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Abstract

Rare 2-substituted 1-phenylchromenol3,4-d]imidazol-4(3H)-ones have been synthesized in excellent yields via
a two-step reaction mediated by microwave irradiation that involves the reduction of 3-nitro-4-
phenylaminocoumarin using H, and Pd/C to give in situ an intermediate diamine, that then reacts with
aliphatic acids. A one-pot two-step reaction can also be performed in the presence of tin(ll) chloride to give
the same products in lower yields, accompanied by a small amount of 6H-chromeno[3,4-b]quinoxaline-6-one
as side product. Preliminary in vitro studies support the possibility of anti-inflammatory activity and point to a
new lead compound 1-phenyl-2-propylchromeno(3,4-d]imidazol-4(1H)-one.
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Introduction

Coumarins are widely distributed in Nature presenting, along with their synthetic derivatives, interesting
biological activities such as anticoagulant, antibiotic, anti-inflammatory, anti-HIV, and anticancer properties.'”
10 Fused coumarins are also biologically active. In particular, fused imidazolocoumarins have biological actions
as antagonists of toll-like receptor 7 (TLR7) for the treatment of immune-mediated inflammatory disorders,*!
inhibitors of phosphodiesterase (PDE) VII,'>13 for the treatment of allergic disorders,'? psoriasis,*?
autoimmune diseases,*?> and movement disorders,'? and growth inhibitors for mammalian cancer.* They also
have neurotropic activity with a definite influence in CNS,* to bind to benzodiazepine receptors (BZR) with
weak potency,® to present antibacterial activity!” and to inhibit the hepatitis C virus NS5B polymerase.!®

To the best of our knowledge, there is only one reference in the literature for 2-substituted 1-phenyl-
imidazolo[3,4-d]coumarins, a 2-methyl derivative (acquired from ChemBridge database), with activity as
inhibitor of the hepatitis C virus NS5B polymerase.'’® There are also a few known 2,3-disubstituted
imidazolo[3,4-d]coumarins. The 3-methyl-2-propylimidazolo[3,4-dlcoumarin has been prepared by the
methylation of 2-propylimidazolo[3,4-d]coumarin,® while the 3-chloroethyl-2-propylimidazolo[3,4-d]coumarin
was obtained by us during the chloromethylation of the same starting compound.?° 3-Alkyl-2-(morpholin-4-
yl)imidazolo[3,4-d]coumarins were synthesized from 4-[(1-morpholin-4-yl)amino]-3-nitrocoumarins by heating
at reflux in excess of triethyl phosphite.*®

There are only two routes to mono-1-N-substituted fused imidazolocoumarins: (i) Construction of the
pyranone ring, for 1-substituted chromeno[3,4-d]imidazol-4(1H)-ones, by cyclization of alkyl 5-(2-
hydroxyphenyl)-1H-imidazole-4-carboxylates in aqueous sulfuric acid under heating!! or in the presence of
base under MW irradiation;%! and, (ii) construction of the imidazole ring, for 1-phenyl or 1-alkyl substituted
chromeno[3,4-d]imidazol-4(1H)-ones, by the reaction of 3-amino-4-phenylamino- or 4-alkylaminocoumarin in
boiling formic acid.*

Previously, our group developed an efficient synthesis of 2-substituted imidazolocoumarins starting from
4-amino-3-nitrocoumarin.?® We envisioned that this sequence could also work for 3-nitro-4-
phenylaminocoumarin which would give access to valuable 2-substituted 1-phenylimidazolo[3,4-d]coumarins.
Herein, we present our investigations towards this goal and the biological evaluation of the formed products.

Results and Discussion

In continuation of our, above mentioned, previous work,?° and due to our interest in the synthesis of
coumarins fused with five-membered heterocycles,**?>2> we focused on the synthesis of the title compounds.
Furthermore, a number of new structures were designed and subjected to in silico docking studies on soybean
lipoxygenase (SLOX-1). The in silico results led us to choose and synthesize the most promising structures
(Scheme 2), which were then tested in vitro to verify their LOX inhibitory activity.
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Scheme 1. Reaction conditions: (i) H,0, MW (35-40 W, 3 bar), 100 °C, 15 min.

The starting 4-phenylamino-3-nitrocoumarin?® (3) was obtained from 4-chloro-3-nitrocoumarin (1a)?’2% or
from 4-bromo-3-nitrocoumarin (1b)?° by treatment with aniline (2) in water under microwave irradiation at
100 °C for 15 min (Scheme 1). Suitable conditions for the one-pot transformation of nitrocoumarin 3 to the
fused 1-phenyl-2-alkylimidazolocoumarins 6 were investigated by performing the reactions with formic acid
(5a) in the presence of tin(ll) chloride under microwave irradiation at 100 °C for 5 min (Method A, Table 1).
This reaction was expected to give the derivative 6a in analogy to the synthesis of benzimidazoles from o-
nitroanilines.?® Indeed, the imidazolocoumarin 6a was isolated in 62% yield followed by the quinoxaline
derivative 8 (7%), as a side product (Table 1, entry 1). The use of acetic acid (5b) led to the formation of
imidazolocoumarin 6b (47%), the amide 7 (11%) and the side product 8 (2%) (Table 1, entry 2). The presence
of the amide 7 reveals that the in situ formed 3-amino-4-phenylaminocoumarin (4)3133 reacted with acid 5b.
Then, amide 7 cyclized and dehydrated, under the reaction conditions, to give the expected product 6b.
Similarly, the reaction of acids 5c-e at 120 °C under microwave irradiation gave the expected
imidazolocoumarins 6c-e, respectively, in moderate yields (Table 1, entries 3-5).

