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A B S T R A C T

A series of novel α-methyl-L-DOPA urea derivatives viz., 3-(3,4-dihydroxyphenyl)-2-methyl-2-(3-halo/tri-
fluoromethyl substituted phenyl ureido)propanoic acids (6a-e) have been synthesized from the reaction of α-
methyl-L-DOPA (3) with various aryl isocyanates (4a-e) by using triethylamine (5, TEA) as a base catalyst in THF
at reflux conditions. The synthesized compounds are structurally characterized by spectral (IR, 1H & 13C NMR
and MASS) and elemental analysis studies and screened for their in-vitro antioxidant activity against DPPH, NO
and H2O2 free radical scavenging assays and identified compounds 6c & 6d as potential antioxidants. The ac-
quired in vitro results were correlated with the results of molecular docking, ADMET, QSAR and bioactivity
studies performed for them and predicted that the recorded in silico binding affinities are in good correlation
with the in vitro antioxidant activity results. The molecular docking analysis has comprehended the strong hy-
drogen bonding interactions of 6a-e with 1CB4, 1N8Q, 3MNG, 1OG5, 1DNU, 3NRZ, 2CDU, 1HD2 and 2HCK
proteins of their respective SOD, LO, PRXS5, CP450, MP, XO, NO, PRY5 and HCK enzymes. This has sustained
the effective binding of 6a-e and resulted in functional inhibition of selective aminoacid residues to be pro-
nounced as multiple molecular targets mediated antioxidant potent compounds. In addition, the evaluated
toxicology risks of 6a-e are identified with in the potential limits of drug candidates. The conformational analysis
of 6c & 6d prominently infers that urea moiety uniting α-methyl-L-DOPA with halo substituted aryl units into a
distinctive orientation to comply good structure-activity to inhibit the proliferation of reactive oxygen species in
vivo.

1. Introduction

In neurotherapy antioxidants are acknowledged as protective agents
that efficiently works against the reactive oxygen species (ROS) to re-
tard and to inhibit the aggregate effect of oxidative damages [1]. The
renowned medical innovations evidences that the scarcity of anti-
oxidants in brain causes neurological disorders like Parkinson’s and
Alzheimer’s diseases, consequently fulfilled the etiology of such

neurodegenerative diseases [2]. Oxidative stress realizes the patho-
genesis of neurodegenerative diseases caused by the surplus amount of
ROS produced in vivo by unbalanced biochemical disorders which in-
tern leads to neuronal damage and cell death [3–6]. In this context,
number of synthesized molecules varying in structures are under in-
vestigation for therapeutic use and many of them are getting agonized
to cross the blood brain barrier (BBB) to warrant the activity. Hence,
the identification of potential antioxidant active molecules with
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competent BBB threshold to pronounce as neuroprotective therapeutic
agents is the significant task in current scenarios of biochemical re-
search [7]. In such pursuit we have identified urea pharmacophore as
privileged to present in some important medicines and drugs that are
exhibiting both antioxidant and neuroprotective properties.

In this prominent array, 1-(2,6-dihalobenzoyl)-3-(9H-fluoren-9-yl)-
urea (I) consisting an acyl urea moiety linking two aryl hydrophobic
fragments is recognized as a Cyclophilin A (CypA) inhibitor [8] and
reduces the neurological disorders in brain [9]. A novel class of 3-
phenyl/ethyl-2-thioxo-2,3-dihydrothiazolo[4,5-d]pyrimidin-7-yl urea
derivatives (II) have been identified as noteworthy anti-parkinsonian
agents [10]. Similarly urea derivatives of quinoxaline 2,3-diones (III),
which are notorious glutamate receptor antagonists are identified as
neuroprotective agents to treat chronic neurodegenerative disorders
[11]. Alike 3-aroyl-1-(4-sulfamoylphenyl) urea derivatives (IV) con-
taining aryl sulfonamide moiety are recognized as 15-lipoxygenase (15-
LOX) inhibitors and potent antioxidants which works against oxidative
stress induced cell death in PC12 cells by significant protection of
neurons [12]. In continuation ethyl (benzo[d]thiazol-2-ylcarbamoyl)
glycinate (V) a benzothiazole derivative an approved protecting agent
of neuronal cells from amyloid β (Aβ25-35) induced apoptotic degen-
eration in PC12 cells [13]. Likely ethyl 6-methyl-4-(3-phenoxyphenyl)-
2-thioxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylate (VI), a cyclic
urea has potentially prohibited the neurotoxicity in N2a cells and
identified as prospective neuroprotective agent and inhibited the in-
flammatory type of brain damage (Fig. 1) [14]. Indeed it is identified
that urea pharmacophore is found to be potent with multi-ligating
centers like oxygen and nitrogen atoms which acts as hydrogen bond
donors to bind with the amino proton acceptors of the receptors and
fulfills the drug properties. Hence these are identified as potent anti-
microbial [15–23], anti-inflammatory [20], antioxidant [21–24], anti-
diabetic [19,25], antitubercular [17,26], antileishmanicidal [27] and
anticancer [28,29] agents and 5-lipoxygenase [2], monoamine oxidase
B [30], polyphenol oxidase [31], gastric H+/K+-ATPase [32], nitric
oxide synthase [33] and urease [34] enzyme inhibitors.

Our proficiency in synthesis of urea derivatives having novel moi-
eties viz., 3-(trifluoromethyl)-5,6,7,8-tetrahydro-[1,2,4] triazolo [4,3-a]
pyrazine, a newly designed drug intermediate containing both triazole
and tetrahydropyrazine moieties [15], 2-amino-6-fluorochroman-2-yl)
ethanol, a chromene based intermediate of Nebivolol drug [16], (2ʹ-
(1H-tetrazol-5-yl)biphenyl-4-yl)methanamine, a biphenyl moiety pre-
sent in some drug intermediates like valsartan, A81988 and losartan
[18] 2-amino-2,3-dihydro-1H-2λ5[1,3,2]diazaphospholo[4,5-b] pyr-
idin-2-one, a synthesized five membered diazaphosphole molecule [19]
de-acidified AK-78710, a lopinavir drug intermediate comprising 2-
oxotetrahydropyrimidin group [21], l-1-(3,4-Dihydroxyphenyl)-2-me-
thylaminoethanol, a catechol substituted secondary amine [22], and 4-
methyl-3-[4-(3-pyridyl)pyrimidin-2-ylamino]aniline, an imatinib drug
intermediate [23] has significantly facilitated in refining the molecular
design in connection with the structure activity relationship (SAR)
studies that achieves the foreseen biological activity. Henceforth we
have protracted our current investigative study to contemplate a new

and potential moiety inhibiting the production of ROS to annihilate the
oxidation process in vivo and also to acquire a potential threshold to
cross BBB to have the eminence to be identified as neuroprotective anti-
oxidants.

Here we have considered the renowned α-Methyl-L-DOPA [3, (S)-2-
amino-3-(3,4-dihydroxyphenyl)-2-methylpropanoic acid] as a choice of
potential excellence such that its basic structure represents many types of
neurologically potent compounds. In this resembling series, (2S)-3-(3,4-
dihydroxyphenyl)-2-hydrazino-2-methylpropanoic acid (Carbidopa, VII) is
identified as potential inhibitor of aromatic L-amino acid decarboxylase
(AADC) enzyme and it is identified as medication which is competent to
passing through the protective blood–brain barrier (BBB) and is used in
the treatment of Parkinson's disease (PD) [35]. Similarly (S)-6,7-dihy-
droxy-3-methyl-3,4-dihydroisoquinoline-3-carboxylic acid (VIII, 3-methyl
derivative of 3,4-dihydroisoquinoline-3-carboxylic acid), which is derived
from α-Methyl-L-DOPA is successfully identified as potential antioxidant
and D-aminoacid oxidase (DAAO) inhibitor and reported as useful com-
pound for the treatment of neurodegenerative diseases [36]. In this con-
text, (4S)-1-chloro-7,8-dihydroxy-4-methyl-2-oxo-1,4,5,9b-tetrahydro-2H-
azeto[2,1-a]isoquinoline-4-carboxylic acid (IX, a β-lactam derivative of
3,4-dihydroisoquinoline-3-carboxylic acid), which is derived from α-Me-
thyl-L-DOPA is recognized as a potential compound that inhibit the growth
of butyrylcholinesterase (BuChE) and acetylcholinesterase (AChE) en-
zymes that effectively works for pathophysiology of Alzheimer’s disease
[36]. In hierarchy, 1-(pivaloyloxy)ethyl (2S)-2-amino-3-(3,4-dihydrox-
yphenyl)-2-methylpropanoate (X, pivaloyloxyethyl ester of methyldopa) is
identified as a potential antihypertensive agent playing an important role
in neurotransmission [37].

