A. B.; Levenberg, P. A.; Jerris, P. J.;Boeough, R. M.; Wovkulich, P. Ml. Am. Chem. S0d981, 103
1501.
192 @) Corey, E. J.; Loh, T.-B. Am. Chem. Sod991, 113 8966. (b) Paquette, L.; Huang Kuo, L.; Dogon).JAm.
Chem. Soc1997,119, 3038.
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o)
? CH,Cl, - NEt; ?
+ B, r . Br
| 0°C Et,O
Br
82
67% yield

Figure 2.46:Alternative method for the synthesisxdiromoacrolein.

The a-bromoacrolein82 is a very reactive and unstable, ans must by lyephepared and
immediately utilized.

Tinsley** reported the possibility of obtaining 3-haloquinek in good vyields from aniline
derivatives and 2,2,3-tribromopropad when thepara position to the amine group is protected.
If the para position is free, the expected 3-bromoquinoline whtained in 1% vyield only and a
considerable amounts of 6-bromoquinoline and 3pBesinoquinoline were found in the reaction
mixture. The reagent 2,2,3-tribromopropaBalwas prepareth situ by addition of bromine ta-
bromoacrolein. More recently, Bog&tand Gaillard® synthesized with similar substrates other 3-
bromoquinolines fronpara-substituted anilines.

(0]
| B Br
Br + Brp, ——
- HBr |

Br
82

5o -l £ @W“Q TG

H H Br /N\[; /N N
= N —» —_— —_— i
rg* R H  Br R -HBr @
Br Br Br R

Figure 2.47: Proposed mechanism for the ring closure reactionhwr-bromoacrolein and
bromine.

The proposed mechanism is illustrated Rigure 2.47 In the first step,a-bromoacrolein is
brominated to 2,2,3-tribromopropanad83 and subsequently dehydrohalogenated to 2,3-
dibromoacrolein. In the second step, the lattegert is attacked by aniline with a Michael
addition. A Schiff base is then formed with a setomolecule of aniline. The protonation of the
first aniline catalyzes its detachment and the fdrom of a bromocarbocation. Ring closure and
dehydrohalogenation will lead to the final 3-broated quinoline. Tha validity of this mechanism
is supported by the isolation of the dibrominatet#imediate, by reaction of 2,2,3-tribromoacrolein
with the aromatic amine without solvent.

193 (a)Baker, R. H.; Tinsley, S. W.; Butler, D.; Riég8. J. Am. Chem. Sod95Q 72, 393. (b) Tinsley, S. W.J. Am.
Chem. Socl955 77, 4175.
1% Boger, D. L.; Boyce, C. WI. Org. Chem2000,65, 4088.
195 Gaillard, S.; Papamicaél, Marsais, F.; DupasL&vacher, VSynlett,2005 3, 441.
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When this ring closure was tried with compour2iand 77, utilizing 2,2,3-tribromopropana®3
generatedin situ in acetic acid?®® % ¥4which is reacted in neat conditions the aromatic
amine’®® with both anilines72 and 77 only vyields of 3,6-dibrominated quinolines coulé b
obtained, together with considerable amounts gfitasiccordance with the observations of Tinsley.
It cannot be established whether the brominatirepegt position 6 was the tribromopropa&al a
decomposition product or an intermediate of thectien. It has been demonstrat&dthat a-

bromoacrolein decomposes to a dimer and molecutanibe, so that the latter may be the likely
brominating agent.

0
0 Br
Et,O '
%Br + Br, 2 KtBr
Br
82 99% yield 83
ol NO, NO,
'KEBr HO NH, 1. neat HO Ny
B 2.AcOH 100°C B Z g
83 72 84
traces
N02 O N02
AcOH
115°C
Br Z Br
72 82 84 traces
~N
SNTY NO, o . N NO,
K/N\/\/O NH2 + |H‘/Br + Br2 k/N\/\/O N\
115°C
Br Z Br
L 82 85 traces

Figure 2.48:Ring closure with brominated aldehydes.

The desiders 3-brominated nitroquinoli®@was finally obtained, albeit with a modest 10% gjel
by using a modified version of Yale's procedfeNevertheless, if the reaction is performed at
temperatures higher than 50°C, a bromination ofahdine ring occurs also in this case, even
before the ring closure, yielding the byprodugs and86b*®”.

19 4-bromoacrolein has been reacted in a test tube vilexene, and 1,2-dibromohexane has been founden t
reaction mixture.

197 Compound86aand86b have been recognized By-NMR and ESI-MS, but have not been isolated.
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HsPO, N\/\/O

/" 50°C
SNTY NO, o 86

K/N\/\/O\©/NH2 + %Br +  HaAsO,
~N
U o I \N N0z
" R T, oy o

100°C

* 86a
NO,

N
K/N\/\/OIEENHZ
Br Br

86b

~

Figure 2.49 Synthesis of precurs@é.

In conclusion, the precurs86, necessary for the cross-coupling reactions, cbaldbtained with
only one procedure, and with a poor yield.

\Nﬁ NO,

L_N_~_O N

/Br

86

Figure 2.5Q Structure of precursao86.

2.1.2.4Substitution at position 3

2.1.2.4.1Cross coupling reactions for 3-aryl and 3-alkyl stitution

As already reported, aryl halides, and in particiddides and bromides, can be easily coupled with
alkyl or arylboronic acids. Using the same procedudescribedfor the synthesis of 4,7-
disubstituited quinoliné&™®, a library of 3-alkyl and 3-aryl substituted-8nijuinolines has been
created.

>N NO, \N/\ NO,

K/N\/\/O AN H0 K/N\/\/O N
+ Aryl-B(OH), + Pd(OAc), + NayCO;
Z g 150°C 90min A

r

ryl

86 87-89

+ Aky-BOH), + +Pd(OAc)y+ + KsPO, +

0 0 100°C
o aon

86 90-93
Figure 2.51:Synthesis of 3,7-disubstituted-8-nitroquinolines.

SN NO, O SNTY NO,
LN~ O Na PCy» o0 LN \/\/O\C(Nj\
Zlkyl

The synthesis of a limited library of 7 productssvealfficient for the consumption of the modest
guantity of the precurs@®6 that we could isolate.
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Table 2.6:3-Aryl-8-nitroquinolines synthesized by Suzuki-Migacross coupling.
SN NO
l‘“w,r N ~.-0© N

N® R yield % N R wield %

0
87 f“j"’ ~ 80,0 91 Vg;h 57,1
o

LT

88 S 52,0 92 j\/ﬂl 71,5
-
79,7 )me 49,5

93

A .

89

42,3

90

The position 3 in a quinoline is known to be lelcon poor than positions 2 and 4, and hence
more prone to electrophilic attack rather than tel@ophilic attack. Nevertheless, we tried the
nucleophilic substitution reaction at the 3 positiwith oxygen linked substituents. But our trials

were unsuccessful.

\N/\ NO, ONTY NO,
K/N\/\/O\CLNJ\ NMP K/N\/\/O\Ci\‘j\
+ ROH + {BuOK ﬂ»

g 100°C, 24h Z>0R
86

Figure 2.52: Attempt of SN reaction at position 3.

Therefore, the library of 3,7-disubstituted-8-nifuinolines is so far limited to carbon linked
substituents at 3 position. As usual, they mustrdiiced to amines in order to be tested in
biological assays.
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2.1.3 Synthesisis of 3,4,7-trisubstituted 8-aminoquinolines

Also in the case of 3,4,7-trisubstituted-8-aminolines, the quinoline bearing suitable functions
at positions 3 and 4 is not commercially availabled we had to proceed to the synthesis of this

scaffold anew.
NH,
(0] N
AN

R4

R;= C-linked
R4= O-linked, N-Linked

Figure 2.53:3,4,7-disubstituted-8-aminoquinolines.

Similarly to the other cases, the amino group calddve from a nitro group (step A) and both R
and R, could replace halogen atoms (step B). This 3,&ldduinoline can be synthesized by
halogenations of the correspondent 3-halo-4-qummi@tep C). In turn, the 4-quinolones could be
made via Conrad-Limpach reaction, or with other hndblogies that are modifications of this
reactions (step D). The construction of the sulnstit aniline can be carried out with the same
procedure used for 3,7-disubstituted quinolinesp&E and F).

NH2 N02
T @O
—

R4

Ry
N02 NO2 NO2 H
@ T, - @ S @
=
@ . .
| X, 0]
R4
NO, |, NO,
0 Ny D 0 NH, O
@ L = @ " RO
X3 X3
O O
NO, NO,

v

RO e o o

Figure 2.54:Retrosynthetic approach for the synthesis of 3dstbstituted-8-aminoquinolines.

The actual synthetic route to 3,4,7-trisubstituBeaminoquinolines, devised from this
retrosynthetic analysis, is presentedrigure 2.55
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/X3

NO, NO,
0 NH, 0 § . NO, N
— @ L — @
X3
0

X4

precursor to synthesize in big amount

NO, NO, NH,

@, @, - @t

=

7 X Q =
X4 R,= C-linked

R,= O-linked R4 TARGET ' R,
N-linked

£

Figure 2.55:Proposed synthetic route to 3,4,7-trisubstitutedr@noquinolines.

The nitration and alkylation steps of the phenokggen have already be dealt within the previous
section and will not be illustrated here. The sigtd aniline72, the starting point of the synthetic
route,has been prepared with the procedures alreadyibledciThe molecule will then be cyclized

in a Conrad-Limpach-type ring closure with tloe-halof3-aldehyde-ester, or by a synthetic
alternative, giving the 4-quinolone. This lattengmund, treated with a halogenating agent such as
POCE, POBr, SOC}, gives the corresponding 3,4 dihaloquinoline. Wil procedures already
described, the halogen atoms can be substitutédother carbon linked, oxygen linked or nitrogen
linked groups. As usual, reduction is the last sty yields the target molecules.

2.1.3.1Ring Closure and synthesis of ethyl-2-bromo-3-athowylate.

The Conrad-Limpach synthesis was already describ#tk introduction. This reaction between an
aniline and g-keto-ester yields 2-alkyl-4-quinolones. If an dlgée is present rather than a ketone,
and if an R group ist to the ester, 3-substituted-4-quinolones shouldob@med. No example of
these reactions are reported in literature. On ¢hatrary, the Gould-Jacobeeaction'®® a
modification of the Conrad-Limpach synthesis, rgé&y employed.

H H
o NH; EtO N A N
L ' ]\ | | |
R EtOOC”™ “COOEt COOEt s
0

R EtO

Figure2.56: General mechanism for the Gould-Jacobs reaction.

In this reaction the aniline reacts with diethyle2hoxymethylene)malonate to give the intermediate
2-(anilinomethylene)malonate, which then cyclize8tcarboxyethyl-4-quinolone. It's important to
notice that the vinyl ether is a synthetic alteiweatto the unavailable aldehyde, because the
intermediate product formed is the same that wawiske from the reaction of the aniline with the
corresponding aldehyde. A modification of the reactinvolves the use of ethyl 2-cyano-3-

198 (@) Gould, R. G.; Jacobs, W. A. Am.Chem. S0d939 61, 2890. (b) Reitsema, R.li&hem. Rev1948 43, 53. (c)

Elderfield, R.C Heterocyclic compoundkd52 4, 38. (d) Price, C.C.; Roberts, NDrg. Synth. Coll. Vol. lIlL955 272.

(e) Markees, D. G.; Schwab, L. Selv. Chim. Actal972 55, 1319. (f) Albrecht, R.; Hoyer, G.Ber1972 105 3118.

(g) Baker, J. Met al J. Chem. ReqS)198Q 4. (h) Kim, J.N.; Lee, K.Y.; Kim, H.S.; Kim, T.YOrg. Lett.200Q 2, 343.
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ethoxyacrylate, which is a derivative of diethy(ethoxymethylene)malondf& This means that
this reaction is versatile, so that it can be holbhefperformed with other aldehyde analogues that
will put a different subbstituent at the positian 3

Actually, our synthetic strategy is aimed at subshg one of the ester of diethyl 2-
(ethoxymethylene)malonate with a bromine atom, thesding to 3-bromo-4-quinolones as
explained inFigure 2.57.

H
NH, EtO N
™ ) ()
R EtOOC”™ “COOEt R COOEt
0
H
NH, EtO N
Ok, T
R EtOOC” “Br R Br

Figure 2.57:Modification of Gould-Jacobs procedure.

The compound necessary for this ring closure, PAbr3-ethoxyacrylate, was not commercially
available and had to be synthesized anew. The gatpa of this molecule is described by
Tietze?® and involves the first addition of ethylvinylethier trichloroacetylchloride, followed by

bromination and alcoholysis of the G@hoiety, which is a good leaving group.

Cl,e_Cl (Nj Q
loj + \([)]/ ClgC)j\l J
94 ©

Figure 2.58:Synthesis of (E)-1,1,1-trichloro-4-ethoxybut-3-ear2.

Only the E) isomer 0f94 is obtained in the first step. This selectivityasionalized by the common
knowledge that the {Eelimination in the carbocationic intermediate regs that one bond with
hydrogen must be eclipsed with the p orbital, amd bccurs in two rotamers. The most stable
rotamer, where the two bulkiest groups, the acaty the ethoxy groups, are antiperiplanar, leads
to the €) isomer’®™ The proof of the regioselectivity is given by thésence of interactions
between the two vinylic protons in NOESY spectrgscolhis experimental evidence is supported
by the3J coupling constant ifH-NMR spectrum between the two vinylic protons. Theasured
constant of 12.1 Hz, generally is typical &) {somers.

19 (@)zhang, N.; Wu, B.; Powell, D.; Wissner, A.; #tb M.B.; Kovacs, E.D.; Toral-Barza, L.; Kohler, Bioorg. Med.
Chem. Lett200Q 24, 2825. (b) Boschelli, D.H.; Wang, Y.D.; Johnson, Wu, B.; Ye, F.; Sosa, A.C.B.; Golas, J.M.;
Boschelli, F.J. Med. Chem2004 47, 1599. (c) Osornio, Y.M.; Miranda, L.D.; Cruz-Almza, R.; Muchowski, J.M.
Tetrahedron Lett2004 45, 2855. (d) Boschelli, D.H.; Wang, Y.D.; Ye, F.; WR.; Zhang, N.; Dutia, M.; Powell,
D.W.; Wissner, A.; Arndt, K.; Weber, J.M.; Boschigh. J. Med. Chen001, 44, 822.

200 (¢) Tietze L.F.; Meier, H.; Voss, Bynthesid988 274. (b) For the synthesis of the first interna¢el87 see also:
Colla, A.; Martins M.A.; Clar, G.; Krimmer, S.; Kiker, P.Synthesis1991 483.

21 March, J.; Smith, M. BMarch’s Advanced Organic Chemis2901, Wiley Ed., %' edition,chapter 17 1318.
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H._COCCl,
@ i~ - . EtOﬁCCIB
= EtO—<—H

Figure 2.59:Most stable conformation of the carbocation thaide to the (E) isomer.

The addition of the vinylether to trichloroacetyllaride must be done at low temperature and the
yield is very good (90%). Bromination is also daidow temperature and gives selectivet)-8-
bromo-1,1,1-trichloro-4-ethoxybut-3-en-2-08&

O O
CCly Br
Cl,C + Brp + E&N Cl,C
- - o

OEt EtO
94 95

Figure 2.60: Synthesis of (E)-3-bromo-1,1,1-trichloro-4-ethoxyBten-2-one.

The high stereospecifity of the reaction can bdarpd looking at its mechanism. The addition of
bromine to the double bond 856 gives two dibrominated enantiomers, which in thespnce of a
base undergo E£elimination (sed-igure 2.61). This elimination only occurs when the C-Br bond
and one C-H bond form a dihedral angle of 18@, when bromine and hydrogen are in anti-
periplanar orientation. This orientation will beufad only in those rotamers where the two bulkiest
groups, the acetyl and the ethoxy groups, are syented. Thus the elimination causes the
generation of the alkene where these two groupsisiiented:®”

,’/—_“O\\\
“\ CIsC
Bl’z\ 3 \OE’[
~\
\\\_,- Br2

+

Br
H/‘ Ot Ma

Cl3COC COCCl;
Br
\Bi base Clstj/ base Br
EtO
H and Br
H and Br 95 anti-periplanar

anti-periplanar

Figure 2.61:Mechanism of formation of the (E) isomer.

292 March, J.; Smith, M. BMarch’s Advanced Organic Chemis2901, Wiley ed., §'edition,chapter 17 1300.
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According to Tietzé°*?the treatment 095 with catalytic KCO; in ethanol should afford a 1:1
mixture of ethyl 2-bromo-3,3-diethoxypropano8teand of Z)-ethyl-2-bromo-3-ethoxyacrylatén
our hands this reaction did not work. Thereforeresorted to the reaction 86 with an excess of
sodium ethoxyde in ethanol, gaini@§ as sole product, which in turn can be easily cdedeto the
corresponding vinyl ethé7 with excellent yield”

o]

0 Br 0
Br EtOH -0 P20s Br
ClsC + EtONa EtO
| 00 |
EtO L EtO
9

95 6 97

Figure 2.62:Synthesis of ethyl 2-bromo-3-ethoxyacrylate.

We could not determine the configuration9at either E) or (Z) which is nevertheless not relevant
for the course of following reaction.

Surprisingly, the reaction &7 with 77 brings about the bromination of benzenic ring @baes of
species86aand86b) and no ring closure, together with the formabmgreat amounts of tar.

In another trial, we tried the ring closure witle thcetab6, that is a synthetic alternative 83. The
use of a catalytic amount of PTSA should lead t d¢leavage of the acetal and formation of the
aldehyde expected to react in the same way of w@thgr97. Only 86aand tar have been recovered
from the reaction mixture.

| 2. Phy0O, reflux

0 Y NO Y NO
Br Q\l o  \H, 1-neat 120°C O 2
EtO * ~ 2 N\A/O\@/NHz

EtO
Br

97 77 86a

O ~ NO,

~
N/ﬁ N02 /ﬁ
B o
EtO)in r : I\/N\/\/O\ iE/NHZ 1. neat, PTSA, 120°C k/N\/\/O\g j/NHZ

EtO~ “OEt 2. Ph,0, reflux

Br
96 77 86a

Figure 2.63:Side-bromination of benzenic ring in the ring clesteaction.

The behavior 0B6 and97 is similar to what reported fax-bromoacroleir82. The compound96
and97 are not stable under the usual reaction conditMfestherefore devised an alternative route,
where the bromination step occurs after the ringule, in order to avoid the utilization of unseabl
reagent, as well as the easy bromination of thg a&etive benzenic ring.

293 March, J.; Smith, M. BMarch’s Advanced Organic Chemis2901, Wiley Ed., %' edition,chapter 17-21329.
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TN NO, N 0 N N 0 “‘H
Gomadim — Mongdy = Mgl
Br
o)

Figure 2.64:Alternative synthesis of 3-substituted-4-quinolone.

A methodology for the synthesis of 4-quinolonesyoréed by many authof8? involves the
reaction of aniline with Meldrum’s acid and ethylmformate. The first step of this reaction is a
Kndevenagel condensation between ethylorthofornaa® Meldrum’s acid, generating a vinyl
ether. This reagent is attacked by aniline nitroggining a vinyl-aniline specie, which then
undergoes thermal cyclization, liberating 4-quimapCQ and acetone.

EtO.__OEt >< o><o

OEt ARy |

OEt
H
YA R A O
+ X — N _— Co
o Yo A ° % RN
| I 7\' o) R
OEt R R o)

Figure2.65: Ring closure with Meldrum’s Acid.

The proposed mechaniéHl for this cyclization is illustrated iffigure 2.66. The vinyl-aniline
loses one molecule of GGand one of acetone, giving the vynileneketeniermediate, which
cyclizes to 4-quinolone.

o @)
DY - SN oy |
AR . .
N S0 _Acetone N™ "Cy @L /j
Hijk( %o N N
(@) (@] H

Figure 2.66: Proposed mechanism for the cyclization of 2,2-dwyled-((phenylamino)methylenyl)-
1,3-dioxane-4,6-dione.

In our trial, molecule77 undergoes addition to Meldrum’s acid vinyl etheert when heated in
diphenyl ether for the cyclization, only insolultée could be recovered from the reaction mixture.
The very high temperature needed for the thermaization could lead to total decomposition of
the molecule, we tried therefore the ring closwyenbating the intermediate in a microwave oven,
in order to reduce the heating time. However, nprovement was observed.

204 (3) Beifuss, U.; Schniscke, U.; Feder, T@trahedror2001, 57, 1005. (b)Huang, X.; Liu, Z. Org. Chem2002, 67,
6371. (c) Teague, S.J.; Barber, S.; King, S.; StéinTetrahedron Lett.2005 46, 4613. (d) Al-Awadi, N.A;;
Abdelhamid, I.A.; Al-Etaibi, A.M.; Elnagdi, M.HSynlett2007, 2205. (e) Peng, L.; Zhang, T.; Ying, L.; Li, YSynth.
Commun.2002 32, 785. (f) Walz, A.; Sundberg, R.J. Org. Chem200Q 65, 8001. (g) Kitahara, Y.; Tamura, F.;
Nishimura, M.; Kubo, ATetrahedronl998 54, 8421.
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[SARR SR fj

Ph,0
~ decomposition
N/\ reflux
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\/ﬁ N02 H
O\©/N e
O
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98 decomposition

Figure 2.67:Attempt of cyclization ¢I8.

2.1.3.2 Bromination of 4-substituted quinolines

The search of an alternative synthetic route wetattid by the failure of our attempts to obtain 4-
guinolones via Gould-Jacobs condensation and tHexyohzation.

The direct halogenation of the quinoline scaffold dot yield the 3-substituted quinoline (see
paragraph2.1.?. This fact can be probably attributed to the ¢iyre¢ ring of81, which is meta
orientating but disactivating in the aromatic alephilic substitution, and also to interferences of
the N-methylpiperazine moiety toward NBS and NCSe WMen thought at the possibility of
activating the 3 position of quinoline by the irduxtion of an electron-donating group in 4
position, which is activating and ortho orientatirgl the oxygen linked and nitrogen linked
molecules synthesized for the 4,7-disubstitutechijpdisplay this function.

NO, NO,
RO N RO N 3 position activated
= - A / by resonance
= | o)
"O‘R @O\R

Figure 2.68: Mesomeric structures showing the activation of f@si 3 toward aromatic
electrophilic substitution in a quinoline subtitdtat the 4 position by an EDG.

The most readily available compound for testing tissumption was the produ@, arising from
the nuclephilic substitution with MeONa of one dfet chloro groups of 3,6-dichloro-7-
nitroquinoline3 (the other productl is uninteresting). The treatment®fvith MeONa in NMP as
solvent givesl2 selectively. The same procedure, that yelded &br8-nitroquinoline80 from 8-
nitroquinoloine 79, was successful for the bromination 1? to the desired 3,4,7-trisubstituted
compound9t°%?
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NO,

cl N NO2
] + MeONa NMP cl NS
=
100°C, 4 h Z
Cl

3 12 O

NO, NO,
Cl N Er ACOH Cl N
* 0 0
s o
O\ O\
12 99

Figure 2.69:Bromination of activated quinoline scaffold.

NO, OH SNTY NO,
Cl Ny THF L_N_~_O N
P + {-BuOK
Br N Z gy

o~ o
N
\

99 7 100
15% yield

Figure 2.70: Attachment of side chain at position 7.

The following step is the attachment of the oxytieked side chain at positioh This nucleophilic
substitution occurred selectively, and compo@0@ was obtained. Both the pyridine ring and the
nitrobenzene ring are activated toward nucleoplsilibstitution, while the chlorine group and the
bromine group are different but comparable leaviimgups. The substitution occurs with this
selectivity because position @rtho to the nitro group, is activated for this reactiarile position

3, metato pyridine nitrogen, is not.

From the purification of compountd0 some crystals of 3-bromo-4,7-dimethoxy-8-nitroquime
101 have been recovered. This compound derives frombtioenination of 4,7-dimethoxy-8-
nitroquinoline 55, present as an impurity of compourk® This impurity can be further
functionalized or directly reduced to amino compibumorder to be tested. Thus a phenethyl group
has been attached via Suzuki cross-coupling reat¥d® with the procedure used for the other
compounds.

N2 B(OH)
) N 2
~ -~
N+ +  PdOAc), + KPO, + _ > pop _TOIH,0
Z gy Atk 100° C
O\
101 102

yield 91%

Figure 2.71:Functionalization at position 3 of compouh@l
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Compounde6, with the activatingoyrrolidine substituent at position 4, is anotheadily available
molecule that can be tested for the electrophitarbnation. However, the activity of this group
can be totally destroyed by the protonation ofagign. As a matter of fact, no reaction occurred
when66 was heated with NBS in glacial acetic acid. Mittheported a procedure for brominating
activated aromatic compound in non acidic méffianve employed this procedure successfully,
recovering the brominated produdi3in 26 % yield.

0 NO
L_N_~_O0 ‘N O() NO2

A DMF N ~_O AN
) + NBS
I r.t. 18h N/ Br
103
. — O
26% yield

Figure 2.72:Bromination in non acidic solvent.

The four 3,4,7-trisubstituted molecul@®0, 101, 102 and 103 (summarized inTable 2.7) were
reduced to amines in order to be tested in biokgissays.

Table 2.7:3,4,7-trisubstituted-8-aminoquinolines.

NO;
R3 J:‘*-x ."l‘l\
T\%"’h R,
Rz
N* Ry R, R; yield %
100 T e (A 15,0
Br N
101 T Vgr T /
Br “ O
102 o oo o 81,0
e
Fr L b
N 1 T
103 Br H\‘.' N O, 25,9

205 Mitchell, R.H.; Lai, Y.-H.; Williams, R.VJ. Org. Chem1979 44, 4733.
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2.1.4 Reduction of nitro group

From the library of 8-nitroquinoline derivatives\w@loped in these various synthetic procedures, a
new library of 8-aminoquinoline has to be creatindt will be tested as TK-inhibitors. Several
methodologies are reported in literature for thduntion of nitro aromatic compound to aniliff8s
The most common reducing agents are metals asrZ@nd Fe, but also catalytic hydrogenation is
extensively employed’. Although the mechanism of these reactions haem lsearcely studied, a
radical mechanism is generally presented, whicleast with some reducing agents, postulate the
presence of nitroso compounds and of hydroxylamamesntermediates. With metals and acids the
following mechanism (seigure 2.73has been suggestéd.

0 H OH
+N” . metal ) H* +‘N’\ i metal -‘N’\ )
(e @ (e
CoH
N ~ N//
o — = @ e
. .OH _OH NH,

N metal N metal
H*

Figure 2.73:Proposed mechanism for reduction of nitro grouparnuones.

Reduction of aromatic nitro compounds to anilingghwin (II) chloride dihydrate is a widely
employed and effective method? therefore we mainly employed this reactant to iobthe 8-
aminoquinoline$®*® CompoundS5 and 36 also require the reduction of the triple bond ®irgle
bond, but SnGlis not able to perform the reduction. On the otiend, molecular hydrogen and
Pd/C are reported to be able to reduce both the gioug'® and triple bontt. We employed
therefore the procedure reported by Hui-Chang weitigellent results. This methodology, for
compounds other thaB5 and 36, have been utilized. The reduction procedure $ipally
employed for every compound is not reported heug,irb the Experimental Section (see Chapter
3.2). We only report the % vyields ifable 2.8-Table 2.13

2% For an exhaustive review on the methodologies Iseick, R.C.Comprehensive Organic Transformaticié Ed.
Wiley, 823.
27 Rylander, P. NHydrogenation MethodRef. 497, p.104Catalytic Hydrogenation over Platinum Metatademic
Press, NY1967168.
298 March, J.; Smith, M. BMarch’s Advanced Organic Chemis2901, Wiley ed., §'edition,chapter 19-121552.
209 (3) Bellamy, F.D.; Ou, KTetrahedron Lett1984 25, 839. (b) Bellamy, F.D.; Ou, Retrahedron Lett1984 26,
1362. (c) Gilbert, A.M.; Katz, T.J.; Geiger, W.Rpbben, M.P.; Rehingold, A.lJ. Am. Chem. So0&993 115 3199.
(d) Ling, C.; Lahti, P.MJ. Am. Chem. So&994 116 8784. (e Eguchi, S.; Yamashita, K.; Matsushita, K.; Kakéehi,
J. Org. Chem1995 60, 4006.
219 (3) Secrist, J.A.; Logue M.W. Org. Chem1972 37, 335. (b) Rogers, M.E.; Averill, B.Al. Org. Chem1986 51,
3308. (c)Lee, M.; Lown, J.WJ. Org. Chem1987, 52, 5717. (d) Manabe, K.; Okamura, K.; Date, T.; Koga J. Org.
Chem.1993 58, 6692. (e) Mendenhall, G.D.; Smith, P.AGxg. Syn. Coll. Vol. 3973 829. (f) Burdeska, KSynthesis
1982 940. (g) Sleath, P.R.; Noar, J.B.; Eberlein, GBkuice, T.CJ. Am. Chem. So&985 107, 3328.
Z1Hui-Chang, Z.; Wei-Sheng, H.; Lin, R.; Org. Chem2001, 66, 481.
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NO, NH, N
o] Ny EtOH O N«
@ + SnCl, «2H,0 ®/
_— Np
Rs3 70°C 2h 3
R4 R4
NO, NH,
§ 0 N . Hy Pd/C MeOH 0 Ny
7 R3 rt, 24 h b R3 > 104-170
R4 R4
NO, NH,
o} N
= rt, 24 h E =
R R _/

Rs= H or C-linked
R4= C-linked, O-linked, N-linked

Figure 2.74:Reduction of nitro groups.

All reductions proceeded smoothly to the correspandmines, but for compour88, presenting a
benzyloxy subtituent at position 4, the reductioithwhydrogen also induced, as expected, the
hydrogenolysis of the benzyl group, with the getienaof the 4-hydroxyl substituted compound
125(seeTable 2.8).
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Table 2.8:4-Aryl and 4-alkyl 7-(3-(4-methylpiperazin-1-yl)graxy)-8-aminoquinolines.

"“a-..rT‘l.-""""x.\_Hl MHZ
""VN% o O\[ = Na‘:;-
|___ﬁ P
R
N R yield % M R yield %
T T
104 & 87,0 115 Sw"'&\ 65,0
e
105 830 | 116 ,"'{‘\ /5| 65,0
)
106 T j 86,0 117 l lﬁ 60,0
Jo PP
_ T
107 A 71,0 118 i 80,0
$ s
l_ 7
— ;
\O T O
108 @72 62,0 119 L“"f j 75,0
Cl\ :;.'f-"'mO
e ey e
109 NS 60,0 120 T T 60,0
| I ) - .._____::,-‘-H_Oll_l
L oo —
110 T 98,0 121 \fTr {t 80,0
e \.\_\_\_O____.- \-o—""J“'\-..S/
111 ﬁlﬁo 84,0 122 |~~~ % 77,0
. T
112 7 4 80,0 123 83,0
G i - w,
A= (]
e g
113 [[’“j? 90,0 124 | N 84,0
PP
114 TS 90,0
)
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Table 2.9:4-Oxyaryl and 4-oxyalkyl 7-(3-(4-methylpiperaziry)propoxy)-8-aminoquinolines.

“‘“N"‘“‘wl NH,
thw-%U--ul “::,a|
R
N® R yield % I N® I R yield %
™ SN
125 OH 98,0 134 | HNTG {, o 95,0
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Ilfj\ = Cl
— .
= 7 F 0O
127 |HO <\ /> o 97,0 136 } 4 60,0
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' F O !
N, <C WA
0 -
130 @,ﬂ?“ 97,0 139 p@oﬁ 70,0
A -
_.-J.'_-._ = [} C
131 (T 76,0 140 T Y 60,0
L Ay
& H
a
? ~ 7
132 B 64,0 141 |HMN ;Ir o 80,0
i ol b
, e )
133 HaM-, ;} o 95,0
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i
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Table 2.10:4-N-aryl and4-N-alkyl 7-(3-(4-methylpiperazin-1gippoxy)-8-aminoquinolines.

kx“wxﬁxxo N
e
R

N R yield % N® R yield %
T —~

142 N 600 | s | [ N | 700
( / F7

,le _____\N E

143 U 60,0 146 HNJ—-J % 60,0
e ?l
£ b HM

144 —N N—§ 78,0 147 ‘“T j\ 60,0

Table 2.11:4-Oxyaryl and 4-Oxyalkyl 7-(3-morpholinopropoxyggiinoquinolines and 4-N-aryl
and 4-N-alkyl 7-(3-morpholinopropoxy)-8-aminoquinels.
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Table 2.12:3-Aryl and alkyl 7-(3-(4-methylpiperazin-1-yl)propg-8-aminoquinolines
H;

bmwo@ .

yizld %

32,0 158 | ~_-~_- | 344

154 (j/

yield %

‘-M-I.“,‘-II~ b et tat
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=
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b

Table 2.13: 7-(Oxyalkyl)-3,4-disubstituted-8-aminoquinolinesdan-Oxygen linked-4-substituted-
8aminoquinolines.
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At the beginning of this research project, only fiee bases were subjected to the biological assays
It was later discovered that the proposed inhibitare always more active in the form of
hydrochloride than as free base. Some of theseaueke have been therefore tested as salts.

NH, NH;
© Ny EtOH @/0 NS
®/ + HCl conc. 37% * nHCI
= =
R R

Figure 2.75:Formation of 8-aminoquinolines hydrochloride salts.

The molecules have been treated with an exceslslafidric acid. We did not investigate in detalil
the degree of protonation (mono or polyprotonationdr which basic nitrogen underwent
protonation. Nevertheless it can be assumed tlatettiary amine present at the substituent at
position 7 (the nitrogen bearing the methyl gronghe case oN-methyl piperazine) is the most
basic and would be the first one to be protondtedase of a double protonation, the second most
basic center would be more likely the quinolinicregen. Although we did not investigate the
degree of protonation, the error in the moleculassnis, on average, no more than 10%, that is
within the experimental error of the biological @gs.

Potency date are reported bable 4.1 Table 4.2 Table 4.3 andTable 4.4
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2.2SAR OF THE SYNTHESIZED 8-AMINOQUINOLINES

2.2.1 4-Substituted-8-aminoquinolines

Initially only 4-substituted 8-aminoquinolines halleen synthesized and tested (Seble 4.1).
CPD 104, the first compound synthesized at all, showedl tthe novel scaffold is indeed inhibiting
the T3151 mutant. This compound clearly indicateat the chlorine substituent at position 4 is not
sufficient for a nM activity, suggesting the preserof reduced interactions of the atom with the
protein. CPD105, containing the much bulkigg—naphtyl substituent, showed some improvement
in activity compared to CP04 indicating stronger apolar interactions of thipsituent with the
protein. The third compound synthesized CRIB containing a quinoline substituent at position 4
was already active in the nM range showing ag K& 0.57 uM on the Abl T3151 mutant and
strong inhibition towards Abl WT. In contrast Im@b and Bosutinib are only active against Abl
WT. This compound has been tested as free basalsmés hydrochloride salt. The activity of the
salt improved by a factor of 3 (3= 0.21uM). The same behavior has been observed with other
synthesized compounds. This phenomen was due tarniaioration of the solubility of the
compounds under the biological assay conditiongrdier to investigate the effect of the aromatic
nitrogen of the quinoline substituent of CRD6, a 8-aminoquinoline having only a phenyl ring as
substituent at position 4 (CPID7) was synthesized, and it showed a marked decreas#ivity.
This decrease and the model of CPD 106 bound td343I let us assume the existence of a weak,
most probably water mediated-hydrogen bond betwleemitrogen atom of the quinoline and the
protein. This assumption was also supported by @BP®in which the quinoline substituent was
replaced by an-naphtyl substituent and which shows a 1 log deaéaactivity compared to CPD
106. A reduced activity has been measured also witB CP7. This data supports the assumption
of the water mediated-hydrogen bond: here the getncof the substituent has been shifted and thus,
it is no more able to do any water mediated intevas, leading to a decrease of the activity.
Adding a methyl group at position 4 of thenaphtyl substituent (CPQ18) the activity can
increases again by a factor of 4 compared to comp@PD109, because of better interaction with
the hydrophobic surrounding. With the aim of furtrexploring the space around the phenyl
substituent of CP[107 to search for valuable alternative for the conjadaing system, methoxy
groups were added at tpara andmeta(CPD 108 and at theortho andmetaposition (CPD110
of the phenyl. CP[108was not active against the T315] mutant and orgkly active against Abl
WT. This experimental value is in line with the netidg suggesting a possible unfavorable
interaction between the sidechain of E286 and th#haxy group in para position. In contrast, CPD
110 showed some weak activity on the gatekeeper mutantating that a methoxy group at the
ortho position is less detrimental compared to one irap@he docking experiment suggests that
methoxy group irortho points towards a small hydrophobic pocket lineddsidues V299, L370,
A380 and the gatekeeper residue. This hypothesmasen with CPD111 which has only a
methoxy group at the ortho position of the phemnysdituent and which exhibited an activity which
is 3 times better than that of compound CPID. CPD111is very selective for Abl T315I because
no inhibition was observed on the WT enzyme. Reptathe phenyl in CPIL11 with a thiophene
(CPD 115 the activity increase even further, namely byaetdr of 4 compared to CPDLL In
order to see whether an aromatic substituent aftipos4 was essential for achieving
submicromolar inhibition activity CP122 was synthesized. CPID22 containing an aliphatic
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sidechain f-hexyl) at position 4 had an activity in the lq@ range on both Abl WT and Abl
T315l. However this compound showed no cellulaivagt Attaching an ethyl-cyclohexyl moiety
to position 4 (CPIL23) didn’t lead to strong inhibition of Abl WT and AB315. With compound
CPD137it could be shown that methoxy group at position 4 is clearly not suint to yield good
activity. In contrast, when a phenethyl group hasrbattached (CPID24), the activity increased to
the nM range. The later data suggest that the &eaguinolines might bind to an intermediate
conformations of the protein where the phenyl raigCPD 124 could establish favourable-tt
interactions with the F381 of the DFG motif (deigure 2.75). The next compound synthesized
(CPD 143 with a piperidine ring substituent was only madely active against the T3151 mutant
(ICs0 = 6.2uM) but had some selectivity for it, as the activity the WT is about 4 times lower.
Interestingly, the very similar CPD42 with a pyrrolidine substituent instead of the pigme one
was 1 log more active on Abl T315] €= 0.71 uM). From a structural point of view this
difference is difficult to explain, however, thenformational analysis of the two compounds
suggested that the preferred orientation of thee@bered saturated ring differs from the one of the
5-membered one. The consequence of this differentieat the pyrrolidine moiety accomodates
better in the active site of Abl than the piperaone. Unfortunately, neither of the two compounds
shows activity on cells. Surprisingly adding a fine (CPD145 or an N-dimethyl group (CPD
146) to the 3 position of the pyrrolidine substitudiet] to much less active molecules compared to
the parent compound (CPI22). This might indicate some steric clashes of tlgseips. CP125
represents the first compound in which a polar swient was added at position 4 to prove that
apolar substituents in this position are mandatdsyexpected this compound was inactive which
clearly shows that the 4 position points towardmanly hydrophobic region which does not
tolerate polar substituents. By trying and p-indole at position 4 we investigated whether a
hydrogen bond donor more distant to the 8-aminaguia than in CPDL25 would be tolerated.
Compounds CPQ13and CPD114 showed that this is indeed the case. Modeling estgghat the
NH group of the indole in CP14 could make favorable interactions with E286. Tétestement
was further supported by CPI16 (where an oxygen replaces the nitrogen of thelendod the 5-
membered ring is saturated) which shows a 1 logea@se in activity compared to tifeindole
substituent. None of the three compounds showezttbaty on cells. CPDL44 containing aN-
methyl piperazine substituent directly linked te tjuinoline ring at position 4 showed no relevant
inhibitory activity. This is in line with the obsetion made with CP[125 that attaching a polar
substituent directly to the 4 position of the 8-aaguinoline scaffold is not yielding active
molecules.

In the following a series of compounds with an atydinker were synthesized as it was assumed
that such kind of compounds might easier pass ditekgeper residues and access the hydrophobic
pocket. CPD126 showed only moderate activity on Abl T315I and wa=akly selective for Abl
T3151 while being unselective on cells. CAR7 contains ap-hydroxy-phenyl attached to the
oxygen linker. In contrast to what happened whedireg a polar group directly to the 8-
aminoquinoline scaffold (CP25), this compound retained moderate activity on ABL5I and
showed no selectivity towards Abl WT. It exhibitedly week activity on cells. The fact that the
hydroxyl group was not detrimental in terms of bition supports the hypothesis that the elongated
substituent is already pointing towards the phospliending site of the ATP binding pocket.
Substituting the hydroxyl group with a methoxy gno{CPD 128) resulted in a compound that is
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still slightly more active on Abl T315I, is morelsetive towards T3151 and more active on cells,
though no selectivity was observed there. Shiftirey methoxy group imetaposition (CPD130)

led to comparable results. However, at the levahefenzyme, CPD30is much more selective
towards Abl T315I than CPD28 indicating stronger interactions with the gatelezed@he 2,3,4-
trichloro-phenyl substituent (CPD31) is active in the nM range on both Abl variantdl dras a
comparable activity on cells without major seleityivior the transduced cells compared to non-
transduced ones. The most reasonable explanatiothifoobservation is to assume that there is
another target inhibited by this compound. CEZ3 (m-Cl-p-NHz-phenyl), CPD134 (o-Cl-p-NH,-
phenyl) and CPDL41 (o-di-Cl-p-NH2) showed good activity which again indicates thatodar
group at thepara position of the phenyl is well tolerated. CRB5 (m-Cl-p-F-phenyl), CPDL36 (0-
methoxyp-F-phenyl) and CPD.39 (p-F-phenyl) resulted to be less potent suggestiagatiuorine

(in contrast to Cl) at thepara position is lowering the inhibitory activity. Thmsignificant
inhibitory activity of CPD132 suggests that a cyano group at the meta positidreg@henyl ring is
not tolerated. Modeling suggests that the cyanommresumably gets too close to the gatekeeper
similar to the cyano group in Bosutinib. CRBO which is very similar to CP213and CPD114
but has an oxygen linker showed better inhibitarygvéty than these compounds. This comparison
suggests that the presence of the oxygen linkélslemmore favorable distances for the formation
of putative hydrogen bonds. Adding a trifluorométtoythe para position of the phenyl substituent
led to a moderately potent compound (CEPEB) (ICso= 9.6 uM) but it's the most selective for Abl
T315I even in cells. Modeling suggests that thigubromethyl group is in close proximity to the
mutated gatekeeper explaining the very differeniviies (seeFigure 2.75). CPD 153 has the
same substituent of Bosutinib at position 4. Wiilelid not show great activity on the isolated
enzymes, it was very active on cells. Neverthelegd) 153 did not show a good selectivity toward
the Abl T315I transduced cell line, probably beealt's also inhibiting another kinase.

A B

Figure 2.75.A) Predicted binding mode of CPI24 in the active site of T315l Abl intermediate
conformation moddB) Same as A for CPI38

In an attempt to explore the importance of the swb®n at position 7, two compounds bearing a
methoxy group at 7 have been synthesized. Theseaoms CDP163 and 162, where the
hydrophilic N-methylpiperazine tail was removed, are substrestuwf two of the most active
compounds CPDL31 and 142 respectively. CPDL62 showed a much lower activity than the
corresponding compound witN-methyl piperazine substituent (CPD12) at the level of the

isolated kinase domain. This clearly indicates that moiety of the molecule is making important
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interactions with the protein. Most probably itrffts a hydrogen bond with its protonated nitrogen
(the one bearing the methyl) with the backboneaaybof Y320. The same behavior was observed
for CPD 163 The cell activity of this compound was remarkabled always higher than the
enzymatic one, like its analog CPI31, favoring the assumption that there is anothegetarTo
further explore the possibility of variation in stibuent at position 7, th&l-methylpiperazine
moiety of compound431, 142 and138was exchanged by morpholine leading to compourield C
148 152 and 150, respectively. Exchanging the N-methylpiperazinbssituent at position 7 of
CPD 131 with a 2,3,4-trichlorophenoxy group (CPIB8), the activity drops by a factor of 2-3,
again showing that thE-methylpiperazine can have good interactions whih protein. No clear
trend in terms of cell activity was observed. Tleavaty of CPD 148 and152 improved, while the
one of CPD150was reduced. This inconsistency might derive ftbmfact that the substituent at
position 4 and 7 may influence in a dependent natime orientation of the 8-aminoquinoline
scaffold at the hinge region.

2.2.2 3-substituted 8-aminoquinolines

To explore further the chemical space offered ey 8hkaminoquinoline scaffold and its modified
directionality for the substituents within the bimgl site compared to the aminoquinoline 3-
substituted compounds were dsigned and synthesiethcreased interaction with the gatekeeper
and with the the adjacent hydrophobic pocket wasediby the 3-substitution, because no clear and
strong interaction with these moieties of the lmgdsite was observed for most of the 4-substituted
8-aminoquinolines (except for CPIBY). The 3-position was the initial substitution pofar the
cyano group of Bosutinib which is involved in a @ointeraction with the T315 in Abl WT, now
because of the mutation in the gatekeeper, onlfaagabstituent have been tried (Seble 4.3.
Ortho-methoxy-phenyl substituent (CPIB4) was not as active as initially expected indiagtinat
this bulky substituent exhibits some steric clashib the gatekeeper residue. This observation is
somehow supported by CPI%6 where the removing of the methoxy group leaddightty better
activity. Having a quinoline as substituent (CP®Y) instead of a phenyl, does not improve activity
in contrast to what has been observed for the 4tguted compounds, so it's clear that the 3
position is more constraint than the 4 position.

CPD158 CPD160and CPD161which have respectively-butyl, necpentyl andsecbutyl groups
are only weakly active against Abl T3151 showingttlaliphatic substitution is not favorable.
Interestingly the bromo substituent (CRB5) is very potent on both the WT and the mutant but
there is only moderate cell activity which is prblyadue to the hydrophobic nature of this
compound. The good activity could originate fronpatative water mediate interaction of the
bromine with the backbone NH of D381 of the DFG im@eeFigure 2.76. This hypothesis could
also explain the weak activity of the methyl suiosint (CPD159) that is not able to do any water
mediated interaction.
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Figure 2.76: Water mediated interaction between bromine of CBb and the backbone NH of
D381 in T315I Abl intermediate conformation model.

2.2.3 3-4-substituted 8-aminoquinolines

Based on the results obtained with the single gubeth and the derived structure activity
relationship a small serie of synthetically acdalesB-4 disubstituted compounds was designed and
synthesized (se€able 4.4. CPD 164 and165 possess a methoxy group in position 4 and a Br in
position 3 and two different substituent at positid. The inhibitory activity of both compounds
was dramatically decreased compared to the 3-besubstituted CPR55. Thus, it can be stated
that the introduction of a methoxy group at positib (CPD165 and CPD164) is detrimental for
the inhibitory activity. A plausible explanation ihat the methoxy group is displacing the
hypothetized important water molecule that allowatex-mediated hydrogen bond of the Br
substituent with the protein. The direct comparibetween CP[164 and CPDL66 where the Br at
position 3 was again removed and two methoxy stiestis remained at position 4 and 7 show that
bromine still has some favorable interaction besittee water-mediated interaction because the
activity of CPD166is significantly lower than the one of CRIB4. Exchanging the Br of CPD64
with a phenethyl group (CPD67) turns out to be more favorable for the doublessitition, most
probably because of favorable interactions of thengl moiety with the gatekeeper residue and
surrounding that is not filled by the small methatpup in position 4. Nevertheless, the inhibitory
activity of CPD 167 remained lower compared to the 3-Bromo compoun® @B5 The 4,7-
diethoxy substitution (CP6Y9) is as bad as the already discussed 4,7-dimethioeyfCPDL67).

In an attempt to combine the most active substituamh position 3 and 4, CPD70 bearing a
bromine at position 3 and a pyrrolidine at positébnUnfortunately this combination led to a
molecule less active compared to the respectiveosudsstituted compounds, probably for the same
reason stated above for C B4 and165
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2.2.4 Selectivity profiles of most active compounds

To get a broader idea about the selectivity of 8haminoquinolines on kinase in general, 7
compounds (se€able 4.5andGraph 4.1-Graph 4.7) were subjected to a kinase selectivity panel
(Cohen Lab, Dundee) containing 85 kinases of differclasses. The 7 tested compounds were
chosen according to highest activity data eitheAbhWT/Abl T315I or on cells. Three very active
compounds (CPD131, 106 and 148 resulted not to be selective on the panel, itinipi
respectively 10, 40 and 11 kinases by more than &0&occoncentration of JJ0M. In contrast CPD
142 163 167 and 138 are selective, CP[38 being the most selective one only inhibiting the
Aurora A kinases by more than 50% at 1M concentration. All other compounds are strongly
inhibiting PKB3, which is a Serine/Threonine kinase, while enzymese related to Abl, e.g. LCK,
SRC and FGFR1, are less targeted by the selectagarmds. Insuline receptor kinase that is a
clear anti-target is not inhibited by these compmsurinterestingly there is an inverse correlation
between the selectivity on cells (transduced cedlssus non-transduced cells) and the BKB
inhibitory activity. The higher PKB inhibitory activity is the less selective are tb@mpounds.
This indicates that PKBis a target for substituted 8-aminoquinolines andréach higher
specificity for Abl T315I substitution favorable rfAbl T315I and disfavorable for PHBare
needed.

