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Abstract — A series of E)-3-heteroarylidenechroman-4-oneka{) was designed, synthesized and
investigatedn vitro for their ability to inhibit the enzymatic actiyibf both human monoamine oxidase
(hMAO) isoforms, hMAO-A and hMAO-B. All the compods were found to be selective hMAO-B
inhibitors showing 1G, values in the nanomolar or micromolar rangE)-%,7-Dichloro-3-{[(2-
(dimethylamino)pyrimidin-5-yllmethylene}chroman-4e (1c) was the most interesting compound
identified in this study, endowed with higher hMADpotency (IGy= 10.58 nM) and selectivity (A
9452) with respect to the reference selective itdiibselegiline (1G, = 19.60 nM, 1Gy > 3431).
Molecular modeling studies were performed for radilizing at molecular level the target selective
inhibition of our compounds, revealing a remarkatsatribution of hydrogen bond network and water

solvent.



Keywords: Monoamine oxidases; Selective hMAO-B inhibitorsy@han-4-ones; Homoisoflavonoids;

Docking studies

1. Introduction

Monoamine oxidases (MAOs) are flavin-containing yenes that catalyze the oxidative
deamination of a variety of monoamines includingm&ansmitters such as serotonin, norepinephrine,
epinephrine and dopamine, as well as dietary amife® different isoforms have been identified,
MAO-A and MAO-B, both associated with the outer nbeame of mitochondria. The two isoenzymes
are encoded by separate genes and show diffessoetdistribution, and distinct substrate and itdnb
specificities. MAO-A preferentially catalyzes theigdative deamination of neurotransmitters, seratpni
norepinephrine and epinephrine and it is selegtiviehibited by clorgyline and moclobemide,
irreversible and reversible inhibitor, respectiveMAO-B preferentially metabolizgsphenethylamine
and benzylamine and it is selectively and irre@ysinhibited by selegiline. Tyramine, tryptamineda
dopamine, are substrates for both isoforms [1]. MA@ hibitors are indicated for the treatment of
psychiatric disorders, while MAO-B inhibitors aread in the therapy of Parkinson’s disease and have

been proposed for the treatment of Alzheimer'salisg2-4].

The MAO inhibitory activities of several classes synthetic flavonoids were previously
investigated [5-10]. In particular, we reported ffregent and selective hMAO-B inhibitory propertifs
synthetic E)-3-benzylidenechroman-4-ones, structurally relatedatural homoisoflavonoids [7]. With
the aim to further explore the structure-activiéyationships of this new class of MAO-B inhibitovee
planned the replacement of the 3-benzylidene moietly a variety of heteroarylidene substituents,
including either five-membered or six-membered foetgcles. Therefore, a series 0E){3-
heteroarylidenechroman-4-ongéa-r was synthesized and evaluated in vitro for thbilitg to inhibit

the enzymatic activity of both hMAO isoforms.



2. Resultsand discussion
2.1Chemistry

The most common synthetic procedure to obtB3(benzylidenechroman-4-ones involves acid
or base catalyzed condensation of chroman-4-ondls thie appropriate benzaldehyde [1T]he
correspondingZ-isomers were usually obtained by photoisomerimatd the synthesize&-isomers
[12-15] The '"HNMR spectra allow the unambiguous assignmenEE @nd Z configurations to these
stereoisomers. In particular, the signal of thdimie proton in theE isomers appears at about 7.7 ppm,
due to the effect of the near carbonyl group, dedsignal of C-2 protons was measured at about 5.3
ppm, owing to the proximity with the phenyl ringo® signals were considerable upfield shifted far t
Z-isomers that show the signals at about 6.8 ppnmdah@dpm, respectively [12-15].

With similar synthetic procedures, seveid)-8-heteroarylidenechroman-4-ones were synthesized
starting from chroman-4-ones and different hetgicaldehydes [13,16-20]. As illustrated in Scheme 1
we conveniently obtained the design&j-8-heteroarylidenechroman-4-ongsr using pyrrolidine as
catalyst of the condensation. All the synthesizehgounds were obtained as a single stereoisomer and
the 'HNMR spectra allow the assignment of tBeconfiguration to the exocyclic double bond on the
basis of the chemical shifts of the olefinic pro{oanging from 7.59 ppm to 8.11 ppm) and of the C-2

methylene protons (ranging from 5.29 ppm to 5.8m)pp

R' O R’ (@)
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Scheme 1. Reagents and conditions: (i) Pyrrolidine, dry MeOH: r.t., 1-24h (1a-e and 1h-r)
or 120 °C, 1h (1f and 1g).

2.2 Biochemistry

The effects of the tested compounds on hMAO-A aMiA®-B enzymatic activities were

evaluated by measuring the inhibition of the praducof hydrogen peroxide fromp-tyramine, using
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the Amplex Red MAO assay kit and microsomal MAOfasms prepared from insect cells (BTI-TN-
5B1-4) infected with recombinant baculovirus conitag cDNA inserts for hMAO-A or hMAO-B. The
hMAO activity was evaluated by measuring the flsoence generated by resorufin following the
general procedure previously described by us [ldur experiments, hMAO-A displayed a Michaelis
constant (k) of 514 + 46.8 UM and a maximum reaction velo¢itynax) of 301.4 + 27.9 nM/min/mg
protein, whereas hMAO-B showed g, Kf 104.7 + 16.3 uM and a Vmax of 28.9 £+ 6.3 nM/fmg
protein (n = 5).

The hMAO inhibition data and the hMAO-B selectivibdexes (Sl = Igg MAO-A/ICs0 MAO-B)
obtained for the K)-3-arylidenechroman-4-one%a-r and for the reference inhibitorgldrgyline,
selegiline, iproniazid, moclobemide andisatin) are reported in Table 1. The new tested compounds
inhibited the hMAO-B enzymatic activity in the moenolar or submicromolar range, conversely, no
inhibition or poor efficacy was observed againstAM4A, up to the highest concentration tested (100
UM).

