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Benzo[a]pyrene (BaP) widely presents in soot, tar, cigarette smoke, and has a strong carcinogenic effect. It is stable in the

environment and accumulates through the biological chain. Therefore, it is of vital importance to develop a simple and rapid
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method to detect Bap in real environment. In this work, based on surface enhanced Raman scattering (SERS) technology, a silver

nanorod (AgNR) substrate was developed for detecting BaP in river water and soil. Vibration modes of BaP’s characteristic peaks

were calculated by density functional theory (DFT). The characteristic peak of BaP is at 1234 cm . In the range of 10 ~ 100 ppb,

the characteristic peak intensity of BaP shows good linear relationship with the concentration. The limit of detection (LOD) is

down to 1 ppm in river water and 10 ppm in soil, respectively. These results demonstrate the applicability of the AgNR substrate

for SERS detection of BaP which present an application prospect of AgNR substrate in environmental detection.
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Abstract

Abstract

The expansion of the novel coronavirus known as SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), COVID-19

(coronavirus disease 2019), or 2019-nCoV (2019 novel coronavirus) is a global concern over its pandemic potential. The need for

therapeutic alternatives to stop this new pandemic is urgent. Nowadays, no efficacious therapy is available, and vaccines and drugs

are underdeveloped to cure or prevent SARS-CoV-2 infections in many countries. Some vaccines candidates have been approved;

however, a number of people are still skeptical of this coronavirus vaccines. Probably because of issues related to the quantity of

the vaccine and a possible long-term side effects which are still being studied. The previous pandemics of infections caused by
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coronavirus, such as SARS-CoV in 2003, the Middle East respiratory syndrome coronavirus (MERS-CoV) in 2012, HCoV-229E, and

HCoV-OC43 were described in the 1960 s -HCoV-NL63 isolated in 2004 and HCoV-HKU1identified in 2005 prompted

Abstract

Abstract

Fluorescence-based in vitro assays are highly sensitive, selective and convenient to use, which is suitable for qualitative and

quantitative detection of various types of biological samples. Herein, we designed and synthesized a novel fluorogenic probe TPAN-

Asn for in vitro L-asparaginase detection. TPAN-Asn exhibited selective and robust response to L-asparaginase over various anions,

cations and amino acids. More importantly, we have demonstrated that TPAN-Asn is able to accurately quantify the amount of L-

asparaginase in patient serum samples. These results suggest that TPAN-Asn holds great potential in the benchmarking and analysis

of L-asparaginase-based cancer therapy.
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Ebead et al. had reported in the synthesis and the UV–Visible solvatochromism combined with semiempirical calculations to

study the tautomerism of 1,3-benzothiazol-2-ylacetonitrile azo dyes [1]. In this study, 1,3-benzothiazol-2-ylacetonitrile azo dyes (1–

6) have been resynthesized, one and two dimensional H and C NMR, as well as absorption and emission spectra, were collected

and interpreted. The obtained results were used to clarify the tautomerization phenomenon of these dyes. Predominantly, these

dyes exist in Z-hydrazone form reinforced through intramolecular hydrogen bonding in deuterated chloroform. Substituents (R)

in carbon7 (CR7) are the key player of the changes in H and C NMR chemical shifts, also in the absorption and emission

wavelengths of benzothiazole azo dyes. Also, the relative photoluminescence quantum yields (PL QY) of these dyes (1–6) were

1 13

1 13
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Abstract

Abstract

The aim of this study was the evaluation of the safety parameters: Time to Maximum Rate under adiabatic conditions (TMR )

and self-accelerating decomposition temperature (SADT) for 3-bromo-1-(3,5-dichloropyridin-2-yl)-4,5-dihydro-1H-pyrazole −5-

carboxylic acid (BDPCA) using evaluated kinetic parameters. The required decomposition kinetics was determined from the

results of differential scanning calorimetry (DSC), microcalorimetry (C600), and adiabatic accelerating calorimeter (ARC). AKTS

Thermokinetics (TK) and Thermal Safety (TS) Software were used for evaluation of the kinetic parameters of a decomposition

reaction. The kinetic analysis was based on the isoconversional Friedman method. The values of TMR  amount to 110.2 °C,

