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Abstract

A series of coumarin-pargyline hybridéatx) have been designed, synthesized and
evaluated as novel dual inhibitors of Alzheimerisedse (AD). Most of the
compounds exhibited a potent ability to inhibit dony-5 (Ap) aggregation and
monoamine oxidases. In particular, compouhd exhibited remarkable inhibitory
activities against monoamine oxidases 5{C0.027+0.004 M for MAO-B;
3.275+0.04Q:M for MAO-A) and Af1.42 aggregation (54.0+£1.1%, 284). Moreover,
compound4x showed low toxicity according tim vitro cell toxicity test. The results
of the parallel artificial membrane permeabilitgag for blood-brain barrier indicated
that compoundix would be potent to cross the blood-brain barieillectively, these
findings demonstrate that compoufiiwas an effective and promising candidate for

AD therapy.
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aggregation.

1. Introduction

Alzheimer’s disease (AD), the most ordinary formdeimentia in the elderly, is
an age-related progressive neurodegenerative @isoldracterized by memory loss,
decline in language skills and other cognitive impants [1]. As reported by WHO,
more than 30 million people are suffering from Andwide, and the incidence of
AD will significantly rise to 100 million by 20502]. Due to complex nature and
multitude of factors potentially involved in pathegesis, many aspects of AD are not
yet fully known. Accordingly, some factors, suchlaw levels of neurotransmitter
acetylcholine (ACh), the aggregation @gfamyloid peptide, dyshomeostasis of
biometals, hyperphosphorylation of tau protein, arilative stress, are suggested to
play key roles in the pathogenesis of AD [3, 4]Jughthe multi-target-directed ligand
(MTDL) strategy, aiming to this multifaceted diseahas drawn much attention as a

promising therapeutic approach [5, 6].



Monoamine oxidases (MAOs), FAD-dependent enzymepomsible for the
regulation and metabolism of major monoamine neansimitters, were drawn much
attention in recent years [7-9]. By vivo two-photon imaging, close correlation of
monoamine oxidase activity with progress of AD ircenwas reported in 2016 [10].
MAOs exist as two isoforms, MAO-A and MAO-B, whiexhibit different substrate
and inhibitor specificities. MAO-A, preferentialdegrading serotonin, adrenaline and
noradrenaline, has a close correlation with depess/hereas MAO-B is specifically
responsible for the neurodegenerative diseaseau&b [11]. High expression level
of MAO-B in neuronal tissue relates to the levelhgfirogen peroxide, resulting in
oxidative damage and apoptotic signaling events {B?. Thus, MAO-B inhibitors
are considered as potential candidates for anfrdiiner drugs.

Among the multiple factors that induce AD,pfAplays a crucial role. The
aggregation of g, especially &1.42 in brain leads to the formation of senile plaques,
associated with neurodegeneratjbd]. Recently, a study on amylofl-oligomers
and plaques provided solid evidence for the vieat the accumulation of Ais an
important mechanism underlying AD [15]. Thereformhibition of ABi.4
aggregation is a potential therapeutic strategyAdrtreatment.

Many efforts have been addressed toward the desigMTDLs targeting
cholinesterase (ChE) inhibition, MAO inhibition fAdeposit inhibition, antioxidative
and metal chelating properties [5, 16-18]. In th&udy, a series of
coumarin-pargyline hybrids were designed, syntlegbiand evaluated for their
biological activity, including MAO-B inhibitory aetity, inhibition of Apfi.42
aggregation properties, and ability to cross theotd-brain barrier (BBB).
Meanwhile, computational studies were performegriadict their binding modes

in active pocket and illustrate their exceedinglyhhaffinities.

2. Results and discussion

2.1. Design and synthesis of the target coumarin-pgyline hybrids
Coumarins are widely present in many plant spe@ed have attracted

considerable attention in recent years because theglay a wide range of



biological properties associated with neurologidsorders, especially for AD
[18-20]. Previous studies have shown that coumamalogs exhibited potent
MAO-B inhibitory activity, especially for the 3-,-4and 7-substituted coumarin
analogs [21, 22]. Besides its MAO-B inhibition, tpia few studies reported that
coumarin analogs also exhibiteg? Anti-aggregation potency by functionalization
of their aromatic center [22, 23]. These resultdigate that coumarin is a
noteworthy scaffold for the discovery and developtred multifunctional drugs for
the treatment of AD.

Pargyline is an irreversible selective MAO-B inhidyidrug (1G, for MAO-A
is 0.01152 pmol/L and for MAO-Bis 0.00820 umol/L) [24, 25]. The
propargylamine moiety derived from selective MAGrBIibitor plays an important
role in neuroprotective properties [26, 27].

Considering the above mentioned, the privilegedimratproduct coumarin and
the drug fragment of pargyline were combined tagleand synthesiza series of
coumarin-pargyline hybrids which are expected tsbkective MAO-B inhibitors,
as well as inhibitors of Ay.4> aggregationKigure. 1).

The synthetic pathways of target compoundsta-x  with
7-hydroxy-H-chromen-2-ond as staring material were summarizedScheme 1
Compounds 2a-c were obtained by alkylation ofl with different a,
o-dibromoalkanes in the presence of potassium catieohe obtained compounds
2a-creacted with commercially available secondary asim refluxing CHCN for
10 h to give the key intermediat8a-u. Finally, the reaction of compoun@a-u
with 3-bromopropyne under basic conditions providadyet compoundda-u. It
should be noted that the propargylation of aminesl o be performed by
monitoring the reaction course at 65°C against fdrenation of dipropargylated
products at high temperature [28]. To explore thaipesiority of
N-benzylpropargylamine andN-methylpropargylamine moieties from pargyline,
target compound4v-x were synthesized by direct reaction of compowzeis with
N-methylpropargylamine at the optimized conditions.

2.2. MAOs inhibitory activities of the target compands



The hMAO-A and hMAO-B inhibitory activities of coumarin-pargylineybrids
were measured by a previously described fluoregcbased Amplex Red assay using
pargyline as reference compound [Zdje corresponding Kg values and selectivity
index (SI) values are shown irable 1 For compoundda-u, the substituents in the
phenoxy ring have no significant effect bMAO-B inhibitory. Comparing the 16
values of 4a-u and 4v-x, compounds with N-methylpropargylamine moiety
performed much better activities than that wittbenzylpropargylamine moiety in
hMAO-B inhibition. Besides, the linker length betweecoumarin and
propargylamine moiety played a significant roleetermining the inhibitory activity
for hMAO-B inhibitory. Among them,4x with a four-carbon spacehNIAO-B,
IC50=0.027£0.004uM; SI, 121.3) showed the most potent inhibitoryiatt and
selectivity forhrMAO-B, which was stronger than the reference complopargyline
(hMAO-B, 1C5,=0.194+0.03Q:M; SI, 18.15).

The molecular modeling study based on MAO-B (PDRleco2V60) was
performed using docking program, AutoDock 4.2 pgekaith Discovery Studio 2.0.
As shown in thd=igure 2, the size of compoundix with a four-carbon spacer is better
suited to fill the binding cavity ihMAO-B.

2.3. Reversibility study ofhMAO-B inhibition

The most promising compoudck with a nanomolahMAO-B inhibitory activity
was selected for further studies. To evaluate wdrethe target compoundix is a
reversiblehMAO-B inhibitor or not, a time-dependent inhibitiassay was carried
out [30]. The irreversible inhibitor pargyline wessted as the reference compound.
As shown inFigure 3, 4x was an irreversible inhibitor tIMAO-B as evidenced by a
significant time-dependent increase of inhibitocgivaty. This result was consistent
with irreversible inhibitor pargyline. According tbe studies, propargylamino group
present in the compounrtk may lead to the irreversible inhibition of the gme [28,
31].

2.4. AB1.42 Self-aggregation inhibitory activity of the targetcompounds
With the above studies on tH@&1AO-B inhibitory activities of all the target

compounds4o-x presented a potential to inhibiMAO-B, while the others had weak



activity. From the view of MTDLs targeting bottMAO and AB1.42, hybrids4o-x
with favorablehMAO-B inhibitory activities were chosen for theurther bioassay to
inhibit self-induced #;.4> aggregation by thioflavin-T based fluorescenceayn$32,
33]. Curcumin and resveratrol were used as referencepeonus [30, 33-34].
Inhibitory activities as inhibition ratios at a tesoncentration of 25%M were
displayed in Figure 4. The result showed that hybridgo-x exhibited
moderate-to-good potencies (30.6-59.3% atuRH compared to that of curcumin
(47.7% at 25M) and resveratrol (61.3% at 28/). The hybrids4o and4w-x had
better performance on anfttamyloid aggregation property.

A structure-activity relationship analysis indicatinat the property and locality
of substituents in the phenoxy ring had significampacts on £;.4> inhibitory
activity. The F-substituted hybridu (30.6% at 25:M) exhibited lower inhibitory
activities than the corresponding &slbstituted hybirdip (50.0% at 25:M). The
para-substituted compoundr (49.1% at 25:M) exhibited much higher inhibitory
activities thanmetasubstituted compounds (38.2% at 25«M). From inhibition
ratios of compounddv-x (36.4%, 59.3%, 54.0% at 2B, respectively) 4w with a
three-carbon spacer add with a four-carbon spacer had more potent intuhitof
self-induced 4.4 aggregation thadv with a three- carbon spacer.

The potent inhibito#x was selected with X-ray crystal structure of thetgin
Af1.42 structure (PDB code 11YT) for molecular dockingdies because of its total
performance regardindiMAO-B inhibition and self-induced A 4> aggregation
inhibition. As shown in Figure®A and 5B, the coumarin ring of compoundix
interacted with the residue Phe20 viar stacking interaction. A hydrogen bond
interaction was formed between carbonyl group ahpound4x and the residue
Lys16. These results indicated that thie stacking interaction and hydrogen bond

interactions played important roles in the stapitit the4x-Ap complex.
2.5. In vitro blood-brain barrier permeation assay
The blood-brain barrier (BBB) protects the braianfr harmful chemicals, and

makes it difficult for drugs to reach the targellserhus, it is important to cross the

blood-brain barrier (BBB) for the drugs targetingntral nervous system (CNS). On



this basis, the parallel artificial membrane perosaassay (PAMPA)-BBB method
was used to evaluate the brain penetration abiftgompound4x [35]. Table 2
showed the permeability values of eight referermrogsl with known CNS penetration
and compounddx. The experimental and reported permeability valoéseight
reference drugs provided a good linear correlatn(exp) = 0.6022P, (Bibl) +
0.8073 (R =0.9749). From this equation and considering itmétd established by Di
et al. for BBB permeation, we established that conmgl with Pe value above
3.22x10° cm s'could penetrate into the CNS. Compouhdshowed &P, value of
8.92x10°cm s, indicating that it could easily cross the BBB.
2.6. Cell toxicity

The safety is extraordinary important for the CN8gd, so the potential toxicity
effect of 4x was investigated oAx-treated PC12 cells. The cells were exposed to
compound 4x for 24 h and the cell viability was determined ke
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatiu(MTT) assay [36, 37]. As shown
in Figure 6, compounddx showed little effect on the cell viability at 0Q@QM. The
data showed that compoudd was nontoxic to PC12 and might be used to develop

promising drug candidates for the therapy of trepAD.
2.7. Acute Toxicity.
Fifteen KM mice (KM mice, which are common closealony mice and most

widely used in biomedical research in China) waredomly allocated into 3 groups,
and the compoundx, pargyline were given in a single oral dose of &iwhol/kg
respectively. After administration of compoundscenwere monitored continuously
for the first 4 h for any abnormal behavior and tality changes, intermittently for
the next 24 h, and occasionally thereafter for a¢sdto monitor the onset of any
delayed effects. During the experimental periodaoote toxicity, such as mortality,
or significant abnormal changes in water or foodstonption or body weight were
observed. Furthermore, all mice were sacrificed the 14th day after drug
administration, and no damage to the heart, liverkidneys was macroscopically
detected.

Besides, the orbital blood was collected beforeapiation, and the levels of



aspartate aminotranferase (AST) and alanine anainf@rase (ALT) were evaluated
(Figure. 7) [38]. Compared with the control group, compouhdand pargyline did
not significantly alter these parameters.

Overall, compounddx was nontoxic and well tolerated at doses up to 2.4

mmol/kg.

3. Conclusions

In this study, a series of coumarin-pargyline hgbnvere designed, synthesized
and evaluated as dual inhibitors of amylgidggregation and monoamine oxidases
for the treatment of ADAmong the synthesized compounds, compodxexhibited
the most potenhiMAO-B inhibitor activity, high selectivity forhrMAO-B over
hMAO-A, as well as significant inhibition of A.4, aggregation. Meanwhile,
compound4x could penetrate the blood-brain barrier (BBB) ahdwed low toxicity
according tdn vitro cell toxicity test andn vivo acute toxicity test. In summary, these
results suggested that compoufidis an effective and promising candidate for AD

therapy.
4. Methods

4.1. Chemistry

All chemicals (reagent grade) used were purchased §ino pharm Chemical
Reagent Co., Ltd. (China). Reaction progress wasitored using analytical thin
layer chromatography (TLC) on precoated silica G#H254 (Qingdao Haiyang
Chemical Plant, Qing-Dao, China) plates and theésspere detected under UV light
(254 nm). Column chromatography was performed licasgel (90-15Q:m; Qingdao
Marine Chemical Inc.)'H NMR and**C NMR spectra were measured on a Bruker
ACF-500 spectrometer at 25°C and referenced to TGA#mical shifts are reported
in ppm @) using the residual solvent line as internal staddSplitting patterns are
designed as s, singlet; d, doublet; t, triplet;nnujtiplet. Mass spectra were obtained
on a MS Agilent 1100 Series LC/MSD Trap mass spewgter (ESI-MS) and a
Mariner ESI-TOF spectrometer (HRESIMS), respeciivel

4.1.1.General procedures for the preparation of poonds2a-c.