Additionally, it is predicted that (R)-2-(((R)-1-carboxy-3-oxo-3-
phenylpropyl)-L-alanyl)-6,7-dimethoxy-3-methyl-1,2,3,4-tetra-
hydroisoquinoline-3-carboxylic acid (XI, 3-Phenyl moexiprilat), which
is derived from α-Methyl-L-DOPA is identified as proficient lipophilic
angiotensin converting enzyme (ACE) inhibitors and controls the ar-
terial hypertension [38,39]. Furthermore, ethyl (R)-2-((3S,11aS)-8,9-
dimethoxy-3,11a-dimethyl-1,4-dioxo-1,3,4,6,11,11a-hexahydro-2H-
pyrazino[1,2-b]isoquinolin-2-yl)-4-oxo-4-phenylbutanoate (XII, dike-
topiperazine derivative of 3-Phenyl moexiprilat), which is derived from
α-Methyl-L-DOPA is also described as active angiotensin-converting
enzyme (ACE) inhibitor (Fig. 1) [40]. Apart from these neurological
applications of α-methyl-L-DOPA derivatives, they have been also re-
ported as ultimate antihypertensive agent [41], anti-parkinson’s drug
[42], sympathetic nerve inhibitor that reduces the blood pressure by
inhibiting the sympathetic nerves from compressing blood vessels [43]
human L-type amino acid transporter 1 (LAT1) endogenous candidate
that regulates the its high level of consistent expression in brain micro-
vessel endothelial cells and acts as therapeutic neuropharmaceutical
agent [44,45]. Hence, we have designed the synthesis of a series of α-
methyl-L-DOPA urea derivatives, synthesized, studied and herein re-
porting as potential antioxidants those outrivals the potential BBB
threshold to be quantified as neuroprotective antioxidants and re-
warded the present study.

Fig. 1. Neuro-Potent urea derivatives (I-VI) & α-methyl-L-DOPA derivatives (VII-XII).
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2. Results and discussion

2.1. Chemistry

3-(3,4-dihydroxyphenyl)-2-methyl-2-(3-halo/trifluoromethyl sub-
stituted phenyl ureido)propanoic acids (6a-e) have been synthesized
from the reaction of α-methyl-L-Dopa (3), phenyl isocyanates (4a-e) and
TEA (5) base (Scheme 1). The merit of this reaction is easy work-up to
obtain products in good yields with the optimized conditions of TEA
base and THF solvents.

2.1.1. Optimization of base catalyst for the reaction
Compound 3 was taken in to a round bottom flask containing o-

fluorophenyl isocyanate in THF in sodium hydroxide base and thor-
oughly stirred the contents for 8 h at 40–50 °C and poor result was
observed. Then the same reaction was performed by varying sodium
hydroxide with potassium hydroxide, cesium carbonate, potassium
hydroxide & ammonia and obtained the same result. Then used L-pro-
line, N,N-diethylamine and triethylamine and obtained significantly
higher yields. Hence we shifted to engage reaction with organc bases
like triphenyl phosphine, pyridine, pyrrolidine, di-isopropyl ethyl
amine, p-toluenesulfonic acid and observed no considerable progress in
the yield. In ultimate, highest yield was obtained with TEA base
(Table 1) and thus noted it as a base catalyst of interest for the synthesis
of 6a-e and same conditions were adopted for the solvent optimization.

2.1.2. Optimization of solvent for the reaction
After optimizing TEA as an efficient catalyst for the synthesis of title

compounds, we have screened various solvents same conditions apart
THF. In such we have engaged some polar protic solvents like ethanol,
isopropyl alcohol & methanol, polar aprotic solvents like acetonitrile,
1,2-dichloromethane, dimethyl sulfoxide, N,N-dimethylformamide, 1,2-
dichloroethane and non-polar solvents like 1,4-dioxane, chloroform, o-
xylene & toluene and performed the reaction at 40–50 °C for 8 h
(Table 2). From the results it is identified that THF system has given
90% yield and no other solvent has been successful and hence we have

considered THF as an effective solvent and moved for the synthesis of
remaining compounds of the series in good yields.

2.1.3. Mechanism for the synthesis of compounds 6a-e
Here the base action of TEA has been clearly visualized in obtaining

title compounds from substrates (Fig. 2). At the outset, TEA base (5,
pka: 10.78) abstracts a proton from α-methyl-L-DOPA (3, pka: 9.85) and
produces its conjugate acid (7, triethylammonium ion, pka: 10.75)
along with (2-carboxy-1-(3,4-dihydroxyphenyl)propan-2-yl)amide
anion (8). Then 8 acts as a base and attacks on isocyanate’s caronyl
carbon (electrophilic) of aryl isocyanate (4), generates ((2-carboxy-1-
(3,4-dihydroxy phenyl)propan-2-yl)carbamoyl)(phenyl)amide anion
(9) in addition reaction approach. In ultimate, intermediate anion 9
abstracts a proton from triethylammonium ion (7), and forms 3-(3,4-
dihydroxyphenyl)-2-methyl-2-(3-halo/trifluoro-methyl substituted
phenyl ureido)propanoic acids (6a-e). The reaction is well expedited in
THF, as it is unable to strongly bound with the intermediates and title
compounds and accelerates the reaction to accomplish the 6a-e in good
yields with short reaction times.

2.2. Antioxidant activity

Pioneering of potential antioxidants is a significant objective as that
one may to remove surplus free radicals in vivo. In this pursuit, we have
prospered α-Methyl-L-DOPA, customized its structure by introducing
some aryl groups with a urea spacer. The screened DPPH assay results
customized compounds 6a-e with 17.13–20.44 µM range of Half
Maximal Inhibitory Concentration (IC50), 3 with 183.68 µM, ascorbic
acid with 16.05 µM and 6c with 17.13 µM (Table 3). Similarly the
screened NO assay results customized compounds 6a-e with
95.05–101.72 µM range of IC50, 3 with 109.38 µM, ascorbic acid with
47.84 µM and 6c with 95.05 µM (Table 4). In addition, screened H2O2
assay results customized compounds 6a-e with 22.11–100.90 µM range
of IC50, 3 with 109.38 µM, ascorbic acid with 20.47 µM and 6c with
22.11 µM (Table 5). The obtained results customized 6a-e in an order of
6c > 6d > 6e > 6b > 6a potential antioxidant activity. Finally,

Scheme 1. Synthesis of urea derivatives of α- methyl- L-Dopa (6a-e).

Table 1
Optimization of base for the synthesis of 6a.

S.No. Catalysta,b Yield (%)c,d

1 Sodium hydride 10
2 Potassium carbonate 10
3 Cesium carbonate 20
4 Potassium hydroxide Nil
5 Ammonia Nil
6 L-Proline 30
7 N,N-Diethylamine 30
8 Triethylamine 90
9 Triphenyl phosphine 20
10 Di-isopropyl ethyl amine 40
11 p-Toluenesulfonic acid 10
12 Pyridine 20
13 Pyrrolidine 10

a Solvent: Tetrahydrofuran (THF).
b Catalyst Concentration: 20 mol%.
c Reaction temperature: 45–50 °C.
d Reaction time: 8 h.

