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Abstract

In this work we describe the synthesis of potend aelective quinolone-based histone deacetylase 6
(HDACS®) inhibitors. The quinolone moiety has beepleited as an innovative bioactive cap-group for
HDACS inhibition; its synthesis was achieved by Igjpm a multicomponent reaction. The optimizatidn o
potency and selectivity of these products was perd by employing computational studies which led t
the discovery of the diethylaminomethyl derivativiegsand 7k as the most promising hit molecules. These
compounds were investigated in cellular studiesvaluate their anticancer effect against colon (HQ®)
and histiocytic lymphoma (U9347) cancer cells, singngood to excellent potency, leading to tumot cel
death by apoptosis induction. The small molecilas 7g and 7k were able to strongly inhibit the
cytoplasmic and slightly the nuclear HDAC enzymasteasing the acetylation of tubulin and of thairg 9
and 14 of histone 3, respectively. Compoiigdvas also able to increase Hsp90 acetylation laaehCT-

116 cells, thus further supporting its HDACG6 inkiloy profile. Cytotoxicity and mutagenicity assays



these molecules showed a safe profile; moreover, HRLC analysis of compountgk revealed good

solubility and stability profile.
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Highlights
» Rational design and synthesis of novel quinoloreetaselective HDACG6 inhibitors
 Compound¥gand7k were the most potent compounds against HDAC6
* These compounds possess a good selectivity towHdAEL6 over the 1 and 8 isoforms

» Compoundrg showed a strong reduction in cell viability agaiHET-116 cells

» Induction of apoptosis was observed after thermeat with7g and7k
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Abbreviations

AcHsp90 (AcLys294), acetylated Hsp90 in lysine 284Tub, acetylated-tubulin; DCM, dichloromethane;
DIBAL, diisobutylaluminum hydride; DMF, dimethylfaramide; DMSO, dimethyl sulfoxide; H3K9/14ac,
acetylated histone H3 in lysine 9 and 14; HCT-Xiion cancer cells; HDAC, histone deacetylase; HDAC
HDAC inhibitors; Hsp90, heat-shock protein 90; PARPoly(ADP-ribose) polymerase; PTSAx-
toluenesulfonic acid; PTSHb-toluenesulfonyl hydrazide; SAR, structure-activigtationship; SP, standard
precision; TFA, trifluoroacetic acid; THF; tetrahpfuran; U937, histiocytic lymphoma; ZBG, zinc bing
group.

1. Introduction

Histone deacetylases (HDACS) are enzymes involuethé removal of acetyl groups from histones, thus
modulating gene transcription. Their over-exprasdias been ascertained in solid cancers, hematalogi
malignancies, and parasitic disorders, making thewable target for developing novel chemotherapeut
agents [1,2], as well as in rare diseases [3]h©fl8 identified HDAC isoforms (subdivided intoldsses, |-
IV), HDACSG is unique owing to the presence of acziimger ubiquitin binding domain and its localiat.
Structurally, it contains two catalytic domains, Dland DD2, present at thé-terminal and the central
region, respectively. With regard to its localipati HDACG is a cytoplasmic enzyme (unlike HDACIard

3, that are nuclear localized and HDACS, that daswsboth nuclear and cytoplasmic spreading) whanh c



shuttle between cytoplasm and the nucleus in respém cellular signaling [4]. Apart from its actiam
histones it also exerts deacetylase activity onmstone substrates suchatubulin, heat-shock protein 90
(Hsp90), peroxiredoxin, cortactin, and tau [3]. 9 Bpecific feature of HDACSG is responsible forutgque
role in the pathogenesis of cancer and a numbearef diseases such as idiopathic pulmonary fibrosis
inherited retinal disorders, Rett syndrome, andr&taMarie-Tooth disease [3,5]. Comparatively, HDIAC
that has a closer structural correlation with HDAIGS a very weak activity as a lysine deacetylaskeita
role has so far been described mostly for autoppagyotion [6].

Several HDAC inhibitors (HDACI) have successfulBached the clinic and are being used as therapeutic
tools to treat different malignances. RepresergatdDACI include: vorinostatl( SAHA, 1) [7] and
romidepsin 2) [8] for the treatment of cutaneous T-cell lymplasn panobinostat3) [9] for multiple
myeloma, and belinostad)([10] for relapsed or refractory peripheral T-cdgihphoma. These compounds
behave as pan-HDACI since they inhibit several HD&Gforms, thus causing many side effects. The
discovery of Tubastatin A5f a tetrahydropyrido[4,8]indole hydroxamic acid, as a selective HDACG6i has
paved the way for the development of isoform-saledtiDACi. However, a potent inhibition of HDAC10
isoform has been reported after exposure wifthl—13]. Identification of isoform-selective compuls is
vital for dissecting the biological roles of spéciHDACSs and for developing safer therapeutic todlse
general pharmacophoric model of HDACi encompass$eeet key components namely: the surface
recognition group (cap), the zinc binding group &Band a linker bridging the two portions. Basedlia
model several selective HDACS6 inhibitors have bdeweloped mainly by modifying the cap and the Imke
portions, while retaining hydroxamate as the ZB34215].

Many natural products have been identified possgsgotent anticancer properties, which have indpire
chemists to use them as building blocks in thel®gis of novel chemotherapeutics [16-19]. In tbistext,

functionalized 4-arylquinolin-2f)-ones represent an attractive scaffold for devetppbiologically active

molecules, including the orally active anticanceera tipifarnib, that is currently undergoing ctal
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Figure 1. Representative structures of HDAC inhibitots] and general structure of the title compouets

In our pursuit to identify novel cap groups for @mit and selective HDACG6i [14,15,24], we exploitbe t
potential of a naturally occurring compound contagnthe quinolone skeleton as an effective veesatiid
hindered cap-group suitable for a broad varietgaafffold decorations (as shown in the general siracf
Figure 1). By a virtual screening approach, we fified several cap-groups; a preliminary computadio
investigation, using compourtth, characterized by a viridicatin-based cap-grotnowed that it perfectly
fits into the hydrophobic sub-pocket delimited by12 and F642 Qanio rerio HDAC6 numbering,
corresponding to residues L749 and F67HDACG). Moreover, by our computational approach, we
observed that the cap-group of Tubastatin A @adto zHDAC6 (PDB ID: 6THV) target the same region
of the enzyme as highlighted in Figure 2. Therefare selected this interesting quinolone-basedgrapp

to rationally design and synthesize a new focutedrly of HDACG6 selective inhibitors as describesddov.
According to our preliminaryn silico analysis and aiming at obtaining compounds witthhselectivity
index towards HDACG6 (over HDAC1) to be screenedirsgiadifferent cancer cell lines we synthesized a
library of quinolone-based hydroxamates. The s\githef the 3-hydroxy-4-arylquinolin-2()-ones moiety
was carried out by the application of a multicomgranring-expansion recently reported by Tangetlal
This protocol permits the conversion of isatin tadicatin alkaloids after thén situ generation ofa-

aryldiazomethanes in presence of an aldehydeata#s

protocol enabled us to develop novel HDACG6i (comqmisba-d, 7a-k and 8, Table 1) bearing\- or O-

appended linker moieties, and a variety of focusedlifications at both their heterocyclic core ahé t

aromatic portions.



Figure 2. Docked pose o6a into zHDAC6 (PDB ID: 6THV), superposed to the crystaltizmhibitor Tubastatin A
belonging to 6 THV. Focus on residues in sticks #ratthe constituents of the hydrophobic sub-poekptored by the
viridicatin cap-group (residues L712 and F642#DACG6 correspond to L749 and F679hRIDACS) is presented.

The picture was generated by means of PyMOL.

2. Chemistry

The structures of final compoun@a-d, 7a-k and8 are shown in Table 1. In order to achieve the ®gith
of the quinolone core of the compounds, the ringaesion procedure described by Tangellaal was
applied [25]. It is a multicomponent reaction invah: an aldehyde, activated wigrtoluenesulfonyl
hydrazide (PTSH), andN-substituted isatin in the presence @CIO; as base.

In Scheme 1 the synthesis of the final compowadd is described. IsatirBf was alkylated with methyl 4-
(bromomethyl)benzoate and the resulting prodiftivas subjected to the ring expansion procedure with
benzaldehyde or 3-pyridinecarboxaldehyde obtainbognpoundslla,bh respectively. As expected, a
transesterification with EtOH occurred in this stelptermediateslla,b were converted to their
corresponding hydroxamic acid derivativ@sd after treatment with a strong excess of aqueougOfHn
the presence of KOH. Intermediatéa was also submitted t@-alkylation with Mel or benzyl bromide
providing derivativesl2a,b respectively. These latter were converted int@mlficompoundsb,c upon
reaction with NHOH and KOH.
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Scheme 1. Synthesis of compounds 6afdeagents and conditions:(a) methyl 4-(bromomethyl)benzoate, NaH,
DMF, 0 to 25 °C, 12 h, quantitative yield; (b) PT3¢nzaldehyde or 3-pyridinecarboxaldehydeC®s, EtOH, 80 °C,
12 h, 32-64%; (c) NEOH (50% water solution), KOH, DCM, MeOH, 25 °C, 382-97%; (d) Mel, NaH, THF, 0 to 25
°C, 12 h; or BnBr, KI, KCOs, DMF, 80 °C, 12 h, 29-64%.

In Scheme 2 is reported the synthesis of compoidadshand8. The ring expansion performed on isatin
(9) in the presence of benzaldehyde or 3-pyridinemaaldehyde provided quinolone derivativé3a,h
respectively. These latter were subjected to aliofiareaction with methyl 4-(bromomethyl)benzoatdhie
presence of BCO; as the base to furnish th@-alkylated intermediated4a,bh Treatment ofl4a with
NH,OH in the presence of KOH led to compoura Alternatively, alkylation of the lactam nitrogexi
14a,b with Mel or propargyl bromide followed by reactiavith NH,OH, led to theN-alkyl derivatives
7b,c,h [26]. For the synthesis of compouBdisatin was alkylated with Mel and successivelgjeated to
the ring expansion reaction with cyclohexanecarl®teyde obtaining compound6. From this

intermediate, compourfiwas obtained as previously described.
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Scheme 2. Synthesis of compounds 7a-c,h and 8. Remtg and conditions: (&) PTSH, benzaldehyde or 3-
pyridinecarboxaldehyde ocyclohexanecarboxaldehyd&,CO;, EtOH, 80 °C, 12 h, 30-45%; (b) methyl 4-
(bromomethyl)benzoate, KOs, KI, DMF, 80 °C, 12 h, 20-74%; (c) NOH, KOH, DCM, MeOH, HO, 25 °C, 3 h,
50-98%; (d) Mel/ propargyl bromide, NaH, THF, 026 °C, 12 h, 56% to quantitative yield.

In Scheme 3 is reported the synthesis of bromidesnd 22 used as alkylating agents for the synthesis of
final compounds/e 7g and7k. Following the procedure described by Liu et apyfidinecarboxaldehyde
(17) was reduced to alcohdl8 with NaBH, and then converted to the corresponding bronmigefter
treatment with PByr[27]. For the synthesis of the intermedi&2 4-(bromomethyl)benzonitrile2Q) was
reduced with DIBAL to the corresponding benzalded®4l that was successively converted to dioxol2?e

with ethylene glycol in the presence of PTSA [28].

(o) H OH Br
AN a N b N ‘HBr
Z ~ Z
N N N
17 18 19
CN O H o__0

c d
Br
Br Br
20 21 22

Scheme 3. Synthesis of bromo-derivatives 19 and Beagents and conditions(a) NaBH, MeOH, 0 to 25 to 25 °C,

2 h, 80%; (b) 48% HBr, 100 °C, 4 h then RBYCM, 45 °C, 4 h, 93%; (c) DIBAL, DCM, -78 to 0 7T h, quantitative
yield; (d) ethylene glycol, PTSA, toluene, 110 12,h, 69%.

In Scheme 4 the synthesis of final compoundg,i,j is described. Isatin was alkylated with benzylnbiae
or bromidel9 using NaH as the base to generate intermed23&$ [26]. These compounds were subjected
to the previously described ring expansion proceduith benzaldehyde or 3-pyridinecarboxaldehyde to

provide the desired 2-quinolon24a-dthat were converted to the final compoufdse,i,j in the presence of

NH,OH.
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Scheme 4. Synthesis of compounds 7d,eReagents and conditions(a) BnBr or19, NaH, DMF, 0 to 25 °C, 12 h,
38-74%; (b) PTSH, benzaldehyde or 3-pyridinecarltetayde, KCOs;, EtOH, 80 °C, 12 h, 24-44%; (c) methyl 4-



(bromomethyl)benzoate, KOs, KI, DMF, 80 °C, 12 h, 62-30%; (d) N®H, KOH, DCM, MeOH, HO, 25 °C, 3 h,
45-90%.

The synthesis of compourtd is described in Scheme 5. Since alkylation ofishé&n with 1-benzyl-4-bromo
or iodopiperidine failed in all the attempted cdimfis, N-alkylated isatin28 was prepared starting from
piperidone 25) following a procedure described in a patent bgepet al. [28]25 was firstN-benzylated
and then subjected to a reductive amination prétagih aniline in presence of NaBH(OAcproviding
intermediate27. This compound was treated with oxalyl chloridbtaming an unstable intermediate that
was immediately treated with AlICIn DCM to afford isatin derivativ@8 under Friedel-Craft conditions.

Ring expansion, alkylation, and final reaction witil,OH were then performed as previously described,

fﬁfﬁgg@

b

leading to the formation of compouié
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Scheme 5. Synthesis of compound Reagents and Conditions:(a) Benzyl bromide, ¥CO;, DMF, 80 °C, 12 h,
70%; (b) aniline, NaBH(OAg) DCM, AcOH, 0 to 25 °C, 12 h, 89%; (c) oxalyl ctitte, DCM, 25 °C, 2 h; then Alg|
DCM, 40 °C, 2 h, 52%; (d) PTSH, benzaldehyde,C®; EtOH, 80 °C, 12 h, 55%; (e) methyl 4-
(bromomethyl)benzoate,,KOs, KI, DMF, 80 °C, 12 h, 15%; (f) N#©H, KOH, DCM, MeOH, HO, 25 °C, 3 h, 62%.

In Scheme 6 the synthesis of the final compoufgik is described. Isatin was alkylated with bromitie
affording intermediate29. This compound was subjected to the previouslycritesd ring expansion
procedure to get the desired quinolor#é3a,h These intermediates were alkylated with methyl 4-
(bromomethyl)benzoate obtainir@ia,b which were subsequently deprotected in acidic mmadiand the
corresponding free aldehydes were subjected tadactee amination protocol with diethylamine in the
presence NaBH(OAg) affording the corresponding diethylamino derivas, that were converted to the

final compound¥ g,k as previously described.
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Scheme 6. Synthesis of compounds 7gieagents and conditions(a) 22, NaH, DMF, 0 to 25 °C, 12 h, quantitative
yield; (b) PTSH, benzaldehyde or 3-pyridinecarbdgllyde, KCO; EtOH, 80 °C, 12 h, 48%; (c) methyl 4-
(bromomethyl)benzoate, KO;, KI, DMF, 80 °C, 12 h, 55-80%; (d) 6 N HCI, THF5 2C, 1 h, quantitative yield; (e)
diethylamine, NaBH(OAG) DCM, AcOH, 0 to 25 °C, 12 h, 47-59%; (f) NBIH, KOH, DCM, MeOH, HO, 25 °C, 3
h, 74-80%.