Next, we developed a one-pot protocol using 5% Pd/C under hydrogen as reducing agent (Method B). The
reaction of formic acid (5a) with nitrocoumarin 3 in the presence of Pd/C under H, atmosphere in room
temperature for 1 h (consumption of starting compound) followed by removing of the H; balloon and heating
the resulting mixture at reflux, led to compound 6a (43%) and the quinoxaline 8 (32%) (Table 1, entry 6). The
analogous reaction of acetic acid (5b) gave the imidazolocoumarin 6b and products 7-9. Compound 9 was also
prepared by reduction of the benzene ring of quinoxaline 8. The yield of compound 9 was increased when 10%
Pd/C as a catalyst was used (Table 1, entry 7 and note b). The reaction of nitrocoumarin 3 with propionic acid
(5¢) gave imidazolocoumarin 6¢, and an increased amount of side product 8, tentatively, attributed to the
longer heating time under the air atmosphere (Table 1, entry 8).

Owing to the increased quantities of side products with Pd/C as catalyst, we then investigated the use of
microwave irradiation for the second step of the one-pot reaction (Method C). After finishing the first step of
the above procedure with Pd/C under H, atmosphere and removing the balloon of H,, the mixture of the
reaction of 5a with nitrocoumarin 3 was transferred in a vial, suitable for microwaves, and irradiated at 110 °C
for 25 min to give the imidazolocoumarin 6a in 92% yield, while the side product 8 was formed in only 3% yield
(Table 1, entry 9). The similar process with acetic acid (5b) led to the products 6b and 8 (Table 1, entry 10). The
analogous reactions of propanoic acid (5c), butanoic acid (5d) and pentanoic acid (5f) needed more time for
the initial reduction, and also for the microwave irradiation performed at 140 °C to give the
imidazolocoumarins 6¢, 6d, and 6f, respectively (Table 1, entries 11, 12 & 14). The second step of the reaction
of methoxyacetic acid (5e) at 130 °C completed in 45 min (Table 1, entry 13). More time for both steps and
higher temperatures for the second step were needed for the similar reactions of octanoic acid (5g), 2-
methylpropanoic acid (5h) and 3-methylbutanoic acid (5i) to give the imidazolocoumarins 6g, 6h and 6i,
respectively (Table 1, entries 15-17).

Page 3 ©AUTHOR(S)



Arkivoc 2020, vi, 0-0

Balalas, T. D. et al.

Table 1. Synthesis of fused 1-phenyl-2-alkylimidazolocoumarins 6a-i from 3-nitro-4-phenylaminocoumarin (3)
and acids 5a-i via one-pot procedures using Methods A-D
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Entry  Acid R Method?  Temp. (°C); Power? Time Products (Yields %)
5 (W); Pressure® (bar)

1 5a H A 100; 25-30; 5 5 min 6a (62), 8 (7)
2 5b Me A 120; 35-40; 3 1h 6b (47),7 (11), 8 (2)
3 5¢c Et A 120; 25-30; 1 0.75h 6¢c (66), 8 (11)
4 5d n-Pr A 120; 30-35; 1 0.75 h 6d (56), 8 (10)
5 5e CH,OMe A 120; 20-25; 2 0.25h 6e (44), 8 (8)
6 5a H B r.t., then reflux 1h,then6h 6a (43), 8 (32)
7 5b Me B r.t., then reflux 1h,then8h 6b (70),7 (12), 8 (7), 9¢ (4)
8 5¢ Et B r.t., then reflux 3 h,then14 h 6¢ (55), 8 (40)
9 5a H C r.t., then 110; 20-25; 5 1 h, then 25 min 6a(92), 8 (3)
10 5b Me C r.t,then 110;30-35;2  1h,then 1.5 h 6b (88), 8 (8)
11 5c Et C r.t., then 140; 40-45; 4 2 h, then 1.25 h 6¢ (85), 8 (10)
12 5d n-Pr C r.t.,, then 140; 35-40; 3 3 h,then2h 6d (82), 8 (8)
13 5e  CH,OMe C r.t., then 130; 25-30; 5 3 h, then 0.75 h 6e (82), 8 (8)
14 5f n-Bu C r.t., then 140; 40-45;3 3 h,then2h 6f (76), 8 (10)
15 5g n-Hept C r.t., then 150; 70-75;3 14 h,then 2.25 h 6g(72),8(17)
16 Sh i-Pr C r.t, then 150; 45-50;3 4 h,then2h 6h (77), 8 (8)
17 5i i-Bu C r.t, then 150; 45-50;3 4 h, then 3 h 6i (74), 8 (10)
18 5a H D r.t.,, then 110; 25-30; 5 0.5 h, then 0.25 h 6a (97)
19 5b Me D r.t.,, then 110; 25-30;3 0.5h,then1h 6b (98)
20 5c¢ Et D r.t., then 140; 35-40; 4 0.5h,then1h 6¢ (96)
21 5d n-Pr D r.t., then 140; 45-50; 1 0.5h,then1h 6d (95)
22 S5e CH.OMe D r.t.,, then 110; 25-30; 4 0.5 h, then 0.75 h 6e (97)
23 5f n-Bu D r.t., then 140; 45-50; 1 0.5h,then1h 6f (94)
24 5g n-Hept D r.t., then 150; 75-80; 1 0.5 h,then1.5h 6g (89)
25 5h i-Pr D r.t.,, then 150; 35-40; 2 0.5 h,then1.5h 6h (92)
26 5i i-Bu D r.t.,, then 150; 35-40; 2 0.5 h,then1.5h 6i (91)

9 Method A: SnCl,-2H,0, MW; Method B: 5% Pd/C, Hz, then remove H,, reflux; Method C: 5% Pd/C, H,, then remove H,
MW; Method D: EtOH, 5% Pd/C, H,, then remove H,, addition of acids 5a-i, MW. > MW experimental conditions. ¢ With

10% Pd/C: 6b (68), 7 (3), 8 (8), 9 (20).

Page 4

©AUTHOR(S)



Arkivoc 2020, vi, 0-0 Balalas, T. D. et al.