To a solution of 7-hydroxy+2-chromen-2-ond (4 mmol) and powdered X O;

(8 mmol) in acetone (20 mL), correspondings-dibromoalkane (24 mmol) was
added. The reaction mixture was refluxed for 1hil®pon completion, CO; was
removed by filtration and the solvent was conceattainder vacuum, the residue was
purified on silica gel chromatography with petroteether/ethyl acetate (7:1, v/v) as
elution solvent to give the desired prodRatc[18, 38].

4.1.1.1. 7-(2-bromoethoxy)-2H-chromen-2-08&)

The general procedure described f@a-c was used, starting fromi,
1,2-dibromoethane and powderegddO; and2awas obtained as a White solid (yield
75%);*H NMR (500 MHz, DMSO)s 8.00 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.65 (d,
J = 8.6 Hz, 1H, H5-coumarin), 7.03 (d= 2.4 Hz, 1H, H8-coumarin), 6.99 (ddl=
8.6, 2.5 Hz, 1H, H7-coumarin), 6.31 (05 9.5 Hz, 1H, H3-coumarin), 4.45 = 5.3
Hz, 2H,0-CH-), 3.84 (t,J = 5.3 Hz, 2H, CEBr). Analytical data oRa were conform
to the literature [18, 38].
4.1.1.2. 7-(3-Bromopropoxy)-2H-chromen-2-o8b) (

The general procedure described fda-c was used, starting fromi,
1,3-dibromopropane and powderedd; and?2b was obtained as a White solid
(yield 79%); *H NMR (500 MHz, DMSO-d6)d 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.62 (dJ = 8.7 Hz, 1H, H5-coumarin), 7.00 (d,= 2.5 Hz, 1H,
H8-coumarin), 6.96 (ddl = 8.6, 2.5 Hz, 1H, H7-coumarin), 6.29 & 9.5 Hz, 1H,
H3-coumarin), 4.18 (s, 2H, O-GH, 3.67 (t,J = 6.6 Hz, 2H, CEBr), 2.27 (t,J =
6.3 Hz, 2H, OCH-CHy). Analytical data o2b were conform to the literature [18,
38].
4.1.1.3. 7-(4-Bromobutoxy)-2H-chromen-2-o8e)

The general procedure described f@a-c was used, starting fromi,
1,4-dibrombutan and powdered®0O; and2c was obtained as a White solid (yield
83%); *H NMR (500 MHz, DMSOds) 6 7.98 (d,J = 9.4 Hz, 1H, H4-coumarin), 7.61
(d,J =8.5Hz, 1H, H5-coumarin), 6.98 (@= 2.3 Hz, 1H, H8-coumarin), 6.94 (@7=
8.7 Hz, 1H, H7-coumarin), 6.27 (d,= 9.5 Hz, 1H, H3-coumarin), 4.11 (s, 2H,
O-CHy-), 3.61 (s, 2H, ChBr), 1.97 (dd,J = 8.5, 6.2 Hz, 2H, O(Ch),-CH,), 1.86 (dd,



J=8.6, 5.9 Hz, 2H, OCHCH,). Analytical data oRc were conform to the literature
[18, 38].
4.1.2. General procedures for the preparation ahpounds3a-u.

A mixture of compound2a-c (1 mmol), benzylamine derivatives (3 mmol),
powdered KCO; (5 mmol) and a catalytic amount of Kl in acetahet(20 mL) was
stirred at reflux for 10 hours. K O; was removed by filtration and the solvent was
concentrated under vacuum, the residue was purdredilica gel chromatography
with DCM/MeOH (100:1, v/v) as elution solvent torgithe desired produ8a-u[18,
38].
4.1.2.1. 7-[2-(benzylamino)ethoxy]-2H-chromen-2-(8e).

The general procedure described fBa-u was used, starting fronRa,
benzylamine, powdered,KO; and Kl, and3a was obtained as a Yellow oil (yield
91%); *H NMR (500 MHz, DMSOds) 6 7.99 (d,J = 9.6 Hz, 1H, H4-coumarin), 7.62
(d, J = 8.6 Hz, 1H, H5-coumarin), 7.32 (dt= 15.1, 7.5 Hz, 4H, Ph-H), 7.24 (m, 1H,
Ph-H), 6.99 (d,J = 2.5 Hz, 1H, H8-coumarin), 6.95 (dd,= 8.6, 2.4 Hz, 1H,
H7-coumarin), 6.28 (dJ = 9.5 Hz, 1H, H3-coumarin), 4.14 @ = 5.6 Hz, 2H,
O-CH-), 3.76 (s, 2H, CkPh), 2.87 (t,J = 5.6 Hz, 2H, OCRCH,). HRMS: calcd for
C1gH17NO3 [M + H]" 296.1208, found 296.1281.
4.1.2.2. 7-{2-[(4-methylbenzyl)amino]ethoxy}-2H-chren-2-one3b)

The general procedure described f8a-u was used, starting fronRa,
4-methylbenzylamine, powdered®0; and Kl, and3b was obtained as a Yellow oil
(yield 89%):*H NMR (500 MHz, DMSOeg) J 7.98 (d,J = 9.4 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.21 (d= 7.8 Hz, 2H, Ph-H), 7.10 (d,=
7.7 Hz, 2H, Ph-H), 6.97 (d, = 2.3 Hz, 1H, H8-coumarin), 6.94 (d= 8.6 Hz, 1H,
H7-coumarin), 6.28 (dJ = 9.4 Hz, 1H, H3-coumarin), 4.13 @ = 5.6 Hz, 2H,
O-CHy-), 3.71 (s, 2H, CkPh), 2.85 (s, 2H, OCHCH,), 2.26 (s, 3H, Ck). HRMS:
calcd for GoH1oNO3 [M + H]* 310.1365 , found 310.1438.
4.1.2.3. 7-{2-[(4-isopropylbenzyl)amino]ethoxy}-2iHromen-2-one3C)

The general procedure described fBa-u was used, starting fronRa,

4-isopropylbenzylamine, powdered®0; and Kl, and3c was obtained as a Yellow



oil (yield 88%); '"H NMR (500 MHz, DMSOds) § 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.24 (@= 7.8 Hz, 2H, Ph-H),
7.16 (d,J = 7.8 Hz, 2H, Ph-H), 6.98 (d,= 2.3 Hz, 1H, H8-coumarin), 6.94 (d=

8.6 Hz, 1H, H7-coumarin), 6.28 (d= 9.4 Hz, 1H, H3-coumarin), 4.13 = 5.6 Hz,
2H, O-CHy-), 3.72 (s, 2H, CkPh), 2.87 (t] = 5.6 Hz, 2H, OCRCH;), 2.85-2.80 (m,
1H, CH), 1.18 (dJ = 6.9 Hz, 6H, 2xCh). HRMS: calcd for GiH»sNO;3 [M + H]*

338.1678, found 338.1751.

4.1.2.4. 7-{2-[(4-methoxybenzyl)amino]ethoxy}-2Harhen-2-one3d)

The general procedure described f8a-u was used, starting fronRa,
4-methoxybenzylamine, powdered®0O; and Kl, and3d was obtained as a Yellow
oil (yield 80%); 'H NMR (500 MHz, DMSOds) § 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.25 (@= 8.2 Hz, 2H, Ph-H),
6.98 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.94 (d#l= 8.6, 2.4 Hz, 1H, H7-coumarin),
6.86 (d,J = 8.5 Hz, 2H, Ph-H), 6.28 (d,= 9.4 Hz, 1H, H3-coumarin), 4.13 {t= 5.7
Hz, 2H, O-CH-), 3.72 (s, 3H, OCEJ, 3.69 (s, 2H, CkPh), 2.85 (s, 2H, OCHCHy).
HRMS: calcd for GoH1oNO,4 [M + H]* 326.1314, found 326.1387.
4.1.2.5. 7-{2-[(3-methoxybenzyl)amino]ethoxy}-2Harhen-2-one3e)

The general procedure described f8a-u was used, starting fronRa,
3-methoxybenzylamine, powdered®0O; and Kl, and3e was obtained as a Yellow
oil (yield 81%); *H NMR (500 MHz, DMSOds) 6§ 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.62 (d] = 8.6 Hz, 1H, H5-coumarin), 7.22 &= 7.8 Hz, 1H, Ph-H),
6.99 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.97-6.93 (m, 2H, Ph-6191 (d, J = 7.6 Hz,
1H, Ph-H), 6.78 (ddJ = 8.2, 2.6 Hz, 1H, H7-coumarin), 6.28 @~ 9.4 Hz, 1H,
H3-coumarin), 4.14 (t) = 5.6 Hz, 2H, O-Cht), 3.73 (d,J = 4.2 Hz, 5H, CHPh+
OCHg), 2.87 (t,J = 5.6 Hz, 2H, OCHCH,). HRMS: calcd for GH19NO4 [M + H]™
326.1314, found 326.1387.
4.1.2.6. 7-{2-[(3-fluorobenzyl)amino]ethoxy}-2H-admen-2-one3)

The general procedure described f8a-u was used, starting fronRa,
3-fluorobenzylamine, powdered,€0O; and Kl, and3f was obtained as a Yellow oll

(yield 75%):*H NMR (500 MHz, DMSOeg) J 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin),



7.62 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.34 (t#l= 8.0, 6.1 Hz, 1H, Ph-H), 7.26-7.10
(m, 2H, Ph-H), 7.03 (td) = 8.0, 7.4, 2.2 Hz, 1H, Ph-H), 6.99 @@= 2.4 Hz, 1H,
H8-coumarin), 6.95 (dd] = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.28 5= 9.5 Hz, 1H,
H3-coumarin), 4.14 (s, 2H, O-GH, 3.79 (s, 2H, CkPh), 2.87 (s, 2H, OCHCH,).
HRMS: calcd for GgH16FNOs [M + H]* 314.1114, found 314.1187.

4.1.2.7. 7-{2-[(3,4-difluorobenzyl)amino]ethoxy}-Attromen-2-one3Q)

The general procedure described fBa-u was used, starting fronRa,
3,4-difluorobenzylamine, powdered®0O; and Kl, and3g was obtained as a Yellow
oil (yield 78%); *H NMR (500 MHz, DMSO-d6)s 7.97 (d,J = 9.6 Hz, 1H,
H4-coumarin), 7.60 (d] = 8.6 Hz, 1H, H5-coumarin), 7.46-7.25 (m, 2H, Ph-H18
(dd, J = 4.3, 2.1 Hz, 1H, Ph-H), 7.05-6.86 (m, 2H, H8+-¢bimarin), 6.27 (dJ =
9.6 Hz, 1H, H3-coumarin), 4.13 @,= 5.6 Hz, 2H, O-CH), 3.75 (s, 2H, CkPh),
2.85 (t,J = 5.6 Hz, 2H, OCRCH,). HRMS: calcd for GgH;sFoNOs [M + H]*
332.1020, found 332.1093.
4.1.2.8. 7-[3-(benzylamino)propoxy]-2H-chromen-2d8h)

The general procedure described fBa-u was used, starting fronRb,
benzylamine, powdered,KO; and Kl, and3h was obtained as a Yellow oil (yield
91%);*H NMR (500 MHz, DMSOdg) J 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61
(d, J = 8.6 Hz, 1H, H5-coumarin), 7.33-7.27 (m, 4H, Ph-H21 (d,J = 6.8 Hz, 1H,
Ph-H), 6.97 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.93 (dd,= 8.6, 2.4 Hz, 1H,
H7-coumarin), 6.28 (dJ = 9.5 Hz, 1H, H3-coumarin), 4.15 @ = 6.4 Hz, 2H,
O-CHy-), 3.70 (s, 2H, CbPh), 2.64 (tJ = 6.9 Hz, 2H, O(Ch)>-CH,), 1.89 (p,J = 6.6
Hz, 2H, OCH-CH,). HRMS: calcd for GHigNOs [M + H]" 310.1365, found
310.1438.
4.1.2.9. 7-{3-[(4-methylbenzyl)amino]propoxy}-2Hramen-2-ong3i)

The general procedure described fBa-u was used, starting fronRb,
4-methylbenzylamine, powdered®0O; and Kl, and3i was obtained as a Yellow oil
(yield 89%):'H NMR (500 MHz, DMSO#dg) § 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.20 (@= 7.7 Hz, 2H, Ph-H), 7.09 (d,=
7.7 Hz, 2H, Ph-H), 6.96 (d,= 2.4 Hz, 1H, H8-coumarin), 6.92 (ddél= 8.6, 2.4 Hz,



1H, H7-coumarin), 6.28 (d] = 9.5 Hz, 1H, H3-coumarin), 4.14 (,= 6.4 Hz, 2H,
O-CHy-), 3.65 (s, 2H, ChkPh), 2.63 (tJ = 6.8 Hz, 2H, O(Ch)>-CHy), 2.26 (s, 3H,
CHs), 1.88 (p,J = 6.6 Hz, 2H, OCKHCH,). HRMS: calcd for GoH2:NO3 [M + H]*
324.1521, found 324.1594.

