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Abstract

Of the three enzymes that regulate the biosynth&fsimelanin, tyrosinase and its related
proteins TYRP-1 and TYRP-2, tyrosinase is the nragbrtant because of its ability to limit
the rate of melanin production in melanocytes. Eenting skin pigmentation disorders
caused by an excess of melanin, the inhibitionyodsinase enzyme is by far the most
established strategy. Cinnamic acid is a safe alforoduct with an K)-B-phenyla,3-
unsaturated carbonyl motif that we have previogslgwn to play an important role in high
tyrosinase inhibition. Since cinnamic acid is rnelay hydrophilic, which hinders its
absorption on the skin, fifteen less hydrophiliomamic amide derivativedl (— 15) were
designed as safe and more potent tyrosinase ialsband were synthesised through a
Horner-Wadsworth-Emmons reaction. The usearsfcHCI and acetic acid for debenzylation
of the O-benzyl-protected cinnamic amidé8 — 54 produced the following three results. 1)
Cinnamic amidest3, 48, and 53 with a 2,4-dibenzyloxyphenyl group, irrespectivietioe
amine type of the amides, produced complex compouvith high polarity. 2) Cinnamic
amides40—42, 44, 50 -52, and54 with a benzylamino, or diethylamino group produtiesl
desired debenzylated cinnamic amides3, 5, 10— 13, and15. 3) Cinnamic amide45—47,
and 49 with an anilino moiety provided 3,4-dihydroquimmnes 16 — 19 through
intramolecular Michael addition of the anilide gpouNotably, the use of BBras an
alternative debenzylating agent for debenzylatibrcionamic amidesA5 — 49 with the
anilino moiety provided our desired cinnamic amidgs— 10 without inducing the
intramolecular Michael addition. Debenzylation airamic amide43, 48, and53 with a

2,4-dibenzyloxyphenyl group was also successfutlgoanplished using BBrto give 4, 9,



and14. Among the nine compounds that inhibited mushréymosinase more potently at 25
MM than kojic acid, four cinnamic amidds 5, 9, and14 showed 3-fold greater tyrosinase
inhibitory activity than kojic acid. The dockingnsilation using tyrosinase indicated that
these four cinnamic amides (-6.2 — -7.9 kcal/mahdito the active site of tyrosinase with
stronger binding affinity than kojic acid (-5.7 keaol). All four cinnamic amides inhibited
melanogenesis and tyrosinase activity more potehtiyn kojic acid ina-MSH-stimulated
B16F10 melanoma cells in a dose-dependent manngrowti cytotoxicity. The strong
correlation between tyrosinase activity and melacontent suggests that the anti-
melanogenic effect of cinnamic amides is due todiyrase inhibitory activity. Considering
that the cinnamic amide4, 9, and 14, which exhibited strong inhibition on mushroom
tyrosinase and potent anti-melanogenic effect ir6ED cells, commonly have a 2,4-
dihydroxyphenyl substituent, the 2,4-dihydroxyphesybstituent appears to be essential for
high anti-melanogenesis. These results suppomdbtential of these four cinnamic amides as
novel and potent tyrosinase inhibitors for useh@sapeutic agents with safe skin-lightening

efficiency.

Key words: cinnamic amide, anti-melanogenic effegrosinase inhibitor, melanin content,

docking, B10F16 melanoma cells.



1. Introduction

Melanin is the primary cellular component respolesitor eye, hair, and skin colour in
humans [1,2] and is biosynthesized in the melanesoof melanocytes starting from
tyrosine through complicated chemico-enzymatic gsses [3,4]. Mainly three enzymes are
involved in the regulation of melanogenesis: tymase and two tyrosinase-related proteins,
TYRP1 and TYRP2 [5-8]. Among these three enzymgssinase (EC 1.14.18.1) is the
pivotal enzyme that controls the rate of melaniodpiction, and as the rate-limiting enzyme
for melanin biosynthesis is responsible for thevewsion ofL-tyrosine to dopaquinone via
dopa using monophenolase and diphenolase acti{itj@sl 0]. Depending on the presence of
thiol materials such as glutathione andysteine, the reactive dopaquinone undergoes two
pathways [5,9]. In the presence of thiol materighe dopaquinone reacts with thiols via
Michael addition and is finally converted to eunmeta(pigments responsible for a yellow-
red colour) after a series of multi-reactions [Bh the other hand, in the absence of thiol
materials, the dopaquinone is finally transformedetimelanin (pigments responsible for a
brown-black colour) by several reactions [11-13jeTproportion and amount of pheomelanin
and eumelanin mainly determine the phenotype ofamskin colour [16-19]. Melanin is
widely distributed in organisms ranging from baetemplants, animals, and humans[19].
Melanin not only plays a positive role in protegtiskin cells from UV radiation but also has
negative functions involved in hyperpigmentatiorsedises and browning of fruits and
vegetables.

In addition to melanin biosynthesis, tyrosinasealso involved in the defensive and

developmental functions of the pests [20,21]. Esives dopaquinone produced by the
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catalysis of tyrosinase has been reported to ctheseneurodegeneration associated with
Parkinson’s disease in the brain [22-26]. Therefetgtable new tyrosinase inhibitors might
be applied to pesticides with a novel mode of actemd medications associated with
neuronal damages. The abnormal excessive melanimagation in a specific region may
cause melasma, freckles, age spots and melanomalignant tumour of melanocytes and
aesthetic problems [27-34].
Despite the few clinically used whitening agentgracial need remains for novel agents to
combat some unmet needs, such as side effectseriti@ carcinogenicity, and low clinical
efficacy demonstrated by currently available tymase inhibitors [32,35-38]. Cinnamic acid
is a natural, safe substance extracted from balssmaginamon oil and is mainly used as a
source for fragrances and pharmaceuticals [39]p@s$ of our ongoing efforts to discover
safer and more potent tyrosinase inhibitors, cinnaamide derivatives that can be prepared
by coupling of cinnamic acid with arylamine, aridglmine or noncyclic secondary amine,
were designed and synthesized. These cinnamic ad@deatives were expected to show
strong tyrosinase inhibitory activity due to thegence of theH)-B-phenyla,3-unsaturated
carbonyl motif. Several of our previous studies eéhaemonstrated that the motif plays an
essential role in tyrosinase inhibitory activityOf49]. The synthesized cinnamic acid
analogues were evaluated for their inhibitory agtiagainst mushroom tyrosinase and the
cinnamic amides with good mushroom tyrosinase gtwere further studied in cell-based
experiments and docking simulation.
2. Results and Discussion

2.1. Chemistry
To examine the effect of the amine moiety of cinitammide derivatives on tyrosinase

inhibition, cinnamic amides having a benzylamins éarepresentative of an arylalkylamino
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group), anilino (as a representative of an arylamgroup), or diethylamino (as a
representative of noncyclic secondary amino gragnoup were designed as our desired
compounds. Based on our finding that at least grigolxyl group on théd—phenyl ring of
the €)-B-phenyla,B-unsaturated carbonyl motif is required to exhibigh tyrosinase
inhibitory activity, cinnamic amide analogues with substituent, such as 3-hydroxy-4-
methoxy, 4-hydroxy, 3,4-dihydroxy, 2,4-dihydroxy)da4-hydroxy-3-methoxy on the phenyl
ring were designed. Five commercially available Za¢tehydes were used as starting
materials (Scheme 1): isovanillin 20), 4-hydroxybenzaldehyde 21), 3,4-
dihydroxybenzaldehyde®), 2,4-dihydroxybenzaldehyd@3) and vanillin 24). Reaction of
these five benzaldehydes with benzyl bromide in titesence of BCO; gave the
corresponding benzyl ether produ@s — 29, which, in turn, were subjected to a Horner-
Wadsworth-Emmons reaction using triethyl phosphoatae, KCO; (2.0 equiv.) and DBU
(1,8-diazabicyclo[5.4.0]lundec-7-ene, a catalyticoant) to afford the corresponding ethyl
cinnamates30 — 34. After saponification under basic conditions usin@M-NaOH aqueous
solution, in order to activate the carboxylic funoglity the resultant carboxylic aci®s —

39 were converted to the corresponding mixed anhgdridy treatment with isobutyl
chloroformate in the presence of morpholine as sebReaction of the mixed anhydrides
with benzylamine, aniline and diethylamine producednpoundsi0 — 54, and the benzyl
ethers of40 — 54 were removed under acidic conditions using B&r-40°C, or concHCI,
and acetic acid under reflux.

In case of compound40 — 44 with a benzylamino group, ar¥D — 54 with a diethylamino
group, the corresponding debenzylated cinnamic esrid— 3, 5, 11 — 13, and 15 were
produced during the debenzylation reaction ustogcHCI, and acetic acid, except for

cinnamic amidegl, and 14 with a 2,4-dihydroxy substituent. Notably, convensto acidic
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conditions using BByrsuccessfully induced the formation of cinnamic @esi, and14 with

a 2,4-dihydroxy substituent. Compoundts — 49 having an anilino group also were treated
with concHCI and acetic acid to obtain the desired cinnaamgdes6 — 10. However, we
could not obtain our desired cinnamic amide denrrest 6 — 10. Instead, 3,4-
dihydrocarbostyril compounds, i.e., 3,4-dihydrogplimones 16 — 19 were obtained from
compoundst5 — 47 and49, respectively, via a cyclization reaction alonghadebenzylation.
On the other hand, reaction of compoudt&iunderthe same acidic conditionaffordedonly
complex compounds with high polarity. A plausibleahanism for the formation of 3,4-
dihydroquinolinone derivatives is depicted in Sclee2nProtonation of the carbonyl group by
HCl/acetic acid may activate the Michael accepaorg,-unsaturated amide and induce a
Michael addition of the anilino group to give compd A, which may be spontaneously
tautomerised into more stable 3,4-dihydroquinolmalerivatives. Among the four obtained
3,4-dihydroquinolinone derivativels — 19, two (17 and18) were unknown compounds and
although the remaining twol§ and 19) are known compounds, these compounds were
prepared via a different synthetic method: a reactf monoanilides of malonic acid with
benzaldehydes in trifluoroacetic acid under reflikany studies [50-53] have revealed
intramolecular cyclization of the anilides of cimma acid in the presence of a variety of
Bronsted-Lowry acids or Lewis acids: polyphosphohgdrobromic, hydroiodic, sulfuric,
trifluoromethanesulfonic, and trifluoroacetic agidsnd AICk. To the best of our knowledge,
this study is the first to use HCl/acetic acid émnverting cinnamic acid anilides into 3,4-
dihydroquinolinone derivatives. A milder acidic gemt and conditions to avoid
intramolecular cyclization were required for thesided cinnamic amide6 — 10. For this
purpose, BBy was chosen because the Lewis acid is a commoeneéy debenzylation of

phenolic benzyl ether and because a debenzylagiaction can be generally conducted at
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low temperatures (-78C ~ 0°C). Surprisingly, treatment of5 — 49 with BBr5 at -40°C
provided our desired cinnamic amide analog@es 10 in moderate yields. These results
indicate that the intramolecular cyclization of thmnamic acid anilides requires more
vigorous acidic conditions than those for deberizyta The structures of the fifteen
cinnamic amided — 15and four dihydroquinolinonek6 — 19 were identified byH and*3C
nuclear magnetic resonance (NMR) and mass specppsdhe double bond geometry of
cinnamic amided — 15 was assigned as aB){configuration on the basis dfvalues (> 15.0

Hz) of the vinylic protons in tht#H NMR spectra.
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Scheme 1. Synthetic scheme of cinnamic amide deriees 1 — 19.Reagents and
conditions: a) BnBr, KCO;, CH;CN, reflux, 24 h; b) (EtQP(=0)CHCO,Et, K,CO;, DBU
(cat. amount), DCM, DMF, rt foR0, 22, and24, or 70°C for 21, and23, 24 — 36 h; c) 1N-
NaOH aqueous solution, 1,4-dioxane, rt, 48 hi-BuO,CCI, N-methylmorpholine, THF, rt,
30 min, and then, benzylamine or aniline and diathyne, rt, 24 h; and e&-HCI, AcOH,

reflux, 40 min; f) 4 — 8 equiv. BBIDCM, -40°C, 30 min.

o ©\ﬁ-
“ /@ bond rotation - NH
— A VR
cinnamamides
O NH
D

3,4-dihydroquinolinone derivatives - -

__tautomerization

Scheme 2A plausible mechanism for the formation of 3,4ydiftoquinolinone derivatives.
2.2.Mushroom tyrosinase activity
The inhibitory activity of cinnamic amide derivatis’l — 19 against mushroom tyrosinase
was investigated at 2pM. Kojic acid was used as a positive control, gadgily done in
evaluation of tyrosinase inhibitors. As depictedTable 1, among the 15 cinnamic amides,
cinnamic amide£, 7, and12 with the 4-hydroxyl group on th@-phenyl ring of the E)-{3-

phenyla,B-unsaturated carbonyl motif did not exhibit tyr@se inhibitory activity and
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cinnamic amides, 8, and13 with a catechol group showed no inhibition or waakibition
against tyrosinase activity. Cinnamic amide demest 1 (31.52+2.85% inhibition),6
(29.68+12.09% inhibition), andl (20.66+£4.79% inhibition) with a 3-hydroxy-4-methox
group on the3-phenyl ring exerted similar or slightly stronggrdsinase inhibition than kojic
acid (21.39+5.37% inhibition). On the other handnamic amide®, 10, and15, which have
hydroxyl and methoxyl substituents at opposite fimss to cinnamic amides$, 6, and 11,
showed 2- to 3-fold greater tyrosinase inhibitoffeas (59.05£13.94% to 82.88+3.01%
inhibitions) than cinnamic amidel 6, and 11 with a 3-hydroxy-4-methoxy group. The
highest inhibitory activities were observed froommamic amides4, 9, and 14 with a
resorcinol moiety (85.37+£0.54% to 96.20+1.44% iitioin). These results suggest that the
degree of tyrosinase inhibition is closely depemndenthe chemical structure of tBephenyl
ring of cinnamic amides. Regardless of the amidecigg, the tyrosinase inhibition of the
cinnamic amides decreased in the order of 2,4-ddxyd < 4-hydroxy-3-methoxy < 3-
hydroxy-4-methoxy < 4-hydroxy, 2,3-dihydroxy.

