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Abstract

In this work, a series of anti-tyrosinase and anti-butyrylcholinesterase coumarin derivatives 4a—f and Sa—f were synthesized
starting from 4-hydroxycoumarin. The condensation of 2-(arylimin)-4-hydroxycoumarins 3a—f with dimethylformamide
dimethyl acetal (DMF-DMA), used as a key reaction, afforded the precursors 4a—f, whose acid treatment led to the forma-
tion of 5a—f. These prepared heterocycles were characterized by spectroscopic means including 'H-NMR, '3C-NMR, and
DCI-HRMS. Their anti-tyrosinase and anti-butyrylcholinesterase activities have been evaluated in vitro and some of them
exhibited promising activity supported by the molecular docking analysis to estimate possible interactions between these
compounds and active sites of both proteins tyrosinase (PDB: 2Y9W) and butyrylcholinesterase (PDB: 4TPK).
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1 Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder
characterized by memory loss, behavioral abnormalities, and
cognitive impairments [1]. Generally, individuals with this
type of neurological disorder are elderly. The ultimate cause
of memory deterioration is acetylcholine and butyrylcholine
deficiency [2] in the parts of the central nervous system that
mediate learning and memory functions. Many therapeutic
approaches have been taken in an attempt to discover agents
to treat and prevent AD [3]. Despite the development of
therapies, treatment is still unsatisfactory, because of the
limited efficiency of BChE inhibitors, including Tacrine [4,
5], Rivastigmine [6], and Galanthamine [7]. Nitrogen het-
erocyclic compounds, such as quinoline derivatives, can act
as effective anticholinesterase agents [8], and may substan-
tially improve AD symptoms [9-11]. Recently, many reports
covering the development in quinoline synthesis have been
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published [12-15]. Quinolines, such as chloroquinine and
quinine salicylate were also identified as potent inhibitors
of tyrosinase [16]. The latter is a key enzyme involved in
melanin biosynthesis, which is responsible for skin pigmen-
tation [17] and plays an important role in protection against
UV radiation. Many studies have shown that pigmentation
disorders due to high levels of melanin can cause serious
dermatological damages [18]. Skin damage is a major reason
behind restricted usage of certain pharmaceuticals.
Previous research revealed that 3-substituted coumarin
derivatives are very attractive scaffolds for the develop-
ment of therapeutic compounds [19-22]. In addition, their
anticholinesterase and anti-Alzheimer abilities are well-
known [23]. A review of structure—activity relationships
(SARs) indicated that chromone compounds possess good
tyrosinase inhibitory potential due to their structural simi-
larity to flavonoids, which combat pigment disorders [24].
Building on previous research, we decided to merge two
pharmacophores: a differently substituted quinoline moi-
ety to a coumarin entity, with the aim to discover original
hybrid bioactive agents that inhibit tyrosinase and butyryl-
cholinesterase enzymes, and to discuss the structure—activity
relationship (SAR) using molecular docking analysis. With
this in mind, a series of substituted 4-hydroxy-3-(quinolin-
2-yl)-2H-chromen-2-one derivatives Sa—f were synthesized.
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2 Experimental Section

DCI-HRMS (Desorption Chemical Ionization-High Res-
olution Mass Spectrometry) has been run in a GCT Pre-
mier Mass Spectrometer (Waters). 'H (300 MHz) and "*C
(75 MHz) NMR spectra have been recorded on a Bruker
AM-300 spectrometer, using CDCl; or DMSO-d; as solvent
and none deuterated residual solvent as internal standard.
Chemicals shifts (§) are given in parts per million (ppm) and
coupling constants (/) in Hertz. Melting points have been
determined on a Biichi 510 apparatus using capillary tubes
and are uncorrected.

3 Chemistry

3.1 General Procedure for the Synthesis
of Compound 2

4-hydroxy-2H-chromen2-one (1, 4 g, 24.8 mmol) was dis-
solved in anhydride acetic (15 mL) and pyridine (5 mL) at
room temperature. The resulted solution was brought to
refux temperature for 45 min. After cooling, the reaction
crude was precipitated and collected by filtration after sev-
eral washing with distilled water. The recuperated yellow
solid was then recrystallized from ethanol yielding com-
pound 2 as white crystals.

3.2 Spectral Data of Compound 2
3.2.1 3-Acetyl-4-Hydroxy-2H-Chromen-2-One (2)

Yield: 95%, MP: 135-137 °C; 'H NMR (300 MHz, CDCl,,
8): 2.78 (s, 3H, CH,), 7.30 (dd, 1H, H-8, J=8.3 and 0.9 Hz),
7.35 (td, 1H, H-6, J=7.6 and 0.9 Hz,), 7.70 (td, 1H, H-7,
J=8.3 and 1.5 Hz), 8.05 (dd, 1H, H-5, J=7.6 and 1.5 Hz),
17.70 (s, 1H, OH). '*C NMR (75 MHz, CDCl,, §): 30.2
(CH,), 101.93 (C-3), 115.2 (C-4a), 117.3 (C-8), 125.3 (C-5),
125.7 (C-6), 134.2 (C-7), 154.6 (C-8a), 159.7 (C-2), 178.4
(C-4), 205.97 (CO).