Table 2
Optimization of solvent for the synthesis of 6a.a–d

S.No. Solvent Yield (%)

1 Methanol 50
2 Ethanol 50
3 Isopropyl alcohol (IPA) 40
4 1,2-Dichloromethane (DCM) 40
5 1,2-Dichloroethane 45
6 Acetonitrile 35
7 N,N-Dimethylformamide 30
8 Dimethyl sulfoxide (DMSO) 30
9 Tetrahydrofuran (THF) 90
10 Chloroform 50
11 1,4-Dioxane Nil
12 Toluene Nil
13 o-Xylene Nil

a Catalyst: Triethylamine (TEA).
b Catalyst concentration: 20 mol%.
c Reaction temperature: 45–50 °C.
d Reaction time: 8 h.
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compound 6c is identified as potential antioxidant as it is emphasized
with consistent results in three in vivo assays we studied. In ultimate the
idea of intriguing aryl moieties with urea spacer on amino group of α-
Methyl-L-DOPA to fascinate antioxidant activity is fulfilled.

2.3. Molecular docking studies:

The inhibition of proliferation of ROS in vivo by 6a-e has been
mechanistically assessed by interpreting their molecular docking in-
teractions with selective enzymatic proteins viz., 1CB4 (superoxide
dismutase) [46], 1N8Q (Lipoxygenase-3) [47], 3MNG (Peroxiredoxin-
5) [48], 1OG5 Cytochrome p450 [49], 1DNU (Myeloperoxidase) [50],
3NRZ (Xanthine dehydrogenase/oxidase) [51], 2CDU (NADPH oxidase)
[52], 1HD2 (Peroxiredoxin 5) [53] and 2HCK (Hematopoetic cell ki-
nase) [54] and studied the ligand-protein binding patterns. The docking
interactions of selective aminoacid residues with hydrogen bond donor
and acceptor atoms of title compounds (Table 6, 8, 10, 12 & 14) and
their docking poses of protein-ligand interactions (Tables 7, 9, 11, 13 &
15) were presented. In detail, the conformational analysis of 6a-e
confirms that carboxylic and di-hydroxyphenyl groups (in planes) are
linked by CαeCβ bond with an angle of 179.8–180.0°, resembling me-
thyl-DOPA. Similarly, CαeCH3 & CAreCF3 groups linked by urea (eN-
HeCOeNHe) are with inter planar angle of 179.5–179.8° (Fig. 3). It is
also predicted that both eCF3 & eCH3 moieties have oriented in trans
geometry and adopted an virtual octahedral (all counter corner atoms
are ~4A° apart) orientation which are 5A°apart. In wholesome the
presence of classical and nonpolar methyl isosteric trifluoromethyl
(eCF3) moiety in compounds 6c and 6d has attributed high potentiality
and the its unique structure-bioactivity analogy as eCF3 moiety is lo-
cated far away from the α-carbon of these compounds rather than to
disturb the inherent properties [55].

2.4. ADMET properties:

Study of ADMET properties for an ensemble of compounds helps to
understand and describe their physico-chemical interactions with target
and assists us to assess its drug like properties and helps a lot in drug
design and development. This high-throughput screening of molecular
adherence helps in recognizing a lead compound of a large ensemble in
the interested targets domain [56].

This significant study helps to distinguish the pharmacokinetic
properties of 6a-e and to comprehend their drug-like interactions with
in the cell. The Human intestinal absorption discursively helps in car-
rying the active compounds to target cell tissues via blood stream to
interact mutually. In oral administration, degree of absorption of a
potential compound depends on the properties of its inherent bioa-
vailability. Then the absorbed portion will itself be distributed into
muscles from there to other organs by circulation via extracellular sites.
As such the distribution of a compound lowers its plasma concentration
and metabolizes it and then distributes its metabolites by enzymatic
redox reactions. Some of the distributed active metabolites work effi-
ciently in pharmacologically on cellular systems, on contrary the in-
active metabolites deactivate the administered compound and reduce
its effect in vivo and inert metabolites will be excreted from kidneys.

The scrutiny of predicted ADMET properties (Table 16) of 6a-e re-
vealed that the in vivo BBB penetration efficiency identified in the range
of 0.294438–0.749112 ascertains their high significance of CNS activity
approved their permeability to distribute themselves in vivo compared
to substrate 3 with 0.472612 and ascorbic acid with 0.172436. It is
reinforced on the grounds of their in vitro Caco-2 cell permeability
observed in the range of 18.8199–21.0311 nm/sec, which are benign
compared to the substrate 3 with 21.1075 and ascorbic acid with
2.65695. This efficiency establishes their sustained permeability to bind
with the plasma proteins to enable the penetration of these compounds
in to BBB system. The in vitro PPB affinity observed in the range of
82.476035–92.817459% confirms their strong binding ability to the
plasma proteins, which are worthy, compared to the substrate 3 with
9.079006 and ascorbic acid with 2.790093. The in vitro MDCK cell
permeability acknowledged in the range of 0.031757–2.42001 nm/sec
and hence discloses them as moderately permeable to interact with the
concerned active species, compared to the substrate 3 with 14.7944 and
ascorbic acid with 0.72561. The %HIA recognized is proficient as they
are in the range of 77.637382–86.697345 which are comparatively
better than compound 3 with 61.912798% and standard ascorbic acid
with 29.075921% and promises their interactions with the reactive
species in the expecting target of domains. The negative toxicity results
indicate that compounds 6a-e are safer and non-toxic drugs as omitted
from the positive toxicity results. This study concludes the good phy-
sico-chemical interactions of 6a-e and their drug-likeness properties.

Fig. 2. Mechanism for the synthesis of compounds 6a-e.

Table 3
DPPH free radical scavenging activity of 6a-e.

Compound Percentage of Scavenging (%) Half Maximal Inhibitory Concentration (IC50 in µM)

25 µg/mL 50 µg/mL 75 µg/mL 100 µg/mL

6a 61.15 ± 0.28 64.62 ± 0.31 66.94 ± 0.13 69.25 ± 0.22 20.44
6b 63.47 ± 0.21 66.94 ± 0.27 67.4 ± 0.15 69.95 ± 0.33 19.69
6c 72.96 ± 0.32 73.19 ± 0.24 74.02 ± 0.16 78.05 ± 0.12 17.13
6d 65.20 ± 0.20 67.87 ± 0.16 69.72 ± 0.24 71.57 ± 0.28 19.17
6e 63.93 ± 0.18 68.33 ± 0.40 70.64 ± 0.18 72.26 ± 0.46 19.55
3 11.07 ± 0.94 15.54 ± 0.52 22.35 ± 0.57 29.67 ± 0.35 183.68
Ascorbic Acid 77.84 ± 0.21 78.04 ± 0.11 81.01 ± 033 84.02 ± 0.47 16.05
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2.5. QSAR studies

The study of biochemical interactions of compound under analysis
with it pharmacological target is a vital step in realizing its drug-like
properties. In such predicted QSAR properties of 6a-e revealed their
effective scorings of molecular weights are in 364.79–432.78 range,
which are less than 500 Da and supports their safer drug activity
(Table 17). The number of hydrogen bond donating atoms or atom
containing groups is 5, which is less than or equal to 5, basically, the
urea moiety is a powerful hydrogen bond donor [57,58] and the
number of hydrogen bond accepting atoms or atom containing groups is
6, which is less than 10. Similarly, they are deserved with partition co-
efficient (logP) of 1.81–3.17, which is less than 5 and the molecular
refractivity values in the range of 87.79–97.67 cm3/mol are identified
in the limits of potential drugs only. These observed results confirm that
compounds 6a-e are with virtuous pharmaceutical parameters with
zero Lipinski property violations. On compatible with Lipinski para-
meters we have predicted the total polar surface area (TPSA) value as
118.88 which is less than 140, number of rotatable bonds in the range
of 5–6 which are less than 10 empowers them as potential molecules
with zero Veber property violations to interact well with the target
cells. The consistent correlation of Lipinski and Veber properties es-
teems compound 6a-e as noble administrable drugs to effectively bind
with host to assure their pharmacological activity.