One methylene reduction the amine residue of cinnamic amides 5 generally resulted in
a reduction in the inhibitory activity as seenhe tyrosinase inhibition of cinnamic amidgs
—10. In particular, the phenomenon was clearly founthe cinnamic amideé(s 10) with a
4-hydroxy-3-methoxyphenyl ring. One exception wasnd in the cinnamic amidd {s. 9)
with a 2,4-dihydroxyphenyl group, and the lattesreased tyrosinase inhibition from 82.88%

to 93.70%.

While the cinnamic amided 8, and13 with a 3,4-dihydroxyphenyl substituent showed very
low or no tyrosinase inhibition, the cinnamic ansde9, and14 with a 2,4-dihydroxyphenyl

substituent showed high inhibition. Presumablys tieisult means that the former structurally

10



similar to L-dopa can be rapidly consumed as a substrate fosityase, whereas the latter
structurally less similar to-dopa can act as an inhibitor of tyrosinase rathan a substrate

for tyrosinase.

Dihydroquinolinones16 — 19 obtained through intramolecular cyclization weresoal
evaluated for their tyrosinase inhibitory effec@nly dihydroquinolinonel6 with a 3-
hydroxy-4-methoxyphenyl substituent showed similahibitory activity to kojic acid,
whereas the remaining three dihydroquinolinoh@s- 19 did not show tyrosinase inhibition.
Taken together, cinnamic amides having a structthiatacteristic of theE)-B-phenyl«,3-
unsaturated carbonyl motif exhibited very potentrosjnase inhibition, whereas
dihydroquinolinones showed no or only moderate dyrase inhibition, indicating that the
motif plays an essential role in tyrosinase ininioit

Finally, four cinnamic amide, 9, and14 with a 2,4-dihydroxyphenyl group afdwith a 4-
hydroxy-3-methoxyphenyl group, were selected forthier investigation because they

exhibited the most potent tyrosinase inhibitory\aiies.
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Table 1. Substitution patterns, and tyrosinase-inhibitarndgties of the synthesized cinnamic amide denxetl — 19, and kojic acid

o)
Ry 0 R 0 @ Ry o R NH
R R x Et R
R2 ™ N 2 AN N 2 '}l 2
H H Et
R3 R3 R3 R3

Compounds 1 - 5 Compounds 6 - 10 Compounds 11 - 15 Compounds 16 - 19
Compound R R R’ Tyrosinase Compound R R? R’ Tyrosinase
inhibition (%)’ inhibition (%)

1 H OH OMe 31.52+2.85 11 H OH OMe 20.66+4.79
2 H OH NI 12 H H OH NI
3 OH OH 10.02+3.55 13 H OH OH NI
4 OH H OH 85.37+0.54 14 OH H OH 96.20+1.44
5 H OMe OH 82.88+£3.01 15 H OMe OH 61.93+£12.34
6 H OH OMe 29.68+12.09 16 H OH OMe 25.94+2 .87
7 H H OH NI 17 H H OH NI
8 H OH OH NI 18 H OH OH NI
9 OH H OH 93.70+£1.48 19 H OMe OH NI
10 H OMe OH 59.05+13.94 Kojic acid 21.39+5.37

®Tyrosinase inhibition was assayed a8 usingL-tyrosine as substrate. The results are presestatean + SEMSs.
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2.3. Types of inhibition of cinnamic amide derivag9 and14 on mushroom tyrosinase

Since cinnamic amide derivativ@sand 14 exhibited the most potent tyrosinase inhibition
with the 1G, values of 25.6 + 2.0 nM and 11.2 + 3.0 nM, respebt, we have determined
their inhibitory mode of action by using Lineweawgark double reciprocal plots. The
kinetics of the enzyme were shown in Figure 1. Témults showed that the plots of 1/V
versus 1/[S] gave straight lines with differentpde depending on concentrations of the
inhibitor, and the lines intersected on the veltaoas. The Lineweaver-Burk plot showed that
Vmax IS the same regardless of concentration of thebitan, and K, increases with
increasing concentration of the inhibitor. This &ebr indicates that cinnamic amide

derivatives9 and14 inhibit the enzyme tyrosinase in a competitive ng&ann

Compound 9 Compound 14

25000 1 A 40nM 16000 71 A 40nMm

A 20nM A 20nM
O 10 nM O 10 nM

® 0nM

12000 A

8000 A

1/V(AODa47s/min)1
1/V(AOD47s/min)!

4000 A

1 2 3

1

2

-4000 - 1/[L-tyrosine] (mM-!
-5000 - 1/[L-tyrosine] (mM-) - Ta

Figure 1. Types of inhibition of cinnamic amide derivativesand 14 against mushroom
tyrosinase. Inhibition types were determined udiimgweaver—Burk plots. Results are mean
1/V values, where V is the increase in the absagrer minute at different-tyrosine
concentrations. The modified Michaelis—Menten eiguatvas utilized: 1/Max = 1/Ku(1 +
[SJ/K;), where V: reaction velocity, S:-tyrosine concentration, y& Michaelis-Menten

constant, K inhibition constant. All experiments were perf@unin triplicate.
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2.4. Docking studies

To determine whether the four selected cinnamiadamare able to bind directly to the
active site of tyrosinase, AutoDock Vina 1.1.2 w@ite developed by The Scripps Research
Institute was utilised for docking simulation. 3Btgtures of the four tyrosinase ligantls,
9, and14 were prepared through the energy minimizatiorhef2D-structures using Chem3D
Pro 12.0 software (CambridgeSoft Corporation). BBestructure of tyrosinase for docking
simulation was obtained froigaricus bisporugyrosinase (Protein Data Bank ID: 2Y9X).
Although the correlation between the degree ofhition of mushroom tyrosinase and the
binding affinities of the four ligands was not pat, all four cinnamic amides showed higher
binding affinities (-6.2 ~ -7.9 kcal/mol) than kojacid (-5.7 kcal/mol), which was used as a
reference control (Figure 2d). LigandScout 3.1.2vsre showed interactions between the
amino acid residues of tyrosinase and ligands. Kagid interacts with two amino acid
residues (His259 and His263) of tyrosinase as showkigure 2b. The branched hydroxyl
group of kojic acid creates two hydrogen bonds wibkh amino acids and the ring of kojic
acid interacts with His263 through stacking. The four tested ligands also generatews
interactions such as hydrophobic interactions, dgen bonding, antd-1t stacking, as shown
in Figure 2a and 1c. Cinnamic amicéand9 create two hydrogen bonds while cinnamic
amides5 and 14 generate only one hydrogen bond. Cinnamic andidlealso formsTemt
stacking between th@-phenyl ring and His263, which is the same aminio as therert
stacking interaction of kojic acid. InterestingiMet280 creates hydrogen bonds with the
hydroxyl group of ligands at different positiongpegnding on the simulation ligands. Met280
hydrogen bonds with the 4-hydroxyl group on faphenyl ring in cinnamic amides 5, and

9, whereas it hydrogen bonds with the 2-hydroxylugr@n thef3-phenyl ring in cinnamic
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amide 14. Notably, although most hydroxyl substituents fotmpdrogen bonds, the 4-
hydroxyl group in cinnamic amidk4 does not form a hydrogen bond with the amino asfds
tyrosinase. Val283 forms hydrophobic interactionghwhe 3-phenyl ring of all four ligands,
and Phe264 interacts with both phenyl rings4pb, and9 via hydrophobic interactions.
Although the phenyl ring 014 does not interact with Phe264, oNeethyl group interacts
with Phe264 via hydrophobic interaction. In additio Phe264, the phenyl ring of the amino
moiety of the amided, 5, and9 forms additional hydrophobic interactions with tamino
acids Thr261 and Met257 (compoudl] one amino acid Met257 (compoub)l and two
amino acids Val248 and Met257 (compoudid It is speculated that various hydrophobic
interactions and hydrogen bonds between tyrosiaadethe ligands may result in stronger
binding affinities than kojic acid. Summarising $keresults, these cinnamic amide ligands

have the potential to bind to the active site od$ynase and inhibit tyrosinase.
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Figure 2. Docking simulation of the cinnamic amide derivativie 5, 9, and 14 and of kojic
acid with tyrosinase and pharmacophore analysian@b) Pharmacophore results4p5, 9,

14 and kojic acid obtained from LigandScout 4.1.0 cate possible hydrogen-bonding
(green arrow)yeTt stacking (violet arrow) and hydrophobic (yellowjaractions between the
ligands tested and the amino acid residues of ityaes. (c) Docking simulation result
between cinnamic amide§ 5, 9, and 14 and mushroom tyrosinase. (d) Docking scores

between tyrosinasand4, 5, 9, 14 or kojic acid.
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2.5. Cell viability of cinnamic amide derivativéss, 9 and14 in B16F10 melanoma cells
Cell viabilities were measured by performing WST8say. Treatment of the four
cinnamic amide derivatives at four concentratiofs §, 10, and 25 uM) in B16F10
melanoma cells, gave no significant cytotoxicitieafin incubation of 24 h.
According to Figure 3, negligible cytotoxicity wasted for cinnamic amide§ 5, 9 and 14
at concentrations below 25 pM as compared to tmérao On the basis of these findings,

further evaluation of the four cinnamic amide datives in a-MSH-stimulated B16F10

melanoma cells was carried out at concentratiorte @ M.

Cont

SumM

10uM

25uM

% to Control

Concentration
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Figure 3. Cell viability assay of cinnamic amide derivativés5, 9 and 14 in B16F10
melanoma cells. Test cinnamic amides were tredtdteaoncentrations of 5, 10, and24.
Viabilities are expressed in % to control, andlihes represent standard errors.

2.6. Tyrosinase inhibitory activity of cinnamic @®miderivativeg, 5, 9 and 14 in a-MSH-

stimulated B16F10 melanoma cells

The tyrosinase inhibition effect of the four cinnanamides wasassessed by using
B16F10 melanoma cells stimulated byMSH (melanin-stimulating hormone). Once the
tyrosinase activity level had been increased byotMSH treatment, the cells were treated
with four concentrations (0, 5, 10, and 25 uM) loé ffour cinnamic amides or with two
natural tyrosinase inhibitors used as positive radsit kojic acid (25 uM) or arbutin (400 pM).
After an incubation of 24 h, the tyrosinase inhdnt effect of the cinnamic amides was
observed in B16F10 cells by measuring the optieakidies spectrophotometrically.

As shown in Figure 4, all four cinnamic amide datives revealed an impressive inhibition
of tyrosinase activity, superior to that of kojiciédand arbutin in-MSH-stimulated B16F10
melanoma cells at 25 pM concentration. Among ther foinnamic amideb5 (79.17%
inhibition) with a 4-hydroxy-3-methoxyphenyl groamd 14 (73.69% inhibition) with a 2,4-
dihydroxyphenyl group showed the highest tyrosinasébition at 25 UM as compared to
kojic acid (39.97% inhibition) and arbutin (53.17#thibition). The other two cinnamic
amides 4 (63.11% inhibition) and9 (60.33% inhibition) also outperformed tyrosinase
inhibition at 25 uM, which is superior to kojic dcand arbutin. All cinnamic amides dose-
dependently inhibited the activity of tyrosinases #A our previous report that the 2,4-
dihydroxyphenyl group plays an important role ie ihhibition of tyrosinase,[42,43,54-56]
all three cinnamic amide4, 9, and 14 with a 2,4-dihydroxyphenyl group showed potent

inhibition of tyrosinase activity il-MSH-stimulated B16F10 melanoma cells as well &s th
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inhibition of mushroom tyrosinase shown in Tabldnterestingly, cinnamic amidesand5
at a concentration of 10 uM inhibited the activafytyrosinase more potently than kojic acid

at 25 uM.
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Figure 4. Tyrosinase inhibition activity of cinnamic amidertvatives4, 5, 9 and14 in a-
MSH-stimulated B16F10 melanoma cells that werereatéd with cinnamic amides 5, 9,
and 14, kojic acid (25 pM), or arbutin (400 uM). The agtks represent the significance

difference between the columns: *** p<0.001. Tlaedrepresent standard errors.

2.7. Melanin content inhibition effect of cinnanaimide derivativedt, 5, 9 and 14 in a-

MSH-stimulated B16F10 melanoma cells

To evaluate the melanin content in B16F10 melanaels, first, the cells were
stimulated by a-MSH and then co-treated with the four cinnamic desi in four
concentrations (0, 5, 10, and 25 uM), or kojic a@8 uM). After an incubation of 24 h,
optical densities were measured to evaluate thammeproduction inhibitory effect of the

cinnamic amides.
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The results indicated in Figure 5 revealed thatfaillr cinnamic amide derivatives
vigorously and potently decreased the melanin cdnie o-MSH-stimulated B16F10
melanoma cells as compared to kojic acid at 25 phtentration. The greatest decreases in
melanin content were observed for cinnamic amil€80.43% inhibition) and.4 (78.07%
inhibition), followed by4 (65.84% inhibition) an® (63.97% inhibition), as compared to
kojic acid (44.26% inhibition). Interestingly, dlbur cinnamic amides at a concentration of
10 uM reduced the melanin contentdfMiSH-stimulated B16F10 melanoma cells to an
extent similar to or greater than kojic acid. O four cinnamic amide$, with a 4-hydroxy-
3-methoxyphenyl group exhibited the greatest readncof melanin content at all tested
concentrations. All four cinnamic amides inhibiteélanin production in B16F10 melanoma
cells in a concentration-dependent manner. Theeqpatif decrease in melanin content was
similar to the inhibition pattern of tyrosinase sisown in Figure 4, suggesting a strong

correlation between inhibition of tyrosinase andrdased melanin content.
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Figure 5. Melanin production inhibitory effect of cinnamienade derivatived, 5, 9 and 14
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in a-MSH-stimulated B16F10 melanoma cells that weréreated with cinnamic amidés 5,
9, and14, or kojic acid (25 puM). The asterisks represemt significant difference between
the columns: **, p<0.01; and ***, p<0.001. The baepresent standard errors.

