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21] 2. Schematic illustration shows the distances between selected amino acid involved in ligand binding of
cholinesterases (A) and proposed design of novel cholinesterase inhibitors which bind non-selectively and

interact with amino acid at PAS (B).
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("D Figure 2-8 48.9 X 10° nM". nmsaneaaalififiuin coumarin moiety aunsaivldedia
(MUIZAUNY binding pocket YOIRY ACKE a2 BuChE. Tun1snuin3ouifioudy donepezil #uifiu potent
AChEI WU71 AP2238 flaseadendondefuiudou dihydroindenone moiety Y843 donepezil. t‘iﬂﬂnin’fu
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Coumarin §ATU@13910T35U%IA INMSANYT mutagenic 1AZ genotoxic W1IF1 coumarin iy
genotoxic agent uazlumsdinun 7-hydroxycoumarin (a major safe metabolite in human) "lﬁ'gmﬁan‘lﬁ'nﬂm
core structure Tun1s@nud tazlunsinuiis 1giinisAny S ouifounavea coumarin moiety Y89 7-
hydroxycoumarin IABUAY coumarin moieties ﬂ'N"] Y849 3-substituted-7-hydroxycoumarins. uazmstmu"v’i
A 3 veq 7-hydroxycoumarin  819@4Ha194N1511317A 3,4-coumarin epoxide Fanuiuiu toxic

L o da & - 4
metabolite AU 1A Ty epoxidation pathway (i‘lh’l 38).
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‘i"ljﬁ 3. Some pathways of coumarin metabolism. The metabolites shown are 3-, 4-, 5-, 6-, 7- and 8-
hydroxycoumarin (3-HC, 4-HC, 5-HC, 6-HC, 7-HC and 8-HC), o-hydroxyphenylacetaldehyde (0-HPA), o-
hydroxyphenylethanol (o-HPE), o-hydroxyphenylacetic acid (o-HPAA), o-hydroxyphenyllactic acid (o-HPLA),
o-hydroxyphenylpropionic acid (o-HPAA), o-coumaric acid (0-CA), dihydrocoumarin (DHC), 6,7
dihydroxycoumarin  (6,7-diHC) and 4-hydroxydihydrocoumarin-glutathione conjugate (4-HDHC+GSH

conjugate).

ASZUIUMITUATIEHOYWUS coumarin
Bl{ﬁuf‘lﬁ)i coumarin 8 ¥iia 1ANNTS Funsen ﬁqﬁ"lé’uam‘lu;ﬂ 4. Tﬂﬂﬁi% 7-hydroxy coumarin
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O 7-hydroxy-2H-chromen-2-one 1117 alkylated 11 dibromoalkanes Tﬁtﬂu‘ﬂﬁﬂ?ﬂﬂﬁ 1Ay
potassium carbonate w‘i’a'lﬁ"lé’f 7-bromoalkyloxy-2H-chromen-2-one (1a-1Kk).
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gil‘ﬁ 4. Synthetic Pathway for coumarin derivatives

Reagents and conditions: (i) Br—(CH,) —Br ,acetone, K,CO,, A, 16 b; (i) R,—NH—R,, acetone, K,CO,, A
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gﬂﬁ 5. Synthetic Pathway for 9-11

Reagents and condition: (i) Meldrum’s acid, ammonium acetate, A, 4 h; (i) diethyl malonate, piperidine, r.t

1 hy(iii) N-methylpiperazine, K,CO,, /A, DMF
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msim‘isimi"lﬁ’fqnz‘?aciramﬂ commercial suppliers favhaza1eii1Foglungu commercial M50 AR
grade. NINAAAU Thin-layer chromatography Mlaold Merck Kieselgel 60 F,,, HagNMinaaay column
chromatography 1aold Merck Kieselgel 60 (0.063-0.200 mm). MsfnE Melting points i lae1¥ Buchi
apparatus (Buchi535). fimstiudin H' spectra Tat1¥ Bruker/avance ﬁ 400 MHz 10019 residual undeuterated
solvent peak HugnlSsuiioy (reference). NINAABY Mass spectrometry ﬂi:’,ﬁﬂﬂﬂ‘l‘%’lﬂ?ﬂi Applied

Biosystems (AP14000).

FEms&unsizvioyWus coumarin

7-(2-bromoethoxy)-2H-chromen-2-one (1a). A stirred suspension of 7-hydroxycoumarin (0.5 g,
3.08 mmol), 1,2-dibromoetane (0.87 g, 4.63 mmol), potassium carbonate (2.13, 15.42 mmol) were added in
acetone (75 mL) and heated under reflux condition for 16 h. The mixture was filtered through a celite-packed
column, and the solvent was evaporated under reduced pressure. Next, the resulting residue was purified on a
silica gel-packed column chromatography (eluted with dichlorometane) to afford the product (1a) as a white
solid. 'H NMR (CDCl,, 0): 3.67 (t, 2H, J = 6.09 Hz), 4.35 (t, 2H, J = 6.10 Hz), 6.27 (d, 1H, J = 9.49 Hz), 6.81
(d, 1H, J=2.37), 6.87 (dd, 1H, J = 2.47 and 8.59 Hz), 7.38 (d, 1H, J= 8.60 Hz), 7.64 (d, 1H, J = 9.49 Hz).

7-(3-bromopropoxy)-2H-chromen-2-one (1b). Following the previous procedure for the synthesis
for 1a but 7-hydroxycoumarin (0.5 g, 3.08 mmol) and 1,3-dibromopropane (0.93 g, 4.63 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. 'H NMR (CDCl,, 5): 2.24 (m, 2H), 3.41 (t, 2H, J = 6.88 Hz), 4.15 (t, 2H, J= 5.95
Hz), 6.27 (d, 1H, J = 9.49 Hz), 6.81 (d, 1H, J = 2.37), 6.87 (dd, H, J = 2.47 and 8.59 Hz), 7.38 (d, 1H, J = 8.60
Hz), 7.64 (d, 1H, J = 9.49 Hz).

7-(4-bromobutoxy)-2H-chromen-2-one (1c). Following the previous procedure for the synthesis for
1a but 7-hydroxycoumarin (10.5 g, 3.08 mmol), 1,4-dibromobutane (0.99 g, 4.63 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. '"H NMR (CDCl,, 5): 1.97—2.01 (m, 2H), 2.05—2.09 (m, 2H), 3.49 (t, 2H, J = 6.54
Hz), 4.05 (t, 2H, J = 6.04 Hz), 6.24 (d, 1H, J = 9.47 Hz), 6.79 (d, 1H, J = 2.34 Hz), 6.82 (dd, 1H, J = 2.38 Hz
and 8.54 Hz), 7.36 (d, 1H, J = 8.56 Hz), 7.63 (d, 1H, J = 9.44 Hz).

7-(5-bromopentyloxy)-2H-chromen-2-one (1d). Following the previous procedure for the synthesis
for 1a but 7-hydroxycoumarin (10.5 g, 3.08 mmol), 1,5-dibromopentane (0.99 g, 4.63 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. '"H NMR (CDCli,, 6): 1.61—1.66 (m, 2H), 1.82—1.86 (m, 2H), 1.92—1.95 (m ,2H),
3.43 (t, 2H, J = 6.69 Hz), 4.01 (t, 2H, J = 6.30 Hz), 6.22 (d, 1H, J = 9.46 Hz), 6.77 (d, 1H, J = 2.38 Hz), 6.81
(dd, 1H, J=2.39 Hz and 8.56 Hz), 7.35 (d, 1H, /= 8.59 Hz), 7.62 (d, IH, J=9.55 Hz).

7-(6-bromohexyloxy)-2H-chromen-2-one (le). Following the previous procedure for the synthesis

for 1a but 7-hydroxycoumarin (10.5 g, 3.08 mmol), 1,6-dibromohexane (0.99 g, 4.63 mmol) were used. The
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product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. 'H NMR (CDCl,, 0): 1.51—1.59 (m, 4H), 1.82—1.91 (m, 4H), 3.40 (t, 2H, J = 6.72
Hz), 4.01 (t, 2H, J = 6.35 Hz), 6.24 (d, 1H, J = 9.45 Hz), 6.78 (d, 1H, J = 2.40 Hz), 6.82 (dd, 1H, /=242 Hz
and 8.54 Hz), 7.36 (d, 1H, J = 8.56 Hz), 7.62 (d, 1H, J = 9.46 Hz).