The reduction of the first step was tried next in ethanol, in an effort to reduce reduction time in all
procedures (Method D). The 4-phenylamino-3-nitrocoumarin (3) was reduced with 5% Pd/C in ethanol under
hydrogen in 30 min. After the removing of the catalyst by filtration through celite and evaporation of the
ethanol, the light yellow residue was directly transferred to a vial, and formic acid (5a) was added. The mixture
was then heated under microwave irradiation at 110 °C for 25 min to give the imidazolocoumarin 6a in 97%
yield, and, notably, no side product 8 was detected in the reaction mixture (Table 1, entry 18). Similar
reactions of the reduction product of nitrocoumarin 3 with acetic acid (5b) or methoxyacetic acid (5e) at 110
°C for 1 h or 45 min gave the imidazolocoumarins 6b or 6e in excellent yields, respectively (Table 1, entries 19
& 22). Furthermore, propanoic acid (5¢), butanoic acid (5d), and pentanoic acid (5f) also reacted at 140 °C for 1
h to give the imidazolocoumarins 6c¢, 6d, and 6f, respectively, in excellent yields (Table 1, entries 20, 21 & 23).
Higher temperature (150 °C for 1.5 h) was needed for the analogous reactions of the more hindered acids 5g,
5h, and 5i to give the imidazolocoumarins 6g, 6h, and 6i, respectively, in slightly lower yields (Table 1, entries
24-26).

Tentatively, the formation of side product, quinoxaline 8, could be attributed to palladation of the
intermediate diamine 4 from in situ formed palladium acetate to give intermediate A, followed by reductive
elimination to give the fused piperazine derivative B. Oxidation of the latter led to the formation of
quinoxaline 8 (Scheme 3).

Pd(OAc), - NH2
8
0~ ~o
4
C-H activation
Pd°, O,, AcOH \,
AcOH

HN /'
O 1
N N\H
B
O O
A

Pd% AcOH

Scheme 3. Tentative reaction mechanism for the formation of quinoxaline 8.

The tested compounds showed medium inhibitory activity on soybean lipoxygenase. For all the
compounds the ICso values were determined with the exception of 6b. Derivative 6d was the most active
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followed by 6i, 6¢c, 6a, 6f, 6g, 6h, 6e, whereas 6b was the most inactive (38% at 100 uM). Perusal of these
activities in comparison to the earlier synthesized compounds?® showed that the presence of the phenyl group
led to more potent compounds, e.g., 6a (ICso = 52 uM) is more potent than the unsubstituted (98 uM).
Furthermore, the insertion of the phenyl led to bioactivity in the cases where no activity was recorded (6h, 65
UM- 6g, 60 uM- 6e, 100 uM). No improvement was observed when a phenyl group was inserted next to the
methyl group (6b). It seems that the increase of lipophilicity is the main reason, since this physicochemical
property is cited3* to influence the anti-LOX activity. NDGA was used as a reference compound for the anti-
LOX activity. The compounds, with the exception of 6a, 6b and 6d, inhibit lipid peroxidation within the range
69-100% at 100 uM (Table 2). Lipophilicity does not fully explain the results, since 6i (clog P = 5.23) presents
LP% = 69%, whereas 6f with the higher anti-lipid peroxidation ability (LP% = 100%) presents lower clog P value
(4.96), following by 6e (clog P = 2.90, LP% 93%), and 6g (clog P = 6.55, LP% = 89%). Trolox was used as a
reference compound for the anti-lipid peroxidation activity.

Table 2. In vitro antioxidant activity: Inhibition of lipid peroxidation, LP%; Inhibitory activity of compounds on
soybean lipoxygenase (ICso UM / LOX%)

Compounds Clog P3> LP % @ 100 uM LOX% @ 100 uM or ICsg
uM

6a 3.11 37 52 uM

6b 3.38 59 38% @ 100 uM

6¢ 3.90 70 50 uM

6d 4.43 32 22 uM

6e 2.90 93 100 uM

6f 4.96 100 55 uM

6g 6.55 89 60 UM

6h 4.30 84 65 uM

6i 5.23 69 47 uM
NDGA 0.5 uM
Trolox 88

The in silico docking study was helpful in interpreting the in vitro experimental results. The novel
synthesized derivatives present allosteric interactions with the enzyme. The preferred docking orientation for
the most potent derivative 6d is shown in Figure 1. The binding of 6d to soybean LOX (PDB code: 3PZW) has an
AutoDock Vina score of -7.5. Compound 6d presents two H-bonds between the carbonyl group of the
coumarin scaffold and TRP618 and the nitrogen of the imidazolyl ring with LYS622. Docking studies on the
most potent compound 6d showed that, this is able to accommodate the extensively hydrophobic cavity close
to the active site with possible hydrophobic interactions (- stacking) between its propyl-group and VAL676,
GLU677 and LEU680.
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Figure 1. Docking pose of 6d (depicted in cyan) bound to soybean lipoxygenase.

Conclusions

2-Substituted 1-phenylchromenol[3,4-d]imidazol-4(3H)-ones were synthesized in excellent yields by the two
step reaction of 3-nitro-4-phenylaminocoumarin with aliphatic acids in the presence of hydrogen and Pd/C
under microwave irradiation. The combination of an imidazolyl ring condensed to a coumarin moiety leads to
a new hybrid structure. The preliminary in vitro results support the possibility of the anti-inflammatory activity
and point to a new lead compound, 1-phenyl-2-propylchromeno[3,4-d]imidazol-4(1H)-one 6d. Research is
underway to design, synthesize and biologically evaluate new analogues.

Experimental Section

General. All the chemicals were procured from either Sigma-Aldrich Co. or Merck & Co., Inc. Melting points
were determined on a Kofler hot-stage apparatus. IR spectra were obtained with a Perkin-Elmer 1310
spectrophotometer as Nujol mulls. NMR spectra were recorded on Agilent 500/54 (DD2) (500 and 125 MHz for
'H and 13C, respectively) using CDCls as solvent and TMS as an internal standard. J values are reported in Hz.
Mass spectra were determined on a LCMS-2010 EV Instrument (Shimadzu) under electrospray ionization (ESI)
conditions. HRMS (ESI-MS) were received on ThermoFisher Scientific model LTQ Orbitrap Discovery MS. Silica
gel N° 60, Merck A.G. was used for column chromatography. The MW experiments were performed in a
scientific focused microwave reactor (Biotage Initiator 2.0) using the appropriate sealed vials; power and
pressure readings are shown in Table 1.

