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Abstract

Human African Trypanosomiasis, also known as Afriséeeping sickness, is caused by the
parasitic protozoa of the genlisypanosomalf there is no pharmacological intervention, the
parasites can cross the blood-brain barrier (BB®)yitably leading to death of the patients.
Previous investigation identified the quinolone deniGHQ168 as a promising lead
compound having a nanomolar activity agaimstb. brucei Here, the role of a fluorine
substitution at different positions was investigaite regard to toxicity, pharmacokinetics, and
antitrypanosomal activity. This ‘fluorine walk’ letb new compounds with improved
metabolic stability and consistent activity agaifist b. brucei The ability of the new
quinolone amides to cross the BBB was confirmeagusin*®F-labelled quinolone amide

derivative by means @Xx vivoautoradiography of a murine brain.

Keywords: quinolone amidesTrypanosoma brucei brugestructure-activity relationship,
fluorine walk, metabolism, blood-brain barrier, @aaidiography
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1 Introduction

Human African Trypanosomiasis (HATS a serious life threatening disease occurring in 36
African countries and is caused by the vector-boparasites Trypanosoma brucei
rhodesiense(T. b. rhodesiengeor Trypanosoma brucei gambiendd. b. gambiense)
respectively [1]. HAT can be differentiated intoawvelinically relevant stages: stage 1 is
characterized by unspecific headache, fever, amdlitgps [2]. In stage 2, parasites have
crossed the blood-brain barrier (BBB) and invadetldentral nervous system (CNS), causing
confusion, sensory impairments, and the eponymtaep disturbances. Untreated patients
finally progress to coma, systemic organic failuamd inevitable to death [3]. Among
available drugs, there are only three applicablapmunds, i.e. melarsoprol, eflornithine, and
nifurtimox which is also active against stage 2 HAT [4]. Additionally, the current
chemotherapy suffers from severe side effects, iregjuan intravenous or intramuscular
administration, and has a limited efficacy targgtonly one of thelrypanosomasubtypes.
E.g., an intravenous infusion of melarsoprol beadginistered over a long time period is the
only effective drug against. b. rhodesiensbeing able to pass the BBB [5]. Moreover, the
accompanying side effects of the toxic arsenicsarere, resulting in an encephalic reaction
in approximately 10% of the treated patients anddg&thal in 50% of the cases [6]. Taken
together, there is an urgent need for novel and aafitrypanosomal drug candidates with
CNS permeability that allow application in bothgda 1 and 2 of HAT. Hence, we recently
established quinolone amides that are active againsb. brucei in the nanomolar
concentration range and possessivo efficacy [7, 8]

Generally, in medicinal chemistry the incorporatioha fluorine atom in molecules can
influence conformation, K, value, intrinsic potency, membrane permeability,tahelic
stability, as well as pharmacokinetics [9-11]. Mystematic ‘walk’ of fluorine around the
quinolone scaffold was already applied successfidly quinolones addressing theiM
acetylcholine receptor [12]. Additionally, tH&F isotope of fluorine can be deployed for
labelling, and subsequent positron-emission tonpigra(PET) and autoradiography,
respectively [9]The impact of different substitution patterns, gattarly of fluorine, on the
guinolone amide skeleton is explored herein. Tine @fi this ‘fluorine walk’ was to enhance
the antitrypanosomal potency and to expand thectsireractivity relationship. As
lipophilicity and metabolic stability are strongiffected by fluorine, these parameters were
studied simultaneously. The most potent drug catdi@HQ168 was used for optimization

with regard to activity, cytotoxicity, metabolis@mnd lipophilicity and solubility.
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The ability of the quinolone amide to pass the BB&s investigated by means ex vivo
autoradiography. Therefore, the quinolone an@#Q168 was radiofluorinated with®F and
injected intravenously into mice for the respecsuadies.

2 Results and Discussions

2.1 Chemistry

Starting off with the corresponding aniline derivas, the quinolone scaffoldka-h were
formed via Gould-Jacobs procedure (cf. Scheme 3]) Bubsequently, thH-1 position was
deprotonated utilizing potassium carbonate follovisdalkylation using alkyl halidesn{
bromobutaneA) and benzyl-protected 3-bromopropan-18))(in the presence of catalytic
amounts of potassium iodine; compoun?is-j were obtained[14]. Compound2j was
synthesized using non-freshly distilled,N-dimethylformamide which contains residual
amounts of dimethyl amine as a degradation prodlice amination of position 5 via a
nucleophilic aromatic substitution proceeded dustabilisation effects of the C-4 oxo group
[15, 16]. Without preceding characterisation of #tbyl ester®a-j, the producta-j were
hydrolysed to yield the carboxylic acid derivativBa-j. Depending on the respective
substitution pattern and leaving group, either @l (compound£c-f, 2h, 2j) or 3 M KOH
(compounds2a, 2b, 2g, 2i) was used for hydrolysis of the ethyl esters. Rwosi5 of
compound3d was further utilized for introducing a methoxy gpounto the quinolone
scaffold, obtaining compourik.

Position 7 of the quinolone scaffold was substdutgth morpholine, resulting in compounds
dak [7]. In order to favour a substitution in positiah over position 5, position 7 of
compounds3d and 3f was activated by means of a borate complex aqugitdi ref. [15, 17]
(cf. Scheme 1). To this end, compourgtt 3f, and boron triflouride diethyl etherate were
dissolved in CHCI, and heated to 50 °C yielding the boron-chelateermédiate which was
subsequently refluxed in morpholine for 4 h at to give C1 and C2. The ensuing
hydrolysis of the boron ester with 2 M NaOH affaldeompounds4d and 4f with a
regioselective substitution in position 7.

Finally, the amidation step was carried out aftamayating the anhydride derivatives from the
corresponding carboxylic acids-situ which were subsequently reacted with the benzyl
amines to generate the quinolone amiids8[7].

The benzyl protected alcohol group b2 was cleaved using microwave irradiation and

catalytical amounts of Pd/C suspended in GHEIl Scheme 2). The resulting compoutf

4
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was treated withN,N-diethylaminosulfur trifluoride (DAST) to give thenonofluoroalkyl
derivative21 as a reference standard for the correspondingléabffF]21. For the synthesis
of the precurso20, compoundl9 was treated with methanesulfonyl chloride, attaching a
mesylate ester to the terminal alcohol residue. Thesylated precurso20 was
radiofluorinated via nucleophilic substitution. Tleeude labelled product was purified by
means of radio-HPLC and a #Ccartridge to give fF]21 in 60 + 5% radiochemical yield
(RCY). The total synthesis time was 50 min inclgdpurification and formulation with 10%
EtOH/saline solution. The identity and radiocherhjmarity of the radiotracer'{F]21 were
confirmed by co-injection with the correspondingrstard?1 using radio-HPLC (cf. Fig. S7).

2.2 Structure-activity relationship — the fluorine walk

The in vitro antitrypanosomal activities were demonstrated l®ams of the trypomastigote
forms of T. b. bruceilaboratory strain TC 221 using the AlarmarBlussay and photometric
measurement of the viability [7, 18-20]. The cytatty was evaluated on the viability of
macrophage cell line J774.1 [8, 20, 21]. Tineitro results are summarized in Table 1.

The quinolone amidé5HQ168 carrying a fluorine in position 6 showed a highiatt
against T. b. brucei (ICso=47 nM), T. b. rhodesiensg(ICso=9 nM), and a moderate
cytotoxicity (CGo =57 uM) [7]. Here, the chemical strategy and AR analysis targeted
the antitrypanosomal improvement particularly byywag the fluorine substitution pattern.

Quinolone Core. Desfluoroquinolone The development of commercially available

antibacterial quinolones started with non-fluorethtquinolones (e.g., nalidixic acid) and
proceeded with 6-fluoro substituted compounds [(ecgprofloxacin), but none of them
showed any antitrypanosomal activity [22]. Fluoriige generally used as a bioisosteric
interchange for hydrogen, as demonstrated heraweMer, size and electronic effects of the
two atoms are fairly different. The fluorine atosapproximately 20% larger than hydrogen
(van der Waals radius 1.20 A vs 1.47 A) and thieicteonegativities differ in 1.78 resulting
in a highly polarised C-F bond [23]. Since the &rgite of the quinolone amides is not yet
elucidated, the impact of fluorine towards this paund class is not understood to date.
Hence, despite of the marked differences betweenolggn and fluorine, it was worthwhile
to investigate a quinolone core that lacks thidipaar electron withdrawing element. The
antitrypanosomal activity of the des-fluoroquinaddod was decreased by a factor of five
(ICs0= 230 nM for5) indicating the considerable impact of fluorinetbe activity. However,
the CGo was higher than 100 pM.
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Shifting Fluorine.Relocation of the fluorine atom from position 6 &o(cf. compoundb)
resulted in a decreased antitrypanosomal activi@yg,(= 790 nM). Fluorine in position 8
apparently could not compensate the missing fleoatom in position 6 and additionally
negatively influenced the activity against trypammogs comparing to the desfluorquinolone
5. When shifting fluorine from position 6 to 5 (compound?), the trypanocidal activity was
comparable tadGHQ168 (ICso =50 nM for 7) and interestingly, no cytotoxic effects were
observed up to concentration levels of 100 uM. TAwsurpassed the selectivity index (Sl =
CGCsd/ICsp) of the lead compound and was 2000 times morectbatetowardsT. b. brucei
parasites. Hence, the 5-fluoro quinolone core wasierior scaffold possessing promising
biological properties.

Additional Fluorine. Inserting an additional fluorine in position 8 sbme approved
fluoroquinolones results in a very high antibaetermctivity, whereas the corresponding
amide 8 did not benefit from a double fluorination withethantitrypanosomal activity
remaining the same (kg= 60 nM). This supported the initially assertiomttithe fluorine in
position 8 did not positively influence the antganosomal activity. Introducing an extra
fluorine in position 5 slightly affected the trypsodal activity of compound® (ICsp =
40 nM). Thus, fluorine in position 5 was assignemh@e important role since it was at least
well-tolerated or even advantageous (cf. compoun@s

Fluorine ReplacemeniThe methoxy moiety demonstrated bioisosteric eriogs to fluorine

in thrombin inhibitors [11, 24] and in the drug Bmebe [25, 26]. Beside the difference in
size, both groups (C-F and C-O) are hydrogen baodors, even though fluorine possesses
considerably less proton affinity [11]. Accordinglye explored a methoxy group in position
6 (cf. compoundLQ) leading to a loss in activity by a factor of ngaeven (IGy= 310 nM
for 10), while the cytotoxicity remained in a range comgide toGHQ168. Thus, a more
stronger hydrogen bond acceptor in position 6 wasbeneficial. Afterwards, evaluating the
influence of an even more voluminous residue theorihe atom was replaced by a
trifluoromethyl group (van der Waal radius 2.12 &; compoundl1) which is apparently
similar to an isopropyl and an ethyl group, respety [11, 23]. The antitrypanosomal
activity of 6-CF-substitutedl1 was diminished to an Kgvalue of 540 nM and a Ggvalue

of 78.6 uM. Hence, this particular bulky and rathgophilic substituent did not enhance the
antitrypanosomal activity.

Since the 5-fluorine quinolone core (cf. compouheéxhibited high antitrypanosomal activity
the compatibility of further substituents in pasiti5 was investigated. Compourk&and14,

having a dimethylamine and a methoxy group in pmsib, respectively, possessed a strongly

6
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reduced antitrypanosomal activity ¢4 1.85 pM and 0.76 uM, respectively). The decrease
biological activity might be attributed to the potmlerance towards sterically demanding
residues in position 5. Nevertheledd, was superior td.3 because of its slightly reduced

cytotoxicity (CGo = 51.8 UM vs. 44.0 uM), and thus higher selegti(@l = 68 vs. 24).

Benzylamide Residue. Compoufh8 having ap-fluorine substituenéxhibited a high activity

againstT. b. brucei(ICso= 50 nM). Additionally, compound6 bearinga fluorine in ortho
position exhibited only one-eighth of the antitrgpaomal activity ofGHQ168 (IC5p =
410 nM for16), and a moderate cytotoxicity (66> 37.0 uM). When occupying both para
and ortho positions with fluorine (cf. compouhd), the activity could be restored again and
was even slightly improved (kg= 30 nM, CGp =59.6 uM).

Compound18 combined the superior fluorine substitution pattef the quinolone core in
position 5 and the fluorination of the benzylamidsidue in para position, subsequently
leading to the most active substance with agp W@lue of 20 nM and a Ggvalue higher than
25 UM (Sl = > 1250).

N-1 Alkyl Residue. Compound9, having a terminal alkyl hydroxyl group, merely pessed

approximately one fifth of the trypanocidal actwif GHQ168. Neither the hydrogen bond
acceptor nor the donor properties of the hydroxgliaty positively affect the biological
activity. Compound21 carrying a terminal fluorine was only as half effee as the lead
compound. The respective activities of 270 nM aB@ AM were still in the submicromolar
concentration range. Additionally, both analogueisildted a moderate cytotoxicity (G6=
43.1 uM and 42.4 uM, respectively).

2.3 Metabolism

2.3.1Metabolites of7, 15, 18

For newly developed drugs the metabolism and théaloétes are important to know,
because these compounds can be harmful to the ismgarand may influence the
pharmacokinetics. Therefore, the phase-I-metabokdnGHQ168 was investigated [23]
using microsomes from rat male liver (induced bemtbarbital and 3-naphthoflavon) and
cytosol from rat male liver (induced by aroclor 425These studies were carried out as
described by Gareis [23] and were applied hergrdaagly.

For compound?, eight metabolites could be identified by meand. 6GfMSD ion trap (cf.
Scheme 3 and Fig. S3). The m/z value of 454 himtsvb different kinds of hydroxylation:
the first one at theéN-benzyl substituent, and the second one atNkakyl chain. The
structures of both metabolites could be confirmgd.8-MS/MS fragmentation due to the

7
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correspondingN-debenzylation resulting in m/z values of 348 ardl,3respectively. The
metabolite with m/z = 442 can be explained by abiiydroxylation of the benzyl moiety
and an oxidativeN-desalkylation, the biotransformation to m/z = 3#@icates an amide
hydrolysis, and m/z = 306 hints at an oxidafNreesalkylation in combination with an amide
hydrolysis. Finally, two more metabolites (m/z =642nd 412) were identified where
hydroxylation and desalkylation are very likely. donclusion, the metabolites were mainly
produced by aromatic and aliphatic hydroxylationwael as oxidativeN-desalkylation and
amide hydrolysis combined with hydroxylation. Maginimetabolites by hydroxylation are
formed.