2.8. Antioxidant activities of cinnamic amide dativesl —19 in DPPH radical

The antioxidant activity of cinnamic amide derivas 1 — 19 was evaluated by adding
1.0 mM of cinnamic amides, arascorbic acid to a DPPH methanol solution. Theease
in absorbance was measured with a spectrophotomiefd7 nm, indicating the scavenging

capacity of the DPPH radical by cinnamic amides fidsults are presented in Table 2.

Overall, cinnamic amide8 (81.88% inhibition), and.3 (84.55% inhibition) with a 3,4-
dihydroxyphenyl group, cinnamic amid&8 (82.58% inhibition), and5 (78.94% inhibition)
with a 4-hydroxy-3-methoxyphenyl group, and dihyglrmolinone19 (83.05% inhibition)
with a 4-hydroxy-3-methoxyphenyl group showed hi@#PPH scavenging activities
comparable ta-ascorbic acid (84.64% inhibition) used as a pwsiitontrol. The DPPH
radical scavenging activity of cinnamic amides hgva 4-hydroxyphenyl group was very
susceptible to their amino moiety and showed vesgkvo strong DPPH radical scavenging
activity (7 and12 vs 2) depending on their structure. The four cinnanmgdes4, 5, 9, and
14 that exhibited strong inhibition of tyrosinase i@ty and suppression of melanin
production in cellular experiments exerted modetatestrong DPPH radical scavenging
activity (46.04 ~ 80.60% inhibition). Since ROS aRdIS can induce melanogenesis, it is
speculated that the DPPH radical scavenging effiecinnamic amides contributes in part to

the anti-melanogenesis effect.

Table 2. DPPH radical scavenging activities of the synthegicinnamic amide derivativas
—19, and kojic acid
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Compounds 1 -5

R 0

R JE
2:©/\/U\N t
E
Rs t

Compounds 11 - 15

Compounds 16 - 19

Compound DPPH radical Compound DPPH radical
scavenging activity (%) scavenging activity (%)

1 NA 11 24.33+0.32
2 81.57+0.48 12 3.87+0.47

3 46.67+0.99 13 84.55+0.97
4 80.60+0.22 14 55.31+0.62
5 49.19+1.21 15 78.94+0.51
6 53.27+1.52 16 NA

7 16.55+1.06 17 81.80+1.19
8 81.88+0.07 18 69.21+0.22
9 46.07+0.99 19 83.05+0.63
10 82.58+0.04 L-ascorbic acid 84.64+0.32

Radical scavenging activities were determined 3@ after the addition of cinnamic a
mides to DPPH in methanol to a final concentratainl.0 mM. Three independent e
xperiments were performed. NA means not active. Tdmilts are presented as the m

eanstSDs of three experiments.
Conclusion

In summary, fifteen cinnamic amide derivativés- 15 having an E)-B-phenyl«,3-
unsaturated carbonyl motif were synthesized as npate tyrosinase inhibitors, via
debenzylation of th®-benzyl-protected cinnamic amidé8 — 54 usingconcHCl/acetic acid,
or BBrs. Four 3,4-dihydroquinolinoneks — 19 were also synthesized from cinnamic amides

45— 47, and49 with an anilino moiety during debenzylation uscancHCI and acetic acid,

via an intramolecular Michael addition of the as@ligroup. These nineteen compoutds
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19 were evaluated for mushroom tyrosinase inhibitativity. Nine compounds exhibited
greater inhibition at 2pM than kojic acid, indicating that the motif clogelffects tyrosinase
inhibition. Especially, four of the cinnamic amidé$ 5, 9, and 14) showed tyrosinase
inhibitory activity three times greater than thétkojic acid. The docking simulation using
AutoDock Vina exhibited that these four cinnamiciées (-6.2 — -7.9 kcal/mol) have greater
binding affinities to the active site of tyrosinaen kojic acid (-5.7 kcal/mol). Cell-based
experiments on B16F10 melanoma cells demonstrai@dthhese four cinnamic amides are
not cytotoxic and exhibit more potent anti-melanageeffect than kojic acid through the
inhibition of cellular tyrosinase activity. Notablg 2,4-dihydroxyphenyl substituent appears
to play a major role in the great inhibition of dginase, taking into account that the four
cinnamic amides commonly have the substituent. &nesults imply that theEj-3-phenyl-
o,B-unsaturated carbonyl motif plays a key role irogynase inhibition and that cinnamic
amide derivatives having the motif are inherentlgrmising candidates for safe and potent

tyrosinase inhibitors.

3. Materials and Methods
4.1. General methods

All the chemicals and reagents were obtained comialgr and used without further

purification. Thin layer chromatography (TLC) angluumn chromatography were conducted
on Merck precoated 60 plates and MP Silica 40-63, 64, respectively. All anhydrous

solvents were distilled over CaH and Na/benzophenbiigh resolution mass spectroscopy

data were obtained on an Agilent accurate Massrqpéedtime of flight (Q-TOF) liquid

23



chromatography (LC) mass spectrometer (Agilent,t&&lara, CA, USA) in electrospray
ionization (ESI) negative mode while low-resolutiorass data were obtained in ESI positive
mode on an Expression CMS spectrometer (Advionc#h&lY, USA). NMR spectra were
recorded on a Varian Unity INOVA 400 spectrometera Varian Unity AS500 spectrometer
(Agilent technologies, Santa Clara, CA, USA) fol04dHz or 500 MHz'H NMR and 100
MHz *C NMR. CDCh, DMSO-ds, and CDC§+CD;0D were used as an NMR solvent for
NMR samples. All chemical shifts were measuredartpper million (ppm) versus residual
solvent or deuterated peakd; (7.24 andd: 77.0 for CDC4, d; 2.50 andd: 39.7 for DMSO-
ds). Coupling constantJf values were measured in hertz (Hz). The follonatdpreviations
are used forH NMR: s (singlet), brs (broad singlet), d (doupldird (broad doublet), dd
(doublet of doublets), t (triplet), brt (broad tep, td (triplet of doublets), g (quartet), brq

(broad quartet), and m (multiplet).
4.1.1. General procedure for the synthesis of cam@de25 — 29 [57].

Benzaldehyde®0 — 24(5.00 g), benzyl bromide (1.0 equiv.), potassiuambonate
(1.0 equiv.) and acetonitrile (50 mL) were addedat@50 mL round-bottom flask and the
reaction mixture was refluxed for 24 h. Acetondrivas evaporated on completion of the
reaction and the residues were partitioned betwdiehloromethane and water. The
dichloromethane layer was dried with anhydrous Mg&@d evaporateth vacuoto give

benzyl-protected benzaldehyd#s - 29as a white or grey solid in yields of 95 — 97%.

4.1.1.1 3-(Benzyloxy)-4-methoxybenzaldehy®. (Vhite solid, 97% yield'H NMR (500
MHz, CDCk) 6 9.82 (s, 1 H, CHO), 7.47 (dd, 1 Bi= 8.0, 2.0 Hz, 6-H), 7.47 — 7.44 (m, 3 H,
2-H, 2-H, 6-H), 7.38 (t, 2 HJ = 7.5 Hz, 3H, 5-H), 7.32 (t, 1 HJ = 7.5 Hz, 4H), 7.00 (d,

1 H,J = 8.0 Hz, 5-H), 5.19 (s, 2 H, benzylic H), 3.96 3sH, OCH); *C NMR (100 MHz,
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CDCl;) ¢ 191.0, 155.2, 148.9, 136.5, 130.2, 128.8, 128.3,712127.1, 111.6, 111.0, 71.1,

56.4.

4.1.1.2. 4-(Benzyloxy)benzaldehy@é)(White solid, 97% yield*H NMR (500 MHz, CDCJ)
09.89 (s, 1 H, CHO), 7.84 (d, 2 8= 8.5 Hz, 2-H, 6-H), 7.44 (d, 2 H,=8.0 Hz, 2H, 6-
H), 7.41 (t, 2 HJ = 8.0 Hz, 3H, 5-H), 7.35 (t, 1 HJ = 7.5 Hz, 4H), 7.08 (d, 2 HJ = 8.5
Hz, 3-H, 5-H), 5.15 (s, 2 H, benzylic H{C NMR (100 MHz, CDGJ) § 191.0, 163.9, 136.1,

132.2, 130.3, 128.9, 128.5, 127.7, 115.3, 70.5.

4.1.1.3. 3,4-Bis(benzyloxy)benzaldehy®®.(White solid, 96% yield'H NMR (500 MHz,
CDCl;) §9.81 (s, 1 H, CHO), 7.49 (d, 1 H= 2.0 Hz, 2-H), 7.48 — 7.36 (m, 9 H, 6-H;12,
3-H, 5-H, 6-H, 2'-H, 3"-H, 5"-H, 6"-H), 7.34 — 7.30 (m, 2 H,'H, 4"-H), 7.02 (d, 1 H)J =
8.0 Hz, 5-H), 5.26 (s, 2 H, benzylic H), 5.22 (sH2 benzylic H);**C NMR (100 MHz,
CDCly) 6 191.0, 154.4, 149.4, 136.7, 136.4, 130.5, 128.8,8,2128.3, 128.2, 127.5, 127.2,

126.9, 113.3, 112.5, 71.2, 71.0.

4.1.1.4. 2,4-Bis(benzyloxy)benzaldehy®®).(Grey solid, 95 % yield‘H NMR (500 MHz,
CDCls) 6 10.39 (s, 1 H, CHO), 7.84 (d, 1 Bi= 9.0 Hz, 6-H), 7.45 — 7.38 (m, 8 H;2, 3-H,
5'-H, 6-H, 2'-H, 3'-H, 5"-H, 6'-H), 7.37 — 7.34 (m, 2 H4"-H, 4"-H), 6.64 (dd, 1 HJ = 9.0,
2.0 Hz, 5-H), 6.60 (d, 1 Hl = 2.0 Hz, 3-H), 5.14 (s, 2 H, benzylic H), 5.1124, benzylic
H); **C NMR (100 MHz, CDGJ)) § 188.5, 165.4, 162.9, 136.1, 136.1, 130.7, 129.8,9.2

128.6, 128.5, 127.8, 127.5, 119.7, 107.2, 100.8, 7®.4.

4.1.1.5. 4-(Benzyloxy)-3-methoxybenzaldehy$® {\Vhite solid, 97% yield*H NMR (500
MHz, CDCk) 6 9.84 (s, 1 H, CHO), 7.45 - 7.42 (m, 3 H, 2-HH 6-H), 7.40 — 7.37 (m, 3
H, 6-H, 3-H, 5-H), 7.33 (t, 1 HJ = 7.5 Hz, 4H), 6.99 (d, 1 HJ = 8.0 Hz, 5-H), 5.25 (s, 2 H,

benzylic H), 3.95 (s, 3 H, OGH °C NMR (100 MHz, CDGJ) 5 191.1, 153.8, 150.3, 136.2,
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130.5, 128.9, 128.4, 127.4, 126.8, 112.6, 109.3,, Bb.3.

4.1.2. General procedure for the synthesis of amicaacid derivatives85 — 39 via ethyl

cinnamates80 — 34.

To a stirred solution of compoun@$ — 29 (2.00 g), triethyl phosphonoacetate (1.1
equiv.), and potassium carbonate (2.0 equiv.) thidromethan&,N-dimethylformamide
(2:1, 15 mL) was added a catalytic amount of DBW30equiv.). The reaction mixture was
stirred at room temperature (compou2ds27, and29) or 70°C (26, and28) for 24 — 36 h.
After removal of dichloromethane by evaporatiorg water was added to the reaction
mixture which was then stirred for 30 min to give@pitates. After filtration, the filter cake
was washed with plenty of water, and dried to poadethyl cinnamate®0 — 34 as a white or
grey solid in yields of 95 — 98%. The ethyl cinnaesawere used directly in the next reaction

without characterization.

Ethyl cinnamate80— 34 (2.57 to 4.11 g) were added to a 100 mL round-boflask
and 1,4-dioxane (20 mL) and 1N-NaOH aqueous solut®0 — 16.0 equiv.) were added
subsequently. The reaction mixture was stirred adnr temperature for 48 bAfter
completion of the reactiorthe reaction mixture was acidified until pH 2 usi@iy-HCI
agueous solution. The reaction mixture was stigecbom temperature for 30 min and then
the resulting solid was filtered. The filter cakaswvashed with a plenty of water, and dried

to give the cinnamic acid derivativB5— 39 as a white or grey solid in yields of 100%.

4.1.2.1. (E)-3-(3-(Benzyloxy)-4-methoxyphenyl)acrgtid @35). White solid, 100% yieldH
NMR (500 MHz, DMSOsg) 6 12.19 (brs, 1 H, COOH), 7.49 (d, 1 BH= 16.0 Hz, 3-vinylic

H), 7.45 (d, 2 HJ = 7.5 Hz, 2H, 6-H), 7.41 (d, 1 HJ = 2.0 Hz, 2-H), 7.38 (t, 2 HJ = 8.0
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Hz, 3-H, 5-H), 7.32 (t, 1 HJ = 7.5 Hz, 4H), 7.20 (dd, 1 HJ = 8.0, 2.0 Hz, 6H), 6.98 (d,
1 H,J=8.0 Hz, 5-H), 6.40 (d, 1 HJ = 16.0 Hz, 2-vinylic H), 5.12 (s, 2 H, benzylic,H8.78
(s, 3 H, OCH); **C NMR (100 MHz, DMSQdg) 6 168.5, 151.7, 148.6, 144.7, 137.6, 129.1,

128.6, 128.5, 127.6, 123.7, 117.4, 112.5, 112.4, Bb.3.