On the other hand, the number of hydrophobic atoms presents on
the ligand molecules in the range of 17–18 assures their capacity to
form complexes with target cell receptors to institute their ligand-re-
ceptor binding relations. The additional properties like Van der Waals
volume identified in the range of 237.2–278.5, density in the range of
1.467–1.641gm/cc and solubility ranging from −3.26 to −4.46 sup-
ports the of ligand interactions with molecules with the hosting re-
ceptors and their proficient affinity with target cells within binding
domain. This entire study of QSAR properties of 6a-e concludes their
established structure-activity relationship parameters to support the
evaluated antioxidant potentiality and to state them as neuro-protective
antioxidants.

2.6. Bioactivity & toxicity risk studies

The bioactivity properties like G protein-coupled receptor Ligand
(GPCRL) property, ion channel modulator (ICM) property, kinase in-
hibitor (KI) property, protease inhibitor (PI) property, nuclear receptor
ligand (NRL) interaction property & enzyme inhibitor (EI) property and
toxicity risk properties like drug-likeness and drug score were predicted
for the title compounds (Table 18). The GPCRL property is identified in
the limits of 0.22–0.31, ICM property is identified ranging from −0.03
to 0.10, KI property is identified limiting from −0.08 to 0.01, NRL
interaction property is enriched 6a-e with values ranging from −0.16
to 0.09, PI property is reputed in the range of 0.31–0.19 and EI property
is explored in the limits of 0.03–0.09. All these properties are superior
to the compared standards and the substrate α-methyl-L-DOPA. Simi-
larly, it is found that all the compounds are in the range of −8.78 to
0.48 of drug-likeness and is comparable with ascorbic acid standards
having −6.5 of drug-likeness. Likewise, the drug score is identified in
the range of 0.27 to 0.64, which are analogous to the ascorbic acid
standard with 0.49 of drug score value. From the bioactivity assess-
ment, it is also renowned that all the synthesized compounds are non-
mutagenic, non-tumorigenic, non-irritant and they doesn’t adhere the
negative impacts on reproductive system and hence ascertained them as
safer drugs with extensive binding affinities to pair up potentially with
reactive species in the domains of the specific targets considered and
established a robust host-receptor relation of compounds 6a-e with the
all the above ligands.

3. Conclusion

A series of novel α-methyl-L-DOPA urea derivatives viz., 3-(3,4-di-
hydroxyphenyl)-2-methyl-2-(3-halo/trifluoromethyl substituted phenyl
ureido)propanoic acids (6a-e) synthesized by using TEA base as it as-
sisted the reactants to bind and form CeN bond via addition reaction.
Here, 6c & 6d were identified as effective antioxidants with good IC50
values as screened at 25, 50, 75 and 100 µg/mL assessed by DPPH, NO
& H2O2 scavenging methods. Their molecular docking studies, ADMET,
QSAR, toxicity risks and bioactivity studies have reinforced their drug-
likeness, correlated with in vivo antioxidant activity. In addition, the
neuroprotective property has been arbitrated with BBB penetration

Table 4
NO free radical scavenging activity of 6a-e.

Compound Percentage of Scavenging (%) Half Maximal Inhibitory Concentration (IC50 in µM)

25 µg/mL 50 µg/mL 75 µg/mL 100 µg/mL

6a 30.52 ± 0.38 36.42 ± 0.23 43.12 ± 0.43 49.15 ± 0.32 101.72
6b 33.32 ± 0.11 39.4 ± 0.17 47.9 ± 0.35 50.45 ± 0.13 99.10
6c 35.25 ± 0.45 39.36 ± 0.82 45.8 ± 0.44 52.6 ± 0.22 95.05
6d 32.54 ± 0.60 39.46 ± 0.36 46.42 ± 0.18 51.27 ± 0.10 97.52
6e 30.06 ± 0.15 35.4 ± 0.26 45.8 ± 0.63 55.7 ± 0.38 98.70
3 25.37 ± 1.35 28.44 ± 1.19 37.81 ± 0.96 48.75 ± 1.11 109.38
Ascorbic Acid 40.11 ± 0.62 52.25 ± 0.32 61.66 ± 0.09 69.23 ± 0.32 47.84

Table 5
H2O2 free radical scavenging activity of 6a-e.

Compound Percentage of Scavenging (%) Half Maximal Inhibitory Concentration (IC50 in µM)

25 µg/mL 50 µg/mL 75 µg/mL 100 µg/mL

6a 41.51 ± 0.28 44.22 ± 0.31 46.14 ± 0.13 49.55 ± 0.22 100.90
6b 42.16 ± 0.33 45.45 ± 0.24 50.6 ± 0.19 54.4 ± 0.22 74.11
6c 56.52 ± 0.23 63.27 ± 0.36 74.10 ± 0.24 82.12 ± 0.42 22.11
6d 48.16 ± 0.65 57.64 ± 0.16 68.9 ± 0.54 83.4 ± 0.32 25.95
6e 45.10 ± 0.40 49.76 ± 0.66 56.72 ± 0.14 61.47 ± 0.08 50.24
3 25.37 ± 1.35 28.44 ± 1.19 37.81 ± 0.96 48.75 ± 1.11 109.38
Ascorbic Acid 61.06 ± 0.55 67.22 ± 0.22 74.04 ± 0.02 84.96 ± 0.33 20.47

N. Vadabingi, et al. Bioorganic Chemistry 97 (2020) 103708
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studies as they easily surpass the BBB threshold with good penetration
rates. This prediction has endorsed them as CNS active neuro-protective
antioxidants as preceded with the LAT1 transporter conjugate ability of
parent α-methyl-L-DOPA. As 6a-e binds with proteins 1CB4 (Chain A) of

superoxide dismutase (SOD), 1N8Q (Chain A) of lipoxygenase-3 (LO),
3MNG (Chain A) of peroxiredoxin-5 (PRXS5), 1OG5 (Chain B) of cy-
tochrome p450 (CP450), 1DNU (Chain C) of myeloperoxidase (MP),
3NRZ (Chain L) of xanthine dehydrogenase/oxidase (XO), 2CDU (Chain

Table 7
Potential protein-ligand binding interactions of compound 6a with identified enzymatic proteins.

6a with 1CB4 Chain A of SOD Enzyme 6a with 1N8Q Chain A of LO Enzyme 6a with 3MNG Chain A of PRXS5 Enzyme

6a with 1OG5 Chain B of CP450 Enzyme 6a with 1DNU Chain C of MP Enzyme 6a with 3NRZ Chain L of XO Enzyme

6a with 2CDU Chain B of NO Enzyme 6a with 1HD2 Chain A of PRY5 Enzyme 6a with 2HCK Chain B of HCK Enzyme

N. Vadabingi, et al. Bioorganic Chemistry 97 (2020) 103708
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B) of NADPH oxidase (NO), 1HD2 (Chain A) of peroxiredoxin 5 (PRY5)
and 2HCK (Chain B) of hematopoetic cell kinase (HCK) enzymes with
strong hydrogen bond binding affinities (ranging from −7.3359 to
−9.111 KCal/mol), to inhibit the ROS produced during metabolism
and their inhibitions break the ROS production by ensuing the reduc-
tion of the oxidative species and conservation of redox homeostasis.