The metabolites of compound® and18 are similar; they were predominantly metabolized
via anN-desalkylation reaction. As expected, a hydroxglatof the benzyl substituent was
not observed due to the fluorine at the phenyl,ring a hydroxylation at thN-alkyl chain,
N-desalkylation, amide hydrolysis, and a combinatdrnydroxylation and\-desalkylation
were found for both compounds. The assignment@itktabolites was achieved in analogy
to references [8][20]. Details can be found in FeguS4 and S5.

2.3.2 Metabolic turnover

Blocking metabolically reactive sites by fluoringbstituents is a well-established method [1].
Since fluorination enhances the metabolic stabititg benzyl amide moiety @HQ168 (ty/»

= 5.8 h [20]), which was prone to metabolism (hygtation), was fluorinated. The electron
withdrawing effect of fluorine should inactivateettbenzyl residue for oxidative metabolic
processes and enhance the compound’s stabilitgethdl5 was less prone to metabolisny(t

= 6.4 h). Interestingly, compour(t;,,= 7.2 h)with fluorine in position 5 exhibited an even
more metabolic stability thatb. Consequently, the combined feature of fluorinpasition 5
and a para fluorinated benzyl resida8, ;.= 7.7 h) is the most stabile substitution pattern.
The highest proportion of metabolites was formedhi@ cytosol, indicating that aldehyde
dehydrogenases and monoamine oxidases might bdynragponsible for the metabolic
transformation. Furthermore, in-depth investigagiaf the quinolone amides turnover in the
cytosol revealed compourid (cf. Table 2)to exhibit the lowest turnover in this environment
(3.89 + 0.29 pmolxmifxmgxproteind). These findings substantiated the outcome of an

enhanced metabolic stability of the quinolone amidethe ordeGHQ168<15<7 <18,
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2.4 Lipophilicity and solubility

The lipophilicity, represented as logP value, watednined by means of an HPLC method.
The logarithmized capacity factor of the calibratisubstances was correlated with the
experimental octanol/water logP values (cf. Fig) B2 27]. Since the lipophilicity strongly
influences permeation and solubility processesaiit be regarded as a surrogate parameter for
predicting oral bioavailability; a logP value lowdan 5 is considered more desirable [28].

In general, additional fluorine substituents atamomatic ring system increase lipophilicity
due to good overlapping orbitals which holds trae& and 15 (logP = 4.57 and 4.13f.
Table 1) [29]. Shifting the fluorine atom from ptieh 6 to 5 of the quinolone scaffold (cf.
compound?) significantly and unexpectedly reduced the lipbpity (logP = 3.36). This
effect could possibly emerged due to the polaratf the carbonyl oxygen atom in position
4 by the fluorine atom in close proximity [30]. Gaguently, the surrounding water
molecules might form more stronger hydrogen bonitls this oxygen atom. Additionally, the
fluorine in vicinity to the oxygen could increasetoverall polarity of the quinolone molecule
[30]. Hence, in contrary to the general rule theutde fluorinated compoundd and 18
possessed a lower logP value (logP = 3.97 and Be4pectively) than the mono fluorinated
GHQ168. Adding a fluorine substituent to a saturated laliyain could rather lead to a
reduced logP, consequently compo@idhas a lower logP value of 3.34 [29]. Additionally,
compared to the lead compou@HQ168 (logP = 4.10) the logP could be decreased to 3.04
by introducing a hydrophilic hydroxyl group at tNel residue (cf. compountb).
CompoundGHQ168 possessed a low thermodynamic solubility of 0.0@@mL in PBS
buffer [8]. Therefore, the solubility of certain igolone amides 5-7, 10, 19, 21) was
examined applying the shake flask method in accmelato reference [8]. In general,
solubility could be moderately improved for compdsb-7, and21 (S, = 0.12-1.36 pug/mL;
cf. Fig. S6). However, the solubility of compouridsand19 was remarkably enhanced,(S
2.73 pg/mL and 18.34 pg/mL, respectively; cf. B§). As indicated by the logP valuel$,
water solubility could be substantially improved e introduction of polar groups, e.g. a

hydroxy group (cf. compount®, logP = 3.04).

2.5 Radiochemistry and Autoradiography

The positron emitter radionuclide F-18 exhibits godionuclear properties with low

positron energy (Fax= 0.635 MeV) and a suitable half-life time/£f of 109 min. Since most

commercially available antibacterial quinolonesgmrally possess a fluorine atom, a direct
nucleophilic displacement of F-19 to F-18 for lefoghcin and trovafloxacin via isotopic

9
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exchange was reported [31, 32]. However, a directleophilic exchange in position 6
through a nucleophilic aromatic substitution wasadibed not to occur [33]. Thus, an
appropriate leaving group, i.e., a mesylate grovgs attached to the quinolone amide at the
N-hydroxyalkyl substituentl@). F-18 labelling was conveniently applied as tbeydast step
(cf. Scheme 2), resulting in compou2d

Since the delivery to the brain is crucial for theatment of stage 2 of HAT, the permeation
of the quinolone amide was evaluated by means tofadiography. The labelled compound
[*®F]21 was injected into a mouse tail vein and the mauae sacrificed 60 min afterwards.
The murine brain was dissected and the ex vivoradiography illustrated the distribution of
compound 1¥F]21 within the brain tissue(cf. Figure 1 and Fig S8). The compound
accumulated within the entire brain in medium conicgion levels (indicated by green),
combined with areas of high concentration levelgh@ inner brain sections (indicated by
red). The autographic images confirmed the uptdkkeoquinolone amides in healthy murine

brain.

3 Conclusion

The systematic walk of fluorine around the scaffofdthe lead compoun@&HQ168 was
successfully implemented. Compourd® with a striking antitrypanosomal activity and
moderate cytotoxicity (16 =20 nM againsfT. b. brucej CG = >25 uM) was revealed.
Hence, the biological activity against trypanosomeas enhanced and the 5-fluoro-
substituted quinolone is considered superior tdeéhd compound. Its logaluesuggested a
moderate water solubility, but the aqueous soliybilias determined at 0.12 pg/mL, though.
Additionally, the influence of fluorine substitutiopatterns on metabolic stability was
examined. The most potent compout®i(t;» = 7.7 h)showed an extension of the metabolic
half-live of 25% in comparison t&HQ168 (t;, = 5.8 h[20]), resulting in a longer drug
exposure to the trypanosomes.

Moreover, the permeation of quinolone amides thinottge murine BBB could be proved
using the {F]-labelled derivative 'fF]21. Therefore, this compound class could be suitable
for treatment of HAT stage 2, when parasites hdfieeted CNS.

10



299 4 Experimental Section

300 4.1 Chemistry

301 Microwave reactions were performed using synthWAMfiel rotaPREP systems (both MLS,
302 Leutkirch, Germany). Melting points were determinadth a capillary melting point
303 apparatus (Sanyo Gallenkamyeicestershire, UK) and were not corrected. IR Bpewere
304 recorded on a JASCO FT-IR-6100 spectrometer (J&&wi3-Umstadt, Germany). Thin layer
305 chromatography (TLC) was performed on pre-coatdetasigel (UVasg) glass plates
306 (Macherey-Nagel, Duren, Germany). Column chromatokgy was performed using silica gel
307 with a particle size of 0.063-0.200 mm (Merck, Datadlt, Germany):H (400.131 MHz) and
308 'C (100.623 MHz) Nuclear magnetic resonance (NMREsp were recorded using a Bruker
309 AV 400 NMR spectrometer (Bruker Biospin, Ettlinge@ermany). The signals of the
310 deuterated solvents were used as an internal staBMSO-ds: *H 2.50 ppm,C 39.43;
311 CDCls: *H 7.26 ppm,**C 77.00).*°F NMR spectra were recorded on a Bruker 400 NMR
312 spectrometer. NMR data are presented with chem#lailés in ppm, the multiplicity (s,
313 singlet; d, doublet; t, triplet; g, quartet; quigtiintet; sext, sextet; m, multiplet; dd, doublét o
314 doublet), and coupling constadtgiven in Hz. The electron spray mass spectra wayaiged
315 on a Shimadzu LCMS 2020 instrument. Reagents warehpsed with a minimum purity of
316 95% from conventional commercial suppliers and wesed without further purification. The
317 purity of target compounds wa85% and was confirmed by means of HPLC analysisgusi
318 Synergi 4u fusion-RP column (150 mm x 4.6 mm) (Pneenex, Aschaffenburg, Germany),
319 a Shimadzu instrument (Kyoto, Japan) equipped aithSPD-20A UV/Vis detectorA(=
320 254 nm), and a mobile phase being a mixture of w@peand methanol (B); gradient elution
321 programme: 5% B- 90% B from 0 to 8 min; 90% B from 8 to 13 min; 9®%~ 5% B from
322 13to 15 min; 5% B from 15 to 18 min. The flow rates adjusted to 1 mL/min‘®F]Fluoride
323 was produced on the PETtr&ceyclotron (GE Medical Systems, Uppsala, Finlandjhe
324 interdisciplinary PET centre of the University ofiM¢burg via am?O(p,n)®F reaction by
325 irradiating 3.0 mL of 95% enriched®D]water with 16.5 MeV protons.

326

327 4.1.1 General synthesis of 1-alkyl-4-oxo-1,4-dihydroglimes3-carboxylic acids 3a-i
328 according to [7, 14] The appropriate ethyl-4-hydroxyquinoline-3-caraxe 1a-h (1 eq) (cf.
329 Fig. S1, synthesised according to ref [7, 14, 3B-aBd potassium carbonate (4 eq) were
330 suspended iMN,N-dimethylformamide under Ar atmosphere. The reactias heated 30 min
331 at 60 °C, followed by adding a catalytic amounpofassium iodide and the appropriate alkyl

332 halide (1.5-5 eq). After 20-48 h of heating at Tb°€, the solvent was removadvacuoand
11
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water was added. The aqueous layer was extractbtdBAOAc and the combined organic
layers were dried over anhydrous,N8@,. The solvent was removed vacuoand the oily
residue was subsequently purified by column chrography utilizing silica gel. Without
further characterization, the resulting prodas2i were hydrolysed using either 2 M HCI or
3 M KOH at 100 °C. If necessary, the solution waglified to pH 2 and the precipitated
product was collected. Afterwards, the solid washea with cold water and dried vacuo
to give compound3a-i.

4.1.1.11-Butyl-7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoér3-carboxylic acid3a).
The compound was synthesised according to the glempeocedure described in 4.1.1.

Spectroscopic data are in accordance with refergtice

4.1.1.27-Bromo-1-butyl-4-oxo-1,4-dihydroquinoline-3-carlybz acid @3b). According to the
general procedure 4.1.1, a solution of compoiindl eq, 3.2 g, 10.8 mmol) and potassium
carbonate (4 eq, 6.0 g, 43.2 mmol) MN-dimethylformamide was treated with-
bromobutane (5 eq, 5.8 mL, 54.0 mmol), and theti@aavas heated at 85 °C for 24 h. The
crude product was purified by column chromatogragdiyent: CHCJ/i-PrOH = 75:1, R=
0.62) and then hydrolysed by refluxing compo@idunder basic conditions (3 M KOH).
After acidification with 2 M HCI under ice coolingfe precipitates were collected and dried
in vacuoto yield 2.38 g of3b. Yield: 68%; mp 224-225 °C. IR [cfit 3144, 3084, 2976,
2904, 1695, 1607, 1523, 1458, 1374, 1192, 16BAINMR (DMSO-ds, 5 [ppm], J [Hz)):
14.94 (s, 1H), 9.02 (s, 1H), 8.29 (m, 3H), 8.57, Ad= 8.8, = 1.2, 1H), 4.57 (1 = 7.2,
2H), 1.74 (quint3J = 7.2, 2H), 1.35 (sext) = 7.6, 2H), 0.93 (t23J = 7.2, 3H)."*C-NMR
(DMSO-ds, 3 [ppm], J [Hz]): 177.7, 165.6, 150.0, 140.0, 129.4, 12837.8, 124.5, 120.5,
107.9, 53.6, 30.6, 18.9, 13.4.

4.1.1.31-Butyl-7-chloro-8-fluoro-4-oxo-1,4-dihydroquinoér3-carboxylic acid c).
According to the general procedure 4.1.1, a sabutdd compoundlc (1 eq, 3.00 g,
11.1 mmol) and potassium carbonate (4 eq, 6.154¢ #hmol) inN,N-dimethylformamide
was treated witin-bromobutane (5 eq, 6.0 mL, 55.6 mmol), and thetiea was heated at
80 °C for 48 h. The crude product was purified bylumn chromatography (eluent:
CHCIy/MeOH = 100:1, R= 0.72) and then hydrolysed by refluxing compowwunder
acidic conditions (2 M HCI). The precipitates weralected and driedn vacuoto vyield
1.80 g of3c. Yield: 55%; mp 211-213 °C. IR [cht 3091, 3048, 2930, 2858, 1713, 1620,
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1602, 1541, 1440'H-NMR (DMSO-dg, 5 [ppm], J [Hz]): 14.85 (s, 1H), 9.01 (s, 1H), 8.20
(dd,3J=7.2,°3=1.6, 1H), 8.57 (dfJ = 8.8,*J = 6.4,1H), 4.60—4.56 (m, 2H), 1.82—1.77 (m,
2H), 1.38 —1.33 (m, 2H), 0.94 &) = 7.2, 3H)*C-NMR (DMSO-ds, 5 [ppm], J [Hz]): 177.7
(d,“Jcr=2.4, 1C), 165.1, 152.1, 147.2 tdcr = 251.4, 1C), 129.7 (dJ)c = 7.1, 1C), 127.4,
126.8, 126.4 (dJcF = 18.9, 1C), 122.5 (dJ)cr= 4.9, 1C), 108.1, 58.0 (A)cr = 14.4, 1C),
31.9 (d,°Jcr= 4.1, 1C), 18.9, 13.3.