4.1.2.2. (E)-3-(4-(Benzyloxy)phenyl)acrylic aci@b) White solid, 100% vyield'H NMR
(500 MHz, DMSO#l) § 12.25 (brs, 1 H, COOH), 7.61 (d, 2 8= 9.0 Hz, 2-H, 6-H), 7.52 (d,
1 H,J = 16.0 Hz, 3-vinylic H), 7.43 (d, 2 H,= 7.5 Hz, 2H, 6-H), 7.38 (t, 2 HJ = 7.5 Hz,
3-H, 5-H), 7.31 (t, 1 HJ = 7.5 Hz, 4H), 7.02 (d, 2 H,) = 8.0 Hz, 3-H, 5-H), 6.36 (d, 1 H,
= 16.0 Hz, 2-vinylic H), 5.14 (s, 2 H, benzylic Hf{C NMR (100 MHz, DMSOdg) & 168.5,

160.6, 144.3, 137.4, 130.6, 129.1, 128.6, 128.4,71217.4, 115.8, 70.0.

4.1.2.3. (E)-3-(3,4-Bis(benzyloxy)phenyl)acryliida@@7). White solid, 100% vyield*H NMR
(500 MHz, DMSOds) 6 12.22 (brs, 1 H, COOH), 7.47 (d, 1 Bi= 16.0 Hz, 3-vinylic H),
7.46 -7.41 (m, 5 H, 2-H,'H, 6-H, 2"-H, 6'-H), 7.37 (t, 2 HJ) = 7.5 Hz, 3H, 5-H), 7.36 (t,
2 H,J = 7.5 Hz, 3-H, 5"-H), 7.30 (t, 2 HJ = 7.5 Hz, 4H, 4"-H), 7.17 (dd, 1 H,J = 8.5,
2.0 Hz, 6-H), 7.05 (d, 1 Hi = 8.5 Hz, 5-H), 6.40 (d, 1 H,= 16.0 Hz, 2-vinylic H), 5.18 (s,
2 H, benzylic H), 5.16 (s, 2 H, benzylic HC NMR (100 MHz, DMSQdg) J 168.5, 150.7,
148.9, 144.6, 137.8, 137.6, 129.1, 129.1, 128.8,5,2128.3, 128.1, 123.5, 117.7, 117.5,

114.5, 113.5, 70.6, 70.5.

4.1.2.4. (E)-3-(2,4-Bis(benzyloxy)phenyl)acrylicda¢s8). Grey solid, 100% yield*H NMR
(500 MHz, DMSO6g) 6 12.10 (s, 1 H, COOH), 7.77 (d, 1 Bi= 16.0 Hz, 3-vinylic H), 7.62
(d, 1 H,J = 9.0 Hz, 6-H), 7.45 — 7.31 (m, 10 Hx2 Ph), 6.811 H,J = 2.0 Hz, 3-H), 6.65
(dd, 1 H,J=9.0, 2.0 Hz, 5-H), 7.38 (d, 1 H,= 16.0 Hz, 2-vinylic H), 5.19 (s, 2 H, benzylic

H), 5.14 (s, 2 H, benzylic H}?C NMR (100 MHz, DMSOds)  168.8, 162.1, 158.8, 139.3,
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137.3, 137.3, 130.6, 129.2, 129.1, 128.7, 128.8,5.228.4, 117.3, 116.6, 107.8, 101.2, 70.5,

70.2.

4.1.2.5. (E)-3-(4-(Benzyloxy)-3-methoxyphenyl)acrgtid (39). White solid, 100% yield'™H
NMR (500 MHz, DMSO#dg) 6 12.17 (brs, 1 H, COOH), 7.50 (d, 1 Bi= 16.0 Hz, 3-vinylic

H), 7.42 (d, 2 HJ = 7.5 Hz, 2H, 6-H), 7.38 (t, 2 HJ = 7.5 Hz, 3H, 5-H), 7.32 (t, 1L HJ =

7.5 Hz, 4H), 7.32 (d, 1 HJ = 2.0 Hz, 2-H), 7.16 (dd, 1 H,= 8.0, 2.0 Hz, 6-H), 7.04 (d, 1 H,
J=28.0 Hz, 5-H), 6.43 (d, 1 H, = 16.0 Hz, 2-vinylic H), 5.11 (s, 2 H, benzylic,+.80 (s, 3

H, OCH); ¥C NMR (100 MHz, DMSOdg) 0 168.5, 150.3, 149.9, 144.7, 137.4, 129.1, 128.6,

1285, 128.0, 123.1, 117.5, 113.7, 111.2, 70.4.56.
4.1.4. General procedure for the preparation of poemds40 — 54 [58].

Cinnamic acid derivative85 — 39(100 mg), isobutyl chloroformate (2.00 equiy,
methyl morpholine (2.5 equiv.), and anhydrous THHRML) were added to a 25 mL round-
bottom flask and stirred at 2& for 30 min. Then benzylamine, aniline or dietmyiae (2.00
equiv.) was added to the reaction flask which viees tstirred at room temperature for 24 h.
After completion of the reaction, the reaction mnet was partitioned between ethyl acetate
and HO. The ethyl acetate layer was washed with brineddvith MgSQ and evaporated
under reduced pressure. The resultant residue wé#gegd by column chromatography using
methylene chloride and methanol (30 — 70:1) asdluent. The productd0 — 54 were

obtained as a white or yellow solid in yields of796%.

4.1.3.1. (E)-N-Benzyl-3-(3-(benzyloxy)-4-methoxyghacrylamide 40). Yellowish white
solid, 91% yield'H NMR (500 MHz, CDC}) 6 7.55 (d, 1 HJ = 15.5 Hz, 3-vinylic H), 7.42
(d,2H,J=7.5Hz, 2-H, 6"-H), 7.36 (t, 2 H, J = 7.5 Hz,-B1, 5-H), 7.34 — 7.28 (m, 6 H,’4

H, Ph), 7.08 (dd, 1 H] = 8.5, 1.5 Hz, 6-H) 7.03 (d, 1 H,= 1.5 Hz, 2-H), 6.85 (d, 1 H}, =
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8.5 Hz, 5-H), 6.21 (d, 1 Hl = 15.5 Hz, 2-vinylic H), 5.93 (brt, 1 H,= 5.0 Hz, NH), 5.13 (s,
2 H, benzylic H), 4.55 (d, 2 Hl = 5.0 Hz,N-benzylic H),3.89 (s, 3 H, OCH); **C NMR
(100 MHz, CDC}) ¢ 166.3, 151.5, 148.4, 141.6, 138.4, 136.9, 128.8,812128.2, 128.1,

127.8,127.7,127.5, 122.5, 118.2, 112.8, 111.2,5b.2, 44.1.

4.1.3.2. (E)-N-benzyl-3-(4-(benzyloxy)phenyl)aamilze @1). Yellowish solid, 96% yield.
'H NMR (500 MHz, CDC}) § 7.63 (d, 1 HJ = 15.5 Hz, 3-vinylic H), 7.44 — 7.27 (m, 12 H,
2-H, 6-H, 2x Ph), 6.94 (d, 2 H,= 8.5 Hz, 3-H, 5-H), 6.30 (d, 1 H,= 15.5 Hz, 2-vinylic H),
6.00 (brt, 1 H,J = 5.0 Hz, NH), 5.08 (s, 2 H, benzylic H), 4.56 @H, J = 5.0 Hz,N-
benzylic H);13C NMR (100 MHz, CDGJ) ¢ 166.5, 160.3, 141.5, 138.4, 136.7, 129.7, 128.9,

128.9, 128.3, 128.1, 127.8, 127.7, 118.0, 115.2, A%.1.

4.1.3.3. (E)-N-Benzyl-3-(3,4-bis(benzyloxy)phemyl)mmide @2). White solid, 90% yield.
'H NMR (500 MHz, CDC}) 6§ 7.55 (d, 1 HJ = 16.0 Hz, 3-vinylic H), 7.44 — 7.28 (m, 15 H,
2xPh), 7.08 (d, 1 H, J = 1.5 HzH), 7.03 (dd, 1 HJ = 8.5, 1.5 Hz, 6-H), 6.89 (d, 1 H,=
8.5 Hz, 5-H), 6.22 (d, 1 H = 16.0 Hz, 2-vinylic H), 5.91 (brt, 1 H, J = 5.0 H¥H), 5.17 (s,
2 H, benzylic H), 5.15 (s, 2 H, benzylic H), 4.5% @ H,J = 5.0 Hz,N-benzylic H);**C
NMR (100 MHz, CDC}) 6 166.3, 150.8, 149.0, 141.6, 138.3, 137.1, 13729,0, 128.8,

128.8, 128.3, 128.1, 128.1, 127.8, 127.5, 127.4,6218.4, 114.5, 114.0, 71.5, 71.1, 44.1.

4.1.3.4. (E)-N-Benzyl-3-(2,4-bis(benzyloxy)phemyl)mmide @3). White solid, 88% yield.
'H NMR (400 MHz, CDC}) ¢ 7.86 (d, 1 HJ = 16.0 Hz, 3-vinylic H), 7.39 — 7.24 (m, 16 H,
3xPh, 6H), 6.54 — 6.51 (m, 2 H, 3-H, 5-H), 6.46 (d, 1+ 16.0 Hz, 2-vinylic H), 5.87 (brt,
1 H,J=5.2 Hz, NH), 5.06 (s, 2 H, benzylic HO® (s, 2 H, benzylic H), 4.51 (d, 2 B=
5.2 Hz, N-benzylic H); *C NMR (100 MHz, CDG)) ¢ 167.0, 161.3, 158.9, 138.6, 137.1,

136.6, 130.9, 128.9, 128.9, 128.9, 128.4, 128.8.112127.8, 127.7, 127.4, 119.2, 117.6,
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106.6, 100.9, 70.6, 70.4, 44.0.

4.1.3.5. (E)-N-Benzyl-3-(4-(benzyloxy)-3-methoxyghacrylamide 44). Yellowish white
solid, 94% yield*H NMR (400 MHz, CDCJ) 6 7.58 (d, 1 H,J = 15.6 Hz, 3-vinylic H), 7.39
(d, 2 H, J=7.2 Hz,’H, 6-H), 7.34 (t, 2 H, J = 7.2 Hz!-B{, 5-H), 7.29 — 7.25 (m, 6 H,"H,
Ph), 6.99 (s, 1 H, 2-H), 6.96 (d, 1 Bi= 8.0 Hz, 6-H), 6.80 (d, 1 H,= 8.0 Hz, 5-H), 6.29 (d,

1 H,J = 15.6 Hz, 2-vinylic H), 6.19 (brd, 1 H, J = 5.2 H¥H), 5.14 (s, 2 H, benzylic H),
4.51 (d, 2 HJ = 5.2 Hz,N-benzylic H), 3.84 (s, 3 H, OGH *C NMR (100 MHz, CDGJ) 6
166.3, 150.0, 149.8, 141.6, 138.3, 136.8, 128.8.812128.2, 128.1, 127.8, 127.4, 122.0,

118.4,113.6, 110.4, 71.0, 56.2, 44.1. °

4.1.3.6. (E)-3-(3-(Benzyloxy)-4-methoxyphenyl)-Mfptacrylamide 45). Yellow solid, 83%
yield. '"H NMR (400 MHz, DMSO«dg) § 10.09 (s, 1 H, NH), 7.65 (d, 2 H,= 8.0 Hz, 2-H,
6"-H), 7.49 — 7.26 (m, 9 H, 2-H, 3-vinylic H, PH-B, 5"-H), 7.17 (d, 1 H,J = 8.4 Hz, 6-H),
7.00 (m, 2 H, 5-H, 4H), 6.66 (d, 1 HJ = 16.0 Hz, 2-vinylic H), 5.10 (s, 2 H, benzylic H),
3.77 (s, 3 H, OCH); *C NMR (100 MHz, DMSOdg) 6 164.5, 151.3, 148.5, 140.9, 140.1,

137.5,129.4, 129.1, 128.6, 128.6, 128.0, 123.8,6.220.5, 119.8, 112.7, 112.6, 70.5, 56.3.

4.1.3.7. (E)-3-(4-(Benzyloxy)phenyl)-N-phenylaanyide @6). Yellow solid, 85% yield.*H
NMR (500 MHz, DMSO#dg) 6 10.08 (s, 1 H, NH), 7.67 (d, 2 H,= 8.5 Hz, 2-H, 6-H), 7.56
(d, 2 H,J = 8.5 Hz, 2-H, 6'-H), 7.52 (d, 1 H,) = 16.0 Hz, 3-vinylic H), 7.44 (d, 2 H,= 7.5
Hz, 2-H, 6-H), 7.39 (t, 2 HJ = 7.5 Hz, 3H, 5-H), 7.32 (t, 1 H, 4H), 7.31 (t, 2 H, J = 8.0
Hz, 3'-H, 5"-H), 7.07 (d, 2 HJ = 8.5 Hz, 3-H, 5-H), 7.04 (t, 1 H,= 8.0 Hz, 4-H), 6.67 (s,

1 H,J = 16.0 Hz, 2-vinylic H), 5.14 (s, 2 H, benzylic:HfC NMR (100 MHz, DMSOdg) J
164.5, 160.3, 140.5, 140.0, 137.4, 130.0, 129.9,112128.6, 128.4, 128.1, 123.8, 120.4,

119.8, 115.9, 70.0.
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4.1.3.8. (E)-3-(3,4-Bis(benzyloxy)phenyl)-N-pheaggtamide 47). Yellowish white solid, 78%
yield. *H NMR (500 MHz, CDCJ) § 7.65 — 7.58 (m, 3 H, 2-vinylic H,"H, 6"-H), 7.47 —
7.29 (m, 13 H, NH, 2 Ph,"3H, 5"-H), 7.13 - 7.10 (m, 2 H, 2-H/"#), 7.06 (d, 1 HJ = 8.5
Hz, 6-H), 6.90 (d, 1 H) = 8.5 Hz, 5-H), 6.36 (d, 1 H,= 15.5 Hz, 2-vinylic H), 5.18 (s, 2 H,
benzylic H), 5.16 (s, 2 H, benzylic H*C NMR (100 MHz, CDGJ) 6 164.7, 151.0, 149.1,
142.4, 138.3, 137.0, 136.9, 129.3, 128.8, 128.8,.22127.5, 127.4, 124.5, 122,8, 120.1,

119.0, 114.4, 114.1, 71.5, 71.1.