In conclusion, a novel active scaffold for the mhon of Abl WT and Abl T315l has been
developed. Very active compounds both on the @allahd enzymatic level have been found. The
proposed binding mode has been validated by a stensiSAR.

2.3CONCLUSIONS AND PERSPECTIVES

All the inhibitors tested in the biological assdns/e been synthesized with methodologies inspired
from literature and procedures set up in our labcé the priority in this work was the quick
synthesis of a sufficient number of compounds emdinformative structure activity relationship, in
general the reaction conditions have not been sktely studied for the optimization of yield and
selectivity.

The synthesis of 4-substituted 8-aminoquinolines lieen quite easy and straightforward, allowing
therefore the obtaining of a large number of défégrcompounds. The most problematic step is the
attachment of the side chain at position 7 of tamajine. The aromatic nucleophilic substitution,
yielded the desired 7-Oxygen linked-8-nitroquinelwwith a good regioselectivity (6:1) in the case
of the 4-iodo substituted compoutf. On the contrary, the regioselectivity of the adis of the
4-chloro substituted compourg8iwas poor due to the comparable reactivity of the thlorine
atom of the precursor 4,7-dichloro8-nitroquinoli®® The change of reaction conditions
(temperature, time, solvent, concentration) of #tep of the synthesis could probably lead to bette
results in terms of regioselectivity, with an impeonent of the overall yield of the synthesis.

The synthesis of 3-substituted-8-aminoquinolinegeiad has been much more complex and less
straightforward. The increased difficulty of thenlyesis together with the space constrain of the
binding site of the target around this positiontedhe synthesis of a significant lower numbeB-of
substituted inhibitors. The nitration afh-aminophenol yielded as expected three different
regioisomers that were quite difficult to separdtee to the tendency of the molecules to form
cocrystals. Even more difficult was the ring claswf the aromatic amine: the cyclization with
acrolein gave the desired product together withsictarable amounts of tar. Besides this we have
not been able to halogenate the quinoline withdifferent pursued methods. Nevertheless, further
efforts on this side could lead to the desireddiretroduction of the halogen atom at position 3,
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(e.g. halogenating agents in non protic solVéftepening therefore the way for the synthesis of a
larger amount of 3-substituted inhibitors. The oththetic route tried involved the ring closufe o
the aromatic amine with an already halogenatedle@oroand even if it allowed obtaining the
desired 3-substituted-8-aminoquinolines, it needbd improved. The main problem observed is
thata-bromoacrolein thermally decomposes to bromineolgmers, brominating thus the not yet
closed aromatic amine. The presence of these batedrbyproducts, and most of all, the formation
of big amounts of tar, lowered considerably thddyief the reaction. Similarly to the other ring
closure, this reaction should be more extensivieigtied in order to improve yield and selectivity.

The synthesis of 3,4-disubstituted-8-aminoquinainpresented problems similar to those
encountered in the synthesis of 3-substituted migdsc The nitration step is the same, and the ring
closure, even if different presented the same bmatitin byproducts. Also in this case the reactant
that should lead to the cyclisation of the aromatimne is ar-bromo-a—p-unsaturated carbonyl
compound. It’s clear that this type of molecules ot stable under the reaction condition needed,
therefore the closure strategy needed to be chargethct, the second strategy we pursued
consisting in direct bromination of the alreadyni@d quinoline scaffold worked out better but only
when a highly activating group was present at 4tjpos The perspective for the synthesis of these
molecules in the future is to find a synthetic eouhat allows halogenation of position 3
independently from the substituent in position4.

Since the first compound was tested on the Bcr-RRil5I1 kinase domain, it emerged that the
hypothesis done on the activity of the novel sddffwas correct. Many different type of
substituents at position 3 and 4 were assessedné&bicmate the potency and specificity of the
inhibitors while exploring the chemical space ambtine new scaffold. The groups that have been
attached can be divided into three big categoarggen linked moieties, nitrogen linked moieties
and carbon linked moieties. Also the side chaipagition 7, that was supposed not to have strong
interaction with the protein, has been varied ideorto see the effect on the potency of the
inhibitors. Activity and selectivity can be gainbg exploring the chemical space at position 3 and
4 according to the predicted binding mode. The nitgjof the compounds were active in the
micromolar range and some of them were not actival.aSome compounds resulted active in the
nanomolar range, and 7 of them have also beendtésteard a panel containing 85 kinases of
different classes in order to verify their seleityiyCohen Lab, Dundee). The 7 tested compounds
were chosen according to highest inhibitory activdiata either on Abl WT/Abl T315I kinase
domain or on cells. Three very active compoundsDdR1, 106 and 148 resulted not to be
selective on the panel, inhibiting respectively 80, and 11 kinases by more than 50% at a
concentration of 1QuUM. In contrast compound$42 163 167 and 138 resulted to be more
selective, compounii38 being the most selective one because it only itththe Aurora A kinases
by more than 50% at the 1/ concentration. All other compounds strongly inted PKB3 (also
namedAKT2), which is a key Serine/Threonine kinase for cetlliferation, while enzymes more
related to Abl, e.g. LCK, SRC and FGFR1, are lemgdted by the selected compounds.
Furthermore anti-targets such as insulin recepttade was not inhibited by the compounds at 10
MM concentration. Interestingly there is an invecsgrelation between the selectivity on cells
(transduced cells versus non-transduced cells)t@dPKB3 inhibitory activity. The higher the
PKBf inhibitory activity is the less selective are tbempounds. This indicates that PEKB a
target for substituted 8-aminoquinolines and tahdaigher specificity for Abl T315I, substitutions
favorable for Abl T3151 and disfavorable for PBBare needed. The inhibition activity towards
PKB[ of the 8-aminoquinoline derivatives may also beleixed for developing specific PHB

%12 3) Nickson, T.E.; Roche-Dolson, C.8ynthesis985,663 (b) Mitchell, R.H.; Lai, Y-H.; Williams, R.VJ. Org.
Chem.1979 44, 4733.
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inhibitors to be used against cancers in which wmalfioning of PKEB is responsible for
oncogenesfs®

Concluding, the novel 8-aminoquinoline scaffolduieed to be active on the T3151 mutant form of
Bcer-Abl. CompoundL38resulted to be the most selective among all teeetecompounds, thus its
structure must be used as a new starting poirthéodevelopment of new molecules with improved
potency and selectivity in order to be able to etite preclinicaln vivotests.

Z3@) Cheng, J.Q.; Altomare, D.A.; Klein, M.A.; Le&/.C.; Kruh, G.D.; Lissy, N.A.; Testa, J.Rncogenel997 14,
2793. (b) Skeen, J.E.; Bhaskar, P.T.; Chen, C.@enCW.S.; Peng, X.D.; Nogueira, V.; Hahn-Windgassa&.;
Kiyokawa, H.; Hay, N.Cancer Cell 2006 10, 269. (c). Yoeli-Lerner, M.; Chin, Y.R.; HansenKC Toker, A.Mol.
Cancer Res2009 7, 425.
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CHAPTER 3

EXPERIMENTAL PART
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3.1 GENERAL PROCEDURES

Highly pure grade reagents and solvents, purchdisectly from the supplier, have been employed
without further purification. When required frometiprocedure, they have been purified according
to the known procedur€%. Anhydrous THF has been prepared just before selistillation on
sodium in presence of benzophenone under argorsptrace. Anhydrous NMP have been prepared
just before use by distillation at reduced pressore Cab under argon atmosphere.
Chromatographies have been performed on silicaigek 60, 230-400 mesh, or basic aluminum
oxyde according to the methodologies indicated tly?S. Reactions have been monitored with
TLC, '"H-NMR and GC-MS.

'H-NMR, ®C-NMR, COSY, NOESY, HMQC and HMBC spectra have beecorded with a
Varian UNITY 400 MHz or with a Varian UNITY 300 MHResonance frequencies are referred to
tetramethylsilane. Electron impact mass spectré&lhave been performed with a GC-MS Trace
2000 ThermoQuest, using capillary columns Ritx®-5@% biphenyl/95% dimethylpolisiloxane)
of 15 m length and 0.25 mm diameter. Electron spnags spectra ESI-MS have been performed
under negative or positive ionization mode on a ABO EX Turbo ion spray Amplied Biosystem
unit. High resolution mass spectra EI-HRMS analysse performed under ESI positive ionization
mode on a QSTAR XL-MS unit.

3.2CHARACTERIZATION OF COMPOUNDS

7-Chloro-4-iodoquinoline

Cl N\
T
|
2

4M chloridric acid in dioxane (20 mL) was addedatsolution of 4,7-dichloroquinoline (10g, 50.5
mmol) in THF (20 mL). After 5 minutes the solvenasvremoved at reduced pressure. The white
solid residue, was dried overnight in a dessiccatortaining POs, and then suspended in dry
MeCN (260 mL). Freshly dried Nal (40g, 266 mmol)sasdded, and the yellow suspension was
heated at reflux temperature for 24h. After cooliong.t., CHCI, (100 mL) and a solution of 10%
K2CO; and 5% NaHS@ (200 mL) were added. The acqueous phase was &drasth CHCI,
(3x50 mL) and the combined organic layer were doedr MgSQ. The solvent was removed
under reduced pressure, to give 14.43 g of corbegstals of 7-chloro-4-iodoquinolir (98%
yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.45 (d, 1HJ = 4.5 Hz), 8.06 (d, 1H) = 2.1 Hz), 7.99 (d,
1H,J = 4.5 Hz), 7.97 (d, 1H] = 8.9 Hz), 7.57 (dd, 1H] = 8.9, 2.1 Hz).

24 perrin, D.; Armarengo, W.L.FRurification of laboratory chemicalBergamon Press, Oxfort988.
Z5gtill, W.C.; Khan, M.; Mitra, AJ. Org. Chem1978 42, 14.

100



13C-NMR (CDCE, 100 MHz) 5 (ppm): 150.69, 148.19, 136.46, 133.15, 132.72,0%9128.99,
128.82, 111.42.

MS (70 eV)m/z 289.1 [M](66), 162.2 (100), 135.2 (37), 127.2 (49), 99.2)(B4.2 (44).
4,7-Dichloro-8-nitroquinoline

NO,
Cl N

N

=

Cl

3
A solution of 65% nitric acid (5g, 3.6 mL, 51.6 minm 97% sulphuric acid (50mL), was added
dropwise at 0°C to a solution of 4,7-dichloroquinel (10g, 50.5 mmol) in 97% sulphuric acid
(50mL). The temperature was left to raise to wiirty 5h. The reaction mixture was added to 200
mL of iced water and a pale yellow solid precithtThe suspension was filtered and the solid was
recrystalized in ethanol (180 mL) to give 8.4 gdof-dichloro-8-nitroquinoline as pale yellow
crystals (68 % yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.87 (d, 1HJ = 4.8 Hz), 8.32 (d, 1H) = 9.1 Hz), 7.72 (d,
1H,J = 9.1 Hz), 7.64 (d, 1H] = 4.8 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 152.63, 143.01, 141.06, 136.64, 128.36,926126.70,
125.60, 122.99.

MS (70 eV)m/z 244.2 [M](26), 242.2 [M](40), 214.2 (20), 212.2 (32), 186.2 (63), 184.20)
161.2 (48), 126.2 (22), 124.2 (36).

7-Chloro-4-iodo-8-nitroquinoline

NO,
Cl N

AN

=

4

A solution of 65% nitric acid (1.54 g, 1.1 mL, %v@nol) in 97% sulphuric acid (10mL), was added
dropwise at 0°C to a solution of 7-chloro-4-iodampline (2.78g, 9,6 mmol) in 97% sulphuric acid
(10mL). The temperature was left to raise to wiirty 5h. The reaction mixture was added to 100
mL of iced water and a pale yellow solid precithtThe suspension was filtered and the solid was
recrystalized in ethanol (40 mL) to give 2.74 g7e€hloro-4-iodo-8-nitroquinolinegl as yellow
crystals (85%. yield).
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'H-NMR (400 MHz, CDC}) & (ppm): 8.52 (d, 1HJ = 4.6 Hz), 8.13 (d, 1H) = 9.1 Hz), 8.12 (d,
1H,J = 4.6 Hz), 7.69 (d, 1H] = 9.1 Hz).

3C-NMR (100 MHz, CDC)) & (ppm): 152.18, 139.88, 134.30, 134.13, 129.50,.628126.88,
111.12, 110.07.

MS (70 eV)m/z 335.9 [M](49), 333.9 [M](92), 305.9 (26), 303.9 (69), 277.9 (49), 275.2)(9
163.0 (54), 160.9 (100), 151.2 (45): 148.9 (948.2356), 126.1 (66.4), 113.9 (74), 99.0 (82), 74.0
(60.6).

3-(4-Methylpiperazin-1-yl)propan-1-ol

\\/N\/\/OH
7
3-Chloropropan-1-ol (9.38 g, 8.3 mL, 99.8 mmol) veasled td\N-methylpiperazine (25 mL) while
stirring, and this solution was heated at 90°C3for After cooling to room temperature, 100 mL of
ethyl acetate were added and a pale yellow sokdipitated. The suspension was filtered off and
the solvent was removed under reduced pressureteBidue yellow dense oil, was distilled under
reduced pressure, to give 14.1 g of 3-(4-methyhaipa-1-yl)propan-1-of (89.2% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 5.36 (s, 1H), 3.80 (t, 2H,= 5.2 Hz), 2.40 (bs, 8H), 2.62 (t,
2H,J = 5.7 Hz), 2.27 (s, 3H), 1.71 (“quintet’, 21" = 5.6 Hz).

13C-NMR (100 MHz, CDCJ) 5 (ppm): 64.83, 58.94, 55.13 (2C), 53.32 (2C), 455794.
MS (70 eV)m/z 158 [M'](37), 113[M'-C,H4OH](65), 70 (100), 56 (35), 43 (79), 42 (99).

4-Chloro-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-ntroquinoline

>N NO
@\/\/o 2 N\
=
Cl
8

3-(4-Methylpiperazin-1-yl)propan-1-ai(1g, 6.32 mmol) was added to a solution-&uOK (0.78
g, 6.95 mmol) in dry THF (5 mL) under argon atmasgh After 15 minutes, this solution was
added slowly via syringe, to a solution of 4,7-dlicb-8-nitroquinoline (1.54 g, 6.32 mmol) in dry
THF (5mL) at 0°C. The reaction mixture was refluxaaernight. After cooling to r.t. water (30 mL)
was added, the acqueous phase was extracted witGI£x20 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum and the regidcigystalized
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with AcOEt (15 mL) to obtain 1.3 g of yellow cryaof 4-chloro-7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinoline3. (56% yield)

'H-NMR (400 MHz, CDC}) & (ppm): 8.80 (d, 1HJ = 4.8 Hz), 8.31 (d, 1H) = 9.4 Hz), 7.52 (d,
1H, J = 9.4 Hz), 7.47 (d, 1H) = 4.8 Hz), 4.36 (t, 2HJ = 6.2 Hz), 2.44 (bs, 8H), 2.52 (t, 28l=
7.0 Hz), 2.28 (s, 3H), 2.01 (“quintet”, 2HJ” = 6.7 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 152.40, 150.88, 142.71, 141.55, 136.80,AR7121.03,
120.63, 115.76, 68.53, 55.06 (2C), 54.06, 53.00,(26.91, 26.39

ESI-HRMS /2 [M+H] " : calculated, 365.1374, observed, 365.1361 [M+1]
7-Chloro-4-(3-(4-methylpiperazin-1-yl)propoxy)-8-ntroquinoline

NO,
Cl N

A
=

Method A:

3-(4-Methylpiperazin-1-yl)propan-1-af (0.5 g, 3.16 mmol) was added to a solutiont-8uOK
(0.43 g, 3.79 mmol) in dry NMP (5 mL) under argamasphere. After 15 minutes, this solution
was added slowly via syringe, to a solution of dighloro-8-nitroquinoline3 (0.77 g, 3.16 mmol)
in NMP (5 mL) at 0°C. The temperature was left asse to r.t. overnight. Ci&€l, (20 mL) and
water (30 mL) were added, the acqueous phase weaced with CHCI, (3x20 mL) and the
combined organic layers were washed with water @3x®.), brine and then dried over Mg&O
The solvent was removed in vacuum, to give 0.41gyeifow crystals of 7-chloro-4-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolir®(36% yield).

Method B:

3-(4-methylpiperazin-1-yl)propan-1-a1 (3.3g, 20.60 mmol) was added to a solution of t-BuO
(2.5 g, 22.66 mmol) in dry THF (16 mL) under argamosphere. After 15 minutes, this solution
was added slowly via syringe, to a solution of dighloro-8-nitroquinoline3 (5.0 g, 20.60 mmol)

in dry THF (16 mL) at 0°C. The reaction mixture wafuxed overnight. After cooling to r.t. water
(40 mL) was added, the acqueous phase was extratte CH,Cl, (3x30 mL) and the combined
organic layers were dried over MgSOr'he solvent was removed in vacuum and the residue
recrystalized with AcOEt (15 mL) to obtain 3.0 g géllow crystals of 4-chloro-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin® (40% yield). The solvent of the mother liquors
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was removed in vacuum and the residue recrystalizektOEt (10 mL) to give 1.0 g of yellow
crystals of 7-chloro-4-(3-(4-methylpiperazin-1-yippoxy)-8-nitroquinoline® (14% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.79 (d, 1HJ = 5.2 Hz), 8.24 (d, 1H) = 9.1 Hz), 7.52 (d,
1H, J = 9.1 Hz), 6.86 (d, 1HJ = 5.3 Hz), 4.29 (t, 2HJ = 6.3 Hz), 2.49 (bs, 8H), 2.59 (t, 28l =
7.2 Hz), 2.29 (s, 3H), 2.13 (“quintet”, 2HJ” = 6.7 Hz).

4-lodo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline

\Nﬁ NO,

L_N_~_o0 N
=

I

10
3-(4-Methylpiperazin-1-yl)propan-1-dl (1.65g, 10.40 mmol) was added to a solution of ®Bu
(2.23 g, 10.92 mmol) in dry THF (35 mL) under argamosphere. After 15 minutes, this solution
was added slowly via syringe, to a solution of Teot+4-iodo-8-nitroquinoline4 (3.48 g, 10.40
mmol) in dry THF (35 mL) at 0°C. The temperaturesvieft to raise to r.t. overnight, water (50 mL)
was added, the acqueous phase was extracted witGI£x35 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum and the regidciystalized
with AcOEt (20 mL) to obtain 3.2 g of yellow crygaof 4-iodo-7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinolinel0. (67% vyield)

'H-NMR (400 MHz, CDC}) & (ppm): 8.45 (d, 1HJ = 4.6 Hz), 8.11 (d, 1H) = 9.4 Hz), 7.96 (d,
1H, J = 4.6 Hz), 7.49 (d, 1HJ = 9.4 Hz), 4.35 (t, 2HJ = 6.2 Hz), 2.46 (bs, 8H), 2.52 (t, 28l=
7.0 Hz), 2.28 (s, 3H), 2.01 (“quintet”, 2HJ” = 6.6 Hz).

13C-NMR (100 MHz, CDCJ) 5 (ppm): 151.89, 150.76, 140.17, 136.43, 134.44, 131.88,9224
116.08, 111.05, 68.51, 55.07 (2C), 54.06, 53.01,(26.92, 26.40

ESI-HRMS (/2 [M+H] *: calculated, 457.0731, observed, 457.0717.
4-Chloro-7-methoxy-8-nitroquinoline

NO,

J¥e) N
=
Cl

11
Sodium methoxyde (1.019 g, 3.59 mL of a 30% wt s@uin MeOH, 18.87 mmol) was added
slowly under argon atmosphere to a solution of ddi¢ghloro-8-nitroquinoline3 (4.417 g, 18.87
mmol) in dry THF (60 mL). The reaction mixture wstared for 4h. The solvent was evaporated
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and CHCI, (50 mL) was added. The undissolved solid wasrétleoff and the CKCl, was
evaporated. The solid residue was separated frenother regioisomer (7-chloro-4-methoxy-8-
nitroquinoline) via flash chromathography on silgal (eluent AcOEt: hexane 4:6). 1.107 g of 4-
chloro-7-methoxy-8-nitroquinolingl were obtained (24.6 % vyield).

'H-NMR (400 MHz, CDCJ) 5 (ppm):8.79 (d, 1H) = 4.7 Hz), 8.31 (d, 1HJ = 9.5 Hz), 7.50 (d,
1H,J = 9.5 Hz), 7.46 (d, 1H] = 4.7 Hz), 4.09 (s, 3H).

13C-NMR (100 MHz, CDGJ) § (ppm): 152.53, 151.24, 142.75, 141.42, 136.41, 128.06,8024
120.66, 101.84, 56.24

MS (70 eV)m/z 238 [M'](100), 208 (72), 180 (90), 127 (40), 126 (42), 133), 114 (84).
7-Chloro-4-methoxy-8-nitroquinoline

NO,
Cl N

N

=

SN

12
Method A:
Sodium methoxyde (1.019 g, 3.59 mL of a 30% wt smfuin MeOH, 18.87 mmol) was added
slowly under argon atmosphere to a solution of ddi¢ghoro-8-nitroquinoline3 (4.417 g, 18.87
mmol) in dry THF (60 mL). The reaction mixture wstared for 4h. The solvent was evaporated
and CHCI, (50 mL) was added. The undissolved solid wasrétleoff and the CKCl, was
evaporated. The solid residue was separated frenother regioisomer (4-chloro-7-methoxy-8-
nitroquinoline) via flash chromathography on silgal (eluent AcOEt: Hexane 4:6). 1.107 g of 4-
chloro-7-methoxy-8-nitroquinoling2 were obtained (44.9% vyield).

Method B:

Sodium (0.946 g, 41.14 mmol) was dissolved in dethanol (20 mL) under argon atmosphere.
The resulting clear solution was added dropwisa solution of 4,7-dichloroquinolingd (10.0 g,
41.4 mmol) in dry NMP (30 mL). The reaction mixtusmas heated at 100°C for 4 hours. After
cooling to r.t.,, water (150 mL) was added, the acys phase was extracted with toluene (3x40
mL) and the combined organic layers were washeld water (3x50 mL), brine (50 mL) and then
dried over MgS@ The solvent was removed in vacuum to obtain 8@d# 7-chloro-4-methoxy-8-
nitroquinolinel2 (83% yield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.82 (d, 1HJ = 5.3 Hz), 8.26 (d, 1HJ = 9.0 Hz), 7.54 (d,
1H,J =9.0 Hz), 6.86 (d, 1HJ = 5.3 Hz), 4, 09 (s, 3H).

3C-NMR (100 MHz, CDC)) & (ppm): 162.16, 154.36, 146.76, 141.29, 126.07,.068124.80,
120.66, 101.84, 56.24.
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MS (70 eV) m/z 238.1 [M](79), 208.1 (58), 180.1 (41), 150.1 (100), 1234)( 114.1 (55).

3-Morpholinopropan-1-ol

(\N/\/\OH

o

13
3-Chloropropan-1-ol (4.701 g, 8.3 mL, 50 mmol) wadded to morpholine (8.72 mL) while
stirring, and this solution was heated at 90°Clforminutes. After cooling to room temperature,
100 mL of diethyl ether were added and a whitedspiecipitated. The suspension was filtered off
and the solvent was evaporated under reduced peessugive 7.25 g of a dense oil of 3-
(pyrrolidin-1-yl)propan-1-ol.3 (99.8% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 3.76 (t, 2H) = 5.5 Hz), 3.67 (m, 4H), 2.57 (t, 2d,= 5.8
Hz), 2.54 (m, 4H), 2.49 (bs, 4H), 1.69 (“quinte?H, “J” = 5.9 Hz).

¥C-NMR (CDCE, 100 MHz)3 (ppm): 66.87 (2C), 64.26, 59.01, 53.76 (2C), 26.93
4-(3-(4-Chloro-8-nitroquinolin-7-yloxy)propyl)morph oline

@) NO,
K/N\/\/O Ny
=

Cl
14

3-Morpholinopropan-1-olL3 (1.79 g, 12.34 mmol) was added to a solutiort-BuOK (1.66 g,
14.80 mmol) in dry THF (37 mL) under argon atmosphéfter 15 minutes, this solution was
added slowly via syringe, to a solution of 4,7dacbt8-nitroquinoline3 (3.0 g, 12.34 mmol) in dry
THF (35 mL) at 0°C. The temperature was left teedio r.t. and then the mixture was heated at
reflux temperature for 18 h. After cooling to mtater (50 mL) was added, the acqueous phase was
extracted with ChICl, (3x35 mL) and the combined organic layers wereddover MgSQ@ The
solvent was removed in vacuum and the residue stdized with ACOEt (20 mL) to obtain 1.37 g

of pale yellow crystals of 4-(3-(4-chloro-8-nitragalin-7-yloxy)propyl)morpholinel4 (31.6%
yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.79 (d, 1H] = 4.8 Hz), 8.31 (d, 1H] = 9.4 Hz), 7.51 (d,
1H,J = 9.5 Hz), 7.46 (d, 1H] = 4.7 Hz), 4.36 (t, 2H] = 6.2 Hz), 3.70 (t, 4H] = 4.7 Hz), 2.53 (t,
2H,J = 7.0 Hz), 2.47 (bs, 4H), 2.02 (“quintet”, 2K = 6.5 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 152.44, 150.82, 142.74, 141.55, 136.83,027121.09,
120.69, 115.71, 68.33, 66.80 (2C), 54.55, 53.59,(26.99.
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ESI-HRMS /2 [M+H] * : calculated, 352.1058, observed, 352.1044 .

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(naphthalen2-yl)-8-nitroquinoline

>N NO
K/)\‘\/\/O 2 AN
=

17

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylmpoxy)-8-nitroquinoline 10 (200 mg,
0.44mmol), naphthalen-2-ylboronic acid (77.4 m@50mmol), Pd(OA¢g) (14.8 mg, 0.066 mmol),
NaCOs (0.23 mL of a 2M solution) and water (2 mL) waagad in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oil #aftb0°C. After stirring for 90 minutes the
mixture was cooled to r.t., water (20 mL) was addad the mixture was extracted with £&Hp
(3x20 mL). The combined organic layers were drieéroMgSQ, filtered and concentrated in
vacuum, to give 180 mg of dark solid of 7-(3-(4-mdpiperazin-1-yl)propoxy)-4-(naphthalen-2-
yl)-8-nitroquinolinel7 (90 % vyield).

'H-NMR (400 MHz, CDC4) & (ppm): 9.00 (d, 1HJ = 4.4 Hz), 8.04 (d, 1H) = 9.4 Hz), 8.02 (d,
1H,J = 8.5 Hz), 7.96 (m,3H), 7.61 (m,2H), 7.57 (dd, TH5 8.9, 1.7 Hz), 7.42(d, 1H} = 4.5 Hz),
7.37 (d, 1H,J = 9.5 Hz), 4.32 (t, 2H) = 6.2 Hz), 2.50 (bs, 8H), 2.53 (t, 28,= 7.0 Hz), 2.28 (s,
3H), 2.01 (“quintet”, 2H*J" = 6.7 Hz).

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-(8’-quinolyl)quinoline

~

18
A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylmuoxy)-8-nitroquinoline 10 (200 mg,
0.44mmol), quinoline-8-ylboronic acid (77.6 mg, 484mmol), Pd(OAg) (14.8 mg, 0.066 mmol),
NaCOs (0.23 mL of a 2M solution) and water (2 mL) waagadd in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oildigtb0°C. After stirring for 2 hours the mixture
was cooled to r.t., water (20 mL) was added andrtix¢éure was extracted with GBI, (3x20 mL).
The combined organic layers were dried over MgSidered and concentrated in vacuum, to give
175 mg of dark solid of 7-(3-(4-Methylpiperazin-lpropoxy)-8-nitro-4-(8-quinolyl)quinoline 8
(90% yield).
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'H-NMR (400 MHz, CDCY) § (ppm): 9.04 (d, 1HJ = 4.4 Hz), 8.80 (dd, 1H] = 4.2, 1.8 Hz), 8.29
(dd, 1H,J = 8.3, 1.8 Hz), 8.02 (dd, 1H,= 6.1, 3.5 Hz), 7.70 (d, 1K), = 6.2 Hz), 7.70 (d, 1H) =
3.5 Hz), 7.47(d, 1HJ = 9.4 Hz), 7.46 (dd, 1H] = 8.3, 4.1 Hz), 7.43 (d, 1H}, = 4.4 Hz), 7.19 (d,
1H,J = 9.5 Hz), 4.25 (t, 2HJ = 6.2 Hz), 2.50 (t, 2HJ = 7.1 Hz), 2.48 (bs, 8H), 2.26 (s, 3H), 1.97
(“quintet”, 2H,“J" = 6.7 Hz).

ESI-MS (/2 [M+H] * : 458.1.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-phenylquinoline

>N NO
K/)“\/\/O 2 AN
4

19

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylypoxy)-8-nitroquinoline10 (200 mg, 0.44
mmol), phenylboronic acid ( 54.7 mg, 0.448 mmof(®Ac), (15 mg, 0.066 mmol), NEO; (0.23
mL of a 2M solution) and water (2 mL) was placedair25 mL round-bottom flask under argon
atmosphere and immersed in an oil bath at 150°€rAtirring for 2 hours the mixture was cooled
to r.t., water (20 mL) was added and the mixtures watracted with CkCl, (3x20 mL). The
combined organic layers were dried over MgSiltered and concentrated in vacuum, to give 179
mg of dark solid of 7-(3-(4-methylpiperazin-1-ylymoxy)-8-nitro-4-phenylquinolinel9 (86%
yield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.96 (d, 1H) = 4.5 Hz), 7.99 (d, 1H] = 9.5 Hz), 7.54 (m,
3H), 7.47 (m, 2H), 7.36 (d, 1H, = 9.5 Hz), 7.32 (d, 1HJ = 4.5 Hz), 4.31 (d, 2H) = 6.2 Hz),
2.52 (t, 2H,J = 7.0 Hz), 2.47 (bs, 8H), 2.28 (s, 3H), 2.00 (“quiiteH, “J” = 6.7 Hz).

4-(3,4-Dimethoxyphenyl)-7-(3-(4-methylpiperazin-1-fpropoxy)-8-nitroquinoline

NO,

~
N
@\/\/O O Ny
=

CO/

O\
20
A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylypoxy)-8-nitroquinoline10 (200 mg, 0.44
mmol), 3,4-dimethoxyphenylboronic acid ( 82 mg,484nmol), Pd(OA¢) (14.8 mg, 0.066 mmol),

NaCOs (0.23 mL of a 2M solution) and water (2 mL) waagadd in a 25 mL round-bottom flask
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under argon atmosphere and immersed in an oildiatb0°C. After stirring for 6 hours the mixture
was cooled to r.t., water (20 mL) was added andrtix¢éure was extracted with GBI, (3x20 mL).
The combined organic layers were dried over MgSikered and concentrated in vacuum, to give
205 mg of dark solid of 4-(3,4-dimethoxyphenyl)3@-methylpiperazin-1-yl)propoxy)-8-
nitroquinoline20 (98 % vyield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.94 (d, 1HJ = 4.5 Hz), 8.06 (d, 1HJ = 9.5 Hz), 7.36 (d,
1H,J =9.5 Hz), 7.31 (d, 1H] = 4.5 Hz), 7.04 (m, 2H), 6.97 (m, 1H), 4.32 (t, 2H; 6.2 Hz), 3.98
(s, 3H), 3.92 (s, 3H), 2.53 (t, 2H,= 7.0 Hz), 2.46 (bs, 8H), 2.28 (s, 3H), 2.01 (“quihteH, “J”
= 6.8 Hz).

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(naphthalen1-yl)-8-nitroquinoline

>N NO
Q"\/\/O 2 AN
=

21

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylmpoxy)-8-nitroquinolinel0 (100 mg, 0.219
mmol), naphthalen-1-ylboronic acid ( 40 mg, 0.23 ohnPd(OAc) (14.8 mg, 0.066 mmol),
NaCOs (0.23 mL of a 2M solution) and water (1.5 mL) waaced in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oil #&A50°C. After stirring for 90 minutes the
mixture was cooled to r.t., water (20 mL) was addad the mixture was extracted with £&Hp
(3x20 mL). The combined organic layers were drieéroMgSQ, filtered and concentrated in
vacuum, to give 99 mg of dark solid of 7-(3-(4-mdpliperazin-1-yl)propoxy)-4-(naphthalen-1-yl)-
8-nitroquinoline21 (99 % yield).

'H-NMR (400 MHz, CDC4) & (ppm): 9.02 (d, 1HJ = 4.4 Hz), 8.01 (d, 1HJ = 8.3 Hz), 7.96 (d,
1H,J = 8.2 Hz), 7.60 (dd, 1H] = 8.3, 8.2 Hz), 7.52 (ddd, 1H,= 8.1, 6.9, 1.3 Hz), 7.48 (d, 1H,

= 9.4 Hz), 7.42 (dd, 1H] = 7.0, 1.2 Hz), 7.39 (d, 1H, = 4.4 Hz), 7.36 (ddd, 1H] = 8.1, 7.0, 1.3
Hz), 7.28 (dd, 1HJ = 8.5, 1.0 Hz), 7.19 (d, 1H.= 9.5 Hz), 4.24 (t, 2HJ = 6.2 Hz), 2.45 (bs, 8H),
2.50 (t, 2H,J = 7.0 Hz), 2.25 (s, 3H), 1.97 (“quintet’, 2K’ = 6.3 Hz).

109



4-(2,3-Dimethoxyphenyl)-7-(3-(4-methylpiperazin-1-§propoxy)-8-nitroquinoline

>N NO
(j“\/\/o 2 AN
=

O\
L,
22

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylmpoxy)-8-nitroquinolinel0 (100 mg, 0.219
mmol), 2,3-dimethoxyphenylboronic acid (43.3 m@3mmol), Pd(OA¢) (14.8 mg, 0.066 mmol),
NaCOs (0.23 mL of a 2M solution) and water (2 mL) waagdd in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oildigtb0°C. After stirring for 6 hours the mixture
was cooled to r.t., water (20 mL) was added andrtix¢éure was extracted with GBI, (3x20 mL).
The combined organic layers were dried over MgSildered and concentrated in vacuum, to give

60 mg of dark solid of 4-(2,3-dimethoxyphenyl)-H@methylpiperazin-1-yl)propoxy)-8-
nitroquinoline22 (59% vyield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.94 (d, 1HJ = 4.5 Hz), 7.73 (d, 1H) = 9.4 Hz), 7.30 (d,
1H, J = 4.5 Hz), 7.28 (d, 1H] = 9.4 Hz), 7.19 (t, 1H) = 7.9 Hz), 7.06 (dd, 1H] = 8.3, 1.7 Hz),
6.91 (dd, 1H, = 8.1, 1.2 Hz), 4.27 (t, 2H = 6.2 Hz), 3.63 (s, 3H), 3.45 (s, 3H), 2.50 (t, 2tk
7.0 Hz), 2.44 (bs, 8H), 2.25 (s, 3H), 1.97 (“quiteH, “J” = 6.7 Hz).

4-(2-Methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)popoxy)-8-nitroquinoline

>N NO
Q"\/\/O 2 AN
=

48
23

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylmvoxy)-8-nitroquinolinel0 (100 mg, 0.219
mmol), 3,4-dimethoxyphenylboronic acid ( 35.8 m@2B mmol, purity 95%), Pd(OA£)7.5 mg,
0.033 mmol), NgCOs (0.12 mL of a 2M solution) and water (1 mL) waagad in a 25 mL round-
bottom flask under argon atmosphere and immersegh iail bath at 150°C. After stirring for 3.5
hours the mixture was cooled to r.t., water (20 mias added and the mixture was extracted with
CHCl, (3x20 mL). The combined organic layers were doedr MgSQ, filtered and concentrated
in vacuum, to give 90 mg of dark solid of 4-(2-nwtiphenyl)-7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinoline23 (94% vyield).

'H-NMR (400 MHz, CDC}) § (ppm): 8.94 (d, 1H) = 4.4 Hz), 7.67 (d, 1H] = 9.4 Hz), 7.49 (m,
1H), 7.29 (d, 1H,) = 4.5 Hz), 7.28 (d, 1H] = 9.1 Hz), 7.22 (dd, 1H] = 7.4, 1.7 Hz), 7.10 (dt, 1H,
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J=7.4,0.9 Hz), 7.05 (dd, 1H,= 7.5, 0.9 Hz), 4.28 (t, 2H] = 6.2 Hz), 3.69 (s, 3H), 2.50 (t, 24,
= 7.1 Hz), 2.44 (bs, 8H), 2.25 (s, 3H), 1.98 (“quifiteH, “J” = 6.8 Hz).

4-(6-Methoxynaphthalen-2-yl)-7-(3-(4-methylpiperazn-1-yl)propoxy)-8-nitroquinoline

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylmvoxy)-8-nitroquinolinel0 (1 g, 2.2 mmol), 6-
methoxynaphthalen-2-ylboronic acid (450 mg, 2.2 mmd(OAc) (74 mg, 0.3 mmol), N&O;
(2.1 mL of a 2M solution) and water (9.9 mL) wasag#d in a 25 mL round-bottom flask under
argon atmosphere and immersed in an oil bath @&CL58fter stirring for 90 minutes the mixture
was cooled to r.t., water (40 mL) was added andrtix¢éure was extracted with GBI, (3x50 mL).
The combined organic layers were dried over Mg3{iered and concentrated in vacuum. The
residue was recrystalized in @El,/n-hexane to give 963 mg of 4-(6-methoxynaphthaleyh)-Z-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoé24 as white solid (90 % vyield).

'H-NMR (CDCk, 400 MHz)$ (ppm): 8.96 (d, 1HJ = 4.5), 8.05 (d, 1HJ = 9.5), 7.89 (d, 1HJ =
8.4), 7.86 (d, 1H) = 1.7), 7.81 (d, 1H) = 8.6), 7.52 (dd, 1H] = 8.4, 1.8), 7.39 (d, 1H} = 4.5),
7.34 (d, 1HJ = 9.6), 7.25 (d, 1HJ = 8.2), 7.24 (s, 1H), 4.30 (t, 2H,= 6.3), 3.98 (s, 3H), 2.52 (t,
2H,J = 7.0), 2.46 (bs, 8H), 2.27 (s, 3H), 2.00 (“quint@M,"J” = 6.7).

13C-NMR (CDCE, 100 MHz) 5§ (ppm): 158.59, 152.41, 149.93, 148.74, 141.26,287134.55,
132.07, 129.73, 129.05, 128.66, 128.62, 127.41,2027121.75, 120.99, 119.87, 114.65, 105.71,
68.37, 55.43, 55.40, 55.11 (2C), 54.19, 53.07 (26)98, 26.48.

ESI-HRMS (/2 [M+H] " calculated, 487.2339, observed, 487.2340.
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4-(1H-indol-4-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline

>N NO
Q"\/\/O 2 NS
=

Iy
N
H
25

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylywoxy)-8-nitroquinolinel0 (1 g, 2.2 mmol),
1H-indol-4-ylboronic acid (360 mg, 2.2 mmol), Pd(©A(74 mg, 0.3 mmol), N&£0O; (1.1 mL of a
2M solution) and water (9.9 mL) was placed in a & round-bottom flask under argon
atmosphere and immersed in an oil bath at 150°@:rAitirring for 90 minutes the mixture was
cooled to r.t., water (40 mL) was added and thetunexwas extracted with GBI, (3x50 mL). The
combined organic layers were dried over MgSiitered and concentrated in vacuum, to give 882
mg of 4-(1H-indol-4-yl)-7-(3-(4-methylpiperazin-1}gropoxy)-8-nitroquinoline25 as yellow solid
(90% vyield).

'H-NMR (CDCl, 400 MHz)5 (ppm): 8.99 (d, 1HJ = 4.5 Hz), 8.49 (bs, 1H), 7.91 (d, 181= 9.5
Hz), 7.56 (dt, 1H,) = 8.2, 1.0 Hz), 7.47 (d, 1H, = 4.4 Hz), 7.35 (dd, 1H] = 8.3, 7.2 Hz), 7.26
(d, 1H,J = 9.5 Hz), 7.25 (d, 1H) = 2.4 Hz), 7.15 (dd, 1H] = 7.2, 1.0 Hz), 6.17 (ddd, 1H, =
3.3, 2.0, 1.0 Hz), 4.28 (t, 2H,= 6.2 Hz), 2.52 (t, 2H) = 7.1 Hz), 2.47 (bs, 8H), 2.27 (s, 3H), 1.99
(“quintet”, 2H,“J” = 6.7 Hz).

13C-NMR (CDCE, 100 MHz) 5 (ppm): 152.53, 149.92, 147.97, 141.19, 135.91,729129.09,
127.19, 125.14, 122.04, 121.92, 121.33, 121.28,191411.83, 101.86, 100.22, 68.28, 55.07 (2C),
54.24, 53.04 (2C), 45.94, 26.47.

ESI-HRMS (/2 [M+H] " calculated, 446.2186, observed, 446.2181.

4-(1H-indol-5-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline

\Nﬁ NO>

K/N\/\/O N
@
HN /
26

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-ylywoxy)-8-nitroquinolinel0 (1 g, 2.2 mmol),
1H-indol-5-ylboronic acid (360 mg, 2.2 mmol), Pd(©A(74 mg, 0.3 mmol), N&£O; (1.1 mL of a
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2M solution) and water (9.9 mL) was placed in a & round-bottom flask under argon
atmosphere and immersed in an oil bath at 150°@:rAsitirring for 90 minutes the mixture was
cooled to r.t., water (40 mL) was added and thetunexwas extracted with GBI, (3x50 mL). The
combined organic layers were dried over MgSfitered and concentrated in vacuum, the residue
recrystalized in ChLCl,/n-hexane to give 882 mg of 4-(1H-indol-5-yl)-7-(34t#ethylpiperazin-1-
yh)propoxy)-8-nitroquinoline26 as yellow solid (90 % vyield).

'H-NMR (DMSO, 400 MHz)$ (ppm): 8.90 (d, 1HJ = 4.2 Hz), 8.13 (d, 1HJ = 9.6 Hz), 7.74(d,
1H,J = 1.6 Hz), 7.72 (d, 1HJ = 9.6 Hz), 7.60 (d, 1H) = 8.4 Hz), 7.56 (bs, 1H), 7.49 (d, 1Bi=

4.4 Hz), 7.48 (t, 1H) = 2.7 Hz), 7.26 (dd, 1H] = 8.4, 1.7 Hz), 6.55 (m, 1H), 4.34 (t, 2Bi= 6.2
Hz), 2.37 (t, 2H,) = 7.0 Hz), 2.30 (bs, 8H), 2.12 (s, 3H), 1.86 (“quiftéH, “J” = 6.6 Hz).

3C-NMR (DMSO, 100 MHz)5 (ppm): 152.35, 149.69, 149.24, 140.36, 136.13,086129.49,
127.87, 127.04, 126.75, 122.58, 121.41, 121.20,1621115.41, 111.82, 101.68, 68.04, 54.67 (2C),
53.69, 52.59 (2C), 45.65, 26.00.

ESI-HRMS (/2 [M+H] * calculated, 446.2186, observed, 446.2191.

4-(3-Methoxythiophen-2-yl)-7-(3-(4-methylpiperazini-yl)propoxy)-8-nitroquinoline

\N/\ NO,

=
AL~""s
27

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)gwoxy)-8-nitroquinoline10 (314 mg, 0.7
mmol), 2-(3-methoxythiophen-2-yl)-4,4,5,5-tetramgth,3,2-dioxaborolane (360 mg, 2.2 mmol),
Pd(OAc) (23 mg, 0.1 mmol), N&€0O; (0.4 mL of a 2 M solution) and water (3 mL) waaqed in a

10 mL round-bottom flask under argon atmosphere iamdersed in an oil bath at 150°C. After
stirring for 90 minutes the mixture was cooled.tq water (20 mL) was added and the mixture was
extracted with CHCI, (3x40 mL). The combined organic layers were dogdr MgSQ, filtered
and concentrated in vacuum, the residue recrysthiz CHCl,/n-hexane to give 201 mg of 4-(3-
methoxythiophen-2-yl)-7-(3-(4-methylpiperazin-1pidppoxy)-8-nitroquinolin€27 as red solid (65

% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.88 (d, 1HJ = 4.6 Hz), 8.12 (d, 1H] = 9.5 Hz), 7.44 (d,
1H,J = 5.5 Hz), 7.38 (d, 1H] = 4.5 Hz), 7.37 (d, 1H) = 9.5 Hz), 7.01 (d, 1HJ = 5.5 Hz), 4.30
(t, 2H, J = 6.2 Hz), 3.81 (s, 3H), 2.52 (1, 2H, = 7.1 Hz), 2.50 (bs, 8H), 2.29 (s, 3H), 1.99
(“quintet’, 2H,"J” = 6.7 Hz).
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13C-NMR (CDCI3, 100 MHz)s (ppm): 155.33, 152.13, 149.95, 141.27, 139.70,0%7129.80,
126.23, 122.21, 121.53, 116.86, 114.34, 113.9326%&8.81, 54.95 (2C), 54.17, 52.82 (2C), 45.78,
26.45.

ESI-HRMS /2 [M+H] " calculated, 443.1747, observed, 443.1772.

4-(2,3-Dihydrobenzofuran-5-yl)-7-(3-(4-methylpiperain-1-yl)propoxy)-8-nitroquinoline

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)gwoxy)-8-nitroquinoline 10 (700 mg, 1.5
mmol), 2,3-dihydrobenzofuran-5-ylboronic acid (266, 1.5 mmol), Pd(OAg)50 mg, 0.2 mmol),
NaCOs (0.8 mL of a 2M solution) and water (6.9 mL) wdaged in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oil #aftb0°C. After stirring for 90 minutes the
mixture was cooled to r.t., water (35 mL) was added andntheéure was extracted with GBI,
(3x50 mL). The combined organic layers were drieéroMgSQ, filtered and concentrated in
vacuum, the residue recrystalized in £ to give 500 mg of 4-(2,3-dihydrobenzofuran-5-y)-7
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquino&28 as yellow solid (74 % yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.83 (d, 1HJ = 4.5 Hz), 8.01 (d, 1HJ = 9.5 Hz), 7.31 (d,
1H,J = 9.5 Hz), 7.25 (m, 1H), 7.22 (d, 18,= 4.5 Hz), 7.16 (dd, 1H] = 8.2, 2.0 Hz), 6.88 (d, 1H,
J=8.2 Hz), 4.84 (t, 2H) = 8.8 Hz), 4.26 (t, 2H] = 6.2 Hz), 3.28 (t, 2HJ = 8.8 Hz), 2.47 (t, 2H,
J=7.2 Hz), 2.42 (bs, 8H), 2.23 (s, 3H), 1.94 (“quihteH, “J" = 6.7).

3C-NMR (CDCk, 100 MHz)$ (ppm): 160.94, 152.30, 149.79, 148.75, 141.18,.0%87129.64,
129.06, 129.03, 127.98, 126.10, 121.72, 120.62,4D14.09.51, 71.64, 68.28, 55.03 (2C), 54.186,
53.00 (2C), 45.92, 29.52, 26.41.

ESI-HRMS (/2 [M+H] *: calculated, 449.2183, observed, 449.2183.
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7'-Chloro-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-ntro-4,4'-biquinoline

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)gwoxy)-8-nitroquinoline10 (800 mg, 1.7
mmol), 7-chloro-4-(4,4,5,5-tetramethyl-1,3,2-diogatlan-2-yl)quinoline (507 mg, 1.7 mmol),
Pd(OAc) (56 mg, 0.2 mmol), N&€0O; (0.9 mL of a 2 M solution) and water (8 mL) waaqed in a

25 mL round-bottom flask under argon atmosphere iamdersed in an oil bath at 150°C. After
stirring for 90 minutes the mixture was cooled.tq water (40 mL) was added and the mixture was
extracted with CEHCI, (3x50 mL). The combined organic layers were dogdr MgSQ, filtered
and concentrated in vacuum, the residue recrysthlia CHCl,/n-hexane to give 585 mg of 7'-
chloro-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-rotd,4'-biquinoline29 as yellow solid (yield 65
%).

'H-NMR (CDCk, 400 MHz)3 (ppm): 9.04 (d, 1HJ = 4.4 Hz), 9.03 (d, 1HJ = 4.3 Hz), 8.21 (d,
1H,J = 2.2 Hz), 7.38 (d, 1H] = 9.5 Hz), 7.37 (dd, 1H] = 8.9, 2.1 Hz), 7.37 (d, 1H, = 4.4 Hz),
7.36 (d, 1HJ = 4.4 Hz), 7.27 (d, 1H] = 9.3 Hz), 7.24 (d, 1H) = 8.9 Hz), 4.75 (bs, 2H), 4.26 (t,
2H,J = 6.1 Hz), 2.51 (t, 2HJ) = 7.0 Hz), 2.51 (bs, 8H), 2.29 (s, 3H), 1.97 (“geiiit 2H,“J" =
6.7 Hz).

13C-NMR (CDCE, 100 MHz) 5 (ppm): 152.40, 150.90, 150.37, 148.75, 143.79,112{3140.84,
137.07, 136.10, 129.01, 128.52, 128.39, 126.67,90824121.82, 121.33, 121.18, 115.54, 68.40,
54.67 (2C), 53.99, 52.48 (2C), 52.44, 45.48, 26.27.