7-(7-bromoheptyloxy)-2H-chromen-2-one (1f). Following the previous procedure for the synthesis
fot 1a but 7-hydroxycoumarin (1.44 g, 8.9 mmol), 1,7-dibromoheptane (4.59 g, 17.8 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. 'H NMR (CDCL,, 5): 1.41—1.49 (m, 6H), 1.80—1.89 (m, 4H), 3.41 (1, 2H, J=6.79
Hz), 4.00 (t, 2H, J = 6.45 Hz), 6.23 (d, 1H, J = 9.45 Hz), 6.79 (4, 1H, J = 2.35), 6.83 (dd, 1H, J = 2.31 and"
8.55); 7.35(d, 1H, J = 8.56 Hz), 7.63 (d, 1H, J = 9.44 Hz).

7-(8-bromooctyloxy)-2H-chromen-2-one (1g). Following the previous procedure for the synthesis
for 1a but 7-hydroxycoumarin (3 g, 18.5 mmol) and 1,8-dibromooctane (15 g, 55.5 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. 'H NMR (CDCl,, 5): 1.35—1.67 (m, 8H), 1.79—1.83 (m, 2H), 2.01—2.06 (m, 2H),
3.39 (t, 2H, J = 6.50 Hz), 4.00 (t, 2H, J = 6.45 Hz), 6.24 (d, 1H, J = 9.46 Hz), 6.79 (d, 1H, J = 1.81 Hz), 6.83
(dd, 1H, /= 2.30 and 8.58 Hz), 7.35 (d, 1H, J= 8.55 Hz), 7.63 (d, 1H, J= 9.46 Hz).

7-(9-bromononyloxy)-2H-chromen-2-one (th). Following the previous procedure for the synthesis
for 1a but 7-hydroxycoumarin (3.74 g, 23.1 mmol) and 1,9-dibromononane (13.18 g, 46.1 mmol) were used.
The product was obtained as.a white solid after purification with a silica gel-packed column chromatography
and eluted with dichlorometane. 'H NMR (CDClL,, 5): 1.33—1.46 (m, 10H), 1.78—1.88 (m, 4H), 3.40 (t, 2H, J
= 6.84 Hz), 4.00 (t, 2H, J = 6.51 Hz), 6.23 (d, 1H, J = 9.51 Hz), 6.79 (d, 1H, J = 1.81 Hz), 6.83 (dd, I1H, J =
1.98 and 8.58 Hz), 7.35 (d, 1H, J = 8.55 Hz), 7.63 (d, IH, /= 9.46 Hz).

7-(10-bromodecyloxy)-2H-chromen-2-one (i). Following the previous procedure for the synthesis
for 1a but 7-hydroxycoumarin (0.5 g, 3.08 mmol) and 1,10-dibromodecane (1.39 g, 4.63 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with dichlorometane. 'H NMR (CDCY,, 5): 1.32—1.37 (m, 8H), 1.41—1.47 (m, 4H), 1.79—1.87 (m, 4H),
3.41 (t, 2H, J = 6.84 Hz), 4.01 (t, 2H, J = 6.51 Hz), 6.24 (d, IH, J= 9.48 Hz), 6.80 (d, 1H, /= 2.11 Hz) , 6.83
(dd, 1H, J=2.32 and 8.51 Hz), 7.35 (d, IH, J= 8.52 Hz), 7.63 (d, 1H, J=9.47 Hz).

7-(11-bromoundecyloxy)-2H-chromen-2-one (1j). Following the previous procedure for the
synthesis for 1a but 7-hydroxycoumarin (0.5 g, 3.08 mmol) and 1,10-dibromoundecane (1.46 g, 4.63 mmol)
were used. The product was obtained as a white solid after purification with a silica gel-packed column
chromatography and eluted with dichlorometane. 'H NMR (cbaqy,, 0): 1.32—1.37 (m, 10H), 1.41—1.47 (m,
4H), 1.79—1.87 (m, 4H), 3.41 (t, 2H, J = 6.84 Hz), 4.01 (t, 2H, J = 6.51 Hz), 6.24 (d, 1 H, J=9.48 Hz), 6.80 (d,
1H, J=2.11 Hz) , 6.83 (dd, 1H, J=2.32 and 8.51 Hz), 7.35 (d, 1H, J = 8.52 Hz), 7.63 (d, 1H, J = 9.47 Hz).

7-(12-bromododecyloxy)-2H-chromen-2-one (1k). Following the previous procedure for the

synthesis for 1a but 7-hydroxycoumarin (3.74 g, 23.1 mmol) and 1,9-dibromononane (1.52 g, 4.63 mmol) were
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used. The product was obtained as a white solid after purification with a silica gel-packed column
chromatography and eluted with dichlorometane. 'H NMR (CDCl,, 5): 1:29—1.50 (m, 16H), 1.77—1.88 (m,
4H), 3.42 (t, 2H, J = 6.85 Hz), 4.01 (t, 2H, J = 6.52 Hz), 6.24 (d, 1H, /= 9.46 Hz), 6.79 (d, IH, J = 1.93 H2),
6.83 (dd, 1H, J=2.29 and 8.55 Hz), 7.36 (d, 1H, J= 8.53 Hz2), 7.64 (d, 1H, /= 9.48 Hz).

7-(2-(piperidin-1-yl)ethoxy)-2H-chromen-2-one hydrochloride (2a). A stirred suspension of 1a
(0.2 g, 0.74 mmol), piperidine (0.65 g, 0.74 mmol), and potassium carbonate (0.51 g, 2.95 mmol) were added in
acetone (75 mL) and heated under reflux condition for 36 h. The mixture was filtered through a celite-packed
column, and the solvent was evaporated under reduced pressure. Purification with acid base extraction and
crystallization of the residue from diethyl ether afforded 2a as a white solid (60% yield), mp 208.3-209.9 °C. 'H
NMR (CDCl,, 0): 1.73 (s, 1H), 1.85—1.87 (m, 1H), 1.89— 1.90 (m, 2H), 2.23—2.30 (m, 2H), 2.81— 2.84 (m,
2H), 3.42— 3.45 (m, 2H), 3.67 (s, 1H), 3.68 (s, 1H), 4.67 (s, 1H), 4.68 (s, 1H), 6.27 (d, 1H, J = 9.51 Hz), 6.81
(d, 1H, J = 2.12 Hz), 6.87 (dd, 1H, J = 2.31 and 8.57 Hz), 7.40 (d, IH, J = 8.55 Hz), 7.63 (d, 1H, J = 9.52 Hz).
MS, m/z: 273.9 [M+1]".

7-(3-(piperidin-1-yl)propoxy)-2H-chromen-2-one hydrochloride (2b). Following the previous
procedure for the synthesis for 2a but 1b (0.2 g, 0.67 mmol), piperidine (0.57 g, 6.70 mmol), and potassium
carbonate (0.46 g, 3.36 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2b as a white solid (70% yield), mp 216.2-217.4 °C (dec.). 'H NMR
(CDCl,, 0): 1.71—2.00 (m, 4), 2.20—2.30 (m, 2H), 3.00—3.10 (m, 2H,), 3.33 —3.40 (m, 2H), 3.57—3.63 (m,
2H), 4.21—4.30 (m, 2H), 4.82—4.83 (m, 2H), 6.27 (d, 1H, J = 9.47 Hz), 6.92, (d, 1H, J = 2.12 Hz), 6.84 (m,
1H), 7.54 (d, 1H, J = 8.50 Hz), 7.92 (d, 1H, J= 9.46 Hz). MS, m/z: 287.8 [M+1]".