4.1.3.9. (E)-3-(2,4-Bis(benzyloxy)phenyl)-N-pheagtamide @8). Yellowish white solid, 75%
yield. '"H NMR (500 MHz, DMSO€g) 6 10.04 (s, 1 H, NH), 7.81 (d, 1 B,= 16.0 Hz, 3-
vinylic H), 7.66 (d, 2 HJ = 7.5 Hz, 2-H, 6'-H), 7.53 (d, 1 HJ = 9.0 Hz, 6-H), 7.46 - 7.28
(m, 12 H, 2x Ph, BH, 5"-H), 7.02 (t, 1 HJ = 7.5 Hz, 4-H), 6.18 (d, 1 H,J = 2.0 Hz, 3-H),
6.71 (d, 1 HJ = 16.0 Hz, 2-vinylic H), 6.70 (dd, 1 H,= 9.0, 2.0 Hz, 5-H), 5.22 (s, 2 H,
benzylic H), 5.13 (s, 2 H, benzylic HC NMR (100 MHz, DMSOdg) 6 164.8, 161.7, 158.5,
140.0, 137.4, 137.3, 135.4, 129.4, 129.2, 129.8,612128.6, 128.5, 128.2, 123.8, 120.4,

119.7,117.2, 107.8, 101.3, 70.3, 70.2.

4.1.3.10. (E)-3-(4-(Benzyloxy)-3-methoxyphenyl)Hefylacrylamide 49). Yellow solid, 81%
yield. *H NMR (500 MHz, CDCY) § 7.57 — 7.52 (m, 3 H, 3-vinylic H,”2H, 6"-H), 7.35 (d, 2
H,J=7.5Hz, 2H, 6-H), 7.29 (t, 2 H, J = 7.5 Hz/-B1, 5-H), 7.26 — 7.21 (m, 4 H, NH, 4,
3"-H, 5"-H), 7.15 — 7.05 (m, 2 H, 6-H4H), 6.99 (d, 1 H, J = 8.5 Hz, 6-H), 6.80 (d, 1
8.5 Hz, 5-H), 6.47 (d, 1 Hl = 15.5 Hz, 2-vinylic H), 5.09 (s, 2 H, benzylic,H.83 (s, 3 H,
OCHg); *C NMR (100 MHz CDGJ) 6 164.5, 149.8, 149.2,41.8, 138.6, 136.7, 129.0, 128.7,

128.4, 128.1, 127.4, 124.2, 122.0, 120.1, 119.2,611110.7, 71.0, 56.0.

4.1.3.11. (E)-3-(3-(Benzyloxy)-4-methoxyphenyl)-Nig¢ihylacrylamide %0). Yellowish
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white solid, 91% yield*H NMR (500 MHz, CDCJ) 6 7.60 (d, 1 H,) = 15.5 Hz, 3-vinylic H),
7.44 (d,2HJ=7.5Hz, 2H, 6-H), 7.36 (t, 2HJ=7.5Hz, 3H, 5-H), 7.29 (t, 1L HJ=7.5
Hz, 4-H), 7.11 (dd, 1 HJ = 8.5, 2.0 Hz, 6-H), 7.03 (d, 1 H,= 2.0 Hz, 2-H), 6.87 (d, 1 H,
= 8.5 Hz, 5-H), 6.55 (d, 1 H,= 15.5 Hz, 2-vinylic H), 5.18 (s, 2 H, benzylic, k.91 (s, 3 H,
OCHg), 3.46 (brg, 4 HJ = 7.0 Hz, 2 NCH), 1.20 (t, 6 HJ = 7.0 Hz, 2 CHCHa); *°C
NMR (100 MHz, CDC}) ¢ 166.4, 151.5, 148.3, 143.4, 137.1, 128.8, 128.7,5.2122.6,

117.5, 114.8, 113.3, 111.7, 71.5, 56.2, 42.2, 14.7.

4.1.3.12. (E)-3-(4-(Benzyloxy)phenyl)-N,N-diethyéamide 61). Yellowish white solid, 90%
yield. '"H NMR (500 MHz, CDCJ) § 7.70 (d, 1 HJ = 15.0 Hz, 3-vinylic H), 7.47 (d, 2 H,=
8.5 Hz, 2-H, 6-H), 7.42 (d, 2 B,= 7.5 Hz, 2H, 6-H), 7.39 (t, 2 HJ = 7.5 Hz, 3H, 5-H),
7.33 (t, 1 HJ =7.5 Hz, 4H), 6.96 (d, 2 HJ = 8.5 Hz, 3-H, 5-H), 6.69 (d, 1 H,= 15.0 Hz,
2-vinylic H), 5.08 (s, 2 H, benzylic H), 3.48 (qH} J= 7.0 Hz, 2x NCH), 1.22 (t, 6 HJ =
7.0 Hz, 2x CHCHy); %C NMR (100 MHz, CDG) ¢ 166.5, 160.3, 143.3, 136.7, 129.7,

128.9, 128.4, 128.3, 127.7, 115.3, 114.7, 70.3,42.0.

4.1.3.13. (E)-3-(3,4-Bis(benzyloxy)phenyl)-N,N{dytcrylamide $2). White solid, 87%
yield. '"H NMR (500 MHz, CDC}J) 6 7.60 (d, 1 HJ = 15.0 Hz, 3-vinylic H), 7.46 — 7.29 (m,
10 H, 2x Ph), 7.08 (d, 1 H,= 2.0 Hz, 2-H), 7.07 (dd, 1 H, J = 8.0, 2.0 Hz, 5-6190 (d, 1 H,
J=8.0 Hz, 5-H), 6.57 (d, 1 H,= 15.0 Hz, 2-vinylic H), 5.19 (s, 4 H,2 benzyli¢,3.46 (q,
4 H,J=7.0 Hz, 2 NCH), 1.20 (t, 6 H,J = 7.0 Hz, 2 CHCHs); *C NMR (100 MHz,
CDCl3) ¢ 166.5, 150.8, 149.0, 143.7, 137.3, 137.0, 128.8,8,2128.1, 128.1, 127.5, 127.5,

122.7, 115.3, 114.7, 114.6, 71.8, 71.2, 42.2, 13.9.

4.1.3.14. (E)-3-(2,4-Bis(benzyloxy)phenyl)-N,N4dpdcrylamide $3). White solid, 85%

yield. *H NMR (500 MHz, CDC) 6 7.83 (d, 1 H,J = 16.0 Hz, 3-vinylic H), 7.48 — 7.33 (m,
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11 H, 6-H, 2x Ph), 6.95 (d, 1 H,= 16.0 Hz, 2-vinylic H), 6.64 (d, 1 H, J = 1.5 H&H),
6.59 (dd, 1 HJ = 8.5, 1.5 Hz, 5-H), 5.07 (s, 2 H, benzylic HO%(s, 2 H, benzylic H), 3.48
(@, 4 H, J=7.0Hz, 8 NCH, 1.25 (t, 6 H, X ChCHz); *C NMR (100 MHz, CDGJ) &
167.2, 161.1, 159.3, 139.6, 136.7, 136.4, 133.8.9,2128.9, 128.5, 128.4, 128.4, 127.8,

118.0, 116.6, 106.3, 100.70.8, 70.4, 41.7, 14.2.

4.1.3.15. (E)-3-(4-(Benzyloxy)-3-methoxyphenyl)-Niglhylacrylamide %4). Yellowish
solid, 89% yield*H NMR (500 MHz, CDCY) 6 7.70 (d, 1 HJ = 15.0 Hz, 3-vinylic H), 7.42
(d, 2H,J=7.5Hz, 2H, 6-H), 7.36 (t, 2 HJ = 7.5 Hz, 3H, 5-H), 7.30 (t, 1 HJ = 7.5 Hz,
4'-H), 7.06 (dd, 1 HJ = 8.0, 1.5 Hz, 6-H), 7.05 (d, 1 H,= 1.5 Hz, 2-H), 6.86 (d, 1 H,=
8.5 Hz, 5-H), 6.65 (d, 1 Hl = 15.0 Hz, 2-vinylic H), 5.18 (s, 2 H, benzylic,F8.92 (s, 3 H,
OCHg), 3.48 (q, 4 HJ = 7.0 Hz, 2x NCH)), 1.22 (t, 6 HJ = 7.0 Hz, 2x CHCH3); *°C NMR
(100 MHz, CDC}) ¢ 166.6, 149.9, 149.8, 143.9, 136.9, 128.8, 128.8,2012127.4, 121.8,

114.7, 113.7, 111.3, 71.1, 56.3, 42.2, 14.0.

4.1.4. General procedure for the preparation ofn@mic amide derivatives— 3, 5, 11 — 13,

15, 16 - 19.

Compoundgl0—- 43, 45— 49, and51 - 54 (80 mg) were added in a 25 mL round-bottom flask
along with concentrated HCI| and acetic acid (1:I;nR) and the reaction mixture was

refluxed for 40 min. After completion of the reaxctj the mixture was neutralised by 2 N

NaOH aqueous solution and partitioned between nerkychloride and water. The organic
layer was dried with anhydrous MgaQCand filtered and the filtrate was evaporated in
reduced pressure. The resulting residue was pdirifig column chromatography using

methylene chloride and methanol (10 — 30:1) asthent. The cinnamic amidéds- 3, 5, 11

—13 and15-19were produced as a yellow or white solid in yiedi§5 — 91%.
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4.1.4.1. (E)-N-Benzyl-3-(4-hydroxy-3-methoxyphewyl)lamide (). Yellowish white solid,
85% vield."H NMR (500 MHz, CDC}+ a few drops o€DsOD) 6 7.51 (d, 1 H,) = 16.0 Hz,
3-H), 7.31 - 7.21 (m, 5 H, Ph) 7.06 (d, 1+ 2.0 Hz, 2H), 6.93 (dd, 1 HJ = 8.5, 2.0 Hz,
6'-H), 6.77 (d, 1 HJ = 8.5 Hz, 5H), 6.28 (d, 1 H,J = 16.0 Hz, 2-H), 4.49 (s, 2 Wenzylic
CH,), 3.85 (s, 3 H, OCH; *C NMR (100 MHz, CDGJ+ a few drops oED;OD) § 167.3,
149.2, 146.4, 142.1, 138.4, 129.1, 128.3, 128.0,99222.2, 118.1, 113.2, 111.2, 56.3, 44.2;

LRMAS (ESI-) m/z282 (M-HY.

4.1.4.2. (E)-N-Benzyl-3-(4-hydroxyphenyl)acrylam{d@e Yellowish white solid, 88% yield.
'H NMR (500 MHz, CDC}+ a few drops oED;OD) 6 7.52 (d, 1 HJ = 15.5 Hz, 3-H), 7.30
—7.21 (m, 7 H, Ph,"H, 6-H), 6.75 (d, 2 HJ = 9.0 Hz, 3H, 5-H), 6.26 (d, 1 HJ = 15.5
Hz, 2-H), 4.48 (s, 2 H, benzylic GH *C NMR (100 MHz, CDGJ+ a few drops oEDsOD)

0 167.5, 159.1, 142.2, 138.0, 129.9, 128.9, 128.0,712126.4, 116.5, 116.0, 44.0; LRMAS

(ESI-)m/z252 (M-HY.

4.1.4.3. (E)-N-Benzyl-3-(3,4-dihydroxyphenyl)acnyide @). White solid, 78% yieldH
NMR (500 MHz, CDC}+ a few drops o€DsOD) 6 7.37 (d, 1 HJ = 16.0 Hz, 3-H), 7.24 —
7.14 (m, 5 H, Ph), 6.93 (d, 1 B= 2.0 Hz, 2H) 6.80 (dd, 1 HJ = 8.0, 2.0 Hz, 6H), 6.69 (d,

1 H,J = 8.0 Hz, 5H), 6.22 (d, 1 HJ = 16.0 Hz, 2-H), 4.40 (s, 2 H, benzylic @H*C NMR
(500 MHz, CDC}+ a few drops oEDsOD) ¢ 167.8, 147.2, 144.9, 142.1, 138.1, 128.7, 127.8,

127.5,127.1, 121.7, 116.8, 115.4, 113.9, 43.8; WSMESI-)m/z268 (M-HY.

4.1.4.4. (E)-N-Benzyl-3-(4-hydroxy-3-methoxyphewyl)lamide §). Yellowish white solid,
87% vyield.'H NMR (500 MHz, CDGJ) 6 7.59 (d, 1 HJ = 15.5 Hz, 3-H), 7.35 - 7.26 (m, 5
H, Ph), 7.04 (dd, 1 H] = 8.0, 2.0 Hz, 6H), 6.97 (d, 1 HJ = 2.0, 2-H) 6.89 (d, 1 HJ=8.0

Hz, 5-H), 6.29 (d, 1 HJ = 15.5 Hz, 2-H), 6.03 (brt, 1 H,= 4.5 Hz, NH), 4.56 (d, 2 H] =
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4.5 Hz, benzylic Ch), 3.88 (s, 3 H, OCH; ¥*C NMR (100 MHz, CDGJ) J 166.5, 147.4,
146.9, 142.0, 138.3, 128.9, 128.1, 127.8, 127.£.4,2117.8, 114.9, 109.8, 56.1, 44.1;
LRMAS (ESI-) m/iz 282 (M-H); HRMS (ESI+)miz Ci7H1gNO; (M+H)* calcd 284.1281,

obsd 284.1288.

4.1.4.5. (E)-N,N-Diethyl-3-(3-hydroxy-4-methoxypyiacrylamide {1). Yellow solid, 91%
yield. 'H NMR (500 MHz, CDC}) 6 7.64 (d, 1 HJ = 15.5 Hz, 3-H), 7.18 (d, 1 H,= 2.0 Hz,
2'-H), 7.00 (dd, 1 HJ = 8.5, 2.0 Hz, BH), 6.81 (d, 1 HJ = 8.5 Hz, 5H), 6.67 (d, 1 HJ =
15.5 Hz, 2-H), 3.89 (s, 3 H, OGH 3.47 (q, 4 H,J = 7.0 Hz, 2 NCH), 1.21 (t, 6 H,
2 xCH,CHy); %c NMR (100 MHz, CDGJ) 0 166.4, 148.4, 146.1, 143.0, 129.0, 121.9, 115.4,

112.9, 110.8, 56.2, 42.0, 14.2; LRMAS (ESh)z248 (M-H).