ESI-HRMS (n/2 [M+H] * : calculated, 492.1796, observed, 492.1809.

4-(4-Methylnaphthalen-1-yl)-7-(3-(4-methylpiperazin1-yl)propoxy)-8-nitroquinoline

>N NO
K/)“\/\/O 2 N
=

30

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)woxy)-8-nitroquinoline10 (600 mg, 1.3

mmol), 4-methylnaphthalen-1-ylboronic acid (249 mig3 mmol), Pd(OAg) (44 mg, 0.2 mmol),

NaCOs; (0.5 mL of a 2M solution) and water (6 mL) wasqadd in a 25 mL round-bottom flask
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under argon atmosphere and immersed in an oil #&A50°C. After stirring for 90 minutes the
mixture was cooled to r.t., water (25 mL) was addad the mixture was extracted with £&Hp
(3x45 mL). The combined organic layers were drieéroMgSQ, filtered and concentrated in
vacuum. The residue was recrystalized in ,Chkin-hexane to give 538 mg of 4-(4-
methylnaphthalen-1-yl)-7-(3-(4-methylpiperazin-)pybpoxy)-8-nitroquinoline30 as grey solid
(88 % vyield).

'H-NMR (CDCL, 400 MHz)$ (ppm): 9.02 (d, 1HJ = 4.4Hz), 8.13 (ddd, 1H] = 8.5, 1.2, 1.0 Hz),
7.57 (ddd, 1H,) = 8.5, 6.6, 1.4 Hz), 7.51 (d, 1K,= 9.4 Hz), 7.46 (dg, 1H] = 7.1, 1.0 Hz), 7.39
(d, 1H,J = 4.4 Hz), 7.37 (ddd, 1H} = 8.3, 6.7, 1.2 Hz), 7.32 (d, 18,= 7.1 Hz), 7.31 (ddd, 1H]
= 8.5, 1.5, 0.7 Hz), 7.19 (d, 18,= 9.5 Hz), 4.26 (t, 2HJ = 6.2 Hz), 2.82 (d, 3H] = 1.0 Hz), 2.51
(t, 2H,J = 7.1 Hz), 2.47 (bs, 8H), 2.27 (s, 3H), 1.98 (“qeift2H,“J" = 6.7 Hz).

13C-NMR (CDCE, 100 MHz) 5 (ppm): 152.46, 150.04, 147.81, 140.89, 137.08,8(85132.72,
132.61, 131.71, 129.42, 127.13, 126.34, 126.17,1726125.99, 124.55, 122.93, 122.14, 114.69,
68.35, 55.08 (2C), 54.16, 53.04 (2C), 45.92, 2619655.

ESI-HRMS (/2 [M+H] " : calculated, 471.2390, observed, 471.2394.

4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-7-(3-(4-melylpiperazin-1-yl)propoxy)-8-
nitroquinoline

>N NO
O“\/\/O 2 AN
=

(L
o/
31

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)gwoxy)-8-nitroquinoline 10 (600 mg, 1.3
mmol), 2,3-dihydrobenzol[b][1,4]dioxin-6-ylboronicid (241 mg, 1.3 mmol), Pd(OAc)44 mg,
0.2 mmol), NaCGO; (0.5 mL of a 2 M solution) and water (6 mL) wasqed in a 25 mL round-
bottom flask under argon atmosphere and immerseth iail bath at 150°C. After stirring for 90
minutes the mixture was cooled to r.t., water (25 mas added and the mixture was extracted with
CHCl, (3x45 mL). The combined organic layers were doedr MgSQ, filtered and concentrated
in vacuum. The residue was recrystalized in ;Clkl to give 483 mg of 4-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-7-(3-(4-methylpip&zin-1-yl)propoxy)-8-nitroquinoline 31 as
yellow solid (80 % yield).

'H-NMR (CDCk, 400 MHz)& (ppm): 8.90 (d, 1HJ = 4.5 Hz), 8.07 (d, 1H) = 9.4 Hz), 7.34 (d,
1H, J = 9.6 Hz), 7.27 (d, 1H) = 4.5 Hz), 7.01 (d, 1H) = 8.2 Hz), 6.98 (d, 1HJ = 2.0 Hz), 6.93
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(dd, 1H,J = 8.2, 2.1 Hz), 4.34 (m, 4H), 4.30 (t, 2Bi= 6.2 Hz), 2.51 (t, 2HJ = 7.1 Hz), 2.46 (bs,
8H), 2.27 (s, 3H), 1.99 (“quintet”, 2H)” = 6.8 Hz).

3C-NMR (CDCh, 100 MHz)$ (ppm): 152.35, 149.87, 148.04, 144.41, 143.75,2241137.17,
130.12, 129.00, 122.64, 121.58, 120.61, 118.40,6717114.54, 68.37, 64.48, 64.40, 55.08 (2C),
54.18, 53.03 (2C), 45.93, 26.47.

ESI-HRMS (/2 [M+H] * calculated, 465.2132, observed, 465.2122.

6-(7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-yl)naphthalen-2-ol

N

32
A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)gwoxy)-8-nitroquinoline 10 (600 mg, 1.3
mmol) 6-hydroxynaphthalen-2-ylboronic acid (252 i3 mmol), Pd(OAg) (44 mg, 0.2 mmol),
NaCOs; (0.5 mL of a 2M solution) and water (6 mL) wasqadd in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oil #&A50°C. After stirring for 90 minutes the
mixture was cooled to r.t., water (30 mL) was addad the mixture was extracted with &Hp
(3x50 mL). The combined organic layers were drieéroMgSQ, filtered and concentrated in
vacuum. The residue was recrystalized in,Chkito give 338 mg of 6-(7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinolin-4-yl)naphthalen-2-8R as yellow crystals (55 % yield).

'H-NMR (DMSO-ds, 400 MHz)§ (ppm): 9.99 (bs, 1H), 8.95 (d, 18,= 4.5 Hz), 8.10 (d, 1H] =
5.5 Hz), 8.01 (d, 1H) = 1.8 Hz), 7.89 (d, 1H] = 8.7 Hz), 7.89 (d, 1HJ = 8.3 Hz), 7.75 (d, 1HJ

= 9.7 Hz), 7.57 (dd, 1H] = 8.5, 1.8 Hz), 7.56 (d, 1H} = 4.5 Hz), 7.24 (d, 1H] = 2.5 Hz), 7.18
(dd, 1H,J = 8.8, 2.5 Hz), 4.36 (t, 2H] = 6.2 Hz), 2.37 (t, 2HJ = 7.0 Hz), 2.30 (bs, 8H), 2.11 (s,
3H), 1.87 (“quintet”, 2H*J" = 6.7 Hz).

13C-NMR (DMSO-a, 100 MHz)$ (ppm): 156.41, 152.55, 149.41, 148.26, 140.34,2136134.61,
130.56, 130.09, 129.21, 128.81, 127.46, 127.23,662821.20, 120.77, 119.58, 115.79, 108.64,
68.14, 54.74 (2C), 53.73, 52.68 (2C), 45.74, 26.03.

ESI-HRMS (/2 [M+H] " : calculated, 473.2183, observed, 473.2191.
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4-(Benzo[b]thiophen-3-yl)-7-(3-(4-methylpiperazin-1yl)propoxy)-8-nitroquinoline

NO,

~N
N
O"\/\/O O NS
~

N
-
33

A mixture of 4-iodo-7-(3-(4-methylpiperazin-1-yl)gwoxy)-8-nitroquinoline10 (600 mg, 1.3
mmol), benzo[b]thiophen-3-ylboronic acid (238 mg3 Inmol), Pd(OAc) (44 mg, 0.2 mmol),
NaCOs (0.5 mL of a 2 M solution) and water (6 mL) wasag#d in a 25 mL round-bottom flask
under argon atmosphere and immersed in an oil #aftb0°C. After stirring for 90 minutes the
mixture was cooled to r.t.,, water (25 mL) was addad the mixture was extracted with &Hp
(3x45 mL). The combined organic layers were drieéroMgSQ, filtered and concentrated in

vacuum. The residue was recrystalized in,Clhin-hexane to give 541 mg of 4-(benzol[b]thiophen-
3-yI)-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitmainoline33 as brown solid (90 % vyield).

'H-NMR (CDCl, 400 MHz) (ppm): 9.01 (d, 1HJ = 4.4 Hz), 7.99 (dt, 1H] = 8.1, 1.0 Hz), 7.84
(d, 1H,J = 9.4 Hz), 7.57 (s, 1H), 7.44 (ddd, 18z 8.0, 6.8, 1.5 Hz), 7.43 (d, 1d,= 4.5 Hz), 7.40
(dm, 1H,J = 8.2 Hz), 7.35 (ddd, 1H] = 8.0, 6.8, 1.2 Hz), 7.30 (d, 18,= 9.5 Hz), 4.29 (t, 2HJ =
6.2 Hz), 2.53 (t, 2HJ = 7.1 Hz), 2.49 (bs, 8H), 2.29 (s, 3H), 1.99 (“qetiit2H,“J” = 6.7 Hz).

3C-NMR (CDCk, 100 MHz)$§ (ppm): 152.58, 150.15, 142.58, 141.16, 140.19,2438136.99,
132.43, 128.98, 126.91, 125.09, 124.86, 122.94,702422.00, 121.50, 114.73, 68.33, 55.02 (2C),
54.18, 52.99 (2C), 45.91, 26.40.

ESI-HRMS /2 [M+H] * calculated, 463.1798, observed, 463.1795.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-phenethylquinoline

Y NO
K/)"\/\/O 2 AN
=

34

4-lodo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-rogquinoline 10 (100 mg, 0.219 mmol),

phenethylboronic acid (42.7 mg, 0.285 mmol), patemssphosphate (162.7 mg, 0.766 mmol),
palladium acetate (2.5 mg, 0.011 mmol), dicyclom@ky'-dimethoxybiphenyl-2-yl)phosphine (9
mg, 0.022 mmol), toluene (1 mL) and water (47), were placed in a sealed tube with stirring

118



under argon atmosphere for 17 hours. After coditngpom temperature, water (20 mL) was added
and the acqueous phase was extracted witfCGH3x20 mL). The combined organic layers were
dried over MgS@ and the solvent evaporated in vacuum to give 94@@L6 mmol) of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitro-4-phenethyigaline 34 (99% yield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.80 (d, 1HJ = 4.5 Hz), 8.10 (d, 1HJ = 9.4 Hz), 7.38 (d,
1H,J = 9.5 Hz), 7.29 (m, 2H), 7.23 (m, 1H), 7.16 (d, 1Hs 4.5 Hz), 7.15 (m, 2H), 4.35 (t, 2H,
= 5.7 Hz), 3.36 (t, 2HJ = 7.8 Hz), 3.05 (1, 2H] = 7.8 Hz), 2.95 (bs, 8H), 2.74 (t, 2BI= 6.8 Hz),
2.61 (s, 3H), 2.09 (“quintet’, 2H,)” = 6.3 Hz).

3C-NMR (75,45 MHz, CDGQ) & (ppm): 152.82, 149.41, 147.81, 140.82, 140.23,6848128.33,
126.61, 126.55, 122.47, 120.69, 114.45, 107.686%4.10 (2C), 53.65 (2C), 50.56, 44.32, 36.10,
33.90, 25.88.

ESI-HRMS (/2 [M+H] " : calculated, 435.2390, observed, 435.2401.

4-(Hex-1-ynyl)-7-(3-(4-methylpiperazin-1-yl)propoxy-8-nitroquinoline

\N/\ NO,

L_N_~_O N
=

35
1-Hexyne (22mg, 31, 0.26 mmol) was added while stirring to a suspan®f 4-iodo-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinoling0 (100 mg, 0,219 mmol), pyrrolidine (77.9 mg,
91.4ul, 1.095 mmol) and palladium chloride (0.4 mg, @@0Omol) in water (1 mL) at 50° C. The
mixture was stirred at room temperature for 24 BoWater (20 mL) was added and the mixture
was extracted with Cil, (3x15 mL). The combined organic layers were dreer MgSQ,
filtered and concentrated in vacuum, to give 81 afigdark solid of 4-(hex-1-ynyl)-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolirgs (90% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.84(d, 1HJ = 4.5 Hz), 8.31 (d, 1HJ = 9.3 Hz), 7.45 (d,
1H,J = 9.4 Hz), 7.38 (d, 1H] = 4.5 Hz), 4.32 (t, 2HJ = 6.2 Hz), 2.59 (t, 2HJ = 7.2 Hz), 2.52 (t,
2H,J = 7.0 Hz), 2.51 (bs, 8H), 2.28 (s, 3H), 2.02 (“getit 2H,“J” = 6.7 Hz), 1.71 (“quintet”,
2H,“J" = 7.2 Hz), 1.55 (“quintet”, 2H\J” = 7.4 Hz), 1.00 (t, 3H) = 7.3 Hz).
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4-(Cyclohexylethynyl)-7-(3-(4-methylpiperazin-1-ylpropoxy)-8-nitroquinoline

Nﬁ NO,

L_N_~_o0 N
=

~

36
Ethynylcyclohexane (28.1 mg, 334, 0.26 mmol) was added while stirring to a suspansf 4-
iodo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitrogoline 10 (100 mg, 0,219 mmol), pyrrolidine
(77.9 mg, 91.4ul, 1.095 mmol) and palladium chloride (0.4 mg, @@@mol) in water (1 mL) at
50°C. The mixture was stirred at room temperatare2#t hours. Water (20 mL) was added and the
mixture was extracted with GBI, (3x15 mL). The combined organic layers were droeebr
MgSQ,, filtered and concentrated in vacuum, to give 3ahdark solid of 4-(cyclohexylethynyl)-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimoé 36 (94% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.83 (d, 1H) = 4.5 Hz), 8.31 (d, 1H] = 9.3 Hz), 7.44 (d,
1H,J=9.4 Hz), 7.38 (d, 1HI = 4.5 Hz), 4.32 (t, 2H] = 6.3 Hz), 2.77 (m, 1H), 2.52 (t, 2B~ 6.9
Hz), 2.46 (bs, 8H), 2.27 (s, 3H), 2.00 (“quinte2H, “J” = 6.7 Hz), 1.97 (m, 2H), 1.79 (m. 2H),
1.63 (m, 3H), 1.42 (m, 3H).

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-(pyrrolidin-1-yl)quinoline

\N/\ NO,

L_N_~_O N
=

N

O

Pyrrolidine (77.9 mg, 91.4l, 1.095 mmol) was added while stirring to a suspam of 4-iodo-7-(3-
(4-methylpiperazin-1-yl)propoxy)-8-nitroquinolind0 (100 mg, 0,219 mmol) and palladium
chloride (0.4 mg, 0.002 mmol) in water (1 mL) at60 The mixture was stirred at 40°C for 2
days. Water (20 mL) was added and the mixture wasaaed with CHCI, (3x15 mL). The
combined organic layers were dried over MgSitered and concentrated in vacuum. The residue
was purified by flash chromatography on basic ahanfeluent AcCOEt) to give 16 mg of pale
yellow oil of 7-(3-(4-methylpiperazin-1-yl)propo)g-nitro-4-(pyrrolidin-1-yl)quinoline37 (18%
yield).
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'H-NMR (400 MHz, CDC}) & (ppm): 8.43(d, 1HJ = 5.6 Hz), 8.25 (d, 1HJ = 9.6 Hz), 7.09 (d,
1H, J = 9.6 Hz), 6.36 (d, 1H) = 5.6 Hz), 4.25 (t, 2HJ = 6.2 Hz), 3.67 (m, 4H), 2.50 (t, 2H,=
7.1 Hz), 2.45 (bs, 8H), 2.26 (s, 3H), 2.06 (M, 4HY7 (“quintet’, 2H:J" = 6.9 Hz).

4-(Benzyloxy)-7-(3-(4-methylpiperazin-1-yl)propoxy)8-nitroquinoline

\N/\, NO,

(_N_~_O N
=
0
38

Benzyl alcohol (44.5 mg, 42.Al 0.41 mmol) was added to a solutionteBuOK (46 mg, 0.41
mmol) in dry NMP (1.5 mL) under argon atmospheréieA15 minutes this solution was added
slowly via syringe, to a solution of 4-chloro-7-{&methylpiperazin-1-yl)propoxy)-8-
nitroquinoline8 (100 mg, 0.274 mmol) in dry NMP (1.5 mL). The réastmixture was heated at
100°C for 5 hours. After cooling to r.t. water (83L) was added. The acqueous phase was
extracted with toluene (3x20 mL) and the combingghnic layers were washed with water (3x20
mL) and brine (20 mL) and then dried over MgS®The solvent was removed in vacuum to obtain
112 mg of yellow crystals of 4-(benzyloxy)-7-(3-dethylpiperazin-1-yl)propoxy)-8-nitroquinoline
38 (94% vyield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.73 (d, 1HJ = 5.3 Hz), 8.29 (d, 1HJ = 9.4 Hz), 7.50-7.38
(m, 5H), 7.31 (d, 1HJ = 9.4 Hz), 6.77 (d, 1HJ = 5.3 Hz), 5.29 (s, 2H), 4.29 (t, 2H,= 6.2 Hz),
2.50 (t, 2H,J = 7.0 Hz), 2.45 (bs, 8H), 2.27 (s, 3H), 1.98 (“quiiteH, “J” = 6.7 Hz).

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(naphthalen1-yloxy)-8-nitroquinoline

>N NO
K/)\l\/\/o 2 N\
=

CC
39

Naphthalen-1-ol (59.1 mg, 0.41 mmol,) was added solution oft-BuOK (46 mg, 0.41 mmol) in
dry NMP (1.5 mL) under argon atmosphere. After libutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin® (100
mg, 0.274 mmol) in dry NMP (1.5 mL). The reactionxtare was heated at 100°C for 4 hours.
After cooling to r.t. water (30 mL) was added. Taequeous phase was extracted with toluene
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(3x20 mL) and the combined organic layers were wdshith water (3x20 mL) and brine (20 mL)
and then dried over MgSOThe solvent was removed in vacuum to obtain 180ofma yellow oil
of 7-(3-(4-methylpiperazin-1-yl)propoxy)-4-(napht&a-1-yloxy)-8-nitroquinoline89 (93% vyield).

'H-NMR (400 MHz, CDC}) 5 (ppm): 8.58 (d, 1HJ = 5.2 Hz), 8.58 (d, 1HJ = 9.3 Hz), 7.95 (d,
1H,J = 8.3 Hz), 7.84 (d, 1HJ = 8.3 Hz), 7.79 (d, 1HJ = 8.4 Hz), 7.54 (m, 2H), 7.45 (d, 1H,=
9.1 Hz), 7.44 (td, 2H] = 7.7, 1.6 Hz), 7.29 (dd, 1K= 7.5, 0.9 Hz), 6.33 (d, 1H,= 5.3 Hz), 4.35
(t, 2H,J = 6.2 Hz), 2.55 (t, 2HJ = 7.0 Hz), 2.52 (bs, 8H), 2.30 (s, 3H), 2.03 (“quifiteH, “J” =
6.7 Hz).

4-(7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-yloxy)phenol

>N NO
k/)\l\/\/o 2 Ny
=
o
HO
40

Hydroquinone (45 mg, 0.41 mmol) was added to atswlwf t-BuOK (46 mg, 0.41 mmol) in dry
NMP (1.5 mL) under argon atmosphere. After 15 nesutthis solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin® (100
mg, 0.274 mmol) in dry NMP (1.5 mL). The reactionxtare was heated at 100°C for 2 hours.
After cooling to r.t. water (30 mL) was added. Tasqueous phase was extracted with toluene
(3x20 mL) and the combined organic layers were wdshith water (3x20 mL) and brine (20 mL)
and then dried over MgSOThe solvent was removed in vacuum and the respludied by
chromatography on basic alumina (eluent ACOEt:heXdaOH 13:6:1) to obtain 53 mg of a
yellow oil of 4-(7-(3-(4-methylpiperazin-1-yl)progg)-8-nitroquinolin-4-yloxy)phenol40 (44%
yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.63 (d, 1HJ = 5.2 Hz), 8.37 (d, 1H) = 9.4 Hz), 7.28 (d,
1H,J = 9.4 Hz), 6.99 (m, 2H, part of AA’'BB’ system), 6.8%, 2H part of AA'BB’ system), 6.47
(d, 1H,J = 5.3 Hz), 4.32 (t, 2HJ) = 6.2 Hz), 2.59 (t, 2HJ = 7.0 Hz), 2.55 (bs, 8H), 2.31 (s, 3H),
2.04 (“quintet”, 2H,"J” = 6.6 Hz).
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4-(4-Methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)popoxy)-8-nitroquinoline

\N/\ NO,

LN~ 0 AN
=
o)
AT
41

4-Methoxyphenol (51 mg, 0.41 mmol) was added tolat®n oft-BuOK (46 mg, 0.41 mmol) in
dry NMP (1.5 mL) under argon atmosphere. After libutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin® (100

mg, 0.274 mmol) in dry NMP (1.5 mL). The reactionxtare was heated at 100°C for 4 hours.
After cooling to r.t. toluene (20 mL) and water (8fL) were added. The acqueous phase was
extracted with toluene (3x20 mL) and the combingghnic layers were washed with water (3x20
mL) and brine (20 mL) and then dried over MgS®he solvent was removed in vacuum and the
solid residue was recrystalized in diethyl ethem{l) to obtain 103 mg of yellow crystals of 4-(4-
methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)prog®8-nitroquinoline41 (82% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.68 (d, 1HJ = 5.3 Hz), 8.46 (d, 1H) = 9.4 Hz), 7.44 (d,
1H,J = 9.4 Hz), 7.12 (m, 2H, part of AA'BB’ system), 7.Qth, 2H, part of AA'BB’ system), 6.48
(d, 1H,J = 5.3 Hz), 4.36 (t, 2HJ) = 6.2 Hz), 3.87 (s, 3H), 2.56 (t, 2H,= 7.0 Hz), 2.51 (bs, 8H),
2.31 (s, 3H), 2.04 (“quintet”, 2HJ" = 6.6 Hz).

4-(4-Ethoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)popoxy)-8-nitroquinoline

~
U\/\/O i AN
=
o)
AT
42

3-Ethoxyphenol (56.6 mg, 0.41 mmol) was added solation oft-BuOK (46 mg, 0.41 mmol) in
dry NMP (1.5 mL) under argon atmosphere. After libutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin@ (100
mg, 0.274 mmol) in dry NMP (1.5 mL). The reactioixtare was heated at 100°C for 4 hours.
After cooling to r.t. water (30 mL) was added. Taequeous phase was extracted with toluene
(3x20 mL) and the combined organic layers were wdshith water (3x20 mL) and brine (20 mL)
and then dried over MgSOThe solvent was removed in vacuum and the sagidue was
recrystalized in diethyl ether (1 mL) to obtain Ih@ of yellow crystals of 4-(4-ethoxyphenoxy)-7-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoéd 2 (86% yield).
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'H-NMR (400 MHz, CDC}) & (ppm): 8.68 (d, 1HJ = 5.3 Hz), 8.46 (d, 1HJ = 9.4 Hz), 7.45 (d,
1H,J = 9.5 Hz), 7.11 (m, 2H, part of AA'BB’ system), 7.0, 2H, part of AA'BB’ system), 6.48
(d, 1H,J =5.2 Hz), 4.37 (t, 2H) = 6.2 Hz), 4.09 (q, 2H] = 6.9 Hz), 2.60 (t, 2HJ = 7.1 Hz), 2.50
(bs, 8H), 2.31 (s, 3H), 2.04 (“quintet”, 2H)” = 6.9 Hz), 1.48 (t, 3HJ = 6.9 Hz).

4-(3-Methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)popoxy)-8-nitroquinoline

ONTY NO,

I\/N NN Ny
=
aes
43

3-Methoxyphenol (51 mg, 445L, 0.41 mmol) was added to a solutiontd8uOK (46 mg, 0.41
mmol) in dry NMP (1.5 mL) under argon atmospher&eAl15 minutes, this solution was added
slowly via syringe, to a solution of 4-chloro-7-{&methylpiperazin-1-yl)propoxy)-8-
nitroquinoline8 (100 mg, 0.274 mmol) in dry NMP (1.5 mL). The reaestmixture was heated at
100°C for 4 hours. After cooling to r.t. water (80L) was added. The acqueous phase was
extracted with toluene (3x20 mL) and the combineghnic layers were washed with water (3x20
mL) and brine (20 mL) and then dried over MgS®The solvent was removed in vacuum to obtain
122 mg of a yellow oil of 4-(3-methoxyphenoxy)-7H@methylpiperazin-1-yl)propoxy)-8-
nitroquinoline43 (99% yield).

'H-NMR (400 MHz, CDC}) 5 (ppm): 8.67 (d, 1HJ = 5.2 Hz), 8.40 (d, 1HJ = 9.4 Hz), 7.41 (d,
1H, J = 9.4 Hz), 7.37 (t, 1HJ = 8.1 Hz), 6.86 (ddd, 1H] = 8.4, 2.4, 0.8 Hz), 6.75 (ddd, 18
8.0, 2.2, 0.8 Hz), 6.71 (t, 1H,= 2.2 Hz), 6.55 (d, 1H] = 5.2 Hz), 4.33 (t, 2HJ = 6.2 Hz), 3.82 (s,
3H), 2.53 (t, 2H,) = 7.0 Hz), 2.50 (bs, 8H), 2.29 (s, 3H), 2.01 (“quiiteH, “J” = 6.4 Hz).

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-(2,3,4-trichlorophenoxy)quinoline

k/N O N\
=
O
Cl Cl
Cl
44

2,3,4-Trichlorophenol (59.5 mg, 0.30 mmol) was atlde a solution oft-BuOK (37 mg, 0.33
mmol) in dry NMP (1.5 mL) under argon atmospherte A15 minutes, the suspension was heated
at 100°C and then added slowly via syringe, to latem of 4-chloro-7-(3-(4-methylpiperazin-1-
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yl)propoxy)-8-nitroquinoline8 (100 mg, 0.274 mmol) in dry NMP (1.5 mL). The reactmixture
was heated at 100°C for 4 hours. After coolingtowater (30 mL) was added. The acqueous phase
was extracted with toluene (3x20 mL) and the comdinrganic layers were washed with water
(3x20 mL) and brine (20 mL) and then dried over \@gSThe solvent was removed in vacuum and
the solid residue was recrystalized in ethyl aeetatmL) to obtain 70 mg of yellow crystals of 7-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitro-4-(243trichlorophenoxy)quinolind4 (49% vyield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.73 (d, 1HJ = 5.2 Hz), 8.46 (d, 1H] = 9.4 Hz), 7.55 (d,
1H,J = 8.8 Hz), 7.50 (d, 1H] = 9.4 Hz), 7.20 (d, 1H] = 8.8 Hz), 6.40 (d, 1HJ = 5.2 Hz), 4.38

(t, 2H,J = 6.2 Hz), 2.57 (t, 2H) = 7.0 Hz), 2.55 (bs, 8H), 2.33 (s, 3H), 2.05 (“quihtéH, “J" =
6.5 Hz).

ESI-MS (/2 [M+H] * : 525.3, 527.1, 528.9.

3-(7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-yloxy)benzonitrile

~

N NO,
K/N\/\/O Ny
=
NC\©/O

45
3-Hydroxybenzonitrile (319 mg, 3.3 mmol) was adtiea solution ot-BuOK (368 mg, 3.3 mmol)
in dry NMP (7 mL) under argon atmosphere. Aftermifutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methyerazin-1-yl)propoxy)-8-nitroquinolin® (800
mg, 2.2 mmol) in dry NMP (7 mL). The reaction misduvas heated at 100°C for 4 hours. After
cooling to r.t. water (100 mL) was added. The aogsephase was extracted with toluene (3x80
mL) and the combined organic layers were washel witer (3x40 mL) and brine (40 mL) and
then dried over MgS© The solvent was removed in vacuum and the residagystalized in
CHCl, to obtain 886 mg of 3-(7-(3-(4-methylpiperazin{)pyopoxy)-8-nitroquinolin-4-
yloxy)benzonitrile as pale yellow sol#&b (90% yield).

'H-NMR (CDCk, 400 MHz)& (ppm): 8.73 (d, 1HJ = 5.2 Hz), 8.36 (d, 1H) = 9.4 Hz), 7.63 (m,
1H), 7.61 (m, 1H), 7.50 (m, 1H), 7.46 (d, 1Hz 9.4 Hz), 7.43 (m, 1H), 6.52 (d, 1H,= 5.2 Hz),
4.35 (t, 2H,J = 6.2 Hz), 2.54 (t, 2HJ =7.1 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.02 (“qatf, 2H,
“J"= 6.6 Hz).

13C-NMR (CDCI3, 100 MHz)5 (ppm): 160.65, 154.31, 153.85, 151.08, 142.46,786131.47,
129.61, 125.54, 124.68, 124.40, 117.38, 115.81,6014.14.60, 104.19, 68.46, 55.00 (2C), 54.13,
52.91 (2C), 45.84, 26.39.

ESI-HRMS /2 [M+H] " calculated, 448.1979, observed, 448.1977.

125



2-Chloro-4-(7-(3-(4-methylpiperazin-1-yl)propoxy)-8nitroquinolin-4-yloxy)benzenamine
N/\ NO,
=
H,N

46
4-Amino-3-chlorophenol (492 mg, 3.4 mmol) was adtted solution of NaH (123 mg, 5 mmol) in
dry NMP (6 mL) under argon atmosphere. After 15 utes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin@ (760
mg, 2 mmol) in dry NMP (6 mL). The reaction mixtunas heated at 100°C for 4 hours. After
cooling to r.t. water (80 mL) was added. The acqequhase was extracted with toluene (3x60 mL)
and the combined organic layers were washed witiern(@x40 mL) and brine (40 mL) and then
dried over MgS@ The solvent was removed in vacuum and the resielcrgstalized in CBCl, to
obtain 755 mg of 2-chloro-4-(7-(3-(4-methylpiperadi-yl)propoxy)-8-nitroquinolin-4-
yloxy)benzenamind6 as yellow solid (80% yield).

~

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.66 (d, 1HJ = 5.3 Hz), 8.39 (d, 1HJ = 9.4 Hz), 7.41 (d,
1H,J = 9.5 Hz), 7.12 (d, 1HJ = 2.7 Hz), 6.91 (dd, 1H] = 8.6, 2.6 Hz), 6.84 (d, 1H), = 8.8 Hz),
6.49 (d, 1H,J = 5.3 Hz), 4.33 (t, 2HJ = 6.2 Hz), 4.12 (bs, 2H), 2.52 (t, 28l= 7.1 Hz), 2.46 (bs,
8H), 2.27 (s, 3H), 2.01 (“quintet’, 2M)” = 6.8 Hz).

3C-NMR (CDCk, 100 MHz)$8 (ppm): 162.26, 153.96, 150.82, 144.89, 142.22,.3%1136.73,
124.90, 122.34, 120.68, 119.62, 116.41, 115.83,9813.03.18, 68.40, 55.15 (2C), 54.20, 53.12
(2C), 46.02, 26.48.

ESI-HRMS (/2 [M+H] " : calculated, 472.1751, observed, 472.1742.

3-Chloro-4-(7-(3-(4-methylpiperazin-1-yl)propoxy)-8nitroquinolin-4-yloxy)benzenamine
N NO,
K/N\/\/O Ny
=
e
H,N Cl

a7
4-Amino-2-chlorophenol (492 mg, 3.4 mmol) was adtted solution of NaH (123 mg, 5 mmol) in
dry NMP (6 mL) under argon atmosphere. After 15 utes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin® (760
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mg, 2 mmol) in dry NMP (6 mL). The reaction mixtunas heated at 100°C for 4 hours. After
cooling to r.t. water (80 mL) was added. The acgsgquhase was extracted with toluene (3x60 mL)
and the combined organic layers were washed witier(@x40 mL) and brine (40 mL) and then
dried over MgS@ The solvent was removed in vacuum and the resielcrgstalized in CECl, to
obtain 755 mg of 3-chloro-4-(7-(3-(4-methylpiperadi-yl)propoxy)-8-nitroquinolin-4-
yloxy)benzenamind7 as yellow solid (80% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.66 (d, 1HJ = 5.3 Hz), 8.47 (d, 1H] = 9.4 Hz), 7.43 (d,
1H,J = 9.4 Hz), 7.03 (d, 1HJ = 8.6 Hz), 6.82 (d, 1H] = 2.7 Hz), 6.65 (dd, 1H] = 8.6, 2.7 Hz),
6.38 (d, 1H,J = 5.3 Hz), 4.34 (t, 2HJ = 6.2 Hz), 3.82 (bs, 2H), 2.53 (t, 2Bl= 7.1 Hz), 2.50 (bs,
8H), 2.28 (s, 3H), 2.01 (“quintet”, 2H)” = 6.6 Hz).

3C-NMR (CDCk, 100 MHz)$§ (ppm): 161.53, 153.95, 150.79, 145.65, 142.20,.7610136.75,
127.50, 125.07, 123.88, 116.56, 115.62, 114.54,9413.02.74, 68.39, 55.15 (2C), 54.19, 53.11
(2C), 46.00, 26.49.

ESI-HRMS (/2 [M+H] " : calculated, 472.1751, observed, 472.1743

4-(3-Chloro-4-fluorophenoxy)-7-(3-(4-methylpiperazn-1-yl)propoxy)-8-nitroquinoline

>N NO
K/)\l\/\/o 2 N\
=
Clj@/o
F
48

3-Chloro-4-fluorophenol (430 mg, 2.9 mmol) was atitie a solution of NaH (104 mg, 4.3 mmol)
in dry NMP (6 mL) under argon atmosphere. Aftermifutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin@ (650
mg, 1.8 mmol) in dry NMP (6 mL). The reaction misduvas heated at 100°C for 4 hours. After
cooling to r.t. water (70 mL) was added. The acqequhase was extracted with toluene (3x50 mL)
and the combined organic layers were washed witlern(@x35 mL) and brine (35 mL) and then
dried over MgSQ@ The solvent was removed under reduced pressuar¢hanresidue recrystalized
in CH)CIl, to obtain 590 mg of 4-(3-chloro-4-fluorophenoxy3(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinolinet8 as white solid (67% yield).

1H-NMR (CDCI3, 400 MHz)3(ppm): 8.69 (d, 1HJ = 5.2 Hz), 8.37 (d, 1H] = 9.3 Hz), 7.44 (d,
1H,J =9.4 Hz), 7.27 (m, 2H), 7.09 (ddd, 18z 8.9, 3.8, 2.9 Hz), 6.52 (d, 18I~ 5.2 Hz), 4.30 (t,
2H,J=6.2 Hz), 2.52 (t, 2H) = 7.1 Hz), 2.51 (bs, 8H), 2.29 (s, 3H), 2.00 (fget”, 2H,“J” =6.6
Hz).
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13C-NMR (CDCI3, 100 MHzp(ppm): 161.29, 156.04 (der = 248.2 Hz), 153.84, 150.93, 149.61
(d, Jor = 3.3), 142.29, 130.76, 124.72, 123.42, 122.50del= 19.7 Hz), 120.71 (dlcr = 7.3 Hz),
117.81 (d,Jer = 23.1 Hz), 115.73, 114.37, 103.65, 68.40, 5488)(54.09, 52.72 (2C), 45.70,
26.35.

ESI-HRMS (/2 [M+H] " : calculated, 475.1542, observed, 475.1556.

4-(4-Fluoro-2-methoxyphenoxy)-7-(3-(4-methylpiperain-1-yl)propoxy)-8-nitroquinoline

\N/\ NO,

K/N O AN
pZ
o4
F o~
49

4-Fluoro-2-methoxyphenol (0.2 mL, 1.5 mmol) waseditb a solution of NaH (56 mg, 2.3 mmol)
in dry NMP (5 mL) under argon atmosphere. Aftermibutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin® (390
mg, 1 mmol) in dry NMP (5 mL). The reaction mixtunas heated at 100°C for 4 hours. After
cooling to r.t. water (45 mL) was added. The acqequhase was extracted with toluene (3x40 mL)
and the combined organic layers were washed witlern(@x30 mL) and brine (25 mL) and then
dried over MgSQ@ The solvent was removed in vacuum and the resiegcrystalized in CbClo/n-
hexane to obtain 282 mg of 4-(4-fluoro-2-methoxyphey)-7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinolinet9 as white solid (60% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.60 (d, 1HJ = 5.2 Hz), 8.42 (d, 1HJ = 9.4 Hz), 7.40 (d,
1H, J = 9.4 Hz), 7.12 (dd, 1HJ = 8.8, 5.7 [HF] Hz), 6.77 (dd, 1H} = 10.0 [HF], 2.8 Hz), 6.71
(ddd, 1H,J = 8.7, 7.8 [HF], 2.8 Hz), 6.31 (d, 1H,= 5.3 Hz), 4.31 (t, 2HJ = 6.3 Hz), 3.69 (s, 3H),
2.49 (t, 2H,J = 7.0 Hz), 2.44 (bs, 8H), 2.25 (s, 3H), 1.98 (“quiitéH, “J” = 6.9 Hz).

13C-NMR (CDCE, 100 MHz)3 (ppm): 161.59, 161.040¢= 246.0 Hz), 153.81, 152.36¢= 10.4
Hz), 150.65, 142.07, 137.68c= 3.3 Hz), 136.62, 125.09, 123.3%4= 10.3 Hz), 115.56, 113.81,
107.26 {ce= 23.3 Hz), 102.50, 101.30d= 27.4 Hz), 68.31, 55.95, 55.04 (2C), 54.12, 5223),
45.90, 26.39.

ESI-HRMS (/2 [M+H] * calculated, 471.2038, observed, 471.2050.
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4-Methoxy-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-ntroquinoline

~
U\/\/O i Na
=
O\
50

Sodium methoxyde (1.188 mL of a 30% wt. solutiotieOH, 6.24 mmol) was added under argon
atmosphere to a solution of 4-chloro-7-(3-(4-matipgrazin-1-yl)propoxy)-8-nitroquinoline3
(41.2 g, 0.170 mmol) in dry THF (1.5 mL) at 0°C.eltemperature was left to raise to r.t. and then
the mixture was refluxed for 18 h. After cooling . water (20 mL) was added. The acqueous
phase was extracted with @, (3x20 mL) and the combined organic layers werediover
MgSQO.. The solvent was removed in vacuum and the resahsefiltered over a short pad of basic
Al,O3 (eluent: AcOEt) to recover 365 mg of 4,7-dimeth@&kgitroquinoline55 (yield 75.0%).
Eluition with acetone afforded 83 mg of 4-methoxy37(4-methylpiperazin-1-yl)propoxy)-8-
nitroquinoline50 (14.7% yield).

'H-NMR (CDCl, 400 MHz)&(ppm): 8.68 (d, 1HJ = 5.3 Hz), 8.18 (d, 1H] = 9.4 Hz), 7.29 (d,
1H,J=9.4 Hz), 6.66 (d, 1H] = 5.3 Hz), 4.25 (t, 2H] = 6.3 Hz), 4.00 (s, 3H), 2.47 (t, 28i= 7.1
Hz), 2.41 (bs, 8H), 2.23 (s, 3H), 1.94 (“quint&H,“J” = 6.7 Hz)

13C-NMR (CDCE, 100 MHz) &(ppm): 162.16, 154.13, 150.47, 141.69, 136.60, AR5115.95,
113.28, 99.87, 68.23, 55.95, 55.04 (2C), 54.18)B&C), 45.92, 26.42.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-(4-(trifluoromethyl)phenoxy)quinoline

\N/\ NO,

K/N\/\/O AN
=
o
FaC
51

4-(Trifluoromethyl)phenol (398 mg, 2.4 mmol) wagdad to a solution of NaH (71 mg, 3 mmol) in
dry NMP (5 mL) under argon atmosphere. After 15 utes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methyerazin-1-yl)propoxy)-8-nitroquinolin® (597
mg, 1.6 mmol) in dry NMP (5 mL). The reaction misduvas heated at 100°C for 4 hours. After
cooling to r.t. water (50 mL) was added. The acgsguhase was extracted with toluene (3x50 mL)
and the combined organic layers were washed witbr&80 mL) and brine (40 mL) and then dried
over MgSQ. The solvent was removed in vacuum and the regieoystalized in ether to obtain
431 mg of a green crystals of 7-(3-(4-methylpiperdzyl)propoxy)-8-nitro-4-(4-
(trifluoromethyl)phenoxy)quinolin®l (55% vyield).
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'H-NMR (CDCk, 400 MHZ)s (ppm): 8.71 (d, 1H) = 5.2 Hz), 8.37 (d, 1H) = 9.4 Hz), 7.74 (m,
2H), 7.44 (d, 1H) = 9.4 Hz), 7.28 (m, 2H), 6.56 (d, 18l= 5.2 Hz), 4.34 (t, 2H) = 6.2 Hz), 2.53
(t, 2H,J = 7.0 Hz), 2.49 (bs, 8H), 2.29 (s, 3H), 2.01 (“quiteH, “J" = 6.7 Hz).

13C-NMR (CDCE, 100 MHz)3 (ppm): 160.73, 156.72, 153.84, 150.98, 142.44,8136128.17 (q,
Jee= 33.1 Hz), 127.80 (q, 2Q0ce= 3.7 Hz), 124.77, 123.68 (der= 272.4 Hz), 120.97 (2C), 116.01,
114.50, 104.56, 68.44, 54.99 (2C), 54.10, 52.87,(26.81, 26.40.

ESI-HRMS (n/2 [M+H] * : calculated, 491.1900, observed, 491.1882.

4-(4-Fluorophenoxy)-7-(3-(4-methylpiperazin-1-yl)pppoxy)-8-nitroquinoline

>N NO
K/)\j\/\/o 2 N\
=
o
F
52

4-Fluorophenol (438 mg, 3.9 mmol) was added tolatism of NaH (120 mg, 5 mmol) in dry THF
(10 mL) under argon atmosphere. After 15 minutas, $olution was added slowly via syringe, to a
solution of 4-chloro-7-(3-(4-methylpiperazin-1-yipoxy)-8-nitroquinoline8 (1 g, 2.7 mmol) in
dry THF (10 mL). The reaction mixture was heatedGQ°C for 4 hours. After cooling to r.t. water
(30 mL) was added. The acqueous phase was extradtecCH,Cl, (3x50 mL) and the combined
organic layers were washed with water (30 mL) amaeb(25 mL) and then dried over MgaQhe
solvent was removed in vacuum and the residue st&dized in CHCI,/n-hexane to obtain 1 g of
4-(4-fluorophenoxy)-7-(3-(4-methylpiperazin-1-yljpoxy)-8-nitroquinoline 52 as yellow solid
(85% vyield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.65 (d, 1HJ = 5.2 Hz), 8.39 (d, 1H] = 9.4 Hz), 7.42 (d,
1H,J = 9.4 Hz), 7.19-7.12 (m, 4H) 6.44 (d, 18= 5.3 Hz), 4.32 (t, 2HJ = 6.3 Hz), 2.51 (t, 2HJ

= 7.0 Hz), 2.45 (bs, 8H), 2.26 (s, 3H), 1.99 (“quifteH, “J” = 6.6 Hz).

13C-NMR (CDCE, 100 MHz)$ (ppm): 161.84, 160.33 (der= 245.5 Hz), 153.85, 150.87, 149.48
(d, Jo= 3.0 Hz), 142.26, 136.79, 124.83, 122.60 (d, 2Es 8.5 Hz), 117.10 (d, 2C0c= 23.6 Hz),
115.86, 114.14, 103.36, 68.43, 55.12 (2C), 54.345(2C), 45.97, 26.46.

ESI-HRMS /2 [M+H] * calculated, 441.1929, observed, 441.1917.
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4-(1H-indol-5-yloxy)-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline

h NO,
K/N\/\/O N
=
0
(XY
N
H

53
1H-indol-5-ol (186 mg, 1.4 mmol) was added to aisoh of NaH (50 mg, 2.1 mmol) in dry NMP
(4 mL) under argon atmosphere. After 15 minuteis, $blution was added slowly via syringe, to a
solution of 4-chloro-7-(3-(4-methylpiperazin-1-yypoxy)-8-nitroquinoline8 (350 mg, 0.9 mmol)
in dry NMP (4 mL). The reaction mixture was heattdL00°C for 4 hours. After cooling to r.t.
water (45 mL) was added. The acqueous phase wasced with toluene (3x40 mL) and the
combined organic layers were washed with water @3xR) and brine (25 mL) and then dried over
MgSQO. The solvent was removed in vacuum and the resielerystalized in CBCl, to obtain 207
mg of 4-(1H-indol-5-yloxy)-7-(3-(4-methylpiperazibvyl)propoxy)-8-nitroquinoline53 as pale
yellow solid (50% yield).

'H-NMR (CDCl, 400 MHz)5 (ppm): 8.86 (bs, 1H), 8.60 (d, 181= 5.3 Hz), 8.48 (d, 1H] = 9.4
Hz), 7.45 (bd, 1H) = 8.7 Hz), 7.41 (bd, 1H] = 2.3 Hz), 7.39 (d, 1H] = 9.5 Hz), 7.31 (dd, 1H]
= 3.0, 2.7 Hz), 6.96 (dd, 1H,= 8.7, 2.3 Hz), 6.56 (M, 1H), 5.46 (d, 18z 5.3 Hz), 4.32 (t, 2HJ
= 6.2 Hz), 2.53 (t, 2HJ = 7.1Hz), 2.49 (bs, 8H), 2.28 (s, 3H), 2.01 (“quiittéH, “J" = 6.6 Hz).

13C-NMR (CDCE, 100 MHz) 5 (ppm): 163.10, 153.97, 150.70, 147.09, 142.13,7¥86133.82,
128.73, 126.18, 125.20, 116.17, 115.43, 113.70421412.38, 103.49, 102.84, 68.37, 55.10 (2C),
54.21, 53.06 (2C), 45.96, 26.47.

ESI-HRMS /2 [M+H] " : calculated, 462.2135, observed, 462.2139.

3,5-Dichloro-4-(7-(3-(4-methylpiperazin-1-yl)propox)-8-nitroquinolin-4-yloxy)benzenamine

\N/\ NO,

L_N_~_O N

54
4-Amino-2,6-dichlorophenol (268 mg, 1.5 mmol) walkled to a solution dafBuOK (186 mg, 1.6
mmol) in dry NMP (5 mL) under argon atmosphere.eAfL5 minutes, this solution was added
slowly via syringe, to a solution of 4-chloro-7-{&methylpiperazin-1-yl)propoxy)-8-
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nitroquinoline8 (500 mg, 1.4 mmol) in dry NMP (5 mL). The reactimixture was heated at 100°C
for 4 hours. After cooling to r.t. water (50 mL) svadded. The acqueous phase was extracted with
toluene (3x50 mL) and the combined organic layezsawvashed with water (40 mL) and brine (35
mL) and then dried over MgSOThe solvent was removed in vacuum and the resigkrystalized

in diethylether to obtain 446 mg of 3,5-dichlordq#4{3-(4-methylpiperazin-1-yl)propoxy)-8-
nitroguinolin-4-yloxy)benzenaming4 as yellow crystals (63% vyield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.68 (d, 1HJ = 5.2 Hz), 8.50 (d, 1HJ = 9.4 Hz), 7.45 (d,
1H,J = 9.5 Hz), 6.73 (s, 2H), 6.36 (d, 1Bl= 5.2 Hz), 4.35 (t, 2HJ = 6.2 Hz), 3.91 (bs, 2H), 2.54
(t, 2H,J = 7.0 Hz), 2.49 (bs, 8H), 2.30 (s, 3H), 2.02 (“quiteH, “J" = 6.7 Hz).

3C-NMR (CDCk, 100 MHz)§ (ppm): 160.16, 153.87, 150.83, 145.62, 142.26,986129.37,
125.09, 115.34, 114.86, 114.86, 114.17, 102.3@,26%5.08 (3C), 54.13, 52.98 (2C), 45.90, 26.46.

ESI-HRMS (/2 [M+H] " : calculated, 506.1356, observed, 506.1364.

4,7-Dimethoxy-8-nitroquinoline

55
Sodium methoxyde (1.188 mL of a 30% wt. solutioieOH, 6.24 mmol) was added under argon
atmosphere to a solution of 4-chloro-7-(3-(4-mepipgrazin-1-yl)propoxy)-8-nitroquinoline (41.2
g, 0.170 mmol) in dry THF (1.5 mL) at 0°C. The tesrgture was left to raise to r.t. and then the
mixture was refluxed for 18 h. After cooling to. mater (20 mL) was added. The acqueous phase
was extracted with Cil, (3x20 mL) and the combined organic layers wereddover MgSQ@
The solvent was removed in vacuum and the residagefitered over a short pad of basic®@d
(eluent: AcOEt) to recover 365 mg of 4,7-dimeth@«pitroquinoline55 (yield 75.0%). Eluition
with acetone afforded 83 mg of 4-methoxy-7-(3-(4tmy&piperazin-1-yl)propoxy)-8-nitroquinoline
50(14.7% vyield).

'H-NMR (CDCl, 400 MHZ)&(ppm): 8.73 (d, 1HJ = 5.2 Hz), 8.25 (d, 1HJ = 9.3 Hz), 7.30 (d,
1H,J = 9.4 Hz), 6.69 (d, 1H] = 5.4 Hz), 4.04 (s, 3H), 4.02 (s, 3H).

3C-NMR (CDCk, 100 MHz) 5(ppm): 162.20, 154.28, 150.93, 141.68, 125.21, 04,6112.09,
99.88, 56.91, 55.98.