3.3 General Procedure for the Synthesis of Com-
pounds 4a-f and 5a-f

Five hundred milligrams (0.002 mol) of 3-acetyl-4-hydrox-
ycoumarin 2 and 227 mg (0.002 mol) of mono-substituted
anilines were added to a 100 mL flask in 50 mL of ethanol.
After 2 h of reflux, imines 3 were formed; they were filtered
and washed with ethanol then treated with 2 eq. of dimeth-
ylformamide dimethyl acetal (DMF-DMA) (0.3 mL) in tolu-
ene (5 mL) for 10 min to form the enaminic intermediate
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4 [25, 26]. The reaction was visualized using thin-layer
chromatography (Elution System: EtOAc) showing the dis-
appearance of the starting material and the appearance the
major polar product. After evaporation of toluene, inter-
mediates 4a—f (obtained by precipitation), were brought to
reflux in 5 mL of acetic acid for 1 h. The reaction crude was
then precipitated in distilled water and collected by filtration
to afford compounds Sa—f (See supplementary materials for
spectral data of compounds 4a—f and Sa—f).

3.4 Spectral Data of Compounds 4a-f and 5a-f

3-((1E,2E)-3-(dimethylamino)-1-(phenylimino)allyl)-
4-hydroxy-2H-chromen-2-one (4a) Yield: 53%, MP:
200-202 °C, 'H NMR (300 MHz, CDCl;, 6): 2.48 (s,
6H, N(CH;),), 5.78 (d, 1H, H-3', J=12 Hz), 7.04 (d, 2H,
H-2",6", J=6 Hz), 7.08 (m, 3H, H-4",6,8), 7.19 (m, 3H,
H-3",5",7),7.34 (m, 1H, H-5), 7.94 (d, 1H, H-4', J=12 Hz),
12.77 (s, 1H, OH); 13C NMR (75 MHz, CDCl,, §): 42.6
(N(CHy),), 88.2 (C-3), 93.0 (C-3"), 115.6 (C-4a), 116.4
(C-8), 121.0 (C-5), 122.5 (C-2",6"), 125.2 (C-6), 126.0
(C-4"), 129.0 (C-3",5"), 131.9 (C-7), 148.5 (C-2"), 150.2
(C-8a), 160.7 (C-2), 163.0 (C-4"), 168.3 (C-4). DCI-HRMS
[M+H]J* caled. for (C,,H,oN,05)*: 335.1395, found
335.1405.

3.4.1 3-((1E,2E)-1-((4-Chlorophenyl)
imino)-3-(Dimethylamino)allyl)-4-Hy-
droxy-2H-cChromen-2-One (4b)

Yield: 63%, MP: 202-204 °C, 'H NMR (300 MHz, CDCl,,
8): 2.97 (s, 6H, N(CH,),), 5.74 (d, 1H, H-3', J= 12 Hz), 7.05
(d, 2H, H-2",6", J=6 Hz), 7.15 (td, 1H, H-7, J=6:0.9 Hz),
7.20 (m, 2H, H-6,8), 7.34 (d, 2H, H-3",5", J=6 Hz), 7.39
(d, 1H, H-4, J=12 Hz), 8.00 (d, 1H, H-5, J=9 Hz), 12.65
(s, IH, OH); '*C NMR (75 MHz, CDCL,, 5): 43.3 (N(CH,),),
88.5 (C-3), 94.0 (C-3"), 115.2 (C-4a), 116.0 (C-8), 120.0
(C-5), 122.1 (C-2",6"), 122.6 (C-6), 125.7 (C-7), 129.1
(C-3",5"), 131.9 (C-4"), 147.7 (C-1"), 148.5 (C-2"), 151.1
(C-8a), 160.5 (C-2), 162.9 (C-4"), 167.9 (C-4). DCI-HRMS
[M+H]* caled. for (C,oH;4CIN,05)*: 369.1006, found
369.1017.

3.4.2 3-((1E,2E)-3-(Dimethylamino)-1-(p-Tolylimino)
allyl)-4-Hydroxy-2H-Chromen-2-One (4c)

Yield: 60%, MP: 200-202 °C, 'H NMR (300 MHz, CDCl,,
8): 2.34 (s, 3H, CH,), 2.87 (s, *&a7.30 (m, 2H, H-6,8), 7.41
(d, 2H, H-3",5", J=6 Hz) 8.02 (d, 1H, H-4', J=12 Hz),
8.04 (d, 1H, H-5, J=9 Hz), 12.42 (s, IH, OH); '3C NMR
(75 MHz, CDCl,, §): 20.7 (CHy), 43.0 (N(CHy),), 88.5
(C-3), 92.0 (C-3"), 115.6 (C-4a), 116.0 (C-8), 120.9 (C-5),
(121.7) (C-2",6"), 125.1 (C-6), 129.4 (C-3",5"), 128.7 (C-7),
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134.8 (C-4"), 146.4 (C-1"), 147.0 (C-2'), 151.0 (C-8a), 159.7
(C-2), 162.5 (C-4"), 168 4 (C-4). DCI-HRMS [M+H]" calcd.
for (C,,H,N,0,)": 349.1552, found 349.1564.