7-(4-(piperidin-1-yl)butoxy)-2H-chromen-2-one hydrochloride (2¢c). Following the previous
procedure for the synthesis for 2a but 1c (0.2 g, 0.67 mmol), piperidine (0.77 g, 6.73 mmol), and potassium
carbonate (0.46 g, 3.36 mmo!) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2¢ as a white solid (70% yield), mp 216.2-217.4 °C (dec.). 'H NMR (CDCl,,
0):1.40—1.50 (m, 2H), 1.83—1.94 (m, 6H), 2.31—2.34 (m, 2H), 2.61—2.65 (m, 2H), 2.99—3.02 (m, 2H),
3.55—3.57 (m, 2H), 4.07 (t, 2H, J = 5.92 Hz ), 6.25 (d, 1H, J = 9.46 Hz), 6.77 (d, 1H, J = 2.37 Hz), 6.82 (dd,
1H J=2.44 and 8.59 Hz), 7.37 (d, 1H, J=8.60), 7.63 (d, 1H, J=9.50). MS, m/z: 301.9 [M+1]".

7-(5-(piperidin-1-yl)pentyloxy)-2H-chromen-2-one hydrochloride (2d). Following the previous
procedure for the synthesis for 2a but 1d (0.2 g, 0.64 mmol), piperidine (0.54 g, 6.43 mmol), and potassium
carbonate (0.44 g, 3.21 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
resid_ue from diethyl ether afforded 2d as a. white solid (70% yield), mp 160.1-162.3°C. ‘H NMR (CDbCl,,

0):1.55—1.57 (m, 2H), 1.83—1.90 (m, 6H), 2.00—2.01 (m, 2H), 2.25—2.30 (m, 2H), 2.60—2.63 (m, 2H),
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2.92—2.95 (m, 2H), 3.53—3.55 (m, 2H), 4.01 (t, 2H, J = 6.09 Hz ), 6.23 (d, 1H, J = 9.45 Hz), 6.76 (d, 1H, J =
2.35 Hz), 6.82 (dd, 1H J = 2.43 and 8.59 Hz), 7.36 (d, 1H, J = 8.61), 7.63 (d, 1H, J = 9.49 ). MS, m/z: 315.8
M+1]".

7-(6-(piperidin-1-yl)hexyloxy)-2H-chromen-2-one hydrochloride (2e). Following the previous
procedure for the synthesis for 2a but 1e (0.2 g, 0.62 mmol), piperidine (0.53 g, 6.22 mmol), and potassium
carbonate (0.42 g, 3.08 fnmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2e as a white solid (75% yield), mp 153.8-155.1 °C (dec.). 'H NMR
(CDCl,, 0): 1.41—1.45 (m, 2H), 1.52—1.56 (m, 2H), 1.80—1.96 (m, 8H), 2.30—2.35 (m, 2H), 2.60—2.68 (m,
2H), 2.89—2.93 (m, 2H), 3.50—3.55 (m, 2H), 4.00 (t, 2H, J = 6.20 Hz ), 6.24 (d, 1H, J = 9.48 Hz), 6.77 (d, IH,
J=12.30 Hz), 6.82 (dd, 1H J=2.39 and 8.58 Hz), 7.36 (d, 1H, J=8.59), 7.63 (d, 1H, J=9.48 ). MS, m/z: 329.9
M+1]".

7-(7-(piperidin-1-yl)heptyloxy)-2H-chromen-2-one hydrochloride (2f). Following the previous
procedure for the synthesis for 2a but 1f (0.25 g, 0.74 mmol), piperidine (0.63 g, 7.40 mmol), and potassium
carbonate (0.51 g, 3.68 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2f as a white solid (80% yield), mp 142.8-143.8 °.C .'H NMR (CDCl], 8):
1.39—1.41 (m, 6H), 1.77—1.92 (m, 8H), 2.30—2.38 (m, 2H), 2.60—2.68 (m, 2H), 2.89—2.95(m, 2H),
3.55—3.60 (m, 2H), 4.00 (1, 2H, J = 6.38 Hz ), 6.23 (d, 1H, J = 9.47 Hz), 6.78 (d, 1H, J = 2.36 Hz), 6.82 (dd,
1HJ=2.37 and 8.58 Hz), 7.36 (d, 1H, J = 8.59), 7.63 (d, 1H, J = 9.50 ). MS, m/z: 343.7 [M+1] .

7-(8-(piperidin-1-yl)octyloxy)-2H-chromen-2-one hydrochloride (2g). Following the previous
procedure for the synthesis for 2a but 1g (0.25 g, 0.71 mmol), piperidine (0.81 g, 9.47 mmol), and potassiu;n
carbonate (0.51 g, 3.68 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2g as a white solid (80% yield), mp 110.7-112.8 °C . 'H NMR (CDCl,, 8):
1.36—1.45 (m, 8H), 1.70—1.84 (m, 8H), 2.25—2.30 (m, 2H), 2.55—2.60 (m, 2H), 2.87—2.91(m, 2H),
3.51—3.55 (m, 2H), 4.00 (t, 2H, J = 6.40 Hz ), 6.23 (d, 1H, J = 9.44 Hz), 6.78 (d, 1H, J = 2.36 Hz), 6.82 (dd,
1HJ=2.37 and 8.58 Hz), 7.36 (d, 1H, J = 8.59), 7.63 (d, 1H, J = 9.50 ). MS, m/z: 357.9 [M+11".