In the series offf)-3-heteroarylidenechroman-4-ones containing afineanbered heterocyclél{

r), the thiophene substituted analogugg &nd 1r) were the most potent and selective inhibitors of
hMAO-B activity (IG5 = 1.13uM and 1.73uM, Sl = 88 and 58, respectively), whereas the ftxg
derivative (p) (ICso = 3.77 uM, SI = 27) was about 3-fold less potent and selecthan the
corresponding thiophen-2-yl analogue) (ICso = 1.13uM, SI = 88). A further reduction in potency
and selectivity was observed for compounds comtgiai pyrrole l) or an imidazole ringlm-o). A
comparison of the potency of the three imidazol-4grivatives {m-0) revealed that either the
introduction of a methoxy group at position1o) or two chlorine atoms at the positions 5 andry) of

the chromanone ring, led to hMAO-B inhibitors abdifold more potent and selective than the
unsubstituted analoguen.

However, the replacement of the 3-benzylidene #gubst with a five-membered heteroarylidene

moiety generally led to a reduction in potency tmWaMAO-B with respect to previously testds)-3-



benzylidenechroman-4-ones [7]. Conversely, hightyept and selective hMAO-B inhibitors were
obtained with the introduction of a six-memberetehecycle or a bulkier indole ringe)-5,7-Dichloro-
3-{[(2-(dimethylamino)pyrimidin-5-yllmethylene}chrman-4-one 1c) was the most potent and
selective compound (Kz= 10.58 nM, SI > 9452) within the entire seriesrdfibitors, showing hMAO-
B potency and selectivity even better than theresfee selective MAO-B inhibitor selegiline g&€=
19.60 nM, SI = 3431).

It is worth nothing that, either the presence ob whlorine atoms at the positions 5 and 7 of the
chroman-4-one ring or the 2-dimethylamino grouptloe pyrimidine ring are necessary for the potent
hMAO-B inhibitory activity. In fact, the substitatn with a methoxy group at position 5 of the chrama
4-one ring {d) produced a dramatic loss of hMAO-B potency anddity (ICso = 10.40uM, Sl >
9.6) whereas the removal of both the chlorine swiestts resulted in compouridh, about 22-fold less
potent and selective (¢ = 241.11 nM, SI > 415) thadc. Moreover, the replacement of the
dimethylamino group with the amino one provided5afald less active and selective compoudd) (
(IC50 = 18.33uM, SI > 5.5) with respect t@b. A similar behaviour was also observed for t&g3-
benzylidenechroman-4-ones previously tested [7].

Among the pyridine substituted derivative$e-{), only the 3-[[6-(dimethylamino)pyridin-3-
yllmethylene] analoguel{) showed activity in the submicromolar rangesgl€ 213.22 nM, S| > 469).
This compound exhibited hMAO-B potency and selégtivcomparable to the corresponding
pyrimidinyl derivative (b) (ICso = 241.11 nM, Sl > 415). Surprisingly, the introtdan of chlorine
atoms at positions 5 and 7 of the chromone rifjy produced a marked reduction in potency and
selectivity when compared fio.

Finally, the substitution with a bulkier indole ginresulted in compoundk, exhibiting
submicromolar potency and high selectivity towaliAO-B (ICso = 181.45 nM, Sl = 551).

To investigate whether the most potent hMAO-B iiitbib (1c) is a reversible or irreversible
enzyme inhibitor, an effective dilution method wased [22].Following this method, reversible

inhibitors show a linear progress with a slope éqoabout 91% of the slope of the control sample,
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while irreversible inhibitors reach only about 9% this slope. The results obtained for the tested
compound Ic), for the reversible inhibitor isatin and for theeversible inhibitor selegiline are
presented in Figure The data suggest that is a partially reversible inhibitor. In fact, ondymodest

recovery of MAO-B activity was observed after didut of samples previously incubated with this

compound



Table 1. ICso and Sl values for the inhibitory effects &){3-heteroarylidenechroman-4-ontsr-and reference inhibitors

on the enzymatic activity of human recombinant Mi&6forms expressed in baculovirus infected BTI chsells.
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/
N N(CHs),
AN
. 213.22 x 16 +
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1i H H 2443 x 16 > 469
/



N N(CH3),

X
1] Cl cl | 10.51 +1.87 9.8
/
N
181.45 x 16+ "
*k%
1k H H | 8.60 x 10 551
1l H H | 13.76 + 0.57 7.3
N
H
H
N
1m H H )i /> wex 20.20 +0.12 5
N
N
1n Cl cl | /> 10.21 +1.36 9.8
N
N
/
10 H OCH | /> 10.62 +0.71 0.4
/\N
1p H H |/§ o 3.77+0.35 27
e
1q H H |/§ 1.13+0.24 88
/\S
S
1r H H |\} 1.73+0.12 5¢
/
Clorgyline 446x 11833%2 032X 6135+1.13  0.000073
Sdegiline 67.25 + 1.02 o ﬁi 3431
Iproniazid 6.56+ 0.76 7.54 +0.36 0.87
Moclobemide 361+ 19.37 * <0.36
| satin ** 34.39+1.73 >3

All IC 5o values shown in this table are the mean + S.E.binffive experiments. Level of statistical significa:?P < 0.01
versus the corresponding sCvalues obtained against MAO-B, as determined byOMX/Dunnett’s.” SI: hMAO-B
selectivity index = IG, (hMAO-A)/ICso (hMAO-B). * Inactive at 1 mM (highest concentratitested). ** Inactive at 100
UM (highest concentration tested).*** 100 uM inhgbithe corresponding MAO activity by approximatdl@-50%. At
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higher concentration the compounds precipitdtéalues obtained under the assumption that the sporeding 1G, against
MAO-B is the highest concentration tested (104).

15000
° e Control
100004 m 1c
5
< ¢ Selegiline
50004 = |satin
0 T T
0 5 10 15

t (min)

Figure 1. Recovery of h(MAO-B enzymatic activity after diluti@nd following incubation (30 min at room temperajur
of the 100x-enzyme concentration with 10-foldsd€oncentration of compountk, isatin or selegiline. The control was
carried out by pre-incubating in the absence obitdr and diluting in the same way.

2.3 Docking studies

To rationalize at molecular level the inhibition 6MAOs by the compounds, molecular
modelling studies were carried out. The bindingat®iies of 1a-r were investigated, with respect to
hMAO-A and hMAO-B receptor models, by means of dogksimulation (Experimental section). All
compounds recognized both isozymes active sites.HIMIAO-B was the preferred target but none of
theoretical scoring functions, available in Gliddtare, was in accord to experimentaid@ata (Table
S1). Generally, even if head-tail configurationsrevebserved, the binding modes of our molecules
reported the chroman-4-one moiety located towan@sRAD cofactor establishing pi-pi stacking to
hMAO-A Tyr407 and/or Tyr444 and the correspondingAO-B Tyr398 and/or Tyr435. The Ar
substituent was positioned at the active site angarea in well known hydrophobic regions sugggsti
possible T-shape stacking contacts to the sidecb&ihMAO-A Phe208 and hMAO-B Tyr407.