4.1.2.10. 7-{3-[(4-isopropylbenzyl)amino]propoxyfHzzhromen-2-one3)

The general procedure described f8a-u was used, starting fron2b,
4-isopropylbenzylamine, powdered®0O; and Kl, and3j was obtained as a Yellow
oil (yield 88%); *H NMR (500 MHz, DMSOds) 6 7.98 (d,J = 9.4 Hz, 1H,
H4-coumarin), 7.60 (d] = 8.6 Hz, 1H, H5-coumarin), 7.22 (@ 8.0 Hz, 2H Ph-H),
7.14 (d,J = 7.8 Hz, 2H, Ph-H), 6.96 (d,= 2.3 Hz, 1H, H8-coumarin), 6.92 (ddi=
8.6, 2.4 Hz, 1H, H7-coumarin), 6.27 (05 9.4 Hz, 1H, H3-coumarin), 4.14 = 6.4
Hz, 2H, O-CH-), 3.65 (s, 2H, ChkPh), 2.85-2.81 (m, 1H, CH), 2.63 (= 6.8 Hz,
2H, O(CHy)>-CHy), 1.88 (pJ = 6.7 Hz, 2H, OCRCH,), 1.17 (dJ = 6.9 Hz, 6H, X
CHz). HRMS: calcd for GH2sNO3 [M + H]* 352.1834, found 352.1907.
4.1.2.11. 7-{3-[(4-methoxybenzyl)amino]propoxy}-2kFomen-2-one3k)

The general procedure described fBa-u was used, starting fronRb,
4-methoxybenzylamine, powdered®0; and Kl, and3k was obtained as a Yellow
oil (yield 89%); *H NMR (500 MHz, DMSOds) 6 7.97 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.60 (d] = 8.6 Hz, 1H, H5-coumarin), 7.25-7.20 (m, 2H, Ph-6195
(d,J = 2.4 Hz, 1H, H8-coumarin), 6.91 (ddi= 8.6, 2.4 Hz, 1H, H7-coumarin), 6.84
(d,J =8.6 Hz, 2H, Ph-H), 6.27 (d,= 9.5 Hz, 1H, H3-coumarin), 4.13 (= 6.4 Hz,
2H, O-CH-), 3.71 (s, 3H, OCH), 3.62 (s, 2H, CkPh), 2.61 (t,J = 6.8 Hz, 2H,
O(CH,)2-CHy), 1.90-1.82 (m, 2H, OCHCH,). HRMS: calcd for GyH21NO4 [M +
H]* 340.1471, found 340.1543.
4.1.2.12. 7-{3-[(3-methoxybenzyl)amino]propoxy}-2kromen-2-oney)

The general procedure described f8a-u was used, starting fronRb,
3-methoxybenzylamine, powdered®0O; and Kl, and3l was obtained as a Yellow
oil (yield 82%); *H NMR (500 MHz, DMSOds) 6 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.19 &= 7.8 Hz, 1H, Ph-H),
6.97 (d,J = 2.3 Hz, 1H, H8-coumarin), 6.95-6.90 (m, 2H, Ph-6189 (d,J = 7.6 Hz,



1H, Ph-H), 6.77 (dd) = 8.2, 2.6 Hz, 1H, H7-coumarin), 6.28 #= 9.4 Hz, 1H,
H3-coumarin), 4.15 (t) = 6.4 Hz, 2H, O-Cht), 3.72 (s, 3H, OCH), 3.67 (s, 2H,
CH,Ph), 2.63 (tJ = 6.8 Hz, 2H, O(CH),-CH,), 2.31 (s, 1H, NH), 1.89 (§,= 6.6 Hz,
2H, OCH-CH,). HRMS: calcd for GoH21NO4 [M + H]* 340.1471, found 340.1543.
4.1.2.13. 7-{3-[(3-fluorobenzyl)amino]propoxy}-2Hiomen-2-one3m)

The general procedure described f8a-u was used, starting fronRb,
3-fluorobenzylamine, powdered,&O; and Kl, and3m was obtained as a Yellow oll
(yield 91%):'H NMR (500 MHz, DMSO#dg) § 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.60 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.32 @= 7.4 Hz, 1H, Ph-H), 7.19-7.12 (m,
2H, Ph-H), 7.01 (tdJ = 8.9, 2.2 Hz, 1H, Ph-H), 6.96 (@= 2.3 Hz, 1H H8-coumarin),
6.92 (dd,J = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.27 5= 9.4 Hz, 1H, H3-coumarin),
4.14 (t,J = 6.4 Hz, 2H, O-Cht), 3.71 (s, 2H, CkPh), 2.62 (t,J = 6.7 Hz, 2H,
O(CH,)2-CHy), 2.32 (s, 1H, NH), 1.89 (&, = 6.6 Hz, 2H, OCRCH,). HRMS: calcd
for CigH1gFNOs [M + H]* 328.1271, found 328.1343.
4.1.2.14. 7-{3-[(3,4-difluorobenzyl)amino]propoxgH-chromen-2-one3f)

The general procedure described f8a-u was used, starting fronRb,
3,4-difluorobenzylamine, powdered,®0O; and Kl, and3n was obtained as a Yellow
oil (yield 93%); *H NMR (500 MHz, DMSOds) 6 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.39-7.28 (m, 2H, Ph-H15
(dd,J = 8.3, 4.9 Hz, 1H, Ph-H), 6.96 (= 2.4 Hz, 1H, H8-coumarin), 6.91 (dii=
8.6, 2.4 Hz, 1H, H7-coumarin), 6.27 (= 9.5 Hz, 1H, H3-coumarin), 4.14 (t= 6.4
Hz, 2H, O-CH-), 3.68 (s, 2H, CkPh), 2.61 (tJ = 6.8 Hz, 2H, O(Ch),-CH,), 2.31 (s,
1H, NH), 1.88 (tJ = 6.5 Hz, 2H, OCHCH,). HRMS: calcd for GyH17FNO3 [M +
H]* 346.1176, found 346.1249.
4.1.2.15. 7-[4-(benzylamino)butoxy]-2H-chromen-2 o)

The general procedure described fBa-u was used, starting fron2c,
benzylamine, powdered,KO; and KI, and3o was obtained as a Yellow oil (yield
95%); *H NMR (500 MHz, DMSOds) J 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61
(d,J = 8.6 Hz, 1H, H5-coumarin), 7.34-7.26 (m, 4H, Ph-H23-7.17 (m, 1H, Ph-H),
6.96 (d,J = 2.3 Hz, 1H, H8-coumarin), 6.92 (dil= 8.6, 2.4 Hz, 1H, H7-coumarin),



6.27 (d,J = 9.5 Hz, 1H, H3-coumarin), 4.07 &= 6.5 Hz, 2H, O-CHt), 3.68 (s, 2H,
CH,Ph), 2.53 (tJ = 7.0 Hz, 2H, O(Ch)3-CHy), 2.12 (s, 1H, NH), 1.77 (§,= 6.7 Hz,
2H, OCH-CH,), 1.57 (p,J = 7.2 Hz, 2H, O(CH)>CH,). HRMS: calcd for
C20H21NO3 [M + H]" 324.1521, found 324.1594.

4.1.2.16. 7-{4-[(4-methylbenzyl)amino]butoxy}-2Haimen-2-one 3p)

The general procedure described fBa-u was used, starting fron2c,
4-methylbenzylamine, powdered®O; and Kl, and3p was obtained as a Yellow oil
(yield 94%):'H NMR (500 MHz, DMSO#dg) § 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.19 (d= 7.7 Hz, 2H, Ph-H), 7.09 (d,=
7.7 Hz, 2H, Ph-H), 6.95 (d,= 2.4 Hz, 1H, H8-coumarin), 6.92 (ddél= 8.6, 2.4 Hz,
1H, H7-coumarin), 6.27 (d] = 9.5 Hz, 1H, H3-coumarin), 4.06 ,= 6.5 Hz, 2H,
O-CHy-), 3.63 (s, 2H, CkPh), 2.52 (dJ = 7.0 Hz, 2H, O(CH)s-CH,), 2.26 (s, 3H,
CHs), 1.83-1.70 (m, 2H, OCHCH,), 1.60-1.50 (m, 2H, O(ChHr-CH,). HRMS: calcd
for C21H23NO3 [M + H]* 338.1678, found 338.1751.
4.1.2.17. 7-{4-[(4-isopropylbenzyl)amino]butoxy}-=ttHromen-2-one3(q)

The general procedure described fBa-u was used, starting fron2c,
4-isopropylbenzylamine, powdered®0O; and Kl, and3q was obtained as a Yellow
oil (yield 94%); 'H NMR (500 MHz, DMSOds) & 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.22 (@l= 7.6 Hz, 2H, Ph-H),
7.14 (d,J = 7.9 Hz, 2H, Ph-H), 6.96 (d,= 2.4 Hz, 1H, H8-coumarin), 6.93 (s, 1H,
H7-coumarin), 6.27 (dJ = 9.4 Hz, 1H, H3-coumarin), 4.06 @ = 6.5 Hz, 2H,
O-CH,-), 3.63 (s, 2H, CkPh), 2.84 (dJ) = 6.8 Hz, 1H, CH), 2.53 (] = 7.0 Hz, 2H,
O(CHy)3-CHy), 1.77 (p,J = 6.8 Hz, 2H, OCHCH,), 1.56 (q,J = 7.1 Hz, 2H,
O(CH,)2-CHy), 1.17 (d,J = 6.9 Hz, 6H, 2 CHs). HRMS: calcd for GHosNO3 [M +
H]" 366.1991, found 366.2064.
4.1.2.18. 7-{4-[(4-methoxybenzyl)amino]butoxy}-2kt-@amen-2-onedr)

The general procedure described f8a-u was used, starting fron2c,
4-methoxybenzylamine, powdereg®0O; and KI, and3r was obtained as a Yellow
oil (yield 87%); '"H NMR (500 MHz, DMSOds) J 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.23 (@= 8.6 Hz, 2H, Ph-H),



6.96 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.92 (ddl= 8.6, 2.4 Hz, 1H, H7-coumarin),
6.85 (d,J = 8.6 Hz, 2H, Ph-H), 6.28 (d,= 9.4 Hz, 1H, H3-coumarin), 4.06 {t= 6.5
Hz, 2H, O-CH-), 3.72 (s, 3H, OCH}, 3.62 (s, 2H, CkPh), 2.53 (dJ = 7.0 Hz, 2H,
O(CH,)5-CH,), 1.77 (p,J = 6.7 Hz, 2H, OCRCH,), 1.57 (p,d = 7.1 Hz, 2H,
O(CHy),-CHy,). HRMS: calcd for GiHsNO4 [M + H] " 354.1627, found 354.1700.
4.1.2.19. 7-{4-[(3-methoxybenzyl)amino]butoxy}-2kt-amen-2-one3s)

The general procedure described f8a-u was used, starting fron2c,
3-methoxybenzylamine, powderegd®0O; and Kl, and3s was obtained as a Yellow
oil (yield 89%); '"H NMR (500 MHz, DMSOds) J 7.98 (d,J = 9.5 Hz, 1H,
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.19 &= 7.8 Hz, 1H, Ph-H),
6.95 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.94-6.89 (m, 2H, Ph-6188 (d,J = 7.6 Hz,
1H), 6.76 (dd,J = 8.2, 2.6 Hz, 1H, H7-coumarin), 6.27 (d,= 9.5 Hz, 1H,
H3-coumarin), 4.07 (tJ = 6.5 Hz, 2H, O-CH), 3.72 (s, 3H, OC}J, 3.66 (s, 2H,
CH,Ph), 2.53 (tJ = 7.0 Hz, 2H, O(Ch)s-CHy), 2.28 (s, 1H, NH), 1.77 (§,= 6.7 Hz,
2H, OCH-CH,), 1.57 (p,J = 7.2 Hz, 2H, O(CH)>CH,). HRMS: calcd for
C21H23NO4 [M + H]" 354.1627, found 354.1700.
4.1.2.20. 7-{4-[(3-fluorobenzyl)amino]butoxy}-2H+cimen-2-one 3t)

The general procedure described fBa-u was used, starting fron2c,
3-fluorobenzylamine, powdered,€0O; and Kl, and3t was obtained as a Yellow oll
(yield 93%):'H NMR (500 MHz, DMSO#dg) § 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.60 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.36-7.29 (m, 1H, Ph-H19-7.11 (m, 2H,
Ph-H), 7.04-6.98 (m, 1H, Ph-H), 6.96 (= 2.4 Hz, 1H, H8-coumarin), 6.92 (dii=
8.6, 2.4 Hz, 1H, H7-coumarin), 6.27 (= 9.4 Hz, 1H, H3-coumarin), 4.07 {t= 6.5
Hz, 2H, O-CH-), 3.70 (s, 2H, CkPh), 2.53 (tJ = 7.1 Hz, 2H, O(Ch)s-CH,), 2.32 (s,
1H, NH), 1.77 (p,J = 6.7 Hz, 2H, OCKCH,), 1.57 (p,J = 7.2 Hz, 2H
O(CH,),-CH,). HRMS: calcd for GoH2oFNOs [M + H]* 342.1427, found 342.1500.
4.1.2.21. 7-{4-[(3,4-difluorobenzyl)amino]butoxyHZhromen-2-one3)

The general procedure described fBa-u was used, starting fron2c,

3,4-difluorobenzylamine, powdered,®0; and Kl, and3u was obtained as a Yellow



oil (yield 90%); *H NMR (500 MHz, DMSOdg) 6 7.98 (d,J = 9.6 Hz, 1H
H4-coumarin), 7.61 (d] = 8.6 Hz, 1H, H5-coumarin), 7.37-7.30 (m, 2H, Ph-H16
(s, 1H, Ph-H), 7.01-6.90 (m, 2HH7+H8-coumarin), 6.28 (dJ = 9.4 Hz, 1H
H3-coumarin), 4.07 (t) = 6.5 Hz, 2H, O-Cht), 3.67 (s, 2H, CkPh), 2.52 (s, 2H,
O(CH,)3-CHy), 2.44 (s, 1H, NH), 1.78 (@ = 6.7 Hz, 2H, OCKCH,), 1.57 (p,J =
7.1 Hz, 2H, O(CH)>-CH,). HRMS: calcd for GgH19F2NOs [M + H]* 360.1333, found
360.1406.