3.4.3 3-((1E,2E)-3-(Dimethylamino)-1-((4-Methoxyphenyl)
imino)allyl)-4-Hydroxy-2H Chromen-2-One (4d)

Yield: 57%, MP: 200-202 °C, '"H NMR (300 MHz, CDCl;,
8): 2.97 (s, 6H, N(CH,),), 3.78 (s, 3H, OCH,), 5.58 (d, 1H,
H-3', J=12 Hz), 6.84 (d, 2H, H-3",5", J=9 Hz), 7.03 (d,
2H, H-2",6",J=9 Hz), 7.11 (m, 2H, H-6,8), 7.30 (m, 2H,
H-4'7),7.96 (d, 1H, H-5, J=9 Hz), 12.20 (s, 1H, OH); '3C
NMR (75 MHz, CDCl;, 6): 40.9 (N(CHj;),), 54.9 (OCHy),
88.1 (C-3), 93.7 (C-3"), 114.7 (C-4a), 115.6 (C-3",5"),
116.0 (C-8), 121.0 (C-5), 122.3 (C-2",6"), 123.1 (C-6),
131.4 (C-7), 141.6 (C-1"), 148.7 (C-2"), 152.2 (C-8a),
160.1 (C-4"), 160.8 (C-2), 162.7 (C-4"), 167.5 (C-4). DCI-
HRMS [M+H]* calcd. for (C,,H,,N,0,)*: 368.1308, found
368.1319.

3.4.4 3-((1E,2E)-3-(Dimethylamino)-1-((4-Ethoxyphenyl)
imino)allyl)-4-Hydroxy-2H-Chromen-2-One (4e)

Yield: 61%, MP: 200-202 °C, '"H NMR (300 MHz, CDCl,,
5): 1.22 (s, 3H, CH;-(a)), 2.62 (q, 2H, CH,-(b), J=7.5 Hz),
2.92 (s, 6H, N(CH;),), 5.76 (d, 1H, H-3", J=12 Hz), 7.10
(d, 2H, H-2",6", J=9 Hz), 7.18 (d, 2H, H-3",5", J=9 Hz),
7.23 (m, 2H, H-6,8), 7.34 (m, 2H, H-4',7),8.02 (d, 1H, H-5,
J=9 Hz), 12.40 (s, 1H, OH); '*C NMR (75 MHz,CDCl,,
5):15.0 (CH;-(a)), 42.9 (N(CH3),), 64.2 (CH,-(b)), 88.2
(C-3), 92.0 (C-3"), 115.6 (C-4a), 116.5 (8), 121.1 (C-5),
117.6 (C-2",C-6"), 121.3 (C-3",5"), 122.5 (C-6), 128.1 (7),
142.4 (C-1"), 147.9 (C-2"), 152.2 (C-8a), 154.2 (C-4"),
159.9 (C-2), 163.3 (C-4"), 168.5 (C-4). DCI-HRMS [M+H]*
calcd. for (Cp,H,3N,0,)*: 379.1658, found 379.1670.

3.4.5 3-((1E,2E)-1-((3-Chlorophenyl)
imino)-3-(Dimethylamino)allyl)-4-Hy-
droxy-2H-Chromen-2-One (4f)

Yield: 76%, MP: 202204 °C, 'H NMR (300 MHz, CDCl,
8): 2.83 (s, 6H, N(CH3),), 5.75 (d, 1H, H-3', J=12 Hz),
6.95 (d, 1H, H-6", J=9 Hz), 7.09 (m, 2H, H-6,8), 7.32 (m,
2H, H-4',7), 7.47 (d, 1H, H-4", J=9 Hz), 7.57 (t, 1H, H-5",
J=9 Hz), 7.85 (s, 1H, H-2"), 7.91 (d, 1H, H-5, /=9 Hz),
12.40 (s, 1H, OH); '3C NMR (75 MHz, CDCl,, 8): 44.0
(N(CH,),), 88.6 (C-3), 94.0 (C-3"), 115.5 (C-4a), 116.7
(C-8), 120.9 (C-6"), 122.4 (C-2"), 122.6 (C-5), 124.3 (C-6),
125.9 (C-4"), 129.9 (C-7), 131.7 (C-5"), 134.4 (C-3"),
148.0 (C-2'), 152.9 (C-1"), 153.2 (C-8a), 162.0 (C-2),
163.1 (C-4"), 167.5 (C-4). DCI-HRMS [M+H]* calcd. for
(C,oH,5CIN,05)*: 369.1006, found 369.1011.