MS (70eV)m/z 233.8 [M] (100), 203.8 [M- CHs-CHs](57), 175.8 (43), 160.8 (22), 132.8 (24).

132



7-Methoxy-8-nitro-4-(2,3,4-trichlorophenoxy)quinoline

NO,
e Ng
Z ¢l
0 cl
cl
56

2,3,4-Trichlorophenol (91.0 mg, 0.466 mmol) wasetido a solution of-BuOK (56 mg, 0.502
mmol) in dry NMP (2.2 mL) under argon atmospher&eAl5 minutes, this solution was added
slowly via syringe, to a solution of 4-chloro-7-mexy-8-nitroquinolinell (100 mg, 0.419 mmol)
in dry NMP (2.2 mL). The reaction mixture was hela#t 100°C for 16 hours. After cooling to r.t.
water (30 mL) was added. The acqueous phase waaced with toluene (3x20 mL) and the
combined organic layers were washed with water @3x2) and brine (20 mL) and then dried over
MgSQ,. The solvent was removed in vacuum to obtain 1%7ofa yellow oil of 7-methoxy-8-
nitro-4-(2,3,4-trichlorophenoxy)quinolires (75.8% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.71 (d, 1HJ = 5.2 Hz), 8.47 (d, 1HJ = 9.4 Hz), 7.53 (d,
1H,J = 8.8 Hz), 7.46 (d, 1H] = 9.4 Hz), 7.18 (d, 1H] = 8.8 Hz), 6.38 (d, 1H] = 5.2 Hz), 4.10 (s,
3H).

3C-NMR (CDCk, 100 MHz)3 (ppm): 160.11, 153.96, 151.43, 148.94, 142.29,.981129.02,
128.76, 128.28, 125.02, 121.53, 115.31, 114.80,261302.99, 57.08.

ESI-HRMS /2 [M+H] : calculated, 398.9700, observed, 398.9725.
8-Nitro-4,7-bis(2,3,4-trichlorophenoxy)quinoline

cl NO,
Clj©/o N

N
Cl Z ¢l

S56a

2,3,4-Trichlorophenol (60.7 mg, 0.308 mmol) wasetitb a solution of-BuOK (37.6 mg, 0.356
mmol) in dry THF (1.5 mL) under argon atmospheréeA15 minutes, this solution was added
slowly via syringe, to a solution of 4,7dichloroa@roquinoline3 (41.2 g, 0.170 mmol) in dry THF
(1.5 mL) at 0°C. The temperature was left to rédset. and then the mixture was refluxed for 18 h.
After cooling to r.t. water (20 mL) was added, #degueous phase was extracted with,Clb(3x20
mL) and the combined organic layers were dried dgsQ,. The solvent was removed in vacuum
to obtain 96 mg of 8-nitro-4,7-bis(2,3,4-trichlofenoxy)quinoline56a (99.9% yield). Reaction
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can also be performed in dry NMP. In this caseelméumust be added instead of CH and the
combined organic layers must be washed with w2 mL).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.74 (d, 1HJ = 5.2 Hz), 8.41 (d, 1H) = 9.4 Hz), 7.53 (d,
1H,J=8.8 Hz), 7.44 (d, 1H] = 8.9 Hz), 7.19 (d, 1H] = 8.8 Hz), 7.09 (d, 1H] = 8.9 Hz), 7.08 (d,
1H,J=9.3 Hz), 6.47 (d, 1H] = 5.2 Hz).

¥C-NMR (CDCk, 100 MHz)d (ppm): 160.12, 154.16, 150.15, 148.74, 148.18,3512138.00,
133.88, 133.62, 132.16, 131.19, 129.10, 128.78,21R8.27.56, 125.25, 121.49, 120.09, 117.43,
116.56, 104.10.

ESI-HRMS (/2 [M+H] *: calculated, 562.8678 , observed, 562.8703.

4-(3-(8-Nitro-4-(2,3,4-trichlorophenoxy)quinolin-7yloxy)propyl)morpholine

0 NO,
K/N NN N
Z ¢
(0] Cl
Cl
57

2,3,4-Trichlorophenol (61.7 mg, 0.312 mmol) wasetltb a solution of-BuOK (38.3 mg, 0.341
mmol) in dry NMP (1.4 mL) under argon atmospher&eAl5 minutes, this solution was added
slowly via syringe, to a solution of 4-(3-(4-chde8-nitroquinolin-7-yloxy)propyl)morpholind4
(2100 mg, 0.284 mmol) in dry NMP (1.3 mL). The réastmixture was heated at 100°C for 18
hours. After cooling to r.t. toluene (20 mL) andtera(30 mL) were added. The acqueous phase was
extracted with toluene (3x20 mL) and the combingghnic layers were washed with water (3x20
mL) and brine (20 mL) and then dried over MgS®he solvent was removed in vacuum and the
solid residue recrystalized with £:AcOEt (1:1) to obtain 60 mg of a pale yellow ¢ays of 4-(3-
(8-nitro-4-(2,3,4-trichlorophenoxy)quinolin-7-ylojyropyl)morpholines7 (74.4% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.70 (d, 1HJ = 5.2 Hz), 8.44 (d, 1H] = 9.4 Hz), 7.53 (d,
1H, J = 8.8 Hz), 7.47 (d, 1H] = 9.4 Hz), 7.17 (d, 1H] = 8.8 Hz), 6.38 (d, 1H] = 5.2 Hz), 4.37 (t,
2H,J = 6.1 Hz), 3.72 (t, 4H] = 4.7 Hz), 2.55 (t, 2H] = 6.9 Hz), 2.48 (bs, 4H), 2.04 (“quintet”, 2H,
“J’ = 6.5 Hz).

13C-NMR (CDCE, 100 MHz) 3 (ppm): 160.08, 153.80, 150.98, 149.03, 142.39,8/86133.86,
131.94, 128.98, 128.26, 124.81, 121.41, 115.38,5814.10.06, 103.10, 68.27, 66.81 (2C), 54.61,
53.59 (2C), 26.03.

ESI-HRMS /2 [M+H] : calculated, 512.0546, observed, 512.0524.
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2,4-Dichloro-N-methyl-5-(7-(3-morpholinopropoxy)-8-nitroquinolin- 4-yloxy)aniline

oﬂ NO,

K/N O AN
=
H
BOG
Cl Cl
58

2,4-Dichloro-5-(methylamino)phendlO (164.0 mg, 0.854 mmol) was added to a suspension of
NaH (57 mg, 1.432 mmol, 60% dispersion in minerd im dry NMP (3.9 mL) under argon
atmosphere. After 15 minutes, the suspension wdsdadlowly via syringe, to a solution of 4-(3-
(4-chloro-8-nitroquinolin-7-yloxy)propyl)morpholing4 (250.3 mg, 0.712 mmol) in dry NMP (3.9
mL). The reaction mixture was heated at 100°C ®&haurs and after cooling to r.t., water (30 mL)
was added. The acqueous phase was extracted \wi#gn#o(3x20 mL) and the combined organic
layers were washed with water (3x20 mL) and brid@ ihL) and then dried over MgQOThe
solvent was removed in vacuum and the solid reswdas purified with cromathography on silica
gel (eluent: ethyl acetate) to give 60 mg of 2ghkbro-N-methyl-5-(7-(3-morpholinopropoxy)-8-
nitroquinolin-4-yloxy)aniline58 (16.5% yield).

'H-NMR (CDCl, 400 MHz)d (ppm): 8.68 (d, 1HJ = 5.2 Hz), 8.46 (d, 1H] = 9.4 Hz), 7.44 (d,
1H,J =9.4 Hz), 7.40 (s, 1H), 6.48 (s, 1H), 6.43 (d, 1 5.2 Hz), 4.55 (q, 1H] = 5.1 Hz), 4.36
(t, 2H,J = 6.1 Hz), 3.70 (t, 4H) = 4.7 Hz), 2.86 (d, 3H] = 5.1 Hz), 2.54 (t, 2H] = 6.9 Hz), 2.46
(bs, 4H), 2.02 (“quintet”, 2HJ” = 6.6 Hz).

13C-NMR (CDCk, 100 MHz)3 (ppm): 160.68, 153.92, 150.78, 148.86, 145.43,242136.75,
130.33, 125.01, 116.69, 115.54, 114.10, 112.94,4404103.13, 68.20, 66.84 (2C), 54.62, 53.59
(2C), 30.34, 26.06.

ESI-HRMS /2 [M+H] *: calculated, 507.1196, observed, 507.1186 [M+1]+

4-(3-(8-Nitro-4-(4-(trifluoromethyl)phenoxy)quinoli n-7-yloxy)propyl)morpholine

60
4-(Trifluoromethyl)phenol (55.3 mg, 0.284 mmol) wadded to a solution dfBuOK (47.8 mg,
0.426 mmol) in dry NMP (1.5 mL) under argon atmaa=gh After 15 minutes, this solution was
added slowly via syringe, to a solution of 4-(3efflero-8-nitroquinolin-7-
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yloxy)propyl)morpholinel4 (100 mg, 0.284 mmol) in dry NMP (1.5 mL). The reéactmixture
was heated at 100°C for 18 hours and after coabrgt. water (30 mL) was added. The acqueous
phase was extracted with toluene (3x20 mL) andctimabined organic layers were washed with
water (3x20 mL) and brine (20 mL) and then driectroMgSQ. The solvent was removed in
vacuum to obtain 101 mg of a yellow oil of 4-(3+{Bro-4-(4-(trifluoromethyl)phenoxy)quinolin-7-
yloxy)propyl)morpholines9 (74.4% yield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.67 (d, 1HJ = 5.2 Hz), 8.35 (d, 1HJ = 9.4 Hz), 7.72 (d,
2H,J = 8.6 Hz), 7.42 (d, 1H) = 9.4 Hz), 7.27 (d, 2H) = 8.6 Hz), 6.54 (d, 1H) = 5.2 Hz), 4.34
(t, 2H,J = 6.1 Hz), 3.69 (t, 4HJ = 4.6 Hz), 2.53 (t, 2HJ = 7.0 Hz), 2.46 (m, 4H), 2.00 (“quintet’,
2H,J" = 6.6 Hz).

3C-NMR (CDCk, 100 MHz)3 (ppm): 160.76, 153.84, 150.93, 142.37, 136.76,1828q, Jcr =
33.0 Hz), 127.80 (q, 2Clcr = 3.7 Hz), 124.85, 123.70 (g, 20er = 271.5 Hz), 121.01 (2C),
116.02, 114.43, 104.54, 68.24, 66.82 (2C), 54.86%(2C), 26.03.

ESI-HRMS /2 [M+H] : calculated, 478.1589, observed, 478.1581.

4-(3-(4-Ethoxy-8-nitroquinolin-7-yloxy)propyl)morph oline

O()"\/\/O i N
=
o~
60

Potassium hydroxide (28.6 mg, 0.511 mmol) was tiiesbin ethanol (2.5 mL) and the resulting
clear solution was added to a solution of 4-(34{bm-8-nitroquinolin-7-yloxy)propyl)morpholine

14 (150 mg, 0.426 mmol) in dry ethanol (2.5 mL). Tkagation mixture was heated at 100°C for 18
hours and after cooling to r.t. water (30 mL) wasled. The acqueous phase was extracted with
CH.CI, (3x20 mL) and the combined organic layers weredliover MgS@ The solvent was
removed in vacuum to obtain 123 mg of a yellow ofl 4-(3-(4-ethoxy-8-nitroquinolin-7-
yloxy)propyl)morpholine50 (80.0% yield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.72 (d, 1HJ = 5.3 Hz), 8.27 (d, 1HJ = 9.4 Hz), 7.31 (d,
1H, J = 9.4 Hz), 6.68 (d, 1H) = 5.3 Hz), 4.31 (t, 2HJ = 6.1 Hz), 4.27 (g, 2HJ = 7.0 Hz), 3.71
(t, 4H,J = 4.7 Hz), 2.53 (t, 2H) = 7.0 Hz), 2.47 (m, 4H), 2.01 (“quintet’, 2" = 6.6 Hz), 1.57
(t, 3H,J = 7.0 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 161.49, 154.21, 150.44, 141.86, 136.79,125125.18,
116.22, 113.15, 100.47, 68.10, 66.74 (2C), 64.860® 53.60 (2C), 26.09, 14.35.
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4,7-Diethoxy-8-nitroquinoline

NO,
~_© N\
=

o~

60a
Potassium hydroxide (58.2 mg, 1.022 mmol) was tiiesbin ethanol (2.5 mL) and the resulting
clear solution was added to a solution of 4,7-diadH8-nitroquinoline3 (103 mg, 0.426 mmol) in
dry ethanol (2.5 mL). The reaction mixture was bdadt 100°C for 18 hours. After cooling to r.t.
CH.CI, (20 mL) and water (30 mL) were added. The acquebhiase was extracted with gEl,
(3x20 mL) and the combined organic layers wereddoeer MgSQ. The solvent was removed in
vacuum to obtain 96.1 mg of a yellow oil of 4,74tigxy-8-nitroquinolines0a (86.0% yield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.70 (d, 1HJ = 5.3 Hz), 8.25 (d, 1HJ = 9.4 Hz), 7.26 (d,
1H, J = 9.4 Hz), 6.66 (d, 1H] = 5.3 Hz), 4.28 (q, 2HJ = 7.0 Hz), 4.25 (g, 2HJ = 7.0 Hz), 1.55
(t, 3H,J = 7.0 Hz), 1.44 (t, 3H) = 7.0 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 161.45, 154.13, 150.36, 141.86, 136.78,125116.09,
113.07, 100.41, 65.87, 64.57, 14.62, 14.33.

MS (70 eV)m/z 262.2 [M](71), 234.2 (32), 204.2 (32), 189.1 (34), 178.2)(476.1 (63), 148.1
(100), 132.2 (55), 55.2 (60).

ESI-HRMS (n/2 [M+H] *: calculated, 263.1026, observed, 263.1024.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-4-(piperidin-1-yl)quinoline

>N NO
K/)\l\/\/o 2 N\
%

)
61

Piperidine (24.5 mg, 28 L, 0.228 mmol) was added to a solutiont-®uOK (46 mg, 0.41 mmol)

in dry NMP (1.5 mL) under argon atmosphere. Aftemiinutes, this solution was added slowly via
syringe, to a solution of 4-chloro-7-(3-(4-methylerazin-1-yl)propoxy)-8-nitroquinolin@ (100
mg, 0.274 mmol) in dry NMP (1.5 mL). The reactioixture was heated at 150°C for 18 hours and
after cooling to r.t., water (30 mL) was added. Buogueous phase was extracted with toluene
(3x20 mL) and the combined organic layers were wdshith water (3x20 mL), brine (20 mL) and
then dried over MgS£ The solvent was removed in vacuum and the residiselved in ACOEt (2
mL). The resulting suspension was filtered andsthigent was evaporated in vacuum to obtain 40
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mg of a yellow oil of 7-(3-(4-methylpiperazin-1-ghopoxy)-8-nitro-4-(piperidin-1-yl)quinoliné1
(35% vyield).

'H-NMR (400 MHz, CDC}) § (ppm): 8.67 (d, 1HJ = 5.1 Hz), 8.02 (d, 1HJ = 9.4 Hz), 7.28 (d,
1H,J = 9.5 Hz), 6.76 (d, 1H) = 5.2 Hz), 4.29 (t, 2HJ = 6.2 Hz), 3.17 (m, 4H), 2.51 (t, 2H,=
7.0 Hz), 2.46 (bs, 8H), 2.27 (s, 3H), 1.98 (“quifiteH, “J” = 6.7 Hz), 1.83 (m, 4H), 1.71 (m, 2H).

4-(4-Methylpiperazin-1-yl)-7-(3-(4-methylpiperazin-l-yl)propoxy)-8-nitroquinoline
\N/“j NO,

k/N\/\/O N\

=

O

4-Chloro-7-(3-(4-methylpiperazin-1-yl)propoxy)-8tr@quinolined (106 mg, 0.3 mmol) was added,
at room temperature, to 1-methylpiperazine (3 nilbe mixture was stirred at 150°C for 12 h and
concentrated in vacuum. to give 100 mg of 4-(4-wylpiperazin-1-yl)-7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinolines2 as brown oil (80% vyield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.65 (d, 1HJ = 5.1 Hz), 8.00 (d, 1H) = 9.4 Hz), 7.26 (d,
1H,J = 9.5 Hz), 6.75 (d, 1H] = 5.2 Hz), 4.24 (t, 2HJ = 6.3 Hz), 3.21 (bt, 4H] = 4.7 Hz), 2.64

(bt, 4H,J = 4.7 Hz), 2.46 (t, 2H,) = 7.1 Hz), 2.46 (bs, 8H), 2.88 (s, 3H), 2.23 (s, 3HP4
(“quintet’, 2H,“J” = 6.6 Hz).

13C-NMR (CDCE, 100 MHz) 5 (ppm): 156.81, 153.29, 149.69, 142.16, 126.63,03,8112.82,
108.32, 80.77, 68.18, 55.01 (2C), 54.99, 54.76 (32)97 (2C), 52.06 (2C), 45.97, 45.89, 26.38.

ESI-HRMS /2 [M+H] " : calculated, 429.2608, observed, 429.2612.

(S)-4-(3-fluoropyrrolidin-1-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline

\N/\ NO,

L_N~_O© Ng
=
Q
F
63

(S)-3-fluoropyrrolidine hydrochloride (73 mg, 0.6mol) was added to a solution ®BuOK (102.4
mg, 0.9 mmol) in dry NMP (3 mL) under argon atmasgh After 15 minutes, this solution was
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added slowly via syringe, to a solution of 4-chl@r¢3-(4-methylpiperazin-1-yl)propoxy)-8-
nitroquinoline8 (200 mg, 0.55 mmol) in dry NMP (3 mL). The reactionxture was heated at
150°C for 5 hours. After cooling to r.t. water (89L) was added. The acqueous phase was
extracted with toluene (3x30 mL) and the combingghnic layers were washed with water (3x20
mL) and brine (20 mL) and then dried over MgS®he solvent was removed in vacuum and the
residue recrystalized in GBI, to give 193 mg of (S)-4-(3-fluoropyrrolidin-1-y-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolir@3 as yellow crystals (84% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.42 (d, 1HJ = 5.6 Hz), 8.16 (d, 1H) = 9.6 Hz), 7.11 (d,
1H,J = 9.6 Hz), 6.36 (d, 1H] = 5.6 Hz), 5.38 (dt, 1HJ = 52.4 [HF], 3.4 Hz), 4.15 (t, 2H), = 6.3

Hz), 4.01-3.65 (m, 6H), 2.48 (t, 2H,= 7.1 Hz), 2.43 (bs, 8H), 2.25 (s, 3H), 1.94 (“quiiteH,

“J'= 6.7 Hz).

¥C-NMR (CDCI3, 100 MHz)5 (ppm): 152.10, 151.67, 149.22, 143.10, 137.17,527115.69,
110.54, 102.67, 91.80 (dce= 178.1), 68.02, 58.09, 57.87, 55.01 (2C), 54.2296 (2C), 49.41,
45.88, 26.41.

ESI-HRMS (/2 [M+H] " : calculated, 418.2248, observed, 418.2238.

(S)N,N-dimethyl-1-(7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-yl)pyrrolidin-3-

amine
\N/\ NO,
o Ln,
%
Q
N/
/
64

(S)N,N-dimethylpyrrolidin-3-amine (0.25 mL, 1.9 mmol) wadded to a solution of NaH (106 mg,
4.4 mmol) in dry NMP (5 mL) under argon atmosphdieer 15 minutes, this solution was added
slowly via syringe, to a solution of 4-chloro-7-{&methylpiperazin-1-yl)propoxy)-8-
nitroquinoline8 (600 mg, 1.6 mmol) in dry NMP (5 mL). The reactioixture was heated at 150°C
for 5 hours. After cooling to r.t. water (80 mL) svadded. The acqueous phase was extracted with
toluene (3x40 mL) and the combined organic layessevwwashed with water (3x30 mL) and brine
(30 mL) and then dried over MgQOrhe solvent was removed in vacuum to obtain 4glom(S)-
N,N-dimethyl-1-(7-(3-(4-methylpiperazin-1-yl)propoxghitroquinolin-4-yl)pyrrolidin-3-aminé4

as yellow crystals (65% vyield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.46 (d, 1HJ = 5.6 Hz), 8.21 (d, 1H] = 9.6 Hz), 7.13 (d,
1H, J = 9.6 Hz), 6.37 (d, 1H) = 5.6 Hz), 4.25 (t, 2HJ = 6.3 Hz), 3.74 (m, 3H), 3.65 (t, 1H,=

9.0 Hz), 2.81 (m, 1H), 2.50 (t, 2H,= 7.1 Hz), 2.44 (bs, 8H), 2.34 (s, 6H), 2.27 (m, 1BR7 (s,
3H), 1.98 (m, 1H), 1.95 (“quintet”, 2MJ” = 6.9 Hz).
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13C-NMR (CDCk, 100 MHz)$ (ppm): 152.03, 151.85, 149.15, 143.18, 137.16,627115.69,
110.19, 102.24, 67.99, 65.33, 56.92, 55.08 (2CRH%H3.05 (2C), 51.03, 45.95, 44.36 (2C), 30.33,
26.45.

ESI-HRMS (/2 [M+H] * calculated, 443.2765, observed, 443.2766.

N-(2-chloro-4-(trifluoromethyl)phenyl)-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-
nitroquinolin-4-amine

\Nﬁ NO,
K/N\/\/O N«
=
jou
FsC cl
65

2-Chloro-4-(trifluoromethyl)benzenamine (0.23 mL7 Inmol) was added to a solution of NaH (92
mg, 3.8 mmol) in dry NMP (5 mL) under argon atmasgh After 15 minutes, this solution was
added slowly via syringe, to a solution of 4-chl@r¢3-(4-methylpiperazin-1-yl)propoxy)-8-
nitroquinoline8 (580 mg, 1.6 mmol) in dry NMP (5 mL). The reactimixture was heated at 150°C
for 5 hours. After cooling to r.t. water (80 mL) svadded. The acqueous phase was extracted with
toluene (3x40 mL) and the combined organic layessevwashed with water (3x30 mL) and brine
(30 mL) and then dried over Mg@QOrhe solvent was removed in vacuum to obtain 4g9oirN-
(2-chloro-4-(trifluoromethyl)phenyl)-7-(3-(4-metipiperazin-1-yl)propoxy)-8-nitroquinolin-4-
amine65 as yellow solid (50% yield).

'H-NMR (CDCl, 400 MHz)8 (ppm): 8.69 (d, 1HJ = 5.2 Hz), 8.05 (d, 1H] = 9.4), 7.74 (d, 1H,
J=1.7 Hz), 7.57 and 7.49 (ABX system, 2Hg= 8.6,Jax= 1.8 Hz), 7.39 (d, 1H] = 9.4 Hz), 7.11
(d, 1H,J = 5.2 Hz), 7.03 (bs, 1H), 4.31 (t, 2B= 6.2 Hz), 2.52 (t, 2HJ = 7.1 Hz), 2.49 (bs, 8H),
2.30 (s, 3H), 2.00 (“quintet’, 2H,) = 6.7 Hz).

13C-NMR (CDCk, 100 MHz)3 (ppm): 153.29, 150.43, 144.83, 142.09, 140.31,427q,Jc= 4.0
Hz), 125.84 (gJc= 33.7 Hz), 124.94 (glc= 3.8 Hz), 124.47, 123.32, 123.23 (g= 272.1 Hz),
119.32, 115.87, 114.06, 105.95, 68.42, 54.93 (3€))8, 52.77 (2C), 45.73, 26.36.

ESI-HRMS (/2 [M+H] * calculated, 524.1670, observed, 524.1654.
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7-Methoxy-8-nitro-4-(pyrrolidin-1-yl)quinoline

66
Pyrrolidine (35.8 mg, 41.6L, 0.502 mmol) was added to a suspension of Nak4(8&, 0.910
mmol, 60% dispersion in mineral oil) in dry THF (BL) under argon atmosphere. After 15
minutes, the suspension was added slowly via sgrimg a solution of 4-chloro-7-methoxy-8-
nitroquinoline11 (100.0 mg, 0.419 mmol) in dry THF (5 mL). The reactmixture was heated at
reflux for 18 hours and after cooling to r.t., wa(80 mL) was added. The acqueous phase was
extracted with CHCI, (3x20 mL) and the combined organic layers werehedsvith water (3x20
mL) and brine (20 mL) and then dried over MgS®he solvent was removed in vacuum to give
129 mg of 7-methoxy-8-nitro-4-(pyrrolidin-1-yl)quofine 66 (99.9% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.44 (d, 1HJ = 5.7 Hz), 8.29 (d, 1H] = 9.7 Hz), 7.09 (d,
1H,J = 9.7 Hz), 6.37 (d, 1H] = 5.7 Hz), 4.00 (s, 3H), 3,68 (M, 4H), 2.07 (m, 4H)

3C-NMR (CDCk, 100 MHz) & (ppm): 152.14, 151.95, 149.60, 143.29, 128.12, B15198.66,
102.21, 56.67, 52.20 (2C), 25.93 (2C).

MS (70 eV)m/z 273.2 [M](37).
ESI-HRMS (/2 [M+H] *: calculated, 274.1186, observed, 274.1174.
4-(3-(8-Nitro-4-(pyrrolidin-1-yl)quinolin-7-yloxy)p ropyl)morpholine

0] NO,
K/N NN N\
=

N

O

Pyrrolidine (60.6 mg, 70.pL, 0.852 mmol) was added to a suspension of Nak4(8&, 0.910
mmol, 60% dispersion in mineral oil) in dry NMP 13mL) under argon atmosphere. After 15
minutes, the suspension was added slowly via sgring a solution of 4-(3-(4-chloro-8-
nitroquinolin-7-yloxy)propyl)morpholinel4 (200.0 mg, 0.569 mmol) in dry NMP (3.1 mL). The
reaction mixture was heated at 100°C for 18 hou after cooling to r.t., water (30 mL) was
added. The acqueous phase was extracted with ®[3220 mL) and the combined organic layers
were washed with water (3x20 mL) and brine (20 gl then dried over MgSOThe solvent was
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removed in vacuum to give 151 mg of 4-(3-(8-nitrgp¥rrolidin-1-yl)quinolin-7-
yloxy)propyl)morpholines7 (68.7% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.35 (d, 1HJ = 5.6 Hz), 8.21 (d, 1H] = 9.6 Hz), 7.05 (d,
1H,J = 9.7 Hz), 6.29 (d, 1H] = 5.7 Hz), 4.22 (t, 2H] = 6.2 Hz), 3.65 (t, 4H] = 4.8 Hz), 3.61 (m,
4H), 2.45 (t, 2H,] = 7.1 Hz), 2.40 (bs, 4H), 2.01 (m, 4H), 1.92 (fet’, 2H,"J" = 6.7 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 151.89, 151.89, 149.06, 143.24, 137.20,028115.85,
109.87, 102.22, 67.84, 66.91 (2C), 54.62, 53.59,(32.14 (2C), 26.16, 25.84 (2C).

ESI-HRMS /2 [M+H] *: calculated, 387.2026, observed, 387.2035.
N-(2,4-dichloro-5-methoxyphenyl)-7-(3-morpholinopromxy)-8-nitroquinolin-4-amine

o) NO,
L_N_~_O N
¥
HNJ@[O\
Cl Cl
68
2,4-Dichloro-5-methoxyanilin€1 (140.0 mg, 0.781 mmol) was added to a suspensitiabif (37
mg, 0.923 mmol, 60% dispersion in mineral oil) iry NMP (3.4 mL) under argon atmosphere.
After 15 minutes, the suspension was added slovwdysyringe, to a solution of 4-(3-(4-chloro-8-
nitroquinolin-7-yloxy)propyl)morpholinel4 (249.8 mg, 0.710 mmol) in dry NMP (3.3 mL). The
reaction mixture was heated at 100°C for 3 dayserAfooling to r.t. toluene (20 mL) and water (30
mL) were added. The acqueous phase was extractadtoliiene (3x20 mL) and the combined
organic layers were washed with water (3x20 mL) lnde (20 mL) and then dried over Mg$O
The solvent was removed in vacuum and the solidueswas filtered through a short pad of silica
gel (eluent.diethyl ether) to remove the unreac®edi-dichloro-5-methoxyaniliné’l, and the
mixture of N-(2,4-dichloro-5-methoxyphenyl)-7-(3-morpholinopoxy)-8-nitroquinolin-4-amine
and 4-(3-(4-chloro-8-nitroquinolin-7-yloxy)propylwnpholine 68 was recoverd with acetone. The
mixture was dissolved in a small amount of CH (about 0.5 mL) and then hexane (20 mL) was

added. The precipitate was filtered and air dried give 52 mg of N-(2,4-dichloro-5-
methoxyphenyl)-7-(3-morpholinopropoxy)-8-nitroquiime4-amine68 (14.4% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.53 (d, 1HJ = 5.3 Hz), 8.15 (d, 1H] = 9.4 Hz), 7.45 (s,
1H), 7.29 (d, 1H,) = 9.4 Hz), 7.02 (s, 1H), 6.70 (d, 1B= 5.3 Hz), 4.31 (t, 2HJ = 5.8 Hz), 3.82
(s, 3H), 3.81 (t, 4HJ = 4.6 Hz), 2.74 (t, 2HJ = 7.2 Hz), 2.70 (bs, 4H), 2.12 (“quintet”, 21" =
6.5 Hz).

13C-NMR (CDCE, 100 MHz) & (ppm):154.56, 153.15, 149.88, 146.80, 141.71, 137135.71,
130.78, 123.84, 119.29, 118.94, 115.03, 113.09,6807.03.33, 67.81, 65.63, 56.60, 54.74, 53.10,
25.13.
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ESI-HRMS (/2 [M+H] *: calculated, 507.1196, observed, 507.1183.

2,4-Dichloro-5-(methylamino)phenol

H

S

Cl Cl
70

A solution of 5-amino-2,4-dichlorophenol (300.0 Mgs85 mmol) in dry THF (3.3 mL) was added
dropwise at 0°C under argon atmosphere to a sugpen$ NaH (279.2 mg, 6.981 mmol, 60%
dispersion in mineral oil) in dry THF (1.3 mL). &ft 15 minutes Mel (153 mg, 67.1 mL 1.08
mmol) was added, and the resulting suspension efagd stir at r.t for 16 h. The solvent was
removed in vacuum and then water (30 mL) was adiled.acqueous phase was exctracted with
CH.CI, (3x20 mL) and the combined organic layers weredliover MgS@ The solvent was
removed in vacuum, to give 164 mg of 2,4-dichlor@¥ethylamino)phenol0 (50.7% vyield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 7.16 (s, 1H), 6.28 (s, 1H), 3.88 (s, 1H322(s, 3H).
13C-NMR (CDCk, 100 MHz)d (ppm): 151.19, 145.15, 128.05, 110.70, 106.58,880.30.
MS (70 eV)m/z 190.8 [M'](100).

2,4-Dichloro-5-methoxyaniline

HQN;@O\
Cl Cl

71
A solution of 5-amino-2,4-dichlorophenol (174.6 n@g980 mmol) in dry THF (3 mL) was added
dropwise at 0°C under argon atmosphere to a sugmens-BuOK (164.9 mg, 1.470 mmol) in dry
THF (3 mL). After 15 minutes Mel (153 mg, 67.1 mlO& mmol) was added, and the resulting
suspension was left to stir at r.t. for 16 h. Thlvent was removed in vacuum and then water (30
mL) and CHCI, (30 mL) were added. The acqueous phase was etectraith CHCl, (3x20 mL)

and the combined organic layers were dried over ®g$he solvent was removed in vacuum, to
give 140 mg of 2,4-dichloro-5-methoxyaniliié (74.4% yield).

'H-NMR (CDCl;, 400 MHz)d (ppm): 7.19 (s, 1H), 6.30 (s, 1H), 4.06 (bs, ZHY9 (s, 3H).
13C-NMR (CDCE, 100 MHz)3 (ppm): 154.39, 142.48, 129.68, 111.30, 110.4%80%6.11.
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MS (70 eV)m/z 193.1 [M](61), 191.1[M](100), 150.1 (59), 148.0 (99).

3-Amino-2-nitrophenol

NO,

HO\©/NH2

72
3-Aminophenol (20,0 g, 183 mmol) was dissolved &®sulphuric acid (370 mL) at 0°C. Nitric
acid (11.5 g, 183 mmol, 13.7 mL of a 60% solutiom®6% sulphuric acid (41 mL) was then added
dropwise over 20 min at 0°C. The mixture was lefder stirring for 2h and then put on icy water (1
L). The red precipitate was air dried and the pobdvas separated from other regioisomers by flash
chromatography (eluent : hexane-ethyl acetate 8.3% g (52.8 mmol) of 3-amino-2-nitrophenol
72 were recovered (29% yield).

'H-NMR (300 MHz, CDCJ) & (ppm) : 7.26 (1H, tJ = 8.2 Hz), 6.32 (1H, ddJ =8.1, 1.2 Hz), 6.24
(1H, dd,J = 8.0, 1.2 Hz), 6.26 (3H, bs).

3C-NMR (75,45 MHz, CDGJ) 5 (ppm) : 156.75, 146.95, 137.37, 137.35, 107.96,2D
MS (70 eV) :m/z 154 (M+, 100), 136 (26), 109 (31), 93 (32), 88)(153 (35).

1-(3-Chloropropyl)-4-methylpiperazine

|

)

N

C>
76

To a solution of 1-bromo-3-chloropropane (23.5849.7 mmol, 14.73 mL) in THF (50 mL) was
added dropwis&l-methylpiperazine (30.0 g, 299.5 mmol, 33.26 mL¢y min. The reaction was
stirred overnight at room temperature and theeréd. The organic phase was evaporated under
reduced pressure affording 26.45 g (149.7 mmol)L-¢8-chloropropyl)-4-methylpiperaziné6
(100% vyield).

'H-NMR (300 MHz, CDCJ) & (ppm) : 3.62 (2H, tJ = 6.6 Hz), 2.51 (2H, tJ = 7.1 Hz), 2.48 (8H,
bs), 2.31 (3H, s), 1.97 (2H, qui= 6.7 Hz).

3C-NMR (75,45 MHz, CDGJ) § (ppm) : 55.30, 55.02, 53.10, 45.96, 43.10, 29.78.
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ESI-MS (m/z) [M+H]*: 177.4.

3-(3-(4-Methylpiperazin-1-yl)propoxy)-2-nitroanilin e

\N/\, NO,

K/N\/\/o@/ NH,

77
3-Amino-2-nitrophenol72 (9.735 g, 63.17 mmol) was added to a solution ofHK(3.72 g,
66.33mmol) in ethanol (310 mL). The solution wasited at reflux temperature and then 1-(3-
chloropropyl)-4-methylpiperazin€6 (11.16 g, 63.17 mmol) was added, and the resultiaik
mixture was left to stir at reflux for 18 h. Afteooling to room temperature, water (200 mL) was
added. The acqueous phase was extracted wiHCIgKBx60 mL), the combined organic layers
were dried over MgSgpand the solvent was removed in vacuum. The prodastseparated from
the unreacted starting material by flash cromafagyan gradient of polarity (first eluent: acetone.
Second eluent methanol and triethylamine 95:5).hdnged 3-amino-2-nitrophen@k (1.816 Q)
was recovered with the first eluent, and 3-(3-(4hyikpiperazin-1-yl)propoxy)-2-nitroaniling7
(12.914 g, 43.87 mmol) was recovered using the rskosluent (85,4% vyield calculated on
converted reagent)

'H-NMR (300 MHz, CDC}) & (ppm) : 7.08 (1H, tJ = 8.3 Hz), 6.30 (1H, d] = 8.3 Hz), 6.24 (1H,
d,J =8.2 Hz), 4.99 (2H, s), 4.02 (2H,1,= 6.2 Hz), 2.48 (2H, t) = 7.2 Hz), 2.41 (bs, 8H), 2.24
(3H, s), 1.91 (2H, qui] = 6.9 Hz).

13C-NMR (75,45 MHz, CDGJ) 5 (ppm) : 153.85, 143.02, 132.86 (2C), 109.31, 1D165.43,
54.99, 54.60, 53.00, 45.90, 26.26.

ESI-MS /2 [M+H]* : 295.4.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitroquinoline

\Nﬁ NO,

O
=
81

3-(3-(4-Methylpiperazin-1-yl)propoxy)-2-nitroaniki/7 (5.7, 19.36 mmol) and arsenic acid (5.495
g, 38.72 mmol, 2.7 mL) were dissolved in 85% phasjghacid (3.0 mL) at 50°C. Acrolein (1.627
g, 2.904 mmol, 48.21L) was added and the mixture was heated at 50°®@@amnin. The mixture
was then put in water (70 mL), basified with 25% /0 until pH 13, and the acqueous phase was
extracted with CHCl, (3x30 mL). Combined organic layers were dried dMgSQ, and evaporated
under reduced pressure. The residue solid wasttherated with ethyl acetate (10 mL) and the
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resulting insoluble solid was filtered off and wadhwith ethyl acetate. Mother liquor was
evaporated under reduced pressure to obtain 44183F-(3-(4-methylpiperazin-1-yl)propoxy)-8-
nitroquinoline81 (74.7 % yield).

'H-NMR (300 MHz, CDC}) & (ppm): 8.92 (dd, 1H)= 4.3, 1.5 Hz), 8.13 (dd, 1H,= 8.3, 1.5 Hz),
7.91 (d, 1HJ = 9.2 Hz), 7.42 (d, 1HJ) = 9.2 Hz), 7.37 (dd, 1H] = 8.3, 4.3 Hz), 4.31 (t, 2H) =
6.2 Hz), 2.51 (t, 2HJ = 7.0 Hz), 2.45 (bs, 8H), 2.27 (s, 3H), 1.97 (“quiiteH, “J” = 6.5 Hz).

13C-NMR (75,45 MHz, CDG)) & (ppm): 152.84, 152.83, 150.16, 135.73, 130.55,842120.56,
114.91, 114.89, 68.38, 55.08 (2C), 54.20, 53.09,(26.00, 45.97, 26.44.

ESI-MS (/2 [M+H]*: 331.5.

a-Bromoacrolein

L

82
Method A:
Acrolein (15,0 g, 267.7 mmol, 17.76 mL (95% solajowas suspended in water (135 mL) at 0°C.
Bromine (44.90 g, 281.0 mmol, 14.40 mL) was addexpwise over 2h30'. After 30 minutes of
additional stirring, a saturated solution of ;8#3; (34 mL) was added and the solution was
vigorously stirred for 10 min. The reaction mixtwas steam distilled at atmospheric pressure and
the organic layer afforded 16.98 g (125.8 mmoly-tromoacroleirB2 (47% vyield).

Method B:

Acrolein (1,0 g, 17.8 mmol, 1.18 mL (95% solutiomas dissolved in C¥Cl, (35 mL) at 0°C.
Bromine (2.99 g, 18.7 mmol, 0.96 mL) was added wise over 5 min. A saturated solution of
NaS,05 (35 mL) was added and the resulting solution wiaed for 10 min at room temperature.
The mixture was extracted with GEl, (2x15 mL) and dried over MgSGand evaporated under
reduced pressure (above 150 torr and at a tempefaglow 30°C). The resulting intermediate was
then dissolved in ether (40 mL) and triethylamihéQ g, 15.7 mmol, 2.2 mL) was added dropwise
over 5 min. The precipitate was filtered off an@ thrganic phase was evaporated under reduced
pressure (above 150 torr and at a temperature ba@5@) affording 1.55 g (11.5 mmol) of
bromoacroleirB2(67% yield).

2,3-dibromopropanal:
O

Br\ﬁl

Br
IH-NMR (300 MHz, CDC4) & (ppm): 9.40 (1H, dJ = 2.8 Hz), 4.55 (1H, ddd] = 10.2, 4.7, 2.8
Hz), 3.90 (1H, tJ =10.4 Hz), 3.75 (1H, dd] = 10.5, 4.7 Hz).
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3C-NMR (75,45 MHz, CDGJ) 5 (ppm) : 188.99, 48.84, 26.79.
MS (70 eV) (m/z) 217 (M, 3), 188 (M-CHO, 3), 106 (M-CHO-Br, 100).

o-bromoacrolein:
'H-NMR (300 MHz, CDC)) & (ppm): 9.26 (1H, s), 6.91 (1H, d,= 2.2 Hz), 6.89 (1H, d]) = 2.2
Hz).

3C-NMR (75,45 MHz, CDGJ) § (ppm): 186.0, 136.9, 132.8.

MS (70 eV):m/z 136 (M+, 100), 134 (M+, 100), 108 (18), 107 (2406 (21), 105 (24), 55 (10), 54
(22).

2,2,3-Tribromopropanal

0]
Br. |
Br

Br

83
Bromine (1.184 g, 7.41 mmol) was added dropwis@°@tto a stirred solution af-bromoacrolein
82 (1.000 g, 7.41 mmol) in diethyl ether (20 mL). Aftbe addition the solution was left to stir at
0°C for 30 minutes, then a saturated solution of¥3; (30 mL) was added. The acqueous phase
was extracted with diethyl ether (3x30 mL) and tdwmmbined organic layers were dried over
MgSO,. The solvent was evaporated under reduced pressurgive 2.184 g of 2,2,3-
tribromopropana83 (99.9% yield).

'H-NMR (300 MHz, CDC}) & (ppm): 9.15 (s, 1H), 4.23 (s, 1H).

3C-NMR (75,45 MHz, CDGJ) § (ppm): 182.47, 63.89, 36.89.

MS(70 eV)(m/z) 295.6 [M](3), 186.7 (100), 135 (3), 107 (32), 80 (6), 4. (7
3,6-Dibromo-8-nitroquinolin-7-ol

NO,
HO N

N

Br = Br

84
3-Amino-2-nitrophenol 72(261 mg, 1.696 mmol) was added under stirring t@,32,
triboromopropanal (0.5 g, 1.696 mmol). The resultghgrry was heated at 100°C for 30 minutes.
Acetic acid (5 mL) was added and the resulting sasjpn was heated at 110°C for 16 h. After
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cooling to r.t.,, a saturated solution of NaH{@Was added until the evolution of gas ceased. The
acqueous phase was extracted with,Clk(3x20 mL) and the combined orgainic layers weredir
over MgSQ. The solvent was evaporated under reduced pressigige 84 mg of 3,6-dibromo-8-
nitroquinolin-7-0l84 (14% yield).

'H-NMR (300 MHz, CDC}) & (ppm) : 8.96 (d, 1H] = 2.2 Hz), 8.68 (d, 1HJ = 2.2 Hz), 8.50 (s,
1H).

ESI-MS (/2 [M-H] : 346.8-348.6-344.5.

3-Bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-niroquinoline

\N/\ NO,

Y,
Z Br

86
3-[3-(4-Methylpiperazin-1-yl)propoxy]-2-nitroanile 77 (313 mg, 1.06 mmol) and arsenic acid
(300 mg, 2.12 mmol, 0.15 mL) were dissolved in 8p¥osphoric acid (3 mL) at 50°G-
bromoacroleir82 (138 mg, 1.020 mmol) was added and the mixtureheased at 50°C for 90 min.
The mixture was then put in water (70 mL), basifieilh 25% NHOH until pH 13, and the
acqueous phase was extracted with,Clk (3x30 mL). Combined organic phases were dried over
MgSQ, and evaporated under reduced pressure. The resalidewas then triturated with ethyl
acetate (10 mL) and the resulting insoluble solas$ filtered off and washed with AcOEt. Mother
liquor was evaporated and the residue was recizsthfrom ethyl acetate to afford 214 mg of 3-
bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitqainoline 86 as pale yellow crystals (49%
yield).

'H-NMR (300 MHz, CDC4) & (ppm): 8.91 (d, 1H,J = 2.1 Hz), 8.30 (d,1HJ = 2.1 Hz), 7.83
(d,1H,J = 9.23 Hz), 7.46 (d,1H] = 9.2 Hz), 4.32 (t, 2H) = 6.2 Hz), 2.52 (t, 2HJ = 6.9 Hz), 2.50
(bs, 8H), 2.29 (s, 3H), 2.00 (“quintet’, 2K = 6.5 Hz).

13C-NMR (75,45 MHz, CDG)) & (ppm): 153.82, 150.35, 138.63, 138.60, 136.94,655129.63,
123.53, 116.49, 116.10, 68.48, 67.75, 54.90 (2€)& 52.81 (2C), 52.71, 45.78, 26.33.

ESI-MS /2 [M+H]": 409.3-411.3.
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3-(2-Methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)popoxy)-8-nitroquinoline

NO,

~
N
k/)\l\/\/o N\
P9
8¢
87

A mixture of 3-bromo-7-(3-(4-methylpiperazin-1-yljjpoxy)-8-nitroquinoline86 (13 mg, 0.031
mmol), 2-methoxyphenylboronic acid (5 mg, 0.033 MmEd(OAc) (1.05 mg, 0.004 mmol),
NaCOs; (0.016 mL of a 2M solution) and water (0.15 mL)saA@eathed at 150°C for 90 min. The
mixture was then cooled to r.t., water (10 mL) \mddged and the acqueous layer was extracted with
CHCl, (3x10 mL). The combined organic layers were doedr MgSQ, filtered and concentrated

in vacuum, to give 11 mg (0.025 mmol) of 3-(2-metywhenyl)-7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinoline87 (80% yield).

'H-NMR (300 MHz, CDCY) & (ppm): 9.14 (d, 1HJ = 2.1 Hz), 8.23 (d, 1H] = 2.1 Hz), 7.93 (d,
1H,J = 9.2 Hz), 7.43 (d, 1H] = 9.1 Hz), 7.41 (m, 1H), 7.39 (m, 1H), 7.10 (td, Dk 7.4, 1.2 Hz),
7.10 (dd, 1HJ = 7.7, 1.0 Hz), 4.33 (t, 2H} = 6.2 Hz), 3.83 (s, 3H), 2.56 (t, 2BI= 7.1 Hz), 2.53
(bs, 8H), 2.32 (s, 3H), 2.03 (“quintet”, 2" = 6.7 Hz).

ESI-MS (/2 [M+H]* : 437.0.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-8-nitro-3-phenylquinoline

>N NO
Q"\/\/O 2 AN
=

88

A mixture of 3-bromo-7-(3-(4-methylpiperazin-1-ytipoxy)-8-nitroquinoline86(50 mg, 0.122
mmol), phenylboronic acid (15.2 mg, 0.125 mmol)(®Ac), (3.5 mg, 0.0157 mmol), N&O;
(0.06 mL of a 2M solution) and water (0.6 mL) wasathed at 150°C for 90 min. The mixture was
then cooled to r.t., water (15 mL) was added amdatqueous layer was extracted with,Chl
(3x10 mL). The combined organic layers were dri#groMgSQ, filtered and concentrated in
vacuum, to give 26 mg (0.064 mmol) of 7-(3-(4-mdpiperazin-1-yl)propoxy)-8-nitro-3-
phenylquinoline88 (52% yield).

'H-NMR (300 MHz, CDCY) § (ppm): 9.20 (d,1HJ = 1.8 Hz), 8.28 (d,1H) = 1.8 Hz), 7.96 (d,1H,
J=9.2 Hz), 7.66 (d, 2H) = 7.1 Hz), 7.53 (t, 1H) = 7.1 Hz), 7.45 (d,1H) = 9.2 Hz), 7,56-7,35
(m, 2H), 4.33 (t, 2HJ = 6.0 Hz), 2.55 (t, 2HJ = 6.5 Hz), 2.53 (bs, 8H), 2.31 (s, 3H), 2.02 (qui,
2H,J = 5.7 Hz).
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ESI-MS (/2 [M+H]": 407.5.
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitro-3-(8-quinolyl)quinoline

>N

A mixture of 3-bromo-7-(3-(4-methylpiperazin-1-yiijpoxy)-8-nitroquinoline86 (100 mg, 0.244
mmol), 8-quinolineboronic acid (43.1 mg, 0.249 mmBid(OAc) (7.0 mg, 0.0314 mmol), N&O;
(0.12mL of a 2M solution) and water (1.5 mL) wasthed at 150°C for 2h. The mixture was then
cooled to r.t.,, water (15 mL) was added and thaieags layer was extracted with &3, (3x10
mL). The combined organic layers were dried ovelSKag filtered and concentrated in vacuum, to
give 89 mg (0.194 mmol) of 7-(3-(4-methylpiperaiiy)propoxy)-8-nitro-3-(8-quinolyl)quinoline
89(79.7% vyield).

'H-NMR (300 MHz, CDC4) & (ppm): 9.32 (d, 1HJ = 2.1 Hz), 8.92 (dd, 1H] = 4.3, 1.8 Hz), 8.48
(d, 1H,J = 2.1 Hz), 8.25 (dd, 1H] = 8.3, 1.8 Hz), 7.98 (d, 1H,= 9.2 Hz), 7.93 (dd, 1H] = 8.1,
1.2 Hz), 7.81 (t, 1HJ = 7.2 Hz), 7.67 (t, 1H) = 8.4 Hz), 7.47 (dd, 1H] = 8.4, 4.2 Hz), 7.45 (d,
1H,J = 9.2 Hz), 4.34 (t, 2H] = 6.2 Hz), 2.57 (t, 2H] = 7.0 Hz), 2.54 (bs, 8H), 2.33 (s, 3H), 2.03
(“quintet”, 2H,“J" = 6.8 Hz)

3C-NMR (75,45 MHz, CDGJ)) & (ppm): 155.30, 153.82, 150.58, 150.05, 139.44,936136.39,
136.36, 132.26, 131.63, 130.85, 130.43, 129.63,7628126.47, 122.70, 121.57, 114.84, 68.40,
54.89 (2C), 54.21, 52.73 (2C), 45.75, 26.41.