4.1.3. General procedures for the preparation ahpoundsta-u.

To a solution of compounda-u (1 mmol), powdered ¥CO; (1.1 mmol) and a
catalytic amount of Kl in acetonitrile (15 mL), 3dmopropyne (1.1 mmol) was
added. The reaction mixture was heated for 1-2 hhatr65 °C. Upon completion,
K,COswas removed by filtration and the solvent was cotveged under vacuum, the
residue was purified on silica gel chromatograplith wetroleum ether/ethyl acetate
(10:1, v/v) as elution solvent to give the desipedductda-u [39].
4.1.3.1. 7-{2-[benzyl(prop-2-yn-1-yl)amino]ethoxfH-chromen-2-onedg)

The general procedure described 4aru was used, starting froi®a, powdered
K2CO;3, 3-bromopropyne and Kl, anth was obtained as a Yellow solid (yield 56%);
m.p. 102-104 °C; IR (KBry 3214, 2920, 1727, 1610, 1508, 1283, 1130, 1031, 84
cm’; 'H NMR (500 MHz, DMSOds) 6 7.99 (d,J = 9.5 Hz, 1H H4-coumarin), 7.62
(d, J = 8.6 Hz, 1H, H5-coumarin), 7.36-7.29 (m, 4H, Ph-FH29-7.20 (m, 1H, Ph-H),
7.00 (d,J = 2.3 Hz, 1H, H8-coumarin), 6.94 (@= 8.6 Hz, 1H, H7-coumarin), 6.29
(d, J = 9.5 Hz, 1H, H3-coumarin), 4.21 @ = 5.8 Hz, 2H, O-Ch), 3.70 (s, 2H,
CH,Ph), 3.40 (dJ = 2.4 Hz, 2H, CHC=), 3.22 (s, 1H, ECH), 2.88 (t,J = 5.8 Hz,
2H, OCH-CH,). **C NMR (125 MHz, DMSOds) & 162.08 (C2-coumarin), 160.77
(C7-coumarin), 155.84 (C8a-coumarin), 144.80 (Cdrncarin), 138.93 (C-Ph),
129.92 (C4a-coumarin), 129.19 XZH-Ph), 128.69 (X CH-Ph), 127.55 (CH-Ph),
113.27 (C3-coumarin), 112.91 (C5-coumarin), 112.8D6-coumarin), 101.68
(C8-coumarin), 79.26 (<), 76.61 £CH), 67.09 (O-Ch), 57.98 (N-CH-), 51.59
(OCH,-CH,), 42.34 (CH-C=). HRMS: calcd for GH1oNOs [M + H]" 334.1365,
found 334.1438.



4.1.3.2.7-{2-[(4-methylbenzyl)(prop-2-yn-1-yl)amino]ethox@f-chromen-2-onedp)

The general procedure described 4aru was used, starting fro@b, powdered
K2CO;3, 3-bromopropyne and KI, artb was obtained as a Yellow solid (yield 84%);
m.p. 71-73 °C; IR (KBry 3281, 2921, 1726, 1626, 1510, 1294, 1129, 1043 c&?";
'H NMR (500 MHz, DMSOds) 6 8.00 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.62 @z
8.6 Hz, 1H, H5-coumarin), 7.25-7.09 (m, 4H, Ph-l8)99 (d,J = 2.4 Hz, 1H,
H8-coumarin), 6.94 (dd] = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.30 (= 9.5 Hz, 1H,
H3-coumarin), 4.20 (t) = 5.9 Hz, 2H, O-Cht), 3.65 (s, 2H, CkPh), 3.40 (dJ = 2.4
Hz, 2H, CH-C=), 3.20 (t,J = 2.3 Hz, 1H, €CH), 2.87 (t,J = 5.9 Hz, 2H,
OCH,-CH,), 2.28 (s, 3H, ChH. ®C NMR (125 MHz, DMSOds) § 162.07
(C2-coumarin), 160.77 (C7-coumarin), 155.84(C8antamn), 144.81(C4-coumarin),
136.59 (C-Ph), 135.79 (C-Ph), 129.91 (C4a-coumati29.25 (2< CH-Ph), 129.18 (2
X CH-Ph), 113.29 (C3-coumarin), 112.90 (C5-coumarit}2.79 (C6-coumarin),
101.67 (C8-coumarin), 79.30 (& 76.57 £CH), 67.08 (O-CHt), 57.71 (N-CH-),
51.45 (OCH-CH,), 42.26 (CH-C=), 21.17 (CH). HRMS: calcd for GHyiNO3 [M +
H]* 348.1521, found 348.1594.
4.1.3.3. 7-{2-[(4-isopropylbenzyl)(prop-2-yn-1-yl)amino]etkyg-2H-chromen-2-one
(4c)

The general procedure described 4aru was used, starting fro®c, powdered
K2CGOs, 3-bromopropyne and Kl, antt was obtained as a Yellow solid (yield 51%);
m.p. 58-59 °C; IR (KBr) 3246, 2959, 1706, 1626, 1509, 1298, 1133, 1030 c&?2";
'H NMR (500 MHz, DMSOdg) J 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61 @z
8.6 Hz, 1H, H5-coumarin), 7.26-7.12 (m, 4H, Ph-8)98 (d,J = 2.4 Hz, 1H,
H8-coumarin), 6.93 (dd] = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.28 (= 9.5 Hz, 1H,
H3-coumarin), 4.19 () = 5.8 Hz, 2H, O-Cht), 3.65 (s, 2H, CkPh), 3.40 (dJ=2.4
Hz, 2H, CH-C=), 3.19 (s, 1H, ECH), 2.91-2.79 (m, 3H, OCHCH,+CH), 1.17 (d
= 6.9 Hz, 6H, X CHs). 3C NMR (125 MHz, DMSOds) § 162.06 (C2-coumarin),
160.76 (C7-coumarin), 155.83 (C8a-coumarin), 147G%®h), 144.81(C4-coumarin),
136.25 (C-Ph), 129.91 (C4a-coumarin), 129.1X (H-Ph), 126.56 (X CH-Ph),
113.30 (C3-coumarin), 112.89 (C5-coumarin), 112.f®6-coumarin), 101.67



(C8-coumarin), 79.31 (%), 76.59 €CH), 67.05 (O-CH), 57.77 (N-CH-), 51.47

(OCH,-CHy), 42.39 (CH-C=), 33.55 (CH), 24.37 (X CHg). HRMS: calcd for

Co4H25NO3 [M + H]* 376.1834, found 376.1907.

4.1.3.4. 7-{2-[(4-methoxybenzyl)(prop-2-yn-1-yl)anjethoxy}-2H-chromen-2-one
(4d)

The general procedure described 4aru was used, starting frol®d, powdered
K2CQO3, 3-bromopropyne and Kl, anttl was obtained as a Light yellow solid (yield
49%); m.p. 79-81 °C; IR (KBry 3307, 2836, 1721, 1615, 1510, 1240, 1127, 1035,
835 cm’; 'H NMR (500 MHz, DMSOsdg) J 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.22 (@= 8.5 Hz, 2H, Ph-H), 6.99 (d,=
2.4 Hz, 1H, H8-coumarin), 6.93 (ddl= 8.6, 2.4 Hz, 1H, H7-coumarin), 6.87 (b5
8.6 Hz, 2H, Ph-H), 6.29 (d, = 9.4 Hz, 1H, H3-coumarin), 4.19 @,= 5.9 Hz, 2H,
O-CH,-), 3.72 (s, 3H, OC}, 3.61 (s, 2H, ChkPh), 3.38 (dJ = 2.4 Hz, 2H, CHC=5),
3.19 (s, 1H, ECH), 2.86 (t,J = 5.9 Hz, 2H, OCKHCH,). ®*C NMR (125 MHz,
DMSO-ds) ¢ 162.07 (C2-coumarin), 160.77 (C7-coumarin), 158@81Ph), 155.84
(C8a-coumarin), 144.81(C4-coumarin), 130.65 (C-RI80.41 (2<CH-Ph), 129.91
(Cda-coumarin), 114.06 CH-Ph), 113.28 (C3-coumarin), 112.90 (C5-coumarin),
112.79 (C6-coumarin), 101.69 (C8-coumarin), 79.32=), 76.56 €CH), 67.10
(O-CH,-), 57.35 (N-CH-), 55.45 (OCH)), 51.37 (OCH-CH,), 42.16 (CH-C=).
HRMS: calcd for G;H2:NO,4 [M + H]* 364.1471, found 364.1543.

4.1.35. 7-{2-[(3-methoxybenzyl)(prop-2-yn-1-yl)amino]ethpH-chromen-2-one
(4¢)

The general procedure described 4aru was used, starting fro®e, powdered
K2CGO;s, 3-bromopropyne and Kl, ante was obtained as a Light yellow solid (yield
62%); m.p. 73-74 °C; IR (KBr)y 3251, 2954, 1713, 1602, 1485, 1272, 1131, 1038,
837 cm*; 'H NMR (500 MHz, DMSOsg) § 7.99 (d,J = 9.4 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.22 (ddl= 8.6, 7.1 Hz, 1H, Ph-H), 6.99 (d,
= 2.4 Hz, 1H, H8-coumarin), 6.94 (ddl= 8.6, 2.4 Hz, 1H, H7-coumarin), 6.92-6.86
(m, 2H, Ph-H), 6.81 (dt) = 8.2, 2.0 Hz, 1H, Ph-H), 6.29 (d,= 9.4 Hz, 1H,
H3-coumarin), 4.20 (t) = 5.8 Hz, 2H, O-Cht), 3.72 (s, 3H, OCH), 3.67 (s, 2H,



CH,Ph), 3.42 (dJ = 2.4 Hz, 2H, CHC=), 3.20 (s, 1H, ECH), 2.88 (t,J = 5.8 Hz,
2H, OCH-CH,). °C NMR (125 MHz, DMSOds) 6 162.09 (C2-coumarin), 160.77
(C7-coumarin), 159.72 (C-Ph), 155.84 (C8a-coumaribhy4.81 (C4-coumarin),
140.62 (C-Ph), 129.92 (C4a-coumarin), 129.71 (CH-RR1.31 (CH-Ph), 114.58
(CH-Ph), 113.25 (C3-coumarin), 112.94 (CH-Ph), 212(C5-coumarin), 112.80
(C6-coumarin), 101.69 (C8-coumarin), 79.31%C76.62 €CH), 67.07 (O-CH),
57.98 (N-CH-), 55.37 (OCH), 51.54 (OCH-CH,), 42.47 (CH-C=). HRMS: calcd
for CooHo1NO4 [M + H]* 364.1471, found 364.1543.