3.4.6 4-Hydroxy-3-(Quinolin-2-yl)-2H-Chromen-2-One (5a)

Yield: 52%, MP: 300-302 °C, 'H NMR (300 MHz, DMSO-
dg, 8): 7.17 (m, 1H, H-6), 7.22 (m, 1H, H-8), 7.34 (m, 4H,
H-5,7,5',3), 7.71 (m,1H, H-6"), 7.81 (s, 1H, H-7"), 7.96 (d,
1H, H-4', J=6 Hz), 8.68 (d, 1H, H-8', J=6 Hz), 11.37 (s,
1H, OH); 1*C NMR (75 MHz, DMSO-dj, §): 97.6 (C-3),
116.4 (C-8), 117.4 (C-4a), 119.8 (C-3"), 123.3 (C-5), 123.8
(C-6), 125.6 (C-6"), 128.3 (C-4'a), 128.7 (C-5"), 130.4 (C-7),
131.7 (C-8'), 132.1 (C-7"), 135.4 (C-4'), 146.7 (C-8'a),
152.5 (C-8a), 159.1 (C-2"), 161.9 (C-2), 166.4 (C-4). DCI-
HRMS [M+H]"* calcd. for (C,¢H,,NO;)*: 290.0817, found
290.0825.

3.4.7 3-(6-Chloroquinolin-2-yl)-4-Hy-
droxy-2H-Chromen-2-One (5b)

Yield: 71%, MP: 300-302 °C, 'H NMR (300 MHz, DMSO-
dg, 5): 7.33 (m, 6H, H-3",5',5,6,7,8), 7.71 (s, 1H, H-7"), 7.99
(d, 1H, H-4', J=6 Hz), 8.06 (d, 1H, H-8', /=9 Hz), 11.37
(s, 1H, OH); 13C NMR (75 MHz, DMSO-d, 8): 97.6 (C-3),
116.4 (C-8), 117.4 (C-4a), 119.8 (C-3"), 123.3 (C-5), 123.7
(C-5", 125.1 (C-6), 128.0 (C-7), 128.7 (C-4"a), 130.2 (C-8"),
131.5 (C-7"), 132.4 (C-6"), 135.8 (C-4"), 146.0 (C-8'a), 151.8
(C-8a), 159.5 (C-2'), 161.7 (C-2), 166.7 (C-4). DCI-HRMS
[M+H]" caled. for (C,gH,;,CINO;)*: 324.0427, found
324.0438.

3.4.8 4-Hydroxy-3-(6-Methylquino-
lin-2-yl)-2H-Chromen-2-One (5¢)

Yield: 45%, MP: 260-262 °C, 'H NMR (300 MHz, DMSO-
dy, 8): 2.30 (s, 3H, CH3), 6.89 (m, 3H, H-6,8,8'), 7.19 (m,
3H, H-7,3,6'), 7.54 (d, 1H, H-4', J=6 Hz), 7.98 (d, 1H, H-7,
J=6Hz), 11.14 (s, 1H, OH); '3C NMR (75 MHz, DMSO-
dy, 8): 21.4 (CH,), 95.0 (C-3), 114.0 (C-8), 116.6 (C-4a),
117.8 (C-3"), 123.9 (C-5), 125.1 (C-5"), 128.7 (C-4'a), 128.9
(C-6), 129.3 (C-8"), 129.7 (C-7), 131.7 (C-7"), 134.7 (C-4"),
135.7 (C-6'), 146.0 (C-8'a), 152.5 (C-8a), 154.1 (C-2"),
160.0 (C-2), 168.4 (C-4). DCI-HRMS [M +H]* calcd. for
(C,oH,,NO3)*: 304.0974, found 304.0988.

3.4.9 4-Hydroxy-3-(6-Methoxyquino-
lin-2-yl)-2H-Chromen-2-One (5d)

Yield: 75%, MP: 260-262 °C, 'H NMR (300 MHz, DMSO-
d, 8): 3.78 (s, 3H, OCH,), 6.97 (m, 2H, H-5',7"), 7.19 (d,
1H, H-3', J=6 Hz), 7.29 (m, 3H, H-6,7,8), 7.68 (t, 1H, H-5,
J=6Hz), 7.97 (d, 1H, H-8', J=6 Hz), 8.57 (d, 1H, H-4',
J=6Hz), 11.24 (s, |H, OH); *C NMR (75 MHz, DMSO-
dg, 8): 55.3 (OCH,), 95.3 (C-3), 104.9 (C-5), 115.9 (C-8),
117.1 (C-4a), 119.0 (C-3"), 121.1 (C-7"), 123.0 (C-5), 125.4
(C-6), 127.1 (C-7), 128.9 (C-4'a), 131.5 (C-8"), 134.7 (C-4"),

@ Springer



494

Chemistry Africa (2021) 4:491-501

143.5 (C-8'a), 153.3 (C-8a), 156.7 (C-6"), 157.4 (C-2'),
160.7 (C-2), 168.5 (C-4). DCI-HRMS [M+H]* calcd. for
(C,oH,,NO,)*: 320.0923, found 320.0927.