4.1.1.41-Butyl-5,7-difluoro-4-oxo-1,4-diyhdroquinoline-2stoxylic acid 8d). According to
the general procedure 4.1.1, a solution of compolsd1l eq, 10.0 g, 39.5 mmol) and
potassium carbonate (4 eq, 16.7 g, 158.0 mmad\,kdimethylformamide was treated with
n-bromobutane (5 eq, 21.3 mL, 197.5 mmol), and #ation was heated at 90 °C for 20 h.
The crude product was purified by column chromaipgy (eluent: CHGIMeOH = 50:1, R

= 0.80) and then hydrolysed by refluxing compo@adunder acidic conditions (2 M HCI).
The precipitates were collected and diredacuoto yield 9.77 g oBd. Yield: 88%; mp 208—
210 °C. IR [crﬁl]: 3368, 3118, 2965, 2871, 1708, 1614, 1512, 14343, 1283, 1168, 1127,
1014.*H-NMR (DMSO-s, 3 [ppm], J [Hz]): 14.98 (s, 1H), 8.98 (s, 1H), 7.78—-7.75 (thi),
7.51-7.46 (m, 1H), 4.47 {) = 7.2, 2H), 1.76-1.68 (m, 2H), 1.34 (&), 0.89 (t°J = 7.2,
3H). *C-NMR (DMSOdg, 3 [ppm], J [Hz]): 176.8 (d,3)cr= 1.6, 1C), 165.43, 164.6 (dd,
ek =250.4,%cF = 15.2, 1C), 156.7 (ddJcr= 248.7,%)cr = 15.6, 1C),150.1, 144.3 (dd,
3cr=15.02c r= 14.2, 1C), 113.7 (ddfJc = 8.4,Jc k= 2.4, 1C), 108.8, 100.1 (dtllcr =
25.1,2Jcr = 25.1, 1C), 92.6 (ddJc = 26.7,*c = 4.5, 1C), 54.2, 30.3, 18.9, 13.5.

13



389 4.1.1.51-Butyl-6,7,8-trifluoro-4-oxo-1,4-dihydroquinolir&carboxylic acid 8e). According
390 to the general procedure 4.1.1, a solution of camdde (1 eq, 2.40 g, 8.85 mmol) and
391 potassium carbonate (4 eq, 4.90 g, 35.4 mmd\),Midimethylformamide was treated witih
392 bromobutane (5 eq, 5.75 mL, 44.3 mmol), and theti@awas heated at 90 °C for 48 h. The
393 crude product was purified by column chromatografyent. CHCY/i-PrOH = 50:1, R=
394 0.49) and then hydrolysed by refluxing compo@edinder acidic conditions (2 M HCI). The
395 precipitates were collected and driedvacuoto yield 1.62 g oBe Yield: 62%; mp 216-218
396 °C. IR [cm']: 3056, 2963, 2934, 2875, 1713, 1614, 1560, 134R2, 1455, 1412, 1390,
397 1284, 1110, 1056 H-NMR (DMSO-ds, 5 [ppm], J [Hz]): 14.48 (s, 1H), 9.04 (s, 1H), 8.24—
398 8.19 (m, 1H), 4.62—4.57 (m, 2H), 1.84-1.80 (m, 2HR8-1.33 (m, 2H), 0.93 (t, 3H)’C-
399 NMR (DMSO-ds, 8 [ppm], J [Hz]): 175.4 (d,*Jcr = 1.2, 1C), 164.6, 152.6 149.2 (m, 1C),
400 146.9 (m, 1C), 142.5 (m, 1C), 127.1, 122.6%@,- = 6.8, 1C), 108.2 (m, 1C), 107.4, 58.1 (d,
401 “Jcp=13.5, 1C), 32.4 (FJce= 3.9, 1C), 19.4, 13.9°F-NMR (DMSO-ds, 5 [ppm], J [Hz)):
402 -134.44 (ddJss = 24.8,J7 = 6.9), -140.68 (ddJss = 6.9,J75 = 20.0), -149.05 (ddJs; =
403 24.8,J75=20.0).

404

405 4.1.1.61-Butyl-5,6,7-trifluoro-4-oxo-1,4-diyhroquinoline-&arboxylic acid 8f). According to
406 the general procedure 4.1.1, a solution of compoiihd@l eq, 9.12 g, 33.6 mmol) and
407 potassium carbonate (4 eq, 18.60 g, 134.4 mmal), Mdimethylformamide was treated with
408 n-bromobutane (5 eq, 18.0 mL, 168.0 mmol), and &aetion was heated at 70 °C for 20 h.
409 The crude product was purified by column chromaipby (eluent: CHGIMeOH = 100:1,
410 R¢=0.81) and then hydrolysed by refluxing compo@hdnder acidic conditions (2 M HCI).
411 The precipitates were collected and diiiedacuoto yield 2.13 g of3f. Yield: 28%; mp 233-
412 236 °C. IR [cnm]: 3099, 2964, 2879, 1715, 1650, 1455, 1346, 12986.'H-NMR (DMSO-
413  dg,  [ppm], J [Hz]): 9.00 (s, 1H), 8.12-8.07 (m, 1H), 4.49%= 7.2, 2H), 1.71 (quintJ =
414 7.2, 2H), 1.34 (sextd = 7.2, 2H), 0.89 (t2J = 7.2, 3H).**C-NMR (DMSOds, & [ppm], J
415 [Hz]): 176.2, 165.3, 153.2 (dddjc r = 251.9,2Jcr = 11.0°Jc £ = 4.6, 1C), 150.0, 149.8 (ddd,
416 1Jcr=264.2%)cr=10.83Jcr=5.0, 1C), 136.9 (dtJcr= 248.8JcF = 15.3, 1C), 136.5 (d,
417 S3Jcr =129, 1C), 113.9 (fJcr = 5.3, 1C), 108.4, 102.4 (dtlcr = 22.5,3Jcr = 4.5, 1C),
418 54.1, 30.3, 18.9, 13.4°F-NMR (DMSOds, & [ppm], J [Hz]): -123.76 (m), -133.87 (m), -
419 161.99 (m).
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4.1.1.71-Butyl-7-chloro-6-methoxy-4-oxo-1,4-dihydroquimet3-carboxylic ~ acid  3Q).
According to the general procedure 4.1.1, a satutiocompoundl.g (1 eq, 5.5 g, 19.6 mmol)
and potassium carbonate (4 eq, 10.83 g, 78.4 mm®)N-dimethylformamide was treated
with n-bromobutane (5 eq, 10.5 mL, 98.0 mmol), and tleetien was heated at 85 °C for
24 h. The crude product was purified by column oratmgraphy (eluent: CHEIPrOH =
150:1, R= 0.59) and then hydrolysed by refluxing compo@gadinder basic conditions (3 M
KOH). After acidification with 2 M HCI under ice oting, the precipitates were collected and
dried in vacuoto yield 4.13 g of3g. Yield: 68%; mp 232—233 °C. IR [cth 3041, 2963,
2941, 2874, 1702, 1607, 1457, 1433, 1219, 1688NMR (DMSO-ds, d [ppm], J [Hz]):
15.20 (s, 1H), 8.98, 8.27 (s, 1H), 7.86 (s, 1Hp14t,%) = 7.2, 2H), 1.74 (quintJ = 7.6, 2H),
1.32 (sext3) = 7.6, 2H), 0.98 (£J = 7.2, 3H).2*C-NMR (DMSO-ds, d [ppm], J [Hz]): 176.3,
165.8, 152.8, 148.3, 133.6, 129.6, 125.8, 119.9,714.06.6, 56.7, 53.5, 30.8, 18.9, 13.4.

4.1.1.81-Butyl-7-fluoro-4-oxo-6-(trifluoromethyl)-1,4-dibdyoquinoline-3-carboxylic acid
(3h). According to the general procedure 4.1.1, a smubf compoundLh (1 eq, 5.20 g,
17.1 mmol) and potassium carbonate (4 eq, 9.438d, dmol) inN,N-dimethylformamide
was treated witin-bromobutane (5 eq, 9.2 mL, 85.5 mmol), and thetiea was heated at
80 °C for 24 h. The crude product was purified bylumn chromatography (eluent:
CHCIy/MeOH = 150:1, R= 0.43) and then hydrolysed by refluxing compowidunder
acidic conditions (2 M HCI). The precipitates weralected and driedn vacuoto yield
3.11 g of3h. Yield: 55%:; mp 198-200 °C. IR [cfit 3050, 2967, 2878, 1721, 1609 1455,
1388 1304, 1257, 113%H-NMR (DMSO-dg, & [ppm], J [Hz]): 14.45 (s, 1H), 9.11 (s, 1H),
8.57 (d,*J = 8.0, 1H), 8.30 (d®J = 12.8, 1H), 4.54 (£ = 7.6, 2H), 1.76 (quintJ = 7.6 2H),
1.35 (sext®J = 7.2, 2H), 0.91 (£J = 7.2, 3H).**C-NMR (DMSOds, & [ppm], J [Hz]): 177.4,
165.6, 161.2 (dJcr = 257.0, 1C), 152.0, 144.0 @ = 6.8, 1C), 126.9 (m, 1C), 122.6 (d,
“Jor = 1.8, 1C), 122.3 (diJcr = 269.9, 1C), 115.9-115.2 (m, 1C), 109.5, 107.6%(0x =
26.1, 1C), 54.3, 31.0, 19.4, 13¥-NMR (DMSOds, & [ppm], J [Hz]): -60.49 (dJ = 12.2,
3F), -107.92 (m).

4.1.1.91-(3-(Benzyloxy)propyl)-7-chloro-6-fluoro-4-oxo-igéhydroquinoline-3-carboxylic

acid 3i). According to the general procedure 4.1.1, a satutibcompoundLa (1 eq, 5.80 g,

21.5 mmol) and potassium carbonate (4 eq, 10.64 &mol) inN,N-dimethylformamide

was treated with ((3-bromopropoxy)methyl)benzen® g, 5.7 mL, 36.0 mmol), and the

reaction was heated at 85 °C for 48 h. The crudedymt was purified by column
15
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chromatography (eluent: CHZEtOAc = 20:1, R= 0.40) and then hydrolysed by refluxing
compound2i under basic conditions (3 M KOH). After acidificai with 2 M HCI under ice
cooling, the precipitates were collected and dimredacuoto yield 7.48 g of3i. Yield: 89%;
mp 179-180 °C; IR [cif]: 3046, 2864, 1715, 1613, 1557, 1508, 88tNMR (DMSO-dg, d
[ppm], J [Hz]): 9.01 (s, 1H), 8.40 (dJ = 6.0, 2H), 8.17 (£ = 9.2, 1H), 7.31-7.23 (m, 5H),
4.66 (tJ = 6.0, 2H), 4.39 (s, 2H), 3.49 {] = 6.0, 2H), 2.08 (quintJ = 6.0, 2H)."*C-NMR
(DMSO-ds, & [ppm], J [Hz]): 176.4 (d,*Jce = 2.5, 1C), 165.4, 155.6 (d)cr = 247.8, 1C),
150.3, 137.9, 136.4 (8)cr= 1.7, 1C), 128.1 (2C), 127.4 (2C), 127.3, 12125.9 (d e =
6.5, 1C), 121.0, 111.8 (8)c = 22.7, 1C), 107.6, 72.0, 66.2, 51.6, 28.3.

41.1.10 1-Butyl-5-(dimethylamino)-7-fluoro-4-oxo-1,4-dihgdpuinoline-3-carboxylic
acid (3j). A solution of ethyl 5,7-difluoro-4-oxo-1,4-dihydyainoline-3-carboxylatéc (1 eq,
7.27 g, 29.25 mmol) in non-freshly distill&lN-dimethylformamide (40 mL, containing the
degradation product dimethyl amine) was treated yaibtassium carbonate at 60 °C for
30 min. Afterwardsn-bromobutane (20.04 g, 146.25 mmol, 15.8 mL) awdtalytic amount

of potassium iodide was added to the reaction aasl veated at 90 °C for 24 h. The solvent
was removed under reduced pressure and the crodegirwas mixed with water (60 mL).
The aqueous layer was extracted with EtOAc (3 xh(), the organic layers were combined,
and the solvent was evaporated. The intermediabmxgic ethyl estePc was hydrolysed in

2 M HCI by refluxing for 6 h. The mixture was cogsently extracted with CHEI3 x 25
mL) and the combined organic layers were dried @rdrydrous sodium sulfate. After the
evaporization of the solvent, the product was retallized from EtOH to give 1.6 g &.
Yield: 18%; mp 205-208 °C. IR [cht 3057, 2952, 2867, 1716, 1628, 1563, 1513, 1436,
1276, 1231, 1187, 1167, 1124, 10%9:NMR (CDCl, & [ppm], J [Hz]): 15.53 (s, 1H), 8.60
(s, 1H), 6.62—6.57 (m, 2H), 4.13{8,= 7.2, 2H), 2.97 (s, 6H), 1.91-1.83 (m, 2H), 1(éxt,
3)=7.2, 2H), 1.00 (£J = 7.2, 3H)."*C-NMR (CDCk & [ppm], J [Hz]): 177.1, 167.4, 165.4
(d, Ycr = 249.0, 1C), 156.7 (d)cr = 13.0, 1C), 147.4, 144.3 (Hlcr = 15.0, 1C), 113.7 (d,
“Jer= 1.2, 1C), 109.0, 100.1 (fcr = 25.0, 1C), 92.6 (FJcr = 27.8, 1C), 55.3, 44.5 (2C),
30.4, 19.9, 13.5"%F-NMR (DMSO-g&, & [ppm], J [Hz]): -102.56. Mass: [M + H]307.2m/z
found 307.1m/z
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4.1.1.11 1-Butyl-7-fluoro-5-methoxy-4-oxo-1,4-dihydroquimai3-carboxylic acid
(3k). A cold suspension of compourgd (1 eq, 1.25 g, 4.44 mmogjnd methanol (30 mL)
was treated with sodium hydride (10 eq, 107 mg4 44mol) under ice cooling. Afterwards,
the reaction was heated at 90 °C for 10 h and tjuemched with aqueous HCI (3 M). The
reaction solution was extracted with CH@hd the combined organic layers were dried over
NaSO, with removing subsequently of the organic solvemtler reduced pressure. Yield:
40%.*H-NMR (CDCl, & [ppm], J [Hz]): 15.19 (s, 1H), 8.60 (s, 1H), 6.66 (dd= 2.0,2J=
8.0, 1H), 6.64 (dd*J = 2.0,23=10.8, 1H), 4.12 (£J = 7.2, 2H), 3.97 (s, 3H), 1.82 (quif,=
7.2, 2H), 1.39 (sext) = 7.2, 2H), 0.95 (£J = 7.2, 3H)."*C-NMR (CDCk & [ppm], J [Hz]):
176.4, 166.1, 165.8 (dJcr = 250.2, 1C), 159.7 (dJcr = 14.4, 1C), 148.2, 145.3 (Hlc =
14.6, 1C), 113.3 (diJcr = 1.2, 1C), 109.3, 96.3 (QJ)cr = 24.0, 1C), 92.4 (Jcr = 25.0,
1C), 55.9, 53.6, 30.3, 19.3, 13.5.