According to literature data [23], the hydrophobrea in hMAO-B is larger than in hMAO-A and could



better accommodate Ar substituent of our compoueslting in a superior stabilisation of the rethte
complexes. The graphical analysis of the dockirsglte showed a hydrogen bond between the hMAO-
B Cys172 sidechain and the chroman-4-one commoetgnoi all ligands, exceptb that reported a
head-tail recognition with respect i@. In details, the previous interaction involved @8 oxygen
atom of 1c, 1d, 1f, 1j, Im and 1n, whereas, due to different binding modés, 1g-i, 1k-I, 1o-r
established hydrogen bond to Cys172 sidechain anmef their sp2 chroman-4-one oxygen atom. The
equivalent residue in hMAO-A is Asn181 but its sildain was involved in hydrogen bond to Phel77
backbone preventing interaction with the compoufid@sking into account the better accommodation
and hydrogen bond contribution in hMAO-B, the chamv-one and the Ar substituent could be
considered as the key moieties of the compoundxeat affinity and selectivity to MAOs. However,
the poor agreement among theoretical and experahel@ta prompted us to improve our study
including the water solvent effects to the ligaadyét recognition. As a consequence, the mostestabl
complex models ofic into the hMAO-A and hMAO-B were explicitly solvateghd submitted to
molecular dynamics (MD) simulation (Experimentattsen). Both MD starting structures revealed
water molecules into the active site engaging hyeinobonds to target residues such as hMAO-A
Gly110, lle207, Phe208, Ser209, Thr211 and Gly2id BMAO-B Prol102, Thr201, Cys172, 1le198
and Tyr435. Notably, in both complexes, one solvertiecule was interacting withc reporting
hydrogen bond to chroman-4-one sp2 oxygen or tarpgine nitrogen in hMAO-A and hMAO-B
respectively. For a deeper investigation on boéhrtile of solvent and the induced fit phenomena, we
submitted also the inhibitor free receptor modelshie same MD protocol previously reported for the
complexes (Experimental section). Interestinglye there MD starting structures revealed a protein
desolvation penalty for thic hMAO-A recognition with respect to the hMAO-B. fact, in order to be
accommodate into the active site, the inhibitopldised 15 water molecules in the former case while
the second one 9 only (Figure S1).

Our study pursued by investigating the enzymegsiral modification induced bic. In fact, if a

ligand binding generates strong perturbation of tdrget conformational properties, the recognition
10



could be energy penalized or prevented. In ord@viuate thdc influence in target stability, all MD
trajectory frames were aligned to the corresponéimgyme starting structure and the root mean square

deviation (RMSd) of the target not hydrogen atonas womputed (Figure 2).

1c complex vs ligand free enzyme MD trajectories RMSd
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Figure 2. Root mean square deviation (in A)Tafbound and ligand free hMAO-A and hMAO-B MD trajedes.

The RMSd data remarked significant enzyme isofoepetident differences. Actually, the ligand
induced a perturbation of the hMAO-A stronger th&hAO-B as reported by RMSd values wider in the
former case with respect to the second one. Fumitver, the MD single trajectories RMSd analysis
revealed thalc stabilized the hMAO-B conformers close to the stgrstructure while in hMAO-A the
ligand influence was completely opposite. (Figugg¢ S

After the above reported indication, MD trajectsrief 1c complexes were examined for
highlighting other interactions useful to explahetexperimentally observed hMAO selectivity. We
focused our attention ot targets stacking contacts, hydrogen and halogedsto both hMAOs and
solvent molecules (Figure S3-S5). Stacking contadteady reported by docking, were stable during
MD. Our inhibitor spent 76% and 84% of the simuwattime, in hMAO-A and hMAO-B respectively,
establishing pi-pi interaction between its chrordanre moiety and the FAD close tyrosine residues

while T-shape stacking contacts to hMAO-A Phe208 bMAO-B Tyr407 sidechains, only suggested

11



by docking, were simultaneously observed in 16% &#tdof the simulation time, respectively (Figure
S3). The stabilizing effect can be considered atnempiivalent confirming our idea that stacking
contacts are related tbc MAO affinity but have not a pivotal role in terned enzyme isoform
selectivity. The same considerations can be dotee #fe halogen bond (HalB) network analysis that
reported productive contribution of chlorine subsnt and a solvent key role (Figure S4). In fact,
chlorine moiety showed a similar HalB frequencyaoth targets (52% in hMAO-A and 48% in hMAO-
B) but in the enzyme isoform B the productive iat#ion was often mediated by water molecules.
Conversely, hydrogen bond (HB), involving the targeth directly or by means of water bridges,
should be considered the driving forcelofMAO discrimination. Actually, our ligand establesh HB

to hMAO-B for a MD simulation time significantly tger in hMAO-B (80%) than in hMAO-A (52%)
and in the former case the 32% double HBs, onetatigected and one water mediated, were observed

(Figure S5).

I Tyr197

Asnl8l
e

lle335

Tyr398




Figure 3. Representative binding modes Tof into the a) hMAO-A and b) hMAO-B. The inhibitor feported in green
carbon polytube. Relevant interacting residuesimi@PK polytube. Enzyme isoform specific amino acate depicted in
CPK thin tube. FAD cofactor is showed in spacefdtation. Active site water molecules are represgim balls & sticks.
The rest of the enzyme residues are illustrategelew transparent surface. Yellow, purple and bdiogted lines indicate

hydrogen bond, halogen bond and stacking contasfrectively.

The reported interaction resulted in a similar wia¢ion of 1c in both targets (Figure 3). The
graphical inspection of MD trajectories remarked thfferent shape of hMAO active sites. Actually,
the mere replacement of hMAO-A Phe208 and lle33th whe corresponding hMAO-B 1l€199 and
Tyr326 could be considered equivalent in termsgard interaction but such residue mutations opened
in hMAO-B a large hydrophobic area that is not lalde in hMAO-A.