ESI-MS (m/z)[M+H] " : 457.3.

3-Butyl-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline
>N NO,
(N~ 0 Ny
=

90
3-Bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-mguinoline 86 (30 mg, 0.0733 mmol)n-
butilboronic acid (12.3 mg, 0.121 mmol), potassiyhosphate (31.1 mg, 0.145 mmol),
bis(triphenylphosphine) palladium(ll) dichloride.§1mg, 0.0021 mmol) and THF (1 mL) was
placed in a sealed tube for three days. After ogaio room temperature, water (20 mL) was added
and the acqueous phase was extracted witfCGH3x20 mL). The combined organic layers were
washed with acid water (pH<3) and extracted witktldil ether (3x20 mL). The acqueous phase

was then basified to pH>10 and extracted with,Clk (3x20 mL), the combined organic layers
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were dried over MgS£and the solvent evaporated in vacuum. The residigetriturated with ethyl
acetate and filtered. Mother liquors were evapaoratevacuum to give 12 mg (0.031 mmol) of 3-
butyl-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nigainoline90 (42.3% yield).

'H-NMR (300 MHz, CDC}) § (ppm): 8.80 (d, 1HJ = 2.0 Hz), 7.88 (d, 1HJ = 1.8 Hz), 7.83 (d,
1H, 9.1 Hz), 7.39 (d, 1H] = 9.2 Hz), 4.30 (t, 2HJ = 6.4 Hz), 2.78 (t, 2HJ = 7.6 Hz), 2.52 (t, 2H,
J = 7.0 Hz), 2.50 (bs, 8H), 2.29 (s, 3H), 2.00 (quin®, J = 6.7 Hz), 1.67 (“quintet”, 2H:J" =
7.7 Hz), 1.39 (ses, 2H,= 7.6 Hz), 0.95 (t, 3HJ = 7.3 Hz).

ESI-MS (m/z)[M+H] " : 387.3.

3-Methyl-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoline
\N/\ NO,

K/N\/\/O N\

=

91
3-Bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8mtjuinoline 86 (50 mg, 0.122 mmol),
methylboronic acid (11.7 mg, 0.1952 mmol), potassiphosphate (51.0 mg, 0.240 mmol),
bis(triphenylphosphine) palladium(ll) dichloride.42mg, 0.0034 mmol) and THF (0.43 mL) was
placed in a sealed tube for 6 days. After coolimgadom temperature, diluted HCI (20 mL) was
added (pH<3) and the acqueous phase was extradtedliethyl ether (3x20 mL). The acqueous
phase was then basified to pH>10 and extracted GibCl, (3x20 mL), the combined organic
layers were dried over MgS@nd the solvent evaporated in vacuum. The resihge triturated
with ethyl acetate and filtered. Mother liquor wereaporated in vacuum to give 24 mg (0.0697
mmol) of 3-methyl-7-(3-(4-methylpiperazin-1-yl)prayy)-8-nitroquinolined1 (57.1% vyield).

'H-NMR (300 MHz, CDC4) & (ppm): 8.78 (d, 1HJ = 1.9 Hz), 7.89 (d, 1HJ = 1.9 Hz), 7.81 (d,
1H, 9.2 Hz), 7.38 (d, 1H] = 9.2 Hz), 4.29 (1, 2HJ = 6.3 Hz), 2.51 (t, 2HJ = 7.1 Hz), 2.50 (s,
3H), 2.45 (bs, 8H), 2.28 (s, 3H), 1.99 (“quinte?H, “J” = 6.6 Hz).

3C-NMR (75,45 MHz, CDG) & (ppm) : 154.73, 153.70, 138.73, 136.92, 134.30,1R 129.78,
122.79, 114.91, 68.34, 55.03 (2C), 54.20, 53.00,(26.94, 26.44, 18.55.

ESI-MS Mm/z)[M+H]": 345.3.
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7-(3-(4-Methylpiperazin-1-yl)propoxy)-3-neopentyl-8nitroquinoline
\N/ﬁ NO,

LN ~_O© Ny

=

92
3-Bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8-mtjuinoline 86 (30 mg, 0.0733 mmol),
neopentylboronic acid (11.1 mg, 0.0953 mmol), psitae phosphate (54.5 mg, 0.257 mmol),
palladium acetate (0.8 mg, 0.00367 mmol), dicyckyt@',6'-dimethoxybiphenyl-2-yl)phosphine
(3 mg, 0.00733 mmol), toluene (0.33 mL) and wald¥ |{L), were placed in a sealed tube under
argon atmosphere for 17 hours. After cooling tomaemperature, water (20 mL) was added and
the acqueous phase was extracted with@H3x20 mL). The combined organic layers were dried
over MgSQ and the solvent evaporated in vacuum. The resichgetriturated with ethyl acetate
and filtered. Mother liquor were evaporated in waouto give 21 mg (0.0524 mmol) of 3-
neopentyl-7-(3-(4-methylpiperazin-1-yl)propoxy)-8raquinoline92 (71.5% vyield).

'H-NMR (300 MHz, CDC4) & (ppm) : 8.73 (d, 1HJ = 1.8 Hz), 7.85 (d, 1HJ = 1.5 Hz), 7.84 (d,
1H, 9.0 Hz), 7.40 (d, 1H] = 9.2 Hz), 4.30 (t, 2HJ = 6.0 Hz), 2.64 (s, 2H), 2.51 (t, 2H,= 7.0
Hz), 2.47 (bs, 8H), 2.27 (s, 3H), 1.99 (“quinteH,“J” = 6.6 Hz), 0.94 (s, 9H).

13C-NMR (75,45 MHz, CDG)) & (ppm): 155.55, 152.82, 139.00, 135.72, 132.18, (B0122.61,
120.55, 114.85, 68.40, 55.06 (2C) 55.06, 54.205&C), 47.11, 32.09, 29.11 (3C), 26.46.

ESI-MS (n/z)[M+H] *: 401.5.

3-Isobutyl-7-(3-(4-methylpiperazin-1-yl)propoxy)-8hitroquinoline

>N NO
@\/\/O 2 N\
=

93
3-Bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)-8+matjuinoline 86 (30 mg, 0.0733 mmol),
isobutylboronic acid (14.9 mg, 0.1466 mmol), potass phosphate (31.2 mg, 0.1466 mmol),
palladium tetrakis triphenylphosphine (2.6 mg, @®dnmol) and THF (0.30 mL) were placed in a
sealed tube for 7 days. After cooling to room terapee, diluted HCI (20 mL) was added (pH<3)
and the acqueous phase was extracted with dietigt €3x20 mL). The acqueous phase was then
basified to pH>10 and extracted with &H, (3x20 mL), the combined organic layers were dried
over MgSQ and the solvent evaporated in vacuum. The resichgetriturated with ethyl acetate
and filtered. Mother liquor were evaporated in waouo give 14 mg (0.0362 mmol) of 3-isobutyl-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimoé 93 (49.5% vyield).
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'H-NMR (300 MHz, CDC}) & (ppm): 8.76 (d, 1HJ = 2.0 Hz), 7.86 (d, 1H) = 2.5 Hz), 7.84 (d,
1H, 9.5 Hz), 7.39 (d, 1H] = 9.2 Hz), 4.30 (t, 2HJ = 6.3 Hz), 2.64 (d, 2H) = 7.1 Hz), 2.53 (t,
2H,J = 7.0 Hz), 2.50 (8H, bs), 2.28 (s, 3H), 2.00 (“quiiteH, “J” = 6.6 Hz), 1.93 (nonet, 1H),
= 7.1 Hz), 0.94 (d, 6H) = 6.7 Hz).

ESI-MS (m/z) [M+H]": 387.3.

(E)-1,1,1-trichloro-4-ethoxybut-3-en-2-one

0
C|3C)J\l J
@)
94

A solution of freshly distilled ethoxyethene (4.§666 mmol) in dry pyridine (4.85 mL) was slowly
added dropwise to 2,2,2-trichloroacetyl chlorid®.91l g, 6.73 mL, 60 mmol) at -10°C . After the
addition the mixture was left to stir at r.t. fH. The precipitate was filtered off and washecdwit
diethyl ether (50 mL). The solvent was removed uneeuced pressure to give 11.81 g BJ-(
1,1,1-trichloro-4-ethoxybut-3-en-2-019d (90.5% vyield).

'H-NMR (400 MHz, CDC}) & (ppm): 7.86 (d, 1HJ) = 12.1 Hz), 6.16 (d, 1H] = 12.1 Hz), 4.10
(q, 2H,J = 7.1 Hz), 1.40 (t, 3H) = 7.1 Hz).

13C-NMR (100 MHz, CDCJ) 5 (ppm): 181.18, 167.49, 96.77, 92.22, 68.72, 14.45.

MS (70eV)(m/z) 219.0 [M] (26), 217.0 [M] (28), 155.0 (58), 153.0 (67), 127.0 (44), 12%0)(
119.0 (50), 117.0 (52), 99.0 (100).

(E)-3-bromo-1,1,1-trichloro-4-ethoxybut-3-en-2-one

0]

C|3c:)j/ Br

EtO

95
A solution of Bp (16.18 g, 5.19 mL, 104.5 mmol) in CQ|18.4 mL) was added over 1 h to a
solution of €)-1,1,1-trichloro-4-ethoxybut-3-en-2-or@# (22.07 g, 101.48 mmol) in C£l27.6
mL) at -30°C. After heating the solution to 0°C, #hEB.22 mL) was added and the mixture was left
to stir at r.t. for 30 minutes. Diethyl ether (5@ )nwvas added and the precipitate was filtered nif a
washed with BO (50 mL). The solvent was evaporated under redpcesisure to give 30.07 g of
(E)-3-bromo-1,1,1-trichloro-4-ethoxybut-3-en-2-0®%(99.9% yield).
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'H-NMR (400 MHz, CDC}) & (ppm): 8.38 (s, 1H), 4.36 (g, 2H,= 7.1 Hz), 1.47 (t, 3H) = 7.1
Hz).

3C-NMR (100 MHz, CDCJ) & (ppm): 175.75, 171.42, 164.07, 95.17, 72.77, 15.45

Ethyl 2-bromo-3,3-diethoxypropanoate

0

/\O)inBr
J U
96
Sodium (4.667 g, 202.92 mmol) was dissolved inethanol (80 mL)under argon atmosphere, and
the solution was added dropwise at 0°C under aagimosphere to a solution d&)¢3-bromo-1,1,1-
trichloro-4-ethoxybut-3-en-2-ong6 (30.07 g, 101.46 mmol) in dry ethanol (29 mL). Trhexture

was left to stir at r.t for 18 h. The solvent wasmmgorated to give 13.7 g of ethyl 2-bromo-3,3-
diethoxypropanoat@6 (50.1% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 4.86 (d, 1HJ = 8.3 Hz), 4.23 (q, 2HJ = 7.4 Hz), 4.21 (d,
1H,J = 8.6 Hz), 3.68 (m, 4H), 1.29 (t, 3d,= 7.1 Hz), 1.25 (t, 3H) =7.1 Hz), 1.16 (t, 3H) = 7.0
Hz).

3C-NMR (100 MHz, CDGJ) & (ppm): 167.79, 101.90, 64.10, 62.74, 61.93, 4419910, 15.08,
13.90.

MS (70 eV)(m/z) 225.1 [M" -C,HsO](64), 223.1[M -C,Hs0](66), 197.0 (62), 195.0 (63), 169.0
(58), 166.9 (63), 151.0 (39), 149.0 (35), 125.0)(424.0 (37), 123.0 (44), 122.0 (54), 103.1 (100),
75.0 (88).

Ethyl 2-bromo-3-ethoxyacrylate

)

Eto)j/Br

EtO

97
Phosphorous penthoxyde (1.7 g, 12 mmol) was adde@ tolution of ethyl 2-bromo-3,3-
diethoxypropanoat®6 (860 mg, 2.90 mmol) in Cil, (6 mL). The mixture was refluxed for 4
hours. Water (20 mL) was added and the acqueolsephas extracted with GBI, (3x20 mL) and
the combined organic layers were dried over MgSIhe solvent was removed under reduced
pressure to give 642 mg of ethyl 2-bromo-3-ethorylate 97 (99.2% vyield).
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'H-NMR (400 MHz, CDC}) & (ppm):7.83 (s, 1H), 4.24 (q, 2H,= 7.1 Hz), 4.20 (g, 2H) = 7.1
Hz), 1.40 (t, 3HJ = 7.1 Hz), 1.31 (t, 3H] = 7.1 Hz).

13C-NMR (100 MHz, CDCJ) 6 (ppm): 163.62, 158.08, 91.87, 71.28, 61.62, 1513L7.

MS (70 eV)(m/z) 224.1 [M](79), 222.1 [M](80), 196.1 (62), 194.1 (68), 179.1 (65), 177.0)(6
168.0 (86), 166.0 (95), 150.1 (86), 148.0 (100B.1G85), 75.1 (77), 47.1 (84).

2,2-Dimethyl-5-((3-(3-(4-methylpiperazin-1-yl)propxy)-2-nitrophenylamino)methylene)-1,3-
dioxane-4,6-dione

~N NO o} o\é
K/)\l\/\/o 2H\iﬂ/0
o)
98

A solution of Meldrum’s acid (709.8 mg, 4.925 mmil)trimethoxymethane (4,49 g, 42,29 mmol,
4,6 mL) is heated at 100°C under argon atmosphere2f h. 3-(3-(4-Methylpiperazin-1-
yl)propoxy)-2-nitroaniline77 (1.0g, 3.397 mmol) is added and the resulting meéxtis heated at
100°C for further 2 h. Solvent is removed in vacutargive 1,08 g of 2,2-dimethyl-5-((3-(3-(4-
methylpiperazin-1-yl)propoxy)-2-nitrophenylamino)tn@ene)-1,3-dioxane-4,6-dione98 (70%
yield).

'H-NMR (400 MHz, CDCJ) 5 (ppm): 8.54 (s, 1H), 7.51 (t, 1H,= 8.4 Hz), 7.01 (d, 1HJ = 8.0
Hz), 6.97 (d, 1H,) = 8.6 Hz), 4.18 (t, 2HJ = 6.1 Hz), 2.58 (bs, 8H), 2.56 (t, 2B1= 7.0 Hz), 2.37
(s, 3H), 1.99 (qui, 2H] = 6.6 Hz), 1.74 (s, 6H).

ESI-MS m/z)[M+H] " : 449.3
3-Bromo-7-chloro-4-methoxy-8-nitroquinoline

NO,
Cl N

N

Br
_0O

99
To a soloution of 7-chloro-4-methoxy-8-nitroquinail2 (200 mg, 0.838 mmol) at 110°C, NBS
was added, and the mixture was brought to reflux laft to stir for 4 h without further heating.
Water (40 mL) was added, and the acqueous phaseemtaacted with CECl; (3x30 mL).
Combined organic layers were washed with water @3x®.) and brine (30 mL) and dried over
MgSQO.. An attempt of crystalization of the residue in ®¢ gave white crystals of 3-bromo-4,7-
dimethoxy-8-nitroquinolinel01 because 4,7-dimethoxy-8-nitroquinolifi was present in the
starting material as an impurity. Mother liquor veagporated to give 210 mg of 3-bromo-7-chloro-
4-methoxy-8-nitroquinolin®9 (79.8 % yield).
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'H-NMR (400 MHz, CDC}) § (ppm): 8.95 (s, 1H), 8.20 (d, 18,= 9.1 Hz), 7.62 (d, 1H) = 9.1
Hz), 4.19 (s, 3H).

3C-NMR (100 MHz, CDC)) & (ppm): 160.41, 156.59, 146.99, 140.51, 128.00,446124.60,
124.23, 110.06, 62.25.

MS (70 eV)(m/z) 238 [M](94), 316 [M](73), 288 (62), 286 (49), 260 (46), 258 (36), Z300),
228 (79), 191 (70), 161 (58), 151 (57), 150 (72).

3-Bromo-4-methoxy-7-(3-(4-methylpiperazin-1-yl)promxy)-8-nitroquinoline

\N/\ NO,

K/N\/\/O AN
= Br
O-
100

3-(4-Methylpiperazin-1-yl)propan-1-a1(209.3 mg, 1.32 mmol) was added to a solutiotBiOK
(212 mg, 1.89 mmol) in dry THF (2 mL) under argamasphere. After 15 minutes, this solution
was added slowly via syringe, to a solution of 8ro-7-chloro-4-methoxy-8-nitroquinolin@9
(400 mg, 1.26 mmol) in dry THF (2mL) at 0°C. TheacBon mixture was refluxed overnight and
after cooling to r.t. water (30 mL) was added. Bogueous phase was extracted with,ClH(3x20
mL) and the combined organic layers were dried dg8Q,. The solvent was removed in vacuum
and the residue was purified via flash cromathograyper basic alumina. Eluition was done in
gradient of polarity. First eluent used was AcQk&n acetone was employed. 83 mg of 3-bromo-4-
methoxy-7-(3-(4-methylpiperazin-1-yl)propoxy)-8+miguinoline100 was recovered with the latter
eluent (15% vyield).

'H-NMR (400 MHz, CDCJ) 5 (ppm): 8.86 (s, 1H), 8.24 (d, 1H,= 9.4 Hz), 7.38 (d, 1H) = 9.4
Hz), 4.31 (t, 2HJ = 6.3 Hz), 4.05 (s, 3H), 2.62 (t, 2H,= 7.2 Hz), 2.47 (bs, 8H), 2.28 (s, 3H),
2.10 (“quintet”, 2H"J" = 6.8 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 159.70, 156.26, 150.96, 141.00, 136.48,3@5119.94,
113.96, 108.08, 73.38, 57.05, 55.13 (2C), 54.41,5@C), 46.03, 27.45.

3-Bromo-4,7-dimethoxy-8-nitroquinoline

101
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This product has been obtained as a byproduct omimation of 7-chloro-4-methoxy-8-
nitroquinoline12. An attempt of crystalization of the dried orgapltase of product00in MeOH
gave white crystals of 3-bromo-4,7-dimethoxy-8aufninoline 101 because 4,7-dimethoxy-8-
nitroquinoline55was present in the starting material as an impurity

'H-NMR (400 MHz, CDC4) § (ppm): 8.90 (s, 1H), 8.23 (d, 1H,= 9.4 Hz), 7.42 (d, 1H] = 9.4
Hz), 4.16 (s, 3H),4.08 (s, 3H).

13C-NMR (100 MHz, CDCJ) § (ppm): 160.36, 156.32, 151.01, 140.94, 136.45,1¥25119.57,
114.10, 107.53, 62.09, 57.06.

MS (70 eV) (n/z) 314.1 [M] (97), 312.1 [M] (100), 284.1 [M-CHs-CHs] (8857), 282.1 [M-
CHs-CH3] (59), 269.1 (23), 267.1 (30), 256.1 (34), 2540)( 241.1 (28), 239.1 (37), 157.1 (94),
127.1 (57), 114.1 (55).

4,7-Dimethoxy-8-nitro-3-phenethylquinoline

102
3-Bromo-4,7-dimethoxy-8-nitroquinolin01 (71 mg, 0.227 mmol), phenethylboronic acid (44.2
mg, 0.295 mmol), potassium phosphate (168.5 m@40mimol), palladium acetate (2.5 mg, 0.011
mmol), dicyclohexyl(2',6'-dimethoxybiphenyl-2-yl)psphine (9.3 mg, 0.023 mmol), toluene (1
mL) and water (481L), were placed with stirring in a sealed tube unalgon atmosphere for 17
hours. After cooling to room temperature, water (20) was added and the acqueous phase was
extracted with ChICl, (3x20 mL). The combined organic layers were dogdr MgSQ and the
solvent evaporated in vacuum to give 81 mg of 4n7ethoxy-8-nitro-3-phenethylquinoling02
(91.0% vyield).

'H-NMR (CDClk, 400 MHz)3 (ppm): 8.55 (s, 1H), 7.39 (d, 1H,= 9.0 Hz), 7.33-7.19 (m,6H),
4.89 (bs, 2H), 3.99 (s, 3H), 3.92 (s, 3H), 3.06 2M, part of AA'BB’ system), 3.01 (m, 2H, part of
AA’'BB’ system).

MS (70 eV)(m/z) 338.3 [M](15), 247.2 (99), 201.3 (30), 200.2 (24), 91 (100)
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4-(3-(3-Bromo-8-nitro-4-(pyrrolidin-1-yl)quinolin-7 -yloxy)propyl)morpholine

o NO,

(_N_~_0O Ny

/Br

N

U
103

NBS (35.4 mg, 0.199 mmol) was added to a solutiof(3-(8-nitro-4-(pyrrolidin-1-yl)quinolin-7-
yloxy)propyl)morpholines7 (77 mg, 0.199 mmol) in DMF (2 mL) and the mixturasaeft to stir at

r.t for 18 hours. Water (30 mL)was added, the acgsehase was extracted with toluene (3x20
mL) and the combined organic layers were dried aM@SQ,. The solvent was removed in
vacuum, to give 24 mg of 4-(3-(3-bromo-8-nitro-4a(mlidin-1-yl)quinolin-7-
yloxy)propyl)morpholinel03(25.9% yield)

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.79 (s, 1H), 8.18 (d, 18,= 9.4 Hz), 7.32 (d, 1H) = 9.4
Hz), 4.34 (t, 2H,J = 6.0 Hz), 3.79 (t, 4H) = 4.6 Hz), 3.58 (M,4H), 2.67 (t, 2H,= 7.1 Hz), 2.61
(bs, 4H), 2.10 (m, 6H).

13C-NMR (CDCk, 100 MHz) & (ppm): 156.61, 151.88, 149.71, 140.82, 137.08,5®7123.74,
113.84, 112.30, 67.91, 66.16, 54.76, 53.32, 5283,4, 25.52.

ESI-HRMS (/2 [M+H] *: calculated, 465.1127, observed, 465.1127.

4-Chloro-7-(3-(4-methylpiperazin-1-yl)propoxy)quindin-8-amine

\N/\ NH,

k/N\/\/O Ny
=
Cl
104

Tin chloride dihydrate (1.55g, 6.85 mmol) was add&d a solution of 4-chloro-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin8 (0.5 g, 1.37 mmol) in ethanol (10 mL). The
resulting suspension was heated at 70°C for lhatArated solution of NaHCO (25 mL) and
AcOEt (20 mL) were added. The acqueous phase wasaeted with AcOEt (3x30 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, to give 0.40
g of a dark solid of 4-chloro-7-(3-(4-methylpipeirai-yl)propoxy)quinolin-8-aminel04 (87%
yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.59 (d, 1HJ = 4.6 Hz), 7.50 (d, 1H) = 9.1 Hz), 7.33 (d,
1H,J = 4.7 Hz), 7.33 (d, 1H) = 8.9 Hz), 5.13 (s, 2H), 4.20 (t, 28= 6.2 Hz), 2.61 (t, 2H) = 7.2
Hz), 2.49 (bs, 8H), 2.31 (s, 3H), 2.06 (“quinteH, “J” = 7.1 Hz).
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3C-NMR (100 MHz, CDCJ) & (ppm): 147.11, 143.69, 142.42, 138.82, 132.63,1(2119.30,
116.17, 111.31, 67.62, 54.94 (2C), 54.74, 52.76,(26.69, 26.75.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(naphthalen2-yl)quinolin-8-amine

N

K/N\/\/O

105

Tin chloride dihydrate (0.22 g, 0.986 mmol) was editb a solution of 7-(3-(4-methylpiperazin-1-
yl)propoxy)-4-(naphthalen-2-yl)-8-nitroquinolir/ (0.090 g, 0.197 mmol) in ethanol (5 mL). The
resulting suspension was heated at 70°C for lhat@rated solution of NaHCO (25 mL) and
AcOEt (20 mL) were added. The acqueous phase wasaeted with AcOEt (3x30 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, to give
0.070 g of a dark solid of 7-(3-(4-methylpiperaiiy)propoxy)-4-(naphthalen-2-yl)quinolin-8-
aminel05(83% vyield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.81 (d, 1HJ = 4.3 Hz), 7.97 (d, 1HJ = 2.2 Hz), 7.96 (d,
1H.J = 7.8 Hz), 7.92 (m, 2H), 7.62 (dd, 1Bi= 8.5, 1.7 Hz), 7.56 (m, 2H), 7.28 (d, 1Hz= 4.3
Hz), 7.22 (d, 1H,) = 9.3 Hz), 7.20 (d, 1H] = 9.3 Hz), 5.17 (bs, 2H), 4.17 (t, 2Bi= 6.2 Hz), 2.61
(t, 2H,J = 7.1 Hz), 2.49 (bs, 8H), 2.30 (s, 3H), 2.05 (fget’, 2H,“J" = 6.8 Hz).

13C-NMR (100 MHz, CDCJ) 5 (ppm): 148.35, 147.72, 142.70, 138.83, 136.06,2133132.98,
132.59, 128.56, 128.19, 127.99, 127.80, 127.40,6026126.58, 122.78, 120.09, 115.41, 113.63,
67.15, 54.47, 53.53 (2C), 50.36 (2C), 44.10, 26.42.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(8'-quinolinyl)quinoline-8-amine

NH,

~
N
()‘1\/\/0 O AN
=

N\
99
106
Tin chloride dihydrate (0.43 g, 1.9 mmol) was addedr solution of 7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitro-4,8'-biquinolinel8 (0.175 g, 0.38 mmol) in ethanol (3 mL). The resgti

suspension was heated at 70°C for 1h. A saturatetdan of NaHCO (25 mL) and AcOEt (20 mL)
were added. The acqueous phase was exctracted\eiit (3x30 mL) and the combined organic
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layers were dried over MgSOThe solvent was removed in vacuum, to give 0.b4 g dark solid
of 7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(8'-quohinyl)quinoline-8-amine (86% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.86 (d, 1HJ = 4.3 Hz), 8.82 (dd, 1H] = 4.2, 1.8 Hz), 8.25
(dd, 1H,J = 8.3, 1.8 Hz), 7.95 (dd, 1H, = 7.9, 1.9 Hz), 7.69 (dd, 1H, = 7.0, 1.8 Hz), 7.65 (dd,
1H,J = 7.8, 7.1 Hz), 7.42 (dd, 1H,= 8.3, 4.2 Hz), 7.30 (d, 1H, = 4.3 Hz), 7.05 (d, 1H) = 9.1
Hz), 6.67 (d, 1H,) = 9.1 Hz) 5.14 (bs, 2H), 4.11 (t, 28 = 6.2 Hz), 2.59 (t, 2HJ = 7.1 Hz), 2.50
(bs, 8H), 2.29 (s, 3H), 2.01 (“quintet’, 2K’ = 7.1 Hz)

3C-NMR (100 MHz, CDC)) & (ppm): 150.62, 147.34, 146.65, 146.63, 142.73,7R8137.99,
136.18, 132.81, 130.94, 128.48, 128.38, 125.98,0R24121.29, 120.99, 115.91, 113.88, 67.88,
55.10, 55.09 (2C), 53.19 (2C), 46.01, 26.98.

ESI-HRMS /2 [M+H] *: calculated, 428.2444 observed, 428.2461.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-phenylquindin-8-amine
\Nﬁ NH,
K/N\/\/O AN
(L

107

Tin chloride dihydrate (584 mg, 2.59 mmol) was atlttea solution of 7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitro-4-phenylquinolind9 (150 mg, 0.37 mmol) in ethanol (3 mL). The resgtin
suspension was heated at 70°C for 1h. A saturatetdan of NaHCO (25 mL) and AcOEt (20 mL)
were added. The acqueous phase was exctractede@kt (3x30 mL) and the combined organic
layers were dried over MgSQOThe solvent was removed in vacuum, to give 10@fraydark oil of
7-(3-(4-methylpiperazin-1-yl)propoxy)-4-phenylqulime8-aminel07 (71% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.76 (d, 1H) = 4.3 Hz), 7.48 (m, 5H), 7.19 (d, 1H,= 9.3
Hz), 7.167 (d, 1HJ = 9.3 Hz), 7.165 (d, 1H] = 4.3 Hz), 5.14 (bs, 2H), 4.16 (t, 28,= 6.2 Hz),
2.60 (t, 2H,J = 6.9 Hz), 2.49 (bs, 8H), 2.29 (s, 3H), 2.03 (“quiht@H, “J" = 7.0 Hz).

3C-NMR (100 MHz, CDCJ) & (ppm): 148.31, 147.52, 142.90, 138.81, 138.69,.832129.48
(2C), 128.38 (2C), 128.15, 122.64, 119.67, 1151948.28, 67.89, 55.11, 55.08 (2C), 53.17 (2C),
46.01, 26.98.

ESI-MS /2 [M+H]*: 377.3.
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4-(3,4-Dimethoxyphenyl)-7-(3-(4-methylpiperazin-1-fpropoxy)quinolin-8-amine

\N/\ NH,

k/N\/\/O N\
L
¥
O
108

Tin chloride dihydrate (0.70 g, 3.05 mmol) was atitte a solution of 4-(3,4-dimethoxyphenyl)-7-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquino&r20 (0.205 g, 0.44 mmol) in ethanol (4 mL).
The resulting suspension was heated at 70°C foAIdaturated solution of NaHCO (25 mL) and
AcOEt (20 mL) were added. The acqueous phase wasaeted with AcOEt (3x30 mL) and the
combined organic layers were dried over MgSihe solvent was removed in vacuum, to give 0.12
g of a dark solid of 4-(3,4-dimethoxyphenyl)-7{@methylpiperazin-1-yl)propoxy)quinolin-8-
aminel08(62% vyield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.74 (d, 1HJ = 4.3 Hz), 7.24 (d, 1HJ = 9.1 Hz), 7.19 (d,
1H,J = 9.2 Hz), 7.16 (d, 1HJ = 4.3 Hz), 7.05 (dd, 1H] = 8.1, 1.6 Hz), 7.01 (d, 1H, = 1.7 Hz),
6.98 (d, 1H,J = 8.2 Hz),5.13 (bs, 2H), 4.16 (t, 2H,= 6.2 Hz), 3.95 (s, 3H), 3.89 (s,3H), 2.60 (t,
2H,J = 7.2 Hz), 2.48 (bs, 8H), 2.28 (s, 3H), 2.03 (“quiiteH, “J” = 6.9 Hz)

3C-NMR (100 MHz, CDGC)) & (ppm): 148.99, 148.68, 148.03, 147.47, 142.74,7R8132.72,
131.21, 122.69, 121.90, 119.55, 115.78, 113.19,661210.96, 67.78, 55.94, 55.92, 55.05, 55.01
(2C), 53.11 (2C), 45.96, 26.89

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(naphthalen1-yl)quinolin-8-amine

NH,

~
N
()‘1\/\/0 O AN
=

109

Palladium (5%) on activated carbon (10.5 mg) wadeddto a stirred solution of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-4-(naphthalen-1-ybhaBroquinoline 21 (99 mg, 0,219 mmol) in
methanol (7 mL). An hydrogen atmosphere was createle reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum to give 55 mg of 7-(3-(4-methylpiperaziyl)propoxy)-4-(naphthalen-1-yl)quinolin-8-
aminel09as a yellow oil (yield 60%).
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'H-NMR (400 MHz, CDC}) & (ppm): 8.83 (d, 1HJ = 4.3 Hz), 7.95 (d, 1HJ = 9.1 Hz), 7.92 (d,
1H,J = 8.7 Hz), 7.56 (dd, 1H] = 8.1, 7.1 Hz), 7.47 (ddd, 1K,= 8.0, 6.7, 1.2 Hz), 7.43 (dd, 18,
= 7.0, 1.0 Hz), 7.36 (d, 1H} = 8.2 Hz), 7.29 (ddd, 1H] = 8.1, 7.0, 1.2 Hz), 7.25 (d, 1H,= 4.3
Hz), 7.04 (d, 1HJ = 9.1 Hz), 6.68 (d, 1H) = 9.0 Hz), 5.16 (bs, 2H), 4.11 (t, 2B = 6.1 Hz), 2.60
(t, 2H,J = 7.2 Hz), 2.52 (bs, 8H), 2.32 (s, 3H), 2.02 (“quiteH, “J" = 6.7 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 147.50, 147.06, 142.91, 138.58, 136.28,4B3132.64,
131.91, 128.46, 128.18, 127.15, 126.22, 126.07,0026125.20, 123.91, 120.82, 115.85, 113.88,
67.72, 55.01, 54.90 (2C), 52.88 (2C), 45.79, 26.88.

4-(2,3-Dimethoxyphenyl)-7-(3-(4-methylpiperazin-1-fpropoxy)quinolin-8-amine

NH,

L_N_~_O N
(L

O\

L,

Palladium (5%) on activated carbon (9.3 mg) wasedddo a stirred solution of 4-(2,3-
dimethoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)progg-8-nitroquinoline 22 (60 mg , 0.129
mmol) in methanol (2 mL). An hydrogen atmosphere weeated in the reaction flask, and after
stirring for 24 hours at room temperature, the omgtwas filtered over celite, and then the solvent
evaporated in vacuum. The residue was filtered siiga with ethyl acetate, and then purified by
flash chromatography on basic alumina (eluent AgOEhe fractions containing the desired
product were recristalyzed with hexane (1 mL) teegh5 mg of 4-(2,3-dimethoxyphenyl)-7-(3-(4-
methylpiperazin-1-yl)propoxy)quinolin-8-amirid0as a yellow solid (98% vyield).

110

'H-NMR (400 MHz, CDC}) & (ppm): 8.77 (d, 1HJ = 4.3 Hz), 7.19 (d, 1H) = 4.3 Hz), 7.15 (d,
1H,J = 9.1 Hz), 7.149 (d, 1H] = 7.9 Hz), 7.02 (dd, 1H] = 8.2, 1.4 Hz), 6.94 (d, 1H,= 9.0 Hz),
6.85 (dd, 1H,) = 7.7, 1.4 Hz), 5.12 (bs, 2H), 4.14 (t, 2H 6.2 Hz), 3.94 (s, 3H), 3.46 (s,3H), 2.60
(t, 2H,J = 7.2 Hz), 2.48 (bs, 8H), 2.29 (s, 3H), 2.03 (“quiteH, “J" = 6.9 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 150.85, 150.81, 147.92, 147.27, 142.84,7B2132.57,

123.93, 123.74, 123.27, 122.95, 120.18, 115.89,721312.34, 67.84, 60.97, 55.89, 55.10 (2C),
55.10, 53.19(2C), 46.00, 26.98.
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4-(2-Methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)popoxy)quinolin-8-amine

NH,

L_N_~_o0 O N
=

98
111

Palladium (5%) on activated carbon (9.3 mg) wasedddo a stirred solution of 4-(2-
methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)prop®8-nitroquinoline23 (90 mg, 0,206 mmol)

in methanol (7 mL). An hydrogen atmosphere wasteckm the reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum. The residue was dissolved in ethyl aeetlltered, and then purified with flash
chromatography on basic alumina (eluent AcOEtCIH 4:6) to give 70 mg of 4-(2-
methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)propggyinolin-8-aminelll as a yellow oil (84%
yield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.77 (d, 1H) = 4.3 Hz), 7.44 (ddd, 1H] = 9.2, 7.4, 1.8
Hz), 7.23 (dd, 1HJ = 7.5, 1.8 Hz), 7.17 (d, 1K, = 4.3 Hz), 7.14 (d, 1HJ = 9.1 Hz), 7.07 (dt, 1H,
J=7.4,0.9 Hz), 7.04 (dd, 1H,= 8.2, 0.9 Hz), 6.88 (d, 1H, = 9.1 Hz), 5.11 (bs, 2H), 4.14 (t, 2H,
J = 6.2 Hz), 3.70 (s, 3H), 2.60 (t, 2H,= 7.2 Hz), 2.50 (bs, 8H), 2.29 (s, 3H), 2.03 (“quiteH,
“J"= 6.6 Hz).

3C-NMR (100 MHz, CDGCJ) & (ppm): 156.78, 147.44, 145.50, 142.74, 138.63,6132131.18,
129.63, 127.42, 123.35, 120.48, 120.48, 115.79,6¥1311.13, 67.85, 55.57, 55.13, 55.08 (2C),
53.19 (2C), 46.02, 26.98

4-(6-Methoxynaphthalen-2-yl)-7-(3-(4-methylpiperaan-1-yl)propoxy)quinolin-8-amine

N

112
Palladium (5%) on activated carbon (80 mg) was ddde a stirred solution of 4-(6-
methoxynaphthalen-2-yl)-7-(3-(4-methylpiperazin{)pyopoxy)-8-nitroquinoline24 (800 mg, 1.6
mmol) in methanol (25 mL). An hydrogen atmospheses wreated in the reaction flask, and after
stirring for 24 hours at room temperature, the om&twas filtered over celite, and then the solvent
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evaporated in vacuum. The residue was dissolvedc®Et, filtered, and then purified with flash
chromatography (eluent GHIlx:methanol:EfN, 9.8:0.1:0.1) to give 584 mg of 4-(6-
methoxynaphthalen-2-yl)-7-(3-(4-methylpiperazin{}pyopoxy)quinolin-8-amine 112 as yellow
solid (80% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.78 (d, 1HJ = 4.4 Hz), 7.89 (d, 1H) = 1.8 Hz), 7.84 (d,
1H,J = 8.5 Hz), 7.79 (d, 1HJ = 9.7 Hz), 7.57 (dd, 1H] = 8.4, 1.8 Hz), 7.25 (d, 1H), = 4.4 Hz),
7.24 (d, 1HJ = 9.1 Hz), 7.21 (m, 2H), 7.18 (d, 18,= 9.2 Hz), 5.16 (bs, 2H), 4.16 (t, 2Bi= 6.2
Hz), 3.95 (s, 3H), 2.61 (t, 2H, = 7.4 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.04 (“quihteH, “J’ =
7.1 Hz).

13C-NMR (CDCk, 100 MHz)$8 (ppm): 158.18, 148.34, 147.53, 142.87, 138.89,2(84133.90,
132.85, 129.68, 128.68, 128.36, 127.95, 126.73,8822119.92, 119.38, 115.92, 113.37, 105.68,
67.86, 55.37, 55.06 (2C), 53.12 (2C), 45.95, 26.97.

ESI-HRMS (/2 [M+H] " : calculated, 457.2598, observed, 457.2595.

4-(1H-indol-4-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amine

>N NH
Q"\/\/O 2 NS
=

O J
N
H

113

Tin chloride dihydrate (2 g, 9 mmol) was added tcsaution of 4-(1H-indol-4-yl)-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin25 (800 mg, 1.8 mmol) in ethanol (25 mL). The
resulting suspension was heated at 70°C for 3 lsatyrated solution of N&O; (40 mL) was
added. The acqueous phase was exctracted witlCleKBx50 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the residaorystalized
in CHxCly/n-hexane to give 673 mg of 4-(1H-indol-4-yl)-7-(34t#ethylpiperazin-1-
yl)propoxy)quinolin-8-amind.13as yellow solid (90% vyield).

'H-NMR (CDCk, 400 MHz)5 (ppm): 8.81 (d, 1HJ = 4.3 Hz), 8.56 (bs, 1H), 7.49 (dt, 18i= 8.2,
1.0 Hz), 7.34 (d, 1H) = 4.3 Hz), 7.31 (dd, 1H] = 8.2, 7.2 Hz), 7.19 (dd, 1H, = 3.3, 2.3 Hz),
7.18 (dd, 1H,) = 7.2, 1.0 Hz), 7.12 (s, 2H) 6.22 (ddd, 1Hs 3.3, 2.1, 1.0 Hz), 5.14 (bs, 2H), 4.15
(t, 2H,J = 6.2 Hz), 2.61 (t, 2HJ) = 7.4 Hz), 2.50 (bs, 8H), 2.31 (s, 3H), 2.03 (“quihteH, “J" =

6.8 Hz).

13C-NMR (CDCE, 100 MHz) 5 (ppm): 147.56, 147.56, 142.87, 138.97, 135.89,552130.93,
127.35, 124.56, 123.06, 121.82, 121.06, 120.21,6P15114.22, 111.07, 102.32, 67.84, 55.10,
55.06 (2C), 53.13 (2C), 45.96, 26.99.
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ESI-HRMS (/2 [M+H] *: calculated, 416.2444, observed, 416.2433.

4-(1H-indol-5-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amine

>N NH
k/)\l\/\/o 2 N\
®
HN—
114

Tin chloride dihydrate (2 g, 9 mmol) was added tcsdaution of 4-(1H-indol-5-yl)-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin2é (800 mg, 1.8 mmol) in ethanol (25 mL). The
resulting suspension was heated at 70°C for 3 lsatyrated solution of N&O; (40 mL) was
added. The acqueous phase was exctracted witlCleKBx50 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the residaorystalized
in CHxCly/n-hexane to give 673 mg of 4-(1H-indol-5-yl)-7-(34t#ethylpiperazin-1-
yl)propoxy)quinolin-8-amind.14as yellow solid (90% vyield).

'H-NMR (CDCl, 400 MHz)5 (ppm): 8.76 (d, 1HJ = 4.4 Hz), 8.50 (bs, 1H), 7.50 (dt, 18i= 8.3,
0.9 Hz), 7.33 (dd, 1HJ = 8.4, 1.7 Hz), 7.31 (d, 1H] = 9.2 Hz), 7.30 (dd, 1HJ = 3.4, 2.3 Hz),
7.26 (d, 1H,J = 4.3 Hz), 7.16 (d, 1HJ = 9.1 Hz), 6.63 (ddd, 1H] = 3.2, 2.0, 1.0 Hz), 4.98 (bs,
2H), 4.16 (t, 2H,) = 6.2 Hz), 2.63 (t, 2HJ = 7.1 Hz), 2.55 (bs, 8H), 2.32 (s, 3H), 2.04 (“quilite
2H,“J" = 6.7 Ha).

13C-NMR (CDCI3, 100 MHz)5 (ppm): 149.70, 147.57, 142.79, 138.94, 135.60,382130.34,
127.88, 125.07, 123.85, 123.27, 121.79, 120.13,55]5114.01, 110.84, 102.98, 67.78, 54.99,
54.70 (2C), 52.74 (2C), 45.61, 26.89.

ESI-HRMS /2 [M+H] " : calculated, 416.2444, observed, 416.2427.

165



4-(3-Methoxythiophen-2-yl)-7-(3-(4-methylpiperazini-yl)propoxy)quinolin-8-amine

~

N
K/N\/\/O

115

Tin chloride dihydrate (113 mg, 0.5 mmol) was adtted solution of 4-(3-methoxythiophen-2-yl)-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimeé 27 (58 mg, 0.1 mmol) in ethanol (8 mL).
Theresulting suspension was heated at 70°C for 3 $atArated solution of NE&O; (15 mL) was
added. The acqueous phase were exctracted witlClgkBx20 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the reguuified with
flash chromatography (eluent @El,:EtOH:EgN, 9.6:0.3:0.1) to give 27 mg of 4-(3-
methoxythiophen-2-yl)-7-(3-(4-methylpiperazin-1pippoxy)quinolin-8-aminell5 as red solid
(65% vyield).

'H-NMR (CDCk, 400 MHz)& (ppm): 8.73 (d, 1HJ = 4.4 Hz), 7.38 (d, 1H) = 5.5 Hz), 7.36 (d,
1H,J = 9.1 Hz), 7.31 (d, 1HJ = 4.4 Hz), 7.22 (d, 1H) = 9.2 Hz), 7.00 (d, 1H] = 5.5 Hz), 4.18
(t, 2H,J = 6.1 Hz), 3.79 (s, 3H), 2.69 (t, 2H, = 7.2 Hz), 2.68 (bs, 8H), 2.43 (s, 3H), 2.07
(“quintet”, 2H,“J" = 7.0 Hz).

13C-NMR (CDCk, 100 MHz) d(ppm): 154.88, 147.26, 142.86, 139.05, 132.63, 924124.91,
122.87, 121.43, 117.00, 115.63, 113.84, 113.85%%8.85 (2C), 54.82, 54.37, 54.35 (2C), 52.02,
29.65.

ESI-HRMS (/2 [M+H] " : calculated, 413.2005, observed, 413.2044.

4-(2,3-Dihydrobenzofuran-5-yl)-7-(3-(4-methylpiperain-1-yl)propoxy)quinolin-8-amine

116
Tin chloride dihydrate (1 g, 5.5 mmol) was added tsolution of 4-(2,3-dihydrobenzofuran-5-yl)-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimoé 28 (500 mg, 1.1 mmol) in ethanol (20 mL).
The resulting suspension was heated at 70°C forABdaturated solution of N@O; (20 mL) was
added. The acqueous phase were exctracted witdClekBx35 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the reguuified with
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flash chromatography (eluent QEl,:EtOH:EgN, 9.4:0.5:0.1) to give 300 mg of 4-(2,3-
dihydrobenzofuran-5-yl)-7-(3-(4-methylpiperazin-jpropoxy)quinolin-8-amine 116 as yellow
solid (65% yield).

'H-NMR (CDCk, 400 MHz)& (ppm): 8.71 (d, 1HJ = 4.4 Hz), 7.31 (m, 1H), 7.23 (d, 18,= 9.1
Hz), 7.23 (dm, 1HJ = 8.2 Hz), 7.17 (d, 1H] = 9.2 Hz), 7.12 (d, 1HJ = 4.3 Hz), 6.88 (d, 1H] =
8.2 Hz), 5.12 (bs, 2H), 4.64 (t, 28l,= 8.7 Hz), 4.15 (t, 2HJ = 6.2 Hz), 3.27 (t, 2HJ = 8.8 Hz),
2.60 (t, 2H,J = 7.4 Hz), 2.48 (bs, 8H), 2.29 (s, 3H), 2.03 (“quiiteH, “J” = 6.8 Hz).

3C-NMR (CDCk, 100 MHz)& (ppm): 160.25, 148.39, 147.51, 142.78, 138.87,7432130.88,
129.52, 127.28, 126.12, 122.88, 119.61, 115.73,361309.15, 71.49, 67.84, 55,07, 55.03, 53.12,
45.96, 29.63, 26.95.

ESI-HRMS (/2 [M+H] " :calculated, 419.2441, observed, 419.2434.

7'-Chloro-7-(3-(4-methylpiperazin-1-yl)propoxy)-4,4-biquinolin-8-amine

~

117
Tin chloride dihydrate (412 mg, 1.8 mmol) was addeda solution of 7'-chloro-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitro-4,4'-biquinioé 29 (180 mg, 0.3 mmol) in ethanol (10 mL).
The resulting suspension was heated at 70°C forABdaturated solution of N&O; (20 mL) was
added. The acqueous phase was exctracted witClgkBx35 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the reguuified with
flash chromatography (eluent @El,: ethanol:EfN, 9.4:0.5:0.1) to give 101 mg of 7'-chloro-7-(3-
(4-methylpiperazin-1-yl)propoxy)-4,4'-biquinolin#ninell7 as yellow solid (60% vyield).

'H-NMR (CDCl, 400 MHz)5 (ppm): 9.03 (d, 1HJ = 4.4 Hz), 8.86 (d, 1H] = 4.2 Hz), 8.21 (part
of a deceptively simple system: pseudo t, 1M, = 1.4 Hz), 7.39 (d, 1H] = 4.3 Hz), 7.34 (part of
a deceptively simple system: m, 2H), 7.21 (d, dK; 4.3 Hz), 7.11 (d, 1H) = 9.1 Hz), 6.57 (d,

1H,J =9.1 Hz), 5.22 (bs, 2H), 4.14 (t, 2BI= 8.2 Hz), 2.59 (t, 2HJ = 7.3 Hz), 2.49 (bs, 8H), 2.29
(s, 3H), 2.03 (“quintet”, 2H,J" = 6.7 Hz).

3C-NMR (CDCk, 100 MHz)§ (ppm): 150.91, 148.69, 147.22, 145.16, 143.37,11%3138.33,
135.64, 133.02, 128.71, 127.93, 127.33, 125.41,5422121.80, 119.92, 116.39, 112.73, 67.80,
55.07, 55.03, 53.17, 45.98, 26.88.

ESI-HRMS (/2 [M+H] " : calculated, 462.1982, observed, 462.1982.
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4-(4-Methylnaphthalen-1-yl)-7-(3-(4-methylpiperazin1-yl)propoxy)quinolin-8-amine

2

ONTY NH
L_N_~_O O N
=

118

Tin chloride dihydrate (113 mg, 0.5 mmol) was adtted solution of 4-(4-methylnaphthalen-1-yl)-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimoé 30 (458 mg, 1 mmol) in ethanol (15 mL).
The resulting suspension was heated at 70°C forABdaturated solution of N&O; (25 mL) was
added. The acqueous phase was exctracted witlCleKBx45 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the residaorystalized
in CHXCIl, to give 352 mg of 4-(4-methylnaphthalen-1-yl)-Z{&3methylpiperazin-1-
yl)propoxy)quinolin-8-amind. 18as brown solid (80% yield).