3. Results and Discussion

The compounds herein developed were firstly testeghzymatic assay to evaluate their HDACG6 inhityito
profile compared with the HDAC1 and 8 isoforms. &assively, the ability of the best performing
compounds to induce the acetylation of histoneuyltnkand HSP90 was evaluated, followed by assessmen
of their anticancer properties in two cell linesQH116 and U937). We have also determined key
pharmacokinetic parameters (solubility and chemis@bility), toxicity and mutagenicity of selected

compounds.

Table 1. Novel HDACSG inhibitorssa-d, 7a-k and8 againshHDACL, as 1G, (UM), andhHDACS, as G, (nM).2

| X

Pz

OR
AN D
| /x o o
N o \/©)‘\NHOH \/©)‘\NH0H
X ° 2
NHOH
6a-d 'il O 7a-k l;l O 8
(0] R Me

Cpd R X HDAC1 IC 5 HDACSG IC s HDAC6/HDAC1




(uM) (nM)
6a H CH 11+1 308 + 51 36
6b Me CH 45+031 61.6+75 73
6c ) CH 5.5+0.3 84.5+7.9 65
50 96%
25 82%
6d H N 205.6 + 24.4 n.d.
10 36%
1<10%
7a H CH 6.6+04 146.9 + 14.2 45
50 80%
25 46%
7b Me CH n.d.
10 26% 518.9 +17.1
1<10%
7c —— CH 6.1+09 823+11.4 74
50 97%
25 93%
7d —~ CH 176.0 + 14.7 n.d.
Ed 10 76%
117%
7e e CH 1.2+0.2 84.1+9.9 14
50 79%
7 \
= 25 67%
7f 4\ CH 870.4 + 87.8 n.d.
10 46%
1<10%
" @ \o
79 { CH 0.322 + 0.073 6.9+0.9 46
7h Me N 5.01 + 0.44 46+5 109
7i ) N 2.5+0.41 2656 +3.1 %6
7] ) N 1.7 +0.31 453+56 38
" @ o
7k { N 0.319 + 0.08 115+15 29
8 ] ; 3.0+0.18 33.0+26 o1

®Each value is the mean of at least three deterinitsatcompounds were assayed at eight concentsation

results are expressed with SD.

3.1. Structure-activity relationships (SAR)



From the enzymatic assay emerged a significamigffof the molecules for the HDAC6 with selectit
over HDAC1 and 8 isoforms (Tables 1 and 2). Stgrfrom compoundsa (HDAC6 ICso = 308 nM) we
decided to explore the effect of the introductidraltyl groups such as methyl or benzyl substitunthe
oxygen at C3@b,c). These modifications led to a significant improment in both the HDACG inhibition
potency (HDACG6 IG, of 61 and 84 nM, foibb and 6c respectively) and the selectivity over HDAC1
isoform. Successively we decided to explore thecefbf replacing the 4-phenyl group with a moreib&s
pyridyl group (compoundd); this modification did not improve potency and l® a HDACG6 inhibition
(295 nM) similar to6a. We then decided to interrogate the outcome afitcls of the acidic ZBG from the
N1 to the oxygen atom at C3; thus, we developeerias of analogues typified a. This new prototypic
compound led to improved potency at HDACG6 ogar(7a HDACG6 1Cso = 147 nM). Following exploration
of several substituents at N1 generated compotbds This focused series of derivatives demonstrdiat t
the introduction of a basic lateral chain such gsyddyl (7€) or N,N-diethylaminomethylbenzyl 7Q)
determined a strong increase in HDACS6 inhibiti@e,§ HDACG6 1G5, equal to 84 and 7 nM, respectively).
Also, it was shown that the introduction of largelér alkyl substituents generated analogues wéhker
potency against HDAC67b-d,f ICs, ranging from 82 to 870 nM). The substitution of tphenyl ring at C4
with a 3-pyridyl group (compoundgh-k) resulted in a general increase of HDACG6 inhilnifiavhen
compared tda, with ICs, values ranging from 12 to 46 nM. As observed/gralso compoundk, bearing
aN,N-diethylaminomethylbenzyl at N1, showed the highmtency of this subgroup of analogues. Fitan
the introduction of a methyl group at N1 and thglaeement of the phenyl group at C4 with a cyclghex
group led to compoun8. This compound showed a good inhibitory profile KDAC6 together with a
significant selectivity over HDAC1 (I = 33 nM and selectivity index of 91).

In order to gain a full picture in terms of SAR bysés for the new series of compounds, we flanikedtro
data with computational studies. Starting from thelecular docking calculations using Glide emplagyin
Standard Precision (SP) as scoring function andaVismspection we were able to understand the géner
trend of the preferred binding modes of quinolorewatives on HDAC1 and HDACG6 isoforms (for more
details see the appropriate sections in the sumpitary material file). Keeping on with the already
described inhibitors, for our newly developed datiles we retained theara-substituted phenylhydroxamic
acid functionality, anchored to the benzyl linkes the ZBG. Among the derivatives the polar costact
established by the hydroxamic acid of the ZBG wsngilar and represented by three H-bonds estalolishe
between the carbonyl and Y782, the NH and G6190iHeand H610. Considering the specific contacts, we
primarily focused our attention to the best positig of the ZBG on the quinolone scaffold (heteicy
nitrogenvs exocyclic hydroxyl group). Merging the resultstibé docking studies and the enzymagists we
observed that: when the ZBG is placed on the rétnagtom as for compoun@s-d the activity on HDAC6
slightly decreases when compared to the substitutiothe oxygen atom (3-OH) (i.e. compouask and

8). The binding mode of compounds is depicted irufég 3 and Figures S1, S3. The whole orientation of
the scaffolds of compouréh,b (Figures 3A,B), presented a similar binding madiffering from that of the

other analogues as represented in Figures 3C-Figndes S1-S3 (see details in the Supplementargiidat



sections). Compounda (Figure 3C), with no substituents &1, was able to establish twer stackings
with F620, F680 through the phenyl ring of the ZBf&d an additional H-bond between H651 and the
carbonyl of the quinolone core. The binding mode aimpounds7b-d,h,i,j is discussed in the

Supplementary Material section.






Figure 3. Docked poses into HDAC6 (PDB ID: 5EDU) of compoutgdsb, 7a, 7g, 7k and8 (panels A-F,
respectively). Compounds are represented as silitiessresidues of the active sites are represerstdides
and the whole protein is represented as cartoos. ZFfi" ion is represented as a gray sphere. The polar
contacts are depicted as dotted lines while thedooation bond as plain lines. The pictures weneegated

by means of PyMOL.

With the dual aim of increasing polar contacts wmitHDACG6 binding site while improving water soluby

of these molecules, we introduced some functidgealibn the quinolone scaffold leading to compoutdis
7e-k bearing pyridine at C4, benzylpiperidine and ditminomethylbenzyl groups atl (Figures 3D-E for
compounds/g and 7k). The introduction of a pyridin-3-yl instead ofetiphenyl ring at C4 (compourgil,
Figure S1B), gave better results in terms of sefiégtbetween the two investigated isoforms, coneglio
the parent compourgb. These findings prompted us to evaluate the inictidn of the 4-methylenepyridine
system atN1 on the series of compoudAlthough establishing a polar contact throughrhieogen of the
pyridine with the backbone of F680, compoufedFigure S3A) did not show a satisfactory profievards
the HDACSG isoform, since a similar set of contastye also established with the HDAC1 isoform. The
insertion of the different basic functionalitiekdithe benzylpiperidine, as for compounid(Figure S3B),
resulted in an increase in the length of the madéethat precluded the formation of any relevant dthdh
decreasing the HDACS6 inhibitory potency. On thetcany, the insertion of a diethylaminomethylbenzyl
portion atN1 as in compoundg (Figure 3D) provided the most potent HDACG6 intdbjtwith a potency in
the low nanomolar range. As expected, the moreibliexand protonatable diethylaminomethylbenzyl
substituent allowed to form not only a new and pratviously observed H-bond with the D567 residug, b
also a strong salt bridge with the same residusuimmary, the introduction of a flexible and prettable
moiety, able to establish a salt bridge and a podatact with D567 in HDACSG, is a preferred chotoe
improve the potency of enzyme inhibition. On thénest hand, isoform selectivity was improved by
introducing at C4 the pyridin-3-yl, retaining a siicant potency Th-i, Figure S3C,D) and with over 100-
fold selectivity ratio towards HDAC6 over HDAC1. @pound7k (Figure 2E) showed a different binding
mode compared to the other compounds of the sanéth the introduction of the pyridine-4-yl, and
additional bond with H651 was established, maimgithe same inhibitory profile. Furthermore, takinto
consideration the hydrophobic residues presettdrirtteraction site of HDAC6, we introduced a chelryl
ring at C4 in place of the aromatic system, obtajid, the binding mode of which is shown in Figure 2F.
Owing to ring flexibility and lower steric hindraeof the methyl a1 of 8, different residues were engaged
through hydrophobic interactions, namely F679, F&30 L749.

In addition, we performed molecular docking caltiola for assessing the putative binding mode of the
developed compounds into HDAC1 enzyme. The outpthis calculation is depicted in Figures S4-S&j an

the binding mode of all molecules is reported & 8upplementary Material.

3.2. hHDACS inhibition assays



Binding affinity studies towardsHDACS isoform were conducted on the best HDACS hitbrs (7g,k and

8) to have an indication of the potency and selé@gtof these new quinolone-based derivatives afsorest
this isoform. Among the three tested derivativesnpound7g demonstrated the highest selectivity with an
ICs value of 0.55 pM (Table 2) and an index of 80 (HEBAHDACG), while compoun@ was the least
potent with an 16, value of 1.64 uM and a selectivity index of 50e$& results highlighted a significant

selectivity profile of these compounds towards HIBAC

Table 2. Inhibitory activity of compound§g,k and8 as 1G, (LM), and apparent inhibitor constant®{kK
against thdétHDACS8 enzyme

Cpd 79 7k 8 TubA
ICs0(UM)° 0.55+0.15 0.49+0.20 1.64 +0.8 0.695
K2PF (uM)? 0.36 +0.1 0.40+0.1 1.93+0.2 f.d.

HDAC8/HDAC6 80 42 50 23

®All compounds were assayed at least two timestlaadesults are expressed with standard deviations.

n.d. Not determined

3.3. Cell-based studies

The anticancer effect of compoundg and 7k, the best performing small-molecules emerged fthe
HDACEG in vitro experiments, and one of the starting/aitwere evaluated in cell-based MTT assays against
a colon cancer cell line (HCT-116) and a histiacyyimphoma cell line (U937). All compounds showed a
good cytotoxic activity in HCT-116 when used at 8@ for 24 h and 48 h of induction (Table 3 and Eabl
S1). However,7g resulted to be the best molecule tested, withGypdf 3.6 UM after 48 h of induction,
causing a strong block of cell proliferation alread 25 uM (80%), and at 10 uM, after 24 and 48% &nd
90% respectively. Compountk, showed a potent cytotoxicity against HCT-116<after 48 h of induction
at all concentrations, showing 10 to 20% of celivaial. In accordance with HDAC enzymatic results,
compoundraresulted the least potent molecule, showing ths¢ tesults only when tested at 50 uM for 48 h
(10% cell viability). In U937 cells, these composndere found to be less active, inducing the 60-19%
cell proliferation reduction after 48 h at 50 uVaple 3 and Table S2). Compounrawas the most potent in
this cell line with respect to the other compounds.

Table 3.1Cg of 73, 7k and7gin HCT-116 and U937 cell lines.

IC50 (LM)
HCT-116 U937 NIH3T3
12 h 24 h 48 h 12 h 24 h 48 h 24 h
6b n.d. n.d. n.d. n.d. n.d. n.d. 90
7a n.d. 33.4+0.1 15.02 +0.12 n.d. n.d. 27.9£0.05 n.d.
7k n.d. 25.7+0.25 8.4 £0.56 n.d. n.d. 45,5 +0.37 90
79 13.5+0.2 11.6+0.3 3.6 +0.29 n.d. n.d. 40.6 £0.24 n.d.




8 n.d. n.d. | n.d. ‘ n.d. | n.d. | n.d. | 18 |

n.d. Not determined

To assess the nature of cellular death occurriteg 2d, 7g and7k treatment, Poly(ADP-ribose)-Polymerase
(PARP) was evaluated in HCT-116 (Figure 4E,F) a®3T(Figure 5E,F) cell lines. A significant increas
of PARP cleavage levels was observed in the samfies24 h of treatment withig and7k, tested at 10 uM

, demonstrating the activation of apoptotic pro¢28%
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Figure 4. Western blot analysis for cleaved PARP, AcTub, BBKac and Hsp90(AcLys294) on HCT-116
cancer cell line treated with the compouf@ds7g and7k at 10 uM for 12 and 24 h. Tubastatin A (5 pM for
24 h) and SAHA (5 pM for 24 h) were the positiventols. GAPDH and H4 were used for the

normalization. Target levels were quantized usimgdeJ software. **** p-valuec 0.0001, *** p-value<

0.001, ** p-value< 0.01, * p-value< 0.05, ns p-value > 0.05 vs control cells.
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Figure 5. Western blot analysis for cleaved PARP, AcTub, BAKac and Hsp90(AcLys294) on U937
cancer cell line treated with the compoudds7g and7k at 10 uM for 12 and 24 h. Tubastatin A (5 pM for
24 h) and SAHA (5 pM for 24 h) were the positiventols. GAPDH and H4 were used for the
normalization. Target levels were quantized usimgdeJ software. **** p-valuec 0.0001, *** p-value<

0.001, ** p-value< 0.01, * p-value< 0.05, ns p-value > 0.05 vs control cells.

To evaluate the capability of the compoufds7g and7k to inhibit the HDACs, Western blot studies were
conducted in both cell lines analyzing the aceityhatevels of alpha-tubulin and of the lysine 9 dt of
histone 3 (Figure 4 and 5). All molecules, testedGuM, strongly enhanced the levels of AcTub i@TH
116 (Figure 4C) and U937 (Figure 5C), with a falé, indicating the inhibition of cytoplasmic HDACEhe
analysis of histone acetylation levels showed thatamount of H3K9/14ac increased affer 7g and 7k
treatment, respect to the control, suggesting ailplesinhibition of nuclear HDACs may have also wted.
However, in HCT-116 (Figure 4D) compounda and 7g appeared to be more selective for cytoplasmic
HDACSs, increasing the H3K9/14ac of 2/4-fold, congghto 7k (> 6-fold). In U937 cells (Figure 5D) only
compound/ashowed a low potency against nuclear HDACs.