4.1.4.6. (E)-N,N-Diethyl-3-(4-hydroxyphenyl)acryidem (12). Yellow solid, 90% vyield.'H
NMR (500 MHz, CDC}+ a few drops o€DsOD) d 7.49 (d, 1 H,J = 15.5 Hz, 3-H), 7.30 (d,
2 H,J=8.5Hz, 2H, 6-H), 6.73 (d, 2 HJ) = 8.5 Hz, 3H, 5-H), 6.55 (d, 1 HJ = 15.5 Hz,
2-H), 3.38 (g, 4 HJ = 7.0 Hz, 2x NCH), 1.17 (t, 3 H,J = 7.0 Hz, CHCHa), 1.08 (t, 3 HJ =
7.0 Hz, CHCHs); **C NMR (100 MHz, CDGJ+ a few drops o€Ds;0OD) ¢ 167.2, 159.0,

143.4,129.7, 126.7, 115.9, 113.6, 42.7, 41.5,, 188 ; LRMAS (ESI-m/z218 (M-H}).

4.1.4.7. (E)-3-(3,4-Dihydroxyphenyl)-N,N-diethylgamide (3). Yellow solid, 88% vyield.
'H NMR (500 MHz, CDC}+ a few drops o€EDs0D) 6 7.41 (d, 1 HJ = 16.0 Hz, 3-H), 6.95
(d, 1 H,J= 2.0 Hz, 2H), 6.84 (dd, 1 HJ = 8.0, 2.0 Hz, 6H), 6.71 (d, 1 HJ = 8.0 Hz, 5-H),
6.53 (d, 1 HJ = 16.0 Hz, 2-H), 3.37 (q, 4 H,= 7.0 Hz, 2 NCH), 1.16 (t, 3 HJ = 7.0 Hz,
CH,CHs), 1.08 (t, 3 HJ = 7.0 Hz, CHCH>); **C NMR (100 MHz, CDGJ+ a few drops of
CD;0OD) 6 167.3, 147.1, 145.0, 143.8, 127.4, 121.2, 1154.411113.7, 42.8, 41.6, 14.8, 13.1;
LRMAS (ESI-) m/z234 (M-H).
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4.1.4.8. (E)-N,N-Diethyl-3-(4-hydroxy-3-methoxypjiacrylamide {15). Yellow solid, 91%
yield. *H NMR (500 MHz, CDC}) § 7.65 (d, 1 HJ = 15.5 Hz, 3-H), 7.10 (dd, 1 H,= 8.0,
2.0 Hz, 8-H), 6.97 (d, 1 HJ = 2.0 Hz, 2H), 6.91 (d, 1 HJ = 8.0 Hz, 5H), 6.67 (d, 1 H,) =
15.5 Hz, 2-H), 3.92 (s, 3 H, OGH 3.49 (g, 4 HJ = 7.0 Hz,2xNCH), 1.22 (brt, 6 H,J =
7.0 Hz, 2x CHCHy); ¥C NMR (100 MHz, CDG) 0 166.4, 147.6, 146.9, 143.4, 128.0, 121.8,

115.0, 114.8, 110.5, 56.2, 42.5, 41.5, 14.7, AFBVNAS (ESI-)m/z248 (M-H).

4.1.4.9. 4-(4-Hydroxy-3-methoxyphenyl)-3,4-dihydiiaqlin-2(1H)-one 16). White solid, 70%
yield. *H NMR (500 MHz, DMSOsg) 6 10.14 (s, 1 H), 8.87 (brs, 1 H), 7.14 (t, 1Hs 8.0

Hz), 6.93 (d, 1 HJ = 7.0 Hz), 6.89 (d, 1 H] = 7.5 Hz), 6.88 (t, 1 H] = 7.5 Hz), 6.82 (d, 1 H,
J=8.0 Hz, 5H), 6.56 (d, 1 HJ = 2.0 Hz, 2H), 6.53 (dd, 1 HJ = 8.0, 2.0 Hz, &-H), 4.13 (t,

1 H,J=6.5Hz, 4-H), 3.70 (s, 3 H, OGH2.75 (dd, 1 HJ = 16.5, 6.5 Hz, 3-Ha), 2.63 (dd, 1
H,J = 16.5, 6.5 Hz, 3-Hb)%3C NMR (100 MHz, DMSOdg) 6 169.9, 147.1, 147.1, 138.6,
135.7,128.8, 128.1, 127.4, 122.8, 118.6, 116.8,311113.0, 56.3, 40.9, 38.7; LRMAS (ESI-)

m/z268 (M-H).

4.1.4.10. 4-(4-Hydroxyphenyl)-3,4-dihydroquinoli(t&)-one (7). White solid, 68% vyield.
'H NMR (500 MHz, CDC}+ a few drops o€Ds0D) § 7.00 (t, 1 HJ = 8.0 Hz), 6.81 (d, 2 H,
J=8.5Hz, 2H, 6-H), 6.78 (t, 1 HJ = 7.5 Hz, 6-H), 6.74 (d, 1 H,= 7.5 Hz), 6.71 (d, 1 H,
J=8.0 Hz), 6.59 (d, 2 H] = 8.5 Hz, 3H, 5-H), 4.02 (dd, 1 HJ = 8.5, 6.5Hz, 4-H), 2.68 (dd,
1 H,J = 16.0, 6.5 Hz, 3-Ha), 2.62 (dd, 1 Bi= 16.0, 8.5 Hz, 3-Hb)}*C NMR (100 MHz,
CDCl; + a few drops 0€DsOD) ¢ 171.7, 155.9, 136.9, 132.3, 128.7, 128.2, 127.8,312

123.4, 115.7, 115.6, 41.0, 38.5; LRMAS (ESHz238 (M-HY.

4.1.4.11. 4-(3,4-Dihydroxyphenyl)-3,4-dihydroquine(1H)-one (8). White solid, 65%
yield. '"H NMR (500 MHz, CDC}+ a few drops o€DsOD) ¢ 7.11 (td, 1 H,) = 7.0, 2.5 Hz),
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6.92 — 6.88 (m, 2 H), 6.77 (d, 1 Bi= 8.0 Hz), 6.69 (d, 1 H] = 8.0 Hz, 5H), 6.56 (d, 1 H,]

= 2.0 Hz, 2H), 6.45 (dd, 1 H)) = 8.0, 2.0 Hz, &H), 4.07 (dd, 1 H,J = 8.0, 6.0 Hz, 4-H),
2.80 (dd, 1 H,J = 16.0, 6.0 Hz, 3-Ha), 2.73 (dd, 1 8= 16.0, 8.0 Hz, 3-Hb)"*C NMR (100
MHz, DMSO-dg) 6 169.9, 145.8, 144.7, 138.6, 134.0, 128.8, 128.0,61222.7, 118.7, 116.2,

115.9, 115.4, 40.8, 38.3; LRMAS (ESi/z254 (M-H).

4.1.4.12. 4-(4-Hydroxy-3-methoxyphenyl)-3,4-dihgdiiaolin-2(1H)-one 19). White solid,
72% vield.*H NMR (500 MHz, CDC}+ a few drops o€EDsOD) § 7.03 (t, 1 HJ = 7.5 Hz),
6.80 (t, L HJ = 7.5 Hz), 6.77 (d, 1 HI= 7.5 Hz), 6.74 (d, 1 Hl = 7.5 Hz), 6.64 (d, 1 H] =
8.0 Hz, B-H), 6.53 (s, 1 H, 2H), 6.46 (d, 1 HJ = 8.0 Hz, 6:H), 4.04 (t, 1 HJ = 7.5 Hz, 4-
H), 3.65 (s, 3 H, OCH), 2.69 (m, 2 H, 3-Ha, 3-Hb)*C NMR (100 MHz, CDGJ+ a few
drops ofCDs;OD) ¢ 171.7, 147.6, 145.1, 136.9, 133.0, 128.3, 127.9,2.2123.5, 120.4,

115.7, 115.2, 110.8, 55.7, 41.5, 38.5; LRMAS (EB1/2268 (M-H).

4.1.5. General procedure for the preparation ofnaimic amide derivative$, 6 — 10 and

14.

To a 25 mL round-bottom flask, a solution of compds4 3, 45— 49 and53 (80 mQ)
in anhydrous methylene chloride (3 mL) was addedeum nitrogen atmosphere. BE#4.0
equiv.) was added to the reaction mixture at’@@vhich was then stirred for 30 min. After
completion of the reaction, the reaction mixtureswutralised by the addition of an equal
amount of pyridine to the used BBand then an equal amount of methanol was addgtto
reaction mixture. The reaction mixture was evapmratnder reduced pressure. The resultant
residue was purified by column chromatography usiiegloromethane and methanol (10 —
30:1) as the eluent. Cinnamic amidie$ — 10 and14 were obtained as a white solid in yields

of 63-85 %.
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4.1.5.1. (E)-N-Benzyl-3-(2,4-dihydroxyphenyl)acryide @). White solid, 75% yield.*H
NMR (500 MHz, DMSOds) 5 9.87 (s, 1 H, OH), 9.64 (s, 1 H, OH), 8.39 (t, 134 6.0 Hz,
NH), 7.56 (d, 1 HJ = 15.5 Hz, 3-H), 7.32 — 7.20 (m, 6 H, PhH), 6.50 (d, 1 HJ = 15.5
Hz, 2-H), 6.32 (d, 1 H) = 2.0 Hz, 3H), 6.24 (dd, 1 HJ = 8.5, 2.0 Hz, 5H), 4.35 (d, 2 H,J
= 6.0 Hz, benzylic Ch); **C NMR (100 MHz, DMSOdg) 6 166.8, 160.4, 158.4, 140.5, 135.8,
130.1, 128.9, 127.9, 127.4, 118.3, 114.0, 108.3,20312.8; LRMAS (ESI-n/z268 (M-H);

HRMS (ESI-)m/z C16H1aNO3 (M-H)™ calcd 268.0979, obsd 268.0991.

4.1.5.2. (E)-3-(4-Hydroxy-3-methoxyphenyl)-N-phaosggtlamide 6). Yellowish white solid,
78% yield."H NMR (500 MHz, DMSO€s) 6 10.07 (s, 1 H), 9.22 (s, 1 H), 7.67 (d, 2+
7.5 Hz, 2-H, 6"-H), 7.42 (d, 1 HJ = 16.0 Hz, 3-H), 7.31 (t, 2 H] = 8.0 Hz, 3-H, 5"-H),
7.04 —7.01 (m, 3 H,’H, 6-H, 4"-H), 6.95 (d, 1 HJ = 7.5, Hz, 5H), 6.59 (d, 1 H,) = 16.0
Hz, 2-H), 3.79 (s, 3 H, OC#t **C NMR (100 MHz, DMSQOds) § 164.5, 150.1, 147.4, 141.0,
140.1, 129.4, 128.2, 123.8, 121.3, 120.1, 11914,0] 112.7, 56.2; LRMAS (ESI/z268

(M-H)".

4.1.5.3. (E)-3-(4-Hydroxyphenyl)-N-phenylacrylam{@g Yellowish white solid, 75% vyield.
'H NMR (500 MHz, CDC}+ a few drops oEDsOD) 6 7.48 (d, 2 H,J = 7.5 Hz, 2-H, 6"-H),
7.46 (d, 1 HJ = 15.5 Hz, 3-H), 7.26 (d, 2 B,= 8.0 Hz, 2H, 6-H), 7.15 (t, 2 HJ = 7.5 Hz,
3"-H, 5'-H), 6.93 (t, 1 HJ) = 7.5 Hz, 4-H), 6.67 (d, 2 H, = 8.0 Hz, 3H, 5-H), 6.39 (d, 1 H,
J = 15.5, 2-H):**C NMR (100 MHz, CDGJ+ a few drops o€DsOD) ¢ 165.9, 158.9, 141.9,

138.6, 129.7, 128.9, 126.5, 124.1, 120.1, 117.3,.8t11 RMAS (ESI-)m/z238 (M-HY.

4.1.5.4. (E)-3-(3,4-Dihydroxyphenyl)-N-phenylacryide 8). White solid, 70% vyieldH
NMR (500 MHz, DMSOsdg) 6 10.03 (s, 1 H, NH) 9.42 (brs, 1 H, OH), 9.17 (ldrd{, OH),

7.66 (d, 2 HJ = 7.5 Hz, 2-H, 6'-H), 7.39 (d, 1 HJ = 15.5 Hz, 3-H), 7.29 (t, 2 H,= 7.5 Hz,
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3"-H, 5"-H), 7.02 (t, 1 HJ = 7.5 Hz, 4-H), 6.99 (d, 1 H) = 2.0 Hz, 2H), 6.89 (dd, 1 HJ =
8.0, 2.0 Hz, 6H), 6.76 (d, 1 H,J = 8.0 Hz, 5H), 6.53 (d, 1 H,J = 15.5 Hz, 2-H)}C NMR
(100 MHz, DMSOds) 6 164.7, 148.4, 146.2, 141.4, 140.1, 129.4, 126.8,712121.5, 119.7,

119.0, 116.4, 114.6; LRMAS (ESI)/z254 (M-HY.

4.1.5.5. (E)-3-(2,4-Dihydroxyphenyl)-N-phenylacrjide ©). White solid, 71% yield.*H
NMR (500 MHz, DMSO#és) 6 10.00 (s, 1 H), 9.96 (s, 1 H), 9.72 (s, 1 H), 7672 H,J =
7.5 Hz, 2-H, 6'-H) 7.65 (d, 1 HJ = 15.5 Hz, 3-H), 7.29 — 7.26 (m, 3 H;I8, 3"-H, 5’-H)
7.00 (t, 1 HJ = 7.5 Hz, 4-H), 6.67 (d, 1 HJ = 15.5 Hz, 2-H), 6.36 (d, 1 H,= 2.0 Hz, 3H),
6.27 (dd, 1 HJ = 8.5, 2.0 Hz, 5H); 3¢ NMR (100 MHz, DMSO+dg) ¢ 165.5, 160.8, 158.8,
140.4, 137.3, 130.8, 129.3, 123.5, 119.7, 118.8,911108.2, 103.3; LRMAS (ESlf/z254

(M-H)"; HRMS (ESI+)m/z C;sH1aNOs (M+H)* calcd 256.0968, obsd 256.0973.