3-Nitro-4-phenylamino-2H-chromen-2-one (3) (Modification of literature methods?6:36)
A. 4-Chloro-3-nitrocoumarin (1a) (0.5 g, 2.2 mmol), aniline (2) (0.81 mL, 0.827 g, 8.87 mmol) and water (4 mL)
were added to a flask for MW oven. The mixture was irradiated at 100 °C for 15 min. After cooling, HCI 1 N (1
mL) was added and the mixture was filtered. The solid was washed with water (2 x 5 mL) and ethyl ether (5
mL) and dried under vacuum to give a yellow microcrystalline powder (0.587 g, 95%), m.p. 234-236 °C (EtOH),
(lit.26 m.p. 235-236 °C).
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B. 4-Bromo-3-nitrocoumarin (1b) (2.0 g, 7.4 mmol), aniline (2) (2.7 mL, 2.757 g, 29.62 mmol) and water (10
mL) were added to a flask for MW oven. The mixture was irradiated at 100 °C for 15 min. After work up like
above, 4 was isolated (1.96 g, 94%).

1-Phenylchromeno[3,4-d]limidazol-4(1H)-one (6a): Typical procedures

Method A. 3-Nitro-4-phenylamino-2H-chromen-2-one (3) (0.282 g, 1 mmol), SnCl,-2H,0 (0.677 g, 3 mmol) and
formic acid (5a) (3 mL) were placed in a tube for MW oven. The mixture was irradiated at 100 °C for 5 min.
After cooling, ethyl acetate (5 mL) was added and the mixture was filtered through celite. The solid was
washed with boiling ethyl acetate (5 x 10 mL). The filtrate was extracted with water (3 x 20 mL) and brine (20
mL) and dried over anhydrous Na,SOa. After evaporation, the residue was separated by column chromato-
graphy [silica gel, hexane/ethyl acetate (2:1)] to give compound 6a (0.162 g, 62%) as a colorless needles, m.p.
209-211 °C (EtOAc) (lit.?* m.p. 211-213 °C), followed by compound 8 (18 mg, 7%).

Method B. A mixture of 3 (0.282 g, 1 mmol), 10% Pd/C (26.6 mg, 0.05 mmol) and 5a (3 mL) was stirred under
an atmosphere of H; (balloon) for 1 h [consumption of 4 (checked by TLC)]. The balloon of H, was removed
and the mixture was heated at reflux for 6 h and then was filtered through celite. The resulting solid was
washed with ethyl acetate (5 x 10 mL). The filtrate was washed with a saturated solution of NaHCO3 (3 x 20
mL) and brine (20 mL) and dried over anhydrous Na,SOa. After evaporation, the separation of the residue as
above gave compound 6a (0.112 g, 43%) followed by compound 8 (82 mg, 32%).

Method C. A mixture of 3 (0.282 g, 1 mmol), 10% Pd/C (26.6 mg, 0.05 mmol) and 5a (3 mL) was stirred in a
round bottom flask under an atmosphere of H (balloon) for 1 h. The balloon of H; was removed, the mixture
was transferred in a vial for MW oven, while some remaining in the flask was washed with formic acid (5a) (0.5
mL) and poured in the vial. This vial was irradiated at 110 °C for 25 min. Then, the treatment, like above, gave
compound 6a (0.24 g, 92%) followed by compound 8 (8 mg, 3%).

Method D. 3-Nitro-4-phenylamino-2H-chromen-2-one (3) (0.282 g, 1 mmol), 10% Pd/C (26.6 mg, 0.05 mmol)
and ethanol (20 mL) were added in a round bottom flask and stirred under an atmosphere of H, (balloon) at
r.t. for 30 min [consumption of 3 (checked by TLC)]. The balloon of H, was removed, the mixture was filtered
under celite, the filtrate was evaporated and the resulted light-yellow solid was transferred in a tube for MW
oven. Then, formic acid (5a) (2 mL) was added and the mixture was irradiated at 110 °C for 25 min. After
cooling, ethyl acetate (30 mL) was added to the mixture and washed with a saturated solution of NaHCO3 (3 x
20 mL) and brine (20 mL). The organic layer was dried over anhydrous Na;SOs and evaporated to give
compound 6a (0.253 g, 97%).

6H-Chromeno[3,4-b]quinoxaline-6-one (8). Light-yellow microcrystalline powder, m.p. 248-249 °C (xylene)
(Iit.37 m.p. 249 °C), IR (KBr): 3037, 1747, 1610, 1558 cm%; 1H NMR (500 MHz, CDCls) & 8.75 (dd, J 7.9, 1.3, 1H),
8.42 (d, J 8.4, 1H), 8.27 (d, J 8.5, 1H), 8.02—7.98 (m, 1H), 7.92-7.89 (m, 1H), 7.68-7.64 (m, 1H), 7.48 (t, J 7.6,
1H), 7.44 (d, J 8.4, 1H); 3C NMR (125 MHz, CDCl5) § 159.1, 152.4, 146.2, 145.1, 143.5, 134.8, 134.2, 133.4,
131.4,131.2,129.5, 125.6, 125.5, 118.9, 117.7; MS (ESI): 249 [M+H]*.
2-Methyl-1-phenylchromeno[3,4-d]imidazol-4(1H)-one (6b). (Method A, 0.13 g, 47% vyield; Method B, 0.193
g, 70%; Method C, 0.243 g, 88%, Method D, 0.27 g, 98%), colorless needles, m.p. 254-255 °C (EtOAc), IR (KBr):
3055, 2854, 1741, 1589, 1534, 1500 cml; 1H NMR (500 MHz, CDCl3) 6 7.72-7.66 (m, 3H), 7.50-7.40 (m, 2H),
7.39-7.31 (m, 2H), 6.95 (t, J 7.5, 1H), 6.63 (d, J 8.0, 1H), 2.37 (s, 3H); 3C NMR (125 MHz, CDCl3) § 156.9, 152.4,
151.7, 136.7, 135.7, 130.9, 130.8, 129.5, 127.7, 125.3, 124.0, 120.6, 118.0, 112.9, 13.7; MS (ESl): 277 [M+H]*;
HRMS (ESI, MS/MS): Calcd for C17H13N202 [M+H]* 277.0977. Found: 277.0977.
2-Ethyl-1-phenylchromeno|[3,4-d]imidazol-4(1H)-one (6c). (Method A, 0.191 g, 66% yield; Method B, 0.16 g,
55%; Method C, 0.247 g, 85%, Method D, 0.278 g, 96%), colorless needles, m.p. 240-242 °C (EtOAc), IR (KBr):