4.1.2 General synthesis of 1-alkyl-7-morpholino-4-oxo-didydroquinoline-3-carboxylic
acids4a, 4f-i, 4k [7]. 1-Alkyl-4-oxo-1,4-dihydroquinoline-3-carboxylic atBa, 3f-k (1 eq),
dissolved in 5-15 ml morpholine, was heated 4-1(hder microwave irradiation at 110 °C.
The reaction was acidified with 2 M HCl at 0 °C (BHand the precipitate was collected. The
resulting yellow solid was dried subsequently vacuo and recrystallized from
EtOH/EtOAC/CHCE.

4.1.2.11-Butyl-6-fluoro-7-morpholino-4-oxo-1,4-diyhdroqoime-3-carboxylic acid 4a).
The compound was synthesised according to the gem@ocedure described 4.1.2.
Spectroscopic data are in accordance with refergfjce

4.1.2.21-Butyl-7-morpholino-4-oxo-1,4-dihydroquinoline-8rboxylic acid 4b). According
to the general procedure 4.1.2, compoBhd400 mg, 1.34 mmol) was dissolved in 10.0 mL
morpholine and was heated 4.5 h under microwaweeliation at 110 °C. After acidification
(pH 2) and dryingn vacuq the yellow solid was recrystallized from EtOHyield 210 mg of
4b. Yield: 47%; mp 229-230 °C; IR [cfil: 3066, 2956, 2862, 1714, 1615, 1519, 1444, 1243,
1103.*H-NMR (CDCH, & [ppm], J [Hz]): 15.33 (s, 1H), 8.62 (s, 1H), 8.34 (d,= 9.4, 1H),
7.13 (dd,*J = 9.2,%3 = 2.4, 1H), 6.66 (d%J = 2.4, 1H), 4.22 (£J = 7.6, 2H), 3.92-3.90 (m,
4H), 3.40-3.38 (m, 4H), 1.91 (quirtl = 7.6, 2H), 1.47 (sext) = 7.6, 2H), 1.02 (I = 7.2,
3H). **C-NMR (CDCE, & [ppm], J [Hz]): 177.48, 167.6, 154.9, 148.0, 141.3, 128.53.4,
114.5,107.9, 97.8, 66.4, 53.6, 47.6, 30.6, 18%.1
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519
520 4.1.2.31-Butyl-8-fluoro-7-morpholino-1,4-dihydroquinolirBcarboxylic acid 4c).
521 Compound3c (400 mg, 1.34 mmol) was dissolvedNyN-dimethylformamide (7.5 mL) and
522 the reaction was treated with morpholine (0.5 mand was heated for 20 h at 130 °C.
523 Afterwards, the solvent was reduced under reducedspre, the mixture was acidified to
524 pH 2, and the yellow solid was collected. The crpdeduct was recrystallized from EtOH to
525 yield 290 mg of4c. Yield: 62%; mp 272-273 °C; IR [cfil: 3046, 2955, 2857, 1719, 1614,
526 1444, 1247, 1119, 926H-NMR (CDCh, & [ppm], J [Hz]): 8.58 (s, 1H), 8.26 (ddj = 8.8,%J
527 =1.6, 1H), 7.19 (m, 1H), 4.41 (m, 2H), 3.92-3.81, 4H,), 3.30-3.27 (m, 4H), 1.88 (quifd,
528 =7.2, 2H), 1.34 (sext) = 7.2, 2H), 0.92 (£J = 7.2, 3H).*C-NMR (DMSO-ds, & [ppm], J
529 [Hz]): 177.2 (d,*Jcr= 2.5, 1C), 166.8, 150.9, 144.7 @cr= 8.5, 1C), 143.2 (d'Jce=
530 246.9, 1C), 129.9 (FJcr= 6.3, 1C), 123.4 (d'Jcr= 3.9, 1C), 122.1, 117.3 (Y)cr= 3.1,
531 1C), 108.1, 66.7 (2C), 59.4 (tlcF= 16.0, 1C), 50.7 (dJc = 4.2, 2C), 32.8 (I k= 4.0,
532 1C),19.7, 13.6.
533
534  4.1.2.41-Butyl-5-fluoro-7-morpholino-4-oxo-1,4-dihydroqoime-3-carboxylic acid (4d).
535 Compound3d (1 eq, 1.0 g, 3.78 mmol), triethylamine (1.5 eq g&., 5.36 mmol) and boron
536 trifluoride diethyl etherate (1.5 eq, 675 pL, 5.86nol) were dissolved in Ci€l, and
537 refluxed for 2 h. The solvent was removed undeuced pressure and the crude product was
538 washed with water/MeOH (1:1), and driedvacuo Afterwards, the borate complex (1 eq,
539 980 mg, 2.98 mmol) was dissolved in 25 mL ethama the reaction mixture was treated
540 with triethylamine (2 eq, 830 pL, 5.97 mmol) andrptwline (1 eq, 260 mL, 2.98 mmol),
541 and heated 4h at 60 °C. The solvent was removetktrureduced pressure and the
542 intermediateC1 was refluxed in 2 M NaOH for 2 h. Finally, the comomd 4d precipitated
543 after the addition of 2 M HCI. Yield: 25%; mp 25B&2°C. IR [cn']: 3389, 3049, 2975,
544 1701, 1630, 1539, 1519, 1448, 1365, 1265, 12160,11618, 1051'H-NMR (CDCl, o
545 [ppm],J [Hz]): 8.54 (s, 1H), 6.71 (d) = 14.4, 1H), 6.45 (s, 1H), 4.18 { = 6.8, 2H), 3.92—
546 3.90 (m, 4H), 3.40-3.38 (m, 4H), 1.90-1.87 (m, 2H%2 (sext’J = 7.2, 2H), 1.09 (3] =
547 7.2, 3H)."*C-NMR (CDC}, & [ppm], J [Hz]): 177.1 (d3)cr= 1.7, 1C), 167.2, 163.4 (Hlcr
548 = 260.8, 1C), 154.5 (d)cr = 12.9, 1C),148.3, 142.6 (d*Jcr = 5.7, 1C), 108.6, 108.3 (d,
549 2Jcr=9.9), 100.4 (dPJc = 25.6, 1C), 94.0, 66.1 (2C), 55.0, 47.1 (2C)3309.9, 13.6.
550
551 4.1.2.51-Butyl-6,8-difluoro-7-morpholino-4-oxo-1,4-dihydpainoline-3-carboxylic acid4g).
552 In accordance to 4.1.2.3, compou3é (600 mg, 1.81 mmol) was dissolved iy,N-
18
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dimethylformamide (10.0 mL) and the reaction migtuwas treated with morpholine
(0.5 mL), and was heated 20 h at 130 °C. Afterwdtds solvent was removed under reduced
pressure, the mixture was acidified, and the yellmecipitate was collected. The crude
product was purified by means of column chromatolgya on silica gel (eluent:
CHCIy/MeOH/FA = 100:2:1, R= 0.31) and subsequent recrystallization from Eydétding
240 mg of4d. Yield: 36%; mp 210-212 °C. IR [C'ﬂ'[ 3051, 2953, 2850, 1715, 1615, 1539,
1464, 1378, 1279, 1207, 1113, 1051, 10HBNMR (DMSO-ds, 3 [ppm], J [Hz]): 14.73 (s,
1H), 8.91 (s, 1H), 7.86 (dd) = 11.2,°3 = 2.4, 1H), 4.59-4.55 (m, 2H), 3.75-3.72 (m, 4H),
3.34 (br, 4H), 1.80 (quinf) = 7.2, 2H), 1.30 (sexf) = 7.2, 2H), 0.91 (£J = 7.2, 3H).C-
NMR (DMSO-ds, & [ppm], J [Hz]): 175.6 (d,"Jcr = 2.4, 1C), 165.4, 154.3 (dHlc r = 248.4,
%Jcr = 6.2, 1C), 151.3, 146.3 (dllcr = 249.7,%Jcr = 6.6, 1C), 133.4 (m, 1C), 127.2 (dd,
2Jer=7.1,%3ce= 2.0, 1C), 120.6 (m, 1C), 107.2 (dds r= 22.8,*JcF = 2.7, 1C), 106.7, 66.6
(2C), 57.9 (d,*Jcr = 15.6, 1C), 47.1 (fJcr = 3.8, 1C), 31.9 (PJcr = 4.1, 1C), 18.9, 13.3.
F-NMR (DMSOds, 5 [ppm], J [Hz]): -119.37 (dJss= 11.4), -129.13 (dJss = 11.4).

4.1.2.61-Butyl-5,6-difluoro-7-morpholino-4-oxo-1,4-dihydyainoline-3-carboxylic acid4f).

In accordance to 4.1.2.4, compowid1l eq, 650 mg, 2.17 mmol), triethylamine (1.5 4%
pL, 3.26 mmol) and boron trifluoride diethyl ethierg1.5 eq, 465 pL, 3.26 mmol) were
dissolved in CHCI, and refluxed for 2 h. The solvent was removed umdduced pressure
and the product was washed with water/MeOH (1:4) driedin vacuo Afterwards, the
borate complex (1 eq) was dissolved in 25 mL ethand was treated with triethylamine (2
eq), and morpholine (1 eq), and was heated 4 D &6 The solvent was removed under
reduced pressure and the intermed@fewas refluxed in 2 M NaOH for 2 h. Finally, the
compound4f precipitated after addition of 2 M HCI. Yield: 25%H-NMR (DMSO-ds, &
[ppm], J [Hz]): 8.63 (s, 1H), 6.56 (dJ = 5.6, 1H), 4.21 (£J = 7.2, 3H), 3.93-3.90 (m, 4H),
3.34-3.32 (m, 4H), 1.88 (quint) =7.2, 2H), 1.45 (sextd = 7.2, 2H), 1.02 (£J = 7.2, 3H).
13C-NMR (DMSOds, 3 [ppm], J [Hz]): 175.0, 165.3, 153.2 (ddJcr = 249.1,%Jcr = 12.4,
1C), 149.8, 144.8 (m, 1C), 139.8 fdcr = 10.4, 1C), 138.6 (dd)cr = 250.0,JcF = 14.5,
1C), 112.9 (d?Jcr= 6.8, 1C), 110.1, 103.4 (8l r = 4.5, 1C), 66.3 (2C), 53.5, 48.9 {dcr
=4.2,2C), 29.3, 18.9, 13.4.

4.1.2.71-Butyl-6-methoxy-7-morpholino-4-oxo-1,4-dihydratpline-3-carboxylic acid4g).

According to the general procedure 4.1.2, comp@mB30 mg, 1.07 mmol) was dissolved

in 15.0 mL morpholine and was heated 9 h under oniave irradiation at 110 °C. After
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acidification and dryingn vacuq the yellow solid was recrystallized from EtOH yieId
110 mg of4d. Yield: 29%; mp 248-250 °C. IR [cht 3045, 2952, 1711, 1616, 1470, 1446,
1256, 1229, 1111, 1041, 1006{-NMR (DMSO-dg, 5 [ppm], J [Hz]): 15.77 (s, 1H), 8.87 (s,
1H), 7.67 (s, 1H), 7.09 (s, 1H), 4.58Y1,= 7.2, 2H), 3.95 (s, 3H), 3.79-3.75 (m, 4H), 3.26—-
3.23 (m, 4H), 1.79 (quintJ = 7.2, 2H), 1.33 (sext]) = 7.2, 2H), 0.92 (£J = 7.2, 3H).2°C-
NMR (DMSO-ds, & [ppm], J [Hz]): 175.8, 166.5, 150.7, 147.2, 147.1, 13520.0, 106.5,
104.9 104.8, 66.0 (2C), 55.8, 53.2, 49.9 (2C), 30.3, 1934.

4.1.2.81-Butyl-morpholino-4-oxo-6-(trifluoromethyl)-1,4ydidroquinoline-3-carboxylic acid
(4h). According to the general procedure 4.1.2, compoBimd600 mg, 1.81 mmol) was
dissolved in 10.0 mL morpholine and was heatedu@drer microwave irradiation at 110 °C.
After acidification and dryingn vacuq the yellow solid was recrystallized from EtOH to
yield 500 mg of4h. Yield: 69%; mp 182-185 °C. IR [chit 3046, 2952, 2857, 1725, 1610,
1455, 1393, 1303, 1244, 110H-NMR (CDCk, & [ppm], J [Hz]): 14.52 (s, 1H), 8.68 (s,
1H), 8.67 (s, 1H), 7.18 (s, 1H), 4.25%1,= 7.6, 2H), 3.84-3.82 (m, 4H), 3.07-3.05 (m, 4H),
1.85 (quintJ = 7.2, 2H), 1.40 (sext]) = 7.6, 2H), 0.91 (£J = 7.2, 3H).**C-NMR (CDC}, &
[ppm], J [Hz]): 177.4, 165.4, 156.2, 149.4, 142.2, 128.60gr= 5.5, 1C), 124.6 (q, 1C)cr
=30.6, 1C), 123.2 (dJcr = 278.5, 1C), 121.7, 109.4, 109.2, 66.8 (2C), 58334 (2C), 30.7,
19.8, 13.5.