4.1.5.6. (E)-3-(4-Hydroxy-3-methoxyphenyl)-N-phaagtiamide 10). Yellowish white solid,
79% yield."H NMR (500 MHz, DMSOsdg) ¢ 10.05 (s, 1 H), 9.50 (s, 1 H), 7.67 (d, 25
7.5 Hz, 2-H, 6"-H), 7.47 (d, 1 HJ = 15.5 Hz, 3-H), 7.30 (t, 2 Hl = 7.5 Hz, 3-H, 5"-H),
7.17 (d, 1 HJ = 2.0 Hz, 2H), 7.04 (dd, 1 H,J) = 8.0, 2.0 Hz, BH), 7.03 (t, 1 HJ = 7.5 Hz,
4"-H), 6.80 (d, 1 H,) = 8.0 Hz, 3-H), 6.63 (d, 1 HJ = 15.5 Hz, 2-H), 3.81 (s, 3 H, OGH
3C NMR (100 MHz, DMSOdg) 6 164.6, 149.3, 148.5, 141.3, 140.2, 129.4, 126.8,712

122.6, 119.7, 119.5, 116.3, 111.4, 56.1; LRMAS (E8¥z268 (M-HY.

4.1.5.7. (E)-3-(2,4-Dihydroxyphenyl)-N,N-diethylgamide (@4). Yellow solid, 85% vyield.
'H NMR (500 MHz, DMSOs) 6 9.83 (brs, 1 H, OH), 9.65 (brs, 1 H, OH)f4 (d, 1 HJ =
15.5 Hz, 3-H), 7.40 (d, 1 H,= 8.0 Hz, 6H), 6.83 (d, 1 HJ) = 15.5 Hz, 2-H), 6.32 (d, 1 H,
= 2.5 Hz, 3H), 6.23 (dd, 1 HJ = 8.0, 2.5 Hz, 5H), 3.42 (brg, 2 H) = 7.0 Hz,NCH,), 3.32

(brg, 2 H,J =7.0 Hz, NCH), 1.12 (brt, 3 H,J = 7.0 Hz, CHCHj5), 1.03 (brt, 3 HJ = 7.0 Hz,
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CH,CHs); *C NMR (100 MHz, DMSQdg) 6 166.1, 160.5, 158.4, 137.7, 130.3, 114.4, 114.4,
108.0, 103.1, 42.1, 40.8, 15.8, 14.0; LRMAS (ESig 234 (M-H); HRMS (ESI-)nv/z

Ci13H16NO3 (M-H) ™ calcd 234.1136, obsd 234.1139.
4.2. Biological studies
4.2.1. Mushroom tyrosinase assay

The mushroom tyrosinase inhibitory assay for thetlssized cinnamic amide
derivativesl — 19 was carried out according to a previously reportegthod with slight
modifications [59]. In brief, a 200 puL mixture caiming 20 pL of tyrosinase solution, 10 pL
of the test sample (final concentration: 25 uMY] 4@0 pL of substrate solution, comprising
14.7 mM potassium phosphate buffer and 293Lutiyfosine solution (1:1, v/v) was added to
a 96-well microplate and incubated for 30 min at’°87 The absorbance of dopachrome
produced during incubation was measured at 450sing@ microplate reader (VersaM¥x
Molecular Devices, Sunnyvale, CA, USA). Kojic a¢gb uM) and arbutin (400 uM) were
used as positive controls. All experiments werglittated. The following formula was used

to calculate the tyrosinase inhibition:
%Inhibition = [1-(A/B) X 100)]

where A represents the absorbance of the test sanBpthe absorbance of the non-treated

control.
4.2.2. Kinetic analysis of tyrosinase inhibition

An aqueous mushroom tyrosinase solution (200 u2@sl) and a test sample [10, 20, and

40 nM cinnamic amide, each 14]] were added to a 96-well plate containing an wassa
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mixture (170pl) consisting of an aqueous solution of variouscamtration ofL-tyrosine
(0.03125 to 16 mM) substrate, 50 mM potassium phatgpbuffer (pH 6.5) and a distilled

water in a ratio of 10:10:9. The initial rate of BAchrome formation in the reaction mixture

was examined by the increase in absorbance at Aavper min AOD4;dmin) read by a

microplate reader. The Michaelis-Menten constany)(l&nd maximal velocity (VMay Of
tyrosinase activity were determined by using Linawex-Burk plots with various
concentrations of-tyrosine. The plots show the inverse of reactielosty (1/V) versus the
inverse of substrate concentration (1/[S]). Onliasis of the point of convergence of lines on
the plot, an inhibitory mechanism could be detesdin
4.2.3. In silico docking simulation of cinnamic aeiderivatives4, 5, 9, and 14 and
tyrosinase

The docking studies were carried out between tyes® and the four cinnamic
amides okojic acid according to the previously used methatth slight modification [60,61].
In brief, the 3D structures of the four cinnamicides orkojic acidwere created on Chem3D
Pro 12.0 software. AutoDock Vina 1.1.2, and Chimsw&wares were used for the docking
score calculation between cinnamic amides and itygee enzyme. The 3D structure of
tyrosinase Agaricus bisporus was obtained from Protein Data Bank (ID: 2Y9X).
Pharmacophore models were created on a Ligand8cbi) indicating possible interactions
between ligands and the amino acid residues o$ityase.

4.2.4. Cell culture

B16F10 murine melanoma cells purchased from thmerican Type Culture
Collection (ATCC, Manassas, VA, USA) were used el viability assays of the four

cinnamic amides. Cells were cultured in Dulbecoo@&ified Eagle’s medium containing 10%
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fetal bovine serum (FBS), 100 IU/mL penicillin, ah@0 ug/mL streptomycin obtained from
Gibco/Thermo Fisher Scientific (Carlsbad, CA, US#)37 °C and 5% COFurther assay
experiments for cell viability, melanin content atylosinase activity were done on these
cells cultured in 96-well plates or 24-well disteeording to an experimental guideline. All
experiments were performed in triplicate.
4.2.5. Cell viability assay of cinnamic amide datives4, 5, 9 and, 14 in B16F10 melanoma
cells

The WST-8 assay was used to determine the celilityailp a 96-well plate following
the standard method [62]. Briefly, test cinnamiddas at four concentrations of 0, 5, 10, and
25 uM were added to the pre-cultured cells anchéurrincubated for 24 h. After 24 h, WST-8
reagents (EZ-3000, Daeil Lab Service, Seoul, Kovezte added to the treated and control
cells and incubated for a further 30 min to 2 fifge cell viability was assessed by measuring
absorbances at 450 nm. All experiments were pegdrm triplicate.
4.2.6. Tyrosinase inhibitory activity of cinnamimiale derivativesgl, 5, 9 and 14 in B16F10
melanoma cells

The tyrosinase inhibitory activity of the four cemmic amides in B16F10 melanoma
cells was assayed using the standard protocols skght modification [40]. BL6F10 cells
were treated with 1 pM-MSH to activate the melanin production in the €eHither the
cinnamic amides at four concentrations of 0, 5, dfj 25 pM or 25 puM kojic acid was
added to the cells. After 24 h of incubation, teiscwere washed with PBS 2-3 times, and
then broken with 10QL of lysis buffer, consisting of 50 mM PBS (9@, pH 6.8), 0.1 mM
PMSF (5uL), and 1% Triton X-100 (fL). The obtained lysis cells were frozen at “8Cfor
30 min, followed by centrifugation at 12,000 rpm 8 min at 4C. Then 80 pL of the lysate

supernatant was mixed with 20 pL of 10 niMopa and incubated at 32 for 30 min in 96-
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well plates. A microplate reader (Tecan, Manned8rfjtzerland) was used to measure the
optical densities at 500 nm. Experiments were peréal in triplicate.

4.2.7. The effect of cinnamic amide derivatided, 9 and 14 on melanin production in
B16F10 melanoma cells

Melanin content assay was performed to evaluaténtiibitory effect of the four test
cinnamic amides on melanogenesis using the stamdatidod with slight modification [63].
Briefly, cells were cultured in 24-well plates f@4 h and activated by 1 psM-MSH to
increase melanin production. Next, the cells weeated either with four concentrations of
the test cinnamic amides (0, 5, 10, and 25 pMkogic acid (25 uM) and incubated for 24 h
under the standard humidified conditions. The feiftg day, the cells were washed with PBS
buffer 2-3 times to remove the media content araibated with 200 pL of 1IN NaOH
solution for dissolving the melanin content. Thes@bance of the dissolved melanin was
obtained using a microplate reader at 405 nm.Xykeiments were performed in triplicate.
4.2.8. DPPH radical scavenging activity assay ohe@mic amide derivativels— 19.

The DPPH radical scavenging activities of the tashamic amided — 15 and the
test dihydroquinolinone&6 — 19 were determined using a previously reported metkidial
slight modification [64]. Briefly, in 96-well plage 180 pL of a DPPH methanol solution (0.2
mM) and 20 pL of test cinnamic amidés- 15 or test dihydroquinolinoness — 19 (10 mM
in DMSO) were mixedL-Ascorbic acid was used as standard reference iaatEne 96-well
plates were then incubated for 30 min in dark comas. The absorbances were measured
using a VersaMaX' microplate reader at 517 nm. All experiments weesfggmed in
triplicate.

The DPPH radical scavenging activitieslof 19 were calculated using the following

formula:
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Ac — As
(—C)l x 100

Scavenging activity (%) = x

where Ac is the absorbance of the non-treated abaid As is the test sample absorbance.
4.2.9. Statistical analysis

The statistical analyses were performed using GRaguh Prism 5 software (La Jolla,
CA, USA). Calculated results are presented as meaBEMs. Intergroup significance
differences were determined by using one-way ANO&Ad Tukey’'s test. Statistical
significance was considered at < 0.05 of two-sidadlues.
Acknowledgment
This research was supported by the Basic SciensedReh Program through the National
Research Foundation of Korea (NRF) funded by thee&io Ministry of Education (NRF-

2017R1D1A1B03027888).

References

[1] S.-Y. Seo, V.K. Sharma, N. Sharma, Mushroomoginase: recent prospects, J. Agric.
Food Chem., 51 (2003) 2837-2853.

[2] J. Hermanns, C. Pierard-Franchimont, G. Pér&kin colour assessment in safety
testing of cosmetics. An overview, Int. J. Cosrget., 22 (2000) 67-71.

[3] G. Prota, Regulatory mechanisms of melanogenbsyond the tyrosinase concept, J.
Invest. Dermatol., 100 (1993) S156-S161.

[4] S. Ullah, S. Son, H.Y. Yun, D.H. Kim, P. Chuid,R. Moon, Tyrosinase inhibitors: a
patent review (2011-2015), Expert Opinion on Thetdjg Patents, 26 (2016) 347-
362.

[5] T.-S. Chang, Natural melanogenesis inhibitcsng through the down-regulation of
tyrosinase activity, Materials, 5 (2012) 1661-1685.

[6] W.-C. Chen, T.-S. Tseng, N.-W. Hsiao, Y.-LnLiZ.-H. Wen, C.-C. Tsai, Y.-C. Lee,
H.-H. Lin, K.-C. Tsai, Discovery of highly potenyrosinase inhibitor, T1, with
significant anti-melanogenesis ability by zebrafishvivo assay and computational
molecular modeling, Sci. Rep., 5 (2015) 7995.

[7] A. Korner, J. Pawelek, Mammalian tyrosinasealy@es three reactions in the
biosynthesis of melanin, Science, 217 (1982) 118361

[8] S.Y. Lee, N. Baek, T.-g. Nam, Natural, semityatic and synthetic tyrosinase
inhibitors, Journal of enzyme inhibition and medadichemistry, 31 (2016) 1-13.

[9] V.J. Hearing, K. Tsukamoto, Enzymatic contafl pigmentation in mammals, The

44



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

FASEB Journal, 5 (1991) 2902-29009.

R. King, J. Nordlund, R. Boissy, V. Hearinthe pigmentary system: physiology and
pathophysiology, (1998).

M.W. Lassalle, S. Igarashi, M. Sasaki, K. \Walatsu, S. Ito, T. Horikoshi, Effects of
melanogenesis inducing nitric oxide and histamindhan production of eumelanin
and pheomelanin in cultured human melanocytes, &giell Res., 16 (2003) 81-84.
R.D. Cone, D. Lu, S. Koppula, D.I. Vage, HuKgland, B. Boston, W. Chen, D.N.
Orth, C. Pouton, R.A. Kesterson, The melanocoriteptors: agonists, antagonists,
and the hormonal control of pigmentation, RecemgPHorm. Res., 51 (1996) 287-
317; discussion 318.

C. Duval, N.P. Smit, A.M. Kolb, M. Régnier,. avel, R. Schmidt, Keratinocytes
control the pheo/eumelanin ratio in cultured norrhaman melanocytes, Pigment
Cell Res., 15 (2002) 440-446.

S. Burchill, A. Thody, S. Ito, Melanocytedstillating hormone, tyrosinase activity and
the regulation of eumelanogenesis and phaeomelaasgein the hair follicular
melanocytes of the mouse, J. Endocrinol., 109 (L28621.

J. Ancans, D.J. Tobin, M.J. Hoogduijn, N.Ani§ K. Wakamatsu, A.J. Thody,
Melanosomal pH controls rate of melanogenesis, &ammphaeomelanin ratio and
melanosome maturation in melanocytes and melanatis, &€xp. Cell Res., 268
(2001) 26-35.

S. Ito, K. Wakamatsu, Quantitative analydi®omelanin and pheomelanin in humans,
mice, and other animals: a comparative review, Bigneell research, 16 (2003) 523-
531.

S. Alaluf, D. Atkins, K. Barrett, M. Blount\. Carter, A. Heath, Ethnic variation in
melanin content and composition in photoexposed @matoprotected human skin,
Pigment Cell Res., 15 (2002) 112-118.