3.4.10 3-(6-Ethoxyquinolin-2-yl)-4-Hy-
droxy-2H-Chromen-2-One (5e)

Yield: 48%, MP: 270-272 °C, '"H NMR (300 MHz, DMSO-
dg, 8): 1.11 (t, 3H, CH;-(a), J=2.7 Hz), 2.58 (q, 2H, CH, (b),
J=6 Hz), 7.26 (m, 6H, H-5,6,7,8,6'.8"), 7.46 (d, 1H, H-3',
J=6 Hz), 7.68 (d,1H, H-4', J=6 Hz), 8,63 (d, 1H, H-7',
J=6Hz), 11,37 (s,1H, OH); '*C NMR (75 MHz, DMSO-d,,
5): 14.5 (CH, (a)), 64.4 (CH, (b)), 95.8 (C-3), 106.1 (C-5),
116.0 (C-8), 116.4 (C-4a), 117.5 (C-3"), 122.1 (C-7"), 124.0
(C-5), 127.3 (C-6), 129.0 (C-7), 129.7 (C-4'a), 130.5 (C-8),
134.7 (C-4"), 144.9 (C-8'a), 152.0 (C-8a), 153.4 (C-2), 157.4
(C-6'), 160.9 (C-2), 166.4 (C-4). DCI-HRMS [M+H]" calcd.
for (CooH;,NO,)™: 334.1079, found 334.1084.

3.4.11 3-(7-Chloroquinolin-2-yl)-4-Hy-
droxy-2H-Chromen-2-One (5f)

Yield: 63%, MP: 280282 °C, 'H NMR (300 MHz, DMSO-
dy, 8): 7.14 (d, 1H, H-3', J=6.0 Hz),7,22 (m, 4H, H-5,6,8,8"),
7.63 (t, 1H, H-7, J=6.0 Hz), 7,95 (d, 1H, H-5', J=6.0 Hz),
8.59 (d, 1H, H-4", J=6.0 Hz), 11,18 (s, 1H, OH); '*C NMR
(75 MHz, DMSO-d,, §): 97.1 (C-3), 116.4 (C-8), 117.0
(C-4a), 118.4 (C-3"), 123.3 (C-5), 124.4 (C-5"), 125.3 (C-6),
128.0 (C-7), 127.4 (C-4a), 127.9 (C-6"), 129.3 (C-8"), 135.1
(C-7, 136.2 (C-4"), 147.0 (C-8'a), 152.1 (C-8a), 159.8
(C-2'),161.0 (C-2), 166.5 (C-4). DCI-HRMS [M+H]* calcd.
for (C,gH,,CINO;)*: 324.0427, found 324.0435.

4 Biological
4.1 Anti-tyrosinase Activity

The effect of inhibitor on mushroom tyrosinase was meas-
ured using L-tyrosine (1 mM) as the substrate. Hydroqui-
none (1 mM) was chosen as tyrosinase inhibitor. Both sub-
strate and inhibitor were prepared in 0.1 M phosphate buffer
pH 6.5. Inhibition of tyrosinase activity was tested in a reac-
tion mixture (4 mL) containing 1.960 mL phosphate buffer,
2 mL L-tyrosine (1 mM), 20 pL. mushroom tyrosinase and
20 pL hydroquinone (1 mM). The reaction was initiated by
addition of enzyme to the solution of substrate and inhibi-
tor. Then, the reaction cell and all solutions were both ther-
mostated at 25 °C. Inhibition effect was determined by the
diminution of the maximum quantity of dopachrome formed
and the absorbance was measured spectrophotometrically
at 475 nm. The inhibition percentage of tyrosinase activity
was calculated as: Inhibition (%) = (A-B)/A x 100. Where A
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represents the optical density of the tyrosinase enzyme and
B represents the optical density of the tested samples during
30 min. The assay was carried out in triplicate and Kojic
acid was used as positive control agent. Sample concentra-
tion providing 50% inhibition (ICs,) was obtained plotting
the inhibition percentage against sample concentrations [27].

4.2 Anti-butyrylcholinesterase Activity

Human plasma (pool plasma from samples designated for
biochemical analysis) was used as a source of BChE. 100
pL of each sample were added to 100 pL of plasma and the
mixture was incubated at 37 °C for 15 min. After incuba-
tion, the enzyme activity was measured by Konelab 30®
UV apparatus at 405 nm. The control (plasma and distilled
water) was treated in the same conditions. The assay was
achieved in duplicate. Galanthamine was chosen as control
positive. The anti-butyrylcholinesterase activity was calcu-
lated using the following formula: % Inhibition = [(Activity
of control—Activity of sample)/Activity of control] x 100.
The sample concentration providing 50% inhibition (ICsy)
was determined by plotting inhibition percentages against
concentrations of the sample. To evaluate temperature and
incubation times effects, assays were performed by using the
same procedure for the same sample, at 25 °C (fixed incuba-
tion times) and for different times at 37 °C [28].