107.3 °C, and 104.9 °C when calculated from the data collected by DSC, C600, and ARC, respectively. The simulated values of SADT

for a 50 kg package of BDPCA amount to 101 °C and 96 °C when elaborating the DSC and C600 signals, respectively. Obtained

results indicate that the application of kinetic parameters evaluated from the experiments carried out by three different

ad

ad
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Abstract

Abstract

A highly efficient and selective carbon–carbon double bonds cleavage of styrene compounds involving molecular oxygen was achieved

using TBHP as a free radical initiator in diethylene glycol diethyl ether medium. Various styrene compounds, such as phenyl acrylic

acids and its esters, 2-substituted 3-phenyl acrylic acids and its esters, chalcones, 4-phenyl-3-buten-2-one and bis(2-phenylvinyl)

ketone, 5-benzylidene-1,3-dimethyl-pyrimidine-2,4,6-triones, could be effectively oxidized into the corresponding aryl carbonyl

compounds, and the yield was up to 99%. A suitable mechanism was proposed. Gram-level synthesis further illustrated the

practicality of our method.

Abstract

Abstract

A simple method has been developed to obtain ursolic acid (UA) by crystallization and recrystallization of the ethanol extract of

Clinopodium revolutum. Its structure was confirmed by 1D ( H-, C-, DEPT 45, 90 and 135) and 2D (COSY, HMBC and HSQC) nuclear1 13
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magnetic resonance (NMR) spectroscopy and Fourier transform infrared spectroscopy (FT-IR). The results provide a theoretical basis

for considering the species Clinopodium revolutum with a source of UA.
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Abstract

Abstract

Many complexes of Cu, Ag, Au in combination with dianions derived from 2, 5-dihydroxy-1, 4-benzoquinone and 3, 6-dichloro-2, 6-

dihydroxy-1, 4-benzoquinones have been synthesized and analysed for their antimicrobial activity. The I.R, H and CNMR data

reveals that 2, 5-dihydroxy-1, 4-benzoquinone, coordinates as an O, O donor of the o-quinone type in cis-Na [Cu O (HBQ) ] 5H O,

cis-(PPh ) [Cu O (HBQ) ], cis-Na [Ag O (HBQ) ]4H O, trans-AuO (HBQ).H O and chloranilate di-anion functions as an O, O ligand

in cis-Na [Cu O (DDB) ] 6H2O, cis-(PPh ) [Cu O (DDB) ] 4H2O, cis-Na [AgO (DDB) ], cis-(PPh ) [AgO (DDB) ] 5H O, trans-(n-

Bu N) [AuO (DDB) ]3H O. The complexes synthesized showed a good response as antimicrobial agents against the bacterial strains,

viz, Bacillus subtilis, Staphylococcus aureus, Xanthomonas malvacearum, E. coli, Rhodococcus sp, Pseudomonas putida.
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Abstract

Abstract

A practical synthetic pathway of adamantylidene enol ethers by Wittig-Horner reaction has been developed. In this route, acetals were

obtained by reaction of trimethyl orthoformate and benzaldehyde derivatives with tetrabutylammonium tribromide in methanol at

room temperature. Trimethyl phosphite was converted into phosphonates with acetals in the presence of titanium (Ⅳ) tetrachloride

in dichloromethane, followed by utilization of 2-adamantanone and lithium diisopropylamide (LDA) in anhydrous tetrahydrofuran

under argon atmosphere at −78 °C to form adamantylidene enol ethers. Total yields are up to 66%.
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Abstract

Abstract

In this study, we have prepared an imine-based ligand, 2-methoxy-5-((6-methoxypyridin-3-ylimino)methyl)phenol (MIMP) and its

Cu(II), Ni(II) and Zn(II) complexes in 2:1 stoichiometric ratio (2MIMP : Metal). The structure of obtained ligand and its metal

complexes were elucidated with the aid of FT-IR, UV–Visible, NMR ( H and C) and mass spectra. Further, all the structures were

analyzed via density functional theory (DFT) approach at B3LYP/LanL2DZ/6-311++G(2d,p) level, with HOMO-LUMO energies,

geometric parameters, reactivity properties and electronic excitations obtained through TD-DFT calculations. Antibacterial activity of