Remarkably title compounds are identified to bound with aminoa-
cids in the order of their decreasing number of interactions with the
ligands viz., aspartic acid (ASP), glutamic acid (GLU) and asparagine
(ASN), arginine (ARG), threonine (THR), valine (VAL), phenyl alanine
(PHE), serine (SER), leucine (LEU), glutamine (GLU), alanine (ALA),
methionine (MET), proline (PRO), glycine (GLY), lysine (LYS), histidine
(HIS), cysteine (CYS) and tyrosine (TYR). The profound investigation
reveals that acidic aminoacids are strongly bound to the ligands rather
than neutral and basic aminoacids. This clearly reveals the carboxylic
acid extended interaction of enzymatic proteins with amino ends of
urea moiety present in the title compounds. Such that the prominence
of multiple molecular targets mediated antioxidant activity of 6a-e has

been well justified with potential excitatory protein receptor antagonist
enactment to reduce and block the neuronal damages and death, po-
sitively treat the neuro-degenenerative disorders. Hence, the idea of
linking α-methyl-L-DOPA and halo substituted aryl moieties with urea
linker has been proved as a commending assignment in designing these
potential antioxidants and proved α-methyl-L-DOPA group as potential
pharmacophore of the synthesized halo substituted urea derivatives.

4. Materials & methods

4.1. Chemistry

Chemicals were procured from Merck, progress of reaction was mon-
itored by thin layer chromatography (TLC, Merck) plates by observing in
UV (ultraviolet) lamp light (Hyderabad, India) and iodine by absorbance.
Synthesized compounds were obtained in pure form by column chroma-
tography (silica gel 200–300) and mp (melting points) were determined
on MP490 digital melting point apparatus (Hyderabad, India) in open

Table 8
Molecular Docking interactions of compound 6b with identified enzymatic proteins.

Enzymatic Protein Cluster
Number

Cluster
Rank

Binding
Energy
(KCal/mol)

No. of
Hydrogen
Bonds

H-Bond
Ligand
Atoms

H-Bond
Receptor
Atoms

Binding interaction Bond
Length
(A°)

H-Bond Type

1CB4 Chain A of
Superoxide Dismutase
(SOD)

0 1 −7.6831 5 4 3 Ligand(NHʹ)—————————
PRO100(O)

2.734 Acceptor

Ligand(NH)—————————
PRO100(O)

1.863 Acceptor

Ligand(OH)—————————
GLU107(O)

1.932 Acceptor

Ligand(OHʹ)————————GLU107(O) 1.780 Acceptor
Ligand(NH)———————————
ASP25(O)

2.396 Acceptor

1N8Q Chain A of
Lipoxygenase-3 (LO)

6 0 −9.0584 4 4 4 Ligand(OH)—————————
ASP787(O)

1.724 Acceptor

Ligand(HO)———————ASN788(NH) 2.231 Donor
Ligand(HN-C]O)–ASN146(NH) 2.465 Donor
Ligand(COOH)—————VAL539(O) 1.816 Acceptor

3MNG Chain A of
Peroxiredoxin-5
(PRX5)

25 3 −7.6723 3 3 3 Ligand(OH)————GLU91(OCOH) 2.039 Acceptor
Ligand(HOCO)————LEU96(NH) 1.864 Donor
Ligand(CONHʹ)—————VAL94(O) 2.353 Acceptor

1OG5 Chain B of
Cytochrome P450
(CP450) - 2C9

19 4 −7.8594 3 3 3 Ligand(CONH)—————LEU208(O) 2.696 Acceptor
Ligand(HOCO)———PHE476(NH) 2.080 Donor
Ligand(COOH)—————ASN474(O) 1.722 Acceptor

1DNU Chain C of
Myeloperoxidase (MP)

2 2 −8.5266 3 3 3 Ligand(OH)—————————
GLU242(O)

2.405 Acceptor

Ligand(HʹO)——————ARG239(NH) 2.231 Donor
Ligand(COOH)—————ASP237(O) 2.586 Acceptor

3NRZ Chain L of Xanthine
Oxidase (XO)

7 1 −8.9480 4 4 4 Ligand(OH)–GLN1194(OCNH) 2.031 Acceptor
Ligand(HO)—GLN1194(HNCO) 2.318 Donor
Ligand(CONH)———THR1077(O) 2.455 Acceptor
Ligand(HNCO)–GLN1040(CONH) 2.939 Donor

2CDU Chain B of NADPH
Oxidase (NO)

1 0 −8.9611 6 4 6 Ligand(HOCO)—ASN135(HNCO) 2.136 Donor
Ligand(HOCO)–ASN34(HNCO) 2.234 Donor
Ligand(CONHʹ)–GLU32(COOH) 2.353 Acceptor
Ligand(CONHʹ)–GLU32(COOH) 2.434 Acceptor
Ligand(HʹO)——————ALA11 (NH) 2.092 Acceptor
Ligand(HO)————————THR9(NH) 2.293 Acceptor

1HD2 Chain A of
Peroxiredoxin-5
(PRY5) Residue (54-
214)

8 1 −7.8723 4 3 4 Ligand(COOH)———————LEU96(O) 2.429 Acceptor
Ligand(HOC = O)————LEU96(NH) 2.031 Donor
Ligand(HN-C]O)——ARG86(NH) 2.051 Donor
Ligand(HN-C]O)——ARG86(NH) 2.659 Donor

2HCK Chain B of
Hematopoetic Cell
Kinase (HCK)

10 7 −8.1787 6 5 6 Ligand(COOH)—ASP348(COOH) 2.101 Acceptor
Ligand(HOCO)———SER345(OH) 2.509 Acceptor
Ligand(HOCO)———SER345(NH) 1.945 Acceptor
Ligand(OH)—————————
MET341(O)

2.554 Acceptor

Ligand(HO)—————————
MET341(HN)

2.541 Donor

Ligand(CONHʹ)————ALA275(O) 1.888 Acceptor

N. Vadabingi, et al. Bioorganic Chemistry 97 (2020) 103708
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capillaries. IR (infrared) spectra were recorded on Bruker Alpha – EcoATR-
FTIR (Attenuated Total Reflection-Fourier-Transform Infrared) inter-
ferometer having ZnSe (zinc selenide) crystal (Ettlingen, Germany) and
their absorption maxima values were reported in wave numbers (νmax,

cm−1). 1H and 13C NMR (Nuclear Magnetic Resonance) spectra were re-
corded at 400 & 100 MHz frequency respectively on Bruker 400 MHz
instrument (Ettlingen, Germany) in DMSO‑d6 by using TMS (tetra-
methylsilane) as internal standard and their corresponding chemical shift

Table 9
Potential protein-ligand binding interactions of compound 6b with identified enzymatic proteins.

6b with 1CB4 Chain A of SOD Enzyme 6b with 1N8Q Chain A of LO Enzyme 6b with 3MNG Chain A of PRXS5 Enzyme

6b with 1OG5 Chain B of CP450 Enzyme 6b with 1DNU Chain C of MP Enzyme 6b with 3NRZ Chain L of XO Enzyme

6b with 2CDU Chain B of NO Enzyme 6b with 1HD2 Chain A of PRY5 Enzyme 6b with 2HCK Chain B of HCK Enzyme

N. Vadabingi, et al. Bioorganic Chemistry 97 (2020) 103708
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(δ) values were reported in ppm (parts per million). Mass spectral data
presented inm/z ratios against corresponding percentages of abundance as
recorded on Agilent LCMS instrument (Ettlingen, Germany). The ele-
mental analysis was carried out on Thermo Finnigan Flash EA 1112 I in-
strument (Courtaboeuf, France). Similarly the reaction of 1-(3,4-

dimethoxy phenyl)propan-2-one (1) and sodium cyanide in ammonium
acetate/ethanol forms 2-amino-3-(3,4-dimethoxyphenyl)-2-methylpropa-
nenitrile (2), then it gets hydrolyzed with 48% HBr and forms α-methyl-L-
DOPA (3) and further used to synthesize title compounds 6a-e (Scheme 1).

Table 11
Potential protein-ligand binding interactions of compound 6c with identified enzymatic proteins.