'H-NMR (CDCl, 400 MHz)$ (ppm): 8.83 (d, 1HJ = 4.3 Hz), 8.09 (dt, 1H] = 8.1, 1.1 Hz), 7.52
(ddd, 1H,J = 8.2, 6.7, 1.4 Hz), 7.42 (dd, 18,= 7.1, 1.0 Hz), 7.39 (dm, 1H, = 8.4 Hz), 7.33 (d,
1H,J = 6.7 Hz), 7.31 (ddd, 1H] = 8.4, 7.0, 1.7 Hz), 7.25 (d, 1H,= 4.3 Hz), 7.04 (d, 1H] = 9.1
Hz), 6.70 (d, 1HJ = 9.1 Hz), 4.12 (t, 2HJ = 6.2 Hz), 2.79 (d, 3H] = 0.8 Hz), 2.60 (t, 2H] = 7.4
Hz), 2.52 (bs, 8H), 2.37 (s, 3H), 2.02 (“quint&H,“J” = 6.7 Hz).

13C-NMR (CDCk, 100 MHz)$§ (ppm): 147.51, 147.39, 142.90, 138.64, 134.83,.6:4132.68,
132.52, 131.98, 126.86, 126.75, 125.99, 125.83,8R25124.30, 124.13, 120.99, 115.88, 113.98,
67.80, 55.05, 55.00 (2C), 53.03 (2C), 45.88, 296795, 19.56, 19.53.

ESI-HRMS (/2 [M+H] " : calculated, 441.2648, observed, 441.2655.

4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-7-(3-(4-melylpiperazin-1-yl)propoxy)quinolin-8-
amine

>N NH
O"\/\/O 2 AN
=

l )

o/
119

Tin chloride dihydrate (316 mg, 1.4 mmol) was addéol a solution of 4-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-7-(3-(4-methylpip&zin-1-yl)propoxy)-8-nitroquinoline31 (130
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mg, 0.3 mmol) in ethanol (8 mL). The resulting ®rspon was heated at 70°C for 3 h. A saturated
solution of NaCO; (20 mL) was added. The acqueous phase was exdracth CHCI, (3x40
mL) and the combined organic layers were dried aM@SQ,. The solvent was removed in
vacuum, and the residue recrystalized in ,Chl to give 98 mg of 4-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-7-(3-(4-methylpip&zin-1-yl)propoxy)quinolin-8-aminell9 as
yellow solid (75% yield).

'H-NMR (CDCl, 400 MHZ)&(ppm): 8.90 (d, 1HJ = 4.5 Hz), 8.07 (d, 1H) = 9.4 Hz), 7.34 (d,
1H, J = 9.6 Hz), 7.27 (d, 1H] = 4.5 Hz), 7.01 (d, 1H] = 8.2 Hz), 6.98 (d, 1H] = 2.0 Hz), 6.93
(dd, 1H,J = 8.2, 2.1Hz), 4.34 (m, 4H), 4.30 (t, 281= 6.2 Hz), 2.51 (t, 2H) = 7.1Hz), 2.46 (bs,
8H), 2.27 (s, 3H), 1.99 (“quintet’, 21)” = 6.8 Hz).

3C-NMR (CDCE, 100 MHz) &(ppm): 152.35, 149.87, 148.04, 144.41, 143.75, 2241137.17,
130.12, 129.00, 122.64, 121.58, 120.61, 118.40,6717114.54, 68.37, 64.48, 64.40, 55.08 (2C),
54.18, 53.03 (2C), 45.93, 26.47.

ESI-HRMS /2 [M+H] " : calculated, 435.239, observed, 435.2383.

6-(8-Amino-7-(3-(4-methylpiperazin-1-yl)propoxy)qunolin-4-yl)naphthalen-2-ol

>N NH
O"\/\/O 2 AN
=

OH

120
Tin chloride dihydrate (286 mg, 1.27 mmol) was atittea solution of 6-(7-(3-(4-methylpiperazin-
1-yl)propoxy)-8-nitroquinolin-4-yl)naphthalen-2-8R (120 mg, 0.2 mmol) in ethanol (8 mL). The
resulting suspension was heated at 70°C for 3 satyrated solution of N@&O; (15 mL) was
added. The acqueous phase were exctracted witCIgkBx35 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the residorystalized
in diethyl ether to give 53 mg of 6-(8-amino-7-@+fethylpiperazin-1-yl)propoxy)quinolin-4-
yl)naphthalen-2-0120as yellow solid (60% vyield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.77 (d, 1HJ = 4.4 Hz), 7.82 (d, 1H) = 1.8 Hz), 7.74 (d,
1H,J = 8.7 Hz), 7.70 (d, 1H] = 8.6 Hz), 7.49 (dd, 1H] = 8.4, 1.8 Hz), 7.23 (d, 1H, = 4.3 Hz),
7.20 (d, 1HJ = 9.2 Hz), 7.16 (m, 1H), 7.15 (dd, 1H,= 8.5, 2.5 Hz), 7.11 (d, 1H] = 9.2 Hz),
5.10 (bs, 2H), 4.15 (t, 2H}, = 6.2 Hz), 2.66 (t, 2HJ = 7.1 Hz), 2.64 (bs, 8H), 2.37 (s, 3H), 2.06
(“quintet’, 2H,"J” = 6.8 Hz).
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13C-NMR (CDCE, 100 MHz) 5§ (ppm): 154.91, 148.52, 147.59, 142.92, 138.86,334133.44,
132.52, 129.97, 128.42, 128.32, 127.88, 126.25,8122119.89, 119.04, 115.61, 113.67, 109.45,
67.68, 65.82, 55.00, 54.67 (2C), 52.62 (2C), 4528366, 26.76.

ESI-HRMS (/2 [M+H] " : calculated, 443.2441, observed, 443.2461.
4-(Benzo[b]thiophen-3-yl)-7-(3-(4-methylpiperazin-1yl)propoxy)quinolin-8-amine

2

ONTY NH
_N_~_oO O N
=

N
s
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Tin chloride dihydrate (518 mg, 2.3 mmol) was adtted solution of 4-(4-methylnaphthalen-1-yl)-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimoé 33 (212 mg, 0.4 mmol) in ethanol (14 mL).
The resulting suspension was heated at 70°C forABdaturated solution of N@&O; (25 mL) was
added. The acqueous phase was exctracted witClgkBx40 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the residorystalized
in CH)Cl, to give 138 mg of 4-(benzo[b]thiophen-3-yl)-7-@hethylpiperazin-1-
yl)propoxy)quinolin-8-amind.21as grey solid (80% yield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.81 (d, 1HJ = 4.3 Hz), 7.95 (dt, 1H] = 8.1, 0.8 Hz), 7.52
(s, 1H), 7.45 (dt, 1HJ = 8.1, 0.7 Hz), 7.39 (ddd, 1H,= 8.2, 7.1, 1.2 Hz), 7.29 (ddd, 1HI= 8.2,
7.1, 1.2 Hz), 7.29 (d, 1H, = 4.3 Hz), 7.13 (d, 1H] = 9.2 Hz), 7.03 (d, 1H] = 9.1 Hz), 5.15 (bs,
2H), 4.15 (t, 2H, = 6.3 Hz), 2.61 (t, 2HJ = 7.4 Hz), 2.53 (bs, 8H), 2.31 (s, 3H), 2.03 (“quifite
2H,"J" = 6.9 Hz).

13C-NMR (CDCk, 100 MHz)$§ (ppm): 147.48, 143.02, 142.16, 140.06, 138.83,7138134.24,
132.84, 125.74, 124.64, 124.38, 123.25, 123.19,682420.36, 115.92, 113.35, 67.80, 54.94 (2C),
52.93 (2C), 45.79, 29.64, 26.92.

ESI-HRMS (/2 [M+H] " : calculated, 433.2056, observed, 433.2056.
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4-Hexyl-7-(3-(4-methylpiperazin-1-yl)propoxy)quinoin-8-amine

>N NH
@\/\/O 2 N\
=

122
Palladium (5%) on activated carbon (9.3 mg) wasddd a stirred solution of 4-(hex-1-ynyl)-7-(3-
(4-methylpiperazin-1-yl)propoxy)-8-nitroquinolir@s (81 mg , 0,197 mmol) in methanol (6 mL).
An hydrogen atmosphere was created in the reaflaisk, and after stirring for 24 hours at room
temperature, the mixture was filtered over cebta] then the solvent evaporated in vacuum to give
65 mg of 4-hexyl-7-(3-(4-methylpiperazin-1-yl)propgoquinolin-8-aminel22 as a yellow oil (77%
yield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.62(d, 1HJ = 4.4 Hz), 7.31 (d, 1HJ = 9.2 Hz), 7.22 (d,
1H,J = 9.2 Hz), 7.07 (d, 1HJ = 4.4 Hz), 5.09 (bs, 2H), 4.17 (t, 28= 6.0 Hz), 2.98 (t, 2H) =

7.7 Hz), 2.61 (t, 2HJ = 7.2 Hz), 2.49 (bs, 8H), 2.28 (s, 3H), 2.03 (“quiliteH, “J” = 6.6 Hz),
1.73 (“quintet’, 2H!J" = 7.7 Hz), 1.41 (m, 2H), 1.31 (m, 4H,), 0.88 (m, 3H).

3C-NMR (100 MHz, CDC)) & (ppm): 148.60, 147.65, 142.64, 138.52, 133.10,423119.06,
115.62, 110.88, 67.87, 55.10, 55.07 (2C), 53.18),(26.00, 32.35, 31.63, 29.95, 29.35, 26.97,
22.56, 14.05.

ESI-MS (/2 [M+H] *: 385.3.

4-(2-Cyclohexylethyl)-7-(3-(4-methylpiperazin-1-ylpropoxy)quinolin-8-amine
>N NH,
LN~ O© AN
=

123
Palladium (5%) on activated carbon (11 mg) was ddde a stirred solution of 4-
(cyclohexylethynyl)-7-(3-(4-methylpiperazin-1-yljjwoxy)-8-nitroquinoline 36 (90 mg, 0,206
mmol) in methanol (7 mL). An hydrogen atmosphere weeated in the reaction flask, and after
stirring for 24 hours at room temperature, the omgtwas filtered over celite, and then the solvent
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evaporated in vacuum to give 80 mg of 4-(2-cyclotethyl)-7-(3-(4-methylpiperazin-1-
yl)propoxy)quinolin-8-amind.23as a yellow oil (83% yield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.62 (d, 1HJ = 4.4 Hz), 7.30 (d, 1HJ = 9.1 Hz), 7.23 (d,
1H,J = 9.2 Hz), 5.09 (bs, 2H), 4.16 (t, 2Bi= 6.2 Hz), 2.99 (m, 2H), 2.60 (t, 2H= 7.4 Hz), 2.49
(bs, 8H), 2.29 (s, 3H), 2.04 (“quintet’, 2E” = 6.9 Hz), 1.81 (m, 2H), 1.75-1.58 (m, 5H), 1.27-
1.12 (m, 4 H), 0.98 (m, 2H).

“C-NMR (CDCh, 100 MHz)5 (ppm): 149.03, 147.70, 142.63, 138.51, 133.12,4%3118.99,

115.62, 110.84, 67.87, 55.10, 55.07 (2C), 53.19,(26.00, 37.79, 33.24 (2C), 29.76, 29.67, 26.96,
26.60, 26.28 (2C).

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-phenethylqunolin-8-amine

>N NH
Q"\/\/O 2 AN
=
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Palladium (5%) on activated carbon (15 mg) was ddte a stirred solution of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitro-4-phenethyigaline 34 (90 mg, 0,207 mmol) in methanol
(7 mL). An hydrogen atmosphere was created inehetion flask, and after stirring for 24 hours at
room temperature, the mixture was filtered oveiteeand then the solvent evaporated in vacuum.
NaCOs; (10 mL, 2M solution in water) was added, and thguaous phase was extracted with
CH.Cl, (3x20 mL). The combined organic layers were driacer MgSQ and the solvent
evaporated to give 70 mg (0.173 mmol) of 7-(3-(4hylpiperazin-1-yl)propoxy)-4-
phenethylquinolin-8-amin&24 (84.0 % vyield).

'H-NMR (400 MHz, CDC4) & (ppm): 8.61 (d, 1HJ = 4.3 Hz), 7.36 (d, 1HJ = 9.1 Hz), 7.29 (m,
2H), 7.23 (d, 1H,) = 9.1 Hz), 7.20 (m, 3H), 7.03 (d, 18= 4.3 Hz), 5.02 (bs, 2H), 4.19 (t, 2Bi=

5.9 Hz), 3.30 (t, 2HJ = 8.0 Hz), 3.01 (t, 2HJ = 8.0 Hz), 2.92 (bs, 8H), 2.81 (t, 2H,= 6.9 Hz),
2.61 (s, 3H), 2.12 (“quintet’, 2H)" = 6.2 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 147.70, 147.26, 142.48, 141.11, 138.40,9532128.42,
128.28, 126.15, 123.20, 119.23, 115.24, 110.823%54,52 (2C), 53.51 (2C), 50.64, 44.24, 36.06,
34.25, 26.38.

ESI-HRMS (/2 [M+H] *: calculated,405.2648, observed, 405.2646.

172



8-Amino-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-4-ol

\N/\j NH,

K/N\/\/O Ny
=
OH

125

Palladium (5%) on activated carbon (9.3 mg) wasddd a stirred solution of 4-(benzyloxy)-7-(3-
(4-methylpiperazin-1-yl)propoxy)-8-nitroquinolirg8 (112 mg , 0,257 mmol) in methanol (7 mL).
An hydrogen atmosphere was created in the reaflask, and after stirring for 24 hours at room
temperature, the mixture was filtered over cebta] then the solvent evaporated in vacuum to give
80 mg of 8-amino-7-(3-(4-methylpiperazin-1-yl)progdquinolin-4-ol 125 as a yellow oil (98%
yield).

'H-NMR (400 MHz, CDC4) & (ppm): 7.78 (d, 1HJ = 8.9 Hz), 7.68 (d, 1HJ = 6.7 Hz), 7.03 (d,
1H,J = 9.0 Hz), 6.21 (d, 1HJ = 6.9 Hz), 5.04 (bs, 2H), 4.16 (t, 28= 6.1 Hz), 2.56 (t, 2H) =
7.0 Hz), 2.48 (bs, 8H), 2.26 (s, 3H), 2.02 (“quitéH, “J” = 6.8 Hz).

3C-NMR (100 MHz, CDG)) & (ppm): 179.36, 147.13, 139.44, 130.32, 125.32,.221114.12,
110.80, 107.34, 67.47, 55.06, 55.00 (2C), 53.11),(26.93, 26.84.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(naphthalen1-yloxy)quinolin-8-amine
\N/\j NH,

LN ~_0 N
>

Cr
126

Palladium (5%) on activated carbon (11 mg) was ddte a stirred solution of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-4-(naphthalen-1-ylg»8+nitroquinoline 39 (120 mg , 0,254 mmol)

in methanol (7 mL). An hydrogen atmosphere wasteckm the reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum to give 112 mg of 7-(3-(4-methylpiperathyl)propoxy)-4-(naphthalen-1-
yloxy)quinolin-8-aminel26as pale yellow oil (97% vyield).

'H-NMR (400 MHz, CDCY) & (ppm): 8.44 (d, 1HJ = 5.1 Hz), 7.93 (m, 2H), 7.82 (d, 18,= 9.0
Hz), 7.79 (m, 1H), 7.51 (m, 2H), 7.42 (m, 2H), 7@11H,J = 9.0 Hz), 7.26 (m, 1H), 6.29 (d, 1H,
J=5.1Hz), 5.10 (bs, 2H), 4.21 (t, 2B1= 6.2 Hz), 2.64 (t, 2H) = 7.2 Hz), 2.55 (bs, 8H), 2.32 (s,
3H), 2.08 (“quintet”, 2H*J” = 6.9 Hz).
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13C-NMR (100 MHz, CDCJ) § (ppm): 162.30, 150.26, 148.85, 143.90, 139.96, B5132.55,
128.07, 126.93, 126.81, 126.54, 125.82, 125.62,281917.13, 116.89, 115.33, 109.09, 102.84,
67.85, 55.11, 54.99 (2C), 53.02 (2C), 45.93, 26.92.

4-(8-Amino-7-(3-(4-methylpiperazin-1-yl)propoxy)qunolin-4-yloxy)phenol

N NH
k/]\l\/\/o 2 AN
=
o
HO
127

Palladium (5%) on activated carbon (11 mg) was ddtie a stirred solution of 4-(7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-ytg)phenol 40 (53 mg, 0,121 mmol) in
methanol (7 mL). An hydrogen atmosphere was createle reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum to give 40 mg of 4-(8-amino-7-(3-(4-mdphyerazin-1-yl)propoxy)quinolin-4-
yloxy)phenol127as pale yellow oil (97% vyield).

'H-NMR (400 MHz, CDC}) & (ppm): 8.47 (d, 1HJ = 5.1 Hz), 7.65 (d, 1HJ = 9.0 Hz), 7.19 (d,
1H,J = 9.0 Hz), 7.00 (m, 2H, part of a AA'BB’ system), 6.8m, 2H, part of a AA'BB’ system),
6.36 (d, 1HJ = 5.1 Hz), 5.01 (bs, 2H), 4.19 (t, 2BI= 6.2 Hz), 2.64 (t, 2H) = 7.2 Hz), 2.55 (bs,
8H), 2.32 (s, 3H), 2.07 (“quintet”, 2MJ)" = 6.9 Hz).

13C-NMR (100 MHz, CDCJ) § (ppm): 162.77, 154.08, 148.82, 147.11, 143.82,7139.32.14,
122.39 (2C), 116.96, 116.84 (2C), 114.86, 109.82,14, 67.74, 55.08, 54.87 (2C), 52.94 (2C),
45.88, 26.85.

4-(4-Methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)popoxy)quinolin-8-amine

>N NH
k/)\l\/\/o 2 N\
7
0
ST
128

Palladium (5%) on activated carbon (11 mg) was ddde a stirred solution of 4-(4-
methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)prog®8-nitroquinoline 41 (103 mg, 0,228
mmol) in methanol (7 mL). An hydrogen atmospheres weeated in the reaction flask, and after
stirring for 24 hours at room temperature, the omgtwas filtered over celite, and then the solvent
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evaporated in vacuum. The residue was recrystdliizeliethyl ether (1 mL) to give 70 mg of 4-(4-
methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)propdguinolin-8-amine 128 as pale yellow
crystals (83% vyield).

'H-NMR (300 MHz, CDC}) & (ppm): 8.48 (d, 1HJ = 5.1 Hz), 7.64 (d, 1H) = 9.0 Hz), 7.26 (d,
1H,J =9.0 Hz), 7.10 (m, 2H, part of AA'BB’ system), 6.9, 2H, part of AA'BB’ system), 6.35
(d, 1H,J = 5.1 Hz), 5.06 (bs, 2H), 4.19 (t, 2Bl= 6.2 Hz), 3.84 (s, 3H), 2.62 (t, 2H,= 7.2 Hz),
2.49 (bs, 8H), 2.30 (s, 3H), 2.06 (“quintet”, 21} = 6.6 Hz).

3C-NMR (75,45 MHz, CDGJ) § (ppm): 162.58, 157.07, 148.75, 147.76, 143.70,989.32.44,
122.20 (2C), 117.00, 115.10 (2C), 109.06, 102.Z3® 55.65, 55.04, 54.94 (2C), 52.95 (2C),
45.83, 26.91.

ESI-HRMS (/2 [M+H] *: calculated, 423.2390, observed, 423.2400.

4-(4-Ethoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)popoxy)quinolin-8-amine

~
r\lbﬁ"‘\/\/o N AN
=
0O
AT
129

Palladium (5%) on activated carbon (11 mg) was ddde a stirred solution of 4-(4-
ethoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)prop8¢nitroquinoline42 (110 mg , 0,236 mmol)

in methanol (7 mL). An hydrogen atmosphere wasteckm the reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum. The residue was recrystallized in dietether (1 mL) to give 70 mg of 4-(4-
ethoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)propdayinolin-8-amine 129 as pale yellow
crystals (yield 87%).

'H-NMR (300 MHz, CDC})  (ppm): 8.48 (d, 1HJ = 5.1 Hz), 7.65 (d, 1HJ = 9.0 Hz), 7.25 (d,
1H,J =9.1 Hz), 7.08 (m, 2H, part of AA'BB’ system), 6.9%, 2H, part of AA'BB’ system), 6.36
(d, 1H,J = 5.1 Hz), 5.04 (bs, 2H), 4.20 (t, 2B= 6.2 Hz), 4.06 (q, 2H) = 7.0 Hz), 2.65 (t, 2HJ
= 7.2 Hz), 2.60 (bs, 8H), 2.36 (s, 3H), 2.07 (“quihteH, “J” = 6.6 Hz), 1.45 (t, 3HJ = 7.0 Hz).

3C-NMR (75,45 MHz, CDG)) & (ppm): 162.61, 156.45, 148.78, 147.61, 143.67,94139132.40,
122.17 (2C), 117.01, 115.68 (2C), 115.03, 109.02,26, 67.72, 63.90, 54.98, 54.78 (2C), 52.67
(2C), 45.64, 26.85, 14.84,

ESI-HRMS /2 [M+H] *: calculated, 437.2547, observed, 437.2562.
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4-(3-Methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)popoxy)quinolin-8-amine

>N NH
K/)\l\/\/o ’ N\
=
Xy
130

Palladium (5%) on activated carbon (11 mg) was ddde a stirred solution of 4-(3-
methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)prog®8-nitroquinoline 43 (122 mg, 0,268
mmol) in methanol (7 mL). An hydrogen atmosphere weeated in the reaction flask, and after
stirring for 24 hours at room temperature, the omgtwas filtered over celite, and then the solvent
evaporated in vacuum to give 110 mg of 4-(3-metptveynoxy)-7-(3-(4-methylpiperazin-1-
yh)propoxy)quinolin-8-amind.30as dark yellow oil (97% yield).

'H-NMR (300 MHz, CDC}) & (ppm): 8.55 (d, 1HJ = 5.0 Hz), 7.645 (d, 1H] = 9.0 Hz), 7.36 (t,
1H,J = 8.2 Hz), 7.26 (d, 1HJ) = 9.0 Hz), 6.83 (ddd, 1H] = 8.3, 2.4, 0.9 Hz), 6.77 (ddd, 1H =
8.0, 2.2, 0.9 Hz), 6.74 (t, 1H,= 2.2 Hz), 6.51 (d, 1H]) = 5.0 Hz), 5.09 (bs, 2H), 4.22 (t, 2B~
6.2 Hz), 3.83 (s, 3H), 2.65 (t, 2H,= 7.2 Hz), 2.53 (bs, 8H), 2.33 (s, 3H), 2.08 (“quihteH, “J"
= 6.6 Hz).

13C-NMR (75,45 MHz, CDG)) & (ppm): 161.66, 161.14, 155.81, 148.71, 143.71,0440132.54,
130.47, 117.21, 115.32, 112.94, 111.04, 109.00,7706.03.31, 67.86, 55.44, 55.10, 55.09 (2C),
53.17 (2C), 45.99, 26.96.

ESI-HRMS (n/2 [M+H] *: calculated, 423.2390, observed, 423.2396.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(2,3,4-trichlorophenoxy)quinolin-8-amine

\N/\ NH,

K/N 0 N\
=
O
Cl ; Cl
Cl
131

Palladium (5%) on activated carbon (11 mg) was ddte a stirred solution of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitro-4-(2,3,4-thlorophenoxy)quinoline 44 (70 mg, 0,097
mmol) in methanol (2 mL). An hydrogen atmosphere weeated in the reaction flask, and after
stirring for 24 hours at room temperature, the omgtwas filtered over celite, and then the solvent
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evaporated in vacuum. The residue was purified wittbomatography on basic alumina (eluent
AcOEt) to give 51 mg of 7-(3-(4-methylpiperazin-Qpyopoxy)-4-(2,3,4-
trichlorophenoxy)quinolin-8-aming31as yellow oil (76% yield).

'H-NMR (400 MHz, CDC}) § (ppm): 8.53 (d, 1HJ = 5.0 Hz), 7.60 (d, 1HJ = 9.1 Hz), 7.46 (d,
1H,J = 8.8 Hz), 7.30 (d, 1H] = 9.2 Hz), 7.09 (d, 1H] = 8.9 Hz), 6.31 (d, 1HJ = 5.0 Hz), 5.10
(bs, 2H), 4.21 (t, 2HJ = 6.2 Hz), 2.62 (t, 2HJ = 7.2 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.06
(“quintet’, 2H,"J” = 6.8 Hz).

3C-NMR (100 MHz, CDC)) & (ppm): 160.42, 148.53, 148.45, 143.89, 140.02,7(82128.75,
128.32, 127.93, 127.35, 123.23, 121.08, 115.63,7508.02.49, 67.87, 55.13 (2C), 55.13, 53.26
(2C), 46.09, 26.96.

ESI-MS (/2 [M+H] *: 494.9, 497.1, 499.3.

3-(8-Amino-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-4-yloxy)benzonitrile

K/N\/\/O N\
=
NC\©/O
132

Tin chloride dihydrate (2 g, 9 mmol) was added tgadution of 3-(7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitroquinolin-4-yloxy)benzonitrild5 (585 mg, 1.3 mmol) in ethanol (25 mL). The
resulting suspension was heated at 70°C for 3 lsatyrated solution of N&O; (25 mL) was
added. The acqueous phase was exctracted with AGRED mL) and the combined organic layers
were dried over MgS® The solvent was removed in vacuum, and the resrdarystalized in
CH.Cl, to give 349 mg of 3-(8-amino-7-(3-(4-methylpipaerat-yl)propoxy)quinolin-4-
yloxy)benzonitrilel32as yellow solid (64% yield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.57 (d, 1HJ = 5.0 Hz), 7.54 (m, 1H), 7.52 (m, 1H), 7.50 (d,
1H,J = 9.0 Hz), 7.43 (m, 1H), 7.39 (m, 1H), 7.26 (d, 1Hs 9.1 Hz), 6.47 (d, 1HJ = 5.0 Hz),
5.10 (bs, 2H), 4.19 (t, 2H), = 6.2 Hz), 2.63 (t, 2HJ = 7.1 Hz), 2.53 (bs, 8H), 2.32 (s, 3H), 2.02
(“quintet”, 2H,“J” = 6.5 Hz).

3C-NMR (CDCI3, 100 MHz)s (ppm): 160.41, 155.60, 148.52, 143.89, 140.14,7R2131.10,
128.53, 125.05, 123.74, 117.78, 117.07, 115.67,101408.64, 104.22, 67.79, 55.02, 54.95 (2C),
52.97 (2C), 45.85, 26.88.

ESI-HRMS (/2 [M+H] " : calculated, 418.2243, observed, 418.2229.
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4-(4-Amino-3-chlorophenoxy)-7-(3-(4-methylpiperazinal-yl)propoxy)quinolin-8-amine

\N/\ NH,

bN 0 N\
=

HoN

133

Palladium (5%) on activated carbon (42 mg) was ddde stirred solution of 2-chloro-4-(7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-ytg)benzenamine46 (430 mg, 0.9 mmol) in
methanol (7 mL). An hydrogen atmosphere was creatélde reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum. The residue was dissolved in AcOEt,erdd, and then purified with flash
chromatography (eluent GHI;:MeOH:EgN, 5.9:4:0.1) to give 380 mg of 4-(4-amino-3-
chlorophenoxy)-7-(3-(4-methylpiperazin-1-yl)propggyinolin-8-aminel33 as yellow solid (yield
95%).

'H-NMR (CDCl, 400 MHz) (ppm): 8.49 (d, 1HJ = 5.1 Hz), 7.60 (d, 1H] = 9.1Hz), 7.23 (d,
1H,J = 9.1 Hz), 7.12 (d, 1H) = 2.6 Hz), 6.90 (dd, 1H] = 8.7, 2.6 Hz), 6.81 (d, 1H}, = 8.7 Hz),
6.38 (d, 1H,J = 5.1 Hz), 5.02 (bs, 2H), 4.19 (t, 2BI= 6.2 Hz), 4.08 (bs, 2H), 2.66 (t, 28 = 7.4
Hz), 2.65 (bs, 8H), 2.38 (s, 3H), 2.06 (“quinteH, “J” = 7.0 Hz).

13C-NMR (CDCI3, 100 MHz)5 (ppm): 162.40, 148.76, 145.88, 143.71, 140.76,94139132.39,
122.39, 120.81, 119.53, 116.88, 116.38, 115.03,04091.02.28, 67.67, 54.91, 54.64 (2C), 52.44
(2C), 45.47, 26.80.

ESI-HRMS (/2 [M+H] " : calculated, 442.2009, observed, 442.2015

4-(4-Amino-2-chlorophenoxy)-7-(3-(4-methylpiperazinal-yl)propoxy)quinolin-8-amine

\N/\ NH,

k/ N _~_0 N\
=
X
HoN Cl
134

Palladium (5%) on activated carbon (42 mg) was ddde stirred solution of 3-chloro-4-(7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-ytg)benzenamine47 (430 mg, 0.9 mmol) in
methanol (7 mL). An hydrogen atmosphere was createle reaction flask, and after stirring for
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24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum. The residue was dissolved in AcOEt,efdt, and then purified with flash
chromatography (eluent GHI:MeOH:EgN, 5.9:4:0.1) to give 380 mg of 4-(4-amino-2-
chlorophenoxy)-7-(3-(4-methylpiperazin-1-yl)propggyinolin-8-aminel34 as yellow solid (yield
95%).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.48 (d, 1HJ = 5.1 Hz), 7.68 (d, 1HJ = 9.0 Hz), 7.27 (d,
1H,J = 9.1 Hz), 7.01 (d, 1HJ = 5.1 Hz), 6.81 (d, 1H] = 2.7 Hz), 6.62 (dd, 1H] = 8.6, 2.7 Hz),
6.26 (d, 1H,J = 5.1 Hz), 5.03 (bs, 2H), 4.19 (t, 2B= 6.2 Hz), 3.77 (bs, 2H), 2.61 (t, 281 = 7.4
Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.05 (“quinte@H, “J” = 6.4 Hz).

13C-NMR (CDCI3, 100 MHz)s (ppm): 161.69, 148.70, 145.11, 143.76, 141.63,439132.44,

127.65, 124.03, 116.60, 116.53, 115.18, 114.54,1809.01.56, 67.87, 55.07, 55.06 (2C), 53.13
(2C), 45.94, 26.97.

ESI-HRMS (/2 [M+H] " : calculated, 442.2009, observed, 442.2010.

4-(3-Chloro-4-fluorophenoxy)-7-(3-(4-methylpiperazn-1-yl)propoxy)quinolin-8-amine

\N/\ NH,

k/N 0 N
=
CID/O
F
135

Tin chloride dihydrate (1.4 g, 6 mmol) was added teolution of 4-(3-chloro-4-fluorophenoxy)-7-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinodr8 (590 mg, 1.2 mmol) in ethanol (25 mL).
The resulting suspension was heated at 70°C forABdaturated solution of N&O; (25 mL) was
added. The acqueous phase were exctracted with A(BEB0 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the reguuified with
flash chromatography (eluent @El,:ethanol:E4N, 7.4:2.5:0.1) to give 320 mg of 4-(3-chloro-4-
fluorophenoxy)-7-(3-(4-methylpiperazin-1-yl)propgguinolin-8-amine 135 as white solid (60%
yield).

'H-NMR (CDCl, 400 MHz)3(ppm): 8.54 (d, 1HJ = 5.0 Hz), 7.54 (d, 1H] = 9.0 Hz), 7.26 (d,
1H,J = 9.1 Hz), 7.22 (m, 2H), 7.04 (ddd, 18i= 8.9, 3.9, 2.9 Hz), 6.41 (d, 1H,= 5.0 Hz), 5.07
(bs, 2H), 4.19 (t, 2H) = 6.2 Hz), 2.62 (t, 2H) = 7.4 Hz), 2.53 (bs, 8H), 2.31 (s, 3H), 2.05
(“quintet”, 2H,“J" = 6.7 Hz).

13C-NMR (CDCI3, 100 MHz)5(ppm): 161.31, 155.50 (der = 246.6 Hz), 150.76 (dcr = 2.9 Hz),
148.53, 143.86, 140.02, 132.63 Jgi = 1.8 Hz), 123.09, 122.08 (der = 19.5 Hz), 120.44 (dlcr
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= 7.2 Hz), 117.45 (dJcr = 28.0 Hz), 116.91, 115.47, 108.71, 103.15, 6758302, 54.99 (2C),
53.01 (2C), 45.87, 26.91.

ESI-HRMS /2 [M+H] " : calculated, 445.1801, observed, 445.1814.

4-(4-Fluoro-2-methoxyphenoxy)-7-(3-(4-methylpiperain-1-yl)propoxy)quinolin-8-amine

\N/\ NH,
K/N\/\/O AN
=
X
F o~
136

Tin chloride dihydrate (417 mg, 2 mmol) was addeml d& solution of 4-(4-fluoro-2-
methoxyphenoxy)-7-(3-(4-methylpiperazin-1-yl)prop®8-nitroquinoline49 (160 mg, 0.4 mmol)

in ethanol (10 mL). The resulting suspension weastdte at 70°C for 3 h. A saturated solution of
NaCO; (15 mL) was added. The acqueous phase was extradth AcOEt (3x20 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, and the
residue purified with flash chromatography (elu@,Cl,:ethanol:EfN, 7.4:2.5:0.1) to give 106
mg of yellow solid of 4-(4-fluoro-2-methoxyphenoxyj(3-(4-methylpiperazin-1-
yl)propoxy)quinolin-8-amind. 36 (60% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.47 (d, 1HJ = 5.1 Hz), 7.67 (d, 1H) = 9.1 Hz), 7.26 (d,
1H, J = 9.1 Hz), 7.11 (dd, 1HJ = 8.8, 5.8 [HF] Hz), 6.78 (dd, 1H} = 10.1 [HF], 2.8 Hz), 6.71
(ddd, 1H,J = 8.7, 7.8 [HF], 2.8 Hz), 6.23 (d, 1H,= 5.1 Hz), 4.19 (t, 2HJ = 6.2 Hz), 3.73 (s, 3H),
2.62 (t, 2H,J = 7.3 Hz), 2.53 (bs, 8H), 2.32 (s, 3H), 2.05 (“quiitéH, *J" = 6.8 Hz).

13C-NMR (CDCk, 100 MHz)§ (ppm): 161.81, 160.80¢= 244.0 Hz), 152.67J¢= 10.3), 148.66,
143.66, 139.90, 138.61, 132.41, 123.46% 10.4), 116.62, 115.14, 109.15, 107.36 23.4 Hz),
101.39, 101.25J= 27.3 Hz), 67.81, 56.04, 55.04, 54.97 (2C), 534), 45.85, 26.91.

ESI-HRMS (/2 [M+H] " : calculated, 441.2296, observed, 441.2324.

180



4-Methoxy-7-(3-(4-methylpiperazin-1-yl)propoxy)quirolin-8-amine

~
U\/\/O o AN
=
O\

137

Tin chloride dihydrate (109 mg, 0.486 mmol) was edido a solution of 4-methoxy-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin®0 (35 mg, 0.097 mmol) in ethanol (2 mL). The
resulting suspension was heated at 70°C for 1lhatérated solution of N&€O; (20mL) was added,
the acqueous phase was exctracted withGIH3x20 mL) and the combined organic layers were
dried over MgS@ The solvent was removed in vacuum, to give 30ahg4-methoxy-7-(3-(4-
methylpiperazin-1-yl)propoxy)quinolin-8-amiri&7 (93.6% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.58 (d, 1HJ = 5.1 Hz), 7.46 (d, 1H] = 9.1 Hz), 7.17 (d,
1H,J=9.1 Hz), 6.59 (d, 1H] = 5.1 Hz), 4.99 (s, 2H), 4.15 (t, 28= 6.2 Hz), 3.99 (s, 3H), 2.59 (t,
2H,J = 7.3 Hz), 2.49 (bs, 8H), 2.29 (s, 3H), 2.02 (fyet’, 2H,"” = 6.8 Hz).

3C-NMR (CDCk, 100 MHz) 8(ppm): 157.24, 143.82, 138.45, 134.20, 127.08, 711,1109.40,
103.89, 93.30, 62.57, 50.30, 49.90, 49.85 (2CR2A{2C), 40.75, 21.76.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(4-(trifluo romethyl)phenoxy)quinolin-8-amine

\N/\ NH,
k/N 0 N\
=
o
FsC
138

Tin chloride dihydrate (161 mg, 0.7 mmol) was adtleé solution of 7-(3-(4-methylpiperazin-1-
yl)propoxy)-8-nitro-4-(4-(trifluoromethyl)phenoxydgnoline 51 (70 mg, 0.1 mmol) in ethanol (8
mL). The resulting suspension was heated at 70°C forABdaturated solution of N@&O; (15 mL)
was added. The acqueous phase was exctracted Wbl Q3x40 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the reguuified with
flash chromatography (eluent @El;:ethanol:E{N, 5.9:4:.0.1) to give 30 mg of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-4-(4-(trifluoromethphenoxy)quinolin-8-amine 138 as yellow
solid (65% yield).
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'H-NMR (CDCl, 400 MHz)$ (ppm): 8.57 (d, 1HJ = 5.0 Hz), 7.68 (m, 2H), 7.52 (d, 18,= 9.0
Hz), 7.26 (d, 1HJ = 9.0 Hz), 7.23 (m, 2H), 6.53 (d, 18,= 5.0 Hz), 5.10 (bs, 2H), 4.19 (t, 2BI=
6.2 Hz), 2.63 (t, 2HJ = 7.2 Hz), 2.53 (bs, 8H), 2.32 (s, 3H), 2.06 (“quifitéH, “J” = 6.8 Hz).

3C-NMR (CDCk, 100 MHz)$ (ppm): 160.50, 158.09, 148.59, 148.54, 148.52, 143.85,2P40
132.79, 127.45 (q, 2Qc= 3.7 Hz), 126.99 (gJcr= 32.6 Hz), 123.90 (qlc= 272.0 Hz), 120.28,
117.31, 115.68, 108.77, 104.60, 67.86, 55.03 (38))8 (2C), 45.90, 29.64, 26.93.

ESI-HRMS /2 [M+H] " : calculated, 460.2086, observed, 461.2149.

4-(4-Fluorophenoxy)-7-(3-(4-methylpiperazin-1-yl)pppoxy)quinolin-8-amine

>N NH
K/)\l\/\/o 2 N\
=
o
F
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Tin chloride dihydrate (1.7 g, 7 mmol) was addedatsolution of 4-(4-fluorophenoxy)-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinoling2 (661 mg, 1.5 mmol) in ethanol (25 mL). The
resulting suspension was heated at 70°C for 3 satyrated solution of N@&O; (30 mL) was
added. The acqueous phase was exctracted witClgkBx40 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, and the residorystalized
in CHyCly/n-hexane to obtain 1 g of 4-(4-fluorophenoxy)-7-43riethylpiperazin-1-
yl)propoxy)quinolin-8-amind.39as yellow solid (yield 70%).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.49 (d, 1HJ = 5.1 Hz), 7.60 (d, 1H] = 9.1 Hz), 7.24 (d,
1H,J = 9.1 Hz), 7.11 (m, 4H), 6.35 (d, 18= 5.1 Hz), 5.05 (s, 2H), 4.18 (t, 28,= 6.2 Hz), 2.60
(t, 2H,J = 7.3 Hz), 2.49 (bs, 8H), 2.28 (s, 3H), 2.04 (“quiteH, "J” = 7.0 Hz).

13C-NMR (CDCE, 100 MHz)8 (ppm): 161.97, 159.87 (der= 244.1 Hz), 150.43, 148.60, 143.82,
139.97, 132.54, 122.45 (d, 2@Gx= 8.5 Hz), 116.98, 116.72 (d. 2= 23.5 Hz), 115.29, 108.90,
102.63, 67.85, 55.00 (2C), 53.07 (2C), 45.88, 2629456.

ESI-HRMS (/2 [M+H] " : calculated, 411.2190, observed, 411.2175.
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4-(1H-indol-5-yloxy)-7-(3-(4-methylpiperazin-1-yl)ropoxy)quinolin-8-amine

\N/\ NH,

k/ N _~_0 N\
=
0]
9
N
H
140

Tin chloride dihydrate (488 mg, 2.2 mmol) was adt®@ solution of 4-(1H-indol-5-yloxy)-7-(3-
(4-methylpiperazin-1-yl)propoxy)-8-nitroquinolir&3 (200 mg, 0.4 mmol) in ethanol (12 mL). The
resulting suspension was heated at 70°C for 3 lsatyrated solution of N&O; (15 mL) was
added. The acqueous phase was exctracted with AGRED mL) and the combined organic layers
were dried over MgS® The solvent was removed in vacuum, and the resahd the residue
recrystalized in CBkCl, to give 103 mg of 4-(1H-indol-5-yloxy)-7-(3-(4-nigtipiperazin-1-
yl)propoxy)quinolin-8-amind.40as yellow solid (60% vyield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.51 (bs, 1H), 8.46 (d, 18= 5.1 Hz), 7.74 (d, 1HJ) = 9.0
Hz), 7.45 (bd, 1H,) = 8.6 Hz), 7.30 (dd, 1HJ = 3.1, 2.7 Hz), 7.27 (d, 1K} = 9.1 Hz), 7.01 (dd,
1H,J = 8.7, 2.3 Hz), 6.57 (m. 1H), 6.38 (d, 1Hz= 5.1 Hz), 5.03 (bs, 2H), 4.21 (t, 2BI= 6.2 Hz),
2.67 (t, 2H,J = 7.4 Hz), 2.66 (bs, 8H), 2.39 (s, 3H), 2.08 (“quiiteH, “J" = 6.2 Hz).

13C-NMR (CDCh, 100 MHz)5 (ppm): 163.27, 148.88, 147.97, 143.66, 139.95,583132.36,
128.67, 125.73, 117.20, 116.01, 114.97, 112.52,1112109.36, 102.92, 102.49, 67.73, 54.92,
54.66 (2C), 52.47 (2C), 45.47, 26.84.

ESI-HRMS /2 [M+H] " : calculated, 432.2394, observed, 432.2410.

4-(4-Amino-2,6-dichlorophenoxy)-7-(3-(4-methylpipeazin-1-yl)propoxy)quinolin-8-amine

\N/\ NH,
K/N\/\/O N«
Z ¢l
o)
cl NH,
141

Tin chloride dihydrate (553 mg, 2 mmol) was addedat solution of 3,5-dichloro-4-(7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-ytg)benzenamines4 (246 mg, 0.5 mmol) in
ethanol (10 mL). The resulting suspension was kleate70°C for 3 h. A saturated solution of
NaCOs (35 mL) was added. The acqueous phase was exdradith CHCI, (3x50 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, and the
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residue recrystalized in GBl,/n-hexane to give 187 mg of 4-(4-amino-2,6-dichlorepdxy)-7-(3-
(4-methylpiperazin-1-yl)propoxy)quinolin-8-amiid1as yellow solid (80% yield).

'H-NMR (CDCl, 400 MHz)&(ppm): 8.50 (d, 1HJ = 5.1 Hz), 7.72 (d, 1H] = 9.1 Hz), 7.28 (d,
1H,J = 9.1 Hz), 6.69 (s, 2H), 6.23 (d, 18i= 5.1 Hz), 5.04 (bs, 2H), 4.19 (t, 2Bi= 6.2 Hz), 3.90
(bs, 2H), 2.60 (t, 2H] = 7.3 Hz), 2.49 (bs, 8H), 2.29 (s, 3H), 2.04 (fyet’, 2H,“J” = 7.0 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 160.31, 148.63, 145.25, 143.84, 139.96,637132.43,
129.56 (2C), 116.24, 115.27, 114.87 (2C), 109.78.94, 67.87, 65.79, 55.05 (2C), 53.12 (2C),
45.94, 15.22.

ESI-HRMS (/2 [M+H] " : calculated, 476.1614, observed, 476.1610.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(pyrrolidin -1-yl)quinolin-8-amine
\N/\ NH,

LUN_~_O N

=

N

O
142

Palladium (5%) on activated carbon (9.3 mg) waseddtb a stirred solution of 7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitro-4-(pyrrolidib-yl)quinoline 37 (18 mg , 0,045 mmol) in
methanol (2 mL). An hydrogen atmosphere was creatélde reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum to give 10 mg of-(3-(4-methylpiperazin-1-yl)propoxy)-4-(pyrrolidib-yl)quinolin-8-
aminel42as a yellow oil (60% yield).

'H-NMR (400 MHz, CDC}) § (ppm): 8.32 (d, 1HJ = 5.7 Hz), 7.53 (d, 1HJ = 9.3 Hz), 7.03 (d,
1H,J = 9.3 Hz), 6.34 (d, 1H] = 5.7 Hz), 5.19 (bs, 2H), 4.15 (t, 281= 6.1 Hz), 3.71 (m, 4H), 2.60
(t, 2H,J = 7.2 Hz), 2.52 (bs, 8H), 2.31 (s, 3H), 2.04 (m, 6H).

13C-NMR (100 MHz, DMSO-d6p (ppm): 152.04,147.26, 141.52, 139.49, 132.15, 116.17, 112.03,
111.65, 101.27, 66.92, 54.85, 54.68, 54.38, 5E6H5, 45.68, 26.42, 25.40.

ESI-MS (/2 [M+H] *: 370.1.
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7-(3-(4-Methylpiperazin-1-yl)propoxy)-4-(piperidin- 1-yl)quinolin-8-amine

>N NH
@\/\/O 2 N\
=

N

143

Palladium (5%) on activated carbon (11 mg) was ddde a stirred solution of 3-(4-
methylpiperazin-1-yl)propoxy)-8-nitro-4-(piperiditryl)quinoline 61 (40 mg, 0,097 mmol) in
methanol (2 mL). An hydrogen atmosphere was createle reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum. The residue was purified with chromaapbry on basic alumina (eluent AcCOEt:hexane
1:1) to give 22 mg of 7-(3-(4-methylpiperazin-1pippoxy)-4-(piperidin-1-yl)quinolin-8-amine
143as pale yellow oil (60% yield).

'H-NMR (400 MHz, CDC}) § (ppm): 8.55 (d, 1HJ = 5.0 Hz), 7.29 (d, 1HJ = 9.1 Hz), 7.15 (d,
1H,J = 9.1 Hz), 6.70 (d, 1H] = 5.2 Hz), 5.03 (bs, 2H), 4.16 (t, 2BI= 6.2 Hz), 3.16 (m, 4H), 2.61
(t, 2H,J = 7.2 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.04 (“quiteH, “J” = 7.0 Hz), 1.82 (m, 4H),
1.69 (m, 2H).

13C-NMR (100 MHz, DMSO-d6p (ppm): 158.04, 148.39, 139.80, 132.92, 122.84, 119.46,2814
111.29, 107.13, 67.68, 54.96 (2C), 54.96, 53.45,(38.40 (2C), 45.87, 26.84, 25.98 (2C), 24.49.

4-(4-Methylpiperazin-1-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amine

>N NH
k/)\l\/\/o i N«
=

O

Palladium (5%) on activated carbon (10.4 mg) wasleddto a stirred solution of 4-(2-
methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)prop®8,nitroquinoline62(100 mg, 0,2 mmol) in
methanol (7 mL). An hydrogen atmosphere was createle reaction flask, and after stirring for
24 hours at room temperature, the mixture wagditteover celite, and then the solvent evaporated
in vacuum. The residue was dissolved in ethyl aeetBltered, and then purified with flash
chromatography (eluent GBI,:EtOH:EgN, 6.9:3:0.1) to give 72 mg of 4-(4-methylpiperaiin
y)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-dmine as brown oil44(78% vyield).
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'H-NMR (CDCl, 400 MHz)3 (ppm): 8.57 (d, 1HJ = 4.9 Hz), 7.29 (d, 1HJ = 9.2 Hz), 7.16 (d,
1H, J = 9.2 Hz), 6.23 (d, 1H) = 4.9 Hz), 5.05 (bs, 2H), 4.15 (t, 2H,= 6.2 Hz), 3.25 (bs, 4H),
2.68 (bs, 4H), 2.60 (t, 2H, = 7.3 Hz), 2.49 (bs, 8H), 2.40 (s, 3H), 2.29 (s, 3403 (“quintet”, 2H,
“J'= 6.9 Hz).

13C-NMR (CDCI3, 100 MHz)5 (ppm): 156.79, 148.43, 142.78, 139.72, 133.05,1,9114.53,
111.00, 107.29, 67.79, 55.08 (2C), 55.05, 54.95,(38.01 (2C), 51.92 (2C), 46.08, 45.88, 26.90.

ESI-HRMS (/2 [M+H] " : calculated, 399.2866, observed, 399.2860.

4-(3-Fluoropyrrolidin-1-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amine
\N/\ NH,

k/N\/\/O N\

¥

N

O

F
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Tin chloride dihydrate (451 mg, 2 mmol) was added tsolution of 4-(3-fluoropyrrolidin-1-yl)-7-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoér63 (174 mg, 0.4 mmol) in ethanol (15 mL).
The resulting suspension was heated at 70°C forABdaturated solution of N@&O; (25 mL) was
added. The acqueous phase was exctracted with A@8&D mL) and the combined organic layers
were dried over MgS£ The solvent was removed in vacuum, the residagystalized in CHCl,
to give 108 mg of 4-(3-fluoropyrrolidin-1-yl)-7-(@-methylpiperazin-1-yl)propoxy)quinolin-8-
aminel45as pink crystals (70% yield).