4.1.2.91-(3-(Benzyloxy)propyl)-6-fluoro-7-morpholino-4-etgi-dihydroquinoline-3-
carboxylic acid 4i). According to the general procedure 4.1.2, compa@in@.00 g, 10.3
mmol) was dissolved in 10.0 mL morpholine and weated 6 h under microwave irradiation
at 110 °C. After acidification and dryirig vacuq the yellow solid was recrystallized from
EtOAC/CHCE (10:1) to yield 2.61 g ofi. Yield: 58%; mp 191-192 °C. IR [chr 2858,
1713, 1626, 1508, 1453, 1406, 1354, 1302, 12656,12001, 1025'H-NMR (DMSO-dg, &
[ppm], J [Hz]): 14.7 (s, 1H), 8.91 (s, 1H), 7.91 @,= 13.6, 2H), 7.33-7.28 (m, 5H), 7.19 (d,
3)=7.2, 1H), 4.64 (3 = 6.8, 2H), 4.44 (s, 2H), 3.72-3.70 (m, 4H), 3(4FJ = 5.6, 2H),
3.23-3.22 (m, 4H), 2.11 (quint) = 6.0, 2H)."*C-NMR (DMSO-ds,  [ppm], J [Hz]): 176.1
(d, *Jcr = 2.5, 1C), 166.0, 152.4 (dJcr = 247.8, 1C), 149.1, 145.1 (flcr = 10.4, 1C),
138.1, 128.2 (2C), 128.1 (2C), 127.5, 119.3°0d,r = 10.4, 1C), 111.1 (dJcr = 23.2, 1C),
106.8, 105.7 (3Jcr = 4.8, 1C), 107.6, 72.1, 66.4, 65.7 (2C), 51.6648,“Jc ¢ = 4.7, 2C),
28.1.
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4.1.2.10 1-Butyl-5-(dimethylamino)-7-morpholino-4-oxo-1,4ilroquinoline-3-
carboxylic acid 4j). In accordance to 4.1.2.3, compouBid (500 mg, 1.78 mmol) was
dissolved inN,N-dimethylformamide (20 mL) and was treated with ptmiine (0.5 mL), and
the mixture was heated 2 h at 130 °C. The solverst moved under reduced pressure and
the crude product was purified by means of columhromatography (eluent:
CHCI3/MeOH/FA, R = 0.61). Recrystallization from EtOAc yielded 18@ of 4j. Yield
56%; mp 179-180 °C. IR [cfi 2945, 2833, 1696, 1595, 1526, 1434, 1359, 12331,
1110, 1009'H-NMR (DMSO-ds, d [ppm], J [Hz]): 8.67 (s, 1H), 6.44—6.42 (m, 2H), 4.39 (t,
3) = 7.2, 2H), 3.77-3.74 (m, 4H), 3.41-3.38 (m, 4BIB0 (s, 6H), 1.76-1.71 (m, 2H), 1.32
(sext,®J = 7.2, 2H), 0.92 (33 = 7.2, 3H).°C-NMR (DMSO-s, & [ppm], J [Hz]): 175.9,
167.0, 154.7, 153.947.6, 143.9, 108.7, 106.5, 99.7, 91.4, 65.8 (&3)5, 46.6 (2C), 44.1
(2C), 29.7, 19.0, 13.4. Mass: [M + H§74.2m/z found 374.5n/z

41.2.11 1-Butyl-5-methoxy-7-morpholino-4-oxo-1,3-dihydrotpline-3-carboxylic

acid @k). According to the general procedure 4.1.2, compd&kn@®.00 g, 10.3 mmol) was
dissolved in 10.0 mL morpholine and was heatedu@der microwave irradiation at 110 °C.
After acidification and dryingin vacuq the yellow solid was recrystallized from
EtOAC/CHCE (10:1) to vyield 2.61 g ofik. Yield: 34%; mp 258-259 °C. IR [cfi 2961,
2863, 1704, 1624, 1600, 1545, 1421, 1375, 12635.1HNMR (CDCk, & [ppm], J [Hz]):
8.54 (s, 1H), 6.44 (4) = 1.6, 1H), 6.43 (d®J = 1.6, 1H), 4.15 (3 = 7.6, 2H), 4.00 (s, 3H),
3.93-3.91 (m, 4H), 3.41-3.39 (m, 4H), 1.87 (quidtz 7.2, 2H), 1.44 (sext) = 7.2, 2H),
0.99 (t,3J = 7.2 3H).**C-NMR (CDC};,  [ppm], J [Hz]): 177.8, 167.9, 162.6, 154.8, 147.6,
143.5, 109.9, 108.7, 95.3, 91.6, 65.8 (2C), 56631,547.6 (2C), 30.3, 19.9, 13.6.

4.1.3 General synthesis of N-benzyl-1-alkyl-7-morpholiroxo-1,4-dihydroquinoline-3-
carboxamide GHQ168, 5-18 [7]. 1-Alkyl-7-morpholino-4-oxo-1,4-dihydroquinoline-3-
carboxylic acidsAa-k (1 eq) andN-methylmorpholine (NMM, 5 eq) were dissolved NhN-
dimethylformamide under Ar atmosphere and the m@aatas stirred 1 h at 0 °C. Then,
butyl chloroformate (4 eq) was added and stirred Ifdv at O °C, until the benzylamine
derivative (4 eq) was added. After 45 min of stigriat room temperature, the solvent was
removedin vacuoand residue was purified by column chromatographysilica gel. The

crude solid was recrystallized to gi&1Q168, and5-18 respectivelyas white crystals.
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4.1.3.1N-Benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4xgddroquinoline-3-carboxamide
(GHQ168). The compound was synthesised according to therglepemcedure described in
4.1.3. Spectroscopic data are in accordance wighewrce [7].

4.1.3.2N-Benzyl-1-butyl-7-morpholino-4-oxo-1,4-dihydroquline-3-carboxamide §). A
solution of compoundib (460 mg, 1.39 mmol) itN,N-dimethylformamide was treated with
NMM (764 uL, 6.95 mmol)j-butyl chloroformate (723 pL, 5.56 mmol), and bdamyine
(608 pL, 5.56 mmol) as depicted in the general gulace 4.1.3. The crude product was
purified by column chromatography (eluent: CH®IeOH = 100:1, R = 0.57) and
recrystallized from EtOAc to produce 99 mgSfYield: 17%; mp 172 °C. IR [cH: 3171,
3039, 2965, 2937, 2877, 2840, 1652, 1597, 15429,156266, 1451, 1237, 11284-NMR
(DMSO-ds, & [ppm], J [Hz]): 10.5 (t 3J = 6.0, 1H), 8.71 (s, 1H), 8.12 @@ = 9.2, 1H), 7.35—
7.33 (m, 5H), 7.20 (ddf) = 9.2,%3 = 0.8, 1H), 6.90 (d, 1HJ = 0.8), 4.53 (d3J = 5.6, 2H),
4.42 (t,3) = 7.2, 2H), 3.77-3.79 (m, 4H), 3.34 (m, 4H), 1(@&int, %) = 7.2, 2H), 1.32 (sext,
3= 7.6, 2H), 0.91 (3 = 7.2, 3H).'*C-NMR (DMSOds, 3 [ppm], J [Hz]): 174.7, 164.4,
153.9, 147.8, 140.5, 139.4, 128.3 (2C), 127.3 (3@K.8, 119.0, 113.4, 110.0, 98.4, 65.8
(2C), 52.4, 47.0 (2C), 42.0, 30.2, 19.1, 13.5. Mdks+ H]"420.2m/z found 420.3n/z.
HPLC purity 97%.

4.1.3.3N-Benzyl-1-butyl-8-fluoro-7-morpholino-4-oxo-1,4gdroquinoline-3-carboxamide
(6). A solution of compoundc (230 mg, 0.66 mmol) ilN,N-dimethylformamide was treated
with NMM (362 pL, 3.3 mmol),i-butyl chloroformate (343 pL, 2.64 mmol), and
benzylamine (289 pL, 2.64 mmol) as depicted in gleeeral procedure 4.1.3. The crude
product was purified by column chromatography (Btu€HCEL/MeOH = 100:3, R= 0.28)
and recrystallized from EtOH to produce 180 mgpofiYield: 62%; mp 170 °C; IR [cHi:
3039, 2951, 2854, 1654, 1590, 1555, 1549, 1447312121 *H-NMR (DMSO-ds, 3 [ppm],

J [Hz]): 10.25 (% = 6.0, 1H), 8.72 (s, 1H), 8.08 (dt,= 8.8,°] = 0.8, 1H), 7.34-7.31 (m,
4H), 7.27-7.24 (m, 2H), 4.54 (@) = 6.0, 2H), 4.48-4.46 (n?) = 7.2, 2H), 3.78-3.76 (m,
4H), 3.20-3.17 (m, 4H), 1.75 (quifid, = 7.2, 2H), 1.31 (sext) = 7.2, 2H), 0.90 (£J = 7.2,
3H). *C-NMR (DMSO-dg, 8 [ppm], J [Hz]): 174.2 (d,Jc = 1.7, 1C), 163.8, 150.5, 143.5 (d,
2Jer = 8.4, 1C), 143.1 (d'Jcr= 246.1, 1C), 139.3, 129.1 (@ = 5.9, 1C), 128.3 (2C),
127.3 (2C), 126.8, 122.9, 122.3 (dcr = 3.6, 1C), 116.6 (fJcr = 2.4, 1C), 110.1, 66.0
(2C), 57.5 (d%*Jcr = 15.8), 50.3 (dJc e = 4.0, 2C), 42.1, 32.0 (@Jcr = 3.8, 1C), 18.9, 13.4.
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YF-NMR (DMSO-ds, & [ppm], J [Hz]): -134.80. Mass: [M + H]438.2m/z found 438.2n/z.
HPLC purity 96%.

4.1.3.4AN-Benzyl-1-butyl-5-fluoro-7-morpholino-4-oxo-1,4gdroquinoline-3-carboxamide
(7). A solution of compoundd (260 mg, 0.75 mmol) ilN,N-dimethylformamide was treated
with NMM (412 pL, 3.75 mmol),i-butyl chloroformate (390 pL, 3.00 mmol), and
benzylamine (330 pL, 3.00 mmol) as depicted in gleaeral procedure 4.1.3. The crude
product was purified by column chromatography (etu€HCk/MeOH = 100:1, R= 0.35)
and recrystallized from EtOAc to produce 130 mgoffield: 40%; mp 200 °C. IR [cHi:
3030, 2964, 2945, 2983, 2856, 1662, 1624, 1573),16897, 1467, 1264, 1215, 1117, 1003.
'H-NMR (DMSO-dg, 5 [ppm], J [Hz]): 10.39 (t,%J = 6.0, 1H), 8.65 (s, 1H), 7.34-7.31 (m,
4H), 7.27-7.24 (m, 1H), 6.91 (d¥,= 15.6,° = 1.6, 1H), 6.65 (d*J = 1.6, 1H), 4.52 (d’J =
6.0, 2H), 4.37 (t3J = 7.2, 2H), 3.76-3.73 (m, 4H), 3.39-3.37 (m, 4HY2 (quint,’J = 7.2,
2H), 1.31 (sext’J = 7.2, 2H), 0.90 (£J = 7.2, 3H)."*C-NMR (DMSOds, & [ppm], J [HZ]):
174.3 (d,%Jcr = 1.7, 1C), 164.1, 162.7 (dJcr= 256.1, 1C), 153.5 (dfJcr = 13.1, 1C),
147.9, 141.9 (fJcr= 5.7, 1C), 139.5, 128.3 (2C), 127.3 (2C), 12618).7, 108.6 (*Jc =
8.5, 1C), 99.2 (d%Jcr = 25.6, 1C), 94.3, 65.6 (2C), 52.9, 46.5 (2C)5429.8, 19.1, 13.4.
F-NMR (DMSOds, & [ppm]): -109.862. Mass: [M + H}38.2m/z found 438.2n/z.HPLC
purity: 97%.

4.1.3.5N-Benzyl-1-butyl-6,8-difluoro-7-morpholino-4-oxatddihydroquinoline-3-
carboxamide &). A solution of compound4e (190 mg, 0.52 mmol) inN,N-
dimethylformamide was treated with NMM (316 uL, 2rBnol), i-butyl chloroformate (270
puL, 2.1 mmol), and benzylamine (227 pL, 2.1 mmd)depicted in the general procedure
4.1.3. The crude product was purified by columnoaatography (eluent: CHgMeOH =
50:1, R = 0.77) and recrystallized from EtOAc to produ€entg of8. Yield: 25%; mp 165—
167 °C. IR [le]i 3176, 3064, 3033, 2861, 1651, 1596, 1536, 14430, 1377, 1281, 1213,
1109, 1026 H-NMR (DMSO-ds, & [ppm], J [Hz]): 10.16 (tJ = 6.0, 1H), 8.74 (s, 1H), 7.80
(dd,3J = 10.8,°J = 1.6, 1H), 7.35-7.32 (m, 4H), 7.27-7.24 (m, 1455 (d,%) = 6.0, 2H),
4.48-4.44 (br, 2H), 3.73-3.71 (m, 4H), 3.29 (br),4H80-1.73 (m, 2H), 1.38-1.31 (m, 2H),
0.91 (t,3J = 7.2, 3H).X*C NMR (DMSO4g, & [ppm], J [Hz]): 173.1 (d,*Jcr= 1.4, 1C), 163.5,
153.6 (dd,%Jcr = 246.0,3)cF = 6.0, 1C), 150.3, 146.3 (ddjcr = 249.0,%Jc = 7.0, 1C),
139.2, 132.3 (Jcr= 14.0, 1C), 128.3 (2C), 127.3 (2C), 126.8, 1206 1C), 122.7 (e r
= 8.0, 1C), 109.7, 107.0 (dfJcr = 19.0,Jcr = 2.0, 1C), 66.6 (2C), 57.7 ()cr = 15.0,
23
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1C), 50.7 (t3c = 6.0, 2C), 42.1, 32.0 (dcr = 4.0, 1C), 18.9, 13.4°F-NMR (DMSOdg, &
[ppm], J [Hz]): -121.44 (dJsg = 9.6), -130.03 (dJs s = 9.6). Mass: [M + H]456.2m/z found
456.2m/z.HPLC purity: 99%.