4.3 Molecular Docking Procedure

The three-dimensional structures of PDB (PDB: 2Y9W)
and PDB (PDB: 4TPK) were obtained from the RSCB
protein data bank [29, 30]. Before conducting the dock-
ing procedure, the original ligands and water molecules
were removed. The polar hydrogens were then added to the
enzyme structure. The optimization of all the geometries of
scaffolds was performed with ACD (3D viewer) software
(http://www.filefacts.com/acd3d-viewer-freeware-info).
Molecular docking of the studied chemical compounds 5a,
Sc, 5d, Se, and 5f at the tropolone-binding site was per-
formed using autodock Vina software [31]. The analysis of
intermolecular interactions has been performed using Pymol
Version 0.99rc6.

5 Results and Discussion
5.1 Chemistry

We used DMF-DMA as a key reagent because of its high
reactivity [25, 26]. 4-Hydroxy-3-(quinolin-2-yl)-2H-
chromen-2-one derivatives Sa—f were synthesized through
a four-step reaction (Scheme 1). The 3-acetyl-4-hydroxy-
coumarin 2 obtained by acetylation of 4-hydroxycoumarin
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Scheme 1 Synthesis of4- R'
hydroxy-3-(quinolin-2-yl)-2H- R

chromen-2-ones 5a—f. Reaction

conditions: (i) Acetic anhydride, OH OH o

pyridine, 150 °C, reflux 2 h; OH Nl
(ii) Aromatic amines, EtOH, A i A ii N

79 °C, reflux 4 h; (iii) DMF- - = — R >

DMA (2 eq), Toluene, 110 °C, o) (o) R'

reflux 10 min; (iv) Acetic acid, 0 o o [©)
117 °C, reflux 1 h 1 2 NH, 3a-f

iii

1 was condensed with a series of primary aromatic amines,
in ethanol, for 4 h to afford compounds 3. Compounds
4a—f, prepared by treating 3 with DMF-DMA in toluene
for 10 min, were heated in acetic acid for 1 h to produce the
target compounds Sa—f (Table 1).

Mechanically, the formation of compound 5 (Scheme 2)
starts by the protonation of dimethyl nitrogen in intermedi-
ates 4, the free doublet of nitrogen N being engaged in an
intramolecular hydrogen bond with the OH group of the
coumarin moiety. Cyclization of this intermediate was made
possible by an intramolecular rearrangement similar to that
of Diels—Alder reactions, thus producing the Sa—f deriva-
tives after aromatization and departure of an NHMe2 mol-
ecule. The structures of substituted 4-hydroxy-3-(quinolin-
2-yl)-2H-chromen-2-one derivatives Sa—f, were assigned on
the basis of on their 'H and '*C NMR spectral data. The
DCI-HRMS mass spectra of all the compounds were consist-
ent with the proposed structures.

5.2 Biological

Compounds 4 and 5 were evaluated for their anti-tyrosinase
and anti-butyrylcholinesterase activities.

5.2.1 Anti-tyrosinase Inhibitory

The anti-tyrosinase activity of compounds 4a—f and Sa—f
was carried. The results clearly indicated that compounds

Sa—f were more active than their precursors 4a—f, dem-
onstrating the net contribution importance of the formed
quinoline system, which appeared to be involved in the
inhibition of tyrosinase (Table 2). Compounds Sa, Sc,
Se, and Sf were found to display remarkable tyrosinase
inhibiting abilities (IC5,=17.5+1.0,18.3+0.5,17.9+0.7
and 15.1 +0.8 pM, respectively) compared to the positive
control kojic acid (IC5y=12.1+0.2 pM). The compound
Sf with a chlorine atom in C; position showed the high-
est activity. The unsubstituted quinoline Sa displayed an
important activity. This finding shows the importance of
the chlorine atom in 5f which is certainly at the origin of
the improvement of this activity. On the other hand, by
comparing the activity of analogues Sb (R=Cl, R’ =H)
(IC5y=28.7+1.1 pM) and 5f (R=H, R’ =Cl), we can
clearly see the influence of this position on the activity.
Indeed, the chlorine in the meta-position was found to be
more effective in terms of anti-tyrosinase activity. The
inductive and mesomeric electronic effects exerted by the
chlorine atom in each position could be at the origin of
this difference in activity. The compound S¢ with a methyl
group at Cg, and the unsubstituted compound 5a, exhibited
a comparable anti-tyrosinase effect, this suggests that the
methyl group cannot be considered as a good candidate
substituent which can improve this activity. Compound
5d with a methoxy at C4 was found to be less active
(IC50=24.9 + 1.1 pM) than its analog Se with an ethoxy
group in the same position. This result shows clearly the
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Table 1 Compounds 4a—f and 5a—f: structures and yields

Entry Product Main structure of compounds R R’ Yields (%)
1 4a H H 53
R
2 4b Cl H 63
3 4c Me H 60
4 4d OMe H 57
5 de OEt H 61
6 4f H Cl 76
7 Sa R' H H 52
R
oH N7
o X
(0) o
8 5b Cl H 71
Sc Me H 45
10 5d OMe H 75
11 Se OEt H 48
12 5f H Cl 63

influence of the nature of the alkoxy group attached at Cg,
position on this activity.