'H-NMR (CDCk, 400 MHz)$ (ppm): 8.42 (d, 1HJ = 5.3 Hz), 7.44 (d, 1H) = 9.3 Hz), 7.07 (d,
1H,J = 9.3 Hz), 6.41 (d, 1HJ = 5.3 Hz), 5.37 (dt, 1HJ = 53.1 [HF], 3.4 Hz), 5.03 (bs, 2H), 4.16
(t, 2H, J = 6.2 Hz), 4.04-3.65 (m, 6H), 2.61 (t, 2BI,= 7.4 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.04
(“quintet’, 2H,"J” = 6.5 Hz).

13C-NMR (CDCk, 100 MHz)$ (ppm): 152.44, 147.84, 142.57, 140.20, 132.45,9,6112.57,
112.17, 102.16, 92.27 (der= 177.5 Hz), 67.62, 58.18, 57.96, 55.08, 55.06 (88)17 (2C), 49.07,
45.98, 26.95.

ESI-HRMS /2 [M+H] *: calculated, 388.2507, observed, 388.2504.
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(S)-4-(3-(dimethylamino)pyrrolidin-1-yl)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-

amine
\N/\ NH,
K/N\/\/O AN
=
Q
N/
/
146

Tin chloride dihydrate (225 mg, 1 mmol) was added tsolution of (SN,N-dimethyl-1-(7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolin-4-gyrrolidin-3-amine64 (90 mg, 0.2 mmol) in
ethanol (8 mL). The resulting suspension was heated0°C for 3 h. A saturated solution of
NaCO; (15 mL) was added. The acqueous phase was extradth AcOEt (3x20 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, and the
residue recrystalized in GBI, to give 49 mg of (S)-4-(3-(dimethylamino)pyrroldi-yl)-7-(3-(4-
methylpiperazin-1-yl)propoxy)quinolin-8-amirigl6 as yellow crystals (60% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.37 (d, 1HJ = 5.3 Hz), 7.45 (d, 1H) = 9.3 Hz), 7.04 (d,
1H,J = 9.4 Hz), 6.34 (d, 1H] = 5.4 Hz), 4.14 (t, 2HJ = 6.3 Hz), 3.74 (m, 2H), 3.64 (m, 2H), 2.76
(m, 1H), 2.58 (t, 2H,) = 7.4 Hz), 2.48 (bs, 8H), 2.31(s, 6H), 2.28 (m, 1RR1 (m, 1H), 2.02
(“quintet”, 2H,“J” = 6.7 Hz), 1.91 (m, 1H).

3C-NMR (CDCk, 100 MHz)$ (ppm): 152.64, 147.81, 142.57, 140.23, 132.20,.78,6112.49,
112.17, 101.59, 67.57, 65.48, 56.83, 55.09, 5522),(53.17 (2C), 53.12, 50.83, 45.94, 44.39,
30.40, 26.95.

ESI-HRMS /2 [M+H] " : calculated, 413.3023, observed, 413.3034.

N*-(2-chloro-4-(trifluoromethyl)phenyl)-7-(3-(4-methylpiperazin-1-yl)propoxy)quinoline-4,8-
diamine
Y NH,
K/N\/\/O N\

=

jod
F,C Cl

147
Tin chloride dihydrate (242 mg, 1.1 mmol) was added a solution of N-(2-chloro-4-
(trifluoromethyl)phenyl)-7-(3-(4-methylpiperazinyl}propoxy)-8-nitroquinolin-4-amine65 (113
mg, 0.2 mmol) in ethanol (8 mL). The resulting srspon was heated at 70°C for 3 h. A saturated
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solution of NaCQO; (15 mL) was added. The acqueous phase were ebertradth CHCIl, (3x30
mL) and the combined organic layers were dried aM@SQ,. The solvent was removed in
vacuum, and the residue recrystalized in ,Chl to give 60 mg of R(2-chloro-4-
(trifluoromethyl)phenyl)-7-(3-(4-methylpiperaziny}propoxy)quinoline-4,8-diaminé47 as green
solid (60% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.58 (d, 1HJ = 5.1 Hz), 7.71 (d, 1H] = 1.9 Hz), 7.53 (d,
1H,J = 8.5 Hz), 7.46 (dd, 1H] = 8.6, 2.0 Hz), 7.23 (s, 2H), 7.12 (d, 1= 5.0 Hz), 5.99 (bs,
1H), 5.20 (bs, 2H), 4.19 (t, 2H,= 6.1 Hz), 2.80 (bs, 8H), 2.74 (t, 2H,= 7.3 Hz), 2.50 (s, 3H),
2.09 (“quintet”, 2H"J" = 6.8 Hz).

3C-NMR (CDCk, 100 MHz)$ (ppm):148.03, 143.37, 141.13, 139.19, 133.32, 127.234s;, 3.7
Hz), 126.58 (qJce= 34.3 Hz), 124.77 (qlce= 3.7 Hz), 123.30, 120.73 (de= 270.9 Hz), 118.00,
117.06, 115.14, 107.16, 105.28, 67.45, 54.63, 503, 51.43 (2C), 44.75, 26.51.

7-(3-Morpholinopropoxy)-4-(2,3,4-trichlorophenoxy)auinolin-8-amine

0 NH,
k/N O Ny
= ¢l
(0] Cl
Cl
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Tin chloride dihydrate (44.0 mg, 0.195 mmol) wasledl to a solution of 4-(3-(8-nitro-4-(2,3,4-
trichlorophenoxy)quinolin-7-yloxy)propyl)morpholing7 (20 mg, 0.039 mmol) in ethanol (2 mL).
The resulting suspension was heated at 70°C foAldaturated solution of N&@O; (20mL) was
added, the acqueous phase was exctracted witRIgE8x20 mL) and the combined organic layers
were dried over MgS© The solvent was removed in vacuum, to give 14 aofg7-(3-
morpholinopropoxy)-4-(2,3,4-trichlorophenoxy)quimeB-aminel48(74.4% vyield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.53 (d, 1HJ = 5.0 Hz), 7.60 (d, 1H] = 9.1 Hz), 7.45 (d,
1H,J = 8.8 Hz), 7.29 (d, 1H] = 9.1 Hz), 7.09 (d, 1H] = 8.8 Hz), 6.31 (d, 1H] = 5.1 Hz), 4.22 (t,
2H,J = 6.1 Hz), 3.76 (t, 4H] = 4.7 Hz), 2.64 (t, 2H] = 7.2 Hz), 2.54 (bs, 4H), 2.09 (“quintet”, 2H,
“J"= 6.8 Hz).

13C-NMR (CDCk, 100 MHz)& (ppm): 160.11, 150.22, 148.45, 143.88, 140.06, 4%83132.66,
130.78, 128.66, 128.02, 120.95, 116.48, 115.45,8008102.62, 67.67, 66.79 (2C), 55.52, 53.68
(2C), 26.54.

ESI-HRMS (/2 [M+H] *:calculated, 482.0799, observed, 482.0817.
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4-(2,4-Dichloro-5-(methylamino)phenoxy)-7-(3-morphbnopropoxy)quinolin-8-amine

ﬂ NH,

0
L_N_~_oO N

149
Tin chloride dihydrate (115.6 mg, 0.512 mmol) wdded to a solution of 2,4-dichlofé-methyl-5-
(7-(3-morpholinopropoxy)-8-nitroquinolin-4-yloxy)dme 58 (52 mg, 0.103 mmol) in ethanol (3
mL). The resulting suspension was heated at 70f@HoA saturated solution of NaOs; (20mL)
was added, the acqueous phase was exctracted wWi@l{(3x20 mL) and the combined organic
layers were dried over MgSOThe solvent was removed in vacuum, to give 22 ahg-(2,4-
dichloro-5-(methylamino)phenoxy)-7-(3-morpholinopoxy)quinolin-8-aminel49 (45.0% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.51 (d, 1HJ = 5.1 Hz), 7.67 (d, 1H] = 9.1 Hz), 7.39 (s,
1H), 7.28 (d, 1H, = 9.1 Hz), 6.47 (s, 1H), 6.33 (d, 1Bi= 5.1 Hz), 5.04 (bs, 2H), 4.48 (g, 1¥=
5.1 Hz), 4.21 (t, 2H) = 6.2 Hz), 3.74 (t, 4H] = 4.6 Hz), 2.83 (d, 3H] = 5.1 Hz), 2.62 (t, 2H] =
7.2 Hz), 2.51 (bs, 4H), 2.05 (“quintet”, 2K’ = 6.9 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 160.83, 149.76, 148.66, 145.24, 143.78,9R9132.44,
130.14, 116.53, 116.01, 115.17, 113.34, 109.08,6B)4.02.12, 67.68, 66.86 (2C), 55.54, 53.71
(2C), 30.38, 26.60.

ESI-HRMS /2 [M+H] : calculated, 477.1454, observed, 477.1458.
7-(3-Morpholinopropoxy)-4-(4-(trifluoromethyl)pheno xy)quinolin-8-amine

0] NH,
k/N\/\/O N\

L
CF
150

Tin chloride dihydrate (238.6 mg, 1.058 mmol) wakled to a solution of 4-(3-(8-nitro-4-(4-
(trifluoromethyl)phenoxy)quinolin-7-yloxy)propyl)mipholine 59 (101.0 mg, 0.211 mmol) in
ethanol (6 mL). The resulting suspension was heated0°C for 1h. A saturated solution of
NaCO; (20mL) was added, the acqueous phase was excradte CHCl, (3x20 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, to give 101
mg of 7-(3-morpholinopropoxy)-4-(4-(trifluoromethghenoxy)quinolin-8-amine 150 (74.4%
yield).

3
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'H-NMR (CDCl, 400 MHz)& (ppm): 8.56 (d, 1HJ = 5.0 Hz), 7.68 (d, 2HJ = 8.5 Hz), 7.54 (d,
1H,J = 9.0 Hz), 7.26 (d, 1HJ = 9.0 Hz), 7.22 (d, 2H) = 8.5 Hz), 6.52 (d, 1HJ = 5.0 Hz), 5.07
(bs, 2H), 4.20 (t, 2H) = 6.1 Hz), 3.75 (t, 4H) = 4.6 Hz), 2.62 (t, 2H) = 7.2 Hz), 2.52 (bs, 4H),
2.07 (“quintet”, 2H"J" = 6.8 Hz).

3C-NMR (CDCk, 100 MHz) & (ppm): 160.58, 148.62, 143.90, 140.12, 132.54, 127.42Q,
Jor = 3.7 Hz), 127.04 (g, 2Q¢r = 37.7 Hz), 123.90 (q, 2Qcr = 272.4 Hz), 122.27, 120.34 (2C),
117.27, 115.38, 108.95, 104.51, 67.63, 66.77 (BE)Y0, 55.51, 53.66 (2C), 26.52.

ESI-HRMS (/2 [M+H] *: calculated, 448.1842, observed, 448.1822.

4-Ethoxy-7-(3-morpholinopropoxy)quinolin-8-amine

o NH,
LN~ 0 AN
=
O~
151

Tin chloride dihydrate (93.6 mg, 0.415 mmol) waded to a solution of 4-(3-(4-ethoxy-8-
nitroquinolin-7-yloxy)propyl)morpholine60 (30.0 mg, 0.083 mmol) in ethanol (2.4 mL). The
resulting suspension was heated at 70°C for 1lhatérated solution of N&€O; (20mL) was added,
the acqueous phase was exctracted withGIH3x20 mL) and the combined organic layers were
dried over MgS@ The solvent was removed in vacuum, to give 7 mg(@-morpholinopropoxy)-
4-(4-(trifluoromethyl)phenoxy)quinolin-8-amirb 1 (25.4% vyield).

'H-NMR (CDCk, 400 MHz)3 (ppm): 8.58 (d, 1HJ = 5.2 Hz), 7.52 (d, 1HJ = 9.0 Hz), 7.18 (d,
1H, J = 9.0 Hz), 6.61 (d, 1H) = 5.2 Hz), 4.25 (q, 2H) = 7.0 Hz), 4.21 (t, 2HJ = 6.2 Hz), 3.84

(m, 4H), 2.78 (t, 2HJ = 7.3 Hz), 2.68 (bs, 4H), 2.16 (“quintet’, 2K” = 7.0 Hz), 1.55 (t, 3HJ =
7.0 Hz).

3C-NMR (CDCk, 100 MHz)& (ppm): 162.49, 148.44, 143.80, 131.72, 117.04,32,4109.51,
99.06, 67.33, 66.12 (2C), 64.25, 55.58, 53.35 (26)57, 14.45.

ESI-HRMS (/2 [M+H] *: calculated, 332.1968, observed, 332.1966.
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7-(3-Morpholinopropoxy)-4-(pyrrolidin-1-yl)quinolin -8-amine

O NH,
K/N\/\/O AN
=

N

O
152

Tin chloride dihydrate (169.3 mg, 0.75 mmol) wasded to a solution of 4-(3-(8-nitro-4-
(pyrrolidin-1-yl)quinolin-7-yloxy)propyl)morpholiné7 (58 mg, 0.150 mmol) in ethanol (4 mL).
The resulting suspension was heated at 70°C foAldaturated solution of N&@O; (20mL) was
added, the acqueous phase was exctracted witlgE8x20 mL) and the combined organic layers
were dried over MgS© The solvent was removed in vacuum, to give 23 afg7-(3-
morpholinopropoxy)-4-(pyrrolidin-1-yl)quinolin-8-aime 152 (43.0% yield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.35 (d, 1HJ = 5.6 Hz), 7.53 (d, 1H] = 9.3 Hz), 7.04 (d,
1H,J = 9.3 Hz), 6.34 (d, 1H] = 5.6 Hz), 5.09 (bs, 2H), 4.17 (t, 2Bi= 6.2 Hz), 3.73 (t, 4H) = 4.8
Hz), 3.69 (M, 4H), 2.59 (t, 2H,= 7.3 Hz), 2.49 (bs, 4H), 2.03 (m, 6H).

13C-NMR (CDCk, 100 MHz)3 (ppm): 153.30, 149.02, 146.71, 142.98, 131.60,33,6112.89,
111.81, 101.21, 67.49, 66.94 (2C), 55.53, 53.74,(32.19 (2C), 26.69, 25.86 (2C).

ESI-HRMS (/2 [M+H] *: calculated, 357.2285, observed, 357.2289.
N*-(2,4-dichloro-5-methoxyphenyl)-7-(3-morpholinoproxy)quinoline-4,8-diamine

o) NH,
(_N_~_O N
¥
HN O
CIJ@[CI
153
Tin chloride dihydrate (115 mg, 0.512 mmol) was etido a solution ofN-(2,4-dichloro-5-
methoxyphenyl)-7-(3-morpholinopropoxy)-8-nitroquime4-amine 68 (52 mg, 0.1025 mmol) in
ethanol (3 mL). The resulting suspension was heated0°C for 1h. A saturated solution of
NaCO; (20mL) was added, the acqueous phase was excrade CH,Cl, (3x20 mL) and the
combined organic layers were dried over MgSThe solvent was removed in vacuum, to give 42
mg of N*(2,4-dichloro-5-methoxyphenyl)-7-(3-morpholinopoxy)quinoline-4,8-diamine 153
(85.8% vyield).
'H-NMR (CDCl, 400 MHz)d (ppm): 8.50 (d, 1H) = 5.1 Hz), 7.45 (s, 1H), 7.23(bs, 2H), 7.05 (s,
1H), 6.92 (d, 1HJ = 5.1 Hz), 6.80 (bs, 1H), 5.14 (bs, 2H), 4.19 (t, 3K 6.1 Hz), 3.82(s, 3H),

3.74 (t, 4H,J = 4.6 Hz), 2.61 (t, 2H] = 7.2 Hz), 2.50 (bs, 4H), 2.05 (“quintet’, 2K’ = 6.8 Hz).
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13C-NMR (CDCk, 100 MHz) & (ppm): 154.57, 147.98, 145.81, 143.58, 139.09, (B7133.47,
130.60, 117.26, 116.83, 115.09, 106.96, 105.29,1803%7.89, 66.93, 56.61, 55.55 (2C), 53.81
(2C), 26.74.

ESI-HRMS (/2 [M+H] *: calculated, 477.1454, observed, 477.1452.
3-(2-Methoxyphenyl)-7-(3-(4-methylpiperazin-1-yl)poopoxy)quinolin-8-amine

>N

154
Palladium (5%) on activated carbon (5 mg) was addedstirred solution of 3-(2-methoxyphenyl)-
7-(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquimoé 87 (11 mg, 0,025 mmol) in methanol (3
mL). An hydrogen atmosphere was created in thetimmaflask, and after stirring for 24 hours at
room temperature, the mixture was filtered oveiteeand then the solvent evaporated in vacuum
to gve 33 mg (0.0081 mmol) of 3-(2-methoxypher#A(3-(4-methylpiperazin-1-
yl)propoxy)quinolin-8-amind 54 (yield 32%).

'H-NMR (300 MHz, CDC}) & (ppm) 8.95 (d, 1HJ = 2.1 Hz), 8.35 (d, 1H] = 2.2 Hz), 7.41 (m,
1H), 7.40 (m, 1H), 7.26 (d, 1H,= 8.8 Hz), 7.17 (d, 1H] = 8.9 Hz), 7.09 (td, 1H] = 7.6, 1.0 Hz),
7.04 (dd, 1HJ = 7.7, 1.0 Hz), 5.07 (bs, 2H), 4.19 (t, 2H= 6.1 Hz), 3.84 (s, 3H), 2.63 (t, 2BI=
7.1 Hz), 2.68 (bs, 8H), 2.41 (s, 3H), 2.08 (“quiitéH, “J” = 6.6 Hz).

13C-NMR (CDCk, 75.45 MHz)&(ppm): 156.75, 149.57, 142.97, 136.96, 132.53, 4%1130.88,
129.82, 129.27, 127.59, 123.90, 121.09, 116.17,3B15811.27, 67.79, 55.56, 54.93 (2C), 54.58
(2C), 52.35, 45.44, 26.77.

ESI-MS (/2 [M+H] *: 407.3.

3-Bromo-7-(3-(4-methylpiperazin-1-yl)propoxy)quinoin-8-amine

>N NH
@\/\/O\d’\j\
Z Br

155
Tin chloride dihydrate (82 mg, 0.365 mmol) was atide a solution of 3-bromo-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolirgs (30 mg, 0.073 mmol) in ethanol (2.1 mL). The
resulting suspension was heated at 70°C for lhat@rated solution of NaHCO (25 mL) was
added, the acqueous phase was exctracted with A@BD mL) and the combined organic layers
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were dried over MgS© The solvent was removed in vacuum, to give 19amg@-bromo-7-(3-(4-
methylpiperazin-1-yl)propoxy)quinolin-8-amiri&5 (68.6% vyield).

'H-NMR (300 MHz, CDC}) § (ppm): 8.70 (d, 1HJ = 2.2 Hz), 8.16 (d, 1HJ = 2.2 Hz), 7.26 (d,
1H, J = 8.8 Hz), 7.03 (d, 1HJ] = 8.8 Hz), 5.08 (bs, 2H), 4.16 (t, 28,= 6.2 Hz), 2.60 (t, 2H) =
7.1 Hz), 2.51 (bs, 8H), 2.30 (s, 3H), 2.04 (“quifiteH, “J” = 6.8 Hz).

13C-NMR (75,45 MHz, CDG)) & (ppm): 148.61, 143.23, 136.97, 136.18, 132.93,085117.04,
115.12, 113.96, 67.87, 55.00, 54.98 (2C), 53.09,(26.91, 26.88.

ESI-HRMS /2 [M+H] : calculated, 379.1127, observed, 379.1121.
7-(3-(4-Methylpiperazin-1-yl)propoxy)-3-phenylquindin-8-amine

NH,

~
N
k/)\l\/\/o N\
O = O
156

Tin chloride dihydrate (55.5 mg, 0.246 mmol) wasledito a solution of 7-(3-(4-methylpiperazin-
1-yl)propoxy)-8-nitro-3-phenylquinoliné88 (20 mg, 0.0492 mmol) in ethanol (1.5 mL). The
resulting suspension was heated at 70°C for 1lhatérated solution of NaHCO (20mL) was added,
the acqueous phase was exctracted with AcOEt (&20and the combined organic layers were
dried over MgS@ The solvent was removed in vacuum, and the reswas purified by flash
cromathography on basic alumina (eluent. AcOEt) giwe 10 mg of 7-bromo-7-(3-(4-
methylpiperazin-1-yl)propoxy)quinolin-8-amiri&6 (54.0% yield).

'H-NMR (300 MHz, CDCY) & (ppm): 9.01 (d, 1HJ = 2.2 Hz), 8.18 (d, 1H] = 2.3 Hz), 7.70 (m,
2H), 7.51 (m, 2H), 7.41 (m, 1H), 7.29 (d, 14z 9.1 Hz), 7.19 (d, 1H] = 8.9 Hz), 5.09 (bs, 2H),
4.19 (t, 2H,J = 6.1 Hz), 2.63 (t, 2HJ = 7.3 Hz), 2.54 (bs, 8H), 2.33 (s, 3H), 2.05 (fgal’, 2H,
“J" =7.1Hz).

3C-NMR (75,45 MHz, CDQ) & (ppm): 147.35, 143.11, 138.33, 135.87, 133.22,5%82131.92,
129.06 (2C), 127.68, 127.21 (2C), 123.89, 119.4%.63, 67.93, 54.99 (2C), 53.08 (2C), 55.07,
45.91, 26.93.

ESI-MS /2 [M+H] *: 377.4.
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7-(3-(4-Methylpiperazin-1-yl)propoxy)-3-(8'-quinolinyl)quinolin-8-amine

157

Tin chloride dihydrate (219.5 mg, 0.973 mmol) wdded to a solution of 7-(3-(4-methylpiperazin-
1-yl)propoxy)-8-nitro-3-(8-quinolyl)quinolin&9 (89 mg, 0.1945 mmol) in ethanol (5.9 mL). The
resulting suspension was heated at 70°C for 1lhatérated solution of NaHCO (20mL) was added,
the acqueous phase was exctracted with AcOEt (8x20and the combined organic layers were
dried over MgS@ The solvent was removed in vacuum to give 66 54 mmol) of 7-(3-(4-
Methylpiperazin-1-yl)propoxy)-3-(8'-quinolinyl)quaiin-8-aminel57(79.2% yield).

'H-NMR (300 MHz, CDC}) & (ppm) 9.13 (d, 1HJ = 2.1 Hz), 8.92 (dd, 1H] = 4.2, 1.6 Hz), 8.32
(d, 1H,J = 2.1 Hz), 8.25 (dd, 1H] = 8.2, 1.7 Hz), 7.84 (m, 2H), 7.63 (m, 1H), 7.4i@,(1H,J =
8.0, 4.1 Hz), 7.26 (d, 1H = 8.9 Hz), 7.20 (d, 1H] = 8.7 Hz), 5.11 (bs, 2H), 4.18 (t, 2Bi= 6.3
Hz), 2.62 (t, 2H,) = 7.5 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.05 (fget’, 2H,"J" = 6.7 Hz).

13C-NMR (75,45 MHz, CDGJ) & (ppm) : 150.31, 150.24, 150.00, 143.18, 137.18,63 136.24,
136.23, 132.50, 131.56, 130.34, 128.69, 128.00,3726123.81, 121.23, 116.10, 115.44, 67.85,
55.02, 54.92 (2C), 53.08 (2C), 45.86, 26.88.

ESI-HRMS (m/z) [M+H]": calculated, 429.2444, observed, 428.2459.

3-Butyl-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amine

>N NH
k/)\l\/\/o 2 AN

=

158
Tin chloride dihydrate (64.2 mg, 0.285 mmol) wasdedl to a solution of 3-butyl-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolir@) (22 mg, 0.057 mmol) in ethanol (5.9 mL). The
resulting suspension was heated at 70°C for 1lhatérated solution of NaHCO (20mL) was added,
the acqueous phase was exctracted with AcOEt (8x20and the combined organic layers were
dried over MgS@ The solvent was removed in vacuum to give 7 mgl® mmol) of 3-butyl-7-
(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amia&8 (34.4% yield).

'H-NMR (300 MHz, CDC}) § (ppm) : 8.59 (d, 1HJ = 2.1 Hz), 7.78 (d, 1HJ = 1.9 Hz), 7.23 (d,
1H, J = 8.8 Hz), 7.06 (d, 1HJ = 8.7 Hz), 5.06 (2H, bs), 4.15 (t, 28l,= 6.3 Hz), 2.75 (t, 2H) =
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7.6 Hz), 2.62 (t, 2HJ = 7.1 Hz), 2.51(bs, 8H), 2.31 (s, 3H), 2.04 (“quilit@H, “J” = 6.7 Hz),
1.67 (“quintet’, 2H!J” = 7.6 Hz), 1.39 (sestet, 2H,= 7.6 Hz), 0.94 (t, 3HJ = 7.3 Hz).

13C-NMR (75,45 MHz, CDGJ)) 5 (ppm) : 149.62, 142.37, 134.00, 133.32, 132.68,2® 119.24,
116.55, 114.39, 68.07, 55.10, 55.06 (2C), 53.15,(26.01, 33.33, 32.75, 26.96, 22.20, 13.90.

ESI-HRMS /2 [M+H] *: calculated, 357.2648, observed, 357.2640.

3-Methyl-7-(3-(4-methylpiperazin-1-yl)propoxy)quinadin-8-amine

\N/\ NH,
e
¥
159
Palladium (5%) on activated carbon (7 mg) was added stirred solution of 3-methyl-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinolingl (24mg, 0,0697 mmol) in methanol (2 mL). An
hydrogen atmosphere was created in the reactiak, fland after stirring for 24 hours at room
temperature, the mixture was filtered over celdaad then the solvent evaporated in vacuum.
NaCOs; (10 mL, 2M solution in water) was added, and thgquaous phase was extracted with
CH.Cl, (3x20 mL). The combined organic layers were driacer MgSQ and the solvent

evaporated to give 17 mg (0.0541 mmol) of 3-mefhyB-(4-methylpiperazin-1-
yl)propoxy)quinolin-8-amind.59 (77.6% yield).

'H-NMR (300 MHz, CDCJ) § (ppm): 8.58 (d, 1HJ = 1.5 Hz), 7.77 (s, 1H), 7.21 (d, 1H, 8.7 Hz),
7.03 (d, 1H,J = 8.8 Hz), 5.05 (bs, 2H), 4.14 (t, 28= 6.3 Hz), 2.60 (t, 2HJ = 7.1 Hz), 2.49 (bs,
8H), 2.46 (s, 3H), 2.30 (s, 3H), 2.03 (“quintetH 2" = 6.7 Hz).

13C-NMR (75,45 MHz, CDG)) & (ppm): 149.82, 142.33, 136.81, 134.53, 132.65,308124.12,
116.54, 114.21, 68.02, 55.10, 55.07 (2C), 53.19,(26.01, 26.96, 18.55.

ESI-HRMS (m/z) [M+H]": calculated, 315.2179, observed, 315.2172.

7-(3-(4-Methylpiperazin-1-yl)propoxy)-3-neopentylqunolin-8-amine

>N NH
@\/\/o 2 Ny

=

160
Tin chloride dihydrate (59.1 mg, 0.262 mmol) wasledl to a solution of 3-neopentyl-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinoling2 (21 mg, 0.0524 mmol) in ethanol (2 mL). The

195



resulting suspension was heated at 70°C for lhatérated solution of NaHCO (20mL) was added,
the acqueous phase was exctracted with AcOEt (&20and the combined organic layers were
dried over MgS@ The solvent was removed in vacuum to give 16 @43 mmol) of 3-
neopentyl-7-(3-(4-methylpiperazin-1-yl)propoxy)qaim-8-aminel60 (82.4% yield).

'H-NMR (300 MHz, CDC}) 5 (ppm) : 8.55 (d, 1HJ = 1.8 Hz), 7.74 (d, 1H) = 1.7 Hz), 7.23 (d,
1H,J = 8.6 Hz), 7.08 (d, 1H] = 8.7 Hz), 5.08 (bs, 2H), 4.16 (t, 2Bi= 6.0 Hz), 2.62 (s, 2H), 2.61
(t, 2H,J = 7.0 Hz), 2.50 (bs, 8H), 2.30 (s, 3H), 2.04 (“quiiteH, "3’ = 6.6 Hz), 0.94 (s, 9H).

3C-NMR (75,45 MHz, CDG) & (ppm): 150.76, 142.45, 136.07, 135.85, 132.66,41 119.22,
116.55, 114.54, 68.13, 55.08 (2C), 55.08, 55.04,%&C), 47.23, 29.68, 29.21 (3C), 26.96.

ESI-HRMS (m/z) [M+H]J: calculated, 371.2810, observed, 371371.2812.

3-Isobutyl-7-(3-(4-methylpiperazin-1-yl)propoxy)quinolin-8-amine

\N/ﬁ NH,
I\/N\/\/O N\
=

161
Palladium (5%) on activated carbon (7 mg) was added stirred solution of 3-isobutyl-7-(3-(4-
methylpiperazin-1-yl)propoxy)-8-nitroquinoling3 (14mg, 0,0362 mmol) in methanol (2 mL). An
hydrogen atmosphere was created in the reactiak, fland after stirring for 24 hours at room
temperature, the mixture was filtered over celdaad then the solvent evaporated in vacuum.
NaCO; (10 mL, 2M solution in water) was added, and thquaous phase was extracted with
CH.Cl, (3x20 mL). The combined organic layers were driacer MgSQ and the solvent
evaporated to give 6.3 mg (0.0177 mmol) of 3-ispbdt(3-(4-methylpiperazin-1-
yl)propoxy)quinolin-8-amind.61(48.1% yield).

'H-NMR (300 MHz, CDC}) & (ppm) : 8.59 (d, 1HJ = 2.2 Hz), 7.77 (d, 1H] = 2.2 Hz), 7.25 (d,
1H,J = 9.2 Hz), 7.09 (d, 1H] = 8.8 Hz), 5.05 (bs, 2H), 4.18 (t, 2B 6.2 Hz), 2.64 (t, 2H) = 7.1
Hz), 2.63 (d. 2H,) = 7.1 Hz), 2.54 (bs, 8H), 2.33 (s, 3H), 2.07 (fgat”, 2H,“J" = 6.4 Hz), 1.97
(nonet, 1HJ = 6.6 Hz), 0.96 (d, 6H, J = 6.6 HZ).

13C-NMR (75,45 MHz, CDG)) & (ppm): 149.97, 142.40, 137.07, 135.86, 132.69, 1152124.13,
116.28, 114.44, 68.08, 55.04, 55.04 (2C), 53.12,(26.99, 42.44, 30.17, 26.95, 22.24 (2C).

ESI-HRMS (m/z) [M+H]": calculated, 357.2654, observed, 357.2651.
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7-Methoxy-4-(pyrrolidin-1-yl)quinolin-8-amine

162
Tin chloride dihydrate (503.6 mg, 2.23 mmol) wagled to a solution 7-methoxy-8-nitro-4-
(pyrrolidin-1-yl)quinoline66 (122 mg, 0.440 mmol) in ethanol (10 mL). The raagltsuspension
was heated at 70°C for 1h. A saturated solutioNa&®CO; (20mL) was added, the acqueous phase
was exctracted with Ci€l, (3x20 mL) and the combined organic layers wereddover MgSQ
The solvent was removed in vacuum, and the reswlae treated with hexane (5 mL). The
precipitated white solid was collected by filtratjovashed with diethyl ether and air dried to give
95 mg of 7-methoxy-4-(pyrrolidin-1-yl)quinolin-8-ane 162 (79.4% vyield).

'H-NMR (CDCl, 400 MHz)& (ppm): 8.37 (d, 1HJ = 5.4 Hz), 7.56 (d, 1H] = 9.4 Hz), 7.04 (d,
1H,J = 9.4 Hz), 6.34 (d, 1H] = 5.4 Hz), 4.87 (s, 2H), 3.95 (s, 3H), 3.67 (m, 4BP1 (M, 4H).

3C-NMR (CDCk, 100 MHz)3 (ppm): 147.71, 142.56, 138.39, 134.72, 126.01,401,1107.90,
104.59, 96.08, 51.03, 46.87 (2C), 20.72 (2C).

MS (70 eV)m/z 243.2 [M](100), 228.2 [M-CHg] (63), 183.2 (34).
ESI-HRMS (/2 [M+H] ™. calculated, 244.1444, observed, 244.1437.

7-Methoxy-4-(2,3,4-trichlorophenoxy)quinolin-8-amire

O\C[CI
Cl

163
Tin chloride dihydrate (358.7 mg, 1.590 mmol) wdded to a solution 7-methoxy-8-nitro-4-(2,3,4-
trichlorophenoxy)quinoliné6 (127 mg, 0.317 mmol) in ethanol (8 mL). The resigitsuspension
was heated at 70°C for 1h. A saturated solutioNa&®CO; (20mL) was added, the acqueous phase
was exctracted with Ci€l, (3x20 mL) and the combined organic layers wereddover MgSQ
The solvent was removed in vacuum, and the resihsetreated with diethyl ether (5 mL). The

precipitated white solid was collected by filtratjovashed with diethyl ether and air dried to give
93 mg of 7-methoxy-4-(2,3,4-trichlorophenoxy)quine8-aminel63(79.4% yield).
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'H-NMR (CDCl, 400 MHz)& (ppm): 8.54 (d, 1HJ = 5.0 Hz), 7.65 (d, 1HJ = 9.1 Hz), 7.46 (d,
1H,J = 8.8 Hz), 7.30 (d, 1H] = 9.1 Hz), 7.10 (d, 1H] = 8.8 Hz), 6.30 (d, 1H] = 5.0 Hz), 4.93 (s,
2H), 4.02 (s, 3H).

3C-NMR (CDCk, 100 MHz)d (ppm): 160.15, 150.13, 148.61, 144.82, 139.78,4(83131.75,
130.81, 128.71, 128.05, 121.11, 116.09, 113.22,051(09.00, 102.34, 56.37.

MS (70 eV)m/z 370.1 [M](53), 368.1[M](54), 355.1 [M -CHs](60), 353.1 [M -CHs(60), 305.1
(33), 304.1 (52), 303.1 (80), 302.1 (71), 301.1)(a@5.1 (48), 130.1 (64), 103.1 (100).

ESI-HRMS (/2 [M+H] *: calculated, 368.9958, observed, 368.9953.

3-Bromo-4,7-dimethoxyquinolin-8-amine

164
Tin chloride dihydrate (176.5 mg, 0.782 mmol) wdded to a solution 3-bromo-4,7-dimethoxy-8-
nitroquinoline101 (49 mg, 0.156 mmol) in ethanol (3 mL). The resgjtsuspension was heated at
70°C for 1h. A saturated solution of )05 (20mL) was added, the acqueous phase was excltracte
with CH,Cl; (3x20 mL) and the combined organic layers wereddaver MgS@ The solvent was
removed in vacuum, and the residue was purifieth Wash cromathography on silica gel (diethyl
ether: hexane 4:6) to give 34 mg of 3-bromo-4,7eadhmxyquinolin-8-aminé& 64 (77.0% yield).

'H-NMR (400 MHz, CDC4) § (ppm): 8.70 (s, 1H), 7.42 (d, 1d,= 9.1 Hz), 7.25 (d, 1H] = 9.1
Hz), 4.89 (bs, 2H), 4.08 (s, 3H), 3.99 (s, 3H).

13C-NMR (100 MHz, CDCJ) § (ppm): 160.32, 150.82, 144.45, 138.61, 132.30,320113.93,
109.16, 107.00, 61.60, 56.36.

MS (70 eV) (n/z) 284.1 [M] (70), 282.1 [M] (75), 269.1 [M-CH3] (88), 267.1 [M-CHs] (100),
241.1 (39), 239.1 (45), 158.1 (29), 145 (37).

ESI-HRMS /2 [M+H] *: calculated, 283.0076, observed, 283.0066.

198



3-Bromo-4-methoxy-7-(3-(4-methylpiperazin-1-yl)propxy)quinolin-8-amine

>N NH
k/)\l\/\/o 2 N\
= Br
O\
165

Tin chloride dihydrate (213.1 mg, 0.945 mmol) wasled to a solution of 3-bromo-4-methoxy-7-
(3-(4-methylpiperazin-1-yl)propoxy)-8-nitroquinoéri00 (83 mg, 0.189 mmol) in ethanol (3 mL).
The resulting suspension was heated at 70°C foAldaturated solution of NE&O; (20mL) was
added, the acqueous phase was exctracted witlgE8x20 mL) and the combined organic layers
were dried over MgS® The solvent was removed in vacuum, to give 30 agh@-bromo-4-
methoxy-7-(3-(4-methylpiperazin-1-yl)propoxy)quimeB-aminel65 (66.0% yield).

'H-NMR (CDCl, 400 MHz)&(ppm): 8.67 (s, 1H), 7.42 (d, 1= 9.1), 7.21 (d, 1HJ = 9.1), 4.87
(bs, 2H), 4.23 (t, 2HJ = 6.4), 3.96 (s, 3H), 2.64 (t, 2H,= 7.7), 2.49 (bs, 8H), 2.28 (s, 3H), 2.09
(“quintet’, 2H,“J” = 7.3).

13C-NMR (CDCE, 100 MHz) &(ppm): 159.52, 150.77, 144.37, 138.59, 132.21, A120113.78,
109.31, 107.23, 72.75, 56.33, 55.12 (2C), 54.72,G@C), 46.01, 27.60.

ESI-HRMS /2 [M+H] : calculated, 409.1233, observed, 409.1221.

4,7-Dimethoxyquinolin-8-amine

166
Tin chloride dihydrate (400 mg, 1.77 mmol) was atlde a solution of 4,7-dimethoxy-8-
nitroquinoline55 (83 mg, 0.354 mmol) in ethanol (2 mL). The resigtsuspension was heated at
70°C for 1h. A saturated solution of }&0O; (20mL) was added, the acqueous phase was exctracte
with CH.CI, (3x20 mL) and the combined organic layers weredddver MgS@ The solvent was
removed in vacuum, to give 62 mg of 4,7-dimethoxyglin-8-aminel66 (85.8% yield).

'H-NMR (CDCl, 400 MHz)&(ppm): 8.59 (d, 1HJ = 5.1 Hz), 7.51 (d, 1H] = 9.1 Hz), 7.18 (d,
1H,J = 9.1 Hz), 6.67 (d, 1H] = 5.1 Hz), 3.99 (s, 3H ), 3.96 (s, 3H).

3C-NMR (CDCk, 100 MHz) 5(ppm): 162.42, 149.16, 144.53, 139.20, 131.41, 88,6112.32,
109.29, 98.33, 56.30, 55.48.
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MS (70eV)(m/z) 203.8 [M1] (83); 188.8 (100); 160.8 (52); 117.8 (19)
ESI-HRMS (/2 [M+H] *: calculated, 205.0971, observed, 205.0976.

4,7-Dimethoxy-3-phenethylquinolin-8-amine

167
Tin chloride dihydrate (280.0 mg, 1.241 mmol) wdded to a solution of 4,7-dimethoxy-8-nitro-3-
phenethylquinolinel02 (84 mg, 0.248 mmol) in ethanol (4 mL). The resgtisuspension was
heated at 70°C for 1h. A saturated solution ofQN2 (20mL) was added, the acqueous phase was
exctracted with CkCl, (3x20 mL) and the combined organic layers wereddover MgS@ The
solvent was removed in vacuum, and the residuepwaged with flash cromathography on silica
gel (diethyl ether: hexane 4:6) to give 30 mg af7-dimethoxy-3-phenethylquinolin-8-amirié7
(39.2% vyield).

'H-NMR (CDClk, 400 MHz)3 (ppm): 8.54 (s, 1H), 7.38 (d, 1K,= 9.1), 7.29 (m, 2H), 7.24 (d,
1H,J = 8.9), 7.21 (m, 3H), 4.89 (bs, 2H), 3.98 (s, 3891 (s, 3H), 3.07 (M, 2H), 2.99 (M, 2H).

13C-NMR (CDCE, 100 MHz) &(ppm): 161.20, 151.34, 143.73, 141.39, 132.09, AR9128.55,
128.46 (2C), 128.43 (2C), 126.11, 123.14, 113.88,29, 62.15, 56.46, 36.94, 29.50.

MS (70 eV)m/z 308.4 [M](37), 217.3 (36), 185.2 (38).
ESI-HRMS /2 [M+H] : calculated, 309.1597, observed, 309.1587.
4,7-Bis(2,3,4-trichlorophenoxy)quinolin-8-amine
Cl NH,
Clj©/o N
cl Z ¢l
Cl
168
Tin chloride dihydrate (90.0 mg, 0.395 mmol) wasled to a solution of 8-nitro-4,7-bis(2,3,4-
trichlorophenoxy)quinolin&6a (45 mg, 0.0796 mmol) in ethanol (2 mL). The resgtsuspension

was heated at 70°C for 1h. A saturated solutioN®CO; (20mL) was added, the acqueous phase
was exctracted with Ci€l, (3x20 mL) and the combined organic layers wereddover MgSQ
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The solvent was removed in vacuum, to give 44 mdg,dfbis(2,3,4-trichlorophenoxy)quinolin-8-
aminel68(99.0% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.58 (d, 1HJ = 5.1Hz), 7.64 (d, 1HJ = 9.1 Hz), 7.49 (d,
1H,J = 8.8 Hz), 7.25 (d, 1H] = 9.0 Hz), 7.16 (d, 1H] = 9.2 Hz), 7.13 (d, 1H] = 8.7 Hz), 6.74 (d,
1H,J = 9.0 Hz), 6.42 (d, 1H] = 5.1 Hz), 5.07 (bs, 2H).

13C-NMR (CDCk, 100 MHz) & (ppm): 160.39, 152.80, 149.74, 148.71, 140.69,9R38135.01,
133.62, 132.91, 131.28, 128.82, 128.13, 127.72,6124121.18, 120.36, 118.73, 115.64, 110.05,
109.41, 103.77.

ESI-HRMS /2 [M+H] *: calculated, 532.8946, observed, 532.8901.
4,7-Diethoxyquinolin-8-amine

NH,
~_© Ny
=

o~

169
Tin chloride dihydrate (163.5 mg, 0.724 mmol) wadded to a solution of 4,7-diethoxy-8-
nitrogquinoline60a (38 mg, 0.145 mmol) in ethanol (4.2 mL). The rasgltsuspension was heated
at 70°C for 1h. A saturated solution of J&; (20mL) was added, the acqueous phase was
exctracted with CkCl, (3x20 mL) and the combined organic layers wereddover MgSQ@ The
solvent was removed in vacuum, to give 30 mg of 3-rprpholinopropoxy)-4-(4-
(trifluoromethyl)phenoxy)quinolin-8-amint69(89.1% yield).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.57 (d, 1HJ = 5.1 Hz), 7.53 (d, 1HJ = 9.0 Hz), 7.16 (d,

1H,J = 9.0 Hz), 6.56 (d, 1H) = 5.1 Hz), 4.87 (bs, 2H), 4.22 (q, 2Bl= 7.0 Hz), 4.20 (q, 2H) =
7.0 Hz), 1.54 (t, 3H) = 7.0 Hz), 1.47 (t, 3HJ = 7.0 Hz).

13C-NMR (CDCk, 100 MHz) & (ppm): 161.78, 148.98, 143.78, 139.27, 131.72,78,6113.64,
109.38, 98.93, 64.80, 63.89, 15.22, 14.47.

MS (70 eV)(m/z) 232.2 [M](55), 217.2 (24), 203.1 (65), 175.1 (100), 14B3)(

ESI-HRMS (n/2) [M+H] *: calculated, 233.1284, observed, 233.1286.
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3-Bromo-7-(3-morpholinopropoxy)-4-(pyrrolidin-1-yl) quinolin-8-amine

O NH,
K/N\/\/O AN

/Br

N

O
170

Tin chloride dihydrate (48.5 mg, 0.215 mmol) wasledito a solution of 4-(3-(3-bromo-8-nitro-4-
(pyrrolidin-1-yl)quinolin-7-yloxy)propyl)morpholind 03 (20 mg, 0.043 mmol) in ethanol (1.5 mL).
The resulting suspension was heated at 70°C foAldaturated solution of N&@O; (20mL) was
added, the acqueous phase was exctracted witlgE8x20 mL) and the combined organic layers
were dried over MgS® The solvent was removed in vacuum, to give 5 rh@-bromo-7-(3-
morpholinopropoxy)-4-(pyrrolidin-1-yl)quinolin-8-aime 170 (yield 26.7%).

'H-NMR (CDCl, 400 MHz)3 (ppm): 8.65 (s, 1H), 7.39 (d, 1H,= 9.1 Hz), 7.17 (d, 1HJ = 9.1
Hz), 4.19 (t, 2H, = 6.0 Hz), 3.81 (bs, 4H), 3.53 (m,4H), 2.73 (t, 2Hs 6.7 Hz), 2.63 (bs, 4H),
2.13 (m,2H), 2.08 (m, 4H).

13C-NMR (CDCk, 100 MHz) & (ppm): 151.57, 151.39, 142.95, 138.38, 132.88, (25115.07,
112.98, 111.83, 67.35, 66.31, 55.58, 53.43, 52358, 26.27.

ESI-HRMS /2 [M+H] : calculated, 435.1390, observed, 435.1383.
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APPENDIX A: POTENCY TABLES

Table 4.1:Potency data of 7-(3-(4-methylpiperazin-1-yl)propp#-substituted 8-aminoquinolines.
Assays have been performed with [ATP]= 3@0. The relative standard deviation for every value

is on average smaller than 20%.
N NHz
QM N..
o

Abl T315I BaF3 Ber-Abl WT | Bar3 Ber-Abl 73150
Cso! 1C5; (M) 1C5 (M) 1C5o (LM)
N R res base salt froe hase salt
104 :F; 17,0 13,0
ms 3,90 >10
106 Ny | o4g 057 | 021 280 | 600
s
107 é 00 4,00 =30
108 ; 22,0 380
\
110] iy 29 30
-~
111 éﬂ& 9,9 n
112 1,6 13
113 é:? 4,3 29
H =
114 A@ 0,65 22
N
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HI

Abi T3151

115

I Bar3 Ber-Abl 7315

116

117

118

119

120

121

122

123

124

125

126

1C50 (UMD
 ffree base salt
2,5
6,6
7.5
27
7
2.1
7
3,80
39
0,64 0,34
63
19
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_ 1Cso (PM)
I freetase | san
12
5,7
5,7
2,5
1,0
0,27
4,6
=30
8.2 12
=il




N'

Abl T315!

127

128

129

130

131

132

1313

134

135

136

137

138

156 (1)

Y

59

29

27

56
047
22
17
3,3
41
16
11
9.6
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BaF3 Bor-Akl T3151

ICs, (A1)

free base salt
29
84
65
10

2,4

11

pris]

4,4

24

0.9




Abl T315!

IC, (WMD)
N =] e base salt
133] F_Cﬁ_c?” 38
T
10 T 0,29
O 2
il
141) 1M c_:? : 1,7
l
IN'T'W
142 {”\, 1.1 | o7
L/
VTUV‘
143§ 0 6,2
14 —N N 17
S R
145 ,C”_% 10
F
N
|
e
1a7|™ 2,2
Fa

207

Eaf3 Ber-Abl T3151

ICsq (M)

free base selt

37

2.7

40 45
=50

41

12




Table 4.2 :Potency data of 7-(3morpholinopropoxy)-4-substie@eaminoquinolines. Assays have
been performed with [ATP]= 300M. The relative standard deviation for every valuernsaverage
smaller than 20%.

0’\ NH,

M 9] N
l\/ S = Hel
e

v Abl T315! BaF3 Ber-Abl T3151

1C5g (M) IC; (UM)
148 3,8 0,92
149 6,60 3.3
150 8,10 34
151 32
152 30 25
153 4,8 0,51
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Table 4.3:Potency data of 7-(3-(4-methylpiperazin-1-yl)proppR-substituted 8-aminoquinolines.
Assays have been performed with [ATP]= 3@0. The relative standard deviation for every value
is on average smaller than 20%.

MN/\ NH,

I\/”WD N--,
Z R
Abl T3151 BaF3 Ber-aAbl T3151
IC, (M) IC5, (UND)
' R base salt free base salt
154 @/OH 71
155 “é: 410 | 030 34 35
156 @ 2,70 18
N
157 N 300 | 1,40 1 18
e
18| 88 | 148,00
159 ml:h -10 | 16,00
160 >[\/%1% 5,5 45 10 13
161 )\/&,ﬁ 2 15
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Table 4.4: Potency data of 7-(Oxyalkyl)-3,4-disubstitutedrBhaoquinolines and 7-Oxygen linked-
4-substituted-8aminoquinolines. Assays have beeiorpeed with [ATP]= 3004M. The relative
standard deviation for every value is on averagalEnthan 20%.