Comparing all molecular modelling results to expemtal 1Go data, it is possible to rationalize
structure activity relationship of our inhibito’sctually, halogen atoms or hydrogen bond acceptans
be suggested for the common scaffolds&bstituent. Such moieties can productively intet@abMAO-

A Tyr197 and hMAO-B Tyr188. In order to establisjdlhogen bond to the solvent and pi-pi stacking
and in both isozymes, the Ar group should be ammatiw heterocycle. Its steric hindrance can
contribute to the selectivity, actually 5 memberge can easily fit in both isoform while amino or
dimethylaminop-substituted 6 member rings or indole can be accodate in hMAO-B better than in
hMAO-A. Finally, as already reported [24], the @@ment of hMAO-A Asnl181 by the hMAO-B

Cys172 plays a pivotal role in isoform selectivity.

3. Conclusions

We have designed, synthesized and investigateldMIA€O inhibitory activity of a series oH)-3-
heteroarylidenechroman-4-ones, structurally relédgabmoisoflavonoids. All the compounds exhibited
selectivity for the hMAO-B isoform with potency the nanomolar or micromolar range. Generally, the
introduction of a six-membered heterocycle or &ieulindole ring led to highly potent and selective
hMAO-B inhibitors. In particular, compoundc showed higher potency and selectivity than the

reference inhibitor selegiline. In addition, compduc was found to be a partially reversible inhibitor

13



of hMAO-B enzymatic activity. Docking experimentsupled to explicit solvent MD, rationalized the
structure activity relationships of our inhibitor§Vater solvent effect revealed a key role for
understanding the molecular recognition of both fM&oforms. The hydrogen bond established by
our ligand chroman-4-one moiety to Cysl72 and ttezics hindrance of Ar substituent can be

considered the main responsible of h(MAO-B seletgtivi

4. Experimental section
4.1. Chemistry
Chemicals were generally purchased from Sigma-glidaind used without further purification. 2-
Aminopyrimidine-5-carboxaldehyde, and 6-(dimethylamnicotinaldehyde were purchased from

ChemBridge. Melting points were determined on anferel Research Systems OptiMelt (MPA-100)

apparatus and are uncorrectéd. NMR and13C NMR spectra were recorded in CR®F DMSO-¢

on a Bruker AM-400 spectrometer, using TMS as mdkstandard. IR spectra were recorded in KBr
disks on an FT-IR PerkinElmer Spectrum 1000. Thectires of the synthesized compounds were
characterized by elemental analysis, IRHNMR and '*CNMR spectroscopy. Thin-layer
chromatography (TLC) with pre-coated Silica Gel #38ates was routinely used for checking the
reactionsComponents were visualised by UV light. Analyseshef elements (C,H,N,S,Cl) were within

+ 0.4 % of the theoretical values.

4.1.1.Synthesis of 6-aminopyridine-3-carboxaldehyde.

A 1M solution of diisobutylaluminum hydride (DIBAL)n hexane (10 mL) was added to a
solution of 6-amino-5-cyanopyridine (10 mmol) inydrHF (50 mL) cooled at O °C. The ice-bath was
removed, and additional 7.1 mL of a 1M solutionDdBAL in hexane were added in two successive
portions. After stirring for additional 30 min, theaction was quenched by the dropwise additictrpf
MeOH (15 mL). The mixture was partitioned betwe®® InL of AcOEt and 70 mL of 2N HCI. The

agueous layer was treated with 75 mL of 2N NaOH extcacted with AcOEt. The organic layers were
14



washed with brine, dried over anhydrous, 81, filtered and evaporated to dryness. The residag w
purified by column chromatography on silica geltielg with CHCE/AcOEt 1:4. Yield: 30%, mp = 174-
175 °C. IR (KBr): 3366, 3121, 1659 &m'H NMR (CD;0OD, 400 MHz):J (ppm) 9.67 (s, 1H, CHO),
8.41 (d, 1H, H2),.. = 1.6 Hz), 7.87 (dd, 1H, Hd45= 8.8 Hz,J,b.» = 1.6 Hz), 6.63 (d, 1H, H9,.5= 8.8
Hz), 3.31 (s, 2H, Nb). **C NMR (CDC}, 100 MHz): J (ppm) 191.15, 164.46, 155.78, 137.39, 123.92,

109.99.

4.1.2.General procedure for the synthesis of (E)-3-hetgriidenechroman-4-onedd-r)

METHOD A: Pyrrolidine (10 mmol) was added to a mixture c# #ppropriate chroman-4-one (6.7
mmol) and heteroaryl aldehyde (10 mmol) in dry Me@8 mL for1a, 1b, 1e, 1h, 1k-r and 30 mL for
1c, 1d, 1i, 1j). The reaction mixture was stirred at room tempeeafor 1-24h (1h fodf, 3h for 1l-q,
24h forla-c, 1h-j, 1n, and10). The mixture was diluted with ice-water, and fhecipitate was filtered
off and washed with water. The crude solid was figatiby column chromatography on silica gel,
eluting with a mixture of AcOEt and CH£X[3:1) (Lla-g and1li-r) or CHCE (1h) and crystallized from n-
hexane.

METHOD B: (synthesis oflf and 1g) A mixture of chroman-4-one (6.7 mmol), the appiaie
pyridinecarbaldehyde (10 mmol) and pyrrolidine (@thol) was heated at 120 °C under stirring for 1h.
After cooling, the mixture was diluted with ice-wat and the precipitate was filtered off and washed
with water. The crude solid was purified by colurmnromatography on silica gel, eluting with a

mixture of AcCOEt and CHGI(3:1), and crystallized from n-hexane.

4.1.21. (E)-3-[(2-Aminopyrimidin-5-yl)methylene]chroman-#ie (a). Yield: 97%, mp = 260-261 °C.
IR (KBr): 3304, 3160, 1670 cih’H NMR (DMSO-d6, 400 MHz)d (ppm) 8.43 (s, 2H, H2', H6'), 7.87
(d, 1H, H5,J56 = 7.6 Hz), 7.60-7.56 (m, 2H, =CH, H7), 7.34 (s,, 2H,), 7.12 (t, 1H, H6Js.6 = J76 =

7.6 Hz), 7.05 (d, 1H, H8}, = 8.0 Hz), 5.43 (s, 2H, H2°C NMR (DMSO-d6, 100 MHz)J (ppm)
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180.43, 162.83, 160.43, 160.20, 135.88, 131.50,672227.10, 121.78, 121.42, 117.18, 116.79, 67.57.