The results described above clearly show the contribu-
tion of the quinoline fragment introduced to have this activ-
ity compared with that of the precursors 4a—f. This finding
agrees well with the literature data showing the significant
activity of quinoline derivatives, such as chloroquine [16]
with a chlorine atom at the same position as the more active
Sf derivative of the series S.

5.2.2 Anti-butyrylcholinesterase Activity

Compounds Sa—f and their precursors 4a—f were assessed
using an anti-butyrylcholinesterase test and the IC, values
are indicated in Table 3. The compounds 4a—f were found
to be less active than 5a—f ones. These results revealed
the importance of cyclization, leading to the formation of
quinoline, which appeared to be involved in the inhibi-
tion of BChE. The compound 5d with a methoxy group

@ Springer

exhibited the highest anti-BChE effect with an IC, value
of 40.0+ 0.4 pM, followed by the derivative 5f with a chlo-
rine atom at C; (IC5y=51.0+0.5 pM). The activity of the
later compared to that of its analogue 5b with a chlorine
atom at Cg, (IC5,=89.0+0.8 pM) allows to notice the influ-
ence of the position of the chlorine atom on this activity.
The activity of these two chlorinated derivatives 5f and
5b compared to that of the unsubstituted compound 5a
(IC5y=112.0+2.0 pM), shows the importance of the chlo-
rine atom whatever its position in improving this activity.
The inductive and mesomeric electronic effects exerted by
the chlorine atom in each position could explain this differ-
ence in activity. On the other hand, the compound 5d with
a methoxy group at C, showed twice the activity of its ana-
logue Se (IC5,=79.0 +0.5 pM) with an ethoxy group at the
same position (IC5,=79.0+0.5 uM). This showed that we
may not need to extend the alkyl group of the alkoxy moi-
ety to obtain better activity. Testing other compounds with
longer alkoxy groups is necessary to provide greater support
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Scheme 2 Plausible mechanism R R
for the formation of compounds = /
S5a-f |
e N| AN OH N| (v
o I~o
\ / T\l/ . H e \ / N|H
o o o B o
4 4
Diels-Alder | A
13,3

S(a-f)

ot compounds da.fang St | Compond 1Cs (4
4a 102.0+£2.0
4b > 100
4c >100
4d > 100
4e 952+3.3
4f 81.8+1.9
5a 17.5+1.0
5b 28.7+1.1
5¢ 18.3+0.5
5d 249+1.1
Se 17.9+0.7
5f 15.1+0.8
Kojic acid 12.1+£0.2

“The concentration of com-
pound that inhibits 50% of the
enzyme (mean+ SD, n=3)

for this conclusion. The relatively weak activity of com-
pound 5c¢ with a methyl group at Cg (IC55=99.0+ 1.0 pM)
when compared to the rest of the substituted derivatives
leads to the conclusion that this methyl group is not much
involved in the possible interactions between the ligand and
the amino acids of the enzyme.

The contribution of the introduced quinoline moiety to
the anti-BChE activity of the Sa—f compounds is defended

Aromatization
-H@

/
-NH

Table 3 Anti-butyrylcholinesterase activity of compounds 4a—f and
Sa—f

Compound ICs, (uM)?

4a 233.0+3.8
4b 154.0+2.6
4c 198.0+2.7
4d 144.0+2.6
de 150.0+3.1
af 167.0+3.0
5a 112.0+2.0
5b 89.0+0.8
5¢ 99.0+1.0
5d 40.0+0.4
Se 79.0+0.5
5f 51.0+0.5
Galanthamine 380% 1073 +0.002x 107

#The concentration of compound that inhibits 50% of the cell prolif-
eration (mean+SD, n=3)

by the data from the literature which show that quinoline-
based scaffold, once introduced into a molecule, improves
its anti-BChE potential [29].
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6 The Molecular Docking Studies

6.1 Molecular Docking Analysis for Anti-tyrosinase
Activity (PDB: 2Y9W)

Tyrosinase (PDB code: 2Y9W) is a tetrameric pro-
tein composed of four chains (A, B, C, and D) with the
sequence length of 391. This binuclear copper-containing
enzyme catalyzes the conversion of monophenol (tyrosine)
and o-diphenol (L-DOPA) to the corresponding o-quinone
derivative [30].

Molecular modeling studies were carried out by using
Autodock Vina software [31] to understand the interac-
tions of synthesized compounds Sa—f within the hydro-
phobic binding pocket of tropolone (PDB: 2Y9W), and
to investigate the binding modes and binding energies
(Table 4) that lead to the observed SARs and differences
in ICsy,.

The analyses of binding affinities and molecular interac-
tions for the 4-hydroxy-3-(quinolin-2-yl)-2H-chromen-2-one
derivatives found 5a, 5¢, 5e, and 5f were the most active.
As Table 4 indicates, the values of binding energy of these
derivatives are higher than that of the control (kojic acid).