2
BaF3
Abl T2151
N R, R, Ber-Abl T3151
1C:, (UMD ICs (UM
N]ﬂ.h"
162 N 11,0 4,40
163 cl c?‘ 6,1 0,55
Cl |
™
164 Br O 13
™
165 Br O._ 30
168 ch?k 19 55
c
wg -
169 \I
™ L
170 g :N 25
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APPENDIX B: SELECTIVITY DATA

Table 4.5: Percentage of reduction of the normal kinase dagtiby the inhibitors. All the
compounds have been tested agd Kinases strongly inhibited are highlighted

N® 106 131 138 142 148 163 167
Structure L "|.'Hjl'"'. T 'ﬁ'l..:l: P Thm I“ ] R L H[-.I:.f-.l_..'- - "I':::'H::' -1".':.I.:I£..ﬁ
b oy o Y L
MEK] 20 67 101 90 92 105 93
ERKI1 81 105 90 90 108 112 98
ERK2 106 103 120 97 107 102 102
INK1 101 98 86 111 92 113 98
INK2 107 103 98 104 103 99 102
p38a MAPK 101 57 72 108 63 108 93
p38h MAPK 91 98 83 98 100 107 89
p3Sg MAPK 73 89 986 86 109 110 92
p3Sd MAPK 82 110 94 100 83 99 109
ERKS 42 81 89 89 72 76 79
RSK1 34 52 90 84 110 107 105
RSK2 15 58 88 44 61 52 66
PDKI1 140 123 119 114 112 104 102
PKBa 20 90 62 83 76 93 93
PKBb 6 5 55 4 26 19 9
SGK1 3 64 76 94 70 97 100
S6K1 28 89 102 116 73 95 99
PKA 49 108 107 108 106 109 87
ROCK 2 84 103 98 101 92 93 101
PRK2 64 89 109 85 97 86 100
PKCa 26 98 100 92 95 107 91
PKCz 9 90 111 97 108 106 95
PKDI1 30 68 83 89 72 58 82
MSKI1 44 75 84 85 72 78 96
MNKI1 106 95 90 113 94 a7 102
MNK? 73 101 103 100 105 91 91
MAPKAPK2 20 89 108 99 103 90 106
PRAK 61 102 129 89 94 63 86
CAMKKb 79 92 95 103 95 92 92
CAMKIL 8 18 52 22 17 61 74
SmMLCK 104 61 75 114 84 101 87
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N® 106 131 138 142 148 163 167
Structure | "o i |I. °|"*_l:' B 5'[_':... - 'Tl'::_'LT'H:.:' l
Kinase ' ™ " e '_'r
PHK 30 47 114 46 123 45 41
CHKI 48 114 96 94 118 145 102
CHK2 5 70 85 79 58 71 87
GSK3h 80 106 116 98 102 92 93
PLK1 23 115 103 60 106 81 71
Aurora B 42 57 94 60 92 76 69
AMPK 100 105 102 96 99 99 101
MARK3 85 99 98 103 97 102 103
BRSK2 23 110 96 92 97 80 88
MELK 75 88 60 76 80 113 96
CK1 108 96 109 97 95 82 97
CK2 120 99 82 123 89 65 106
DYRKIA 62 102 105 98 79 72 81
DYRK2 71 136 113 102 103 71 91
DYRK3 37 75 79 89 37 87 90
NEK2a 3 86 108 89 58 95 101
NEK6 18 116 70 104 26 96 95
TKKbD 10 47 75 52 29 76 67
PIM1 17 33 87 53 69 56 57
PIM2 37 79 101 81 82 100 95
PIM3 31 77 86 74 69 74 80
SRPK1 24 90 101 75 90 89 78
MST? 91 103 97 99 83 107 115
EFIK 49 93 109 100 120 101 92
HIPK? 20 97 86 86 68 103 101
PAKY 110 101 114 112 96 104 98
PAKS 98 107 107 107 81 94 90
PAK6 72 102 173 98 106 109 102
Sre 40 46 89 82 79 35 68
Lek 140 115 154 158 108 99 99
CSK 47 77 109 112 102 99 99
FGFRI 22 34 56 41 14 80 51
IRR 143 91 95 96 89 86 92
EPH A2 100 86 121 119 90 101 119
MST4 47 93 80 105 64 98 101
SYK 74 101 149 98 104 96 107
YESI 32 28 70 68 27 78 77




Compouna N 106 131 138 142 148 163 167
Structure | "o I.'H:I""_ p ) I'_'l'l'l 'If_' hn -:'-f': el R L flll A ,m” ”
Kinase . ﬂr -

IGF-1R 78 113 99 97 97 100 112
VEG-FR 70 28 89 48 27 91 84
BTK 58 64 82 101 75 90 85
IR-HIS 125 87 78 84 70 84 87
EPH.B3 34 30 81 37 B 54 59
TBK1 29 123 88 91 85 20 116
IKKe 26 92 91 g9 79 92 97
GCK 99 103 93 98 92 96 101
IRAK4 56 78 115 98 101 93 86
NUAKI 36 68 91 76 70 63 73
MLKI1 37 79 100 20 78 82 80
MINK1 117 88 89 120 53 86 73
MLK3 30 95 97 104 66 81 80
LKBI 66 86 102 84 99 87 119
HER{ 85 96 47 89 66 88 112
TTK 51 98 89 108 81 79 85
cpkz-cyeina| 105 97 115 92 113 96 103
RIPK2 / / 56 / 40 / !
Aurora A / / 35 / 1 4 / /
PAK? / / 82 / 77 / /
BRSK1 / / 108 / 107 / /
HIPK3 / / 93 / 94 / /
HIPK1 / / 91 / 77 / /
INK3 / / 97 / 85 / /
MAPKAPK3 / / 105 / 88 / /
MARK? / / 108 / 98 / /
MARK4 / / 97 / 83 / /

ATP concentration used is equal to the Km of ATRadh of the tested kinases. All assays are
performed using a radioactiv€R-ATP) filter-binding assay. This assay is the ggihdard in
terms of accuracy and sensitivity and avoids thseefpositives and negatives associated with
fluorescent assay formats.

?1® http://www.kinase-screen.mrc.ac.uk/kinase-assay.htm
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* CPD 131

iph 4.2; [stogram showing the percentage of reduction of the normal kinase activity by compound 131, tested at 10 uM.,

50
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Graph 4.6: Istogram showing the percentage of reduction of the normal kinase activity by compound 163 tested at 10 uM.
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APPENDIX C: PROTEIN KINASES

Takélle7 4.6: Kinase panel for the selectivity profile with th&FA concentration employed for the
test™".

KINASE NAME [AT_P]
UM
AMPEK. AMP-activated protein kinase 50
Aurora A 5
Aurora B 20
BRSK 1. bramn-specific kinase 1 20
BRSK 2, brain-specific kinase 2 20
BTEK. Bruton agammaglobulinemia tyrosine kinase 50
CaMK]1, calmodulin-dependent kinase 50
CaMEKD , CaMKb kinase 20
CDK. cyclin dependent kinase 20
CHK 1. checkpoint kinase 1 20
CHK 2. checkpomt kinase 20
CKl1d. casemn kinase 1d 20
CKla, casein kinase la 5
CSK. C-rermunal Src kinase; 20
DYERKIla, dual-specificity tvrosine-phosphorylated and regulated kinase la 50
DYRK?2, dual-specificity tyrosine-phosphorylated and regulated kinase 2 50
DYRK3. dual-specificity tyrosine-phosphorylated and regulated kinase 3 5
EF2K. elongation-factor-2-kinase 5
EPH-A2. ephrin A2 50
EPH-A4. ephrnin A4 50
EPH-B3, ephrin B3 20
EPH-B4, ephrin B4 50
ERK]1. extracellular-signal-regulated kinase 1 5
ERK2. extracellular-signal-regulatzed kinase 2 50
ERKS. extracellular-signal-regulated kinase 8 5
FGF-R1, fibroblast-growth-factor receptor 1 20
GCK. germinal centre kinase 20
GSK3h. glyvcogen synthase kinase 3 5
HER4. V-erb a erythroblastac leukenua viral oncogene homolog 1 5
HIPK]1. homeodomain-interacting protein kinase 1 20
HIPK2. homeodomain-interacting protein kinase 2 5
HIPK3, homeodomain-interacting protein kinase 3 20
IGF1R. insulin-like growth factor 1R 5
IKKh, inhibitory «B kinase 5
IKKe, inhibitory «B kinase 50
IR. insulin receptor 20
IRAK4. Interleukin-1 Receptor-Associated Kinase 20

27 hitp://lwww.kinase-screen.mrc.ac.uk/kinase-panel.htm
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KINASE NAME

[ATP]

UM

IRR. insulin related receptor 5
JAK? Janus Kinase? 5
JNK1al, c-Jun N-terminal kinase al 20
JNK2aZ c-Jun N-terminal kinase 2a? 20
JNEK3al, c-Jun N-terminal kinase 3al 20
LCK. lymphocyte cell-specific protein tyvrosine kinase 50
LKB1. MO25 STRAD. Ser/Thr Kinase 11 20
MAPKAP-K2. MAPK -activated protein kinase 2 20
MAPKAP-K3, MAPK-activated protein kinase 3 20
MARKI1 . microtubule-affinity-regulating kinase 1 20
MARK?2, microtubule-affintty-regulating kinase 2 20
MARKS3, microtubule-affinity-regulating kinase 3 5
MARK4, microtubule-affinity-regulating kinase 4 50
MEKK]. mitogen-activated protein kinase kinase kinase 1 20
MELK. maternal embryonic leucine-zipper kinase 50
MINK] . nisshapen-like kinase 1 50
MKK]1 5
MLCEK. smooth-muscle myosin light-chain kinase 50
MLEKI. mixed lineage kinase 1 20
MLK3. mixed lineage kinase 3 20
MNE]1, MAPK-integrating protein kinase 1 50
MNEK2a, MAPK-integrating protein kinase 2a 50
MSKI1. mmtogen- and stress-activated protein kinase 1 20
MST2, mammalian homologue Ste20-like kinase 20
MST4, mammalian homologue Ste20-like kinase 4 20
NEK2A, NIMA (never in mitosis in Aspergillus nidulans)-related kinase 2A 50
NEKG6, INIMA (never in mitosis in Aspergillus nidulans)-related kinase 6 50
NUAKI]. SnF1-like Kinase 1 20
p38a MAPK 50
p3iSh MAPK 20
p38z MAPK

p38d MAPK

PAK 2 T402E, p21-activated protein kinase 2 20
PAK 4. p21l-activated protein kinase 4 5
PAK 5. p21l-activated protein kinase 5 20
PAK 6 . p21l-activated protein kinase 6 20
PHKy1. phosphorvlase kinase vl 50
PDK]1. 3-phosphoinositide-dependent protein kinase 1 20
PIMI. provirus integration site for Moloney murine leukasmia virus 1 20
PIM2, provirus integration site for Moloney murnne leukaemia virus 2 5
PIM3, provimus integration site for Moloney murine leukaemia virus 3 20
PEA. cAMP-dependent protein kinase 20
PEBa. protein kinase B (also called Akt) a 5
PEBDb. protein kinase B (also called Akt)b 50
PECa. protein kinase C a 20
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KINASE NAME
UM

PECz, protein kinase C z 5
PED1. protein kinase D 1 50
PLEK]. polo-like kinase 1 5
PRAK. p38-regulated activated kinase 20
PRK 2. protein kinase C-related kinase 2 20
RIPK2. receptor interacting protein kinase 2 20
ROCKII. Rho-dependent protein kinase II 20
RSKI1. p20 ribosomal S6 kinase 1 50
RSK2. p90 ribosomal S6 kinase 2 50
S6K1 T412E. S6 kinase 1 20
SGK1. serum- and glucocorticoid-induced kinase 1 20
Sre, sarcoma kinase 50
SRPK]. senne-arginine protein kinase 50
SYK, spleen tyrosine kinase; 20
TAK]. Transforming growth factor beta activated kinase, TAB1, TAK1 5
banding subunit (FUSION)

TBE1. TANK-binding kinase 1 50
TrkA. Neurotrophic tyrosine kinase, receptor, type 1 20
TTK. Phosphotyrosine picked threonine kinase 20
VEGFR. vascular endothelial growth factor receptor 20
YES]1, Yamaguchi sarcoma viral oncogene homologue. 20
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APPENDIX D: ABBREVIATIONS

3C-NMR = Carbon nuclear magnetic resonance
'H-NMR = Protonic nuclear magnetic resonance

A = Alanine

Abl = Abelson Leukemia Virus

AcOEt = Ethyl acetate

ALL = acute lymphoblastic leukemia

AML = Acute Myeloid Leukemia

ATP = adenosine triphospate

BC = Blast crisis

Bcr = Breakpoint Cluster Region

Bcr- Abl = Breakpoint Cluster Region- Abelson Leukemia Vifiusion protein)
C = Cysteine

CML = Chronic Myeloid Leukemia

COSY = Correlation spectroscopy

CPD = Compound

D = Aspartic acid

DMF = N-N-dimethylformamide

DMSO = Dimethylsulphoxyde

E = Glutammic Acid

EDG = Electron donating group

ELISA = Enzyme-Linked Immunosorbent Assay
ESI-HRMS = Electron spray ionization — high resolution msjgectroscopy
ESI-MS = Electron spray ionization — mass spectroscopy
EtsN = Triethylamine

EtOH = Ethanol

EtONa = Sodium ethoxyde

EWG = Electron withdrawing group

F = Pheniylalanine

G = Glycine
GTP = guanosine triphosphate
H = Hystidine

HHT = Homoarringtonine
HMBC = Heteronuclear multiple bond coherence
HMQC = Heteronuclear multiple quantum coherence
| = Isoleucine
IC 50= Half maximal inhibitory concentration
IL3 = Interleukin 3
K = Lysine
L = Leucine
LG = Leaving group
M = Methionine
MeCN = Acetonitrile
MeOH = Methanol
MeONa = Sodium methoxyde
MS = Mass spectroscopy
N = Asparagine
NBS = N-Bromosuccinimide
NCS = N-Chlorosuccinimide
NMP = N-methylpirrolydinone
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NOESY = Nuclear Overhauser effect spectroscopy
P = Proline

PDB = Protein data bank

Ph = Philadelphia

PTSA = Para-+toluensulfonic acid

Q = Glutammine

R = Arginine

S = Serine

SAR = Structure activity relationship

SN = Nucleophilc substitution

SNar = Aromatic nucleophilic substitution
T = Threonine

t-BuOK = Potassiuntert-butoxide

THF = Tetrahydrofuran

TK = tyrosine kinase

TMB = Tetramethylbenzidines

V =Valine

W = Triptophane

WT = wild type

Y = Tyrosine
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APPENDIX E: ACKNOWLEDGMENTS

Oh finalmente mi posso permettere di scrivere n@lla lingua... basta con ‘sto inglese. Anzi...
qguasi quasi comincio a scrivere in margherottorohgiene molto piu naturale...Mamma ‘sto giro
son tanti da ringraziare, in tre anni ne ho incatetrun sacco di persone... Da chi cominciamo?
Cominciare sempre dalle sfere alte del potere mgeuscono dalla regia. Ma per primo voglio
ringraziare Alfonso che ha creduto in me e mi hluteoper questo dottorato. Grazie Alfonso!
Grazie soprattutto perché mi avevi detto che Sastsb il mio tutor e il primo giorno di dottorato
mi hai detto: “sbrigati che ho un ora per spiegquiello che farai per i prossimi 3 anni, perché ho
I'aereo per Londra e non torno piu!”...E adesso tactaicchini che mi ha espressamente richiesto
di non essere ringraziato, bensi di essere insultattimo prof., allora prima la ringrazio poi la
insulto. Anzi, celo gli insulti tra i ringraziament lei capire gli uni e gli altri.Grazie prof. per
essere riuscito a tirar fuori qualche chemical tstigcente da spettri indecenti che ho fatto a
Ginevra. Grazie per aver caratterizzato la tonteelth composti che le portavo. Grazie per aver
brontolato quando non le portavo composti perch@dachina non poteva rimanere ferma. Grazie
per aver brontolato quando le portavo compostilge®ro un rompipalle che la faceva lavorare
troppo. Grazie perché nel periodo nero dello spikeentro spettro ogni pomeriggio veniva su in
laboratorio a dire “la macchina funziona benissedesso!”. Grazie perché quando poi andavo giu’
a fare lo spettro, lo spike c’era ancora. Grazieh® ho imparato da lei alcuni dei molti segreti
del’NMR. Grazie per averci messo solamente 3 naelsimparare il mio nome e la mia faccia.
Grazie perché non mi ha insegnato a fare 'omog@nieullandosi che lei era il migliore del mondo
a farla.Grazie perché i refilling di elio erano g@em meglio di una puntata di Zelig grazie ai
suoi:’ECCCHECCCAZZOOO! NON CI VEDOOOOO!” mentre lie liquido sgorgava copioso
sui nostri piedi. Grazie prof. per aver messo geesienti per me anche alle 2 di notte di sabato.
Grazie per la fiducia che mi ha dato nel portamévih progetto.Grazie perché nei primi tre mesi
guando venivo a parlarle mi diceva: "Chi € lei!@Gtazie per essere sempre stato schietto e sincero!
Grazie di tutto, prof...

Passiamo all'altro capo, Leonardo Scapozza. Greago per avermi sopportato con le mie
domande da prima elementare su come funzionanmieipe (...eeee ho studiato chimica io mica
biologia... se poi sapessi che come prof. di chinbcdogica ho avuto Stevanato e Bragadin,
capiresti molte cose...). E’ stato bello averti carapo, da te ho imparato un sacco di cose. E’ stato
bello perché hai sempre avuto totale fiducia inghstato bello perché immediatamente grazie alla
ricca Svizzera mi € arrivato un computer nuovo.stto bello anche quando appena arrivato a
Ginevra, hai cercato di accoppiarmi con qualsiasnglare di sesso femminile di qualsiasi specie
animale. E’ stato bello perché quando poi mi soomoppiato senza seguire i tuoi consigli, hai
continuato a cercare di accoppiarmi. E’ stato bp#oché mi hai dato la possibilita di rimanere un
anno a Ginevra. E’ stato bello perché tutta Ginessache la mia alcoldeidrogenasi € un po
fiacchetta. E’ stato bello perché quella volta afieson fatto la barba da ubriaco togliendomi una
fettina di faccia, hai guidato tu. E’ stato bellerghé hai sempre dato molto valore al lato umano
anche nel lavoro. Grazie Leonardo...

Bene, adesso mi sento in dovere anche di ringefo. E’ la prima volta che tu non sei il mio
capo, pero’ alla fine i nostri laboratori sono conwanti, e praticamente abbiamo convissuto per
altri due anni... soprattutto a pranzo. Scusa seatto £ntrare nel Tempio Della Chimica (il tuo
studio) certe parole e certi argomenti... pero’ noseepre colpa mia, alla fine anche tu sei
diventato sboccato e volgare e davi la colpa a erehg sono io che ti ispiro... Ad ogni modo,
grazie Otto! Grazie perché quando non sapevo capseguire con la sintesi tu sei sempre stato la
ad ascoltare le mie lagne... e grazie soprattuttta deb amicizia. Grazie anche perché ti tieni
sempre la quel c****o di Drambuie e non lo vuoiagpare...E’ il turno dei compagni di
laboratorio! Partiamo da Venessia: grazie Fabnmoi 379 consigli utili su come comportarsi in
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laboratorio e non sputtanarsi gli inibitori all'mto passaggio... grazie anche perché mi hai voluto
come assistente di laboratorio per i laboratordetiti. SSSSSoreeeee...Posso scancellare? Ah..
dimenticavo, tu adesso ringrazia me per la cordaneschettoni... Stefi.... Tocca a te adesso: un
guarto degli inibitori della tesi escono dalla tcappa.. soprattutto quello piu attivo di tutti...
maledetta arrivi dopo nel progetto e attaccandoalool a caso mi freghi anche il record di
attivita... Grazie davvero per avermi aiutato a damamille capricci della catena piperazinica, e
per aver condiviso lo spazio mooooooolto ristretbnostro lab con un cazzone casinaro come me!
Tocca a Riccardo, 'uomo in cui ragionamento eadhistdi riproduzione spesso si scambiano di
posto, 'uomo la cui cappa potrebbe essere leadatguanto pulita €, e le cui spruzzette sono
perfettamente allineate ... Grazie perché appenateonato da Ginevra hai subito iniziato a farti i
c***I miel spudoratamente e allo stesso modo a eatarmi i tuoi , riuscendo cosi ad arrivare a
livello di amicizia che non pensavo...Grazie perché ctuoi gialli fosforescenti dallo spettro di
mmerda sei riuscito a ravvivare il laboratorio! Vgoalche consiglio? Cambia colore che hai rotto!
Impara a parlare dalle quindicenni di MaRgheRaAg€ia un po piu di casino ogni tanto! Doveroso
poi e il ringraziamento a quel menamaro’ di Beppe p..... si dai perrrr...... daaaiiiiii avete capito
no? Un po’ di fantasia! Stavo facendo un’altra toSaazie per lasciare tutte le frasi senza
conclusione. Grazie per aver fatto funzionare I'ldPd scapito della tua igiene mentale! Grazie per
il tuo intestino di cristallo. Grazie per avermiats come capro espiatorio per qualsiasi cosa. E
grazie perché ti incazzi quando tua moglie ti dibe io sono bello! Sai Beppe cosa dovresti fare?
Dovrestiiii..... si dai dovrestiiii....Un grazie sermtianche a Gianni, il chimico piu alto del mondo,
la trasposizione in carne ed ossa di telespalla Bebaverci fatto capire da vicino il significalo
tiolo. Gianni, I'ottimismo e il profumo della vitaScendiamo di almeno un metro e mezzo e
troviamo la Cinzia la rompipalle piu simpatica @’loscari! Simpatica come un riccio di mare
nelle mutande! Cinzia coi tuoi percheeeeeeee cvéi@mente stressato, ma in fondo ti vogliamo
bene cosi come sei. Tanto in fondo pero’...No daiazig Cinzia per aver portato un po di
femminilita all'interno di quello studio un po’ topo mascolino. Un doveroso grazie va anche a
Stefano per i tunz-tunz-tunz pomeridiani, a Gagmo che sopravvive solo bevendo coca cola, e
al mitico Muschi noto intenditore enologico, chesgiva ad arrivare tutte le mattine ancora in preda
agli effetti dell'abuso della sua professione dmseellier...un grazie a Pigi anche, che se n'e
scappato da questo posto lasciandomi la sua s@lv8pero di non aver dimenticato nessuno.
Ginevra. E qua son veramente tanti....Partiamo daltee di Leonardo: Shaheen. Te li tradurro’ in
inglese poi.. grazie per avermi rivelato i segdedi modeling e del docking! Grazie per lo splendido
lavoro che abbiamo fatto assieme: se non era pemten sapevo cosa sintetizzare... Leo e la Ale, i
miei terroncelli preferiti.Grazie della vostra spitdda amicizia, grazie Ale per avermi fatto tante
masse e grazie Leo per aver organizzato belleegitn Svizzera! Grazie davvero, un bacio
sull'ombelico pieno di cotone sarebbe scontatondjua voi mando un sonoro HHHHHHRRRRRR
vicino alle orecchie! Andrea, grazie per esserest@eicome me innanzitutto! Mi hai permesso di
tenermi allenato col dialetto...grazie per avermiesigato il compiuter mille volte e soprattutto
grazie per avermi ubriacato con bianco rosso eontiointemporaneamente. L'unica gettata della
mia vita (in corsa in bicicletta tra I'altro..) teevo a te! Patatini! Sei rimasta poco a Ginevra,ema
bastato per creare una bella amicizia! Grazie per t@rrorizzato me e Leo a Sciandolen con quelle
cacchio di storie sul demonio... ho ancora i brigdi ci penso... Loris e Anna, dirvi che siete
splendidi € riduttivo...peccato che ve ne siate aridaipo presto...grazie Loris perché quella sera
non hai mai hai fatto in modo che il mio bicchiéwese vuoto, procurandomi la peggiore balla della
mia vita... Grazie poi ad Anja che si é rivelata titmoa compagna di scalata e mi ha fatto scoprire
le gioie del pesto rosso, grazie a Majdeline mikega di laboratorio che ho sfruttato nel primo
periodo per capire come muovermi, grazie a Carbke lta sempre compensato la mia totale
incapacita burocratica, grazie ad Yvonne ancheosenm ha mai voluto parlare in italiano, grazie
alla combriccola di indiani Yogesh, Sachin, Uttddhabal, e Jennifer che allietavano il laboratorio
col profumo delle orecchie di porco. Look at he@k you can go. Continuiamo poi con il
ringraziare il resto del gruppone: Ralitza, SabiRemo, Chiara , Silvia chi? e Simone, il Robin
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Hood all’incontrario. E dovrei aver finito. Ma ndro trovato solo colleghi d’universita a Ginevra.
Non posso non ringraziare Serge e Catherine i padiccasa per essere due persone eccezionali.
Grazie Serge per le infinite chiacchierate in @iidercato di farmi capire che 'omeopatia € laacur
di tutti i mali e che come cerchiamo di curare ihoancro non va bene. Grazie per Shinouk, che mi
pisciava soprattutto in camera e sul tappeto drll@na, e grazie per avere una piscina sul tetto
della casa! Una persona che voglio ringraziare wbre e Gesine. Cara Gesine, sei proprio
formaggio! E ricordati che piutosto che spanderghan giosso xe meio beverghene un posso!
Grazie Gesine per non avermi odiato quando ti maeg apposta le cose sbagliate in italiano...
bucolico non vuol dire pieno di buchi, e non siedfmomaggio. Sei un’amica meravigliosa, diciamo
pure la migliore amica che potessi trovare a Giaewne avrei di cose da dire per ringraziarti, ma
devo tagliare un po’... mi limito a ringraziarti pessere venuta con me molte volte a camminare in
montagna! E dopo tocca a lui, Eugenio il mio mords&inevra. Piu che un’amicizia la nostra e
stata una storia d’amore omosessuale. Quanti filmgti abbracciati sul divano! Quante cenette
intime guardandoci negli occhi immaginando la scéinaostro figlio che ci presenta il fidanzato!
Quante volte sul Saleve a tornar zo col scuro! @uaalte te go speta che ti geri sempre in ritardo!
Compagno, per fortuna che hai lasciato quel bigletin palestra senno’ con chi andavo io ad
arrampicare? Ma quanto ben me votu? Ma anche ilisdmtito era notevole! Mi ha aperto un
mondo di altra gente. Per prima la Gramiii! Ciagaa! Grazie per esser venuta con me ed Eugi in
kayak (e ricordati che ti ho salvato la vita!) edarmire all'aperto sotto le pareti! Poi mitica
Christiane, 76 anni e 15 metri quadri di casa el¢eimiva in terrazza beveva latte giallo del mese
prima e aveva lo chalet in montagna con le panteeghe facevano colazione assieme a noi! La
migliore! Lei ha capito tutto della vita! Il restojidell’indotto sono in genere gnocche fotoniche e
pure simpatiche che hanno allietato le nostre gi@nNon pensate male, diciamo che erano belle
da vedere! Un grazie anche a tutti gli amici déliasione Italiana: Bea e Ceci prima di tutti visto
che ci vediamo e ci sentiamo ancora, e poi un ablrgpure a PG, Ale ed Umberto. Doverosissimo
il ringraziamento poi a tutto il gruppo di Monzaecha fatto tutti i test biologici sui miei inibitor
Grazie Sara, Luca, Roberta e Carlo. Grazie oltee pir i test e per non avermi mandato a quel
paese quando vi chiedevo ogni 3 secondi “allora swrivati i composti..?” anche e soprattutto per
i meeting-grigliata a Valtournenche...

E adesso vien la parte piu importante: la mia fémig la morosa. Grazie babbo, grazie paggetto e
grazie vecchietta perché a quasi trent'anni mi edppe ancora e avete creduto in me quando vi ho
detto che mollavo il posto fisso in BAF e andavdaee il dottorato... | ringraziamenti per voi
sarebbero sempre troppo pochi, ma €& a voi che adalicalanga di composti che spero un giorno
possano curare la leucemia...un morso sulla ceregan ébaap. Ah xe vero go anca un
zemeo...Hmmm vaben dai, grazie anche a te Teo! Alecmaca a te adesso! Non te lo meriteresti
visto che non c’ero tra i tuoi ringraziamenti, neaté li faccio lo stesso... Alla fine & merito di
guesto dottorato se io e te siamo assieme adesszie@bore perché mi hai tenuto sveglio fino alle
2 di notte con punte delle 3, praticamente un g@oshe uno anche... grazie abore per aver
contribuito a diminuire la mia produttivita a Gimay Grazie abore per essere venuta a trovarmi ben
due volte in 7 mesi, mentre io sono venuto giu alonana decina di volte... grazie abore per
avermi pettato la peste bubbonica quando sono smsib ponte del primo maggio! Grazie abore
per tutto il resto che non scrivo qua senno’ pangraziamenti diventano zuccherosi come le urine
di un diabetico... Ah un ultima cosa volevo dirti: #@aaaaaaaaaaaaap! Concludo che avrete gia
preso il sonno tutti.... Mi sa che sono gli ultimiesti ringraziamenti che scrivero’... e mi sa tanto
che la mia vita qui a S.Marta dopo una decina d'ainavvia verso la conclusione... una
lacrimuccia tende a rigarmi il volto, ma io tengoral perché quelli da maRgheRa non devono
piangere! Col cuore, davvero grazie a tutti...

Enrico

PS: MANGIAMO?
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Titolo della tesi: _Synthesis of 8-aminoquinoline as inhibitorsysbsine kinases
Abstract:

ABSTRACT (ENGLISH VERSION )
Chronic myelogenous leukemia (CML), characterizgdibregulated proliferation of myeloid cells
in the bone marrow, accounts for 15 to 20 % ohdlllt leukemia cases in the Western population.
The molecular cause for the disease is the chaistatdranslocation between chromosome 9 and
22 which results in the so called Philadelphia olwsome (Ph) and in the formation of the chimeric
Bcr-Abl gene. In CML the protein product of thisbmg gene is a constitutively active protein
kinase. Bcr-Abl kinase drives the pathogenesisMt.@hrough the phosphorylation and activation
of a broad range of downstream substrates playitritieal role in cellular signal transduction and
cell transformation. ABL tyrosin kinase therefore an interesting therapeutic target and many
potent inhibitors have been developed and broughité clinic in recent years, including Imatinib,
Bosutinib, Nilotinib and Dasatinib. However, the I63 mutant form of Bcr-Abl, which is
frequently found in CML patients, mediates complegsistance to Imatinib and all of the next
generation Abl kinase inhibitors. Therefore, thisran eminent need for the development of drugs
which are active against the T3151 mutant of Bct-ARosutinib and its quinoline scaffold have
been chosen as a template for the constructiomnefaadrug scaffold potentially able to inhibit the
mutated Bcr-Abl. Starting from the model of Bosiliibound to wild-type Abl kinase domain and
the model of T315I Abl kinase domain it was appatbat in order to get potent inhibitors of Abl
T315I the unfavorable interaction caused by theibabks of isoleucine had to be avoided and
another strong favorable interaction should be dddbe strategy to accomplish this goal was to
remove the cyano group at 3 position of the quimeolnd strengthen the interaction with the protein
by adding an amino group at position 8 to estaldistadditional hydrogen bond with the backbone
carbonyl of M318. Based on this rational, the sadffof 8-aminoquinolines resulted to be
promising for potential Bcr-Abl T315I inhibitors. hfee main lines of compounds have been
synthesized: 4-substituted-8-aminoquinolines, J8tted-8-aminoquinolines, 3,4-disubstituted-8-
aminoquinolines. All of these molecules have angexylinked alkyl group at position 7. Different
groups have been employed to functionalize thetiposy. 4-Substituted-8-aminoquinolines were
synthesized starting from a 4,7-dihaloquinolinetréion of this molecule yielded the 8-nitro
derivative which was then successfully functioredifirstly at position 7, and then at the position
4. Reduction of the nitro group allowed to obtdie tlesired 4-substituted-8-aminoquinolines. On
the contrary, 3-substituted 8-aminoquinolines hé&een prepared starting from commercially
available m-aminophenol. Nitration of this molecule yieldedni&o-3-aminophenol which was
alkylated with an appropriate side chain at thenplie oxygen and subsequently cyclized wath
bromoacrolein to give the 3-bromo-7-oxyalkyl-8-oduinoline. This precursor has been employed
for functionalization at position 3. As for the dbstituted derivatives, the last step was the
transformation of nitro group into amino group. -B#ubstituted-8-aminoquinolines, after a first
attempt of synthesis from a substituted anilinerewsynthesized starting from 4,7-dichloro-8-
nitroquinoline. Position 4 was firstly functionatid with an electron donating group such as
methoxy or pyrrolidino and bromine was successiwetgoduced at position 3 by an electrophilic
aromatic substitution. Attachment of the side claiposition 7 was followed by reduction from 8-
nitro to 8-aminoquinoline. For all the synthesizedlecules, different groups have been attached at
the specific positions either via an oxygen or @ogen or a carbon linker. Oxygen and nitrogen
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linked groups have been introduced in the quinolstaffold with an aromatic nucleophilic
substitution using the corresponding alcoholateaoride. Carbon linked groups have been
introduced through palladium catalyzed cross caogpteactions involving the corresponding aryl
or alkyl boronic acids. Two alkynyl groups have meetroduced under the classic Sonogashira
reaction conditions coupling and then reduced to/lalvith hydrogen. All of the molecules
synthesized have been tested in biological assagsder to verify their activity toward the enzyme
in solution and toward cells expressing the oncagesnzyme. It was discovered that as
hydrochloride salt, the inhibitors were more activan as free base, therefore many inhibitors have
been tested as water-soluble salts. Good results been obtained, since the scaffold resulted
active in inhibiting the enzyme. Some of the commisi exhibited inhibitory activity in the
nanomolar range. Seven of the most active and fspeompounds have also been tested toward a
panel of 85 protein kinases (Cohen Lab, Dundee}ifféerent classes in order to asses their
selectivity profile. Three compounds (CRB1, 106 and148) having nanomolar activity on T315I
Abl resulted to have low selectivity on the panehibiting respectively 10, 40 and 11 kinases by
more of 50% at a concentration of iM. In contrast, CPOL42 163 167 and 138 resulted very
selective. Among them, CPIB8 appears to be the most selective one becauskikitsronly the
Aurora A kinases by more than 50% at the testeduiiOconcentration. All other compounds
inhibited strongly PKB (AKT2) which is a Serine/Threonine kinase, whiteymes more related
to Abl, e.g. LCK, SRC and FGFR1, are less targéiedhe selected compounds. Insulin receptor
kinase, a clear anti-target for protein kinase bitbrs, is not inhibited by these compounds.
Interestingly there is an inverse correlation befmvéhe selectivity on cells (transduced cells v&rsu
non-transduced cells) and the AKBhibitory activity. The higher the PKBinhibitory activity is

the less selective are the compounds. This indicttat PKEB is a target for substituted 8-
aminoquinolines.

In conclusion, a novel active scaffold for the hition of Abl WT and Abl T315l has been
developed. Very active compounds both on the @allahd enzymatic level have been found. The
synthesized Abl T315 inhibitors allowed to assesgloposed binding mode and gave a consistent
SAR. Based on the obtained results it is clear that8-aminoquinoline-based inhibitors are lead
compounds which can be further developed in amopdtion process to gain activity and better
selectivity in order to be able to entervivo studies.

ABSTRACT (FRENCH VERSION)

La leucémie myéloide chronique (LMC), caractéripée une prolifération dérégulée des cellules
myéloides dans la moelle osseuse, est responsablE5@0% des cas de leucémie dans la
population occidentale. La pathogénése de cettadigalest liee a une translocation entre les
chromosomes 9 et 22, résultante dans le bien cohnramosome de Philadelphie et la formation
d’'un géne chimérique, Bcr-Abl. Dans le cas de laQ,Me produit de ce gene hybride est une
protéine avec activité tyrosine-kinase, la Bcr-Aislase qui est constitutivement active. Elle induit
nombreuses phosphorylisations et I'activation d’large gamme de substrats responsables de la
transduction de signaux et de la transformation aidisiles. De ce fait elle représente une cible
thérapeutique intéressante. Ainsi, de nombreuxbitghirs potentiels, notamment I'lmatinib, le
Bosutinib, le Nilotinib et le Dasatinib, ont récermnt été développés et testés en phase clinique.
Néanmoins, la forme mutée T315] de Bcr-Abl fréequesnimtrouvée dans les patients de LMC
montre une résistance absolue contre Imatinib stifkibiteurs de la Abl-kinase de deuxieme
génération tels que Bosutinib, Nilotinib ou Dasi#tinCeci rend imminent la nécessité de
développer de nouveaux principes actifs contreedettme mutée. En premier lieu une molécule
contenant un squelette quinolinique, le Bosutiailgté choisi comme modele pour la construction
d’'une nouvelle structure moléculaire, potentiellaimzapable d’inhiber la forme mutée de Bcr-Abl.
Partant du modéle 3D de Bosutinib lié au site disdin du domaine “wild type” de la kinase Abl et
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du modele du domaine de la kinase T315I kinageariissait évident pour une inhibition de Bcr-
Abl T315I, que, d’'une part, I'interaction défavolaltausée par la chaine latérale de l'isoleucine
devait étre évitée et que d’autre part une nouvetkraction favorable devait étre ajoutée. Pour ce
faire, la stratégie était d’éliminer le groupemeaittile en position 3 de la quinoline et de renfarc
I'interaction de la molécule avec la protéine peatdoduction d’'un groupement aminé en position
8, créant ainsi une nouvelle liaison d’hydrogénecae methionine 318. Partant de ces hypothéses,
le squelette 8-aminoquinolinique semblait étre w@mdidat promettant de créer la base d'un
inhibiteur de Bcr-Abl T315I. Ainsi, trois lignes ipcipales de composés ont été synthétisées: 8-
aminoquinoline substitué en position 4, 8-aminaqline substitué en position 3 et 8-
aminoquinoline di-substitué en positions 3 et 4ud ces molécules contiennent un groupement o-
alkylique en position 7, divers groupement alkyliguayant été utilisés. Les 8-aminoquinolines
substituées en position 4 ont été synthétisésta parne quinoline 4,7-di-halogénée. La nitration
de cette molécule résulte dans un dérivé le 8;nimd par suite a été fonctionnalisé en position 7,
puis en position 4. Enfin, la réduction du groupetmeitrique a permis la synthése de la 8-
aminoquinoline 4-substituées. Les 8-aminoquinolmdsstituées en position 3, en revanche, ont été
préparées a partir de m-aminophénole. Par nitradi®rcette molécule on obtient la 2-nitro-3-
aminophénole. Celle-ci était ensuite alkylée soxygene phénoligue avec une chaine latérale
appropriée, et successivement cyclisée awdromoacroléine donnant le précurseur 3-bromo-7-
oxyalkyl-8-nitroquinoline qui peut étre fonctionise en position 3. De méme que pour les dérivés
substitués en position 4, le dernier pas consid#ais la réduction du groupement nitrique en amine.
Les 8-aminoquinoline-3,4-disubstituées, aprés unemjgre tentative a partir d’'une aniline
substituée, ont été synthétisées partant d'une Basé,7dichloro-8-nitroquinoline. D’abord la
position 4 était fonctionnalisée avec un groupendemiateur d’électrons (méthoxy ou pyrrolidine),
puis, le brome était successivement introduit esitipm 3 par moyen d’une substitution électrophile
aromatique. L'attachement de la chaine latéralpasition 7 était suivi d’'une réduction du groupe
nitro en position 8 a amine pour donner la 8-amimuitpne. Pour les molécules synthétisées,
divers groupes ont été introduit dans les positgpEzifiées a I'aide de linker d’oxygéne, d’azate o
de carbone. Les groupements contenants un linketygéne ou d’azote ont été introduit dans le
squelette de quinoline par une substitution aragmatinucléophile en utilisant I'alcoolate ou
'amide correspondant. Les groupements carbonignésté introduits a I'aide d’'une réaction de
couplage croisé (cross-coupling) des acides aryl-atkylboroniques avec palladium comme
canalisateur. Deux groupements alkyliques ontrétéduit par un couplement de Sonogashira avec
une réduction successive du groupe alken en alled de I'hydrogene. Les molécules synthétisées
ont été testées sur I'enzyme en solution ainsisgueles cellules exprimant I'enzyme oncogénique
afin de vérifier leurs activités. Il a été constqtée les sels hydrochloriques des inhibiteurs ot u
activité plus importante comparé aux bases libegpectives. Pour cela la plupart des inhibiteurs a
été testée entant que sels hydrosolubles. Le stu@eaminoquinolinique s’est avérée étre actif
dans linhibition de I'enzyme muté allant jusqu’aeuactivité inhibitrice dans les hanomolaires pour
guelques uns des composés. Entre les composédsideactifs et spécifiques, sept étaient testés sur
une série de 85-protéine-kinases de types vaEhegn labs, Dundee) avec le but d’identifier leur
profiles de sélectivité. Trois composés (CHDB1, 106 e 148 avec une activité inhibitrice
nanomolaire sur Abl T315l ont montré une bassecteit avec une inhibition de plus de 50% de
10, 40 et 11 kinases, respectivement, a une caatiemt de 10uM. En revanche, CR2, 163

167 et 138 avaient une forte sélectivité avec AB8 comme le plus sélectif avec comme seule
activité inhibitrice a plus de 50% (concentratiobulid) une inhibition spécifique de la kinase
Aurora A. Les autres composés avaient un grand effébitoire sur la sérine/thréonine kinase,
PKBB (AKT?2), tandis que les enzymes ressemblant a pdnl,ex. LCK, SRC e FGFR1, n’étaient
guasiment pas inhibées par ces composés. Aucuitstimin n'a été détectée pour la kinase du
récepteur de I'insuline qui est reconnu comme umi<¢arget». Il est intéressant a noter qu’il exist
une corrélation inverse entre la sélectivité ssrcelules (transduites et non-tansduites) etiVaét
inhibitrice des composés envers HKBles composés avec la plus haute activité inhdatsur
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PKBf sont les moins sélectifs au niveau cellulaire.i@etique clairement que PKHBest une cible
pour la 8-aminoquinoline.Pour conclure, un nouveacaffold» (8-aminoquinoliniques) avec
activité inhibitrice envers Bcr-Abl T3151 et Ber-RVT a été développé. Des composés actifs au
niveau cellulaire ainsi qu’enzymatique ont été w1 Les inhibiteurs synthétisés ont donné une
relation structure activité (SAR) consistante eha@ente. Basé sur les résultats obtenus, il est
evident que ces inhibiteurs sont des composés(ldad compounds) qui ont le potentiel d’étre
optimisé a I'égard de leur activité et sélectivaséec pour but leur application dans des études in
vivo.

ABSTRACT (I TALIAN VERSION )

La leucemia mieloide cronica (CML), caratterizzdtauna proliferazione deregolata delle cellule
mieloidi nel midollo osseo, e causa del 15-20%udi i casi di leucemia nella popolazione. La
causa molecolare della malattia & una carattaistislocazione tra i cromosomi 9 e 22, che genera
il cosiddetto cromosoma Philadelphia (Ph) formandgene chimericodi Ber-Abl. Nella CML |l
prodotto proteico di questo gene ibrido € una [methinasi costitutivamente attiva. La tirosin-
chinasi Bcr-Abl guida l'insorgere della malattiatraverso la fosforilazione e I'attivazione di
un’ampia gamma di substrati localizzati a valldanehscata dei segnali intracellulari, giocando un
ruolo fondamentale nella loro trasmissione e nedaformazione delle cellule. La tirosin-chinasi
Ber-Abl percio’ € un interessante bersaglio terdigeue molti suoi potenti inibitori come ad
esempio Imatinib, Bosutinib e Dasatinib, sono staiiuppati e portati alla sperimentazione clinica
negli ultimi anni. Nonostante cio’ la mutazione BB8Hi Bcr-Abl, che spesso viene riscontrata nei
pazienti affetti da CML, risulta essere completategrfrattaria ad Imatinib ed a tutti gli inibitati
Bcr-Abl di seconda generazione. Per questo motiveviluppo di farmaci in grado di inibire la
forma mutata T3151 di Bcr-Abl, € da considerarsa yriorita. Bosutinib, con il suo scheletro
chinolinico, é stato scelto come modello per latre$one di una nuova struttura molecolare
potenzialmente capace di inbire la forma mutatBattAbl. Partendo dal modello computazionale
di Bosutinib legato al domino chinasico di Bcr-Abldal modello del dominio chinasico di Ber-Abl
T315I, risultava evidente che per ottenere inibitdir Bcr-Abl T3151, I'interazione sfavorevole
causata dalla catena laterale dell'isoleucina dawessere evitata, ed una nuova forte interazione
favorevole doveva invece essere creata. La steafsgyicio’ utilizzata prevedeva la rimozione del
nitrile presente in posizione 3 della chinolind @nforzo delle interazioni con la proteina traeit
l'introduzione di un gruppo amminico in posizionéndgrado di formare un legame a idrogeno con
la metionina 318. Basandosi su questi presuppositiheletro 8-amminoquinolinico che ne risulta,
sembrava essere promettente per lo sviluppo ditanitdi Ber-Abl T3151. Tre principali linee di
composti sono state sintetizzate: 8-amminochineglis®stituite, 8-amminochinoline-3-sostituite,
8-amminochinoline-3,4-disostituite. Tutte questelenole hanno in posizione 7 un gruppo O-
alchilico, e diversi gruppi alchilici sono statili#izati. Le 8-amminochinoline-4 sostituite sonatst
sintetizzarte partendo da una 4,7-dialogenochaolia nitrazione di questa molecol ha dato I'8-
nitro derivato che e stato successivamente funliizmado prima alla posizione 7 e poi alla
posizione 4. La riduzione del nitrogruppo ha pesoesfine di arrivare alle 8-amminochinoline-4-
sostituite. Le 8-amminochinoline-3-sostituite ingecsono state preparate partendo dal
amminofenolo. La nitrazione di questsa molecola&i@ il 2-nitro-3-amminofenolo, il quale poi é
stato alchilato sull’ossigeno con una particolaatena laterale, e successivamente ciclizzataeon
bromoacroleina per dare 3-bromo-7-ossialchil-8acttinolina. Questo precursore é stato utilizzato
per funzionalizzare la posizione 3. Come per l@gtitiite, I'ultimo passaggio della sintesi era la
riduzione del nitrogruppo ad ammina. Le 8-amminnohne-3,4-disostituite dopo un primo
tentativo di sintesi da un’anilina sostituita, sostate sintetizzate a partire dalla 4,7-dicloro-
8nitrochinolina. La posizione 4 é stata funzionadita subito con un gruppo elettron-donatore (
metossi o pirrolidina) e successivamente il bromstao introdotto nella posizione 3 con una
sostituzione elettrofila aromatica. Il sussegugr@sizionamento della catena laterale in posizione 7
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e stato seguito dalla riduzione da 8-nitro ad 8-amoohinolina. Per tutte le molecole sintetizzate
gruppi diversi sono stati introdotti alle specigclposizioni: gruppi legati tramite un atomo di
carbonio, di ossigeno o di azoto. | gruppi legedirtite atomi di ossigeno o di azoto sono stati
introdotti nella chinolina con reazioni di sostituze elettrofila aromatica, usando il corrisponéent
alcolato o ammide. | gruppi legati tramite atoma@aibonio sono stati introdotti atteaverso reazioni
di cross-coupling catalizzate da palladio, dei ispondenti acidi boronici alchilici o arilici. Due
gruppi alchinici sono stati introdotti con un caagl di Sonogashira, e successivamente ridotti ad
alchili tramite idrogenazione. Tutte le molecoletstizzate sono state testate in saggi biologici pe
verificarne [lattivita verso I'enzima in soluzione verso cellule che esprimono I'enzima
oncogenico. Si e scoperto che il cloridrato deglbitori € sempre piu attivo delle rispettive basi
libere, percio’ molti inibitori sono stati testatbme cloridrati idrosolubili. Buoni risultati sorstati
ottenuti, dal momento in cui lo scheletro 8-ammmmpolinico e risultato attivo nell’inibire
'enzima mutato. Alcuni dei composti presentanavdt nel nanomolare. Sette tra i composti piu’
attivi e specifici sono anche stati testati su saege di 85 protein-chinasi di diverso tipo (Cohen
labs, Dundee) allo scopo di verificarne il loro filoodi selettivita. Tre composti (CPD31, 106 e
148 che posseggono attivita nanomolare su Abl T3bBbsscarsamente selettivi, inibendodi piu
del 50% rispettivamente 10, 40 e 11 altre chindsiraa concentrazione di iBl. Al contrario CPD
142 163 167 and138,risultano essere molto selettivi, e tra i tre CEIB ¢ il piu selettivo dato che
inibisce solamente la chinasi Aurora A di piu dédpalla concentrazione di @M. Tutti gli altri
composti inibiscono pesantemente HKBAKT2) che € una serin-treonin-chinasi, mentreiminz
piu simili ad Abl, come ad esempio LCK, SRC e FGF®ho meno inibiti da questi composti.
L’Insulin receptor kinase, che & un enzima che deve essere inibito dagli inibitori per le protein-
chinasi, non e sensibile a questi composti. Ingenete e la correlazione tra la selettivita sulleutze
(trasdotte contro non trasdotte) e l'attivita demposti verso PKB : piu’ elevata é I'attivita su
PKBB e minore e la selettivita del composto. Questicandhiaramente che PH3B2 un target per
le 8-amminochinoline.

Concludendo, un nuovo scaffold attivo per I'inbizéodi Bcr-Abl WT e Bcer-Abl T315I e stato
sviluppato. Composti molto attivi sia a livello @matico che cellulare sono stati trovati. Gli
inibitori sintetizzati hanno permesso di acceriat@nding-mode proposto e hanno dato una SAR
coerente. Basandosi sui risultati ottenuti, € ch@re gli inibitori 8-amminochinoloinici sono lead-
compounds che possono essere ulteriormente sviluppan processo di ottimizzazione allo scopo
di aumentarne selettivita ed attivita per poteziare degli studin vivo.

Firma dello studente
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