Anal. Calcd. for C14H11N302: C, 66.40; H, 4.38;18,59. Found: C, 66.59; H, 4.29; N, 16.68.

4.1.2.2 (E)-3-{[2-(Dimethylamino)pyrimidin-5-ylJmethylendjcoman-4-one 1b). Yield: 89%, mp =
194-195 °C. IR (KBr): 1662 cth *H NMR (CDCk, 400 MHz): & (ppm) 8.34 (s, 2H, H2’, H6'), 8.01
(ddd, 1H, H5Js.6 = 8.0 Hz,Js.7 = 2.0 Hz,Js.6 = 0.4 Hz), 7.64 (t, 1H, =CHly = 2.0 Hz), 7.47 (ddd, 1H,
H7,J,.8=8.4 Hz,J;6= 7.2 Hz,J5.; = 2.0 Hz), 7.06 (ddd, 1H, HBs.s= 8.0 Hz,J7= 7.2 Hz,Jss = 1.2
Hz), 6.96 (ddd, 1H, H8);.s = 8.4 Hz,Je.5 = 1.2 Hz,Js.5 = 0.4 Hz), 5.34 (d, 2H, HZ, = 2.0 Hz), 3.26
(s, 6H, 2CH). *C NMR (CDCE, 100 MHz): & (ppm) 181.40, 161.19, 160.90, 159.27, 135.68, B1.
128.47, 127.91, 122.05, 121.94, 117.82, 116.385%B7.22. Anal. Calcd. for CL6H15N302: C, 68.31,

H, 5.37; N, 14.94; O, 11.37. Found: C, 68.16; B65N, 14.80.

4.1.2.3 (E)-5,7-Dichloro-3-{[(2-(dimethylamino)pyrimidin-gfmethylene}chroman-4-onelq). Yield:
69%, mp = 181-182 °C. IR (KBr): 1677 &nmH NMR (CDCk, 400 MHz): J (ppm): 8.30 (s, 2H, H2',
H6"), 7.65 (s, 1H, =CH), 7.11 (s, 1H, H8), 6.95 18], H6), 5.28 (s, 2H, H2), 3.26 (s, 6H, 2gH°C
(CDCls, 100 MHZ): & (ppm) 178.63, 162.65, 161.29, 159.31, 139.91,1136132.82, 127.92, 125.70,
118.88, 117.31, 116.11, 68.09, 37.24. Anal. CdimdC16H13CI2N302: C, 54.87; H, 3.74; Cl, 20.25;

N, 12.00. Found: C, 54.99; H, 3.80; CI, 20.15; N.8¥.

4.1.2.4. (E)-3-{[2-(Dimethylamino)pyrimidin-5-yljmethylené-methoxychroman-4-oneld). Yield:
90%, mp = 186-187 °C. IR (KBr): 1669 &nmH NMR (CDCk, 400 MHz): d (ppm) 8.32 (s, 2H, H2',
H6'), 7.94 (d, 1H, H5Js6 = 8.8 Hz), 7.61 (s, 1H, =CH), 7.94 (d, 1H, H6s = 8.8 Hz), 6.41 (s, 1H,
H8), 5.33 (s, 2H, H2), 3.84 (s, 3H, OQH3.26 (s, 6H, 2CH. *C NMR (CDCE, 100 MHz): 5 (ppm)

180.18, 165.97, 162.85, 161.15, 159.12, 130.89,672928.52, 116.46, 115.73, 110.41, 100.80, 68.43,
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55.87, 37.20. Anal. Calcd. for C17H17N303: C, 65885.50; N, 13.50. Found: 65.41; H, 5.52; N,

13.47.

4.1.2.5 (E)-3-[(Pyridin-2-yl)methylene]chroman-4-oné€) Yield: 77%, mp = 139-140 °C (lit. 142°C)
[17]. IR (KBr): 1673 cni. *H NMR (CDCk, 400 MHz): d (ppm) 8.65 (d, 1H, H3J3.4 = 8.0 Hz), 8.02
(dd, 1H, H5Js556 = 8.0 Hz,Js7 = 1.6 Hz), 7.74 (dt, 1H, HT7.6 = J;.5 = 8.0 Hz,Js., = 1.6 Hz), 7.71 (t,
1H, =CH,Jq = 2.0 Hz), 7.51-7.47 (m, 2H, H5’, H6"), 7.26-7.88, 1H, H4"), 7.05 (t, 1H, H6Js. = J7.6

= 8.0 Hz), 6.99 (d, 1H, H8;.5 = 8.0 Hz), 5.92 (d, 2H, HZy = 2.4 Hz)."*C NMR (CDCk, 100 MHz):

d (ppm) 182.26, 161.72, 154.18, 149.66, 136.54, ¥B5134.33, 133.27, 127.95, 127.84, 123.15,
121.83, 121.63, 118.07, 68.41. Anal. Calcd. for IGIBNO2: C, 75.94; H, 4.67; N, 5.90. Found: C,

76.16; H, 4.69; N, 5.85.

4.1.2.6 (E)-3-[(Pyridin-4-yl)methylene]chroman-4-onéf}. Yield: 40%, mp = 132-133 °C. IR (KBr):
1676 cni. '"H NMR (DMSO-d6, 400 MHz)d (ppm) 8.72 (d, 2H, H3’, H5'),.5 = 6.0 Hz), 8.03 (dd,
1H, H5,Js.6 = 8.0 Hz,Js.7 = 1.6 Hz), 7.75 (s, 1H, =CH), 7.52 (dt, 1H, H75=J;6= 8.0 Hz,Js7 = 1.6
Hz), 7.19 (d, 2H, H2', H6'J,.3 = 6.0 Hz), 7.10 (t, 1H, H6l;6 = Js.6 = 8.0 Hz), 6.99 (d, 1H, H8.5 =
8.0 Hz), 5.29 (s, 2H, H2}3C NMR (DMSO-d6, 100 MHz)d (ppm) 180.77, 160.74, 149.99, 140.92,
136.52, 133.99, 133.47, 127.26, 123.93, 122.07,1821117.96, 67.02. Anal. Calcd. for C15H11NO2:

C, 75.94; H, 4.67; N, 5.90. Found: C, 75.81; Hp4N, 5.93.