7-(9-(piperidin-1-yl)nonyloxy)-2H-chromen-2-one hydrochloride (2h). Following the previoﬁs
procedure for the synthesis for 2a but 1h (0.25 g, 0.68 mmol), piperidine (0.78 g, 9.13 mmol), and potassium
carbonate (0.51 g, 3.68 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2h as a white solid (80% yield), mp 143.3-144.1 °C . '"H NMR (CDCY,, 8):
1.34—1.45 (m, 10H), 1.80—1.95 (m, 8H), 2.25—2.30 (m, 2H), 2.55—2.60 (m, ZH), 2.87—2.92(m, 2H),
3.51—3.55 (m, 2H), 4.00 (t, 2H, J = 6.49 Hz ), 6.23 (d, 1H, J = 9.47 Hz), 6.79 (d, 1H, J = 2.35 Hz), 6.82 (dd,
1HJ = 2.37 and 8.58 Hz), 7.36 (d, 1H, J = 8.58), 7.63 (d, 1H, J=9.50 ). MS, m/z: 371.8 [M+1]".
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7-(10-(piperidin-1-yl)decyloxy)-2H-chromen-2-one hydrochloride (2i). Following the previous
procedure for the synthesis for 2a but 1i (0.25 g, 0.66 mmol), piperidine (0.75 g, 8.81 mmol), and potassium
carbonate (0.51 g, 3.68 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2i as a white solid (80% yield), mp 132.8-134.5 °C . '"H NMR (CDCl,, 8):
1.28—1.32 (m, 10H),1.43—1.46 (m, 2H), 1.78—1.91 (m, 8H), 2.25—2.30 (m, 2H), 2.55—2.58 (m, 2H),
2.87—2.89 (m, 2H), 3.50—3.55 (m, 2H), 4.00 (t, 2H, J = 6.50 Hz ), 6.23 (d, 1H, J = 9.47 Hz), 6.79 (d, 1H, J =
2.34 Hz), 6.82 (dd, 1H J = 2.39 and 8.57 Hz), 7.36 (d, 1H, J = 8.57), 7.63 (d, IH, J = 9.47 ). MS, m/z: 385.9
M+1]".
7-(11-(piperidin-1-yl)undecyloxy)-2H-chromen-2-one hydrochloride (2j). Following the previous
procedure for the synthesis for 2a but 1j (0.25 g, 0.63 mmol), piperidine (0.71 g, 8.45 mmol), and potassium
carbonate (0.51 g, 3.68 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 2j as a white solid (80% yield), mp 134.5-135.8 °C . 'H NMR (cDpql,, 8):
1.28—1.32 (m, 12H),1.43—1.45 (m, 2H), 1.78—1.91 (m, 8H), 2.25—2.30 (m, 2H), 2.58—2.60 (m, 2H),
2.87—2.90 (m, 2H), 3.50—3.55 (m, 2H), 4.00 (¢, 2H, J = 6.53 Hz ), 6.23 (d, IH, J = 9.45 Hz), 6.79 (d, 1H, J =
2.25 Hz), 6.82 (dd, 1H J = 2.44 and 8.56 Hz), 7.36 (d, 1H, J = 8.58), 7.63 (d, 1H, J = 9.49 ). MS, m/z: 399.9
M+11".
7-(12-(piperidin-1-yl)dodecyloxy)-2H-chromen-2-one hydrochloride (2k). Following the previous
procedure for the synthesis for 2a but 1k (0.25 g, 0.61 mmol), piperidine (0.70 g, 8.17 mmol), and potassium
-carbonate (0.51 g, 3.68 mmol) were used. The mixture was filtered through a celite-packed column, and the
solvent was evaporated under reduced pressure. Purification With acid base extraction and crystallization of the
residue from diethyl ether afforded 2k as a white solid (80% yield), mp 145.4-146.7 °C . '"H NMR (CDCl,, 8):
1.27—1.32 (m, 12H),1.36—1.40 (m, 4H), 1.78—1.89 (m, 8H), 2.25—2.30 (m, 2H), 2.55—2.60 (m, 2H),
2.85—2.89 (m, 2H), 3.58—3.60 (m, 2H), 4.00 (t, 2H, J = 6.49 Hz ), 6.23 (d, 1H, J = 9.45 Hz), 6.79 (d, 1H, J =
2.33 Hz), 6.82 (dd, 1H J = 2.55 and 8.56 Hz), 7.36 (d, 1H, J = 8.56, 7.63 (d, 1H, J = 9.43 ). MS, m/z: 413.8
M+1]". '
7-(7-(pyrrolidin-1-yl)heptyloxy)-2H-chromen-2-one hydrochloride (3a). Following the previous
procedure for the synthesis for 2a but 1f (0.20 g, 0.59 mmol), pyrrolidine (0.11 g, 1.77 mmol), and potassium
carbonate (0.41 g, 3.00 mmol) were used. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 3a as a white solid (80% yield), mp 125.4—126.9 °C (dec.). IH NMR
(CDCl;, 0): 1.42—1.57 (m, 6H), 1.79—1.82 (m, 2H), 1.90—2.00 (m, 2H), 2.05—2.15 (m, 2H), 2.20—2.30 (m,
2H), 2.70—2.80 (m, 2H), 2.99—3.02 (m, 2H), 3.75— 3.85 (m, 2H), 4.01 (t, 2H, J = 6.35 Hz), 6.24 (d, 1H, J =
9.45 Hz), 6.79 (d, 1H, J = 2.23 Hz), 6.84 (dd, 1H, J= 2.34 and 8.58 Hz), 7.36 (d, 1H, J = 8.60 Hz), 7.63 (d, 1H,
J=9.46 Hz), 12.46 (s, 1H). MS, m/z: 329.8 [M+1]".
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7-(8-(pyrrolidin-1-yDoctyloxy)-2H-chromen-2-one hydrochlofide (3b). Following the previous
procedure for the synthesis for 2a but 1g (0.20 g, 0.57 mmol), pyrrolidine (0.12 g, 1.70 mmol), and potassium
carbonate (0.39 g, 2.83 mmol) were used. Purification with acid base extraction and crystallization of the
residuc from diethyl ether afforded 3b as a white solid (60% yield), mp 85.1—87.6 °C. 1H NMR (CDCl,, 6):
1.38—1.78 (m, 8H), 1.78—1.82 (m, 2H), 1.85—1.95 (m, 2H), 2.00—2.10 (m, 2H), 2.25—2.27 (m, 2H),
2.70—2.80 (m, 2H), 2.96—3.00 (m, 2H), 3.78— 3.80 (m, 2H), 4.01 (t, 2H, J = 6.45 Hz), 6.24 (4, IH, J = 9.46
Hz), 6.79 (d, 1H, J = 2.29 Hz), 6.84 (dd, 1H, J = 2.41 and 8.59 Hz), 7.36 (d, 1H, /= 8.57 Hz), 7.63(d, I1H,J=
9.46 Hz), 12.46 (s, H). MS, m/z: 343.7 [M+1]".

7-(9-(pyrrolidin-i-yl)rionyloxy)-2H-chromen-2-one hydrochloride (3¢). Following the previous
procedure for the synthesis for 2a but 1h (0.20 g, 0.57 mmol), pyrrolidine (0.12 g, 1.70 mmot), and potassium
carbonate (0.39 g, 2.83 mmol) were used. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 6c as a white solid (85% yield), mp 136.2—137.5 °C (dec.). 1H NMR
(CDCl,, 8): 1.25—1.55 (m, 10H), 1.78—1.82 (m, 2H), 1.85—1.95 (m, 2H), 2.00—2.10 (m, 2H), 2.25—2.27 (m,
2H), 2.75—2.80 (m, 2H), 2.97—3.00 (m, 2H), 3.78— 3.80 (m, 2H), 4.01 (t, 2H, /= 6.47 Hz), 6.24 (d, 1H, J =
9.47 Hz), 6.79 (d, 1H, J = 2.31 Hz), 6.84 (dd, 1H, J = 2.40 and 8.58 Hz), 7.36 (d, 1H, J = 8.58 Hz), 7.63 (d, 1H,
J=9.50 Hz), 12.46 (s, 1H). MS, m/z: 357.9 [M+1]".

7-(7-(diethylamino)heptyloxy)-2H-chromen-2-one hydrochloride (4a). Following the previous
procedure for the synthesis for 2a but 1f (0.15 g, 0.44 mmol), diethylamine (3.54 g, 4.83 mmol), and potassium
carbonate (0.41 g, 3.00 mmol) were used. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 4a as a white solid (65% yeild), mp 112.1—115.7°C. 1H NMR (CDCI3, 8):
1.39—1.43 (m, 6H), 1.58 (s, 6H), 1.79—1.84 (m, 4H), 2.93—2.97 (m, 2H), 3.09—3.13 (m, 4H), 4.01 (¢, 2H, J =
6.38 Hz), 6.24 (d, 1H, J=9.45 Hz), 6.79 (d, 1H, J = 2.23 Hz), 6.83 (dd, 1H, J = 2.38 and 8.58 Hz), 7.36 (d, 1H,
J=8.57 Hz), 7.63 (d, 1H, J = 9.48 Hz). MS, m/z: 331.8 [M+1]".

7~(8-(diethylamino)octyloxy)-2H-chromen-2-one hydrochloride (4b). Following. the previous
procedure for the synthesis for 2a but 1g (0.2 g, 0.57 mmol), diethylamine (3.54 g, 4.83 mmol), and potassium
carbonate (0.39 g, 2.83 mmol) were used. Purification with acid base extraction and crystallization of the
residue from diethyl ether afforded 4b as a white solid (55% yeild), mp 66.7—67.9 °C. IH NMR (CDCl,, 8):
1.39—1.47 ‘(m, 8H), 1.56 (s, 6H), 1.79—1.84 (m, 4H), 2.93—2.96 (m, 2H), 3.09—3.11 (m, 4H), 4.01 (t, 2H, J
= 6.41 Hz), 6.24 (d, 1H, J = 9.45 Hz), 6.79 (d, 1H, J = 1.86 Hz), 6.83 (dd, 1H, J = 2.04 and 8.58 Hz), 7.36 (d,
1H, J = 8.55 Hz), 7.63 (d, 1H, J = 9.43 Hz). MS, m/z: 345.9 [M+1]".

7-(9-(diethylamino)nonyloxy)-2H-chromen-2-one hydrochloride (4c). Following the previous
procedure for the synthesis for 2a but 1h (0.2 g, 0.57 mmol), diethylamine (3.54 g, 4.83 mmol), and potassium
carbonate (0.39 g, 3.00 mmol) were used. Purification with acid base extraction and crystallization of the

residue from diethyl ether afforded 4b as a white solid (70% yeild), mp 81.4—83.4°C. 1H NMR (CDCI,, 8):
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1.35—1.46 (m, 10H), 1.58 (s, 6H), 1.79—1.84 (m, 4H), 2.93—2.96 (m, 2H), 3.09—3.12 (m, 4H), 4.01 (¢, 2H,
J =642 Hz), 6.24 (d, 1H, J= 9.46 Hz), 6.79 (d, 1H, J = 2.17 Hz), 6.84 (dd, 1H, J=2.31 and 8.56 Hz), 7.36 (d,
1H, J = 8.56 Hz), 7.63 (d, 1H, J = 9.48 Hz). MS, m/z: 359.8 M+1]".