4.1.3.6. 7-{2-[(3-fluorobenzyl)(prop-2-yn-1-yl)anoijethoxy}-2H-chromen-2-one(

The general procedure described 4aru was used, starting fror3f, powdered
K2COs, 3-bromopropyne and Kl, antf was obtained as a Light yellow solid (yield
55%); m.p. 58-59 °C; IR (KBry 3267, 2927, 1713, 1625, 1509, 1292, 1133, 1044,
831 cm’; 'H NMR (500 MHz, DMSOdg) J 7.99 (d,J = 9.4 Hz, 1H, H4-coumarin),
7.62 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.35 (i@~ 7.9, 6.2 Hz, 1H, Ph-H), 7.22-7.11
(m, 2H, Ph-H), 7.11-7.02 (m, 1H, Ph-H), 6.99 (& 2.4 Hz, 1H, H8-coumarin), 6.94
(dd,J = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.29 (MU= 9.5 Hz, 1H, H3-coumarin), 4.21
(t, J = 5.7 Hz, 2H, O-Cht), 3.72 (s, 2H, CkPh), 3.44 (d) = 2.4 Hz, 2H, CHC=),
3.22 (s, 1H, €CH), 2.88 (t,J = 5.7 Hz, 2H, OCKCH,). *C NMR (125 MHz,
DMSO-ds) & 163.51 (C-Ph), 162.06 (C2-coumarin), 161.90 (C-Php0.77
(C7-coumarin), 155.84 (C8a-coumarin), 144.81 (Cdrcarin), 142.20 (CH-Ph),
130.59 (CH-Ph), 129.92 (C4a-coumarin), 125.01 (GH-R15.61 (CH-Ph), 114.37
(C6-coumarin), 113.24(C3-coumarin), 112.91 (C5-carmn), 101.67 (C8-coumarin),
79.24 (-G), 76.67 £CH), 66.94 (O-Cht), 57.40 (N-CH-), 51.58 (OCH-CHy),
4251 (CH-C=). HRMS: calcd for GiH1gFNOs [M + H]* 352.1271, found 352.1343.
4.1.3.7.
7-{2-[(3,4-difluorobenzyl)(prop-2-yn-1-yl)amino]aiky}-2H-chromen-2-ondg)

The general procedure described 4aru was used, starting frol®g, powdered
K2CGO;s, 3-bromopropyne and Kl, anth was obtained as a Light yellow solid (yield
61%); m.p. 75-76 °C; IR (KBry 3297, 2827, 1721, 1612, 1516, 1284, 1131, 1027,
839 cm*; 'H NMR (500 MHz, DMSOsdg) § 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),



7.62 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.40-7.30 (m, 2H, Ph-AH18 (dJ = 4.2 Hz,
1H, Ph-H), 6.98 (dJ = 2.4 Hz, 1H, H8-coumarin), 6.94 (d, = 8.6 Hz, 1H,
H7-coumarin), 6.29 (dJ = 9.5 Hz, 1H, H3-coumarin), 4.21 @ = 5.7 Hz, 2H,
O-CH,-), 3.70 (s, 2H, CkPh), 3.45 (dJ) = 2.4 Hz, 2H, CHC=), 3.22 (s, 1H, ECH),
2.89 (t,J = 5.7 Hz, 2H, OCHCH,). *C NMR (125 MHz, DMSQds) § 162.01
(C2-coumarin), 160.75 (C7-coumarin), 155.81 (C8arcarin), 150.61 (C-Ph),
149.77 (C-Ph), 148.99 (CH-Ph), 148.15 (CH-Ph), 1@4(C4-coumarin), 137.02
(C-Ph), 129.88 (C4a-coumarin), 125.52 (CH-Ph), 887(C6-coumarin), 113.20
(C3-coumarin), 112.89 (C5-coumarin), 101.64 (C8roarin), 79.21 (-€), 76.64
(=CH), 66.85 (O-CH), 56.86 (N-CH-), 51.44 (OCH-CH,), 42.49 (CH-C=).
HRMS: calcd for GiH17/NOs [M + H]* 370.1176, found 370.1249.

4.1.3.8. 7-{3-[benzyl(prop-2-yn-1-yl)amino]propox@H-chromen-2-onedf)

The general procedure described 4aru was used, starting fro®h, powdered
K2CGO;s, 3-bromopropyne and Kl, anth was obtained as a Light yellow solid (yield
78%); m.p. 80-82 °C; IR (KBry 3240, 2919, 1721, 1611, 1465, 1281, 1119, 1048,
842 cm*; 'H NMR (500 MHz, DMSOsg) § 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.31-7.25 (m, 4H, Ph-H23 (s, 1H, Ph-H),
6.94 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.89 (dil= 8.6, 2.4 Hz, 1H, H7-coumarin),
6.29 (d,J = 9.5 Hz, 1H, H3-coumarin), 4.11 &= 6.2 Hz, 2H, O-CHt), 3.60 (s, 2H,
CH,Ph), 3.32 (dJ = 2.4 Hz, 2H CH,-C=), 3.17 (t,J = 2.3 Hz, 1H, ECH), 2.63 (t,J
= 6.9 Hz, 2H, O(CH)>-CH,), 1.91 (t,J = 6.6 Hz, 2H, OCKCH,). *C NMR (125
MHz, DMSO-ds) o 162.29 (C2-coumarin), 160.79 (C7-coumarin), 155.85
(C8a-coumarin), 144.83 (C4-coumarin), 139.11 (C-P129.92 (C4a-coumarin),
129.11 (2XCH-Ph), 128.65 (X CH-Ph), 127.45 (CH-Ph), 113.16 (C3-coumarin),
112.85 (C5-coumarin), 112.73 (C6-coumarin), 101(68-coumarin), 79.09 (),
76.50 ECH), 66.86 (O-Ch), 57.77 (N-CH-), 49.36 (O(CH)»-CH,), 41.59
(CH,-C=), 26.91 (OCH-CH,). HRMS: calcd for GoH»iNO; [M + H]™ 348.1521,
found 348.1594.
4.1.3.9. 7-{3-[(4-methylbenzyl)(prop-2-yn-1-yl)amwijpropoxy}-2H-chromen-2-one
(40)



The general procedure described 4aru was used, starting fro8i, powdered
K2CGO;s, 3-bromopropyne and KI, artl was obtained as a Light yellow solid (yield
72%); m.p. 71-73 °C; IR (KBry 3263, 2918, 1707, 1627, 1511, 1299, 1140, 1049,
837 cm*; 'H NMR (500 MHz, DMSOdg) § 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.15 (d= 7.7 Hz, 2H, Ph-H), 7.05 (d,=
7.7 Hz, 2H, Ph-H), 6.90 (d, = 2.4 Hz, 1H, H8-coumarin), 6.88 (d,= 8.6 Hz, 1H,
H3-coumarin), 6.28 (dJ = 9.5 Hz, 1H H7-coumarin), 4.08 (tJ = 6.3 Hz, 2H,
O-CH,-), 3.54 (s, 2H, CkPh), 3.30 (d,) = 2.4 Hz, 2H, CHC=), 3.15 (s, 1H, ECH),
2.59 (d,J = 6.8 Hz, 2H, O(Ch)>-CH,), 2.23 (s, 3H, Ch), 1.89 (t,J = 6.5 Hz, 2H,
OCH,-CH,). °C NMR (125 MHz, DMSQOds) 6 162.30 (C2-coumarin), 160.79
(C7-coumarin), 155.84 (C8a-coumarin), 144.84 (Cdrcarin), 136.44 (C-Ph),
135.99 (C-Ph), 129.88 (C4a-coumarin), 129.2X (H-Ph), 129.11 (X CH-Ph),
113.12 (C3-coumarin), 112.83 (C5-coumarin), 112.f06-coumarin), 101.59
(C8-coumarin), 79.18 (), 76.41 £CH), 66.81 (O-Ch), 57.53 (N-CH-), 49.14
(O(CHy)2-CHy), 41.59 (CH-C=), 26.90 (OCH-CHy), 21.15 (CH). HRMS: calcd for
C23H23NO3 [M + H]* 362.1678, found 362.1751.
4.1.3.10.
7-{3-[(4-isopropylbenzyl)(prop-2-yn-1-yl)amino]progy}-2H-chromen-2-onel)

The general procedure described4aru was used, starting frodj, powdered
K,CQO;s, 3-bromopropyne and Kl, arj was obtained as a Yellow solid (yield 69%);
m.p. 77-78 °C; IR (KBry 3258, 2960, 1720, 1624, 1511, 1296, 1139, 1047 ca8"

'H NMR (500 MHz, DMSOdg) J 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61 @z
8.6 Hz, 1H, H5-coumarin), 7.19 (d,= 7.9 Hz, 2H, Ph-H), 7.12 (d,= 7.9 Hz, 2H,
Ph-H), 6.92 (d,J = 2.3 Hz, 1H, H8-coumarin), 6.89 (dd,= 8.5, 2.4 Hz, 1H,
H3-coumarin), 6.29 (dJ = 9.5 Hz, 1H, H7-coumarin), 4.10 @ = 6.2 Hz, 2H,
O-CH,-), 3.56 (s, 2H, CkPh), 3.32 (dJ = 2.4 Hz, 2H, CHC=), 3.15 (s, 1H C=CH),
2.82 (p,J = 6.9 Hz, 1H, CH), 2.62 (fl = 6.8 Hz, 2H O(CH,)»-CHy), 1.91 (p,J = 6.5
Hz, 2H, OCHx-CH,), 1.16 (d,J = 6.9 Hz, 6H, X CHs). °C NMR (125 MHz,
DMSO-dg) 0 162.30 (C2-coumarin), 160.77 (C7-coumarin), 155@8a-coumarin),
147.45 (C-Ph), 144.80 (C4-coumarin), 136.40 (C-RR®.88 (C4a-coumarin), 129.07



(2X CH-Ph), 126.51 (X CH-Ph), 113.08 (C3-coumarin), 112.83 (C5-coumarin),
112.71 (C6-coumarin), 101.59 (C8-coumarin), 79.13=), 76.43 €CH), 66.77
(O-CHy-), 57.54 (N-CH-), 49.13 (O(CH)-CHy), 41.57 (CH-C=), 33.52(CH), 26.88
(OCH,-CHy), 24.33 (2<CHjz). HRMS: calcd for GsH,7NOs [M + H]* 390.1991,
found 390.2064.

4.1.3.11.
7-{3-[(4-methoxybenzyl)(prop-2-yn-1-yl)amino]prog®2H-chromen-2-onedk)

The general procedure described 4aru was used, starting frol®k, powdered
K2CO3, 3-bromopropyne and KI, artk was obtained as a Yellow solid (yield 75%);
m.p. 82-84 °C; IR (KBr) 3258, 2949, 1710, 1631, 1510, 1301, 1147, 1038 c&s";

'H NMR (500 MHz, DMSO+g) ¢ 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61 (@~
8.5 Hz, 1H, H5-coumarin), 7.19 (d,= 8.5 Hz, 2H, Ph-H), 6.91 (d,= 2.3 Hz, 1H,
H8-coumarin), 6.89 (d] = 8.5 Hz, 1H, H7-coumarin), 6.82 (@l= 8.5 Hz, 2H, Ph-H),
6.29 (d,J = 9.4 Hz, 1H, H3-coumarin), 4.09 &= 6.2 Hz, 2H, O-Cht), 3.70 (s, 3H,
OCHg), 3.53 (s, 2H, CkPh), 3.30 (dJ = 2.4 Hz, 2H, CHC=), 3.15 (d,J = 2.3 Hz,
1H, C=CH), 2.61 (t,J = 6.8 Hz, 2H, O(Ch),-CH,), 1.90 (p,J = 6.6 Hz, 2H,
OCH,-CH,). ®C NMR (125 MHz, DMSOds) & 162.29 (C2-coumarin), 160.79
(C7-coumarin), 158.72 (C-Ph), 155.83 (C8a-coumariid4.80 (C4-coumarin),
130.84 (C-Ph), 130.32 ®CH-Ph), 129.86 (C4a-coumarin), 113.97X(€H-Ph),
113.08 (C3-coumarin), 112.82 (C5-coumarin), 112.f@@6-coumarin), 101.56
(C8-coumarin), 79.19 (%), 76.37 €CH), 66.80 (O-CH), 57.16 (N-CH-), 55.36
(OCHs), 49.04 (O(CH)»-CHy), 41.47 (CH-C=), 26.91 (OCH-CH,). HRMS: calcd
for CoaH2aNO,4 [M + H]* 378.1627, found 378.1700.