6c with 1CB4 Chain A of SOD Enzyme 6c with 1N8Q Chain A of LO Enzyme 6c with 3MNG Chain A of PRXS5 Enzyme

6c with 1OG5 Chain B of CP450 Enzyme 6c with 1DNU Chain C of MP Enzyme 6c with 3NRZ Chain L of XO Enzyme

6c with 2CDU Chain B of NO Enzyme 6c with 1HD2 Chain A of PRY5 Enzyme 6c with 2HCK Chain B of HCK Enzyme

N. Vadabingi, et al. Bioorganic Chemistry 97 (2020) 103708
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4.2. Antioxidant activity

Antioxidant activity of 6a-e has been evaluated by DPPH (2,2-di-
phenyl-1-picrylhydrazyl), NO (nitric oxide), and H2O2 (hydrogen per-
oxide) free radical scavenging assays [59–61]. The percentage of

inhibition has been evaluated from blank and test readings and refer-
enced to ascorbic acid by using the equation.

= ×A A
A

%of\;inhibition [( )]
( )

100Control Test

Control

Table 13
Potential protein-ligand binding interactions of compound 6d with identified enzymatic proteins.

6d with 1CB4 Chain A of SOD Enzyme 6d with 1N8Q Chain A of LO Enzyme 6d with 3MNG Chain A of PRXS5 Enzyme

6d with 1OG5 Chain B of CP450 Enzyme 6d with 1DNU Chain C of MP Enzyme 6d with 3NRZ Chain L of XO Enzyme

6d with 2CDU Chain B of NO Enzyme 6d with 1HD2 Chain A of PRY5 Enzyme 6d with 2HCK Chain B of HCK Enzyme
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As such, Acontrol is absorbance of ascorbic acid and ATest is absor-
bance of 6a-e. All tests were carried in triplicate and values were given
in mean with standard deviation. The % inhibitions obtained are dose
dependent against the concentrations. The IC50 value, the concentration

necessary to decrease absorbance by 50% have been calculated by
plotting the linear curves for the graphs obtained for percentage in-
hibitions to concentrations.

Table 15
Potential protein-ligand binding interactions of compound 6e with identified enzymatic proteins.

6e with 1CB4 Chain A of SOD Enzyme 6e with 1N8Q Chain A of LO Enzyme 6e with 3MNG Chain A of PRXS5 Enzyme

6e with 1OG5 Chain B of CP450 Enzyme 6e with 1DNU Chain C of MP Enzyme 6e with 3NRZ Chain L of XO Enzyme

6e with 2CDU Chain B of NO Enzyme 6e with 1HD2 Chain A of PRY5 Enzyme 6e with 2HCK Chain B of HCK Enzyme

N. Vadabingi, et al. Bioorganic Chemistry 97 (2020) 103708
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4.2.1. DPPH free radical scavenging assay
In this DPPH method [62], 1.0 mL of 0.1 mM concentrated me-

thanolic DPPH solution prepared was added to 3.0 mL of methanolic
test solutions of 25, 50, 75, 100 µg/mL concentrations. Then the mix-
ture was vigorously agitated and incubated at rt for 30 min under dark
conditions. The DPPH free radical scavenging activity was measured in
terms of percentage of inhibition from DPPH discoloration readings by
determining spectrophotometric absorbance at 517 nm. Lower absor-
bance of the test sample indicates it higher DPPH free radical scaven-
ging activity [63].

4.2.2. NO free radical scavenging assay:
Theoretically, formation of nitrous acid in turns formation of azo

dye has been inhibited by antioxidants and hence scavenges the free
radicals indeed. According to Griess-Illosvoy method, nitric oxide
generated in situ from nitroprusside buffer solution gets hydrolyzed
aerobically and produces nitric and nitrous acids [64]. In principle, the
antioxidants inhibit the nitrous acid free radical generation from so-
dium nitroprusside and hence we estimate the nitrous acid that is lib-
erated and which reacts with Griess reagent and produces a purple azo
dye. Practically, 3 mL of composite analyte mixture (0.5 mL of ana-
lyte + 2 mL of 10 mM sodium nitroprusside + 0.5 mL saline phosphate
buffer) with 25, 50, 75, 100 µg/mL concentrations were prepared and
incubated for 2.5 h at 25 °C. Then, 0.5 mL of mixture was treated with
1.5 mL Griess reagent [1.0% sulphanilamide + 0.1% N-(1-naphtyl)
ethylene diamine dihydrochloride + 2.5% H3PO4] and then the chro-
mophoric absorbance of formed azo dye was measured at 540 nm on
UV–visible spectrophotometer. Greater the absorbance of analyte en-
titles higher NO scavenging activity [65].

4.2.3. H2O2 free radical scavenging assay
In this method, ability of an analyte to effectively scavenge the

hydrogen peroxide free radical has been determined [66]. The analytic
solution was prepared by the adding 2 mL of hydrogen peroxide to test
solutions of 25, 50, 75, 100 µg/mL concentrations in phosphate buffer
saline of pH 7.4. The absorbance of hydrogen peroxide was measured at
230 nm against blank (phosphate buffer without hydrogen peroxide)
solution After 10 min. The increased absorbance of test compounds
shows enhanced reducing power [67].

5. Experimental

5.1. Chemistry

(α-methyl-L-Dopa (3), 1 mmol, 211 mg) and triethyl amine (TEA, 5,
0.6 mL, 1 mmol) base were taken in 5 mL of THF in to a round bottom
flask, thoroughly stirred to get uniform solution. To this a solution of 2-
fluoro phenyl isocyanate (4a, 1 mmol, 137 mg) in 5 mL of THF is added
slowly and stirred for a period of 3 h at 40–50 °C [68]. After completion
of reaction, as indicated by TLC, the reaction mixture was concentrated
under vacuum distillation to get 3-(3,4-dihydroxyphenyl)-2-(3-(2-
fluorophenyl)ureido)-2-methylpropanoic acid (6a), purified by column
chromatography by using ethyl acetate: hexane (1:4) as an eluent and
obtained the pure product. Similarly 6b-e also have been synthesized
by same procedure and characterized by IR, 1H & 13C NMR & MASS
spectral and elemental analytical studies. Spectral and elemental ana-
lysis data of compounds 6a-e has been provided as follows.

5.1.1. 3-(3,4-dihydroxyphenyl)-2-(3-(2-fluorophenyl)ureido)-2-
methylpropanoic acid (6a)

White solid; Yield 90%; mp: 175–178 °C; IR (cm−1, νmax):
3423(NH), 3287(OH), 1646 (C]O), 808 (C-F); 1H NMR (400 MHz,
DMSO‑d6): δ 10.98 (s, 1H, eCOOH), 8.15 (s, 2H, NH), 7.22–6.98 (m,
4H, Ar-H), 6.60 (s, 1H, Ar-H), 6.53(d, 1H, J = 12, Ar-CH), 6.47 (d, 1H,
J = 8, Ar-CH), 5.55(s, 1H, OH), 5.31(s, 1H, OH), 3.32 (s, 1H, CH), 2.46
(s, 1H, CH), 1.61 (s, 3H, CH3) ppm; 13C NMR (100 MHz, DMSO‑d6): δ
170.0, 153.7, 152.5, 151.3, 143.1, 139.9, 127.8, 125.0, 123.2, 121,1,
118.2, 115.4, 113.8, 70.1, 40.0, 27.1; ESI-MS m/z (%): 349 [M+H]+.;
Anal. Calcd for C17H17FN2O5 (%): C 58.62; H 5.92; N 8.04; Found: C
58.72; H 4.23; N 8.12.

5.1.2. (3-(4-bromophenyl)ureido)-3-(3,4-dihydroxyphenyl)-2-
methylpropanoic acid (6b)

White solid; Yield: 90%; mp: 181–183 °C; IR (cm−1, νmax):
3420(NH), 3295(OH), 1657(C]O), 666 (C-Br); 1H NMR (400 MHz,
DMSO‑d6): δ 11.21 (s, 1H, eCOOH), 9.65(s, 2H, NH), 7.55–6.98 (m, 4H,
Ar-H), 6.65 (s, 1H, Ar-H), 6.65(d, 1H, J = 8, Ar-CH), 6.54 (d, 1H, J = 8,
Ar-CH), 5.71(s, 1H, OH), 5.52(s, 1H, OH), 3.42 (s, 1H, CH), 2.56 (s, 1H,
CH), 1.71 (s, 3H, CH3) ppm; 13C NMR (100 MHz, DMSO‑d6): 172.0,

Fig. 3. Structure-activity relationship correlation of potential lead 6c.