4.1.3.6N-Benzyl-1-butyl-5,6-difluoro-7-morpholino-4-oxatddiyhdroquinoline-3-
carboxamide ¢). A solution of compound4f (200 mg, 0.55 mmol) inN,N-
dimethylformamide was treated with NMM (300 pL, 2.mmol),i-butyl chloroformate (286
pL, 2.20 mmol), and benzylamine (240 uL, 2.20 mnagl)depicted in the general procedure
4.1.3. The crude product was purified by columnoomatography (eluent: CHgMeOH =
100:1, R = 0.33) and recrystallized from EtOAc to produd® Ing of9. Yield: 44%; mp
179-180 °C. IR [cril]: 3035, 2958, 2867, 1655, 1629, 1602, 1484 1327411115, 1009.
'H-NMR (DMSO-ds, 3 [ppm], J [Hz]): 10.26 (t, 1H3J = 6.0), 8.74 (s, 1H), 7.35-7.32 (m,
4H), 7.27-7.23 (m, 1H), 6.82 (&) = 6.4, 1H), 4.54 (d*J = 6.0, 2H), 4.43 (£J = 7.2, 2H),
3.79-3.77 (m, 4H), 3.30-3.27 (m, 4H), 1.74 (quidtz 7.2, 2H), 1.31 (sext) = 7.2, 2H),
0.91 (t,% = 7.2, 3H).°*C-NMR (DMSO-s, 5 [ppm], J [Hz]): 174.2, 163.7, 149.4 (dd)cr =
257.7,%JcF = 13.2, 1C), 147.0, 144.1 (m, 1C), 139.5 (Ui},r = 245.6,%)cF = 13.7, 1C),
139.4, 136.3 (d*Jcr = 3.9, 1C), 128.3 (2C), 127.3 (2C), 126.7, 11H5%cr = 5.4 1C),
110.9, 99.5, 65.7 (2C), 53.0, 49.3 (Wcr = 4.4, 2C) 42.0, 29.8, 19.1, 134F-NMR
(DMSO-ds, d [ppm], J [Hz]): -140.03 (d,Js6 = 18.0), -151.62 (ddJ)ss = 18.0,Js5 = 8.0).
Mass: [M + H[ 456.2m/z found 456.1m/z HPLC purity: 99%.
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4.1.3.7N-Benzyl-1-butyl-6-methoxy-7-morpholino-4-oxo-1lidydroquinoline-3-

carboxamide 10). A solution of compound4g (230 mg, 0.63 mmol) inN,N-
dimethylformamide was treated with NMM (346 uL, 3rnol), i-butyl chloroformate (327
puL, 2.52 mmol), and benzylamine (275 uL, 2.52 mnaagl)depicted in the general procedure
4.1.3. The crude product was purified by columnoomatography (eluent: CHgMeOH =
50:1, R = 0.73) and recrystallized from acetonitrile togmce 100 mg of0. Yield: 34%; mp
156 °C. IR [le]i 3045, 2952, 1711, 1616, 1470, 1446, 1256, 12291, 1041, 1006'H-
NMR (CDCl, & [ppm], J [Hz]): 10.57 (t,°J = 5.2, 1H), 8.70 (s, 1H), 7.85 (s, 1H), 7.42-7.21
(m, 5H), 6.82 (s, 1H), 4.71 () = 5.6, 2H), 4.23 (£ = 7.6, 2H), 3.99 (s, 3H), 3.94-3.92 (m,
4H), 3.24-3.22 (m, 4H), 1.90 (quirt] = 7.2, 2H), 1.4 (sext) = 7.2, 2H), 1.0 (t3J = 7.2,
3H). **C-NMR (CDCk, & [ppm], J [Hz]): 175.4, 165.4, 150.4, 146.6, 146.2, 138.84.5,
128.8 (2C), 127.7 (2C), 127.0, 123.42, 111.0, 1,0608.7, 66.8 (2C), 55.5, 54.0, 50.7 (2C),
43.3, 31.0, 20.0, 13.6. Mass: [M +HI50.2m/z found 450.3n/z.HPLC purity: 96%.

4.1.3.8N-Benzyl-1-butyl-7-morpholino-4-oxo-6-(trifluororhgt)-1,4-dihydroquinoline-3-
carboxamide 11). A solution of compound4h (220 mg, 0.56 mmol) inN,N-
dimethylformamide was treated with NMM (307 pL, 2m8mol), i-butyl chloroformate
(231 pL, 2.24 mmol), and benzylamine (214 uL, 2166ol) as depicted in the general
procedure 4.1.3. The crude product was purified dojumn chromatography (eluent:
CHCI3/MeOH = 100:1, R= 0.67) and recrystallized from EtOAc to produdendg of 11.
Yield: 15%; mp 168 °C. IR [cifi: 3232, 2958, 2935, 1659, 1626, 1598, 1486, 14357
1240 1108H-NMR (DMSO-ds, & [ppm], J [Hz]): 10.18 (tJ = 7.6, 1H), 8.90 (s, 1H), 8.54
(s, 1H), 7.68 (s, 1H), 7.35-7.33 (m, 4H), 7.28-7(25 1H), 4.57-4.54 (m, 4H), 3.77-3.75 (m,
4H), 3.09-3.05 (m, 4H), 1.75 (quint] = 7.2, 2H), 1.35 (sext) = 7.6, 2H), 0.92 (83 = 7.2,
3H). *C-NMR (DMSOds, 3 [ppm], J [Hz]): 174.6, 163.6, 154.9, 149.5, 142.0, 13928.4
(2C), 127.3 (2C), 126.6, 126.5 (m, 1C), 124.5 (@),1122.7, 121.8 (m, 1C), 112.0, 111.5,
66.3 (2C), 52.9 (2C), 52.7, 42.1, 30.4, 19.0, 1®14ss: [M + H[ 488.2m/z found 488.1m/z.
HPLC purity: 97%.

4.1.3.9N-Benzyl-1-(3-(benzyloxy)propyl)-6-fluoro-7-morpghotl4-oxo-1,4-dihydroquinoline-
3-carboxamide 12). A solution of compound4i (400 mg, 0.90 mmol) inN,N-
dimethylformamide was treated with NMM (463 uL, @mmol),i-butyl chloroformate (468
pL, 3.60 mmol), and benzylamine (393 pL, 3.60 mnagl)depicted in the general procedure
4.1.3. The crude product was purified by columnoaiatography (eluent: CHgMeOH =
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100:3, R = 0.56) and recrystallized from EtOAc to produ&® 3ng of12. Yield: 76%; mp
174-175 °C. IR [ci]: 3181, 3038, 2939, 2856, 1652, 1536, 1586, 13%286. 'H-NMR
(DMSO-ds, d [ppm], J [Hz]): 10.37 (t,3J = 6.8, 1H), 8.81 (s, 1H), 7.87 (&] = 13.6, 2H),
7.36—7.25 (m, 10B 7.13 (d,"J = 7.2, 1H), 4.58-4.55 (m, 5H), 4.44 {3,= 6.0, 2H), 3.75—
3.70 (m, 4H), 3.49 (£J = 5.6, 2H), 3.20-3.18 (m, 4H), 2.10 (quifi,= 6.0, 2H).*C-NMR
(DMSO-dg, & [ppm], J [Hz]): 174.7 (d,Jcr = 2.5), 164.6, 153.2 (dJcr = 247.8), 148.6,
144.8 (d,Jcr = 10.4), 139.9, 138.1, 137.2, 128.9 (2C), 128@)(428.7, 128.1 (2C), 127.8,
127.9 (2C), 122.0 (dJc e = 7.0), 112.1 (dBJcr = 22.9, 1C), 110.6, 106.0 (Hlc = 4.8, 1C),
72.1, 66.8, 66.7 (2C), 51.6, 50.3 {dcr = 4.7, 2C), 42.6, 28.8. [M + F530.3m/z found
530.1m/z HPLC purity: 100%.

4.1.3.10 N-Benzyl-1-butyl-5-(dimethylamino)-7-morpholino-xeel,4-
dihydroquinoline-3-carboxamideld). A solution of compoundlj (350 mg, 0.94 mmol) in
N,N-dimethylformamide was treated with NMM (517 pLy@.mmol),i-butyl chloroformate
(490 pL, 3.78 mmol), and benzylamine (410 pL, 3ridol) as depicted in the general
procedure 4.1.3. The crude product was purified dojumn chromatography (eluent:
CHCI3/MeOH = 100:3, R= 0.82) and recrystallized from EtOH to producé® @y of 13.
Yield: 42%; mp 168-170 °C. IR [cht 3154, 3030, 2954, 2861, 2823, 1653, 1594, 1564,
1526, 1485, 1452, 1373, 1284, 1230, 1120, 1013,"FtNMR (DMSO-ds, 3 [ppm], J [Hz]):
10.69 (t,% = 6.0, 1H), 8.54 (s, 1H), 7.34-7.33 (m, }H.27-7.25 (m, 1H), 6.36-6.34 (m,
2H), 4.52 (d2J = 6.0, 2H), 4.29 (£J = 7.2, 2H), 3.76=3.74 (m, 4H), 3.34-3.31 (m, 4M}5

(s, 6H), 1.74-1.70 (m, 2H), 1.33 (sext, 28= 7.2), 0.91 (£33 = 7.2, 3H).*C-NMR (DMSO-

ds, & [ppm], J [Hz]): 174.8, 164.7, 154.5, 153.2, 146.3, 14330.6, 128.3 (2C), 127.2 (2C),
126.7, 111.1, 110.5, 99.1, 91.2, 65.9 (2C), 53700 42C), 42.0 (2C), 40.1, 29.9, 19.1, 13.5.
Mass: [M + HJ 463.3m/z found 463.3n/z.HPLC purity: 99%.

41.3.11 N-Benzyl-1-butyl-5-methoxy-7-morpholino-4-oxo-lidydroquinoline-3-
carboxamide 14). A solution of compound4k (220 mg, 0.61 mmol) inN,N-
dimethylformamide was treated with NMM (335 pL, 3.:®mol),i-butyl chloroformate (317
ML, 2.44 mmol), and benzylamine (305 pL, 2.44 mnagl)depicted in the general procedure
4.1.3. The crude product was purified by columnoaatography (eluent: CHgMeOH =
50:1, R = 0.63) and recrystallized from EtOH to produc® bdg ofl14. Yield: 51%; mp 159-
161 °C. IR [cml]: 2987, 2954, 2924, 2894, 1661, 1611, 1523, 14886, 1258, 1237:H-
NMR (DMSO-ds, d [ppm], J [Hz]): 10.67 (t,%J = 6.0, 1H), 8.57 (s, 1H), 7.35-7.32 (m, 4H),
26
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7.28-7.25 (m, 1H, 6.53 (d*J = 1.6, 1H), 6.43 (d’'J = 1.6, 1H), 4.50 (fJ = 6.0, 2H), 4.32 (t,
3)=7.6, 2H), 3.82 (s, 3H), 3.78-3.76 (m, 4H), 3837 (m, 4H), 1.72 (quint) = 7.2, 2H),
1.31 (sext®) = 7.2, 2H), 0.91 (t3J = 7.2, 3H)."*C-NMR (DMSO4ds, 5 [ppm], J [Hz]):
175.25, 164.5, 161.8, 153.8, 146.8, 142.6, 1328,31(2C), 127.3 (2C), 126.7, 110.9, 110.2,
95.0, 91.3, 65.8 (2C), 55.8, 53.0, 46.9 (2C), 4298, 19.1, 13.5. Mass: [M + H450.2m/z
found 450.1m/z HPLC purity: 98%.

4.1.3.12 1-Butyl-6-fluoro-N-(4-fluorobenzyl)-7-morpholinogko-1,4-
dihydroquinoline-3-carboxamidel%). A solution of compoundia (90 mg, 0.26 mmol) in
N,N-dimethylformamide was treated with NMM (141 pL29.mmol),i-butyl chloroformate
(134 pL, 1.02 mmol), and (4-fluorophenyl)methanan(hl8 pL, 1.02 mmol) as depicted in
the general procedure 4.1.3. The crude product puaied by column chromatography
(eluent: CHC{/MeOH = 100:1, R= 0.75) and recrystallized from EtOAc to produ€enTg

of 15. Yield: 58%; mp 177-179 °C; IR [ch 3032, 2954, 2871, 1654, 1625, 1603, 1536,
1485, 1468, 1478, 1257, 1213, 1118-NMR (DMSO-ds, & [ppm], J [Hz]): 10.36 (t,%J =
6.0, 1H), 8.78 (s, 1H), 7.87 (4= 13.6, 1H), 7.40-7.36 (m, 2H), 7.18-7.09 (m, ZHD9 (d,
%3=7.6, 1H), 4.53 (3 = 6.0, 2H), 4.48 (£J = 7.2, 2H), 3.80-3.78 (m, 4H), 3.26-3.24 (m,
4H), 1.77 (quint3J = 7.6, 2H), 1.32 (sext) = 7.6, 2H), 0.92 (23] = 7.2, 2H)."*C-NMR
(DMSO-dg, & [ppm], J [Hz]): 174.6 (d,*Jcr= 2.5, 1C), 164.0, 160.2 (d)c = 240.4, 1C),
152.4 (d,}Jc r= 245.6, 1C), 147.7, 144.3 (dc = 10.3, 1C), 136.6, 135.6 (Hic £= 3.0, 1C),
129.3 (d,2Jc = 8.0, 2C), 121.4 (FJcr= 6.9, 1C), 115.1 (fJcr= 21.1, 2C), 111.0 (dJcr

= 22.4,1C), 109.9, 105.5 (8= 3.3, 1C), 65.8 (2C), 52.8, 49.8 (dc = 4.4, 2C), 41.3,
30.2, 19.1, 13.4.F-NMR (DMSOds, & [ppm], J [Hz]): -116.04, -123.79. Mass:
[M + H]" 456.2m/z found 456.2n/z.HPLC purity 98%.