The SARs of the anti-tyrosinase agents in Fig. 1 support
that compound 5a exercises through its coumarinic fragment
a pi sigma interaction (dark purple color) with VAL-A-248,
a conventional hydrogen bond interaction (green color) with
HIS-A-244 and by its quinoline fragment a pi-pi stacking
(dark pink color) with PHE-A-264 and pi alkyl interaction
(light pink color) with VAL-A-283. Derivative Sc¢ forms
some hydrophobic interactions with VAL-A-248 and VAL-
A-283 (pi sigma), HIS-A-259 (pi-pi shaping (dark pink
color)), HIS-A-263 (pi-pi stacking), SER-A-282 (amide pi
stacking (dark pink color)), ALA-A-286 (pi alkyl interac-
tion), VAL-A-248 (alkyl interactions (light pink color)) and
with HIS-A-85 (carbon hydrogen bond (grey color)) (Fig. 1).
Further, compound Se is involved in pi alkyl interactions

Table 4 Binding affinity of

promising anti-tyrosinase agents Binding energy (kcal/mol)

towards amino acid residuals Sa =175 =75 - 6.7 - 6.7 -65 -60
Sc -74 -7.0 - 6.9 - 6.0 - 6.0 -58
Se -79 -7.2 - 6.9 - 6.5 - 6.5 —-6.2
5f -8.2 -8.0 -72 -7.2 - 6.7 —-64
Kojic acid -5.7 -54 -52 -5.0 -5.0 -49

Fig. 1 Binding pose of con- P

jugates 5a, 5c and Se in the HIS263 I

tropolone binding cavity of ) P ¢ ALA2SE

PDB: 2Y9W. His244 H|5259 é ‘| ¢

VAL283
N\

;/'H E264

VAL248

\

VAL248

5a

VAL248
\

.

-7 MET280
-

VAL283 HIS263

HIS244
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with VAL-A-248 and VAL-A-283. Besides, it displayed a
pi-pi shaping with HIS-A-244, a pi sigma interaction with
HIS-A-263 and carbon hydrogen bond with MET-A-280
(Fig. 1).

The most effective anti-tyrosinase agent 5f having the
lowest binding affinity (Table 4) established interactions
with residues HIS-A-244, VAL-A-248, HIS-A-263 and
PHE-A-264 and VAL-A-283. In details, 5f was strongly
bound by the hydroxyl functional group with HIS-A-244
in conventional hydrogen bond interactions, pi sigma inter-
action with VAL-A-248, pi-pi stacking with PHE-A-264,
alkyl and pi alkyl interactions with HIS-A-263, PHE-A-264
andVAL-A-283 (Fig. 2).

6.2 Molecular Docking Analysis for Anti-butyrylcho-
linesterase Activity (PDB: 4TPK)

To understand the anticholinesterase potential of deriva-
tive 5d, binding interactions between ligand and butyryl-
cholinesterase BChE (PDB: 4TPK (chain A)) were ana-
lyzed [32]. Molecular docking analysis was performed
using Autodock Vina software [31]. Figure 3 showed that

Fig.2 Docking pose of com-
pound 5f (most effective anti-
tyrosinase agent) in the active
site of tropolone hydrophobic
cavity of PDB: 2Y9X

Fig.3 Docking pose of com-
pound 5d in the active site of
BChE (PDB: 4TPK)

hydroxycoumarin is involved in conventional hydrogen
bonding (green color) by its hydroxyl functional groups with
SER-A-198 and pi-pi shaping interactions (dark pink color)
with TRP-A-231 and PHE-A-329 besides to pi alkyl interac-
tion (light pink color) with LEU-A-286. Further, methoxy-
quinoline ring forms amide pi stacking interaction (dark pink
color) with GLY-A-116, pi-pi shaping interaction with TRP-
A-82, pi donor hydrogen bond with THR-A-120 and carbon
hydrogen bond (grey color) with GLN-A-67.

7 Conclusion

In summary, we develop here a simple and easy method to
synthesize heterocyclic compounds in a short time and with
good yields. This was achieved by including quinoline and
4-hydroxycoumarin moieties in their structure, using DMF-
DMA as the main reagent. We examined the anti-tyrosinase
and anti-butyrylcholinesterase activities of these prepared
heterocycles and some of them exhibited interesting anti-
tyrosinase and butyrylcholinesterase activities. Molecular
docking analyses lead to the conclusion that the quinoline

“His263
\#

HIS244

I vaL248 << &/ N

SER198

/6116 THR120

@ Springer
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moiety is essential for the build-up and improvement of
anti-tyrosinase and anti-butyrylcholinesterase activities of
conjugates Sa—f. In silico SAR studies were found in good
agreement with biological evaluation showing that the
nature of the substitute on the quinoline ring is essential
to give significant binding interaction with amino acids of
enzymes. The chlorine atom appears to be in favor with the
activities studied. The diversification of its position and its
number merit further study.
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