3061, 2921, 2917, 2875, 2851, 1735, 1587, 1535, 1498 cm™; 'H NMR (500 MHz, CDCl5) 6 7.73-7.65 (m, 3H),
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7.45-7.39 (m, 3H), 7.34 (dd, J 8.2, 7.3, 1H), 6.95 (t, J 7.6, 1H), 6.59 (d, J 8.0, 1H), 2.62 (q, J 7.5, 2H), 1.31 (t, J 7.5,
3H); 3C NMR (125 MHz, CDCl3) 6 157.3, 156.2, 152.4, 136.7, 135.7, 130.9, 130.7, 129.4, 127.9, 125.6, 123.9,
120.7, 118.0, 113.1, 21.0, 11.9; MS (ESI): 291 [M+H]*, 313 [M+Na]*; HRMS (ESI): Calcd for CisH1sN20O, [M+H]*
291.1133. Found: 291.1127.

1-Phenyl-2-propylchromeno(3,4-d]limidazol-4(1H)-one (6d). (Method A, 0.17 g, 56% yield; Method C, 0.249 g,
82%; Method D, 0.289 g, 95%), colorless needles, m.p. 233-234 °C (EtOAc), IR (KBr): 3064, 2966, 2931, 2869,
1726, 1613, 1587, 1528, 1497 cm%; *H NMR (500 MHz, CDCl3) & 7.73—7.65 (m, 3H), 7.44-7.38 (m, 3H), 7.33 (t, J
7.8, 1H), 6.94 (t, J 7.6, 1H), 6.57 (d, J 8.0, 1H), 2.57 (t, J 7.6, 2H), 1.81-1.74 (m, 2H), 0.91 (t, J 7.3, 3H); 3C NMR
(125 MHz, CDCls) 6 157.2, 155.1, 152.4, 136.6, 135.7, 130.9, 130.7, 129.4, 127.9, 125.65, 123.9, 120.6, 118.0,
113.1, 29.2, 21.1, 13.9; MS (ESI): 305 [M+H]*; HRMS (ESI, MS/MS): Calcd for CigH17N202 [M+H]* 305.1290.
Found: 305.1283.

2-(Methoxymethyl)-1-phenylchromeno[3,4-d]imidazol-4(1H)-one (6e). (Method A, 0.135 g, 44% yield;
Method C, 0.251 g, 82%; Method D, 0.297 g, 97%), colorless needles, m.p. 213-214 °C (EtOAc), IR (KBr): 3074,
2930, 2820, 1736, 1587 cm}; 'H NMR (500 MHz, CDCls) 6 7.71-7.64 (m, 3H), 7.52-7.49 (m, 2H), 7.44-7.37 (m,
2H), 6.98 (t, J 7.6, 1H), 6.66 (d, J 8.0, 1H), 4.43 (s, 2H), 3.30 (s, 3H); 13C NMR (125 MHz, CDCls) & 157.0, 152.7,
150.6, 137.5, 135.2, 130.9, 130.4, 130.0, 127.9, 125.6, 124.1, 121.1, 118.2, 112.9, 65.4, 58.4; MS (ESI): 307
[M+H]*, 329 [M+Na]*; HRMS (ESI, MS/MS): Calcd for C19H15N202 [M+H]* 307.1082. Found: 307.1073.
2-Butyl-1-phenylchromeno(3,4-d]imidazol-4(1H)-one (6f). (Method C, 0.242 g, 76% yield; Method D, 0.299 g,
94%), colorless microcrystalline powder, m.p. 167-169 °C (EtOAc), IR (KBr): 3076, 2969, 2874, 2857, 1743,
1536, 1502 cm%; *H NMR (500 MHz, CDCls) § 7.72—7.65 (m, 3H), 7.44-7.38 (m, 3H), 7.34 (t, J 7.8, 1H), 6.94 (t, J
7.6, 1H), 6.57 (d, J 8.0, 1H), 2.59 (t, J 7.8, 2H), 1.76-1.69 (m, 2H), 1.34-1.26 (m, 2H), 0.83 (t, J 7.4, 3H); 13C NMR
(125 MHz, CDCls) 6 157.3, 155.4, 152.4, 136.6, 135.7, 130.9, 130.7, 129.4, 127.9, 125.7, 123.9, 120.6, 118.0,
113.1, 29.7, 26.9, 22.4, 13.7; MS (ESI): 319 [M+H]*, 341 [M+Na]*; HRMS (ESI, MS/MS): Calcd for CaoH19N202
[M+H]* 319.1446. Found: 319.1416.

2-Heptyl-1-phenylchromeno(3,4-d]imidazol-4(1H)-one (6g). (Method C, 0.259 g, 72% yield; Method D, 0.32 g,
89%), colorless microcrystalline powder, m.p. 136-138 °C (EtOAc), IR (KBr): 3064, 3049, 2924, 2857, 1754,
1558, 1536, 1497 cm'%; 'H NMR (500 MHz, CDCls) & 7.72-7.66 (m, 3H), 7.45-7.39 (m, 3H), 7.34 (t, J 7.8, 1H),
6.94 (t, J 7.6, 1H), 6.58 (d, J 8.0, 1H), 2.58 (t, J 7.8, 2H), 1.77-1.71 (m, 2H), 1.29-1.18 (m, 8H), 0.84 (t, J 6.8, 3H);
13C NMR (125 MHz, CDCl3) 6§ 157.3, 155.4, 152.4, 136.6, 135.8, 130.8, 130.7, 129.3, 128.0, 125.8, 123.9, 120.6,
118.1, 113.2, 31.7, 29.28, 28.9, 27.7, 27.3, 22.7, 14.2; MS (ESI): 361 [M+H]*; HRMS (ESI, MS/MS): Calcd for
Ca3H25N20;, [M+H]* 361.1916. Found: 361.1894.