4.1.3.12.
7-{3-[(3-methoxybenzyl)(prop-2-yn-1-yl)amino]prog$2H-chromen-2-one4()

The general procedure described 4aru was used, starting fror@l, powdered
K>COs;, 3-bromopropyne and KlI, antl was obtained as a Light yellow solid (yield
83%); m.p. 65-67 °C; IR (KBry 3264, 2941, 1707, 1629, 1487, 1296, 1140, 1042,
840 cm®; 'H NMR (500 MHz, DMSOsdg) J 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.60 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.19 {t= 7.8 Hz, 1H, Ph-H), 6.92 (d,= 2.4



Hz, 1H, H8-coumarin), 6.90 — 6.82 (m, 3H, Ph-H){&(dd,J = 8.2, 2.5 Hz, 1H,
H7-coumarin), 6.28 (dJ = 9.4 Hz, 1H, H3-coumarin), 4.10 @ = 6.2 Hz, 2H,
O-CHy-), 3.69 (s, 3H, OCH), 3.58 (s, 2H, ChPh), 3.34 (dJ = 2.5 Hz, 2H CH,-C=),
3.16 (s, 1H C=CH), 2.63 (tJ = 6.9 Hz, 2H O(CH,)»-CH,), 1.91 (p,J = 6.6 Hz, 2H
OCH,-CH,). ®C NMR (125 MHz, DMSOds) & 162.29 (C2-coumarin), 160.78
(C7-coumarin), 159.68 (C-Ph), 155.84 (C8a-coumariid4.80 (C4-coumarin),
140.80 (C-Ph), 129.89 (C4a-coumarin), 129.65 (CH-RIR21.25(CH-Ph), 114.49
(CH-Ph), 113.10 (C3-coumarin), 112.86 (CH-Ph), 832(C5-coumarin), 112.72
(C6-coumarin), 101.55 (C8-coumarin), 79.15%C76.46 €CH), 66.85 (O-CH),
57.84 (N-CH-), 55.27 (OCH), 49.23 (O(CH)»-CH,), 41.69 (CH-C=), 26.88
(OCH,-CHy). HRMS: calcd for GsH2sNO4 [M + H]* 378.1627, found 378.1700.
4.1.3.13. 7-{3-[(3-fluorobenzyl)(prop-2-yn-1-yl)amojpropoxy}-2H-chromen-2-one
(4m)

The general procedure described4aru was used, starting fro®m, powdered
K2CO3, 3-bromopropyne and Kl, arin was obtained as a Light yellow solid (yield
69%); m.p. 46-48 °C; IR (KBry 3269, 2920, 1708, 1629, 1486, 1297, 1139, 1050,
840 cm®; 'H NMR (500 MHz, DMSOdg) J 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.31 (§= 7.6 Hz, 1H, Ph-H), 7.13 (d,=
7.6 Hz, 1H, Ph-H), 7.08 (d = 10.1 Hz, 1H, Ph-H), 7.03 (td,= 8.7, 2.6 Hz, 1H,
Ph-H), 6.93 (d,J = 2.4 Hz, 1H, H8-coumarin), 6.88 (dd,= 8.6, 2.4 Hz, 1H,
H7-coumarin), 6.29 (dJ = 9.4 Hz, 1H, H3-coumarin), 4.11 @ = 6.2 Hz, 2H,
O-CH,-), 3.63 (s, 2H, ChkPh), 3.35 (d,) = 2.4 Hz, 2H, CHC=), 3.19 (s, 1H, ECH),
2.63 (t,J = 6.8 Hz, 2H, O(CH>-CH,), 1.91 (p,J = 6.6 Hz, 2H, OCHCH,). **C
NMR (125 MHz, DMSO#dg) J 163.48 (C-Ph), 162.27 (C2-coumarin), 161.87 (C-Ph)
160.79 (C7-coumarin), 155.85 (C8a-coumarin), 144@&2-coumarin), 142.38
(CH-Ph), 130.55 (CH-Ph), 129.90 (C4a-coumarin),.924CH-Ph), 115.54 (CH-Ph),
114.30 (C6-coumarin), 113.11 (C3-coumarin), 112.835-coumarin), 101.56
(C8-coumarin), 79.03 (), 76.57 £CH), 66.77 (O-Ch), 57.31 (N-CH-), 49.23
(O(CHy)2-CHy), 41.76 (CH-C=), 26.84 (OCH-CH,). HRMS: calcd for G;H20FNO;
[M + H]" 366.1427, found 366.1500.



4.1.3.14.
7-{3-[(3,4-difluorobenzyl)(prop-2-yn-1-yl)amino] ppoxy}-2H-chromen-2-onetf)

The general procedure described 4aru was used, starting fro®n, powdered
K2CGO;s, 3-bromopropyne and Kl, anth was obtained as White solid (yield 70%);
m.p. 64-65°C; IR (KBry 3253, 2950, 1704, 1625, 1517, 1296, 1138, 1048 cad"
'H NMR (500 MHz, DMSOdg) J 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61 @z
8.6 Hz, 1H, H5-coumarin), 7.35-7.20 (m, 2H, Ph-H}L2 (s, 1H, Ph-H), 6.91 (d,=
2.3 Hz, 1H, H8-coumarin), 6.86 (dd= 8.6, 2.4 Hz, 1H, H7-coumarin), 6.29 (Uz
9.4 Hz, 1H H3-coumarin), 4.09 (t) = 6.1 Hz, 2H, O-Cht), 3.59 (s, 2H, CkPh),
3.37 (d,J = 2.4 Hz, 2H, CHC=), 3.19 (s, 1H, ECH), 2.62 (t,J = 6.8 Hz, 2H,
O(CHy)2-CHy), 1.90 (pJ = 6.5 Hz, 2H, OCKCH,). *C NMR (125 MHz, DMSOds)
0 162.23 (C2-coumarin), 160.79 (C7-coumarin), 155(&Ba-coumarin), 150.59
(C-Ph), 149.72 (C-Ph), 148.96 (CH-Ph), 148.10 (QHi-PL44.80 (C4-coumarin),
137.19 (C-Ph), 129.85 (C4da-coumarin), 125.57 (CH-PH7.61 (C6-coumarin),
113.01 (C3-coumarin), 112.81 (C5-coumarin), 101(@8-coumarin), 79.05 (),
76.54 ECH), 66.60 (O-Ch), 56.86 (N-CH-), 48.83 (O(CH),-CH,), 41.77
(CH,-C=), 26.77 (OCH-CH,). HRMS: calcd for GoH1gF2NOs [M + H]* 384.1333,
found 384.1406.
4.1.3.15. 7-{4-[benzyl(prop-2-yn-1-yl)amino]butox@H-chromen-2-onedp)

The general procedure described 4aru was used, starting fro®o, powdered
K2COs, 3-bromopropyne and Kl, antb was obtained as a White solid (yield 81%);
m.p. 49-51°C; IR (KBr) 3198, 2955, 1711, 1621, 1508, 1284, 1132, 1013 c&3";
'H NMR (500 MHz, DMSOds) 6 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61 @z
8.6 Hz, 1H, H5-coumarin), 7.30 (d,= 6.6 Hz, 4H, Ph-H), 7.24 (di,= 6.5, 2.8 Hz,
1H, Ph-H), 6.95 (dJ = 2.3 Hz, 1H, H8-coumarin), 6.92 (dd,= 8.5, 2.4 Hz, 1H,
H7-coumarin),6.28 (d,J = 9.4 Hz, 1H, H3-coumarin), 4.06 @ = 6.5 Hz, 2H,
O-CH,-), 3.58 (s, 2H, CkPh), 3.28 (dJ = 2.4 Hz, 2H, CRC=), 3.14 (t,J = 2.3 Hz,
1H, C=CH), 2.53 (d,J = 6.9 Hz, 2H, O(Ch)s-CH,), 1.76 (p,J = 6.6 Hz, 2H,
OCH,-CHy), 1.60 (p,J = 6.6, 6.1 Hz, 2H, O(ChL-CH,). *C NMR (125 MHz,
DMSO-dg) 0 162.29 (C2-coumarin), 160.79 (C7-coumarin), 15588a-coumarin),



144.83 (C4-coumarin), 139.21 (C-Ph), 129.93 (C4arwarin), 129.14 (X CH-Ph),
128.68 (2< CH-Ph), 127.46 (CH-Ph), 113.21 (C3-coumarin), 12385-coumarin),
112.70 (C6-coumarin), 101.58 (C8-coumarin), 79.1C=), 76.41 €CH), 68.53
(O-CH,-), 57.62 (N-CH-), 52.30 (O(CH)>-CH,), 41.34 (CH-C=), 26.57
(OCH,-CHy), 23.55 (O(CH)>-CH,). HRMS: calcd for GaHoaNOs [M + H]* 362.1678,
found 362.1751.

4.1.3.16. 7-{4-[(4-methylbenzyl)(prop-2-yn-1-yl)awojbutoxy}-2H-chromen-2-one
(4p)

The general procedure described 4aru was used, starting fro®p, powdered
K2CGO;s, 3-bromopropyne and Kl, artp was obtained as a Light yellow solid (yield
76%); m.p. 69-70 °C; IR (KBry 3213, 2954, 1711, 1621, 1509, 1285, 1131, 1020,
835 cm®;*H NMR (500 MHz, DMSOdg) § 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.17 (@= 7.8 Hz, 2H, Ph-H), 7.10 (d,=
7.7 Hz, 2H, Ph-H), 6.95-6.90 (m, 2H, H8+H7-coumpri®.28 (d,J = 9.5 Hz, 1H,
H3-coumarin), 4.04 () = 6.5 Hz, 2H, O-Cht), 3.52 (s, 2H, CkPh), 3.27 (dJ=2.4
Hz, 2H, CH-C=), 3.13 (s, 1H, ECH), 2.53-2.50 (m, 2H, O(Ci}-CHy), 2.26 (s, 3H,
CHg), 1.75 (p,J = 6.5 Hz, 2H, OCHCHy), 1.59 (p,J = 7.1 Hz, 2H, O(Ch)»-CH,).
3¢ NMR (125 MHz, DMSOds) § 162.30 (C2-coumarin), 160.78 (C7-coumarin),
155.87 (C8a-coumarin), 144.82 (C4-coumarin), 13¢G+Ph), 136.08 (C-Ph), 129.91
(Cda-coumarin), 129.25 RCH-Ph), 129.12 (XCH-Ph), 113.21 (C3-coumarin),
112.82 (C5-coumarin), 112.69 (C6-coumarin), 101(68-coumarin), 79.16 (£,
76.35 ECH), 68.48 (O-Ch), 57.36 (N-CH-), 52.09 (O(CH)s-CH,), 41.28
(CHx-C=), 26.52 (OCH-CH,), 23.49 (O(CH)2-CHy), 21.16 (CH). HRMS: calcd for
C24H25NO3 [M + H]* 376.1834, found 376.1907.
4.1.3.17. 7-{4-[(4-isopropylbenzyl)(prop-2-yn-1amyino]butoxy}-2H-chromen-2-one
(49)

The general procedure described 4aru was used, starting fro®q, powdered
K,CQ;, 3-bromopropyne and Kl, art] was obtained as a Yellow solid (yield 84%);
IR (KBr) v 3262, 2957, 1711, 1620, 1509, 1285, 1130, 1019 c88"; *H NMR (500
MHz, DMSO-tg) ¢ 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.61 (@= 8.6 Hz, 1H,



H5-coumarin), 7.19 (dJ = 8.0 Hz, 2H, (X CH-Ph)), 7.15 (d,J = 7.8 Hz, 2H, (X
CH-Ph)), 6.95 (dJ = 2.3 Hz, 1H, H8-coumarin), 6.92 (dd,= 8.6, 2.4 Hz, 1H,
H7-coumarin), 6.28 (dJ = 9.5 Hz, 1H, H3-coumarin), 4.06 @ = 6.6 Hz, 2H,
O-CH,-), 3.53 (s, 2H, CkPh), 3.27 (dJ = 2.3 Hz, 2H, ChC=), 3.13 (t,J = 2.3 Hz,
1H, C=CH), 2.84 (pJ = 6.9 Hz, 1H, CH), 2.52 (s, 2H, O(G}#-CH,), 1.77 (pJ = 6.5
Hz, 2H, OCH-CH,), 1.60 (pJ = 7.1 Hz, 2H, O(Ch)»-CHy), 1.17 (d,J = 7.0 Hz, 6H,
2 X CHg). ®C NMR (125 MHz, DMSOds) 6 162.30 (C2-coumarin), 160.77
(C7-coumarin), 155.88 (C8a-coumarin), 147.49 (C;Ph34.81 (C4-coumarin),
136.50 (C-Ph), 129.91 (C4a-coumarin), 129.0K (H-Ph), 126.55 (X CH-Ph),
113.23 (C3-coumarin), 112.82 (C5-coumarin), 112.896-coumarin), 101.55
(C8-coumarin), 79.14 (%), 76.36 €CH), 68.48 (O-CH), 57.33 (N-CH-), 52.16
(O(CHp)s-CH,), 41.31 (CH-C=), 3354 (CH), 26.52 (OCHCH,), 24.35
(O(CH,)2-CHy), 23.48 (2< CHs). HRMS: calcd for GgHagNOs [M + H]* 404.2147,
found 404.2220.