The interplay between HDAC6 and Hsp90 has beenlwilemonstrated in the last decade. It was observed
that the over-acetylation of Hsp90, due to thetimation or knockdown of HDACG6, determined the lags
chaperone activity of this protein [30]. Therefones decided to evaluate Hsp90(AcLys294) after mneat
with 7a, 7g,and7k. In HCT-116 (Figure 4E, F), but not in U937 (FigwlE, F),5, 7g and7k increased the
levels of Hsp90(AcLys294) when tested at 10 uMX@ror 24 h, suggesting the inhibition of HDACS6. In
U937, instead, onlyaraised the Hsp90ac levels respect to the corfiglite 5).

3.4. In silico prediction of selected drug-like pesties and experimental evaluation of physico-

chemical properties



We predicted the ADME properties and the heartcitxipotential of the newly developed compounds by
means of QikProp, a software implemented in Maestite (QikProp, version 4.3, Schrddinger, LLC, New
York, NY, 2015). The output of the calculation eported in Table S3. The predicted values for every
molecule can be considered acceptable since theywithin the recommended range of the software.
Selected parameters were also assessed experimemtad in vitro solubility and chemical stability of
selected compound, 7e and7k were measured by means of HPLC methods as reparprdvious work
from us [31,32]. As expected, the presence of bgsitips on compoundsge,k improved the solubility
profile at pH = 3 with respect to compould. Gratifyingly, our analysis also revealed thatho@e,k
exhibited a favorable chemical stability profileaatidic pH. In particular, the chemical stabilitpsvalmost
guantitative for the selected compounds with mbeas t95% of the compound remaining unaltered at [3H =
after 24 h (Table S4).

3.5. Mutagenicity profile evaluation féb, 7k, and8.

Potential mutagenicity associated with the use yafréxamic acid-based compounds poses a significant
challenge in terms of their drug-like profile [33Jo date, givinostat is the only compound undeniciil
trials that exhibited no mutagenic effect, while tither FDA approved drugs4 have shown mutagenicity
[34]. Therefore, we investigated for compourfity 7k and 8 the mutagenic effect in th8almonella
typhimuriumstrains TA98 and TA100. The Ames test is empldyedietect potential risks of mutagenicity at
the early stages of drug development. The assape@erformed with or without the S9 fraction df lieer.
This latter condition allows an in-depth investigatfor evaluating the risk of mutagenicity deriviedm the
metabolites of the compounds under study. Aftedyapp both the experimental conditions, no mutageni
effect was observed for compour@ils 7k and8 in the Salmonella typhimuriurstrains TA98 and TA100 at
all concentrations (5-230 uM) (Figures S7-S9).

3.6. Lossen rearrangement study on compaikad

It has been observed that the leading cause ofgewitity associated with the use of HDACI is ratate a
Lossen’s rearrangement involving the hydroxamateugr with the formation of the corresponding
isocyanate. This intermediate can trigger mutaggniy damaging the DNA due to its susceptibility t
undergo nucleophilic attack [34]. In laboratoryistheaction can be performed @nactivated hydroxamic
acids under basic conditions. However, under plggical conditions, it has been reported that isecaf 2-
naphthohydroxamic acid this reaction occurs byitlrelvement of acetyl-CoA, which activates the oagg
by the addition of an acetyl group [35]. Becausethad low acidity of hydroxamic acids, it has been
speculated that hydroxamate-based HDACi can rehehcatalytic site as neutral molecules and get
deprotonated only after a strong metal chelatiog. (Binc and potassium) [34,36]. In this way, a ahet
assisted Lossen’s rearrangement may occur leadlithge tformation of the isocyanate.

In order to check the susceptibility of our compdsito undergo Lossen’s rearrangement we investigate

in terms of the formation of the corresponding jsowate (by checking the conversion to its aniline



counterpart) by exposing it to one equivalent €& in DMSO at 40 °C (Figures S10, S11). After 18 h we
observed by ESI-MS analysis that the predominaakpevere: the starting materidk( [M+ H]* = 563.2)
and the corresponding carboxylic acid ([M + H]548.2, Figure S11). From this study we can asstimat
the absence of mutagenicity detected in the Ameayasan be explained by a low vulnerability of our
compounds to undergo Lossen’s rearrangement, tnfgming a safe profile for the HDACI described in

this paper.

3.7. Cytotoxic profile evaluation fd@b, 7g ,7k and8.

Compoundsb, 7k and8 were further characterized in a cytotoxicity assagstablish their effect on mouse
fibroblasts NIH3T3 cells. Cell viability was measdrby the Neutral Red Uptake test and data norethbs

% control. TG values of 90 uM were observed &y, 7k and 18 uM foi8, thus indicating a safe profile in
normal cells for compoundéb and 7k, while a low cytotoxicity in NIH3T3 cells was olised with
compoundB (Table 3 and Table S5). A second cytotoxicity gtugis performed on human peripheral blood
mononuclear cells (PBMC) after the treatment wiimpounds/g and7k for 24 and 48 h. Cell viability was
measured by using Guava® ViaCount™ Reagent. Frdhviedility study, was observed that compound
7k, after 24 h treatment, exhibited a low cytotoxiti@an only when tested at 90 uM, thus confirmingpfe
profile for this compound. On the other hand, commb7g, after 24 h treatment, demonstrated a strong
reduction in cell viability already when tested4&t uM (Figure S12, panel A). No significant diffece in

cytotoxicity were observed when the cells weret&gdor longer times (48 h, Figure S12, panel B).

4. Conclusion

In this work we describe the synthesis of quinolbased HDAC inhibitors preferentially targeting the
isoform 6. The synthesis of the cap group was &ekidy applying a multicomponent reaction involving
several substituted isatins, PTSH and a suitaldlehgte. This versatile synthetic strategy coulcapglied

for future scaffold modifications and for the depmhent of optimized analogs. The design of the riteesd
molecules was facilitated by applying a computatiarhemistry approach. The final compounds obtained
showed inhibition values in the nanomolar rangeH&rAC6 with a selectivity index up to 109-fold for
HDACG6 over HDACL1. Moreover, selected analogues stbay weak affinity for theHDACS8 enzyme. The
most potent HDACSG inhibitors were subjected to-balbed assays to check their anticancer poteitial.
particular, compoundg gave the best result in terms of cytotoxicity aghicolon cancer cells, inducing
90% cell death after 48 h at 10 uM, and after ¥hkn tested at 50 and 25 UM, by triggering apoptddie
influence of the compounds on tubulin, histone EB@90 acetylation status was evaluated to estatbieih
selectivity towards HDACG6. Notably, all the testsmmpounds enhanced the levels of AcTub as a rekult
the inhibition of cytoplasmic HDACs. In HCT-11%a and7g showed a lower increase of H3K9/14ac, thus
indicating a lower selectivity for nuclear HDACsdditionally, compound3g and7k led to the increase of
Hsp90(AcLys294), a selective substrate of HDAC6.applying HPLC protocols, compourfi was found
soluble and stable in aqueous solution at pH =d3n@undsb, 7k-and8 did not display any cytotoxic or



mutagenic profile as assessed by cytotoxicity stdin mouse fibroblasts and Ames testSatmonella
typhimurium strains. The absence of mutagenicity was furttefiened by the low susceptibility of
compound/k to undergo Lossen’s rearrangement to generaisoitganate derivative. Taken together, these
data highlight a promising antitumor potential foese quinolone-based HDACG6 selective inhibitotsesk
evidences may pave the way to the development of mmtent and selective optimized hits useful fet2a

transition and for further biological investigation

5. Experimental data

5.1. General information

Unless otherwise specified, materials were purch&sen commercial suppliers and used without furthe
purification. Reaction progress was monitored byCTusing silica gel 60 F254 (0.040-0.0681) with
detection by UV. Silica gel 60 (0.040-0.06&1) was used for column chromatography.NMR and**C
NMR spectra were recorded on a Varian B8z spectrometer or a Bruker 4MHz spectrometer by using
the residual signal of the deuterated solvent tsenal standard. Splitting patterns are descrilsedirglet
(s), doublet (d), triplet (t), quartet (q) and kigdr); the values of chemical shift§) @re given in ppm and
coupling constantsJf in Hertz (Hz). HPLC were performed with a Shimad2rominence apparatus
equipped with a scanning absorbance UV-VIS dete@iode Array SPD-M20A) also equipped with a
thermostatic chamber or with Agilent 1100 Seriegigged with UV-VIS detector. ESI-MS spectra were
performed by an Agilent 1100 Series LC/MSD specttan HRESIMS were carried out by a Thermo
Finningan LCQ Deca XP Max ion-trap mass spectrometgiipped with Xcalibur software, operated in
positive ion mode. Infrared (IR) spectra were reedrin the neat on an Agilent Cary 63pectrometer FT-
IR instrument and are reported in reciprocal ceetérs (crit). Melting points were detected by a BUCHI
melting point B-450 and reported and °C. The yigdsreferred to purified products and are notnojgtd.

All moisture-sensitive reactions were performed emdrgon atmosphere using oven-dried glassware and
anhydrous solvents. Final compounds were analygedombustion analysis (C, H, N) to confirm purity
>95%.

5.2. Chemistry

5.2.1 Methyl 4-((2,3-dioxoindolin-1-yl)methyl)beaio (L0).

To a solution of isatin (300 mg, 2.03 mmol) in dyF, cooled at 0 °C, a 60% dispersion of NaH, in
mineral oil (95 mg, 2.38 mmol) was added and dfirfer 5 min at 0 °C. Then, methyl 4-
(bromomethyl)benzoate (2.34 g, 10.20 mmol) was dddel the reaction was allowed to reach 25 °C and
stirred for 12 h. Thereafter, a saturated solutibhNH,Cl (5 mL) was added and the mixture was extracted
with EtOAc (3 x 5 mL). The combined organic layevere washed with brine, dried over JS&, and
concentratedn vacuo The residue was used in the next step withodhéuarpurifications and affording0
(2.00 g, quantitative yield) as a red sofid. NMR (300 MHz, CDC}) § 8.02 (d,J = 8.3 Hz, 2H), 7.63 (dd]



= 7.5, 0.8 Hz, 1H), 7.48 (td,= 7.8, 1.3 Hz, 1H), 7.39 (d,= 8.5 Hz, 2H), 7.11 (td] = 7.6, 0.8 Hz, 1H), 6.70
(d,J = 7.9 Hz, 1H), 4.98 (s, 2H), 3.90 (s, 3H). ESI-kif& [M + H]* 296.0.

5.2.2. Ethyl 4-((3-hydroxy-2-oxo-4-phenylquinoli(2d)-yl)methyl)benzoatel {a).

A solution of benzaldehyde (379 mg, 3.57 mmol) &1&6H (665 mg, 3.57 mmol) in EtOH (17 mL) was
stirred at 25 °C for 2 h. After thig0 (575 mg, 3.57 mmol) and,KO; (987 mg, 7.14 mmol) were added and
the reaction was stirred at 80 °C for 12 h. Thevestl was evaporated, and the crude was purified by
chromatography on silica gel (20% EtOAc in petrateether) givinglla (430 mg, 64%) as a red solitH
NMR (300 MHz, CDC}) 6 8.02 (d,J = 8.3 Hz, 2H), 7.65 — 6.99 (m, 11H), 5.74 (s, 2449 — 4.25 (m, 2H),
1.37 (t,J = 7.1 Hz, 3H);°C NMR (75 MHz, CDC})  166.2, 159.3, 140.8, 140.7, 133.6, 132.8, 13(®8,2,
129.9, 129.7, 128.6, 128.4, 127.5, 126.5, 124.2,3,222.3, 114.9, 61.0, 46.9, 14.3; ESI-M& [M + H]"
400.1; mp 187.3-190.0 °C.

5.2.3. Ethyl 4-((3-hydroxy-2-oxo-4-(pyridin-3-yljgalin-1(2H)-yl)methyl)benzoatd 1b).

Starting from10 (100 mg, 0.33 mmol) the title compound was obthifelowing the procedure described to
getlla The residue was purified by chromatography onasigjel (2% MeOH in DCM) affordindg1b (43
mg, 32%) as a red solid NMR (300 MHz, DMSOdg) § 9.70 (s, 1H), 8.65 (d] = 4.8 Hz, 1H), 8.57 (s,
1H), 7.92 (dJ = 8.6 Hz, 2H), 7.83 (ddl = 7.8, 1.9 Hz, 1H), 7.56 (dd,= 7.8, 4.8 Hz, 1H), 7.44 — 7.23 (m,
4H), 7.21 - 7.00 (m, 2H), 5.74 (s, 2H), 4.27J¢; 7.1 Hz, 2H), 1.27 (1) = 7.1 Hz, 3H); ESI-MSn/z [M +
H]* 401.1.

5.2.4. N-Hydroxy-4-((3-hydroxy-2-oxo-4-phenylquindl(2H)-yl)methyl)benzamid &4).

To a solution ofLl1a(55 mg, 0.14 mmol) in a 2:1 mixture of DCM (4 miMeOH (2 mL), a 50% solution of
NH,OH in water (660 pL, 10.00 mmol) and a 4 M solutadrKOH in methanol (1.25 mL, 5.00 mmol) were
added dropwise. The reaction was stirred at 25 dC3f h, then it was neutralized with 6 N HCI and
concentratedh vacuo The residue was purified by chromatography doastgel (0.1% NEHOH, 10% MeOH

in DCM) affording6a (44 mg, 82%) as a white solitH NMR (300 MHz, DMSO«d,) & 11.14 (s, 1H), 9.36
(s, 1H), 8.98 (s, 1H), 7.75 — 7.24 (m, 11H), 7.81) = 4.1 Hz, 2H), 5.69 (s, 2H}C NMR (75 MHz,
DMSO-dg) 6 164.4, 158.9, 142.0, 140.2, 134.0, 133.9, 130,41, 128.9, 128.2, 127.8, 127.3, 127.0, 125.7,
124.3, 123.1, 122.2, 115.6, 45.9; ESI-Mfz [M - H]" 385.0. FT-IR (neatymax 3375, 3291, 3036, 1616,
1566, 1496, 1257, 1015 C"r;rrnp 192.7-195.8 °C, decomposition; Anal 4d:sN,O,) C, H, N.

5.2.5. N-Hydroxy-4-((3-hydroxy-2-oxo-4-(pyridin-Beuinolin-1(2H)-yl)methyl)benzamidéd).

Starting from11b (20 mg, 0.05 mmol) the title compound was obtaifedidwing the procedure described to
get 6a. The residue was purified by chromatography oitasijel (0.1% NBHOH, 10% MeOH in DCM)
affording 15 (16 mg, 84%)™H NMR (300 MHz, DMSOdg) & 11.15 (s, 1H), 9.74 (s, 1H), 8.99 (s, 1H), 8.65
(d,J =3.5Hz, 1H), 8.57 (s, 1H), 7.83 @= 7.7 Hz, 1H), 7.69 (d] = 8.1 Hz, 2H), 7.62 — 7.50 (m, 1H), 7.46



— 7.24 (m, 4H), 7.22 — 6.96 (M, 2H), 5.70 (s, 2K NMR (75 MHz, DMSOse) & 164.3, 158.7, 150.8,
149.4, 142.9, 140.1, 138.2, 133.9, 132.3, 130.0,8,227.5, 127.0, 125.3, 124.0, 123.4, 121.9,0,2115.7,
46.0; ESI-MSMm/z [M - H]* 386.0. Anal. (G:H1:NsOs) C, H, N.