2-Isopropyl-1-phenylchromeno[3,4-d]imidazol-4(1H)-one (6h). (Method C, 0.234 g, 77% yield; Method D, 0.28
g, 92%), colorless microcrystalline powder, m.p. 293-294 °C (EtOAc), IR (KBr): 3053, 2969, 2930, 2857, 1734,
1592, 1524, 1494 cm; *H NMR (500 MHz, CDCls) & 7.73-7.66 (m, 3H), 7.46-7.39 (m, 3H), 7.34 (t, J 7.6, 1H),
6.94 (t, J 7.6, 1H), 6.52 (d, J 8.0, 1H), 2.89-2.82 (m, 1H), 1.32 (d, J 6.8, 6H); 3C NMR (125 MHz, CDCl5) § 160.0,
157.4, 152.4, 136.4, 135.7, 130.9, 130.7, 129.3, 128.1, 125.7, 123.9, 120.6, 118.1, 113.2, 26.6, 21.8; MS (ESI):
305 [M+H]*, 327 [M+Na]*; HRMS (ESI, MS/MS): Calcd for C19H17N20, [M+H]* 305.1290. Found: 305.1283.
2-Isobutyl-1-phenylchromeno[3,4-d]imidazol-4(1H)-one (6i). (Method C, 0.235 g, 74% yield; Method D, 0.289
g, 91%), colorless microcrystalline powder, m.p. 202-204 °C (EtOAc), IR (KBr): 3064, 2958, 2924, 2868, 1726,
1589, 1624, 1494 cmL; 'H NMR (500 MHz, CDCls) & 7.73-7.67 (m, 3H), 7.45-7.41 (m, 3H), 7.36 (t, J 7.7, 1H),
6.96 (t, J 7.5, 1H), 6.56 (d, J 8.0, 1H), 2.53 (d, J 7.2, 2H), 2.26-2.18 (m, 1H), 0.91 (d, J 6.5, 6H); 13C NMR (125
MHz, CDCls) 6 156.8, 154.7, 152.5, 136.4, 135.6, 131.0, 130.7, 129.6, 128.1, 125.2, 124.0, 120.7, 118.1, 113.0,
35.8, 28.0, 22.6; MS (ESI): 319 [M+H]*, 341 [M+Na]*; HRMS (ESI, MS/MS): Calcd for CyoH1sN202 [M+H]*
319.1446. Found: 319.1434.
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N-(2-Oxo0-4-(phenylamino)-2H-chromen-3-yl)acetamide (7).38 (Method A, 32 mg, 11% yield; Method B, 35 mg,
12%; Method B (10% Pd/C, 9 mg, 3%) orange microcrystalline powder, m.p. 211-213 °C (EtOAc), IR (KBr): 3266,
3018, 2922, 2847, 1685, 1660, 1610, 1536 cm%; IH NMR (500 MHz, CDCls) & 7.78 (bs, 1H), 7.47-7.42 (m, 2H),
7.34 (d, J 8.6, 1H), 7.23 (t, J 7.7, 2H), 7.07 (t, J 7.7, 1H), 7.01 (t, J 7.3, 1H), 6.86 (d, J 7.9, 2H), 2.23 (s, 3H); 23C
NMR (125 MHz, CDCls) 6 170.6, 161,1, 151.6, 142.0, 141.6, 131.2, 129.4, 126.8, 123.9, 122.8, 119.8, 117.3,
116.4, 109.5, 24.0; MS (ESI): 295 [M+H]*.

8,9,10,11-Tetrahydro-6H-chromeno[3,4-b]quinoxalin-6-one (9). (Method B, 10 mg, 4%; Method B (10% Pd/C,
50 mg, 20%) light-yellow microcrystalline powder, m.p. 162-164 °C (xylene), IR (KBr): 3059, 2952, 2919, 2857,
1754, 1631, 1538 cm™’; 'H NMR (500 MHz, CDCls) & 8.51 (d, J 8.3, 1H), 7.59 (t, J 7.7, 1H), 7.42-7.38 (m, 2H),
3.21-3.16 (m, 4H), 2.06-2.02 (m, 4H); 13C NMR (125 MHz, CDCls) & 160.6, 159.9, 156.2, 152.2, 145.5, 132.4,
131.1,125.1,124.8,118.7, 117.4, 33.4, 32.6, 22.5, 22.4; MS (ESI): 253 [M+H]*, 275 [M+Na]*.
3-Amino-4-phenylaminocoumarin (4). (Control experiment, modification of literature methods3233)
3-Nitro-4-phenylamino-2H-chromen-2-one (3) (0.282 g, 1 mmol), 10% Pd/C (26.6 mg, 0.05 mmol) and ethanol
(20 mL) were added in a round bottom flask and stirred under an atmosphere of H;, (balloon) at r.t. for 30 min
[consumption of 3 (checked by TLC)]. The balloon of H, was removed, the mixture was filtered under celite,
the filtrate was evaporated and the residue was washed by cold ethanol to give compound 4 (0.248 g, 98%) as
light yellow microcrystalline powder, m.p. 198-200 °C (dec.) (EtOH), (lit.33 m.p. 199-203 °C). *H NMR (500 MHz,
CDCl3) 6 7.44 (d, J 7.8, 1H), 7.38-7.32 (m, 2H), 7.28-7.25 (m, 2H), 7.24-7.20 (m, 1H), 6.93 (t, J 7.4, 1H), 6.74 (d,
J 7.8, 2H), 5.58 (bs, 1H), 4.09 (bs, 2H); 3C NMR (125 MHz, CDCl5) & 160.22, 148.41, 141.64, 129.69, 127.68,
124.61,123.98, 122.53, 121.42,120.94, 119.68, 116.85, 116.04; MS (ESI): 253 [M+H]*.