R.A. Sturm, Molecular genetics of human pigritagion diversity, Hum. Mol. Genet.,
18 (2009) R9-R17.

T. Yamanome, M. Amano, A. Takahashi, Whitekigound reduces the occurrence of
staining, activates melanin-concentrating hormone& promotes somatic growth in
barfin flounder, Aquaculture, 244 (2005) 323-329.

V. Nikitina, E. Vetchinkina, E. PonomarevaVyYGogoleva, Phenol oxidase activity in
bacteria of the genus Azospirillum, Microbiolog® {2010) 327-333.

S. Pifiero, J. Rivera, D. Romero, M.A. CevsJl&. Martinez, F. Bolivar, G. Gosset,
Tyrosinase from Rhizobium etli is involved in nodtibn efficiency and symbiosis-
associated stress resistance, J. Mol. Microbiatdghnol., 13 (2007) 35-44.

R.M. Paddison, R.P. Griffith, Occurrence drkinson's disease in black patients at
Charity Hospital in New Orleans, Neurology, 24 (4p888-688.

P.E. Duffy, V.M. Tennyson, Phase and electmitroscopic observations of Lewy
bodies and melanin granules in the substantia migdalocus caeruleus in Parkinson's
disease, J. Neuropathol. Exp. Neurol., 24 (1968)8M.

D.M. Mann, P.O. Yates, Possible role of nenetanin in the pathogenesis of
Parkinson's disease, Mech. Ageing Dev., 21 (1983)203.

A. Bender, K.J. Krishnan, C.M. Morris, G.Aayllor, A.K. Reeve, R.H. Perry, E. Jaros,
J.S. Hersheson, J. Betts, T. Klopstock, High leeglsitochondrial DNA deletions in
substantia nigra neurons in aging and Parkinsaades Nat. Genet., 38 (2006) 515.
M. Asanuma, |. Miyazaki, N. Ogawa, DopaminmetesDOPA-induced neurotoxicity:

45



[27]

[28]

[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]
[37]
[38]

[39]

[40]

[41]

[42]

[43]

the role of dopamine quinone formation and tyrostnan a model of Parkinson’s
disease, Neurotox. Res., 5 (2003) 165-176.

H. Babich, F. Visioli, In vitro cytotoxicityo human cells in culture of some phenolics
from olive oil, Il Farmaco, 58 (2003) 403-407.

F. Solano, S. Briganti, M. Picardo, G. Ghanetgpopigmenting agents: an updated
review on biological, chemical and clinical aspe&igment Cell Res., 19 (2006) 550-
571.

M. Adhikari, A. Ali, N.K. Kaushik, E.H. ChoiPerspective in Pigmentation Disorders,
in:  Comprehensive Clinical Plasma Medicine, Spmg@018, pp. 363-400.

I.B. Allemann, D.J. Goldberg, Benign pigmeshtdesions, in: Basics in
Dermatological Laser Applications, Karger Publishe011, pp. 81-96.

A.J. McEvily, R. lyengar, W.S. Otwell, Inhiimn of enzymatic browning in foods and
beverages, Crit. Rev. Food Sci. Nutr., 32 (1993-233.

K. Maeda, M. Fukuda, Arbutin: mechanism of depigmenting action in human
melanocyte culture, Journal of Pharmacology andeBErpental Therapeutics, 276
(1996) 765-769.

B. Fu, H. Li, X. Wang, F.S. Lee, S. Cui, latbn and identification of flavonoids in
licorice and a study of their inhibitory effects tymosinase, J. Agric. Food Chem., 53
(2005) 7408-7414.

K. Maeda, M. Fukuda, In vitro effectivenes$ several whitening cosmetic
components in human melanocytes, J. Soc. CosmetnCHA2 (1991) 361-368.

Y. Ogiwara, M. Sugiura, K. Watanabe, J. Taayd. Endo, H. Maruyama, S. Tsuji, K.
Matsue, H. Yamada, Y. Wako, Evaluation of the répealose liver, bone marrow and
peripheral blood micronucleus and comet assaysgusiojic acid, Mutation
Research/Genetic Toxicology and Environmental Mem&gis, 780 (2015) 111-116.
W. Westerhof, T. Kooyers, Hydroquinone ang #nalogues in dermatology—a
potential health risk, J. Cosmet. Dermatol., 4 B&b-59.

M. Gaskell, K.I. McLuckie, P.B. Farmer, Geangicity of the benzene metabolites
para-benzoquinone and hydroquinone, Chem. Biatraat., 153 (2005) 267-270.

T. Pillaiyar, V. Namasivayam, M. ManickamHs.Jung, Inhibitors of Melanogenesis:
An Updated Review, Journal of medicinal chemistty.(2018) 7395-7418

L. Bullerman, F. Lieu, S.A. Seier, Inhibiticof growth and aflatoxin production by
cinnamon and clove oils. Cinnamic aldehyde and moige). Food Sci., 42 (1977)
1107-1109.

S.J. Bae, Y.M. Ha, J.-A. Kim, J.Y. Park, T.Ka, D. Park, P. Chun, N.H. Park, H.R.
Moon, H.Y. Chung, A novel synthesized tyrosinasehibitor:(E)-2-((2, 4-
dihydroxyphenyl) diazenyl) phenyl 4-methylbenzerfesiate as an azo-resveratrol
analog, Bioscience, biotechnology, and biochemigry(2013) 65-72.

H.J. Jung, M.J. Lee, Y.J. Park, S.G. Noh, ALKe, K.M. Moon, E.K. Lee, E.J. Bang,
YJ. Park, S.J. Kim, A novel synthetic compound$43-hydroxy-4-
methoxybenzylidene)-2-iminothiazolidin-4-one  (MHY3)7 inhibits mushroom
tyrosinase, Biosci. Biotechnol. Biochem., 82 (2018Y-767.

H.R. Kim, H.J. Lee, Y.J. Choi, Y.J. Park,Woo, S.J. Kim, M.H. Park, HW. Lee, P.
Chun, H.Y. Chung, Benzylidene-linked thiohydantaearivatives as inhibitors of
tyrosinase and melanogenesis: importance ofithkenyle, p-unsaturated carbonyl
functionality, MedChemComm, 5 (2014) 1410-1417.

S.H. Kim, Y.M. Ha, K.M. Moon, Y.J. Choi, Y.Rark, H.O. Jeong, K.W. Chung, H.J.

46



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Lee, P. Chun, H.R. Moon, Anti-melanogenic effect df2)-5-(2, 4-
dihydroxybenzylidene) thiazolidine-2, 4-dione, avabtyrosinase inhibitor, Archives
of pharmacal research, 36 (2013) 1189-1197.

S.J. Kim, J. Yang, S. Lee, C. Park, D. KadgAkter, S. Ullah, Y.-J. Kim, P. Chun,
H.R. Moon, The tyrosinase inhibitory effects ofxaaolone derivatives with a ()
phenyla, B-unsaturated carbonyl scaffold, Biorg. Med. Chg2018).

E.K. Lee, J.H. Kim, K.M. Moon, S. Ha, S.-GoN, D.H. Kim, B. Lee, S.J.K. Do
Hyun Kim, S. Ullah, H.R. Moon, Tyrosinase InhibyoEffect of (E)-2-(substituted
benzylidene)-2, 3-dihydro-1H-cyclopenta [a] naplghal-one Derivatives, Journal
of Life Science, 27 (2017) 139-148.

H.Y. Yun, S.S. Do Hyun Kim, S. Ullah, S.J.rKj Y.-J. Kim, J.-W. Yoo, Y. Jung, P.
Chun, H.R. Moon, Design, synthesis, and anti-majene effects of (E)-2-benzoyl-
3-(substituted phenyl) acrylonitriles, Drug desigeyelopment and therapy, 9 (2015)
4259.

S. Son, H. Kim, H.Y. Yun, S. Ullah, S.J. Ki,-J. Kim, M.-S. Kim, J.-W. Yoo, P.
Chun, H.R. Moon, (E)-2-Cyano-3-(substituted pheradiylamide analogs as potent
inhibitors of tyrosinase: A lineg-phenyle, p-unsaturated carbonyl scaffold, Biorg.
Med. Chem., 23 (2015) 7728-7734.

Y.M. Ha, J.-A. Kim, Y.J. Park, D. Park, J.Mim, K.W. Chung, E.K. Lee, J.Y. Park,
J.Y. Lee, H.J. Lee, Analogs of 5-(substituted bédeye) hydantoin as inhibitors of
tyrosinase and melanin formation, Biochimica etBigsica Acta (BBA)-General
Subjects, 1810 (2011) 612-619.

S.J.K. Do Hyun Kim, S. Ullah, H.Y. Yun, P. @m H.R. Moon, Design, synthesis, and
antimelanogenic effects of (2-substituted phenyl3dithiolan-4-yl) methanol
derivatives, Drug Des. Devel. Ther., 11 (2017) 827.

S.K. Sen Gupta, Proton transfer rate equailimi apolar aprotic solvents: a historical
perspective, J. Phys. Org. Chem., 30 (2017) e3605.

K. Li, L.N. Foresee, J.A. Tunge, Trifluorodice acid-mediated hydroarylation:
synthesis of dihydrocoumarins and dihydroquinolpn&se Journal of organic
chemistry, 70 (2005) 2881-2883.

M.R. Spaller, W.T. Thielemann, P.E. BrennRrA. Bartlett, Combinatorial Synthetic
Design. Solution and Polymer-Supported Synthesis ldéterocycles via
Intramolecular Aza Diels— Alder and Imino Alcohoy@izations, J. Comb. Chem., 4
(2002) 516-522.

M. Narsireddy, Y. Yamamoto, Catalytic asymneintramolecular hydroamination of
alkynes in the presence of a catalyst system damgisf Pd (0)-methyl Norphos (or
tolyl Renorphos)-benzoic acid, The Journal of orgashemistry, 73 (2008) 9698-
9709.

K.H. Kang, B. Lee, S. Son, H.Y. Yun, K.M. MoepH.O. Jeong, D.H. Kim, E.K. Lee,
Y.J. Choi, H.K. Do, (2)-2-(Benzo [d] thiazol-2-ylanp)-5-(substituted benzylidene)
thiazol-4 (5H)-one Derivatives as Novel Tyrosin&seibitors, Biol. Pharm. Bull., 38
(2015) 1227-1233.

K.W. Chung, Y.J. Park, Y.J. Choi, M.H. Pa¥kM. Ha, Y. Uehara, J.H. Yoon, P. Chun,
H.R. Moon, H.Y. Chung, Evaluation of in vitro and vivo anti-melanogenic activity
of a newly synthesized strong tyrosinase inhib{gy3-(2, 4 dihydroxybenzylidene)
pyrrolidine-2, 5-dione (3-DBP), Biochimica et Biogica Acta (BBA)-General
Subjects, 1820 (2012) 962-969.

47



[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Y.K. Han, Y.J. Park, Y.M. Ha, D. Park, J.Ye&, N. Lee, J.H. Yoon, H.R. Moon, H.Y.
Chung, Characterization of a novel tyrosinase mg2RS, 4R)-2-(2, 4-
dihydroxyphenyl) thiazolidine-4-carboxylic acid (WM384), Biochimica et
Biophysica Acta (BBA)-General Subjects, 1820 (208£2-549.

A.S. Singh, S.S. Shendage, J.M. Nagarkar, li@dcchloride based deep eutectic
solvent as an efficient solvent for the benzylatainphenols, Tetrahedron Lett., 55
(2014) 7243-7246.

S.W. Remiszewski, L.C. Sambucetti, P. Ata#jay. Bair, W.D. Cornell, M.A. Green,
K.L. Howell, M. Jung, P. Kwon, N. Trogani, Inhibi®of human histone deacetylase:
synthesis and enzyme and cellular activity of gtraichain hydroxamates, J. Med.
Chem., 45 (2002) 753-757.

S.K. Hyun, W.-H. Lee, D.M. Jeong, Y. Kim, JGhoi, Inhibitory effects of kurarinol,
kuraridinol, and trifolirhizin from Sophora flavemts on tyrosinase and melanin
synthesis, Biological and Pharmaceutical Bulle3ih,(2008) 154-158.

G.M. Morris, D.S. Goodsell, R.S. Halliday, Ruey, W.E. Hart, R.K. Belew, A.J.
Olson, Automated docking using a Lamarckian genafgorithm and an empirical
binding free energy function, Journal of computagiiochemistry, 19 (1998) 1639-
1662.

D.T. Moustakas, P.T. Lang, S. Pegg, E. Pstter I.D. Kuntz, N. Brooijmans, R.C.
Rizzo, Development and validation of a modulargagtble docking program: DOCK
5, J. Comput. Aided Mol. Des., 20 (2006) 601-619.

M. Ishiyama, H. Tominaga, M. Shiga, K. Sasém¢. Ohkura, K. Ueno, A combined
assay of cell vability and in vitro cytotoxicity thi a highly water-soluble tetrazolium
salt, neutral red and crystal violet, Biol. PhaBull., 19 (1996) 1518-1520.

L.-G. Chen, W.-L. Chang, C.-J. Lee, L.-T. Le€.-M. Shih, C.-C. Wang,
Melanogenesis inhibition by gallotannins from Cls@galls in B16 mouse melanoma
cells, Biological and Pharmaceutical Bulletin, 20Q9) 1447-1452.

M. Matos, C. Varela, S. Vilar, G. Hripcsak,Borges, L. Santana, E. Uriarte, A. Fais,
A. Di Petrillo, F. Pintus, Design and discovery tgfosinase inhibitors based on a
coumarin scaffold, RSC Advances, 5 (2015) 942273942

48



Highlights

Fifteen cinnamic amide derivatives were designed and synthesized via Horner-
Wadsworth-Emmons reaction.

Their anti-melanogenic effect were evaluated in mushroom tyrosinase and o-MSH-
stimulated B16F10 melanoma cells.

Compound 4, 5, 9 and 14 reveal ed excellent anti-melanogenic effect as compared to kojic
acid, used as positive control.

The docking simulation study expressed that cinnamic amides, 4, 5, 9 and 14 bind to the

active site of tyrosinase with stronger binding affinity than kojic acid.