MIMP ligand and metal complexes have been evaluated via in vitro assays. In addition, the inhibition of the protein DNA gyrase-DNA

complex was evaluated using molecular docking calculations, and the results revealed that biological accessibility of the metal

complexes was better than ligand.
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Abstract

Abstract

This study investigated the effect of redox conditions on crystallization characteristics of anosovite in Ti-bearing titanomagnetite

smelting slag. Under non-reducing conditions, besides anosovite, a part of Ti element was concentrated into rutile. Due to the

much smaller particle size (within 10 μm) of rutile than anosovite, anosovite was the better choice for selective liberation and

separation, indicating that non-reducing conditions were not adequate. Under reducing condition, anosovite was the only Ti-rich

phase and its liberation was excellent as the reduction degree (n(Ti )/n(Ti +Ti )) was about 0.25. But when the reduction degree

increased to 0.51, the liberation of the anosovite was poor because of the jagged grain boundary of anosovite particle. So from the

liberation and separation perspective, reducing condition within a suitable degree was indispensable. In addition, as the redox

conditions changed from oxidizing to reducing, the Ti level in the anosovite phase increased from 65.9% to more than 85%.

Reducing condition is particularly favorable to increasing the content of TiO in anosovite phase Above all a moderate reducing
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Abstract

Abstract

The new Schiff base ligands 4-(2′/3′/4′-nitrobenzelideneimino)-3-methyl/ethyl-5-mercapto-1,2,4-triazole and their Co(II) metal

complexes were synthesized and characterized by elemental analysis, magnetic moment measurements, thermal studies,

electronic absorption and NMR spectroscopy. The ligands were synthesized by condensation of 4-amino-5-mercapto-3-
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methyl/ethyl-1,2,4-triazole with 2/3/4-nitrobenzaldehyde. On the basis of electronic absorption spectral data and magnetic

susceptibility measurements, the octahedral geometry has been proposed for all the Co(II) complexes. Further, the ligands and

Co(II) complexes have been screened for their antimicrobial activities against bacteria (Staphylococcus aureus, Pseudomonas

aeruginosa) and fungi (Aspergillus niger and Candida albicans). Furthermore, the synthesized compounds were also screened for

anticancer activity on human cancer cell lines such as breast (MCF7), lung (NCI-H226), prostate (PC-3) and ovary (OVCAR-3) by

Abstract

Abstract

The convergence analysis of Ni (II) and Zn (II) and L- Glutamine complexes were studied using (0–50% v/v) dimethylformamide

(DMF)-water mixtures potentiometrically at temperature 301.0 K, having an ionic strength of 0.15 mol L . The complex species

models were analysed by a well-defined computer Programme MINIQUAD75. Exhaustive modeling have been carried out on a

number of complex species. The main complex species formed have been found of NiL , NiL H  NiL H  ZnL , ZnL H and

ZnL H  type. On the basis of the statistical parameters the best fit chemical modelling have been applied. The statistical data

analysis validated the complex species. The occurrence of columbic interactions over non-columbic interactions have been
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identified by linear variation stability of the medium with the help of mole fraction, and the preference of non-columbic

Abstract

Abstract

Since the 2017 REACH restrictions on hexavalent chromium, the aeronautics industries have been seeking substitute processes

for chromium plating. So far, use of trivalent chromium-based precursors seems to be the best solution in terms of process

adaptation. The development of such processes requires a better understanding of plating bath solution chemistry. More

specifically, there is a need to characterize the complexation mechanisms occurring with the chromium (III), since they are

responsible for higher electrodeposition efficiency. Chromium (III) complexation occurs under specific conditions, such as in an

acidic solution, where chromium hydrolysis takes place, leading to a stable aqua chromium complex, which is suspected to be

detrimental to an even deposit. To tackle this issue, a complexing agent is added to destabilize hexaaquachromium complex. It is

reported that ligands such as glycine allow the formation of chromium-ligand complexes under specific pH and chromium-

ligand ratios In order to identify and understand the formation of the various complexes two characterization methods have
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A simple and economical ultrasound-assisted method for Cd and Pb extraction from fruits and vegetables for food
safety assurance