7-(7-morpholinoheptyloxy)-2H-chromen-2-one hydrochloride (5a3). Following the previous
procedure for the synthesis for 2a but 1f (0.20 g, 0.59 mmol), morpholine (0.15 g, 1.77 mmol), and potassium
carbonate (0.41 g, 3.00 mmol) were used. The product was obtained as a white solid after purification with a
silica gel-packed column chromatography and eluted with 10% methanol in ethyl acetate (90% yield), mp
149.0—152.7°C. 1H NMR (CDCl,, 0): 1.43—1.51 (m, 6H), 1.48—1.50 (m, 2H), 1.50—1.51 (m, 2H),
2.85—2.88 (m, 2H), 2.92—2.95 (m, 2H), 3.42—3.44 (m, 2H), 4.01—4.03 (m, 4H), 4.35—4.40 (m, 2H), 6.25 (d,
1H, J = 9.46 Hz), 6.80 (d, 1H, J = 2.29 Hz), 6.84 (dd, 1H, J = 2.39 and 8.57 Hz), 7.38 (d, 1H, J = 8.58 Hz), 7.64
(d, 1H, J = 9.47 Hz), 13.14 (s, 1H). MS, m/z: 345.8 [M+1]".

7-(8-morpholinooctyloxy)-2H-chromen-2-one hydrochloride (5b).  Following the previous
procedure for the synthesis for 2a but 1g (0.25 g, 0.71 mmol), morpholine (0.18 g, 2.12 mmol), and potassium
carbonate (0.49 g, 3.54 mmol) were used. The product was obtained as a white solid after purification with a
silica gel-packed column chromatography and eluted with 10% methanol in ethyl acetate (85% yield), mp
62.4—63.3 °C. 1H NMR (CDCl,, O): 1.38—1.76 (m, 8H), 1.80—1.83 (m, 2H), 1.90—2.00 (m, 2H), 2.83—2.88
(m, 2H), 2.93—2.96 (m, 2H), 3.41—3.44 (m, 2H), 3.94—4.01 (m, 4H), 4.28—4.34 (m, 2H), 6.23 (d, 1H, J =
9.47 Hz), 6.78 (d, 1H, J =225 Hz), 6.83 (dd, 1H, J = 2.35 and 8.58 Hz), 7.36 (d, 1H, J = 8.58 Hz), 7.63 (d, 1H,
J=9.48 Hz), 13.14 (s, 1H). MS, m/z: 359.8 {M+1]".

7-(9-morpholinononyloxy)-2H-chromen-2-one hydrochloride (5¢).  Following the previous
procedure for the synthesis for 2a but 1h (0.20 g, 0.55 mmol), morpholine (0.14 g, 1.63 mmol), and potassium
carbonate (0.38 g, 2.72 mmol) were used. The product was obtained as a white solid after purification with a
silica gel-packed column chromatography and eluted with 10% methanol in ethyl acetate (85% yield), mp
155.8—156.3 °C. IH NMR (CDCl,, 0): 1.35—1.56 (m, 10H), 1.78—1.82 (m, 2H), 1.90—2.00 (m, 2H),
2.85—2.90 (m, 2H), 2.93—2.95 (m, 2H), 3.42 (m, 2H), 3.95—4.03 (m, 4H), 4.30—4.40 (m, 2H), 6.24 (d, 1H, J
=9.47 Hz), 6.80 (d, 1H, J = 2.30 Hz), 6.84 (dd, 1H, J = 2.40 and 8.57 Hz), 7.36 (d, IH, J = 8.57 Hz), 7.63 (4,
1H, J = 9.46 Hz), 13.14 (s, 1H). MS, m/z: 373.8 [M+1]".

7-(7-(4-methylpiperazin-1-yl)heptyloxy)-2H-chromen-2-one 2 hydrochloride (6a). Foll;)wing the
previous procedure for the synthesis for 2a but 1f (0.20 g, 0.59 mmol), methylpiperazine (0.18 g, 1.77 mmol),
and potassium carbonate (0.41 g, 3.00 mmol) were used. Purification with acid base extraction and
crystallization of the residue from diethyl ether afforded 6a as a white solid (65% yeild), mp 233.5—234.8 °C
(dec.). 1H NMR (CDCl,, 9): 1.90—1.98 (m, 6H), 1.70—1.80 (m, 4H), 2.87 (s, 3H), 3.05—3.10 (m, 2H),
3.50—3.60 (m, 4H), 3.65—3.75 (m, 2H), 3.80—3.90 (m, 2H), 3.95 (1, 2H, J = 6.35 Hz), 6.18 (d, 1H, J = 9.47
Hz), 6.73 (d, 1H, J = 2.07 Hz), 6.78 (dd, 1H, J = 2.30 and 8.57 Hz), 7.32 (d, 1H, J=8.60 Hz ), 7.61 (d, iH,J =
9.47 Hz). MS, m/z: 358.7 [M+1]".
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7-(8-(4—methylpiperazin-1-yl)ocfyloxy)-ZH—cllromen-Z-one 2 hydrochloride (6b). Following the
previous procedure for the synthesis for 2a but 1g (0.20 g, 0.57 mmot), methylpiperazine (0.15 g, 1.70 mmol),
and potassium carbonate (0.39 g, 2.83 mmol) were used. Purification with acid base extraction and
crystallization of the residue from diethyl ether afforded 6b as a white solid (60% yeild), mp 229.4—230.3 °C
(dec.). 1H NMR (CDCI,, 0): 1.33—1.73 (m, 8H), 1.75—1.78 (m, 4H), 2.88 (s, 3H), 3.04—3.07 (m, 2H),
3.53—3.60 (m, 4H), 3.65—3.75 (m, 2H), 3.85—3.90 (m, 2H), 3.96 (t, 2H, J = 6.41 Hz), 6.18 (d, 1H, J = 9.46
Hz), 6.75 (d, 1H, J = 1.89 Hz), 6.78 (dd, 1H, J = 2.18 and 8.58 Hz), 7.32 (d, 1H, /=8.54 Hz ), 7.61 (d, I1H,J =
9.44 Hz). MS, m/z: 374.1 [M+1]".

7-(9-(4-methylpiperazin-1-yl)nonyloxy)-2H-chromen-2-one 2 hydrochloride (6¢). Following the
previous procedure for the synthesis for 2a but 1h (0.25 g, 0.68 mmol), methylpiperazine (0.21g, 2.04 mmol),
and potassium carbonate (0.31 g, 2.21 mmol) were used. Purification with acid base extraction and
crystallization of the residue from diethy! ether afforded 6¢ as a white solid (70% yeild), mp 236.7—239.3 °C
(dec.). 1H NMR (CDCl,, 0): 1.28—1.39 (m, 10H), 1.73—1.77 (m, 4H), 2.86 (s, 3H), 3.04—3.06 (m, 2H),
3.52—3.60 (m, 4H), 3.67—3.75 (m, 2H), 3.77—3.80 (m, 2H), 3.94 (t, 2H, J = 6.43 Hz), 6.17 (d, 1H, J = 9.45
Hz), 6.74 (s, 1H), 6.78 (dd, 1H, J = 2.24 and 8.58 Hz), 7.31 (d, 1H, J = 8.58 Hz ), 7.61 (d, 1H, J = 9.45 Hz).
MS, m/z: 387.1 [M+1]".