4.1.2.7 (E)-3-[(Pyridin-3-yl)methylene]chroman-4-onéd) Yield: 61%, mp = 120-122 °C. IR (KBr):
1671 cnit. *H NMR (CDCh, 400 MHZz): 5 (ppm) 8.65 (dd, 1H, H4J4.s = 4.8 Hz,J»-s = 1.2 Hz), 8.59

(d, 1H, H2", 3,4 = 1.2 HZ), 8.02 (dd, 1H, HFs. = 7.6 Hz,Js.7 = 1.6 Hz), 7.82 (s, 1H, =CH), 7.66 (d,
1H, H6’, Jg.5 = 7.6 Hz), 7.51 (ddd, 1H, H3y.s = 8.4 Hz,J;6 = 7.6 Hz,J5.7 = 1.6 Hz), 7.41 (dd, 1H,

H5', Jos = 7.6 Hz,Jy5 = 4.8 Hz), 7.09 (t, 1H, HEls6 = J7.6 = 7.6 Hz), 6.98 (d, 1H, H8;s = 8.4 Hz),
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5.32 (d, 2H, H2Jy = 2.0 Hz).*C NMR (CDCE, 100 MHz): 5 (ppm) 181.60, 161.15, 150.22, 149. 91,
137.04, 136.21, 133.23, 133.06, 130.43, 128.02,622322.17, 121.79, 118.03, 67.28. Anal. Calcd. fo

C15H11NO2: C, 75.94; H, 4.67; N, 5.90. Found: CY85H, 4.66; N, 5.89.

4.1.2.8 (E)-3-[(6-Aminopyrimidin-3-yl)methylene]chroman-#e (Lh). Yield: 84%, mp = 186-187 °C.
IR (KBr): 3387, 3117, 1657 cf'H NMR (DMSO-d6, 400 MHz)d (ppm) 8.11 (s, 1H, =CH), 7.86 (d,
1H, H5,Js6 = 8.0 Hz), 7.59-7.53 (m, 3H, H2", H6', H7), 7.111 {H, H6,Js.6 = J;6 = 7.2 HZ), 7.04 (d,
1H, H8,J7.5 = 8.4 Hz), 6.69 (s, 2H, N} 6.53 (d, 1H, H5' Js-¢ = 8.4 Hz), 5.43 (s, 2H, H2)°C NMR
(DMSO-d6, 100 MHz):d (ppm) 180.52, 160.32, 160.27, 152.40, 138.60, 685134.72, 127.04,
126.11, 121.69, 121.63, 118.19, 117.63, 107.7H467Anal. Calcd. for C15H12N202: C, 71.42; H,

4.79; N, 11.10. Found: C, 71.52; H, 4.83; N, 11.07.

4.1.2.9 (E)-3-{[6-(Dimethylamino)pyridin-3-ylimethylene}chman-4-one 1j). Yield: 96%, mp = 160-
162 °C. IR (KBr): 1655 ci. *H NMR (CDCk, 400 MHz): & (ppm) 8.19 (d, 1H, H2'J,.¢ = 2.4 Hz),
8.00 (dd, 1H, H5Js.6 = 7.6 Hz,Js:7 = 1.6 Hz), 7.74 (s, 1H, =CH), 7.47-7.42 (m, 2H, H&7), 7.05 (t,

1H, H6,Js.6 = J7.6 = 7.6 Hz), 6.99 (d, 1H, H87.5 = 8.0 Hz), 6.56 (d, 1H, H5Js.¢ = 9.2 Hz), 5.38 (d,
2H, H2, Ju = 1.6 Hz), 3.15 (s, 6H, 2GH °*C NMR (CDCE, 100 MHz): J (ppm) 181.73, 160.87,
158.93, 151.35, 138.73, 135.43, 135.14, 127.84,2827122.25, 121.77, 118.36, 117.73, 105.47, 68.04,

38.02. Anal. Calcd. for C17H16N202: C, 72.84; H3%.N, 9.99. Found: C, 72.97; H, 5.77; N, 9.93.

4.1.2.10 (E)-5,7-Dichloro-3-[(6-(dimethylamino)pyridin-3-yHethylene]chroman-4-oneljj. Yield:
11%, mp = 239-240 °C. IR (KBr): 1668 &mH NMR (CDCk, 400 MHz):J (ppm) 8.01 (s, 1H, =CH),
7.30 (s, 1H, H2), 7.24 (d, 1H, H8Js.¢ = 7.6 HZ), 7.10 (d, 1H, Hss = 1.6 HZ), 6.92 (d, 1H, Hs
= 1.6 Hz), 6.76 (d, 1H, H5Js.¢ = 7.6 Hz), 5.38 (d, 2H, H2l,, = 2.0 Hz), 3.07 (s, 6H, 2G} °C

NMR (CDCk, 100 MHz): 0 (ppm) 179.24, 162.65, 151.19, 139.39, 139.17,9535132.59, 126.01,
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125.43, 123.38, 122.48, 119.29, 117.17, 112.13668!0.29. Anal. Calcd. for C17H14CI2N202: C,

58.47; H, 4.04; Cl, 20.30; N, 8.02. Found: C, 581283.95; Cl, 20.35; N, 8.09.

4.1.2.11 (E)-3-[(1H-Indol-3-yl)methylene]chroman-4-ondkj. Yield: 38%, mp = 221-222 °C. IR
(KBr): 3241, 1643 ci. '*H NMR (DMSO-d6, 400 MHz):d (ppm) 12.10 (bs, 1H, NH), 8.09 (s, 1H,
=CH), 7.91 (d, 1H, H5Jss = 8.0 Hz), 7.82 (d, 1H, H7Js.»» = 7.6 Hz), 7.80 (s, 1H, H2'), 7.56 (t, 1H,
H7,J..8 = J;6= 8.0 Hz), 7.51 (d, 1H, H4Js5 = 7.6 Hz), 7.26 (t, 1H, H6Js.7 = Js.e' = 7.6 Hz), 7.20

(t, 1H, H5", Js.¢ = Jys = 7.6 Hz), 7.12 (t, 1H, H6lss = J;.6= 8.0 Hz), 7.06 (d, 1H, H&5 = 8.0 Hz),
5.49 (s, 2H, H2)*C NMR (DMSO0-d6, 100 MHz)J (ppm) 180.03, 160.32, 136.11, 135.38, 129.53,
127.63, 127.50, 126.98, 124.23, 122.75, 121.76,5721.20.80, 118.19, 117.63, 112.20, 110.36, 68.55.