4.1.3.18. 7-{4-[(4-methoxybenzyl)(prop-2-yn-1-yljaojbutoxy}-2H-chromen-2-one
(4r)

The general procedure described 4aru was used, starting frolr, powdered
K,CQ;, 3-bromopropyne and Kl, antt was obtained as a Light yellow solid (yield
81%); m.p. 60-61°C; IR (KBry 3191, 2921, 1711, 1615, 1512, 1249, 1131, 1036,
833 cm*; 'H NMR (500 MHz, DMSOdg) § 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.5 Hz, 1H, H5-coumarin), 7.19 (d= 8.6 Hz, 2H, Ph-H), 6.94 (d,=
2.4 Hz, 1H, H8-coumarin), 6.92 (dd= 8.6, 2.4 Hz, 1H, H7-coumarin), 6.86 (UF
8.6 Hz, 2H, Ph-H), 6.28 (d} = 9.5 Hz, 1H, H3-coumarin), 4.05 @,= 6.5 Hz, 2H,
O-CH,-), 3.71 (s, 3H, OCH), 3.50 (s, 2H, CkPh), 3.25 (s, 2H, CHC=), 3.12 (s, 1H,
C=CH), 2.51 (s, 2H, O(CH)3-CHy), 1.75 (pJ = 6.4 Hz, 2H, OCHKHCH,), 1.59 (pJ =
7.2 Hz, 2H, O(CH)>-CHy). *C NMR (125 MHz, DMSOdg) 6 162.29 (C2-coumarin),
160.79 (C7-coumarin), 158.74 (C8a-coumarin), 15%@®h), 144.83 (C4-coumarin),
130.93 (C-Ph), 130.35 RCH-Ph), 129.92 (C4a-coumarin), 114.03X(€H-Ph),
113.22 (C3-coumarin), 112.82 (C5-coumarin), 112.@96-coumarin), 101.56
(C8-coumarin), 79.18 (<), 76.33 £CH), 68.49 (O-Ch), 56.97 (N-CH-), 55.42



(OCHs), 52.03 (O(CH)s:-CH,), 41.16 (CH-C=), 26.54 (OCH-CH,), 23.49
(O(CH,)2-CH,) . HRMS: calcd for G4HosNO, [M + H]* 392.1784, found 392.1856.
4.1.3.19. 7-{4-[(3-methoxybenzyl)(prop-2-yn-1-yljaajbutoxy}-2H-chromen-2-one
(4s)

The general procedure described 4aru was used, starting froi®s, powdered
K2CGO;s, 3-bromopropyne and Kl, antswas obtained as a Yellow oil (yield 77%); IR
(KBr) v 3288, 2833, 1733, 1614, 1509, 1281, 1123, 1048,d8"; *H NMR (500
MHz, DMSO-t) ¢ 7.98 (d,J = 9.4 Hz, 1H, H4-coumarin), 7.61 (@= 8.5 Hz, 1H,
H5-coumarin), 7.22 () = 7.8 Hz, 1H, Ph-H), 6.94 (d,= 2.3 Hz, 1H, H8-coumarin),
6.92 (dd,J = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.88 — 6.84 (i, Ph-H), 6.80 (ddJ =
8.1, 2.5 Hz, 1H, Ph-H), 6.28 (d= 9.5 Hz, 1H, H4-coumarin), 4.06 {t= 6.5 Hz, 2H,
O-CH,-), 3.72 (s, 3H, OCH}, 3.55 (s, 2H, CbPh), 3.30 (d,J = 2.4 Hz, 2H, CHC=),
3.14 (d,J = 2.3 Hz, 1H, €CH), 2.53 (s, 2H, O(Chs-CH,), 1.76 (p,J = 7.0, 6.6 Hz,
2H, OCH-CHj), 1.60 (p,J = 6.6, 6.2 Hz, 2H, O(ChL-CH,). **C NMR (125 MHz,
DMSO-dg) 0 162.29 (C2-coumarin), 160.78 (C7-coumarin), 159®68a-coumarin),
155.87 (C-Ph), 144.81 (C4-coumarin), 140.91 (C-RR®.91 (C4a-coumarin), 129.70
(CH-Ph), 121.26 (CH-Ph), 114.54 (CH-Ph), 113.19 -(G8marin), 112.83
(C5-coumarin), 112.79 (CH-Ph), 112.69 (C6-coumari@).56 (C8-coumarin), 79.16
(-C=), 76.39 €CH), 68.52 (O-CH), 57.66 (N-CH-), 55.33 (OCH), 52.21
(O(CHp)s-CHy), 41.46 (CH-C=), 26.57 (OCH-CH,), 23.54 (O(CH),-CH,). HRMS:
calcd for G4H25NO4 [M + H]™ 392.1784, found 392.1856.
4.1.3.20.  7-{4-[(3-fluorobenzyl)(prop-2-yn-1-yl)amojbutoxy}-2H-chromen-2-one
(49)

The general procedure described 4aru was used, starting frort, powdered
K2COs;, 3-bromopropyne and Kl, antt was obtained as a Light yellow solid (yield
69%); m.p. 45-46 °C; IR (KBry 3196, 2957, 1711, 1620, 1508, 1285, 1131, 1019,
832 cm®; 'H NMR (500 MHz, DMSOdg) J 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.6 Hz, 1H, H5-coumarin), 7.35 (@= 7.7 Hz, 1H, Ph-H), 7.14 (d,=
7.6 Hz, 1H, Ph-H), 7.08 (t) = 8.8 Hz, 2H, Ph-H), 6.95 (d] = 2.2 Hz, 1H,
H8-coumarin), 6.92 (dd] = 8.6, 2.4 Hz, 1H, H7-coumarin), 6.28 (U= 9.4 Hz, 1H,



H3-coumarin), 4.07 () = 6.5 Hz, 2H, O-Cht), 3.60 (s, 2H, CkPh), 3.31 (dJ=2.4
Hz, 2H, CH-C=), 3.16 (d,J = 2.4 Hz, 1H, ECH), 2.53 (s, 2H, O(Ch)5-CH,), 1.76
(p, 2H, OCH-CHy), 1.60 (p,J = 5.7, 4.3 Hz, 2H, O(Ch-CH,). *C NMR (125 MHz,
DMSO-ds) & 163.50 (C-Ph), 162.28 (C2-coumarin), 161.88 (C-Ph§0.79
(C7-coumarin), 155.87 (C8a-coumarin), 144.81 (Cdrcarin), 142.49 (CH-Ph),
130.61 (CH-Ph), 129.92 (C4a-coumarin), 125.00 (GHi-R15.54 (CH-Ph), 114.32
(C6-coumarin), 113.18 (C3-coumarin), 112.83 (C5roatin), 101.56 (C8-coumarin),
79.03 (-G), 76.49 £CH), 68.52 (O-Ch), 57.10 (N-CH-), 52.34 (O(CH)s-CHy),
4150 (CH-C=), 26.55 (OCH-CH,), 23.56 (O(CH)>-CH,). HRMS: calcd for
Ca3H2oFNOs [M + H]* 380.1584, found 380.1656.

4.1.3.21.

7-{4-[(3,4-difluorobenzyl)(prop-2-yn-1-yl)amino] baty}-2H-chromen-2-onedq)

The general procedure described 4aru was used, starting fro®u, powdered
K2CGO;s, 3-bromopropyne and Kl, antl was obtained as a Light yellow solid (yield
75%); m.p. 66-67 °C; IR (KBry 3191, 2959, 1711, 1622, 1517, 1285, 1118, 1019,
834 cm*; 'H NMR (500 MHz, DMSOsg) § 7.98 (d,J = 9.4 Hz, 1H, H4-coumarin),
7.61 (d,J = 8.4 Hz, 1H, H5-coumarin), 7.40-7.25 (m, 2H, Ph-AH15 (s, 1H Ph-H),
6.98 — 6.88 (m, 2H, H8+H7-coumarin), 6.29Jd& 9.4 Hz, 1H, H3-coumarin), 4.07 (t,
J = 6.4 Hz, 2H, O-Ch), 3.58 (s, 2H, ChkPh), 3.32 (s, 2H, CHCS), 3.16 (s, 1H,
C=CH), 2.53 (s, 2H, O(ChJs-CH,), 1.77 (p,J = 6.8 Hz, 2H, OCKHCH,), 1.60 (p,J =
7.2 Hz, 2H, O(CH)2-CHy). *C NMR (125 MHz, DMSQds) § 162.25 (C2-coumarin),
160.76 (C7-coumarin), 155.86 (C8a-coumarin), 150®Ph), 149.74 (C-Ph), 148.99
(CH-Ph), 148.12 (CH-Ph), 144.76 (C4-coumarin), 237.(C-Ph), 129.87
(Cd4a-coumarin), 125.48 (CH-Ph), 117.55 (C6-coumaritil3.13 (C3-coumarin),
112.81 (C5-coumarin), 101.52 (C8-coumarin), 78.9¢=), 76.48 €CH), 68.50
(O-CH,-), 56.56 (N-CH-), 52.22 (O(CH)>-CH,), 41.44 (CH-C=), 26.51
(OCH,-CHy), 23.55 (O(CH)»-CH,). HRMS: calcd for GsHiFoNOs [M + H]*
398.1489, found 398.1562.

4.1.4. General procedures for the preparation ahpoundsiv-x.

A mixture of compounda-c (1 mmol), N-methylpropargylamine (1.1 mmol),



powdered KCO; (1.1 mmol) and a catalytic amount of Kl in acetola (15 mL) was
stirred for 1-2 hours at 65 °C.,80; was removed by filtration and the solvent was
concentrated under vacuum, the residue was purdredilica gel chromatography
with petroleum ether/ethyl acetate (3:1, v/v) astieh solvent to give the desired
product4v-x [18, 38].

4.1.4.1. 7-{2-[methyl(prop-2-yn-1-yl)amino]ethox®H-chromen-2-onedy)

The general procedure described 49rx was used, starting fro@a, powdered
K2COs, N-methylpropargylamine and Kl, add was obtained as a Light yellow solid
(yield 80%);m.p. 62-63 °C; IR (KBry 3237, 2946, 1706, 1615, 1278, 1127, 1028,
835 cm*; 'H NMR (500 MHz, DMSOdg) § 7.99 (d,J = 9.5 Hz, 1H, H4-coumarin),
7.62 (d,J = 8.7 Hz, 1H, H5-coumarin), 7.01 (@~ 2.4 Hz, 1H, H8-coumarin), 6.95
(dd,J = 8.6, 2.5 Hz, 1H, H7-coumarin), 6.29 (MU= 9.5 Hz, 1H, H3-coumarin), 4.16
(t, J= 5.8 Hz, 2H, O-Cht), 3.39 (dJ = 2.4 Hz, 2H, CHC=), 3.15 (t,J = 2.4 Hz, 1H,
C=CH), 2.77 (t,J = 5.7 Hz, 2H, OCRCH,), 2.29 (s, 3H, N-Ch. °C NMR (125
MHz, DMSOd;) ¢ 162.10 (C2-coumarin), 160.77 (C7-coumarin), 155.84
(C8a-coumarin), 144.80 (C4-coumarin), 129.93 (Cdantarin), 113.24
(C3-coumarin), 112.92 (C5-coumarin), 112.79 (C6rgatin), 101.64 (C8-coumarin),
79.42 (-G), 76.41 €CH), 66.90 (O-Ch), 54.10 (OCH-CH,), 45.81 (CH-C=),
42.08 (N-CH). HRMS: calcd for GsH1sNO3 [M + H]™ 258.1052, found 258.1125.
4.1.4.2. 7-{3-[methyl(prop-2-yn-1-yl)amino]propox®H-chromen-2-oned(w)

The general procedure described 49rx was used, starting fro2b, powdered
K>CQO;s, N-methylpropargylamine and Kl, addv was obtained as a White solid (yield
89%); m.p. 101-102 °C; IR (KBn) 3209, 2938, 1724, 1610, 1282, 1121, 1025, 837
cm™ 'H NMR (500 MHz, DMSOdg) 6 7.98 (d,J = 9.4 Hz, 1H, H4-coumarin), 7.62
(d,J =8.5 Hz, 1H, H5-coumarin), 6.96 (@= 2.4 Hz, 1H, H8-coumarin), 6.94 (ddl,
= 8.5, 2.4 Hz, 1H, H7-coumarin), 6.28 ®= 9.5 Hz, 1H, H3-coumarin), 4.10 &=
6.4 Hz, 2H, O-CH), 3.32 (d,J = 2.4 Hz, 2H, CRC=), 3.11 (d,J = 2.4 Hz, 1H,
C=CH), 2.51 (s, 2H, O(Ch-CHy), 2.22 (s, 3H, N-Ch), 1.87 (p,J = 6.7 Hz, 2H,
OCH,-CH,). ®C NMR (125 MHz, DMSOds) & 162.29 (C2-coumarin), 160.77
(C7-coumarin), 155.85 (C8a-coumarin), 144.80 (Cdroarin), 129.95



(Cd4a-coumarin), 113.14 (C3-coumarin), 112.87 (Cbrearin), 112.74
(C6-coumarin), 101.61 (C8-coumarin), 79.42%C76.25 €CH), 67.00 (O-CH),
51.96 (O(CH),-CH,), 45.46 (CH-C=), 41.73 (N-CH), 27.02 (OCH-CH,). HRMS:
calcd for GeH17NO3 [M + H]* 272.1208, found 272.1281.

4.1.4.3. 7-{4-[methyl(prop-2-yn-1-yl)amino]butoxfH-chromen-2-onek)

The general procedure described 40rx was used, starting fror&c, powdered
K2COs;, N-methylpropargylamine and KI, adik was obtained as a Light yellow solid
(yield 73%); IR (KBr)v 3203, 2946, 1710, 1620, 1286, 1130, 1024, 829;ch
NMR (500 MHz, DMSO#dg) J 7.98 (d,J = 9.5 Hz, 1H, H4-coumarin), 7.62 (@= 8.6
Hz, 1H, H5-coumarin), 6.98 (d,= 2.4 Hz, 1H, H8-coumarin), 6.94 (ddi= 8.6, 2.4
Hz, 1H, H7-coumarin), 6.28 (d,= 9.5 Hz, 1H, H3-coumarin), 4.09 &= 6.5 Hz, 2H,
O-CH,-), 3.30 (dJ = 2.4 Hz, 2H, CRC=), 3.10 (tJ = 2.4 Hz, 1H, €CH), 2.39 (t,J
= 7.2 Hz, 2H, O(Ch)s-CH,), 2.19 (s, 3H, N-Ch), 1.74 (p,J = 6.6 Hz, 2H,
OCH,-CHy), 1.54 (pJ = 7.2 Hz, 2H, O(Ch)>-CHj,). **C NMR (125 MHz, DMSOds)

0 162.31 (C2-coumarin), 160.78 (C7-coumarin), 155(88Ba-coumarin), 144.81
(C4-coumarin), 129.92 (Cda-coumarin), 113.19 (C@recarin), 112.82
(C5-coumarin), 112.69 (C6-coumarin), 101.57 (C8roartin), 79.50 (-€), 76.13
(=CH), 68.58 (O-Cht), 54.84 (O(CH)s-CH,), 45.33 (CH-C=), 41.64 (N-CH),
26.67 (OCH-CH,), 23.71 (O(CH)>-CH,). HRMS: calcd for GHigNO;z [M + H]*
286.1365, found 286.1438.