Abstract

Abstract

Dithiocarbamate compounds have interesting biological features, and have been considered as an alternative to conventional

antibiotics in order to mitigate the spread of antimicrobial resistance. This accounts for the growing interest in the investigation

of the antimicrobial potency of different dithiocarbamate compounds. In this study, the antimicrobial activities of Cu(II), In(III),

and Sb(III) complexes of N-methyl-N–phenyl dithiocarbamate complexes were evaluated against ten bacteria species, comprising

of both Gram positive [(Bacillus cereus (ATCC 10876), Enterococcus faecalis (ATCC 29212), Enterococcus gallinurium (ATCC 700425),

Listeria monocytogenes (ATCC 19115), Listeria monocytogenes, Staphylococcus aureus (ATCC 25923)] and Gram negative [(Escherichia coli

O177, Klebsiella pneumoniae, Salmonella enterica and Salmonella Typhimurium)]. Three techniques; disc, well diffusion, and

microdilution were explored to assess antimicrobial activity of dithiocarbamate compounds. The results showed good

antimicrobial activities for both the ligand (ammonium N-methyl-N-phenyl dithiocarbamate)) and complexes against Gram
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Abstract

The levels of some selected essential, non-essential, toxic elements and water-soluble inorganic anions (WSIAs) leached from

green tea (GT) leaves infusion in boiled water at various time breaks were determined. A number of 29 GT samples were analyzed

by Inductively Coupled Plasma-Mass/optical emission Spectrometry (ICP-OES/MS) and Ion chromatography (IC). The levels of

studied elements and WSIAs (F , Cl , NO , PO  and SO ) leached from GT leaves in boiled water increased on growing

infusion time. Chemical speciation (labile and complexed fractions) of P, Al, Cu, Pb and Cd in GT leaves in boiled water was

estimated. At 95% confidence level (P > 0.50), the student t-test values as calculated for essential and toxic metals were smaller than

the critical value indicating no significant differences between element concentrations in the tested samples. The average daily

dietary intake (ADDIs) for selected elements and the average daily intake (ADI) and the chronic reference dose (RFD) for Cd (μg

kg BW day ) were critically determined Evaluation of inorganic composition allows quantification of the leaching percentage
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Abstract

Abstract

Turbidity removal is a meaningful activity in the water treatment system, and it is an indicator of water quality. With this, natural

coagulants are desirable and economical ways of removing water turbidity. The purpose of this study was to investigate the
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turbidity removal efficiency of Odaracha soil from river water. A coagulation experiment was carried out using a standard

procedure for a jar test. 300 mL of water sample was added into a beaker by adjusting the water pH to the desired value. Different

coagulant doses are added and mixed for 2 min by 250 rpm, then agitated for 10 min by 45 rpm. Finally, the sample was

unflustered for different settling times. Response surface methodology (RSM) was also applied to optimize the process and

estimate the interaction influence of the operating variables. According to the experimental result of this study, at the optimum

condition (pH 7, 0.5 hrs settling time, and 3 g/L of coagulant dose), the turbidity removal efficiency of Odaracha was 88.13%. In

Abstract

Abstract

Visible and near infrared spectroscopy (VNIR) has been successfully used to determine many soil parameters rapidly. However,

total phosphorous (P) cannot be well quantified by VNIR, mainly because its absorption spectrum or reflectance spectrum was too

weak to be studied. Here, we explored a new way to reveal the reflectance spectrum of total P in soils. Firstly, six types of soil

residues were prepared after the original soil was sequentially extracted Ca -P, Ca -P, Al-P, Fe-P, O-P, and Ca -P, respectively.