Anal. Calcd. for C18H13NO2: C, 78.53; H, 4.76; D& Found: C, 78.73; H, 4.71; N, 5.13.

4.1.2.12 (E)-3-[(1H-Pyrrol-2-yl)methylene]chroman-4-ondl). Yield: 64%, mp = 203-204 °C. IR
(KBr): 3276, 1649 cr. 'H NMR (DMSO-d6, 400 MHz)J (ppm) 11.71 (bs, 1H, NH), 7.91 (d, 1H, H5,
Js.s = 8.0 Hz), 7.69 (s, 1H, =CH), 7.56 (t, 1H, H7s = J7.6= 8.0 Hz), 7.21 (s, 1H, H3’), 7.10 (t, 1H,
H6, Js.c = J7.6= 8.0 Hz), 7.04 (d, 1H, H8l,.s = 8.0 Hz), 6.57 (s, 1H, H5'), 6.35 (s, 1H, H4")45 (s,
2H, H2).*C NMR (DMSO-d6, 100 MHz)d (ppm) 179.86, 160.27, 135.35, 127.25, 126.88, G5,
124.09, 122.44, 121.63, 121.52, 117.59, 115.12 581 67.87. Anal. Calcd. for C14H11NO2: C, 74.65;

H, 4.92; N, 6.22. Found: C, 74.78; H, 4.97; N, 6.23

4.1.2.13 (E)-3-[(1H-Imidazol-4-yl)methylene]chroman-4-onan). Yield: 78%, mp = 197-198 °C. IR
(KBr): 3385, 1667 ci. *H NMR (DMSO-d6, 400 MHz):d (ppm) 12.49 (bs, 1H, NH), 7.93 (s, 1H,
=CH), 7.88 (dd, 1H, H5Jss = 8.0 Hz,Js.7 = 1.6 Hz), 7.80 (s, 1H, H3"), 7.58-7.54 (m, 2H,,H¥5"),
7.11 (t, 1H, H6Js5.6 = J7.6= 8.0 Hz), 7.06 (d, 1H, H8;.5 = 8.4 Hz), 5.85 (d, 2H, HJy = 0.8 Hz).2*C

NMR (DMSO-d6, 100 MHz):3 (ppm) 181.18, 160.99, 137.86, 136.23, 135.48,3R7127.10, 125.31,
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125.06, 121.87, 121.49, 117.76, 67.73. Anal. Caled C13H10N202: C, 69.02; H, 4.46; N, 12.38.

Found: C, 69.21; H, 4.52; N, 12.33.

4.1.2.14 (E)-5,7-Dichloro-3-[(1H-imidazol-4-yl)methylene]atliman-4-ong1n) Yield: 23%, mp = 252-
253 °C from n-hexane. IR (KBr): 3248, 1667 trifH NMR (DMSO-d6, 400 MHz)3J (ppm) 12.76 (bs,
1H, NH), 7.91 (s, 1H, =CH), 7.81 (s, 1H, H3"), 7.65 1H, H8), 7.30 (s, 1H, H6), 7.24 (s, 1H, H5),
5.81 (s, 2H, H2):*C NMR (DMSO-d6, 100 MHz):J (ppm) 192.25, 163.03, 138.33, 138.07, 136.29,
135.12, 135.73, 134.54, 125.11, 124.43, 118.84,35168.07. Anal. Calcd. for C13H8CI2N202: C,

52.91; H, 2.73; Cl, 24.03; N, 9.49. Found: C, 531882.77; Cl, 24.11; N, 9.53.

4.1.2.15 (E)-3-[(1H-imidazol-4-yl)methylene]-7-methoxychramé-one(10). Yield: 63%, mp = 176-
178 °C from n-hexane. IR (KBr): 3112, 1679 tiH NMR (DMSO-d6, 400 MHz)J (ppm) 12.59 (bs,
1H, NH), 7.90 (s, 1H, =CH), 7.79 (d, 1H, H®,6 = 8.4 Hz), 7.74 (s, 1H, H3'), 7.51 (s, 1H, H5)6B
(dd, 1H, H6,Js.6 = 8.4 Hz,Js.s = 2.0 Hz), 6.57 (d, 1H, H8lss = 2.0 Hz), 5.82 (s, 2H, H2), 3.83 (s, 3H,
OCHg). **C NMR (DMSO-d6, 100 MHz):J (ppm) 179.93, 165.18, 162.95, 137.65, 136.68, 828.
126.68, 125.32, 124.07, 115.47, 109.94, 100.8826%5.68. Anal. Calcd. for C14H12N203: C, 65.62;

H, 4.72; N, 10.93. Found: C, 65.78; H, 4.78; N880.

4.1.2.16 (E)-3-[(Furan-2-yl)methylene]chroman-4-ongpj. Yield: 87%, mp = 118-119 °C (lit. 105 °C)
[19]. IR (KBr): 1668 cnit. *H NMR (CDClk, 400 MHz):J (ppm) 7.99 (d, 1H, H5ls.6 = 8.0 Hz) 7.59 (s,
1H, =CH), 7.50 (s, 1H, H3'), 7.45 (t, 1H, HF.s = J;.5= 8.0 Hz), 7.03 (t, 1H, H6ls. = J7.= 8.0 Hz),
6.96 (d, 1H, H8J;.5 = 8.0 Hz), 6.73 (s, 1H, H5'), 6.52 (s, 1H, H4")53 (s, 2H, H2)**C NMR (CDCE,
100 MHz): J (ppm) 181.53, 161.43, 151.37, 145.61, 135.59,827126.80, 122.02, 121.75, 121.71,
118.50, 117.88, 112.66, 67.98. Anal. Calcd. for ©1@03: C, 74.33; H, 4.46. Found: C, 74.54; H,

4.47.

20



4.1.2.17 (E)-3-[(Thiophen-2-yl)methylene]chroman-4-origj) Yield: 85%, mp = 126-127 °C (lit. 125-
126 °C) [16]. IR (KBr): 1661 ci. *H NMR (CDCk, 400 MHz): J (ppm) 8.01 (d, 1H, H5Js.6 = 7.2
Hz), 7.98 (s, 1H, =CH), 7.59 (d, 1H, H33.4 = 4.4 Hz), 7.48 (t, 1H, HT;5 = J;6= 7.2 Hz), 7.34 (d,
1H, H5', Jy.ss = 4.4 Hz), 7.16 (t, 1H, H4Ja 4 = Jp5 = 4.4 Hz), 7.06 (t, 1H, H6ls6 = J;6 7.2 HZ),
6.98 (d, 1H, H8J;.5 = 7.2 Hz), 5.46 (d, 2H, H2, = 1.2 Hz).**C NMR (CDC}, 100 MHz): & (ppm)
181.24, 161.02, 137.67, 135.69, 133.88, 130.94,7028128.20, 127.87, 127.28, 121.95, 121.89,
117.83, 67.81. Anal. Calcd. for C14H1002S: C, 69H404.16; S, 13.23. Found: C, 69.26; H, 4.16; S,

13.28.