5.2.6. Ethyl 4-((3-methoxy-2-ox0-4-phenylquinol{2H)-yl)methyl)benzoatel 2a).

To a solution ofLl1a (100 mg, 0.25 mmol) in dry THF (3 mL) cooled at®@, a 60% dispersion of NaH in
mineral oil (15 mg, 0.38 mmol) was added. The mixtwas stirred at 0 °C for 30 min, then Mel (78 pL,
1.25 mmol) was added. The reaction was allowedeéxir 25 °C and stirred for 12 h. After this time a
saturated solution of NY&I (5 mL) was added and the mixture was extractidd BtOAc (3 x 5 mL). The
combined organic layers were dried oven3@, and concentrated in vacuo. The residue was pdrifie
chromatography on silica gel (25% EtOAc in Petroteather) affordind.2a (30 mg, 29%) as a colorless oil.
'H NMR (300 MHz, CDC}) § 8.11 — 7.90 (m, 2H), 7.58 — 7.44 (m, 3H), 7.44147m, 7H), 7.15 — 6.99 (m,
1H), 5.69 (s, 2H), 4.34 (d) = 7.1 Hz, 2H), 3.80 (s, 3H), 1.35 &= 7.1 Hz, 3H); ESI-MSn/z [M + H]"
414.0.

5.2.7. Ethyl 4-((3-(benzyloxy)-2-oxo-4-phenylquimdl(2H)-yl)methyl)benzoatd Zb).

To a solution ofLt1a (50 mg, 0.125 mmol) and benzyl bromide (16 pL, @.48nol) in anhydrous DMF (2
mL) was added ¥CO; (34 mg, 0.25 mmol) followed by Kl (2 mg, 0.01 mmdReaction was refluxed for 8
h at 80 °C. Reaction mixture was then partitionetileen aqueous saturated J&Hand EtOAc, and the
organic layer was washed with a saturated solwfddaHCQ; (5 mL) and brine (5 mL), dried over p&0O,
and concentrateth vacuo The residue was purified by chromatography oitaibel (25% EtOAc in
petroleum ether) affording2b (39 mg, 64%) as a pale-yellow dil NMR (300 MHz, CDC}) § 8.03 (d,J =
8.3 Hz, 2H), 7.56 — 7.40 (m, 3H), 7.40 — 7.13 (@}, 7.13 — 6.94 (m, 3H), 5.73 (s, 2H), 5.15 (s),2H37
(9,J=7.1Hz, 2H), 1.38 (] = 7.1 Hz, 3H); ESI-MS3n/z [M + H]" 490.0.

5.2.8. N-Hydroxy-4-((3-methoxy-2-oxo-4-phenylqumdl2H)-yl)methyl)benzamidélg).

Starting from12a (30 mg, 0.07 mmol) the title compound was obtaifeidwing the procedure described to
get 6a The residue was purified by chromatography oitasiggel (0.1% NHOH, 10% MeOH in DCM)
affording 6b (28 mg, 97%) as a white solitH NMR (300 MHz, CDCJ) & 11.15 (s, 1H), 9.00 (s, 1H), 7.69
(d,J=7.9 Hz, 2H), 7.61 — 7.21 (m, 9H), 7.21 — 6.95 2iH), 5.65 (s, 2H), 3.71 (s, 3H)C NMR (75 MHz,
DMSO-d) 6 164.4, 158.8, 144.8, 140.3, 137.7, 136.4, 13382,2, 129.7, 129.5, 128.9, 128.6, 127.7, 127.2,
127.0, 123.0, 121.1, 115.6, 60.1, 45.6; ESIAM& [M + H]" 401.0; HRMS-ESm/z calcd for G4H»N,0,"
[M+H]": 401,1496; found: 401.1488; FT-IR (neathy 3217, 2920, 2854, 1719, 1630, 1595, 1456, 1259,
1091, 1016 cr mp 161.0-164.0 °C, decomposition; Anal4d>N.O4) C, H, N.

5.2.9. 4-((3-(Benzyloxy)-2-oxo-4-phenylquinolin)2/)methyl)-N-hydroxybenzamidéc).



Starting from12b (27 mg, 489.56 mmol) the title compound was olgtdifollowing the procedure described
to get6a. The residue was purified by chromatography ocaijel (0.1% NEHOH, 10% MeOH in DCM)
affording 6¢ (22 mg, 85%) as a light brown solitH NMR (300 MHz, DMSOds) & 11.16 (s, 1H), 9.01 (s,
1H), 7.70 (dJ = 7.9 Hz, 2H), 7.59 — 6.81 (m, 16H), 5.70 (s, 25R7 (S, 2H)*C NMR (75 MHz, DMSO-

de) 6 164.4, 159.1, 143.4, 140.3, 138.3, 137.3, 13638,64, 132.2, 129.8. 129.6, 128.8, 128.6 (2C), 128.5
128.3, 127.7,127.2, 127.1, 123.0, 121.2, 115.6,7%.6; ESI-MSn/z [M + H]" 476.9; Anal. CsoH.4N,0,)

C, H, N.

5.2.10. 3-Hydroxy-4-phenylquinolin-2(1H)-or34).

A solution of benzaldehyde (100 mg, 0.94 mmol) &¥BH (175 mg, 0.94 mmol) in EtOH (5 mL) was
stirred at 25 °C for 2 h. After this, isatin (13&n9.94 mmol) and }CO; (260 mg, 1.88 mmol) were added
and the reaction was stirred at 80 °C for 12 h. 3dlgent was evaporated, and the crude was pufifjed

chromatography on silica gel (20% EtOAc in petrateether) givingl3a (95 mg, 42%) as a brown solid.
'HNMR (300 MHz, DMSOdg) & 12.19 (s, 1H), 9.16 (s, 1H), 7.57 — 7.35 (m, 3H}4 — 7.18 (m, 4H), 7.09

—6.94 (m, 2H); ESI-M$n/z [M + Na]" 260.1.

5.2.11. 3-Hydroxy-4-(pyridin-3-yl)quinolin-2(1H)-er{13b).

Starting from 3-pyridinecarboxaldehyde (181 mg91nmol) and isatin (500 mg, 1.69), the title compabu
was obtained following the procedure previouslyctibed for compound.3a The crude was purified by
chromatography on silica gel (5% MeOH in DCM) giyit3b (180 mg, 45%) as a red solitH NMR (300
MHz, DMSOdg) 6 12.27 (s, 1H), 9.49 (s, 1H), 8.62 (dds 4.8, 1.7 Hz, 1H), 8.53 (dd,= 2.2, 0.8 Hz, 1H),
7.85 —-7.71 (m, 1H), 7.62 — 7.46 (m, 1H), 7.42 257(m, 2H), 7.17 — 7.05 (m, 1H), 7.05 — 6.94 (m);1H
ESI-MSm/z [M + H]* 239.0.

5.2.12. Methyl 4-(((2-oxo-4-phenyl-1,2-dihydroquine-yl)oxy)methyl)benzoatd4a).

To a solution oft3a (100 mg, 0.42 mmol) in dry DMF (4 mL) methyl 4-@onomethyl)benzoate (145 mg,
0.63 mmol), KI (7 mg, 0.04 mmol) and,€O; (116 mg, 0.84 mmol) were added. The reaction mixtuas
stirred at 80 °C for 12 h. Thereafter the mixtugswooled down to 25 °C and a saturated soluticviHaCl
(10 mL) was added. The mixture was extracted witbA€ (10 mL) and the organic layer was washed with
a saturated solution of NaHG( mL) and brine (5 mL). Then it was dried overL81@, and concentrateid
vacua The crude was purified by chromatography onaitiel (33% EtOAc in petroleum ether) givibhga
(61 mg, 38%) as a pale brown solfid. NMR (300 MHz, CDCY)) 6 12.95 (s, 1H), 7.88 (d, = 8.0 Hz, 2H),
7.57 — 7.35 (m, 6H), 7.33 — 7.01 (m, 5H), 5.242(1), 3.89 (s, 3H)**C NMR (75 MHz, CDC}) & 167.0,
161.0, 143.7, 142.2, 140.3, 140. 3, 135.5, 13322.7, 129.4, 129.1, 128.7, 128.3, 127.9, 126.7,822
120.8, 115.9, 73.4, 57.BSI-MSm/z [M + H]" 386.1; m.p,: 195.0-197.9 °C.

5.2.13. Methyl 4-(((2-oxo-4-(pyridin-3-yl)-1,2-difinpquinolin-3-yl)oxy)methyl)benzoat&4p).



Starting from13b (180 mg, 0.76 mmol) the title compound was obtifetlowing the procedure previously
described for compoundi4a The crude was purified by chromatography on &ilgel (50% EtOAc in
petroleum ether) giving4b (60 mg, 20%) as a dark yellow ol NMR (300 MHz, CDC}) § 12.82 (s, 1H),
8.71 (ddJ=5.0, 1.7 Hz, 1H), 8.61 — 8.47 (m, 1H), 7.98817m, 2H), 7.64 — 7.32 (m, 4H), 7.24 — 7.01 (m,
4H), 5.45 — 5.15 (m, 2H), 3.89 (s, 3H); ESI-Mf3z [M + H]" 387.0.

5.2.14. N-Hydroxy-4-(((2-oxo-4-phenyl-1,2-dihydrogplin-3-yl)oxy)methyl)benzamid@s).

To a solution ofl4a (19 mg, 0.049 mmol) in a 2:1 mixture of DCM (2 mMeOH (1 mL), a 50% solution
of NH,OH in water (329 pL, 4.90 mmol) and a 4 M solutaiKOH in methanol (616 pL, 2.45 mmol) were
added dropwise. The reaction was stirred at 25 dC3f h, then it was neutralized with 6 N HCI and
concentratedn vacuo The crude was purified by chromatography on aitiel (0.1% NHOH, 10% MeOH

in DCM) giving 7a (11 mg, 55%) as a white solidd NMR (300 MHz, DMSOdg) § 12.13 (s, 1H), 11.11 (s,
1H), 8.96 (s, 1H), 7.55 (d, = 8.3 Hz, 2H), 7.50 — 7.30 (m, 5H), 7.28 — 7.14 §M), 7.12 — 7.00 (m, 3H),
7.00 — 6.88 (m, 1H), 5.07 (s, 2HJC NMR (75 MHz, DMSOds) & 164.3, 159.1, 144.2, 140.6, 138.4, 136.3,
133.7, 132.5, 129.8, 129.1, 128.7, 128.5, 128.0,112126.2, 122.5, 120.3, 115.6, 7ESI-MSm/z [M +
H]* 387.1; FT-IR (neaty,. 3204, 3048, 2858, 1653, 1549, 1279, 1202, 1169c88; mp 204.8-205.4 °C,
decomposition; Anal. (&H1sN-O,) C, H, N.

5.2.15. N-Hydroxy-4-(((1-methyl-2-oxo-4-phenyl-dliRydroquinolin-3-yl)oxy)methyl)benzamidéb).

Step 1 To a solution oft4a (16 mg, 0.04 mmol) in dry THF (1 mL) cooled at®©, ‘a 60% dispersion of
NaH in mineral oil (15 mg, 0.06 mmol) was addede Thixture was stirred at 0 °C for 30 min then Mgl (
pL, 0.12 mmol) was added. The reaction was alloiwa@ach 25 °C and stirred at this temperaturd 2oh.
Then a saturated solution of IWE (5 mL) was added and the mixture was extractiéld BtOAc (3 x 5 mL).
The combined organic layers were washed with baned over NgSO, and concentratesh vacuo The
crude was purified by chromatography on silica(§6P6 EtOAc in petroleum ether) affordingethy! 4-(((1-
methyl-2-oxo0-4-phenyl-1,2-dihydroquinolin-3-yl)axythyl)benzoatél6 mg, quantitative yield) as a white
solid."H NMR (300 MHz, CDC}) § 7.85 (d,J = 6.8 Hz, 2H), 7.57 — 7.32 (m, 5H), 7.32 — 7.17 @), 7.17
—6.95 (m, 3H), 5.13 (s, 2H), 3.95 — 3.79 (m, 6E$)-MSm/z [M + H]* 400.1.

Step 2 From methyl 4-(((1-methyl-2-oxo0-4-phenyl-1,2-dihydroapliim-3-yl)oxy)methyl)benzoaté2 mg,
0.05 mmol) the title compound was obtained follayvihe procedure previously described for compoted
The crude was purified by chromatography on silieb(0.1% NHOH, 10 % MeOH in DCM) givingb (14
mg, 64%)."H NMR (300 MHz, DMSO#dg) & 11.14 (s, 1H), 8.97 (s, 1H), 7.58-7.47 (m, 7H}57= 7.13 (m,
3H), 7.06 (ddJ = 8.2, 2.4 Hz, 3H), 5.04 (s, 2H), 3.76 (s, 3 NMR (75 MHz, MeOD)s 166.4, 159.7,
143.0, 140.7, 139.2, 137.0, 133.2, 131.5, 129.4,31228.1, 128.0, 127.9, 126.9, 126.5, 122.5,0,214.5,
73.0, 29.4; ESI-M3n/z:[M + H]" 401.0; Anal. (G:HoN,0,) C, H, N.



5.2.16. N-Hydroxy-4-(((2-oxo-4-phenyl-1-(prop-2-44y)-1,2-dihydroquinolin-3-yl)oxy)methyl)benzamide
(7c).

Step 1 To a solution ofl4a (50 mg, 0.13 mmol) in dry DMF cooled at 0 °C, N&#®% in mineral oil, 7 mg,
0.194) was added. The reaction was allowed tof@tiB0 mins at the same temperature, then propargyl
bromide (19 uL, 0.129 mmol) was added. The readstias allowed to reach 25 °C and stirred for 12 ferA
this time, a saturated solution of MH (5 mL) was added and the mixture was extracteld BtOAcC (3 x 5
mL). The combined organic layers were washed witheb dried over N£&0O, and concentrateth vacuo
The crude was purified by chromatography on sijeb(25% EtOAc in petroleum ether) affordimgethyl 4-
(((2-oxo-4-phenyl-1-(prop-2-yn-1-yl)-1,2-dihydrogalin-3-yl)oxy)methyl)benzoa{81 mg, 56% yield) as a
brown solid."H NMR (300 MHz, CDC})) § 7.84 (d,J = 7.5 Hz, 2H), 7.63 — 7.37 (m, 5H), 7.34 — 7.19 (m
3H), 7.19 — 7.11 (m, 1H), 7.08 (d~ 8.0 Hz, 2H), 5.23 (d] = 2.5 Hz, 2H), 5.13 (s, 2H), 3.88 (s, 3H), 2.32
(s, 1H); ESI-MSm/z [M + H]" 424.1

Step 2 From methyl 4-(((2-oxo-4-phenyl-1-(prop-2-yn-1-yl)-1,Bytiroquinolin-3-yl)oxy)methyl)benzoate
(30 mg, 0.07 mmol) the title compound was obtaif@tbwing the procedure previously described for
compound/a. The crude was purified by chromatography onaigiel (0.1% NHOH, 10% MeOH in DCM)
giving 7c (17 mg, 57%) as a brown solftH NMR (300 MHz, MeOD) 11.13 (s, 1H), 8.97 (s, 1H), 7.73 —
7.53 (m, 4H), 7.53 — 7.39 (m, 3H), 7.35 - 7.13 8H), 7.15 — 6.96 (m, 3H), 5.23 (s, 2H), 5.05 (s),2331

(s, 1H); ®°C NMR (75 MHz, DMSOd;) & 164.3, 158.0, 143.4, 140.5, 138.4, 135.9, 13332,.5, 129.7,
128.8 (2C), 128.7, 128.0, 127.3, 127.1, 123.3,0,2115.6, 79.3, 75.3, 73.1, 32.2; ESI-M&z: [M + H]"
425.0. mp decomposition; Anal. {&1,0N.,O,4) C, H, N.