7-(7-(1,2,3,4-tetrahydroisoquinolin-2-yDheptyloxy)-2H-chromen-2-one  hydrochloride  (7a).
Following the previous procedure for the synthesis for 2a but 1f (0.3 g, 0.82 mmol), 1,2,3,4-
tetrahydroisoquinoline (0.10 g, 0.80 mmol), and potassium carbonate (0.41 g, 2.95 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with 10% methanol in ethyl acetate (60% yield), mp 169.2—170.8 °C. 1H NMR (CDCy,, 0): 1.40—1.50
(m, 6), 1.80—1.82 (m, 2H), 2.00—2.10 (m, 2H), 2.85—2.99 (m, 1H), 3.02—3.08 (m, 2H), 3.25—3.35 (m, 1H),
3.45—3.55 (m, 1H), 3.65—3.75 (m, 1H), 3.90—3.95 (m, 1H), 4.02 (t, 2H, J = 6.20 Hz), 4.60—4.65 (m, 1H),
6.25 (d, 1H, J = 9.45 Hz), 6.81 (d, 1H, J = 2.56 Hz), 6.85 (dd, 1H, J = 2.14 and 8.67 Hz), 7.10—7.12 (m, 1H),
7.20—7.22 (m, 1H), 7.27—7.29 (m, tH), 7.30—7.32 (m, 1H), 7.38 (d, 1H, J = 8.54 Hz), 7.65 (d, IH, J = 9.47),
12.98 (s, 1H). MS, m/z: 391.7 [M+1]".

7-(8-(1,2,3,4-tetrahydroisoquinolin-2-yl)octyloxy)-2H-chromen-2-one hydrochloride (7b).
Following the previous procedure for the synthesis for 2a but 1g (0.2 g, 0.57 mmol), 1,2,3,4-
tetrahydroisoquinoline (0.10 g, 0.80 mmol), and potassium carbonate (0.39 g, 2.95 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with 10% methanol in ethyl acetate (65% yield), mp 148.1—151.7 °C. 1H NMR (CDCl,, 0): 1.41—68
(m, 8H), 1.81 (t, 2H, J = 6.77 Hz), 2.00—2.10 (m, 2H), 2.90—2.99, (m, 1H), 3.00—3.10 (m, 2H), 3.25—3.35
(m, 1H), 3.45—3.55 (m, 1H), 3.65—3.75 (m, 1H), 3.90—3.95 (m, 1H), 4.02 (1, 2H, J = 5.94 Hz), 4.60—4.63 (m,

1H), 6.25 (d, 1H, J = 9.46 Hz), 6.81 (d, 1H J=2.77 Hz), 6.85 (dd, 1H, J = 2.86 and 8.69 Hz), 7.10—12 (m, 1H),
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.7.20—7.22 (m, 1H), 7.29—7.30 (m, 1H), 7.30—7.32 (m, 1H), 7.38 (d, 1H, J = 8.54 Hz), 7.64 (d, 1H, J = 9.46
Hz), 12.98 (s, 1H). MS, m/z: 405.9 [M+1]".
7-(9-(1,2,3,4-tetrahydroisoquinolin-2-yl)nonyloxy)-2H-chromen-2-one hydrochloride (7c).
Following the previous procedure for the synthesis for 2a but 1h (0.25 g, 0.68 mmol), 1,2,3,4-
tetrahydroisoquinoline (0.10 g, 0.80 mmol), and potassium carbonate (0.47 g, 3.40 mmol) were used. The
product was obtained as a white solid after purification with a silica gel-packed column chromatography and
eluted with 10% methanol in ethyl acetate (85% yield), mp 125.6—127.5 °C. 1H NMR (CDCl,, 0): 1.35—1.45
(m, 10H), 1.80 (t, 2H, J = 7.89 Hz), 1.95—2.05 (m, 2H), 2.95—3.00 (m, 1H), 3.03—3.05 (m, 2H), 3.20—3.30
(m, 1H), 3.45—3.50 (m, 1H), 3.60—3.70 (m, 1H), 3.91—3.94 (m, LH), 4.01 (t, 2H, J = 6.47), 4.58—4.68 (m,
1H), 6.24 (d, 1H, J = 9.46 Hz), 6.80 (d, 1H, J = 2.23 Hz), 6.83 (dd, 1H, J = 2.35 and 8.57 Hz), 7.10 (d, 1H, J =
6.89 Hz), 7.21 (d, 1H, J = 8.26 Hz) 7.26—7.30 (m, 2H), 7.36 (d, 1H, /= 8.57 Hz), 7.63 (d, 1H, 9.47 Hz), 12.98
(s, 1H). MS, m/z: 419.7 [M+1]".
7-(7-(6,7;dimethoxy*l,2,3,4-tetrahydroisoquinolin-2-yl)heptyloxy)—2H-chromen—2-one
hydrochloride (82). Following the previous procedure for the synthesis for 2a but If (0.2 g, 0.59 mmol), 6,7-
dimethoxy-1,2,3,4-tetrahydroisoquinoline (0.14 g, 0.78 mmol), and potassium carbonate (0.41 g, 2.95 mmol)
were used. The product was obtained as a white solid after purification with a silica gel-packed column
chromatography and eluted with 10% methanol in ethyl acetate (65% yield), mp 168.2—170.0 °C. 1H NMR
(CDCl,, 0): 1.45—1.58 (m, 6H), 1.79—1.82 (m, 2H), 1.95—2.05 (m, 2H), 2.90—3.00 (m, 1H), 3.05—3.15 (m,
2H), 3.20—3.30 (m, 1H), 3.40—3.50 (m, 1H), 3.60—3.70 (m, 1H), 3.85 (s, 3H), 3.86 (s, 3H), 3:.91—3.94 (m,
1H), 4.01 (t, 2H, J = 6.26 Hz), 4.45—4.55 (m, 1H), 6.24 (d, 1H, J = 9.46 Hz), 6.53 (s, 1H), 6.64 (s, LH), 6.80 (d,
1H, J = 2.94 Hz), 6.84 (dd, 1H, J = 2.15 and 8.54 Hz), 7.36 (d, IH, J = 8.58 Hz), 7.63 (d, 1H, J = 9.44 Hz),
12.99 (s, 1H). MS, m/z: 451.6 [M+1]".
7-(8-(6,7-dimethoxy-1,2,3 4-tetrahydroisoquinolin-2-yl)octyloxy)-2H-chromen-2-one
hydrochloride (8b). Following the previous procedure for the synthesis for 2a but 1g (0.2 g, 0.57 mmol), 6,7-
dimethoxy-1,2,3,4-tetrahydroisoguinoline (0.13 g, 0.68 mmol), and potassium carbonate (0.39 g, 2.83 mmol)
were used. The product was obtained as a white solid after purification with a silica gel-packed column
chromatography and eluted with 10% methanol in ethyl acetate (80% yield), mp 159.6—161.8 °C. 1H NMR
(CDCl,, 0): 1.40—1.55 (m, 8), 1.79—1.82 (m, 2H,), 1.95—2.00 (m, 2H), 2.85—2.95 (m, 1H), 3.00—3.10 (m,
2H), 3.20—3.30 (m, 1H), 3.35—3.45 (m, 1H), 3.55—3.65 (m, 1H,), 3.85 (s, 3H), 3.86 (s, 3H), 3.90—3.94 (m,
1H), 4.01 (¢, 2H, J = 6.38 Hz), 4.45—4.55 (m, 1H), 6.24 (d, 1H, J = 9.48 Hz), 6.52, (s, 1H), 6.64 (s, 1H), 6.79
(d, 1H, J = 2.16 Hz), 6.84 (dd, 1H, J = 2.39 and 8.58 Hz), 7.36 (d, 1H, J=8.57 Hz), 7.63 (d, 1H, J = 9.48 Hz),
12.99 (s, 1H). MS, m/z: 465.7 [M+1]".
7-(9-(6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolin-2-yl)nonyloxy)-2H-chromen-2-one
hydrochloride (8c). Following the previous procedure for the synthesis for 2a but 1h (0.3 g, 0.82 mmol), 6,7-

dimethoxy-1,2,3,4-tetrahydroisoquinoline (0.19 g, 0.98 mmol), and potassium carbonate (0.56 g, 4.08 mmol)
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‘were used. The product was obtained as a white solid after purification with a silica gel-packed column
chromatography and eluted with 10% methanol in ethyl acetate (75% yield), mp 170.6—172.3 °C. 1H NMR
(CDCl,, 0): 1.25—1.54 (m, 10), 1.79—1.82 (m, 2H), 1.95—2.05 (m, 2H), 2.85—2.95 (m, 1H), 3.04—3.06 (m,
2H), 3.20—3.30 (m, 1H), 3.50—3.60 (m, 1H), 3.55—3.65 (m, 1H), 3.85 (s, 3H), 3.86 (s, 3H), 3.90—3.94 (m,
1H), 4.01 (1, 2H, J = 6.46 Hz), 4.45—4.55 (m, 1H), 6.24 (d, 1H, J=9.44 Hz), 6.52 (s, 1H), 6.64 (s, 1H), 6.80 (d,
1H, J = 2.21 Hz), 6.84 (dd, 1H, J = 2.40 and 8.58 Hz), 7.36 (d, 1H, J = 8.59 Hz), 7.63 (d, 14, J = 9.49 Hz),
12,99 (s, 1H). MS, m/z: 479.8 [M+1]".