4.1.2.18 (E)-3[-(Thiophen-3-yl)methylene]chroman-4-ong&r)( Yield: 14%, mp = 105-106 °C. IR
(KBr): 1664 cnit. '"H NMR (CDCk, 400 MHz): J (ppm) 7.98 (d, 1H, H5Js6 = 7.2 Hz), 7.78 (s, 1H,
=CH), 7.44 (t, 1H, H7J;5 = J76= 7.2 Hz), 7.37-7.36 (m, 2H, H2’, H4’), 7.13 (d, 1H5', Jy.5» = 3.2
Hz), 7.02 (t, 1H, H6Js.6 = J76 7.2 HZ), 6.93 (d, 1H, H8l, s = 7.2 Hz), 5.35 (d, 2H, HZy = 0.8 Hz).
3C NMR (CDCk, 100 MHz): 5 (ppm) 181.67, 161.03, 136.02, 135.72, 130.26,229.29.04, 128.84,
127.86, 126.69, 121.99, 121.85, 117.87, 67.88. ABalcd. for C14H1002S: C, 69.40; H, 4.16; S,

13.23. Found: C, 69.31; H, 4.14; S, 13.20.

4.2. Biochemistry
4.2.1.Determination of hMAO Isoform Activity

The potential effects of the tested compounds oA@Mctivity were investigated by measuring
their effects on the production of hydrogen perex{#,O,) from p-tyramine, using the Amplex Red
MAO assay kit (Molecular Probes, Inc., Eugene, ©regUSA) and microsomal MAO isoforms
prepared from insect cells (BTI-TN-5B1-4) infectaith recombinant baculovirus containing cDNA
inserts for hMAO-A or hMAO-B (Sigma-Aldrich Quimic8.A., Alcobendas, Spain). In this study

hMAO activity was evaluated using the above metfatbwing the general procedure previously
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described by us [21]. A brief description of thegedure is provided in Supplementary data. Thedest
drugs (new compounds and reference inhibitors) sedves were unable to react directly with the

AmplexRed reagent, which indicates that these compound®tinterfere with the measurements.

4.2.2. Reversibility and Irreversibility Assays

To evaluate whethetc is a reversible or irreversible hMAO-B inhibita,dilution method was
used [22]A 100X concentration of the enzyme used in the ala®scribed experiments was incubated
with a concentration of inhibitor equivalent to fidd its ICso. After 30 min, the mixture was diluted
100-fold into reaction buffer containing Amplex® dReeagent, horseradish peroxidase pitgramine
and reaction was monitored for 15 minutes. Revkrsithibitors show a linear progress with a slope
equal to about 91% of the slope of the control danaghile irreversible inhibition reaches only about
9% of this slope. Control tests were carried outpbog-incubating and diluting in the absence of

inhibitor.

4.3. Molecular Modeling.

Protein Data Bank (PDB) [25rystallographic structures 2Z5X [26] and 2V§Z/] were
considered for building our theoretical models MAD-A and hMAO-B respectively. In order to be
suitable in docking simulation, the original PDBtrées required preliminary manipulations, following
the same approach of a previously reported mamisf28]. The co-crystallised reversible ligands,
harmine for 225X and safinamide for 2V5Z, and waterlecules were removed. FAD cofactor bonds
order was fixed and hydrogen atoms were added nal fmodels. In order to allow an optimal
positioning of the hydrogen atoms, modified stroesuwere submitted to protein heavy atoms
constrained energy minimisation using 10,000 stéfbe Polak Ribiere Conjugate Gradient algorithm
as implemented in MacroModel program [29]. The tamisforce applied to not hydrogen atoms was

equal to 50 kJ/mak.
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Optimised structures were considered as targeteimad hMAO-A and hMAO-B and, in both
cases, the ligand binding site was considered regaar box of 27,000 Acentred onto the N5 FAD
atom.

The theoretical structure of all our inhibitors waslt by means of the Maestro GUI [30].

Glide softwargl31] was considered for docking simulation using thenddad precision (SP)
search algorithms. The ligands possible conformatiwere taken into account by the Glide flexible
docking implementation. Default software scoringdtion (GScore) was applied for ranking docking
poses.

The hMAO-A and hMAO-B models, both including thectting top ranked.c pose and ligand
free, were explicitly solvated with water moleculasluded by the “Soak” method as implemented in
Impact [32]. For all structures a regular box, @f,00 & centred onto the N5 FAD atom, was
considered for the preliminary water positioningnafly, after default refinement, 244/326 and 28%3
solvent molecules were retrieved in hMAO-A and hMB@omplexes/ligand free respectively.

The resulting models were considered as startingctsires for explicit solvent Molecular
Dynamics (MD) simulation carried out using the Deswh software [33]. The SPC method was applied
for generating solvated systems suitable for MDe Diverall electrostatic net charge of the starting
structures was neutralized including 3 iBhs into the hMAO-A models and 3 Nansinto the hMAO-

B ones. According to Desmond default protocol, atdd systems were equilibrated by means of 7 short
and low temperature runs followed by the producsonulation carried out at 300 °K, up to 1.2 ns,
using an integration time step equal to 2 fs. Thgpwat MD trajectories consisted in 120 structures
sampled at regular time intervals equal to 10 ps.

Ligand target interactions were computed by me&ha@stro GUI.

Appendix A. Supplementary data

Supplementary data related to this article carobed at ...
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A series of (E)-3-heteroarylidenechroman-4-ones was synthesized.

The compounds were evaluated in vitro as inhibitors of both human MAOQO isoforms.
All the compounds were found to be selective hMAO-B inhibitors.

The most active compound showed MAO-B inhibitory activity in the nanomolar range.
Docking and molecular dynamics simulations proposed the binding mode of the best
compound.