In vitro experiments

In the in vitro experiments assays of each experiment was performed at least in triplicate and the standard
deviation of absorbance was less than 10% of the mean.

Inhibition of linoleic acid lipid peroxidation.?* The in vitro assay is performed according to our previous
published method. Production of conjugated diene hydroperoxide by oxidation of linoleic acid sodium salt in
an aqueous solution was monitored at 234 nm. 2,2’-Azobis(2-amidinopropane) dihydrochloride (AAPH) was
used as a free radical initiator in 0.05 M phosphate buffer, pH 7.4 prethermostated at 37 °C. Oxidation was
carried out in the presence of 10 ulL of the examined compounds (stock solution in DMSO). Trolox was used as
a standard (Table 2).

Soybean lipoxygenase inhibition study in vitro.?* In vitro study was evaluated as reported previously. The
conversion of sodium linoleate to 13-hydroperoxylinoleic acid at 234 nm was recorded and compared with the
appropriate standard inhibitor nordihydroguaretic acid (ICso 0.5 pM). Several concentrations were used for the
determination of ICsp values (Table 2).

In silico studies. See the Supplementary Information and references herein.

Acknowledgements

E.P. would like to thank A. Patsilinakos from the Department of Chemistry and Drug Technologies, “Sapienza”
University of Rome, Italy, for the critical support on in silico studies. We are grateful to the Center for Research
of the Structure of Matter, Magnetic Resonance Laboratory, Department of Chemical Engineering, Aristotle
University of Thessaloniki, Thessaloniki, Greece for the HRMS spectra. We are also thankful to Biobyte and Dr
A. Leo for free access to the C-QSAR program.

Page 10 ©AUTHOR(S)



Arkivoc 2020, vi, 0-0 Balalas, T. D. et al.

Supplementary Material

Proton and carbon-13 NMR spectra are presented in the Supplementary file associated with this article.

References

10.

11.

12.
13.

14.

15.

16.

17.

18.

Murray, D. H.; Mendez, J.; Brown, S. A. The Natural Coumarins: Occurrence, Chemistry and Biochemistry; J.
Wiley: New York, 1982.

O’Kennedy, R.; Thornes, R. D. Coumarins: Biology, Applications and Mode of Action; Wiley: Chichester,
1997.

Yu, D. L.; Suzuki, M.; Xie, L.; Morris-Natsche, S. L.; Lee, K. H. Med. Res. Rev. 2003, 23, 322.
https://doi.org/10.1002/med.10034

Fylaktakidou, K. C.; Hadjipavlou-Litina, D. J.; Litinas, K. E.; Nicolaides, D. N. Curr. Pharm. Des. 2004, 10,
3813.

https://doi.org/10.2174/1381612043382710

Santana, L.; Uriarte, E.; Roleira, F.; Milhazes, N.; Borges, F. Curr. Med. Chem. 2004, 11, 3239.
https://doi.org/10.2174/0929867043363721

Lacy, A.; O’Kennedy, R. Curr. Pharm. Des. 2004, 10, 3797.

Zhang, X.-S.; Li, Z.-W.; Shi, Z.-J. Org. Chem. Front. 2014, 1, 44.

https://doi.org/10.1039/C3Q000010A

Medina, F. G.; Marrero, J. G.; Alonso, M. M.; Gonzdlez, M. C.; Cérdova-Guerrero, |.; Garcia, A. G. T.;
Osegueda-Robles, S. Nat. Prod. Rep. 2015, 32, 1472.

https://doi.org/10.1039/CANP00162A

Kubrak, T.; Podgorski, R.; Stompor, M. Eur. J. Clin. Exp. Med. 2017, 15, 169.
https://doi.org/10.15584/ejcem.2017.2.12

Stefanachi, A.; Leonetti, F.; Pisani, L.; Catto M.; Carotti, A. Molecules 2018, 23, 250.
https://doi.org/10.3390/molecules23020250

Svajger, U.; Horvat, Z.; Knez D.; Rozman, P.; Turk, S.; Gobec, S. Med. Chem. Res. 2015, 24, 362.
https://doi.org/10.1007/s00044-014-1127-5

Eggenweiler, H. M.; Jonas, R.; Wolf, M.; Gassen, M.; Poschke, O. U.S. Patent 7,491,742, 2009.

Bergmann, J. E.; Cutshall, N. S.; Demopoulos, G. A.; Florio, V. A.; Gaitanaris, G. A.; Gray, P.; Hohmann, J.;
Ourust,R.; Zeng, H. U.S. Patent 9,119, 822, 2014.

Trkovnik, M.; Kalaj, V.; Kitan, D. Org. Prep. Proc. Int. 1987, 19, 450.
https://doi.org/10.1080/00304948709356209

Savel’ev, V. L.; Pryanishnikova, N. T.; Zagorevskii, V. A.; Chernyakova, |. V.; Artamonova, O. S.; Shavyrina, V.
V.; Malysheva, L. |. Khim. Farm. Zh. 1983, 17, 697; Engl. Transl. 1983, 17, 423.

Colotta, V.; Catarzi, D.; Varano, F.; Cecchi, L.; Filacchioni, G.; Martini, C.; Giusti, L.; Lucacchini, A. Farmaco
1998, 53, 375.

https://doi.org/10.1016/5S0014-827X(98)00028-7

Ombrato, R.; Garofalo, B.; Mangano, G.; Capezzone de Joannon, A.; Corso, G.; Cavarischia, C.; Furlotti, G.;
lacoangeli, T. U.S. Patent Appl. 0.369.450A1, 2017.