Secondly, the reflectance spectra of these P fractions were obtained using these soil residues by QE65000 spectrometer (Ocean

Optics). Specifically, if we intended to get the spectrum of a certain P fraction, we would measure the reflectance spectrum of the

soil residues without its neighboring former P fraction, using the soil residues after extracting this P fraction as the reference
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spectrum. Results showed that these P fractions had different characteristics of reflectance spectrum and can be well analyzed
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Abstract

Abstract

A new and sensitive (TLC) assay has been estimated for quantitation of synthetic binary mixtures of antipsychotic drug Amisulpride

(AMS) with antimigarine drug Zolmitriptan (ZOL). These medications co-administered with each other for treatment of chronic

migraine headache associated with psychosis. The synthetic mixture has been separated on precoated silica TLC plates G60 F254 by

using mobile phase which consist of mixture of Chloroform: Ethyl acetate: Methanol: Ammonia in ratio (30:30:73:3 v/v/v/v). The

mixture has been determined at λ  231 nm. Retardation factor (RF) values for AMS and ZOL have been 0.6 and 0.43 respectively.

Calibration graphs have been linear in range 50–500 ng/spot for all studied drugs. The detection limits have been 6.04 & 10.5 ng/spot

and the quantitation limits have been 18.3 & 31.834 ng/spot for AMS and ZOL respectively. The described assay has been utilized for

quantitation of synthetic mixture in pharmaceutical tablet &biological fluids.
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Abstract

Abstract

Biosolids (also known as sludge) are nutrient-rich materials used as soil amendments. A modified Tessier sequential extraction

protocol was utilized for speciation and bioavailability of metals in samples from Nacogdoches and Lufkin wastewater sludges

(NWWS, LWWS) and the Neches Compost sludge (NCS). Application of five steps (adsorbed, exchangeable, organically bound,

carbonate and residual/sulfide) was performed to fractionate 26 elements (macroelements: Ca, Fe, K, Mg, Na, P, S, Li, Cs;

microelements: As, B, Ba, Cd, Co, Cu, Hg, Mn, Mo, Pb, Se, V, Zn, Ni, Al, Cr, Sr) in samples via inductively coupled plasma optical

emission spectrometry (ICPOES). The proximate amounts for most elements were predominant in the sulfide/residual fractions.

Among macroelements 88.62–92.23% of K was found bioavailable vis-à-vis the organically-bound or sulfide fractions. About 100%

of Li exists in the sulfide fractions vis-a-vis Group 2A elements. In contrast to microelements and transition metals, about 19–32

% Mo was found readily bioavailable Additionally Mo occurred in relatively lesser percent in sulfide/residual fractions vis-à-vis

Abstract

Abstract
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A robust method for the determination of total fluorine in liquid petroleum products is developed. The methodology is based on

the oxidative pyrohydrolytic combustion of the sample, followed by the analysis of the evolved gases absorbed in an absorbing

solution by ion chromatography. The detection limit reached for fluorine is 0.5 mg·kg  and the quantification limit is

1.4 mg·kg , thanks to the optimisation of different variables: combustion variables (temperature and time), sampling loop, and

sample weight. The validation process has been developed by calculation of the uncertainty of the measurement and the analysis

of spiked samples as there are no certified reference materials. The new methodology set up permits the determination of

fluorine over organic materials from the refining industry of different matrices such as fuel oil, acid soluble oil, etc., containing

from very low to high fluorine concentrations in a relatively short time, which makes the methodology suitable to be used as a
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Abstract

Abstract

Biomass carbon materials have been widely used as electrode materials for super-capacitors (SC) due to their economic,

environmental, and sustainable characteristics. In this work, we proposed that the Sapindus Mukorossi Peel (SMP) was used as a

precursor to prepare a Sapindus Mukorossi Peel-based activated carbon material (SMPC) through carbonization and KOH

activation. The morphology and structure of SMPC were characterized by various test methods. Cyclic voltammetry (CV),

galvanostatic charge–discharge (GCD) and electrochemical impedance spectroscopy (EIS) were used to characterize its

electrochemical performance. The results show that SMPC has suitable pore size distribution, a large number of heteroatom
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functional groups and excellent electrical conductivity. In addition, the amount of activator also has an important influence on

the performance of SMPC. When the mass ratio of carbon material to KOH is 1:3, the prepared sample SMPC-3 has the largest

2

Abstract

Abstract

MoS / PPY nanocomposites with different mass ratios were successfully synthesized the in-situ oxidative polymerization method.