4.1.3.13 1-Butyl-6-fluoro-N-(2-fluorobenzyl)-7-morpholinogko-1,4-
dihydroquinoline-3-carboxamidel§). A solution of compoundta (210 mg, 0.60 mmol) in
N,N-dimethylformamide was treated with NMM (329 uLO@.mmol),i-butyl chloroformate
(328 puL, 2.40 mmol), and (2-fluorophenyl)methanan{B00 mg, 2.40 mmol) as depicted in
the general procedure 4.1.3. The crude product puaied by column chromatography
(eluent: CHC{/MeOH = 100:1, R= 0.34) and recrystallized from EtOAc to produ€enTg
of 16. Yield: 25%; mp 154-156 °C. IR [cfit 3053, 2963, 2848, 1651, 1604, 1482, 1452,
1305, 1267, 1247, 11234-NMR (DMSO-dg, 3 [ppm], J [Hz]): 10.37 (%) = 6.0, 1H), 8.77
(s, 1H), 7.87 (d*J= 13.6, 1H), 7.41-7.32 (m, 2H), 7.22-7.16 (m, ZH)0 (d,*J= 7.2, 1H),
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4.58 (d,%) = 6.0, 2H), 4.47 (3 = 7.2, 2H), 3.80-3.78 (m, 4H), 3.26-3.24 (m, 4HY6
(quint,3J = 7.6, 2H), 1.31 (sext] = 7.6, 2H), 0.92 (£J = 7.2, 3H)."*C-NMR (DMSO<ds, &
[ppm], J [Hz]): 174.1 (dJc = 2.5, 1C), 164.2, 160.1 (Jc = 242.9, 1C), 152.4 (dJcr=
246.1, 1C), 147.8, 144.3 (l)cr= 10.3), 136.6, 129.7 (dJcr= 4.5, 1C), 129.0 (d¥Jcr=
8.0, 1C), 125.9 (fJcr= 14.9, 1C), 124.4 (dJc = 3.4, 1C), 121.4 (FJcr= 6.9, 1C), 115.1
(d, 2Jcr= 21.0, 1C), 111.4 (FJc = 22.4, 1C), 109.9, 105.5 (dc = 3.3, 1C), 65.9 (2C),
52.8, 49.8 (d%Jc = 4.4, 2C), 36.1 (fJIcr= 4.2, 1C), 30.2, 19.1, 13.4F-NMR (DMSO-ds,
S [ppm], J [Hz]): -118.89 (m), -123.70 (ddse = 14.4,Js8 = 7.7). Mass: [M + H]456.2m/z
found 456.1m/z.HPLC purity: 95%.

4.1.3.14 1-Butyl-N-(2,4-difluorobenzyl)-6-fluoro-7-morphotird-oxo-1,4-
dihydroquinoline-3-carboxamidel). A solution of compoundta (200 mg, 0.57 mmol) in
N,N-dimethylformamide was treated with NMM (313 pLO@.mmol),i-butyl chloroformate
(297 pL, 2.28 mmol), and (2-fluorophenyl)methanan({B26 mg, 2.28 mmol) as depicted in
the general procedure 4.1.3. The crude product puaied by column chromatography
(eluent: CHC/MeOH = 100:1, R= 0.41) and recrystallized from EtOH to producen@§ of
17. Yield: 30%; mp 160-161 °C. IR [c'ﬁ]t 3031, 2959, 2871, 1659, 1625, 1601, 1485, 1449,
1256, 1210, 1102H NMR (DMSO-ds, d [ppm], J [Hz]): 10.36 (1,2 = 6.0, 1H), 8.76 (s, 1H),
7.88 (d,2)=13.6, 1H), 7.46—7.40 (m, 1H), 7.26=7.21 (m, TH)0 (m, 2H), 4.56 (¢J = 6.0,
2H), 4.46 (133 = 7.2, 2H), 3.80-3.78 (m, 4H), 3.26-3.24 (m, 4HY6 (quint,®] = 7.6, 2H),
1.32 (sext3J = 7.6, 2H), 0.91 (£J = 7.2, 3H).2*C NMR (DMSO+g, & [ppm], J [Hz]): 174.0
(d,*Jce= 2.5, 1C), 164.2, 161.4 (dtllc r= 243.43)c = 12.1, 1C), 160.2 (dd)c = 245.8,
3Jcr=12.1, 1C), 152.4 (dJcr= 246.1, 1C), 147.8, 144.3 (flc = 10.3, 1C), 136.6, 130.8
(dd, ®Jcr= 9.8,%)c = 6.8, 1C), 122.4 (ddJcr= 14.9,°)c = 3.6, 1C), 124.4 (fJcr= 3.4,
1C), 121.4 (d3Jce= 6.9, 1C), 111.4 (fce= 22.4, 1C), 111.3 (ddJc = 20.9,*)c = 3.5,
1C), 109.9, 105.5 (d)c = 3.3, 1C), 103.7 (EJcr= 25.6, 1C), 65.8 (2C), 52.8, 49.8 (d, 2C,
2Jor= 4.4, 1C), 36.1 (d®Jcr= 4.2, 1C), 30.2, 19.1, 13.5%F-NMR (DMSO-ds, & [ppm], J
[Hz]): -111.89 (m), -114.45 (m), -123.72 (ddlsg = 14.4, Jsg = 7.7). Mass:
[M + H]"474.2m/z found 474.1m/z.HPLC purity: 98%.

4.1.3.15 1-Butyl-5-fluoro-N-(4-fluorobenzyl)-7-morpholinogko-1,4-

dihydroquinoline-3-carboxamidel®). A solution of compoundid (100 mg, 0.29 mmol) in

N,N-dimethylformamide was treated with NMM (160 puL43.mmol),i-butyl chloroformate

(150 pL, 1.16 mmol), and (4-fluorophenyl)methanaen(h45 mg, 1.16 mmol) as depicted in
28
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the general procedure 4.1.3. The crude product puaied by column chromatography
(eluent: CHCY/MeOH = 100:1, R= 0.53) and recrystallized from EtOH to producend of
18. Yield: 31%; mp 191 °C. IR [cH]: 3063, 2958, 2860, 1662, 1629, 1603, 1583, 1550,
1534, 1508'H-NMR (DMSO-dg, 3 [ppm], J [Hz]): 10.38 (t,J = 6.0, 1H), 8.65 (s, 1H), 7.39—
7.35 (m, 2H), 7.18— 7.13 (m, 2H), 6.95 (ddi= 15.6,*J = 1.6, 1H), 6.65 (d*J = 1.6, 1H),
4.50 (d,%J = 6.0, 2H), 4.37 (3 = 7.2, 2H), 3.76-3.73 (m, 4H), 3.39-3.37 (m, 4H)2
(quint, 33 = 7.2, 2H), 1.31 (sextd = 7.2, 2H), 0.90 (£J = 7.2, 3H).*C-NMR (DMSOds, &
[ppm], J [Hz]): 174.2 (d,Jce= 1.7, 1C), 164.1, 163.2 (Hc = 256.1, 1C), 160.8 (dJcr=
240.8, 1C), 153.5 (FJcr = 13.1, 1C)147.9, 142. (d®Jcr = 5.7, 1C), 135.7 (dJcr = 3.0,
1C), 129.2 (d2Jcr = 8.1, 2C), 115.0 (fJcr = 21.1, 2C), 110.7, 108.7 (&cr = 8.5, 1C),
99.2 (d,%J = 25.6, 1C), 94.3, 65.6 (2C), 52.9, 46.5 (2C)5429.8, 19.1, 13.4°F-NMR
(DMSO-ds, 8 [ppm], J [HZ]): -109.89 (dJs6 = 16.6), -116.08 (m). Mass: [M + H}56.2m/z
found 456.0m/z.HPLC purity: 97%.

4.1.4 N-benzyl-6-fluoro-1-(3-hydroxypropyl)-7-morpholideexo-1,4-dihydroquinoline-3-
carboxamide 19). Compoundl2 (0.20 g, 0.377 mmoland a catalytic amount of Pd/C were
suspended in chlorofori@d5 mL). The mixture was pressurized with hydrog2s bar) and
was heated under microwave irradiation (100 °C/ BQOfor 12 h. The solvent was then
removed in vacuo and the residue was purified via column chromatplyy (eluent:
CHCIy/MeOH = 20:1, R=0.22). The white residue was recrystallized frRtAc to give
110 mg of19 as pale-white crystals. Yield: 66%; mp 182 °C.[t/1"]: 3384, 3070, 2858,
1651, 1628, 1600, 1536, 1488, 1448, 1364, 1259),11036.'H-NMR (DMSO-dg, & [ppm],

J [Hz]): 10.36 (tJ = 6.8, 1H), 8.78 (s, 1H), 7.87 (1 = 13.6, 1H), 7.34-7.33 (m, 4H), 7.28—
7.24 (m, 1H), 7.20 (dJ = 7.2, 1H), 4.79 (£J = 4.8, 1H), 4.44-4.49 (m, 4H), 3.79-3.77 (m,
4H), 3.49-3.42 (m, 2H), 3.26-3.23 (m, 4H), 1.94irgdJ = 7.2, 2H).**C-NMR (DMSO-d,

3 [ppm], J [Hz]): 174.0 (d,Jcr = 2.5, 1C), 164.0, 153.3 (dJcr = 247.8, 1C), 147.9, 144.1
(d, ek = 10.4, 1C), 139.2, 136.6, 128.3 (2C), 127.1 (22B.7, 121.3 (e = 7.0, 1C),
111.2 (d,%Jcr = 22.9, 1C), 109.9, 105.5 (d)cr = 4.8, 1C), 65.7 (2C), 57.0, 50.2, 49.7 (d,
“Jcr=4.7,2C) 41.9, 31.1. Mass: [M + H}40.2m/z found 440.1m/z HPLC purity: 99%.

4.1.5 Synthesis of 3-(3-(benzylcarbamoyl)-6-fluoro-7-nm@imo-4-oxoquinolin-1(4H)-

ylpropyl methanesulfonate2@. Compound19 (0.230 mg, 0.523 mmol), triethylamine

(507 pL, 3.66 mmol) and methanesulfonyl chlorid (8Q 1.05 mmol) were dissolved in

CH.Cl, under Ar atmosphere at 0 °C. After 12 h of stgrat room temperature, the solvent
29
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was removed under reduced pressure to give the gratiuct. The purification was carried
out by subsequent column chromatography (eluenClggMeOH = 100:3, R= 0.49) yielded
141 mg of20 as a white solid. Yield: 52%; mp 232—234 °C. IR[¢: 3168, 3045, 2935,
2830, 1654, 1625, 1601, 1541, 1487, 1352, 12630,12569.'"H-NMR (CDCk, & [ppm], J
[Hz]): 10.37 (t,%) = 6.0, 1H), 8.72 (s, 1H), 8.06 (& = 13.2, 1H), 7.38-7.32 (m, 4H), 7.28-
7.22 (m, 1H), 6.82 (fJ = 7.2, 1H), 4.66 () = 6.0, 2H), 4.40 (£J = 7.2, 2H), 4.33 (E) =
5.2, 2H), 3.91-3.89 (m, 4H), 3.29-3.27 (m, 4H),83(8, 3H), 2.38-2.32 (m, 2H)°*C-NMR
(CDCl, & [ppm], J [Hz]): 175.3 (d%Jc = 2.2, 1C), 164.8, 153.1 (Hc = 248.1, 1C), 147.1,
145.2 (d,*Jc = 10.5, 1C), 138.7, 136.5, 128.6 (2C), 127.6 (22).1, 122.4 (FIcr= 7.4,
1C), 113.2 (dZJcr = 22.9, 1C), 111.7, 103.2 (dlcr = 2.9, 1C), 66.6 (2C), 66.3, 50.3, 50.2
(d,*Jcr=4.2, 2C), 43.3, 37.6, 28.8.

4.1.6 N-benzyl-6-fluoro-1-(3-fluoropropyl)-7-morpholinceko-1,4-dihydroquinoline-3-
carboxamide Z1) [39]. A solution of N,N-diethylaminosulfur trifluoride (123 pl,
0.932 mmol) in CHCI, (3 mL) was transferred to a solutioni# (0.205 mg, 0.466 mmolh
CH.CI, (15 mL) at 0 °C. The reaction was stirred for 28thhoom temperature and followed
by quenching by means of 5% NaHC(® mL). The aqueous layer was extracted with
CH.Cl, (4 x 30 mL), dried over N&O, and the solvent was removed under reduced pressure
The solid residue was purified by column chromaapby (eluent: CHGIMeOH = 100:3, R

= 0.59) to give 110 mg d1 as white solid. Yield: 53% mp 152 °C. IR [¢in 3196, 3059,
2965, 2906, 2855, 1654, 1627, 1604, 1537, 14859,14377, 1359, 1303, 1254, 1206, 1172.
'H-NMR (CDCk, & [ppm], J [Hz]): 10.32 (t,%J = 6.0, 1H), 8.67 (s, 1H), 8.01 (& = 13.2,
1H), 7.32-7.24 (m, 4H), 7.17-7.15 (m, 1H), 6.81*)ds 7.2, 1H), 4.60 () = 7.2, 2H), 4.49
(dt, 2J = 46.8,3) = 5.2, 2H), 4.32 (8] = 5.2, 2H), 3.85-3.82 (m, 4H), 3.21-3.18 (m, 4H),
2.28-2.16 (m, 2H)**C-NMR (CDCk, & [ppm], J [Hz]): 175.3 (d,"Jcr = 2.2, 1C), 164.8,
153.3 (d,"Jcr = 248.1, 1C), 147.1, 145.1 @c = 10.6, 1C), 138.8, 136.7, 128.6 (2C), 127.6
(2C), 127.1, 122.5 (dJcr = 7.3, 1C), 113.1 (d)cr = 22.9, 1C), 111.8, 103.2 (m, 1C), 80.2.3
(d, "Jcr = 165.4, 1C), 66.6 (2C), 50.2 (U = 4.2, 2C), 49.8 (FJc = 3.1, 1C), 43.3, 37.6
(d, 2Jcr = 19.9, 1C)."F-NMR (DMSOds, & [ppm], J [Hz]): -123.80, -219.87. Mass:
[M + H]"442.2m/z found 442.2n/z HPLC purity: 97%.