5.2.17. N-Hydroxy-4-(((1-methyl-2-oxo-4-(pyriding3-1,2-dihydroquinolin-3-yl)oxy)methyl)benzamide
(7h).

Starting from14b (15 mg, 0.76 mmol) the title compound was obtaifwdidwing the procedure previously
described for compourith, Step 1 The crude was purified by chromatography onaigiel (33% EtOAc in
petroleum ether) giving methyl 4-(((1-methyl-2-oxo0-4-(pyridin-3-yl)-1,2-gidroquinolin-3-
yl)oxy)methyl)benzoafd0 mg, 66%) as a yellow solitH NMR (300 MHz, CDC}) § 8.68 (ddJ = 4.9, 1.7
Hz, 1H), 8.48 (ddJ = 2.2, 0.9 Hz, 1H), 7.86 (d,= 8.3 Hz, 2H), 7.62 — 7.32 (m, 4H), 7.23 — 7.03 4i),
5.31 — 5.06 (m, 2H), 3.89 (s, 3H), 3.86 (s, 3H)J-&S m/z:[M + H]* 401.1. Starting fronmethy! 4-(((1-
methyl-2-oxo-4-(pyridin-3-yl)-1,2-dihydroquinolim@)oxy)methyl)benzoatél5 mg, 0.076 mmol) the title
compound was obtained following the procedure esly described for compounth. The crude was
purified by chromatography on silica gel (0.1% JdHi, 10% MeOH in DCM) giving’h (5 mg, 50%) as a
white solid."H NMR (300 MHz, MeODY 8.61 (d,J = 4.8 Hz, 1H), 8.32 (s, 1H), 7.74 — 7.45 (m, 6HR0 —
7.01 (m, 4H), 5.12 (dJ = 4.9 Hz, 2H), 3.88 (s, 3H}’C NMR (75 MHz, MeOD)§ 166.3, 159.2, 149.3,
148.3, 143.4, 140.2, 138.4, 137.1, 134.8, 131.8,11329.5, 128.2, 126.6, 126.2, 123.6, 122.8,2.20.4.7,
72.8, 29.2; ESI-M3n/z:[M + Na]" 424.0; Anal. (GH1gNsO,) C, H, N.



5.2.18. 1-Methylindoline-2,3-dion&g) [26].

To a solution of isatin (1.0 g, 6.80 mmol) in driviB (4 mL), cooled at 0 °C, a 60% dispersion of NaH,
mineral oil (275 mg, 6.80 mmol) was added andedirfor 5 min at 0 °C. Then, methyl iodide (635 pL,
10.20 mmol) was added and the reaction was allaweach 25 °C and stirred for 12 h. Thereafter, a
saturated solution of NY&I (5 mL) was added and the mixture was extractidd BtOAc (3 x 5 mL). The
combined organic layers were washed with brineedddver NgSO, and concentrateith vacuo The crude
was purified by chromatography on silica gel (25%0&c in petroleum ether) affording5 (1.15 g,
quantitative yield) as a red solitH NMR (300 MHz, CDC}) § 7.69 — 7.52 (m, 2H), 7.12 (td,= 7.6, 0.9
Hz, 1H), 6.89 (ddJ = 8.6, 0.9 Hz, 1H), 3.25 (s, 3H). The experimemtala are consistent with those

reported in literature [26].

5.2.19. 4-Cyclohexyl-3-hydroxy-1-methylquinolini2f-bne (6).

Starting from15 (575 mg, 3.57 mmol) and cyclohexanecarboxaldeh®d pL, 3.57 mmol) the title

compound was obtained following the procedure dlesdrto getl3a The residue was purified by
chromatography on silica gel (20% EtOAc in petrateether) affordindl6 (270 mg, 30%) as a white solid.
'H NMR (300 MHz, CDC}) § 7.92 (d,J = 8.2 Hz, 1H), 7.54 — 7.20 (m, 4H), 3.82 (s, 3Bi},6 (m, 1H), 2.35

—2.12 (m, 2H), 1.99 — 1.83 (m, 2H), 1.75 (m, 4H%2 (m, 2H); ESI-MSn/z [M + H]" 258.1.

5.2.20. 4-(((4-Cyclohexyl-1-methyl-2-oxo-1,2-ditggliinolin-3-yl)oxy)methyl)-N-hydroxybenzamide). (
Starting from16 (270 mg, 1.05 mmol) methyl 4-(((4-cyclohexyl-1-tmg@t2-oxo-1,2-dihydroquinolin-3-
yl)oxy)methyl)benzoate was obtained following thieqedure described to gbta The residue was purified
by chromatography on silica gel (33% EtOAc in pletuon ether) affordingnethyl 4-(((4-cyclohexyl-1-
methyl-2-oxo0-1,2-dihydroquinolin-3-yl)oxy)methyhheate(317 mg, 74%) as a yellow oilH NMR (300
MHz, CDCk) 6 8.15 — 8.01 (m, 2H), 7.96 (s, 1H), 7.61Jd; 7.9 Hz, 2H), 7.54 — 7.40 (m, 1H), 7.33 (dd;

8.6, 1.2 Hz, 1H), 7.22 (§ = 7.6 Hz, 1H), 5.26 (s, 2H), 3.89 (s, 3H), 3.733d), 3.20 (dJ = 13.8 Hz, 1H),
2.16 — 1.93 (m, 2H), 1.89 — 1.52 (m, 5H), 1.480671(m, 3H);**C NMR (75 MHz, CDCJ) § 167.0, 159.1,
142.9, 140.9, 137.3, 129.7, 129.5, 128.6, 127.8,412124.6, 122.1, 120.4, 114.6, 72.7, 52.1, 38046,
29.9, 27.2, 26.1; ESI-MBV/z [M + H]* 406.1; mp 79.1-82.2 °C.

This intermediate (100 mg, 0.25 mmol) was conveit¢al compound following the procedure previously
described for the synthesis of compoutad The residue was purified by chromatography doasijel (0.1%
NH,OH, 10% MeOH in DCM) affordin@ (100 mg, 98%) as a brown solitH NMR (300 MHz, DMSOdj)

5 11.21 (s, 1H), 9.01 (s, 1H), 8.04 (&= 8.2 Hz, 1H), 7.77 (dl = 7.9 Hz, 2H), 7.55 (m, 4H), 7.40 — 7.16 (m,
1H), 5.16 (s, 2H), 3.68 (s, 3H), 3.25 (m, 1H), 2-1%5.85 (m, 2H), 1.85 — 0.87 (m, 8HJC NMR (75 MHz,
DMSO-dg) 6 164.4, 158.3, 141.0, 140.5, 137.4, 132.6, 1228,3], 128.1, 127.4, 125.8, 122.7, 119.8, 115.6,
72.4, 37.7, 30.4, 30.1, 27.0, 26.0; ESI-M®z [M + H]" 407.1. HRMS-ESim/z calcd for G4H,/N,O,"
[M+H]*: 407,1965; found: 407.1960; FT-IR (neath, 3314, 3248, 2919, 2849, 1661, 1618, 1585, 1452,
1206, 1106, 1028 cfi mp 197.2-200.0 °C, decomposition Analafd>sN.O4) C, H, N.



5.2.21. 4-(Hydroxymethyl) pyridin&g).

To a solution ofL7 (2.0 g, 18.67 mmol) in methanol (20 mL), cooled&C, NaBH (706 mg, 18.67 mmol)
was added. The reaction was stirred for 2 h armvaelli to reach to 25 °C. After the complete consionpt

of starting material, water (20 mL) was added, sotvwas evaporated, and the aqueous residue was
extracted with EtOAc (3 x 15 mL). The combined arigdayers were filtered over MaO, and concentrated

in vacuoto get18 (1.60 g, 80%) as a colorless d#H NMR (300 MHz, CDC}) & 8.52 (dd,J = 4.6, 1.5 Hz,

2H), 7.40 — 7.19 (m, 2H), 4.74 (s, 2H), 3.20 (s).1H

5.2.22. 4-(Bromomethyl)pyridinium bromidy [27].

Compoundl8 (1.810 g, 16.58 mmol) was dissolved in 48% HBr (dl6) and stirred at reflux for 4 h. The
water was removeith vacuoto give a thick gum which was treated with ethaatd (1 and then filtered. The
white crystals were collected and washed with atdlthnol to get 4-(hydroxymethyl)pyridinium bromide
(1.9 g). To a suspension of this salt in chlorofd@s mL) PBg (457 pL, 4.85 mmol) was added, and the
mixture was stirred at reflux for 4.5 h. After cimg) down to 25 °C, the white precipitate was cdbecand
washed with cold chloroform to givk9 (2.3 g, 93%) as a white solitH NMR (300 MHz, CDCJ) & 8.80 (d,

J = 6.4 Hz, 2H), 8.00 (d) = 6.4 Hz, 2H), 4.61 (s, 2H). The spectroscopi@dae consistent with those

reported in literature [27].

5.2.23. 4-(Bromomethyl)benzaldehyd#) (37].

To a solution of 4-(bromomethyl)benzonitrile (2,01¢.20 mmol) in dry DCM (40 mL), cooled at -78 &

M solution of DIBAL-H in DCM (11.2 mL, 11.22 mmolvas slowly added. The reaction was allowed to
reach 0 °C in 1 h, then it was slowly quenched itk HCI (20 mL). The mixture was extracted with 1C

(3 x 20 mL) and the combined organic layers wershed with NaOH (2 x 20 mL), then dried over,8@,
and concentrateith vacuoaffording21 (2.03 g, quantitative yield) as a white solid tivais used in the next
step without further purificatiotH NMR (300 MHz, CDCJ) § 10.02 (s, 1H), 7.87 (d,= 8.2 Hz, 2H), 7.56
(d,J=8.1 Hz, 2H), 4.52 (s, 2H). The spectroscopia@at consistent with those reported in literafavé.

5.2.24. 2-(4-(Bromomethyl)phenyl)-1,3-dioxolag®) (37].

To a solution o1 (2.03 g, 10.20 mmol) in toluene, ethylene glycbll(mL, 20.40 mmol) and PTSA (176
mg, 1.02 mmol) were added. The reaction was stiaed10 °C for 12 h, then a saturated solution of
NaHCG; (20 mL) was added. The resulting mixture was exéh with EtOAc (3 x 20 mL) and the
combined organic layers were dried over,3@, and concentrateth vacuo The crude was purified by
chromatography on silica gel (20% EtOAc in petrateether) affording22 (1.7 g, 69%) as a colorless oil.
'H NMR (300 MHz, Acetonelk) & 7.56 — 7.39 (m, 4H), 5.75 (s, 1H), 4.66 (s, 2H204- 3.88 (m, 4H). The

spectroscopic data are consistent with those reghantliterature [37].



5.2.25. 1-Benzylindoline-2,3-dion23g) [26].

To a solution of isatin (300 mg, 2.03 mmol) in @¥IF (2 mL), cooled at O °C, a 60% dispersion of NaH
mineral oil (95 mg, 2.38 mmol) was added and stifor 5 min at 0 °C. Then, benzyl bromide (266 @134
mmol) was added and the reaction was allowed tchr@d °C and stirred for 12 h. Thereafter, a sétdra
solution of NHCI (5 mL) was added and the mixture was extractgd BtOAc (3 x 5 mL). The combined
organic layers were washed with brine, dried ovaiS9, and concentrateid vacuo The crude was purified
by chromatography on silica gel (25% EtOAc in pleuon ether) affordin@3a (358 mg, 74% vyield) as a
yellow solid."H NMR (300 MHz, CDC}) § 7.67 — 7.55 (m, 1H), 7.47 (td,= 7.8, 1.3 Hz, 1H), 7.41 — 7.24
(m, 5H), 7.08 (tJ = 7.6 Hz, 1H), 6.77 (d] = 8.0 Hz, 1H), 4.93 (s, 2H}’C NMR (75 MHz, CDC}) § 183.2,
158.3, 150.7, 138.3, 134.5, 129.1, 128.2, 127.5,412123.9, 117.7, 111.0, 44.0; ESI-M8z: [M + H]"
238.0; mp 129.8-130.8 °C. The spectroscopic da@ansistent with those reported in literature [26]

5.2.26. 1-(Pyridin-4-yImethyl)indoline-2,3-diori3b).

To a solution ofL9 (860 mg, 3.39 mmol) in diethyl ether (10 mL) a 18&tution of NaHC@ (10 mL) was
added. The organic layer was extracted, dried ®aB0,, concentratedn vacuoand the residue was
dissolved in dry DMF (2 mL). In another flask, dugimn of isatin (500 mg, 3.39 mmol) in dry DMF L),
cooled at 0 °C, was treated with a 60% dispersfddaid in mineral oil (163 mg, 4.07 mmol) and stirat
the same temperature for 30 min. After this tinme previously prepared solution d® (free base in dry
DMF) was added and the reaction was allowed tahr@&c°C and stirred for 12 h. Then a saturatectisolu
of NH,Cl (5 mL) was added and the mixture was extractgd BtOAc (3 x 5 mL). The combined organic
layers were washed with brine (10 mL), dried ovexS0, and concentrateth vacuo The crude was
purified by chromatography on silica gel (EtOAcioadling 23b (311 mg, 38% yield) as an orange soltd.
NMR (300 MHz, CDC}) 4 8.50 (d,J = 6.1 Hz, 2H), 7.56 (ddl= 7.5, 1.4 Hz, 1H), 7.51 — 7.34 (m, 1H), 7.20
(d,J=6.2 Hz, 2H), 7.06 () = 7.6 Hz, 1H), 6.66 (d] = 7.9 Hz, 1H), 4.88 (s, 2H); ESI-M&/z:[M + H]"
239.0.

5.2.27. 1-Benzyl-3-hydroxy-4-phenylquinolin-2(1 e d4a).