The microstructure, morphology, element content of the samples was characterized by field emission scanning electron

microscopy (FESEM), X-ray diffraction (XRD), energy-dispersive X-ray spectrum (EDX), high-resolution transmission electron

microscopy (HRTEM), X-ray photoelectron spectrometer (XPS). And the influence of the composite ratio on the electrochemical

properties was evaluated by galvanizing charge–discharge (GCD), cyclic voltammetry (CV), electrochemical impedance spectra

(EIS) and cycle stability. The experimental results show that all samples exhibit hexagonal systems with great crystallization. The

morphologies are uniform structures with an obvious cladding layer. The CV curve is rectangular and the redox peak is evident.

MoS  nanocomposites have excellent specific capacitance and good cyclic stability. The Nyquist spectrum of the sample shows

that the electrical resistance of the MoS nanocomposite is low and the electronic conductivity is excellent When the current
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Abstract

Abstract

In this study, the activities of binary alloys (Sn-Ag, Sn-Cu, Sn-Zn, Ag-Cu, Ag-Zn, Cu-Zn) and ternary alloys (Sn-Ag-Cu, Sn-Ag-Zn,

Sn-Cu-Zn) were predicted using molecular interaction volume model (MIVM), modified MIVM (M-MIVM), Wilson equation, and

nonrandom two-liquid model. The prediction deviations of the M-MIVM were the smallest among the four thermodynamic

models, indicating that the M-MIVM is reliable for predicting the activity of these multicomponent lead-free solders. On this

premise, the activities of all components in ternary Sn-Ag-Cu solders at 1300 K were predicted using the M-MIVM. We found that

the activities of Sn, Ag and Cu exhibit negative deviations from Raoult’s law and that these deviations eventually transform into

positive deviations. The activities of all components in quaternary Sn-Ag-Cu-Zn solders at 1000 K were also predicted using the

M-MIVM when Zn contents were 0.1 and 0.2. This study provides a complete thermodynamic description of Sn-Ag-Cu ternary

and Sn-Ag-Cu-Zn quaternary alloys
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Adsorption of ammonium and phosphates by biochar produced from oil palm shells: Effects of production conditions

Abstract

Abstract

Photophysical studies of resorcinol-based family of acridinedione (ADR) dyes with a glycoprotein, ovalbumin (OVA) were carried

out in water. Addition of OVA to photoinduced electron transfer (PET) based dye (ADR1) resulted in a considerable red shift of

emission maxima with a slight increase in the fluorescence intensity, whereas no significant variation in the fluorescence

intensity or shift of emission maxima results in the case of a non-PET dye. Fluorescence lifetime studies illustrates that the PET

lifetime component enhances by several fold on the introduction of OVA which is accompanied with the formation of multi

lifetime components in the aqueous phase of varying distribution as observed in well-known globular protein, bovine serum

albumin (BSA). Interestingly, a decrease in the fluorescence lifetime of non-PET dye (ADR2) with the evolution of more than one

distinct lifetime species results with OVA. This behaviour ascertains the presence of at least two different micro environment of

dye residing in aqueous phase on the addition of OVA The introduction of OVA induces the formation of several distinguishable
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Abstract

Abstract

This study investigated the effects of production conditions on the ammonium and phosphate adsorption capacity of oil-palm-

shell-biochar. Biochar was prepared at three pyrolysis temperatures (350, 650, and 750 °C), under three activation conditions (no

oxidation, partial oxidation at 250 °C, and chemical activation with K CO ), and using three washing methods (no washing, acid

washing, and hot water). Physicochemical properties of certain biochar samples were characterized by SEM, CHON-S, XRF, FTIR,

and area BET. The highest ammonium adsorption capacity (1.49 mg/g) was observed for chemically activated biochar pyrolyzed at