4.1.7 Radiosynthesis of‘§F] 21. [**F]Fluoride was separated from enriched water by SPE

using an anion exchange cartridge (Sep-Pak AccelAQight). It was then eluted with a

solution of potassium carbonate (10 mg/mL, 40D into a 5 mL conical vial containing a
30
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solution of kryptofix (12 mg) in dry ACN 0.7 mL. Ehreaction mixture was dried with the
addition of dry ACN (2 x 70QL) under argon flow at 90 °C. The precur&fr (5 mg, 9.0
pumol) in DMF (400uL) was added to the dried®F]fluoride and the reaction mixture was
heated at 120 °C for 5 min in sealed vial. The tieacmixture was cooled for 2 min and
diluted with water (40QiL). Purification was carried out by radio-HPLC ugia Nucleosil
100-10 Gg, 10 x 250 mm column (Macherey-Nagel) and a mobit@se of 50% (v/v)
ACN/water at 5 mL/min. The radioactive fraction waslected and diluted with water (50
mL) and passed through atCcartridge (Waters Sep-Pak Accell Light;§Ccartridge,
prepared by washing with 10 mL of ethanol and thesing with 10 mL of water). The
cartridge was washed with additional 10 mL of wated the product was eluted with ethanol
(2 mL) and formulated with saline solution (RCY £®%%). The identity and radiochemical
purity of the radiotracer were confirmed by co-atjen with corresponding standa2d using
RP-HPLC with a Nucleosil 100-7,¢; 4.6 x 250 mm column (Macherey-Nagel) and a mobile
phase of 60% (v/v) ACN/water at 1 mL/mig & 9.4 min) (cf. Fig. S7).

4.2 Biological assays

4.2.1 Antitrypanosomal Assayl.rypomastigote forms of. brucei bruceilaboratory strain
TC 221 were cultured in Baltz medium according tandard conditions [18]. The
AlarmarBlué® assay was realized according to previously redoptecedure [7, 8, 19, 20].
Briefly, a defined number of parasites {lfypanosomes per mL) were exposed in test
chambers of 96 well plates to various concentralemels of the test substances in a final
volume of 20QuL. Positive (trypanosomes in culture medium) andatiee controls (test
substance without trypanosomes) were run with géatle. The plates were then incubated at
37 °C in an atmosphere of 5% g@r a total time period of 72 h. The effect of ttes
substances was quantified in s§Cvalues by linear interpolation of two different
measurements. The activity of the test substanessmeasured by light absorption in a MR
700 microplate reader at a wavelength of 550 nnh &itreference wavelength of 630 nm,
using the AlamarBIu& The tests were performed in duplicate angh\@lues are presented
as mean values of two independent experiments sighm parasites.

4.2.2 Macrophage AssayThe macrophage cell line J774.1 was cultured RMR1640
medium, supplemented with 10% FCS, 10 U/mL pemci®, 10 pg/mL streptomycin, and
50 uM 2-mercaptoethanol in an atmosphere of 37 5%, CQ, 95% humidity. For the

experimental procedure, previously reported prdtecas applied [7, 8]. Briefly, the cells
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were detached from the flasks with a cell scrapet eell densities were adjusted. J774.1
macrophages were seeded into the chambers of theefi6plate and were incubated
overnight to allow attachment and recovery. Thea,dompounds were diluted in DMSO and
incubated for 24 h with the cells. Following thediin of AlamarBlu€ (20 pL) the plates
were further incubated. The absorbance was reaal \mavelength of 550 nm (reference
wavelength 630 nm) indicating the viability. The 4g€alues are presented as mean values of
two independent experiments against the macrophages

4.3 Metabolism

For investigating the phase | metabolism7plL5, and18, incubations were carried out with
human liver microsomes, human and rat S9, and hwytasol at a protein concentration of 1
mg/mL, respectively. The incubations contained ¢benpounds?7, 15, and 18 (100 uM),
protein (1 mg/mL), phosphate buffer (0.1 M, pH 7a¥)d NADPH/H as a cofactor. Solutions
for elucidating the metabolism were stored in aewatth at 37 °C for 0, 30, 60, and 90 min.
The reactions were terminated by adding 500 pL t@A€. 7-(4-acetylpiperazin-1-yIN-
(2,4-dichlorobenzyl)-6-fluoro-1-(2-fluorophenyl)-@o-1,4-dihydroquinoline-3-carboxamide
was added as internal standard and the reactioturaixvas extracted three times with
EtOAc. After evaporating the solvent, the residwese dissolved in 25 pL ACN and 20 pL
were subjected to HPLC with UV detectioniat 282 nm (Hewlett Packard Agilent Series
1100) to determine rate of decrease of the commudnd5 and 18. For identifying the
metabolites, an Agilent 1100 LC/MSD Trap SL wasdussing an electrospray ionization
technique operating in positive-ion mode. HPLC safan was carried out using a Zorbax
SB-Cg column (100 x 3 mm, 3.5 um particle size) (Agil@michnologies); mobile phase A:
water 0.5% FA, mobile phase B: ACN 0.5% FA: 5% B @omin, gradually increasing to
95% B within 25 min; flow rate: 0.5 ml/min; injeotn volume: 5 pL; temperature: 25 °C.
Three independent incubations were performed.

The electrospray ionization interface parameterthefAgilent 1100 LC/MSD Trap SL were
set as follows: capillary voltage 3.5 kV, sourcenperature 350°C, nebulizer gas 700 psi, dry
gas 12 Lmiff, and fullscan modus 100-600 m/z. The fragmentatinditions are as follows:
Manual MS(n); MS/MS: m/z to the respective metaleolwidth: 4; amplitude: 1; amplitude
by smart fragmentation: 30-200%; isolation and rimagtation activated at the system; time
per fragmentation: 40 ms; cut off: m/z 430116; m/z: 472> 127; m/z: 454> 123; m/z:
375> 101.
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4.4 logP Determination

The logarithmized capacity factor of the calibratisubstances was correlated with the
experimental octanol/water logP values, and theltiag linear equation was utilized to
calculate the logP value of the tested compound®7J The following substances were used
for calibration: acetanilide, 2-phenylethanol, beme, toluene, chlorobenzene, ethylbenzene,
biphenyl, and anthracene. A linear regression wafopned for the lodf/logP data of the
reference compoundsy € 2,139% + 1,6278; R?=0,97551). The regression equation was
used to calculate the logP of the compounds (¢f. $2).

4.5 Solubility

For assessing the thermodynamic solubility of commpis5-7, 10, 19, and21, the continuous
shake flask protocol according to reference [8] wpplied. The substance was dosed in
excess into reaction tubes and dissolved in PBSebypH 7.4). Samples were taken
throughout a period of 24 h of continuous shak®@0(rpm) and constant warming (37 °C).
After centrifugation (13.000 rpm, 1 min), the supmant was analysed by HPLC-UV
(detection wavelength = 280 nm) with a Eurosphere 11 100-5g8 column (Knauer, Berlin,

Germany) and a mobile phase of ACN/water (72/28 ai\a flow rate of 1 mL/min.

4.6 Ex vivo autoradiographical study

['®F]21 (19.3+2.3 MBq) was administered intravenously iB&J mice (n = 2) under 1.5%
isoflurane anesthesidhe mice were sacrificed 60 min after injectionaiBs were dissected
and cut in 3 mm sections of brain tissue and expasea phosphor image plate (Biostep,
Jahnsdorf, Germany) over night. The image plate rigad on an image plate reader (Durr
Medical, Bietigheim-Bissingen, Germany) and datalysis was performed using the
software AMIDE Medical Image Data Examiner (Versinf.4).

Animal investigation was approved by the local mtist government (Regierung von
Unterfranken), 55.2-2531.01-23/11.
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1186 °Reagents and conditions: (i) alkyl bromideCKs, KI, DMFays. 80 °C (ii) 2 M HCI, reflux;
1187  (iii) 3 M KOH, reflux; (iv) NaH, MeOHys, 90 °C (v) morpholine, MW (500 W), 110 °C; (vi)
1188 morpholine, DMF, 130 °C (vii) 1) Bf#OEt, DCMaps, reflux 2) morpholine, TEA, EtOH,
1189 80 °C; (viii) 2 M NaOH, reflux; (ix) benzyl amineedvative, NMM, i-butyl chloroformate,
1190 DMFgs. 0 °C/rt
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1208 Table 1: LogP value, antitrypanosomal activity,otgkicity and selectivity index of selected
1209 quinolone amide derivatives.

GHQ168[7] 4.10 0.047 + 0.000.05 + 0.01 57 1212
5 3.51 0.23+0.01 0.20+0.02 >100 >435
6 4.09 0.79+0.06 0.86+0.00 >25 >32
7 3.36 0.05+0.01 0.08+0.05 >100 >2000
8 457 0.06+0.00 0.20+0.01 >20¢ >333
9 3.97 0.04 +0.02 0.03+0.00 >25 >625
10 3.73 0.31+0.16 0.24 +0.0542.0+2.8 135
11 4.18 0.54+0.01 0.59+0.0078.6+1.9 146
12 3.90 NDF ND >100 ND
13 ND 1.85+0.26 4.80 +1.07 44.0 + 0.4 24
14 ND 0.76+0.01 0.65+0.00 51.8+0.8 68
15 4.13 0.05+0.01 0.09+0.02 >20 >400
16 ND 0.41 +0.07 0.46 +0.00 37.0+1.6 90
17 ND 0.03+0.00 0.03+0.00 59.6 0.4 1987
18 3.41 0.02+0.00 0.02+0.00 >25 >1250
19 3.04 0.27 +0.07 055+0.05 43.1%2.0 160
21 3.34 0.12+0.06 0.17+0.11 42.4+1.8 353

1210

1211 2ICsq growth inhibition ofT. b. bruceistrain TC 221Values represent the mean of two
1212 experiments.

1213 ° CGsy growth inhibition of the macrophage cell line 7% Values represent the mean of
1214 two experiments.
1215 °ND, not determined.

1216 9 Precipitation occurred at this concentration levitlus no further statements about
1217 cytotoxicity can be made.

1218

42



ACCEPTED MANUSCRIPT

1219 Scheme 3: Metabolic pathways of compound
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1222 Table 2: Cytosolic turnover of selected compounds.

Substrate Turnover (pmolxmin xmgxproteir)
7 4.30 £0.23
15 5.94 +1.65
18 3.89£0.29

GHQ168 47.11 + 20.84 [20]

1223
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Synthesis and spectroscopic data

Fig S1: Gould Jacobs Synthesis

O\ toluene O\ dlphenyl ether 6 5\48 3 OEt
it |
NH, EtOJ\(KOEt 110 °C ﬁ:)J\OEt 210°C F{7_' “ |2
g 8aN
OEt OEt H
1a-h

1a[1] 1b[2] 1c[3] 1d[4] 1e[5] 1f[6] 1g[7] 1h[8]

R° H H H F H F H H
RS F H H H F F OCH CR
R’ Cl Br Cl F F F Cl F
R® H H F H F H H H

General synthesis of the ethyl-4-hydr oxyquinoline-3-car boxylate 1a-h.

A solution of the appropriate aniline derivativegq) in toluene (20-50 mL) was treated with
diethyl 2-(ethoxymethylene)malonate (1.2 eq) and vedluxed for 15-20 h. The solvent was
removed under reduced pressure and the crude pradiscrecrystallized from-hexane at -
20 °C. After that, the resulting diethyl (2-(amin@thylene)malonate was dissolved in 5-
10 mL diphenyl ether and was reacted for 20-60ahi210 °C under microwave irradiation.
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Fig S2: Calibration curve for determination of logP vadue

Knauer (Eurosphere Il, 100-5 C18H)
5

45 °
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Fig S3: Fragmentation of compound

Chemical Formula: C,gHz:FN4O4*

Exact Mass: 348,17
N Molecular Weight: 348,40
| —on
N

F 0 O

0 miz (M+H#+) 454
| NH;
oxidation - |/\ N ‘N
aromatic hydroxylation fragmentation 0\) miz (M+H+) 348
in vitro via CYP LC-MS/MS
F O O
1 N@
(" Nw F oo
ot |07 w:a cyp o o o

miz (M+H#+) 438 —» (N i,
N . fragmentation O miz (M+H+) 365
0 miz (M+H+) 454 LC-MSMS
HO
HO )
Chemical Formula: C.gH,,FN,O5*
idati Exact Mass: 365,15
(w-1)-oxication v
alipathic hydroxylation Molecular Weight: 365,38
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Fig $S4. Metabolites of compountb
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Fig S5: Metabolites of compouniB
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Fig S6: Thermodynamic solubility of the quinolone amides.

compd mp logP wWwlHg/mL]
GHQ168 171 4.10 0.005 £ 0.01[9]

5 172 3.15 1.36 £ 0.00
6 170 4.09 0.23+0.12
7 200 3.38 0.12 +0.03
10 156 3.68 2.73+£0.42
19 182 3.04 18.70 £ 0.90
21 152 3.36 1.41+0.01

Sw: Measured equilibrium solubility in PBS 7.4 accoglinef [9].

Fig S7: Co-injection of the ’F]21 (Red) with the non-radioactive referen2gé (Blue).
(Nucleosil 100-7 C18, 4.6 x 250 mm column (MacheXagel) and ACN/water 60% (v/v) as
mobile phase at 1 mL/min)

Walts
volts
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Fig S8: Ex-vivo autoradiography of brain sections from use #2 sacrificed and
cryosectioned at 60 min afteff]21 injection. The autoradiographic images confirmihg t
uptake of f¥F]21 in healthy brain after intravenous injection.
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