Table 16
ADMET properties predicted for compounds 6a-e.

Compounds in vivo blood-brain barrier
penetration (C.brain/C.blood)a

in vitro Caco-2 cell
permeability (nm/sec)b

in vitro plasma protein
binding (%)c

in vitro MDCK cell
permeability (nm/sec)d

Human intestinal
absorption (HIA, %)e

Toxicityf

6a 0.294438 21.0311 82.476035 2.08243 77.637382 Negative
6b 0.501142 20.3174 86.182762 0.031757 86.697345 Negative
6c 0.421278 19.8243 92.817459 0.152409 79.500743 Negative
6d 0.749112 19.8126 86.045284 0.0564461 85.137192 Negative
6e 0.497189 18.8199 83.274615 2.42001 84.170512 Negative
3 0.472612 21.1075 9.079006 14.7944 61.912798 Negative
Ascorbic Acid 0.172436 2.65695 2.790093 0.72561 29.075921 Negative

a Blood-Brain Barrier (BBB) penetration = [Brain]/[Blood].
b Caco-2 cells are derived from human colon adenocarcinoma, possess multiple drug transport pathways through intestinal epithelium.
c % of drug binds to plasma protein.
d MDCK cell system used as tool for rapid permeability screening.
e Human intestinal absorption is the sum of bioavailability and absorption evaluated from ratio of excretion or cumulative excretion in urine, bile and feces.
f in vitro Ames test by Metabolic & Non-metabolic activated TA100 & TA1535 strains collected from rat liver homogenate.
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154.1, 153.1, 151.7, 143.5, 140.9, 128.2, 125.5, 122.9, 122.0, 119.1,
115.8, 114.2, 71.2, 41.1, 26.9 ppm; ESI-MS m/z (%): 410 [M+H]+.;
Anal. Calcd for C17H17BrN2O5: C 50.12, H 4.28, N 6.90; Found: C 49.89,
H 4.19, N 6.85.

5.1.3. 3-(3,4-dihydroxyphenyl)-2-methyl-2-(3-(2-(trifluoromethyl)phenyl)
ureido)propanoic acid (6c)

White solid; Yield 90%; mp: 191–193 °C; IR (cm−1, νmax):
3442(NH), 3321(OH), 1666 (C]O), 809 (C-F); 1H NMR (400 MHz,

Table 17
QSAR Properties of the compounds 6a-e.

Entry Lipinski Parameters Veber Parameters Other Parameters

MW HB Don HB Acc logP (o/w) MR Lip Vio TPSA No. of RB Veb Vio No. of H V. Volume ρ Solubility

6a 348.33 5 6 1.81 87.79 0 118.88 5 0 17 237.2 1.467 −3.26
6b 409.24 5 6 2.44 95.48 0 118.88 5 0 17 249.2 1.641 −3.78
6c 398.34 5 6 2.56 92.77 0 118.88 6 0 18 266.5 1.494 −3.72
6d 432.78 5 6 3.17 97.67 0 118.88 6 0 18 278.5 1.553 −4.46
6e 364.79 5 6 2.32 92.69 0 118.88 5 0 17 245.0 1.488 −3.68
3 211.22 5 5 −1.86 53.89 0 103.78 3 0 10 150.4 1.403 −1.06
Ascorbic Acid 178.14 6 4 −2.89 35.66 0 107.22 2 0 6 100.8 1.766 0.08

MW: Molecular weight; HB Don: Hydrogen bond donors; HB Acc: Hydrogen bond acceptors; logP: octanol to water partition coefficient; MR: Molecular refractivity
(cm3/mol); Lip Vio: Lipinski Violations; TPSA: Total polar surface area; No. of RB: Number of rotatable bonds; Veb Vio: Veber Violations; No. of ‘H’: Number of
Hydrophobic Atoms; V. Volume: Van der Waals volume; ρ: Density (gm/cc).

Table 18
Bioactivity and toxicity risks of compounds 6a-e.

Compounds Structure Bioactivity Toxicity Risks

GPCRL ICM KI NRL PI EI Drug-likeness Drug Score

6a 0.27 0.04 −0.00 −0.07 0.31 0.09 −0.91 0.54

6b 0.22 −0.03 −0.08 −0.16 0.19 0.03 −1.42 0.27

6c 0.29 0.10 −0.04 0.09 0.27 0.09 −8.78 0.38

6d 0.28 0.08 0.01 0.07 0.20 0.03 −7.45 0.32

6e 0.31 0.04 −0.05 −0.08 0.23 0.05 0.48 0.64

3 0.06 0.08 −0.53 −0.48 0.13 0.07 −1.88 0.44

Ascorbic Acid −0.51 −0.45 −1.29 −1.20 −0.87 −0.04 −6.5 0.49

GPCRL: G protein-coupled receptor Ligand; ICM: Ion channel modulator; KI: Kinase inhibitor; NRL: Nuclear receptor ligand; PI: Protease inhibitor; EI: Enzyme
inhibitor.
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DMSO‑d6): δ 10.95 (s, 1H, eCOOH), 9.09(s, 2H, NH), 7.25–7.11 (m, 3H,
Ar-H), 6.86 (s, 1H, Ar-H), 6.66 (s, 1H, Ar-H), 6.65(d, 1H, J = 8, Ar-CH),
6.55 (d, 1H, J = 8, Ar-CH), 5.61(s,1H, OH), 5.42(s, 1H, OH), 3.35 (s,
1H, CH), 2.46 (s, 1H, CH), 1.65 (s, 3H, CH3) ppm; 13C NMR (100 MHz,
DMSO‑d6): δ 169.0, 154.5, 152.9, 151.9, 143.6, 140.5, 128.1, 125.2,
123.9, 121.6, 118.5, 115.7, 113.5, 70.5, 40.2, 27.3 ppm; ESI-MS m/z
(%): 397 [M−H]+.; Anal. Calcd for C18H17F3N2O5: C 54.57, H 4.30, N
7.14; Found: C 54.52, H 4.12, N 7.03.

5.1.4. 2-(3-(4-chloro-3-(trifluoromethyl)phenyl)ureido)-3-(3,4-
dihydroxyphenyl)-2-methylpropanoic acid (6d)

White solid; Yield 90%; mp: 195–198 °C; IR (cm−1, νmax):
3401(NH), 3295(OH), 1651(C]O), 825(C-F), 762(C-Cl); 1H NMR
(400 MHz, DMSO‑d6): δ 10.92 (s, 1H, eCOOH), 9.05 (2H, eNH),),
8.15(s,1H, Ar-H), 8.15 (d, 1H J = 12, Ar-H), 8.25(d, 1H, J = 16, Ar-H),
6.92(d, 1H, J = 12, Ar-H)7.21 (d, 1H, J = 8, Ar-H), 6.62 (s, 1H, Ar-H),
5.51(s,1H, OH), 5.42(s, 1H, OH), 3.42 (s, 1H, CH), 2.35 (s, 1H, CH),
1.85 (s, 3H, CH3) ppm; 13C NMR (100 MHz, DMSO‑d6): δ 172.0, 155.1,
154.2, 152.1, 143.3, 141.2, 128.5, 125.5, 124.7, 122.9, 119.1, 115.9,
114.5, 70.3, 40.6, 27.5 ppm; ESI-MS m/z (%): 433 [M+H]+.; Anal.
Calcd for C18H16ClF3N2O5: C 49.95, H 3.73, N 6.52; Found: C 50.21, H
3.55, N 6.47.