Starting from benzaldehyde (67 mg, 0.62 mmol) 28d (150 mg, 0.62 mmol), the title compound was
obtained following the procedure previously desditfor compoundl3a The crude was purified by
chromatography on silica gel (25% in EtOAc in pletumn ether) giving4a (78 mg, 38%) as a brown solid.
'H NMR (400 MHz, DMSOdg) & 9.33 (s, 1H), 7.90 — 6.90 (m, 14H), 5.65 (s, ZE§}-MSm/z 328.0.

5.2.28. 3-Hydroxy-4-phenyl-1-(pyridin-4-ylmethylyaplin-2(1H)-one(24b).

Starting from benzaldehyde (53 mg, 0.62 mmol) a88d (120 mg, 0.50 mmol), the title compound was
obtained following the procedure previously desaditfor compoundl3a The crude was purified by
chromatography on silica gel (EtOAc) givirigtb (64 mg, 39%) as a brown solitH NMR (300 MHz,



CDCl) 5 8.58 (d,J = 6.2 Hz, 2H), 7.62 — 7.38 (m, 6H), 7.37 — 7.28 L), 7.22 — 7.13 (m, 4H), 7.10 (s,
1H), 5.69 (s, 2H); ESI-M&1/z:[M + H]* 329.

5.2.29. 1-Benzyl-3-hydroxy-4-(pyridin-3-yl)quineflH)-one R4c).

Starting from 3-pyridinecarboxaldehyde (67 mg, OrGghol) and23a (150 mg, 0.62 mmol), the title
compound was obtained following the procedure esly described for compouriBa The crude was
purified by chromatography on silica gel (2% MeQHDCM) giving 24c (55 mg, 24%) as a red solitH
NMR (300 MHz, CDC}) 6 8.73 (s, 2H), 7.88 — 7.77 (m, 1H), 7.53 — 7.431i), 7.41 — 7.22 (m, 9H), 7.21
—7.11 (m, 1H), 5.70 (s, 2H); ESI-M8/z:[M + H]* 329.1.

5.2.30. 3-Hydroxy-4-(pyridin-3-yl)-1-(pyridin-4-y&thyl)quinolin-2(1H)-one24d).

Starting from 3-pyridinecarboxaldehyde (54 mg, @.50mol) and23b (120 mg, 0.503 mmol), the title
compound was obtained following the procedure jesly described for compouritBa The crude was
purified by chromatography on silica gel (2% MeQHDCM) giving 24d (73 mg, 44%) as a red solitH
NMR (300 MHz, CDC}) 4 8.85 — 8.40 (m, 4H), 7.80 (d,= 7.1 Hz, 1H), 7.55 — 7.38 (m, 1H), 7.37 — 7.25
(m, 2H), 7.24 — 7.00 (m, 4H), 5.66 (s, 2H); ESI-%:[M + H]" 330.1.

5.2.31. 4-(((1-Benzyl-2-ox0-4-phenyl-1,2-dihydroglin-3-yl)oxy)methyl)-N-hydroxybenzamidel)

Starting from 24a (78 mg, 0.24 mmol)methyl 4-(((1-benzyl-2-oxo-4-phenyl-1,2-dihydroquiim 3-
yl)oxy)methyl)benzoatwas obtained following the procedure previouslgalbed for compound4a The
crude was purified by chromatography on silica(§ePo EtOAc in petroleum ether) giving the internaadi
(70 mg, 62%) as a dark yellow ol NMR (300 MHz, CDC}) § 7.92 — 7.80 (m, 2H), 7.55 — 7.40 (m, 3H),
7.40 — 7.19 (m, 10H), 7.16 — 6.99 (m, 3H), 5.68), 5.22 (s, 2H), 3.90 (4,= 8.5 Hz, 3H); ESI-MSn/z:
[M + H]" 476.0. Starting from this intermediate (20 mg,40@mol) the tittle compound was obtained
following the procedure previously described fompmund7a. The crude was purified by chromatography
on silica gel (0.1% NKOH, 10% MeOH in DCM) giving’d (9 mg, 45%)'H NMR (300 MHz, DMSOds) &
11.14 (s, 1H), 8.97 (s, 1H), 7.63 — 7.19 (m, 14H)9 — 7.00 (m, 4H), 5.64 (s, 2H), 5.10 (s, 2K} NMR
(75 MHz, DMSO¢dg) 6 164.3, 159.0, 143.4, 140.5, 138.2, 137.1, 13638,6l 132.5, 129.8, 129.6. 129.1,
128.8, 128.6 (2C), 128.1, 127.6, 127.2, 127.1,0,2R1.1, 115.7, 73.0, 45.8; ESI-MSz:[M + H]" 477.0.
FT-IR (neat) vmax 3259, 2923, 2854, 1719, 1634, 1597, 1453, 1013;cmp decomposing; Anal.
(CaoH24N204) C, H, N.

5.2.32. N-Hydroxy-4-(((2-oxo-4-phenyl-1-(pyridingdnethyl)-1,2-dihydroquinolin-3-
yl)oxy)methyl)benzamid@d).

Starting from 24b (71 mg, 0.21 mmol) methyl 4-(((2-oxo-4-phenyl-1-(pyridin-4-ylmethylR1
dihydroquinolin-3-yl)oxy)methyl)benzoateas obtained following the procedure previouslycdiésd for
compoundl4a The crude was purified by chromatography on ailiel (50% EtOAc in petroleum ether)



giving the intermediate (31 mg, 30%H NMR (300 MHz, CDCY)) 6 8.56 (d,J = 5.2 Hz, 2H), 7.85 (d] =
8.2 Hz, 2H), 7.52 — 7.41 (m, 3H), 7.31 (m, 4H),97-17.00 (m, 6H), 5.65 (s, 2H), 5.17 (s, 2H), I8BH);
%C NMR (75 MHz, CDC}) 6 159.8, 159.1, 150.0, 149.1, 143.7, 141.6, 13738,7 135.9, 129.6, 129.3,
129.0, 128.9, 128.3, 127.5, 126.9, 126.6, 123.3,8,220.6, 115.2, 73.1, 52.1, 46.5; ESI-M&:[M + H]"
477.0; mp 147.5-150.1 °C. Starting from this intediate (10 mg, 0.02 mmol) the title compound was
obtained following the procedure previously desadibfor compound/a. The crude was purified by
chromatography on silica gel (0.1% lBH, 10% MeOH in DCM) givingZe (8 mg, 90%)."H NMR (300
MHz, MeOD)§ 8.48 (d,J = 5.2 Hz, 2H), 7.63 — 7.23 (m, 12H), 7.21 — 7.61 8H), 5.77 (s, 2H), 5.07 (s,
2H); *C NMR (75 MHz, MeOD)3 168.6, 159.8, 148.9, 147.4, 142.9, 140.6, 13938,2, 133.1, 131.6,
129.4, 129.3, 129.1, 128.1, 128.0, 127.7, 127.8,5,2122.8, 121.3, 114.7, 73.0, 45.0. ESI-M&: [M +
H]* 478.0; HRMS-ESIm/z calcd for GgH,4N3O," [M+H]™: 478,1761; found: 478.1749. FT-IR (neathy
3479, 3197, 2960, 2855, 1632, 1599, 1377, 12608,10809 crit; mp decomposition; Anal. ¢gH;:Ns0,)
C, H, N.

5.2.33. 4-(((1-Benzyl-2-oxo0-4-(pyridin-3-yl)- 1, Agdroquinolin-3-yl)oxy)methyl)-N-hydroxybenzamidg.
Starting from24c (56 mg, 0.17 mmolmethyl 4-(((1-benzyl-2-oxo-4-(pyridin-3-yl)-1,2-ddroquinolin-3-
yl)oxy)methyl)benzoatwas obtained following the procedure previouslycdiegd for compound4a The
crude was purified by chromatography on silica @8 MeOH in DCM) giving the intermediate (53 mg,
65%)."H NMR (300 MHz, CDC}) & 8.69 (s, 1H), 8.51 (s, 1H), 7.86 (s 8.2 Hz, 2H), 7.53 (] = 10.4 Hz,
1H), 7.46 — 7.20 (m, 8H), 7.20 — 7.01 (m, 4H), 5$,72H), 5.37 — 5.12 (m, 2H), 3.89 (s, 3H); ESI-M&:

[M + H]" 477.0.Starting from this intermediaté3 mg, 0.11 mmol) the tite compound was obtained
following the procedure previously described fompmund7a. The crude was purified by chromatography
on silica gel (0.1% NEDH, 10% MeOH in DCM) giving/i (33 mg, 62%)'H NMR (300 MHz, DMSGdg)

6 11.15 (s, 1H), 8.98 (s, 1H), 8.67 (s 3.6 Hz, 1H), 8.49 (s, 1H), 7.79 — 7.65 (m, 1HR9 (d,J = 8.2 Hz,
2H), 7.54 — 7.38 (m, 3H), 7.38 — 7.20 (m, 5H), 7-26.96 (m, 4H), 5.66 (s, 2H), 5.18 (s, 2F} NMR (75
MHz, DMSO-dg) 6 164.3, 158.8, 150.1, 149.7, 143.9, 140.2, 13737, 136.6, 134.8, 132.7, 129.8, 129.6,
129.2, 128.2, 127.6, 127.2,127.1, 126.9, 123.9,21220.7, 115.9, 73.0, 45.8; ESI-M8z:[M + H]" 477.0
Anal; (CH,3N30Oy) C, H, N.

5.2.34. N-Hydroxy-4-(((2-oxo-4-(pyridin-3-yl)- 1-fgin-4-ylmethyl)-1,2-dihydroquinolin-3-yl)oxy)mefin
benzamide®).

Starting from 24d (67 mg, 0.20 mmol)methyl 4-(((2-oxo-4-(pyridin-3-yI)-1-(pyridin-4-ykthyl)-1,2-
dihydroquinolin-3-yl)oxy)methyl)benzoateas obtained following the procedure previoushgalided for
compoundl4a The crude was purified by chromatography on &iliel (2% MeOH in DCM) giving the
intermediate (31 mg, 32%)H NMR (300 MHz, CDC}) § 8.70 (dt,J = 8.3, 4.1 Hz, 1H), 8.63 — 8.42 (m,
2H), 8.11 — 7.94 (m, 1H), 7.85 (@= 8.2 Hz, 2H), 7.61 — 7.45 (m, 2H), 7.46 — 7.29 (), 7.29 — 6.97 (m,
7H), 5.65 (s, 2H), 5.35 — 5.08 (m, 2H), 3.89 (s,.3B8SI-MS m/z: [M + H]" 478.0. Starting from this



intermediate (30 mg, 0.06 mmol) the title compouwmas obtained following the procedure previously
described for compounda. The crude was purified by chromatography on aitiel (0.1% NEOH, 10%
MeOH in DCM) giving7j (18 mg, 60%)'H NMR (300 MHz, MeOD) 8.63 (d,J = 4.1 Hz, 1H), 8.49 (d

= 5.5 Hz, 2H), 8.38 (s, 1H), 7.72 @z 7.8 Hz, 1H), 7.62 — 7.34 (m, 5H), 7.30 Jd; 5.6 Hz, 2H), 7.19 (dd,
J=8.4,5.4 Hz, 2H), 7.10 (d,= 8.1 Hz, 2H), 5.78 (s, 2H), 5.25 — 5.03 (m, 2% NMR (75 MHz, MeOD)

5 166.3, 159.3, 149.3, 149.0, 148.5, 148.1, 14748,3, 140.2, 138.4, 136.2, 135.5, 131.9, 130.0,6.29
128.3, 126.7, 123.7, 123.1, 122.0, 120.6, 115.09,735.0; ESI-MSm/z: [M + H]* 479.0; Anal.
(CagH2N4O4) C, H, N.

5.2.36. 1-Benzyl-N-phenylpiperidin-4-amiiZ¥)[28].

To a solution of aniline (303 pL, 3.35 mmol) in DQW0 mL) 26 (800 mg, 4.02 mmol) and AcOH (19 uL,
0.34 mmol) were added. The mixture was stirredGat@ for 4 h, then NaBH(OAg)1.07 g, 5.03 mmol)
was added and the reaction stirred at 25 °C fdr. l&ter this time a saturated solution of NaHG®0 mL)
was added and the mixture was extracted with DCM {® mL). The combined organic layers were dried
over NaSQ, and concentrated in vacuo. The residue was pdrhie chromatography on silica gel (10%
EtOAc in petroleum ether) affordirg7 (950 mg, 89%) as a white solftH NMR (300 MHz, CDC)) & 7.58
—7.30 (m, 5H), 7.30 — 7.15 (m, 2H), 6.84 — 6.71 (i), 6.71 — 6.58 (m, 2H), 3.60 (s, 2H), 3.36 (H),
2.92 (m, 2H), 2.36 — 1.99 (m, 4H), 1.68 — 1.42 PH); ESI-MSm/z [M + H]" 267.1. The spectroscopic

data are consistent with those reported in liteeaf8].

5.2.37. 1-(1-Benzylpiperidin-4-yl)indoline-2,3-deo(28) [28].

To a solution of oxalyl chloride (316 pL, 7.14 mmol dry DCM (6 mL) cooled at O °C, a solution 27
(950 mg, 3.57 mmol) in DCM (4 mL) was slowly add&te reaction was allowed to reach 25 °C and stirre
for 2 h, then the solvent was evaporated. The weswias dissolved in DCM (5 mL), cooled at 0 °C and
AICI; (952 mg, 7.14 mmol) was added. The new mixture stiaed at 40 °C for 2 h, then poured on ice and
neutralized with a saturated solution of NaHC@5 mL). The mixture was filtered through papedan
extracted with DCM (3 x 10 mL). The combined orgalaiyers were dried over B8O, and concentrated in
vacuo. The residue was purified by chromatographmysibica gel (3% MeOH in DCM) affording8 (600
mg, 52%) as a red solidd NMR (300 MHz, CDC))  7.72 — 7.48 (m, 2H), 7.46 — 7.15 (m, 6H), 7.09 (m,
1H), 4.34 — 4.05 (m, 1H), 3.57 (s, 2H), 3.04Jd&; 11.3 Hz, 2H), 2.58 — 2.27 (m, 2H), 2.27 — 2.60 2H),
1.75 (d,J = 12.3 Hz, 2H);®C NMR (75 MHz, CDC}) § 183.5, 158.0, 150.3, 138.2, 130.7, 129.1, 128.3,
127.3,125.6, 123.4, 117.9, 112.0, 62.7, 52.8, B89, 28.1; ESI-MSn/z [M + H]" 321.1; mp 158.1-161.6

°C. The spectroscopic data are consistent withethggorted in literature [28].

5.2.38. 4-(((1-(1-Benzylpiperidin-4-yl)-2-oxo-4-plyé 1,2-dihydroquinolin-3-yl)oxy)methyl)-N-
hydroxybenzamidérf).