Talele, T. T.; Arora, P.; Kulkarni, S. S.; Patel, M. R.; Singh, S.; Chudayeu, M.; Kaushik-Basu, N. Bioorg. Med.
Chem. 2010, 18, 4630.

Page 11 ©AUTHOR(S)


https://doi.org/10.1002/med.10034
https://doi.org/10.2174/1381612043382710
https://doi.org/10.2174/0929867043363721
https://doi.org/10.1039/C3QO00010A
https://doi.org/10.1039/C4NP00162A
https://doi.org/10.15584/ejcem.2017.2.12
https://doi.org/10.3390/molecules23020250
https://doi.org/10.1007/s00044-014-1127-5
https://doi.org/10.1080/00304948709356209
https://doi.org/10.1016/S0014-827X(98)00028-7

Arkivoc 2020, vi, 0-0 Balalas, T. D. et al.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.
38.

https://doi.org/10.1016/j.bmc.2010.05.030

Beccalli, E. M.; Contini, A.; Trimarco, P. Eur. J. Org. Chem. 2003, 3976.
https://doi.org/10.1002/ejoc.200300109

Balalas, T. D.; Kallitsakis, M. G.; Fotopoulos, I.; Hadjipavlou-Litina, D. J.; Litinas, K. E. ARKIVOC 2019, (v),
237.

https://doi.org/10.24820/ark.5550190.p010.803

Meng, T.; Zou, Y.; Khorev, O.; Jin, Y.; Zhou, H.; Zhang, Y.; Hu, D.; Ma, L.; Wang, X.; Shen, J. Adv. Synth. Catal.
2011, 353, 918.

https://doi.org/10.1002/adsc.201000895

Balalas, T. D.; Stratidis, G.; Papatheodorou, D.; Vlachou, E.-E.; Gabriel, C.; Hadjipavlou-Litina, D. J.; Litinas,
K. E. SynOpen 2018, 2, 105.

Vlachou, E.-E. N.; Armatas, G. S.; Litinas, K. E. J. Heterocycl. Chem. 2017, 51, 2447.
https://doi.org/10.1002/jhet.2842

Balalas, T.; Abdul-Sada, A.; Hadjipavlou-Litina, D. J.; Litinas, K. E. Synthesis 2017, 49, 2575.
https://doi.org/10.1055/s-0036-1588955

Vronteli, A.; Hadjipavlou-Litina, D. J.; Konstantinidou, M.; Litinas, K. E. Arkivoc 2015, (iii), 111.

Savel'ev, V. L.; Artamonova, O. S.; Troitskaya, V. S.; Vinokurov, V. G.; Zagorevskii, V. A. Khim. Geterotsikl.
Soedin., 1973, 885. Engl. Transl. 1973, 816.

https://doi.org/10.1007/BF00471556

Dekic, B. R.; Radulovic, N. S.; Dekic, V. S.; Vukicevic, R. D.; Palic, R. M. Molecules 2010, 15, 2246.
https://doi.org/10.3390/molecules15042246

Radulovic, N. S.; Stojanovic-Radic, Z,; Stojanovic, P.; Stojanovic, N.; Dekic, V.; Dekic, B. J. Serb. Chem. Soc.
2015, 80, 315.

https://doi.org/10.2298/J5SC140619085R

Kato, Y.; Okada, S.; Tomimoto, K.; Mase, T. Tetrahedron Lett. 2001, 42, 4849.
https://doi.org/10.1016/S0040-4039(01)00864-4

VanVliet, D. S.; Gillespie, P.; Scicinski, J. J. Tetrahedron Lett. 2005, 46, 6741.
https://doi.org/10.1016/].tetlet.2005.07.130

In a control experiment the known3%32 3-amino-4-phenylaminocoumarin (4) was isolated, as mentioned in

the Experimental Section.

Savel’ev, V. L.; Artamonova, O. S.; Zagorevskii, V. A.Khim. Geterotsikl. Soedin. 1972, 1147. Engl. Transl.
1972, 1038.

Savel’ev, V. L.; Artamonova, O. S.; Zagorevskii, V. A. Khim. Farm. Zh. 1976. 316; Engl. Transl. 1976. 268.
Pontiki, E.; Hadjipavlou-Litina, D., Med. Res. Rev. 2008, 28, 39.

https://doi.org/10.1002/med.20099

Biobyte Corp., C-QSAR Database. 201 West 4th Str., Suite 204, Claremont CA, California 91711, USA.
Radulovi¢, N. S.; Bogdanovié, G.A.; Blagojevi¢, P.D.; Deki¢, V.S.; Vukiéevi¢, R.D. J. Chem. Crystallogr. 2011,
41, 545.

https://doi.org/10.1007/s10870-010-9918-0

Vinot, N.; Maitte, P. J. Heterocycl. Chem. 1980, 17, 855.

Wu, D.; Jin, F.; Lu, W.; Zhu, J.; Li, C.; Wang, W.; Tang, Y.; Jiang, H.; Huang, J.; Liu, G.; Li, J. Chem. Biol. Drug
Des. 2012, 79, 897.

https://doi.org/10.1111/j.1747-0285.2012.01365.x

Page 12 ©AUTHOR(S)


https://doi.org/10.1016/j.bmc.2010.05.030
https://doi.org/10.1002/ejoc.200300109
https://doi.org/10.24820/ark.5550190.p010.803
https://doi.org/10.1002/adsc.201000895
https://doi.org/10.1002/jhet.2842
https://doi.org/10.1055/s-0036-1588955
https://doi.org/10.1007/BF00471556
https://doi.org/10.3390/molecules15042246
https://doi.org/10.2298/JSC140619085R
https://doi.org/10.1016/S0040-4039(01)00864-4
https://doi.org/10.1016/j.tetlet.2005.07.130
https://doi.org/10.1002/med.20099
https://doi.org/10.1007/s10870-010-9918-0
https://doi.org/10.1111/j.1747-0285.2012.01365.x

Arkivoc 2020, vi, 0-0 Balalas, T. D. et al.

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 13 ©AUTHOR(S)


http://creativecommons.org/licenses/by/4.0/