650 °C without washing. The best phosphate adsorption capacity (0.89 mg/g) was observed for partially oxidized biochar pyrolyzed

at 650 °C with acid washing. The BET surface area ranged from 4 to 253 m /g. The biochar produced at 350 °C without washing

had more surface functional groups than that produced at higher temperatures. The chemical activation process promoted the

development of numerous functional groups on the biochar surface
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Abstract

Abstract

The study of nonlinear radiation and mixed convection of the MHD heat and mass transfer of Maxwell nanoliquid flow in porous

media with Arrhenius kinetic reaction is examined. The non-Newtonian fluid is characterized by Maxwell model, and the species

molecular mixture is inspired by the Arrhenius pre-exponential kinetics. Reaction mixture occurs in a boundless slippery plate

subject to a considerable quantity of tension that can prevent material deformity. With appropriate similarity variables, the flow

model reduces to quasilinear coupled system of derivatives. A numerical simulation of the flow characteristics is carried out, and

the results presented in tables and graphs for various thermodynamic phenomena. The results show that the flow momentum is

damped by the material term, but augmented by nonlinear heat convection and radiation. The heat transfer rate is significantly

propelled by temperature ratio and viscous heating, while the Lewis number, molecular Brownian motion and the chemical

reaction term encourage species mass transfer As such the study involving activation energy plays a critical part in the diffusion
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Pectin, a biopolymer was extracted from the peels of orange. In extraction of the pectin from orange peel, acid hydrolysis of the

dry orange fruit peel was carried out and continued precipitation using ethanol. The percentage yield of the extracted pectin is

12.25%. Equivalent weight, degree of esterification, methoxy content, AUA% and molecular weight for pectin were determined.

Further by co-precipitation method the citrus pectin-MgO nanocomposite was prepared. Extracted pectin and citrus pectin-MgO

nanocomposite were characterized by Powdered X-Ray Diffractometer (XRD), Fourier Transform Infrared Spectroscopy (FTIR)

and Scanning Electronic microscope (SEM). The antibacterial activity of pectin and pectin-MgO nanocomposite was extensively

studied on clinical pathogens Bacillus subtilis and Lactobacillus. Antifungal activity was also studied against pathogenic organisms;
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Abstract

Abstract

1-(Phenyl(piperidin-1-yl)methyl)naphthalene-2-ol was synthesized and characterized utilizing spectroscopic techniques (FT-IR, FT-

Raman, UV–Visible, NMR, Mass and CHNS analysis). The synthesized compound chemical structure was optimized using the

Density Functional Theory (DFT) B3LYP/6-311G (d,p) basis set. The computational studies including NMR chemical shift value,

vibrational frequencies, natural bond orbital (NBO), frontier molecular orbital (FMO), molecular electrostatic potential (MEP),

HOMO-LUMO, NLO, dipole moment, Mulliken charge analysis, thermal studies and potential energy surface (PES) analysis.

Molecular docking studies were also carried out for Haemophilus influenza protein with target molecule using Autodock 4.2 versions

and showed potential inhibitor activity against Haemophilus influenzae diseases.
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13

Abstract

Abstract

Nitrated benzo[a]pyrenes are known to be mutagenic, carcinogenic and teratogenic to bacterial and animal cells. For

differentiation of isomers and environmental analytical trace studies, spectroscopic information is necessary. The present studies

report the C NMR spectra of 1-, 3- and 6-nitrobenzo[a]pyrene measured in CDCl . Complete C NMR assignments based on 2D

NMR spectroscopy (HMQC and HMBC) were carried out. Further, the computation of fifty C chemical shifts of 1-, 3-, and 6-

nitrobenzo[a]pyrenes by using GIAO B3LYP/6-311+G(d,p)//B3LYP/6-31+G(d), 6-31+G(d,p), 6-311+G(d), 6-311+G(d,p), 6-311G(d,p)

levels of theory was investigated. For 1-, 3- and 6-NBaP the calculated chemical shifts δ  versus δ  plots of chemical shifts fall

on a linear correlation line with r  > 0.90. The GIAO B3LYP/6-311+G(d,p)//B3LYP/6-311G(d,p)level of theory was found to yield

chemical shifts in good agreement with experiment with r  > 0.90. The most expensive method (larger basis set) has provided the

best agreement with the experiment It is therefore important to continue to seek computational methods that can predict precise
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Selective oxidation of benzyl alcohols with molecular oxygen as the oxidant using Ag-Cu catalysts supported on
polyoxometalates