7-hydroxy-2-oxo-2H-chromene-3-carboxylic acid (9) 2-hydroxy-4-methoxybenzaldehyde ( 7 g,
50.71mmol) was suspended in water (50 mL). Meldrum’s acid 69 g, 4‘/‘.87 mmol) and Ammonium acetate
( 0.71 g, 9.12 mmol) were added to the suspension. The suspension was stirred at room temperature for 4 h.
After that the resulting precipitate was filtered and was added dropwise by acetone to gave 9 as a light pink
solid (8 g,77%), mp > 250, '"H NMR (CDCl, -0) 6.68 (4, 1H, J = 1.68 Hz), 6.68—6.77 (m, 1H), 7.4 (dd, 1H, J =
1.28, 8.65), 8.60 (s, 1H). MS, m/z: 207.2 [M+1]'

ethyl 7-hydroxy-2-oxe-2H-chromene-3-carboxylate (10) 2,4-Dihydroxybenzaldehyde (4 g,28.96
mmol) was added in diethyl malonate (2.8 mL,28.96 mmol) and then Piperidine (0.2 mol) was added to the
mixture. The resulting orange solution was formed and was stirred at room temperature for 1 h. Subsequently, a
10 N hydrochloric acid solution was added dropwise until the solution became acid to an indicator paper. The
aforementioned solution was filtered and was wash with water to give 10 as a yellow solid (3.5 g,52%Yield),
mp159.1—160.1 'H NMR (CDCY, -0) 1.40 (t, 3H, J = 7.12 Hz), 4.40 (q, 2H, 7.12 Hz), 6.91 (dd, IH, J = 2.27,
8.62 Hz), 6.96 (d, 1H, /= 2.13), 7.4 (d, 1H, J = 8.66), 8.54 (s, 1H). MS, m/z: 235.3 M+1]

7-hydroxy-3-(4—methylpiperazine~l—carbonyl)-zH-chromen-z-one(l 1) The ester derivative 10 (0.2
g, 0.97 mmol) was dissolve in dimethylfomamide (15 mL). Potassium carbonate (0.67 g 4.85 mmol) and N-
methylpiperazine (0.15 g, 1.46 mmol) were added to the aforementioned solution and was heated under reflux
condition for 72 h. The resulting solution was concentrated under reduced pressure and the residue was
dissolved in diethyl ether (50 mL). The organic solution was extract- by 2.5 HCl1 aqueous solution.
Subsequently, the extracted solution was added sodium carbonate until pH was more than 7 and acidic solution
were extracted again with dichloromethane (50mL X 3). The organic layer was concentrated under reduce
pressure and recrystallized in ether to gave 11 as a light yellow solid (145 g, 55% yield), mp>250 'H NMR
(CDCl, -0) 3.31- 3.78 (m, 11H), 6.86 (s, 1H), 6.90 (dd, 1H, = 2.27, 8.62 Hz), 7.54 (d, 1H, J = 8.66), 8.13 (s,
1H). MS, m/z: 289.0[M+1]"



swam%ﬁm’%"aamsvmﬂauqm%"ﬁ’ugqmsﬁmummLau"lcm'axw'ﬁaiﬂﬁumﬂmaiia waziialssa 33
Tadueamessamoiuiuypdvesmsoyiuiginiu
-msmaaquémam&’ﬁnw

mInaaeuqnintsiudaduled ACRE uns BuChE ¥830yWuT coumarin Taul#3Tveq
Ellman.” Taon1s@n114 3.8 mM acetylthiocholine chloride (ATCC) 1114 substrate ¥81du'lsl ChEs. ATCC
9200 hydrolysed Tatdulanfiilu thiocholine uaz acetate ‘Iﬂﬂ“lunﬁﬁnmif“h’h%u"lmﬁ 270 erythrocyte
membrane (AChE) a2 plasma (BuChE). Thiocholine '?I"lﬁal‘inﬂﬂﬁﬂ?m%%ﬁ"lﬂﬁﬂ?mﬁu 3 mM
dithiobisnitrobenzoate (DTNB) product ﬂmﬂﬁn?mﬁ"lé'ﬁa 2-nitrobenzoate-5-mercaptothiocholine #18& 5-thio-
2-nitrobenzoate Belid@nAsadauansluzilii 6. activity Y93 ChE srgninTaonstivvesdima peiuiiudves
product 110301 uazialau spectrophotometer. lunsfinuazld mszazas 50 mM Tris/HCI (pH 7)

i negative control and 1{1¥ neostigmine i positive control

cry / Q
~ ~
>/’_S N{_ + Ches ——> HS. N+ >_o,
o s
acetylthiocholine chloride thiocholine acetate
Oy OH
.S lp
~ .
HS, N - S 0] i
St o ne© ~N_J \(:(?Lo- oy
" / N;
thiocholine Y o (o]
M S
'O’N‘O
dithiobisnitrobenzoate 2-nitrobenzoate-5-mercaptothiocholine  5-thio-2-nitrobenzoate

gﬂﬁ 6. Scheme of Ellman reaction between thiocholine and DTNB, where the thiocholine ion is obtained

previously from the hydrolysis of ATCC by either AChE or BuChE.

#11 half maximum inhibitory activity (IC,) wamsauﬂ'uﬁusiazﬁwzgném'zumn dose-response curve of

five 1at14 GraphPad™ software Tunisduau.

M318n Enzyme ACKE huwaduiaideauns uaz BuChE 14 plasma 910 Human whole blood
o o
1. wisunaavazigadiuusuvsuiiadeauns Taenisinizifioninvasaidend1ves
¥ » v ¥
srmaiias USuwasiag 20 m $wau 1 afe Medidims Wedeamafisadeavesermaiing

v B‘: et v o @ A a « Y e . &
MUy nmz"lnums‘lwmmﬂnﬂssnﬂs:mummasnmsmu"lmwmiwmunaumimzmaﬂ

«

-~ -~
uazaaeansenyl Taol

mm‘ﬁﬂ liﬂuﬂ!‘l‘l’l (Inclusion criteria)

1. duermadasmaeiiiquama Lif Tsadszéw

2. 181y521319 20-60 1)

3. Aeumsniziden | dlaniormatiaszdeshifudsymueiiinarenuluiesdialadued

aIsd(Acetylcholinesterase; AChE) -
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inain1sfineen (Exclusion criteria)

1.