5.1.5. 2-(3-(3-chlorophenyl)ureido)-3-(3,4-dihydroxyphenyl)-2-
methylpropanoic acid (6e)

White solid; Yield 90%; mp: 178–180 °C; IR (cm−1, νmax): 3429
(NH), 3285 (OH), 1642(C]O), 755 (C-Cl); 1H NMR (400 MHz,
DMSO‑d6): δ 11.25 (s, 1H, eCOOH), 9.12 (2H, eNH), 8.25 (s, 1H, Ar-
H), 7.62 (s, 1H, Ar-H), 6.56(d, 1H, J = 8, Ar-H), 6.95 (d, 1H, J = 12,
Ar-H), 7.51(d, 1H, J = 8, Ar-H), 7.62 (d, 1H, J = 12, Ar-H), 7.42 (d,
1H, J = 8, Ar-H), 5.53(s,1H, OH), 5.32(s, 1H, OH), 3.39 (s, 1H, CH),
2.48 (s, 1H, CH), 1.65 (s, 3H, CH) ppm; 13C NMR (100 MHz, DMSO‑d6):
δ 172.0, 154.7, 153.5, 152.3, 144.1, 140.9, 128.8, 126.0, 124.2, 121.9,
119.6, 115.5, 114.2, 70.5, 41.5, 27.6 ppm; ESI-MS m/z (%): 365 [M
+H]+.; Anal. Calcd for C17H17ClN2O5: C 56.97, H 4.70, N 7.78; Found:
C 56.22, H 4.65, N 7.72.

5.2. Antioxidant activity

The newly synthesized urea derivatives (6a-e) of α-Methyl-L-DOPA
were evaluated for DPPH free radical, NO free radical and H2O2 free
radical scavenging assays at concentrations of 25, 50, 75 and 100 µg/
mL and referenced to ascorbic acid standards. Then calculated their
IC50 (half maximal concentration) values. The analysis of results re-
vealed that urea derivatives 6c and 6d were exhibited potential anti-
oxidant activity.

5.3. Molecular docking studies

The mechanistic inhibition of proliferation of ROS in vivo by 6a-e
has been assessed by molecular docking interactions studies. During so,
the crystal structures of proteins were obtained as PDB files from pro-
tein data bank and used after removal of bound ligands, water and
cofactors from the environment. The .pdb files and .mol2 files of 6a-e
were generated from Chem3D Pro 14.0 of ChemBioOffice software and
docked with all proteins on Swiss Dock [69]. For the better under-
standing of anti-oxidant potentiality, study has been extended to the
substrate α-methyl-L-DOPA (3) and standard ascorbic acid. The inter-
active structures were identified in energy minimized optimizations
with 0.100 of minimum root mean standard deviation gradient and the
binding modes are visualized by UCSF Chimera [70]. The binding en-
ergies of best fit interactions of substrate ligands with target receptors
in 1CB4 protein (chain A) of superoxide dismutase (SOD) enzyme,
1N8Q protein (chain A) of Lipoxygenase-3 (LO) enzyme, 3MNG protein
(chain A) of Peroxiredoxin-5 (PRXS5) enzyme, 1OG5 protein (chain B)
of Cytochrome p450 (CP450) enzyme, 1DNU protein (chain C) of

Myeloperoxidase (MP) enzyme, 3NRZ protein (chain L) of Xanthine
dehydrogenase/oxidase (XO) enzyme, 2CDU protein (Chain B) of
NADPH oxidase (NO) enzyme, 1HD2 Protein (Chain A) of Peroxir-
edoxin 5 (PRY5) enzyme and 2HCK protein (Chain B) of Hematopoetic
cell kinase (HCK) enzyme were identified in macromolecular structural
environment and identified that 6a-e are effectively binding with all the
proteins identified and presented in Table 6–15.

5.4. ADMET properties

ADMET properties of 6a-e have envisioned on preADMET online
server [71], which helped to realize their potentialities with regard to in
vivo BBB (blood brain barrier) penetration, in vitro PPB (plasma protein
binding), in vitro Caco-2 cell permeability, %HIA (human intestinal
absorption) and in vitro MDCK (Maden Darby Canine Kidney) cell
permeability properties. In continuation, the toxicity properties viz.,
mutagenic, tumarogenic, irritant and reproductive effects also helped to
ensure the drug-likeness. The BBB is fulfilled with intensely bound
endothelial cells which restrict the ability of a compound that is to be
carried into the bloodstream by passing through the administered
route. The study of BBB penetration rate (BBB = [Brain]/[Blood]) as-
sists us to examine the capability of a compound to percolate through
blood-brain barrier, which is a vital in ascribing central nervous system
(CNS) activity to the archives of pharmaceutical properties of a com-
pound. The compounds which are capable to pass through the BBB are
designated as CNS active (BBB penetration rate > 0.40) and which are
inept are called CNS-inactive (BBB penetration rate < 0.40) com-
pounds. On the other hand Caco-2 (human colon adenocarcinoma
based cells) cells inter relates with intestinal epithelium system in
multiple drug transport pathways like transcellular, paracellular and
active efflux transports. The compounds conquering in vitro Caco-2 cell
permeability value < 4 are poor permeable, compounds in midst of
4–70 are moderately permeable and compounds with value > 70 are
extremely permeable and are easily transported to cellular biochemical
processes. Besides, the degree of PPB impacts the level of distribution of
unbound compound in body tissues and the amount of unbound com-
pound which is distributed over the cellular sites of action, will further
metabolizes and excreted from the system. The percentage of PPB (in
vitro) categorizes the compounds as strongly bound if %PPB > 90%
and as weakly bound if %PPB < 90% and this degree of PPB of a
compound determines its action as well as efficiency. Furthermore the
MDCK cell system is identified as a useful tool to screen out the rapid
permeability of a compound and to decide its potentiality as its cellular
life span is smaller than the life span of Caco-2 cells and therefore the
correlation will be so high. Mainly, in vitro MDCK permeability
value < 25 designates the compounds as poor permeable, value in
between the range of 25–500 designates the compounds are reasonably
permeable and value > 500 designates the compounds are greatly
permeable. Similarly the % HIA is considered as the percentage of a
compound that is getting orally administered in to the hepatic portal
vein. Mostly, it is expressed as comprehensive bioavailability and ab-
sorption which are measured from the ratio of aggregate excretion in
bile, urine and feces. The % HIA in the range of 0–20 designates poor
absorbance, 20–70 designates moderate absorbance and 70–100 des-
ignates good absorbance of a compound. In toxicology perception, it is
significant to concern about the toxicology aspects of a compound as in
to exclude the toxicity risks in its design. The negative toxicology result
sustain the molecules under study as safer drugs as they are prone to
mutagenicity, carcinogenicity and human ether-a-go-go related gene
(HERG) channel inhibition on its administration in vivo (Table 16).

5.5. QSAR studies

The QSAR descriptors of 6a-e have been evaluated from molin-
spiration online server [72] specifically, molinspiration engine
v2018.10 is used for property exploration and molinspiration engine
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v2018.03 is used for bioactivity score exploration. Similarly, drug
properties were predicted from OSIRIS online property explorer [73]
and the consolidated descriptors were given under the heads of Lipinski
& Veber Parameters and were presented in in Table 17. These predic-
tions are very much helpful in interpreting the physico-chemical in-
teractions of title compounds with their targets and ultimately assisted
in ascertaining their drug properties by correlating with the bioactivity
& toxicity risks studies.

5.6. Bioactivity and toxicity risk studies

The bioactivity & toxicity risks like GPCR (G protein-coupled re-
ceptor) ligand property, ICM (ion channel modulator), KI (kinase in-
hibitor) and NRL (nuclear receptor ligand) interactions, PI (protease
inhibitor) and EI (enzyme inhibitor) inhibitions, drug-likeness and drug
scores of 6a-e have assessed (Table 18) and proved title compounds as
potential non-toxic molecules.
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