Compound28 (200 mg, 0.62 mmol) was submitted to the ring esgan reaction with benzaldehyde (63 L,
0.62 mmol) following the same condition describedthe synthesis of compourd@a The purification of
the crude by chromatography on silica gel (5% Me@HDCM) afforded 1-(1-benzylpiperidin-4-yl)-3-
hydroxy-4-phenylquinolin-2(1H)-on@ 40 mg, 55%) as a red solitH NMR (300 MHz, CDC}) & 7.81 (s,
1H), 7.62 — 7.21 (m, 12H), 7.21 — 7.01 (m, 2H),73-73.46 (m, 3H), 3.26 — 2.82 (m, 4H), 2.41 — 2119
2H), 1.89 — 1.69 (m, 2H).; ESI-M8&/z [M + H]" 411.1. This intermediate (140 mg, 0.59 mmol) was
subjected to the alkylation procedure with methybomomethyl)benzoate (263 mg, 0.88 mmol) previous
described for compountié4a Purification of the crude by chromatography dicaigel (3% MeOH in DCM)
afforded methyl 4-(((1-(1-benzylpiperidin-4-yl)-2-oxo-4-plyed , 2-dihydroquinolin-3-
yl)oxy)methyl)benzoai@0 mg, 15%) as a pale red sofid. NMR (300 MHz, CDCJ) 6 7.84 (d,J = 8.3 Hz,
3H), 7.57 — 7.16 (m, 12H), 7.16 — 6.99 (m, 3H)05(4, 2H), 3.88 (s, 3H), 3.65 (s, 2H), 3.13 (s, ,5H31 (s,
2H), 1.81 (d,J = 12.3 Hz, 2H); ESI-MS3n/z [M + H]* 559.2. This latter intermediate (16 mg, 0.03 mmol)
was submitted to the reaction with a 50% solutibrNbl,OH in water (190 pL, 2.87 mmol) previously
described for compounda. Purification of the crude by chromatography ditaigel (0.1% NHOH, 10%
MeOH in DCM) affording7f (10 mg, 62%) as a brown solitH NMR (300 MHz, MeOD)5 7.89 (s, 1H),
7.69 — 7.26 (m, 11H), 7.26 — 6.91 (m, 6H), 4.9726), 3.72 (s, 2H), 3.17 (d,= 12.1 Hz, 5H), 2.43 (s, 2H),
1.77 (d,J = 11.7 Hz, 2H);C NMR (75 MHz, MeOD)5 166.4, 160.2, 143.2, 140.7, 138.9, 136.3, 133.3,
131.5, 129.5, 129.4, 128.7, 128.1, 128.0 (2C),421126.5, 122.2, 121.7, 72.8, 62.0, 53.0, 29.33;26SI-
MS m/z [M + H]" 560.1; FT-IR (neatymax 3209, 2922, 2853, 1722, 1632, 1595, 1455, 1262711011 cm

L mp decomposition; Anal. ggH3z3NsO,) C, H, N.

5.2.39. 1-(4-(1,3-Dioxolan-2-yl)benzyl)indoline-2i®ne @9).

Starting from isatin (500 mg, 3.40 mmol) a2? (1.24 g, 5.10 mmol) the title compound was synrleeit
following the same procedure to obtain compoR8d The residue was used in the next step withotidur
purifications and affording9 (1.36 g, quantitative yield) as a red solid.NMR (300 MHz, CDC}) & 7.68 —
7.56 (m, 1H), 7.56 — 7.30 (m, 5H), 7.09 (@ds 7.5, 0.8 Hz, 1H), 6.80 — 6.66 (m, 1H), 5.781(d), 4.94 (s,
2H), 4.22 — 3.91 (m, 4H).

5.2.40. 1-(4-(1,3-Dioxolan-2-yl)benzyl)-3-hydroxypHdenylquinolin-2(1H)-one30a).

Starting from29 (500 mg, 1.62 mmol) the title compound was obthifelowing the procedure described to
get 13a The residue was purified by chromatography oicasibel (33% EtOAc in petroleum ether)
affording 30a (310 mg, 48%) as a brown solitH NMR (300 MHz, CDCJ)) § 7.70 — 7.46 (m, 6H), 7.46 —
7.26 (m, 5H), 7.26 — 7.02 (m, 2H), 5.81 (s, 1HY,5(s, 2H), 4.25 — 3.94 (m, 4H); ESI-M&z [M + H]"
400.0.

5.2.41. 1-(4-(1,3-Dioxolan-2-yl)benzyl)-3-hydroxpyridin-3-yl)quinolin-2(1H)-one 30b).



Starting from29 (500 mg, 1.62 mmol) the title compound was obthifelowing the procedure described to
get13b. The residue was purified by chromatography anastel (3% MeOH in DCM) affordin§0b (310
mg, 48%) as a brown solitH NMR (300 MHz, CDC}) § 8.75 (d,J = 2.0 Hz, 2H), 8.10 (s, 1H), 7.84 (@i
7.8 Hz, 1H), 7.60 — 7.42 (m, 3H), 7.40 — 7.25 (id),5/.25 — 7.06 (m, 1H), 5.80 (s, 1H), 5.72 (s, 2HP3 —
3.92 (m, 4H); ESI-MSn/z [M + H]" 401.0.

5.2.42. Methyl 4-(((1-(4-(1,3-dioxolan-2-yl)benz2Hpxo-4-phenyl-1,2-dihydroquinolin-3-
yl)oxy)methyl)benzoat&1a).

Starting from30a (310 mg, 0.78 mmol) the title compound was obtiftdlowing the procedure described
to getl4a The residue was purified by chromatography oitasijel (50% EtOAc in petroleum ether)
affording31a (340 mg, 80%) as a yellow otH NMR (300 MHz, CDC}) & 7.85 (d,J = 8.3 Hz, 2H), 7.55 —
7.38 (m, 5H), 7.38 — 7.17 (m, 7H), 7.17 — 6.94 8i), 5.77 (s, 1H), 5.67 (s, 2H), 5.19 (s, 2H), 4-28.92
(m, 4H), 3.87 (s, 3H); ESI-M8Y/ z [M + H]* 548.0.

5.2.43. Methyl 4-(((1-(4-(1,3-dioxolan-2-yl)benzgHpxo-4-(pyridin-3-yl)-1,2-dihydroquinolin-3-

yl)oxy)methyl-)benzoat&1b).

Starting from30b (310 mg, 0.77 mmol) the title compound was obtifalowing the procedure described
to getlda The residue was purified by chromatography oitaigel (33% Petroleum ether in EtOAC)
affording31b (231 mg, 55%) as a red o NMR (300 MHz, CDC}) & 8.68 (ddJ = 5.0, 1.7 Hz, 1H), 8.49

(d,J=2.1 Hz, 1H), 7.85 (d] = 8.3 Hz, 2H), 7.63 — 7.20 (m, 8H), 7.20 — 6.91 4id), 5.76 (s, 1H), 5.66 (s,

2H), 5.37 —5.08 (m, 2H), 4.19 — 3.93 (m, 4H), 3863H); ESI-MSm/z [M + H]* 549.0.

5.2.44. 4-(((1-(4-((Diethylamino)methyl)benzyl)-2ee4-phenyl-1,2-dihydroquinolin-3-yl)oxy)methyl)-N-
hydroxybenzamidée’g).

To a solution o81a(230 mg, 0.62 mmol) in THF (5 mL) a 1 N solutiohHCl in water (5 mL) was added.
The reaction was stirred at 25 °C for 1 h, thematarated solution of NaHGJ10 mL) was added and the
mixture was extracted with EtOAc (3 x 10 mL). Thembined organic layers were dried over,8@, and
concentrated in vacuo. The residue was used ingkestep without further purificationstethyl 4-(((1-(4-
formylbenzyl)-2-oxo-4-phenyl-1,2-dihydroquinolindjexy)methyl)benzoat¢310 mg, quantitative vyield)
was obtained as a yellow otH NMR (300 MHz, CDCJ) & 9.99 (s, 1H), 7.98 — 7.72 (m, 4H), 7.60 — 6.91
(m, 13H), 5.74 (s, 2H), 5.19 (s, 2H), 3.90 (s, 3Mis intermediated was dissolved in DCM (5 mL) and
dimethylamine (96 pL, 0.93 mmol) and AcOH (4 plQ®mmol) were added. This mixture was stirred at 25
°C for 2 h then a NaBH(OAg)Y197 mg, 0.93 mmol) was added and the reactionstmasd at 25 °C for 12
h. After this time, a saturated solution of NaHO® mL) was added and the mixture was extracted wit
DCM (3 x 5 mL). The combined organic layers wergdrover NaSO, and concentrated in vacuo. The
residue was purified by chromatography on silich (§& MeOH in DCM) affordingmethyl 4-(((1-(4-
((diethylamino)methyl)benzyl)-2-oxo-4-phenyl-1,Bydiroquinolin-3-yl)oxy)methyl)-benzoate(204  mg,



59%) as a colorless ofH NMR (300 MHz, CDCJ) 5 7.86 (d,J = 8.3 Hz, 2H), 7.57 — 7.42 (m, 3H), 7.42 —
7.18 (m, 9H), 7.18 — 6.95 (m, 3H), 5.84 — 5.48 2ir), 5.21 (s, 2H), 3.88 (s, 3H), 3.56 (s, 2H), 283 =
7.1 Hz, 4H), 1.04 (tJ = 7.1 Hz, 6H); ESI-MSn/z [M + H]* 561.2. Starting from this intermediate (100 mg,
0.18 mmol) the title compound was obtained follogvthe procedure described to get The residue was
purified by chromatography on silica gel (0.1% JIH1, 10% MeOH in DCM) affordin@g (75 mg, 74%) as
a white solid."H NMR (300 MHz, MeOD) 7.65 — 7.48 (m, 5H), 7.48 — 7.35 (m, 4H), 7.34207m, 5H),
7.19 — 6.97 (m, 3H), 5.74 (s, 2H), 5.08 (s, 2HR63(s, 2H), 2.78 (qJ = 7.2 Hz, 4H), 1.16 (1) = 7.2 Hz,
6H); °C NMR (75 MHz, DMSOd,) & 164.2, 159.0, 143.5, 140.5, 139.4, 138.2, 13636,3, 133.6, 132.5,
129.8, 129.6, 129.2, 128.8, 128.6, 128.1, 127.2,112126.9, 122.9, 121.1, 115.7, 73.0, 57.0, 44636,
12.0; ESI-MSm/z [M + H]" 562.2. HRMS-ESIm/z calcd for GsHzeN3O," [M+H]": 562,2700; found:
562.2678; FT-IR (neat)n., 3222, 2963, 2925, 1799, 1719, 1636, 1596, 14587,12172, 1121, 1016 ¢n
mp 180.8-182.9 °C, decomposition; Anals4dzsNs0,) C, H, N.

5.2.45. 4-(((1-(4-((Diethylamino)methyl)benzyl)-2se4-(pyridin-3-yl)-1,2-dihydroquinolin-3-
yl)oxy)methyl)-N-hydroxybenzamidek).

Starting from31b (230 mg, 0.42 mmolinethyl 4-(((1-(4-((diethylamino)methyl)benzyl)-2ek (pyridin-3-
yl)-1,2-dihydroquinolin-3-yl)oxy)-methyl)benzoatgs obtained following the procedure described7igr
The residue was purified by chromatography onasitiel (10% MeOH in DCM) affordinmethyl 4-(((1-(4-
((diethylamino)methyl)benzyl)-2-oxo-4-(pyridin-3-% 2-dihydroquinolin-3-yl)oxy)-methyl)benzoate(110
mg, 47% (over two steps)) as a brown ti.NMR (300 MHz, CDC}) § 8.69 (dd,J = 4.7, 1.7 Hz, 1H), 8.50
(s, 1H), 7.96 — 7.75 (m, 2H), 7.62 — 7.45 (m, THAL5 — 6.95 (m, 11H), 5.64 (s, 2H), 5.37 — 5.12 ZiM),
3.87 (s, 3H), 3.55 (s, 2H), 2.63 — 2.35 (m, 4H)51- 0.86 (m, 6H); ESI-M$#/z [M + H]" 562.2. Starting
from this intermediate (55 mg, 0.10 mmol) the tidempound was obtained following the procedure
described to geta. The residue was purified by chromatography anasel (0.1% NEOH, 10% MeOH in
DCM) affording 7k (45 mg, 80%) as a white solitH NMR (300 MHz, MeOD) 8.63 (ddJ = 4.9, 1.7 Hz,
1H), 8.36 (ddJ = 2.2, 0.9 Hz, 1H), 7.71 (m, 1H), 7.65 — 7.41 GH), 7.34 (dJ = 8.1 Hz, 2H), 7.25 (d] =
8.1 Hz, 2H), 7.21 — 7.00 (m, 4H), 5.90 — 5.59 (iH),5.27 — 5.11 (m, 2H), 3.64 (s, 2H), 2.58J¢; 7.1 Hz,
4H), 1.08 (t,J = 7.2 Hz, 6H);"*C NMR: (75 MHz, DMSOds) 5 164.3, 158.8, 150.0 (2C), 149.7, 143.9,
140.2, 139.0, 137.7, 136.6, 135.3, 134.8, 132.6,81229.5, 129.4, 128.2, 127.2, 127.0, 123.9,21220.6,
115.9, 73.0, 56.8, 46.4, 45.7, 11.8; ESI-M%& [M + H]" 563.2. FT-IR (neatyn.x 3228, 2958, 2922, 2818,
1638, 1597, 1456, 1307, 1182, 1123, 10191;cmp 184.5-188.5 °C, decomposition; AnalfdzsN404) C,

H, N.

5.3. Molecular Modeling

5.3.1. Proteins and Ligands Preparation

The crystal structures ¢tHDAC6,—andhHDAC1 andzfHDAC6 were downloaded from the Protein Data
Bank (PDB) with the codes 5SEDY—and 4BKX and 6 TH¥pectively, and accurately prepared as previously



reported [4,15,38]. The proteins were exploitedhi@ molecular docking calculation. The 3D structuoé
ligands were built in Maestro 10.1 (Schrédinger(,INew York, NY, 2015), and then minimized by means
of MacroModel software employing the OPLS-2005 &field. The Generalized-Born/Surface-Area model
was employed to simulate the solvent effects ushmey analytical [39], and no cutoff for nonbonded
interactions was selected. Polak-Ribiere conjugadeient (PRCG) method with 1000 maximum iterations
and 0.001 gradient convergence threshold was emgldyhe quinolone derivatives were treated by LegPr
application (LigPrep version 3.3, Schrodinger, LINEw York, NY, 2015) in order to generate the most
probable ionization state at cellular pH (7.4 +)(8 reported by us previously [40,41]. We usec@inal
hydroxamic acid moiety of the quinolone compoursiace the hydroxamic acid proton should not be
transferred in HDAC isoforms containing histidineghe binding site close to the reactive metatteeras

in the case of HDAC1 and HDACSG.

5.3.2. Molecular Docking and Molecular Propertiese&iction

Using the ligands and proteins prepared as aboviioned we employed Glide software (Glide, version
6.6, Schrodinger, LLC, New York, NY, 2015) to perfothe docking studies presented in this paper,
applying Glide standard precision (SP) scoring fimmc Energy grids were prepared using default e/adfi
protein atom scaling factor (1.0 A) within a cubiox centered on the zinc ion which roughly represéme
center of the active sites [14,15]. The ligandsengwcked into the enzymes after grid generaticodioicing

the metal constraints. The number of poses entergmst-docking minimization was set to 50. Glide S
score was evaluated. Molecular properties wereuatadl by means of QikProp (QikProp, version 4.3,
Schrédinger, LLC, New York, NY, 2015).