2.

oaaswaneu liifivawe veundurioanii 6 42 1us Aoumsinzidion

AunSesduiitiaundu wu 91 nud Aeumsnzidensdiaios 4 ¥ 1u4

o Y a = . . . a :!y
mmmms‘lmaﬂmnmsﬁnm (Discontinuation) A9

orenasias Biadaslaezdhsunsfnyuds ansonsud idaasana

yudoaluihumiosdein3 e Centrifugation iA115 2391 2000 g giugil 4C uw 15 WiHiHeYh

3
o o

MsusANA@YIeeneINITad udnih Ty mareugnivesmsadaayuinsaensdudad
2uneIa lndueainels @ (Butyricholinesterase; BuChE)

ﬁwdmmmwaﬁﬁ"lﬁ'mnmii']mﬁmuﬂﬂwm ’dll'l@’f]ﬂvlﬂuﬁ")il1ﬁ1ﬂ’li€1’1ﬁlﬂ1ﬁn~ilﬁﬂ tuosen Tay

a

- 4 g o 4 Sy 4 4 s )
@1 0.9% NaCl Austiwdadszunns 15 1% 10 ml agriiumisananus 150y 600 g auvil

L]

i 4 ¥
4C 1Y 10 W ¥ 3 ASe

RN A15QZ A0 buffer 10 mM Tris-HCI pH 7.5 Fugrhudsdszaina 15 1 700 ul flumIvenamuiga
591 12,000 g U4 4C UU 10 U A supernatant PONTA UAUAY 10 mM Tris-HC pH 7.5 S
700 pl HhuimFvssuninday supematant ve 1 MUY 10 mM Tris-HCI (pH 7.5) 100 mcl/tube
wws 3fgunai 20 cite i dmadnusuveuiindeaunsnnaougnivesaisaia

¥ .
ayulws noremsdudiezaia lnauieamals if (Acetylcholinesterase; AChE)

i d
AMINATBUHALOINTBYRUT coumarin AB cell viability Tuadiseammiziass

n’ﬁym human neuroblastoma cells 14 96 well plate #1uan 1% 181519 20,000 cells/well/100J41 A1
protocol M3IAEILAR (UA13U wells 50U plate T¥iAY PBS)

tﬂéuunﬂu medium free serum HAY treat ﬁ")ﬂﬁv‘lﬂ’lﬂﬂﬂﬂ mm‘fu incubate lﬂui:ﬂ:l’]a’l 24 ‘i?’ﬂi.ld
14 5% CO, incubator, temp 37°C ABUNATOU MTT assay

o

ANEI Az 0.5% MTT 151103 10 piwell Tu medium Tnoduneuiiinlu laminar air flow
iAuiradlu 5% CO, incubator, temp 37°C fluszoznarunu 4 $2Tus
gromsAvuradeentivua 1955msat plate)

@A 122018 DMSO-EtOH (DMSO : EtOH = 1:1) 1331105 200 [i/well

incubate 11 5% CO, incubator, temp 37°C Uszua 15 ¥ wiosunaznoudiniuazaroon

nua

iliiasimIgandunas A2u1A784 spectrophotometer AATINYIIAAY 595 nm.
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Fudamisirauveaeu o acetycholinesterase (AChE) 1@2 butylrylcholinesterase (BuChE) #an1s
Funswinuidise I8msdanszioyiusTniguiiusuau 20 ms uiseeniiiu 2a-k, 3a-c, 4a-c, Sa-,

6a-c, Ta-c 11 8a-c NONSANHAAIAIAT T 1
S 4 o o P R T < o a Y P Y
nmintahmsduaszdeyius InignSuumageugnimundsine laslfieu lminuen 14
1iden tazHATNIVBIMATATqUA WA namsAny MU hasFuas eyt Imigusu aunsa

Fudanisniauvesioula! AChE uaz BuChE 18%owaz 50 (1C50) Annududuszdylulnsluars wa

ﬂ']iﬁﬂ‘ﬂ'luﬁﬂﬂﬁﬂﬂ'lﬂﬂﬁ 1

. ) .
a3 1 wansAnugnivesmseyiut lmigusulumsiudimsiausesienu lul ACKE, BuChE uas

selectivity ratios

m N
: O

hAChE hBuChE Selectivity
No RKNU n Amines
| IC_,(uM) IC,(sM) BuChE/AChE

2a 21 2 ' 33 56.6 17.0
2b 2 3 6.0 > 100 N/A

2 23 4 1.1 29.1 25.7
2d 24 5 1.3 37.0 29.1

2e 25 6 = <:> 4.1 16.9 4.1

2 26 7 0.3 15.8 56.4

2 27 8 0.7 6.8 95

2h 28 9 4.1 135 . 33

2i 29 10 1.4 25.0 18.1

2j 30 11 14.7 29.5 2.0

2k 31 12 > 100 54.2 N/A




ay A o 0’: o o a a < vl a
swaiitedesminadeugniduiinsinuvesey lefeziwia lnduweameiisa uazialsia 36

o @ o a
Taduteamesisamoiuiuyydvesmseyiuiguisy

3 n’ o . a o o o ¢
a1 2 vamsAngnivesaeywus migundulunsdudsmsiauvesey o ACKE, BuChE uaz

selectivity ratios (AD)

hAChE hBuChE Selectivity
No RKNU n Amines
IC,,(uM) IC,,(uM) BuChE/AChE
3a 53 7 0.3 8.4 25.5
3b 54 8 3‘”(] 1.9 219 1.6
3¢ 55 9 2.1 5.3 25
4a 59 7 0.7 > 100 N/A
4b 60 8 ; — 1.6 > 100 N/A
—N

4c 61 9 N 2.6 >100 N/A
Sa 50 7 20.9 79.7 38

=N O
5b 51 8 \_/ 49 28.6 5.8
5¢ 52 9 16.7 > 100 N/A
6a 56 7 6.7 > 100 N/A

N N—
6b 57 3 | 5.0 > 100 N/A
6¢ 58 9 6.2 > 100 N/A
Ta 47 7 23.8 9.1 0.4

§—N
7b 48 8 7.9 5.5 0.7
Tc 49 9 33.7 69.4 2.1
8a 44 7 N Y, 61.0 43.4 0.7
8b 45 8 21.8 38.6 1.8

[o]
8¢ 46 9 / 475 39.1 0.8
Neostigmine 0.8 35.1 43.8
Galantamine’ 0.4 18.6 46.5

The half maximum inhibitory concentration (uM) of compounds against hAChE or hBuChE were measured
using Ellman’s method described previou-sly.Js

"ICS0 of galanthamine is taken from reference 36.

wamsdnndeduuaasifiudilnssadeasoyWuslmigunSufis spacer length szHd1g
Taseass 7-hydroxycoumarin 1182 piperidine ﬂgnu‘ﬁ’N 2847 methylene units (2a—f) (Uﬂl‘guiﬂﬂﬁ $a20) T
anidudinmsiauvesewlsn! ACKE uaz BuchE liituindu waaadegUit 7 woznuiilaseadie 2f
ﬁ‘luiﬂsqﬁ%’w‘v’;ﬁqw%"lumsEx’ugamsﬁnmmu"lmﬁ AchE 18gafiqa Taofian IC,, = 0.3 uM tazwudmn
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(WY spacer length winvundui W idasfilignidudanmsiauveueuland Ache 1danas Tasdidowun
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wansAnuIgnisudansyauveaey o BuchE wududulflumaferfuguilumsiuda
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o P e s a o a Yy ¥ =
tou'lani BuchE 1dqaiiqa Taolisn IC, = 15.8 uM uazwuimMIANAINOT spacer length 333 17 1A 13
a  du o o s P 4 v Syne o ' Y PR
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L4 v .
asudamsiinuveaeu el Buch Taslia IC,, = 6.8 uM Tuvngfinniin sy spacer length 1xWUN

'3 ¥
astignisudimsianveseu lal BuchE 1danaa

>100 »19%

100 -

B AChE

80 4 M BuChE

60

1C5o{uM)

40 4

20 4

2 3 4 5 6 7 8 9 10 11 12
Spacer length {methylene unit)
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% inhibition of the compounds were measured at concentration of 1 mM using Ellman’s method.
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No RKNU n Amines IC (M)
3a 53 7 0.03
3b 54 8 §_N<j 0.06
3c 55 9 0.035
4a 59 7 0018
4b 60 8 ; — 0.067
—N
dc 61 9 — 0.003
5a 50 7 0.078
=N O
5b 51 8 - 0.89
5¢ 52 9 0.004
6a 56 7 0.013
N N—
6b 57 8 ) 0.003
6¢ 58 9 0.025
7a 47 7 0.004
§—N
7b 48 8 0.021
7e 49 9 0.067
8a 44 7 I ’O/ 0.005
8b 45 8 0.004
o}
8¢ 46 9 / 0.054
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