4.2. Pharmacology

4.2.1. MAO inhibition assay

Human MAO-A and MAO-B were purchased from Sigma+Add. The capacity
of the test compounds to inhiliMAO-A and hMAO-B activities was assessed by
Amplex Red MAO assay [40, 41]. Firstly, MAOs actwivere adjusted to obtain in
our experimental conditions the same reaction Wlon the presence of both
isoforms (i.e., to oxidize (in the control grouetsame concentration of substrate:
165 pmol ofp-tyramine/minfiMAO-A: 1.1ug protein; specific activity: 150 nmol of
p-tyramine oxidized top-hydroxyphenylacetaldehyde/min/mg proteihiMAO-B:

7.5ug protein; specific activity: 22 nmol gktyramine transformed/min/mg protein).



Then compounds were dissolved in DMSO (10 mM) andteti in 0.05 M
KH,POJ/K,HPO, buffer (pH = 7.4) to the desired final concentraticAll the
compounds are soluble at the tested concentrakest.drugs (2@L) and MAO (80
u#L) were incubated at 37 °C for 15 min in a flatdddottom 96-well microtest plate
in dark. The reaction was started by adding 2DDAmplex Red reagent, 2 U/mL
horseradish peroxidase, and 2 npMyramine forhMAO at 37 °C for 20 min. The
reaction was quantified in a multidetection micedpl fluorescence reader based on
the fluorescence generated (excitation, 545 nm;sson, 590 nm). The specific
fluorescence emission was calculated after suldracif the background activity,
which was determined from vials containing all caments except thédMAO
isoforms, which were replaced by a sodium phospbatter solution. The percent
inhibition was calculated by the following exprassi (1 — IFi/IFc) x 100% in which
IFi and IFc are the fluorescence intensities obthiloe hMAO in the presence and
absence of inhibitors after subtracting the respedtackground.
4.2.2. Reversibility ofhMAO-B inhibition

To determine whether the inhibition 6MAO-B by the coumarin-pargyline
hybrids were reversible or irreversible, the timependence of inhibition of the
selected inhibitor4x and reference compound pargyline were examined. [41
Compound4x was allowed to preincubate with recombinant hunvdO-B for
various periods of time (0, 15, 30, 60 min) at & i potassium phosphate buffer
(0.05 M, pH 7.4). These actions were subsequerilyed two-fold to yield a final
enzyme concentration of 0.015 mg tiThe final concentrations of compouds,
pargyline were 30 nM and 200 nM for the inhibitiohhMAO-B, respectively. The
reactions were incubated at 37 °C for a furtheml® All measurements were carried

out in triplicate and are expressed as mean + SD.
4.2.3. Inhibition of self-induced AB;.4> aggregation
Inhibition of Api.. aggregation was measured using a thioflavin T

(ThT)-binding assay [33]. Resveratrol and curcumuere used as reference
compoundsApi.42 (Millipore, counterion: NaOH) was dissolved in a@mum

hydroxide (1% v/v) to give a stock solution (20081), which was aliquoted into



small samples and stored at —80 °C. For the expetinof self-mediated A 4
aggregation inhibition, the /A stock solution was diluted with 50 mM phosphate
buffer (pH 7.4) to 5«:M before use. A mixture of the peptide (D, 25 uM, final
concentration) with or without the tested compo(bd L) was incubated at 37 °C
for 48 h. Blanks using 50 mM phosphate buffer (pH)dnstead of & with or
without inhibitors were also carried out. The saenwhs diluted to a final volume of
200 uL with 50 mM glycine-NaOH buffer (pH 8.0) contaigrthioflavin T (5uM).
Then the fluorescence intensities were recordedirb later (excitation, 446 nm;
emission, 490 nm). The percent inhibition of aggtem was calculated by the
expression (1 — IFi/lIFc) x 100%, in which IFi arfeclare the fluorescence intensities
obtained for A& in the presence and absence of inhibitors aftétracting the
background, respectively.
4.2.4.1n vitro blood—brain barrier permeation assay

Brain penetration of compounds was evaluated usngarallel artificial
membrane permeation assay (PAMPA). Commercial dwgese purchased from
Sigma and Alfa Aesar. The porcine brain lipid (PB¥gs obtained from Avanti Polar
Lipids. The donor microplate (PVDF membrane, paze §.45 mm) and the acceptor
microplate were both from Millipore. The 96-well Udate (COSTAK) was from
Corning Incorporated. The acceptor 96-well microplevas filled with 300uL of
PBS/EtOH (7:3), and the filter membrane was impadga with 4uL of PBL in
dodecane (20 mg/mL). Compounds were dissolved irsDMit 5 mg/mL and diluted
50-fold in PBS/EtOH (7:3) to achieve a concentratadf 100 mg/mL, 20QuL of
which was added to the donor wells. The acceplter fplate was carefully placed on
the donor plate to form a sandwich, which was leftlisturbed for 16 h at 25 °C.
After incubation, the donor plate was carefully ov®d and the concentration of
compound in the acceptor wells was determined usandJV plate reader
(Flexsta-tiof? 3). Every sample was analyzed at five wavelengthfgur wells, in at
least three independent runs, and the results &en gas the mean + standard
deviation. In each experiment, 8 quality controbnstards of known BBB

permeability were included to validate the analgsis



4.2.5. Cell viability assay

The toxicity effect of compounds on the rat pheoamwcytoma (PC12) cells was
examined. The PC12 cells were routinely grown af@7n a humidified incubator
with 5% CQ in Dulbecco’s modified Eagle’s medium (DMEM) supplented with
10% bovine calf serum, 100 units/mL penicillin, ab@0 units/mL of streptomycin.
Cells were subcultured in 96-well plates at a segdiensity of 10,000 cells per well
and allowed to adhere and grow. When cells reathedequired confluence, they
were placed into serum-free medium and treated watmpound4x. Twenty-four
hours later the survival of cells was determined MYT assay. Briefly, after
incubation with 2QuL of MTT at 37 °C for 4 h, living cells containingTT formazan
crystals were solubilized in 200L DMSO. The absorbance of each well was
measured using a microculture plate reader witbsawavelength of 570 nm and a
reference wavelength of 630 nm. Results are expdeas the mean + SD of three
independent experiments.
4.2.6. Acute Toxicity

A total of 15 KM mice (KM mice, which are commorosked colony mice and
most widely used in biomedical research in Chinaten22 days, 18-20 g) purchased
from Comparative Medicine Center of Yangzhou Ursitgr(Yangzhou, China) with
eligibility certification NO. SCXK 2013-0006 weresed to evaluate the acute toxicity
of compound4dx and pargyline. Mice were maintained with a 12 dhtidark cycle
(light from 07:00 to 19:00) at 20-22 °C and 60-708tative humidity. Sterile food
and water were provided according to institutiomalidelines. Prior to each
experiment, mice were fasted overnight and allofwee access to water. Compounds
were suspended in 0.5% carboxymethyl celluloseusodCMC-Na) salt solution (2.4
mmol/kg) and given via oral administration accogdito the divided experimental
groups [33]. After administration of the compoundbe mice were observed
continuously for the first 4 h for any abnormal aelor and mortality changes,
intermittently for the next 24 h, and occasiondhgreafter for 14 days for the onset
of any delayed effects. All animals were sacrificed the 14th day after drug

administration and were macroscopically examinedfissible damage to the heart,



liver, and kidneys.
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Table 1. Inhibition of human MAO-A and MAO-B activities othé synthesized

compounds.
ICs0%(uM )
Compd n R hMAO-A hMAO-B S|P

4a 2 H 89.50£1.42 8.298+0.441 10.79
4b 2 4-CH; 56.41+0.91 5.643+0.251 10.00
4c 2 4-CH(CH): 70.02+1.33 6.958+0.273 10.06
4d 2 4-OCH 55.05+0.76 3.513+0.174 15..67
4e 2 3-OCH 72.06+£1.18 7.014+0.382 10.27
Af 2 3-F 53.29£1.09 5.530+0.231 9.64
49 2 3,4-F 40.78+0.84 9.625+0.465 4.24
4h 3 H 38.61+0.51 3.742+0.160 10.32
4 3 4-CH; 116.37+£1.98 7.381+0.314 15.77
4 3  4-CH(CH): 77.44%0.99 7.580+0.373 10.22
4k 3 4-OCH 59.99+0.65 6.078+0.288 9.87
4 3 3-OCH 22.70+0.21 4.594+0.182 4.94
dm 3 3-F 29.26+0.19 4.437+0.177 6.59
4n 3 3,4-F 49.17+0.85 4.855+0.194 10.13
40 4 H 89.35+£1.86 0.978+0.032 91.36
4p 4 4-CH; 94.53+2.10 1.676x0.058 56.40
4q 4  4-CH(CH): 35.40+0.49 3.495+0.159 10.13
ar 4 4-OCH 54.51+1.07 1.131+0.049 48.20
4s 4 3-OCH 78.56+1.66 2.339+0.128 33.59
4t 4 3-F 69.15+1.94 1.552+0.061 44.56
4u 4 3,4-F 93.24+2.21 2.369+0.159 39.36
4y 2 - 69.87+1.38 1.103+0.057 63.35
4w 3 - 36.87+0.62 1.085x0.080 33.98
4x 4 - 3.275+0.040 0.027+0.004 121.3

Pargyline® - 3.521+0.069 0.194+0.030 18.15

#1Cs0: 50% inhibitory concentration (means + SD of thegperiments).

P SI: 1Cso ("MAO-A)/IC 50 (NMAO-B).

¢ Pargyline was used as positive control.



Table 2. Permeability P x 10° cm s in the PAMPA-BBB assay for 8 commercial

drugs (used in the experiment validation) and campdx.

Commercial drugs Bibliography @ Experiment °
Testosterone 17 10.98 +1.14
Verapamil 16 10.11 +1.02
p-Estradiol 12 8.00 +0.85
Clonidine 5.3 4.80 +0.33
Corticosterone 51 492 +0.28
Piroxicam 2.5 1.51+0.17
Hydrocortisone 1.9 1.77 £0.15
Lomefloxacin 11 1.05+£0.09
4x - 8.92 +0.93

@ Taken from Ref®.

P Data are the mean + SD of three independent erpets.
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Figure 1. Design strategy for the coumarin-pargyline hybrids

Figure 2. Docking studies of compountk, pargyline and witihMAO-B (PDB code:
2V60). Atom colors: green-carbon atoms of compodrd pink-carbon atoms of
pargyline, silver-carbon atoms of ligand bMAO-B, dark blue-nitrogen atoms,

red-oxygen atoms.
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Figure 3. Reversibility study ofhMAO-B inhibition by compounddx . The final
concentrations of compourk, pargyline were 30 nM and 200 nM for the inhihitio
of hAMAO-B, respectively. The reactions were incubate@&a°C for various periods
of time (0-60 min). All measurements were carried ia triplicate and are expressed

as mean + SD.
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Figure 4. Inhibition of Api1.4> self-induced aggregation by compounda-x
comparing with those of curcumin (Cur) and resvetatRes). The thioflavin-T
fluorescence method was used and the measuremergsarried out in the presence
of 25 uM test compound. The mean = SD values from thrdependent experiments

were shown.



Figure 5. Docking study of compoundx (colored green) with Ay.4>, (PDB code
11YT). (A) Cartoon representations of compoudxl interacting with 46142 (B)
Association of4x (colored green) and theff 4, obtained from docking calculations.
The n-n stacking are depicted with purple dotted lineshdfids are represented by

green dotted lines.
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Figure 6. Effects of various concentrations of compouhdand pargyline on cell
viability in PC 12 cells after treatment for 24Q@ell viability was measured by MTT

assay. Data were shown as mean + SD of three indepeexperiments.



control

~ B3 4x
%60' § pargyline
S 40- \
: 1 NEl | oBe=
£ 20- \ B

\ .

c | | | ] | | ) l ]

Figure 7. The AST and ALT activity on the 14th day after adisiration of a single

oral dose (2.4 mmol/kg) of compouds or pargyline. Results are expressed as mean

+ SD of three independent experiments.
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Scheme 1. Synthesis of coumarin-pargyline hybrida-x. Reagents and conditions:
() o, o-dibromoalkane, anhydrous,&BOs;, acetone, reflux, 10-12h; (ii) appropriate
benzylamine, anhydrous ;&O; Kl, CH3CN, reflux, 10h; (iii)) 3-bromopropyne,
anhydrous KCO;, KI, CH3CN, 65°C, 1-2h; (ivN-methylpropargylamine, anhydrous
K2CGO;, KI, CH3CN, 65°C, 1-2h.



Highlights

Novel multi-target-directed ligands for Alzheimedisease were designed and
synthesized.

The new hybrids have been obtained by fusing commath pargyline.

Hybrid 4x exhibited remarkable inhibitory activities agaiMAO-B and Ab1.-42
aggregation.

Hybrid 4x showed a low neurotoxicity and potent BBB penairat