5.2. Solubility and chemical stability studies

5.2.1. HPLC analysis of compourgsand7ek

For the HPLC analysis a Chromolith HPLC column RPwias employed. The runs were performed by a
gradient elution starting from a mixture 20% MeQN1% TFA as phase modifier) in,@ (0.1% TFA as
phase modifier) to 90% MeCN (0.1% TFA) in®1(0.1% TFA) in 15 min. The flow speed was setdéd.O
mL/min and the temperature was maintained at 25 h@.volume of injection of the sample was 10 md an
the wavelength selected for the detection was 284The retention times obtained following this ool

for compound$b and7e,kwere 7.3 min, 5.6 min and 3.7 min, respectively.

5.2.2. Solubility assay and chemical stability at°Z

A stock solution for each tested compound was pegpalissolving the sample in DMSO to a final
concentration of 10 mM. From the stock solutiomeghsamples were prepared: one was used as tilastan
solution and the other two as the test solutiongHat3.0 and pH 7.4. The sample concentration ofehe
solutions was 250 uM with a DMSO content of 2.5%)vThe standard solution was prepared by dilution
of the stock solution in PBS-buffer solution (Me@bdter, 60:40); the dilution of the stock solutian50



mM acetic acid afforded the samples solution at30® and the dilution of the stock solution in 56im
aqueous PBS-buffer afforded the sample’ solutigoHai.4. These suspension/solutions were sealeteéind
for 24 h at 25 °C under orbital shaking to achifg®eudothermodynamic equilibrium”. After that tintae
solutions were filtered using PTFE filters and sssively diluted 1:2 with the buffer solution uded the
preparation of the samples. Then they were analgygddPLC/UV/ DAD, using UV detection at 254 nm for

quantitation. Solubility was calculated by compgrareas of the sample and of the standard:

Asmp X FD x Cgt

S =
Agt

S = solubility of the compound (UM);sf, = UV area of the sample solution; FD = dilutiowrttar (2); G; = standard

concentration (250 pM); £= UV area of the standard solution.

For each sample the analysis was performed indaiig! and the solubility result reported was oladifrom
the average of the three values. The same samipitioss were prepared to evaluate the chemicallgyab
of the compounds after 24 h at 25 °C and analyzeHPLC/UV/DAD, using UV detection at 254 nm for
guantitation. Stability was calculated by compariing area of the peak a§ &nd the area of the peak of the
same solution after 24 h. A stability percentageeravas calculated by this method at pH 3.0 and gHor

each compound by applying the following formula:

AC
0 L = 224
/Uremammg ~ ACro X 100

Ac,, = area of the sample after 24 h at 25 °CioAcarea of the sample ag. TFor each sample the analysis
was performed in triplicate and the stability réselported was obtained from the average of theethr

values.

5.3. Biological data

5.3.1. In vitro testing of HDAC1 and HDAC6

OptiPlate-96 black microplates (PerkinElmer) wersployed with an assay volume of 60 mL. Human
recombinant HDAC1 (BPS Bioscience, Catalog #: 50@sIhuman recombinant HDAC6 (BPS Bioscience,
Catalog #: 50006) were diluted in incubation buff&® mM Tris-HCI, pH 8.0, 137 mM NacCl, 2.7 mM KClI,

1 mM MgCL and 1 mg/mL BSA). A total of 52 uL of this dilutiovere incubated with 3 pL of different
concentrations of inhibitors in DMSO and 5 pL ot tfuorogenic substrate ZMAL (Z-(Ac)Lys-AMC)
[42,43] (126 pM) at 37 °C. After 90 min incubatibme, 60 pL of the stop solution (33 puM Trichogtafi

and 6 mg/mL trypsin in trypsin buffer [Tris-HCI 50M, pH 8.0, NaCl 100 mM]), were added. After a
following incubation at 37 °C for 30 min, the flgscence was measured on a BMG LABTECH POLARstar



OPTIMA plate reader (BMG Labtechnologies, Germamwith an excitation wavelength of 390 nm and an

emission wavelength of 460 nm [43,44].

5.3.2. In vitro testing of HDACS8

Recombinant human HDACS8 was purchased as paredfitior-de-Lys HDACS fluorimetric drug discovery
kit (Enzo Life Sciences, No. BMLAK518). Dose-respencurves were built for each inhibitor in order to
estimate the respective 4 DMSO concentration was kept constant to 0.5% é&mdeach compound, a
control curve (enzymes incubated with DMSO onlysvaalded. The Fluor-de-Lys substrate was used at 50
uM. A preincubation period of 15 min was chosen &gk safe from the possibility of a slow-binding
inhibition. Hence, the compounds, substrate, areyraa (266 nM) were incubated, and the reaction was
allowed to proceed for 1 h at 30 °Cpll TSA within 50uL of 1x Enzo Developer Il was added to quench
the reaction and the mixture was further incubdtedL h at 30 °C. Fluorescence was measured irat@ pl
reader (Varioskan Lux, Thermo Fisher Scientificjhnéxcitation wave length at 370 nm and emissioctbat
nm. Data were analyzed by nonlinear regressiamsfitg a generalized form of a dose-response cdije:|

Ymax — Ymin

Yres = Ymin T m
ICs

Ve IS the residual activity of the enzyme in the gamce of inhibitor at concentration [l];y% = the maximum
observed value for the enzyme at zero inhibitorceatration; y,;, = the minimum observed value for the enzyme at the
highest inhibitor concentration. The model didlitee parameters, namely:sfYmax. and hin.

In addition, since the total enzyme concentratiseduin the assay (266 nM) was in the same order of
magnitude to the obtained J&for two out of three inhibitors (namelyg and7k), a more accurate model
was chosen to fit the experimental data, ultimat@yaccount for the possibility of a tight-binding
interaction. The fit model was in the form of theilson equation as implemented in Copeland asrtegpo
below [45]:

v 0B =11 - K — atE)
v T 2[E]

Vo and y= were the rate observed in the absence or inrsepce of the inhibitor at concentration [I], §&fiwas kept

fixed at 266 nM. It was assumed that the rativowvas proportional to the signal (arbitrary fluoresce unit) as
obtained by using Fluor-de-Lys kit. This model gelapparent inhibitor constant which should be ndegh as a better

estimate of interaction with respect to;dC

5.4. Cell-based Assays

5.4.1 Cell lines
HCT-116, colon cancer cells were propagated in 8edb's Modified Eagle's Medium (Euroclone) with
10% fetal bovine serum (FBS; Euroclone), 2 mM Ltagfine (Euroclone), and antibiotics (100 U/mi

penicillin, 100 mg/ml streptomycin; Euroclone). U93histiocytic lymphoma cells were grown in RPMI-



1640 Medium (Euroclone) containing 4.5 g/L glucofeuroclone) supplemented with 10% FBS
(Euroclone), 100 U/mL penicillin-streptomycin (Egtone), and 2 mM L-glutamine (Euroclone). The cell

lines were purchased from ATCC.

5.4.2 MTT assay

Cell viability was determined using the standardiazblyl Blue Tetrazolium Bromide [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode] (MTT; Sigma) assay. A total of 2.5 x*1dklIs/well,
plated in a 48-well, were treated, in triplicatethathe compoundga, 7k and7g at 50, 25, 10, 5 and iM

for 12, 24 and 48 h. After induction the MTT sotutiwas added at 0.5 mg/ml for 3 h. For HCT-116,
adhesion cells, the supernatant was simply remowvkdreas for suspension cells, U937, the platefinsts
centrifuged for 5 min at 1200 rpm. The purple forara crystals were dissolved in 1Q0well of iso-
propanol (Carlo Erba Reagents) and the absorbaasaead at a wavelength of 570 nm with a TECAN M-
200 reader (Tecan). Thegfas analyzed using GraphPad Prism 7.0 softwatapf@rad Software).

5.4.3 Total protein extraction

HCT-116 and U937 cells were treated with the compisZa, 7k and7g at 10uM for 12 and 24 h. The
cells, after treatment, were harvested and washied tvith PBS (Euroclone), and then were lysedrisigin
extraction buffer containing 40 with 50 mM Tris HCI pH 8.0 solution, 5 mM EDTA%NP40, 150 mM
NaCl, 0.5 % sodium deoxycholate, 0.1% SDS, and fotefn inhibitor proteinase cocktail before useeTh
cells were then incubated with the extraction bufibe 15 min at 4°C, centrifuged at 13,000 rpm & 4or

30 min, and the supernatant was recovered. Totdeipr extract was determined using a Bradford assay
(Bio-Rad).

5.4.4 Protein histone extraction

After treatment with the compounds, 7k and7g, at the same conditions used for the total proteiraet,
HCT-116 and U937 cells were lysed in Triton exi@ctouffer (TEB) containing PBS with 0.5% Triton X-
100 (v/v), 2 mM phenylmethylsulfonyl fluoride, aBd02% (w/v) NaN at a cell density of TQcells/mL for

10 min on ice and centrifuged (2,000 rpm at 4 °Clf®@ min). The supernatant was removed. Then, ¢lietp
was washed with half the volume of TEB and cengefti at 2000 rpm at 4 °C for 10 min, and, was
suspended in 0.2 N HCI overnight at 4 °C on amglliable. The samples were centrifuged at 2,000fgpm
10 min at 4 °C and the supernatant was recoverid.histone protein was determined using a Bradford

assay (Bio-Rad).

5.4.5 Western blotting

Western blotting analysis was performed by loadlidgug of total protein and fg for histone protein
extract at different concentrations of polyacryldengels, depending on the antibodies band. Antésodsed
were: PARP (46D11, Cell Signaling), Anti-Acetylat&édbulin (T7451, Sigma), Hsp90(AcLys294) (NBP1-



77944, Bio-Techne SRL), H3K9/14ac (ab232952, Ab¢aBAPDH (sc-47724; Santa Cruz Biotechnology),
H4 (ab10158, Abcam) Semi-quantitative analysis peaformed using ImageJ software.

5.4.6 Statistical Analysis

Graphs represent the mean of three independentiegumts with an error bar indicating standard désra
Differences between the treated cells versus coogits were analyzed using GraphPad Prism 7.Qvaoét
(GraphPad Software). Statistical analysis was pedd by appliying one-way analysis of variance
(ANOVA) and Dunnett’'s multiple-comparison test. feiiences between groups were considered to be
significant at a p- value of < 0.05. *** p-valye0.0001, *** p-value< 0.001, ** p-value< 0.01, * p-value

< 0.05, ns p-value > 0.05 vs control cells.

5.5. Mutagenicity assay: Ames test

The TA100 and TA98 strains &almonella typhimuriumvere utilized for mutagenicity assay in absence
and presence of metabolic activation, i.e. with asitiout S9 fraction. The tester strains used veetected
because they are sensitive and detect a large mimpaf known bacterial mutagens and are most
commonly used routinely within the pharmaceutiaadlustry [46,47]. The following specific positive
controls were used, respectively, with and with&@®& fraction: 2-Nitrofluorene (2-NF) 2 pg/mL + 4-
Nitroquinoline N-oxide (4-NQO) 0,1 pg/mL, and 2-aminoanthracen&A2-5 pg/mL. Approximately 10
bacteria were exposed to 6 concentrations of esathsample ranging from ranging from 8 to 160 uM, a
well as to positive and negative controls, for 9@utes in medium containing sufficient histidinestapport
approximately two cell divisions. After 90 minutebe exposure cultures were diluted in pH indicator
medium lacking histidine, and aliquoted into 48 lwelf a 384-well plate. Within two days, cells wihibad
undergone the reversion to His grew into coloniMstabolism by the bacterial colonies reduced theopH
the medium, changing the color of that well. Trotoc change can be detected visually. The numberets
containing revertant colonies were counted for edate and compared to a zero-dose control. Eaah dos
was tested in six replicates. The material was rogh mutagenic if the number of histidine revertant

colonies was twice or more than the spontaneowestav colonies.

5.6. Cytotoxicity assay on NIH3T3 cell line

Cells (5 x 16) suspended in 1 mL of complete medium were seéuezhch well of a 24 well round
multidish and incubated at 37 °C in an atmosphé&2©CQ.. After 24 hours of culture, the culture medium
was discharged and test samples, solubilized in OM&ere added to each well at different concermtnati
values. For the evaluation of cytotoxicity, thre@eriment repeated in six replicates were perforarad all
compounds were tested at increasing concentrationgng from 8 to 160 uM. The samples were senup i
six replicates for each tested concentration. Cetapinedium was used as negative control. Cell litiabi
and proliferation was evaluated by Neutral Red kgtfter 24 hours of incubation with NIH3T3 as doiks.

First, the following solutions were prepared ina@rtb determine the percentage of viable cells:



1. Neutral Red (NR) stock solution: 0.33 g NR dg&vger in 100 ml sterile O

2. NR medium: 1.0 mL NR stock solution + 99.0 roatculture medium pre-warmed to 37 °C

3. NR desorb solution: 1% glacial acetic acid sofut- 50% ethanol + 49% @

At the end of incubation, the routine culture mediwas removed from each plate and the cells were
carefully rinsed with 1 ml pre-warmed D-PBS 0.1 Rlates were then gently blotted with paper towkl8.

ml NR medium was added to each dish and furtheriated at 37 °C, 95% humidity, 5.0% £f0r 3 hours.
The cells were checked during incubation for NRstaly/formation. After incubation, the NR medium was
removed, and the cells were carefully rinsed witmll pre-warmed D-PBS 0.1 M. PBS was decanted and
blotted from the dishes and exactly 1 mL NR desmiotion was added to each sample. Plates weredlac
on a shaker for 20-45 minutes to extract NR from ¢blls and form a homogeneous solution. During thi
step the samples were covered to protect them figimh. Five minutes after removal from the shaker,

absorbance was read at 540 nm with a UV/visibletspehotometer (Varian Cary 1E).

5.7. Cytotoxicity assay on human PBMC cell line

Cell viability on human PBMC was determined by gsithe Guava® ViaCount™ Reagent (Luminex
Corporation, US). PBMCs were seeded 1.5 x106/mtomplete medium and treated with {18!, 45 uM
and 90uM 7G and 7K compounds or vehicle (DMSO) for 24 kd 48 h. The percentage of viable cells was
measured by flow cytometry carried out using GUA¥AsyCyte cytometer (Luminex Corporation, US).

Analysis was conducted with Guava® ViaCount™ sofevaodule (Luminex Corporation, US).
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Highlights

Rational design and synthesis of novel quinolone-based selective HDACS inhibitors
Compounds 7g and 7k were the most potent compounds against HDAC6

These compounds possess a good selectivity towards HDAC6 over the 1 and 8 isoforms
Compound 7g showed a strong reduction in cell viability against HCT-116 cells
Induction of apoptosis was observed after the treatment with 7g and 7k
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