Abstract

Abstract

A full-length three-dimensional structure of the tetrameric potassium ion channel (hERG Kv11.1) including the N- and C-

terminal domains was built, with a diameter of 6 Å and 12 Å between the K + selectivity filter and the pore cavity residue Tyr  of

opposite subunits. Further docking studies with a set of 233 structurally known blockers have shown that compounds bind near

the inner vestibule of the pore channel, as well as the helix-IV region of the voltage sensor domain (VSD) in the alpha subunit.

The residues of hERG, Gly , Phe , Gly , Tyr  and Phe  of the pore channel and Arg  of VSD plays an important role in

ligand binding and hERG blockage. The conducted QuaSAR model is statistically significant, with R  of 0.72 in predicting the

hERG blocking activity. Furthermore, QuaSAR descriptors employing computer-assisted multiple regression procedure reveal

that increase in hydrophobicity with higher number of aromatic rings are favorable for the binding affinity of hERG blockers.

Additionally the pIC values of 25 commercial compounds screened using structure-based pharmacophore model also show
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Abstract

Abstract

We report an efficient process for the oxidation of benzyl alcohols using molecular oxygen as the oxidant catalyzed by Ag-Cu

catalysts supported on polyoxometalates (Ag-Cu/POM). The Ag-Cu/POM catalyst was prepared by galvanic displacement in the

presence of polyvinyl pyrrolidone and polyethylene glycol. The catalysts were characterized using Fourier transform infrared

spectroscopy (FTIR), ultraviolet–visible spectroscopy (UV–Vis), powder X-ray diffraction (PXRD), X-ray fluorescence (XRF),

Brunauer-Emmett-Teller (BET) surface analysis, transmission electron microscopy (TEM), energy dispersive spectroscopy (EDS)

and thermogravimetric analysis (TGA). The oxidation reaction was carried out using a Schlenk– line setup, under ambient

atmospheric pressure. Reaction products were identified by GC–MS and quantified with GC using an internal standard method.

The Ag-Cu/POM catalyst gave close to 100% benzyl alcohol conversion in 5 h with >99% selectivity to benzaldehyde. When tested

on various benzyl alcohol derivatives the Ag-Cu catalysts showed good conversions and >99% selectivity to the corresponding
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Abstract

Abstract

Heterogeneous binary TiO /SnO  nanocomposite (with 4:1 wt% of TiO  and SnO , respectively) catalyst was prepared by a sol–gel

method, and further sulfated by chlorosulfonic acid. X-ray diffraction technique revealed the structure of the nanocrystalline

2 2 2 2
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catalyst to be tetragonal. Fourier transformed infrared technique elucidated the presence of surface-anchored sulfonic (–SO H)

groups on the catalyst. Morphological details of the catalyst were obtained by transmission electron microscopy. Elemental

analysis of the catalyst was carried out by X-ray photoelectron spectroscopy. NH -TPD technique was used to elucidate the surface

acidity of the catalyst. The active surface area and mesoporosity of catalyst were studied by the BET method. Thereafter, this

sulfated catalyst was utilized for the direct amidation reaction between a series of amine derivatives and acetic acid. The reaction

gives excellent product yield within 120 min, and at a relatively moderate temperature of ~115 °C.

3

3

Abstract

Abstract

Food grade xylooligosaccharides (XOS) have a high application value, but most of the reported purification methods of XOS use

organic solvents, which has significant problems such as large amount of solvent, residual solvent, and difficulty in solvent

recovery. In addition, although there are many reported methods of separation and purification, quantitative analysis is lacking

for each specific treatment step, such as sugar loss rate, decolorization rate, protein removal rate, and desalination rate. Therefore,

purification of XOS from bamboo with non-organic solvent to prepare food grade functional sugars was presented by this study.

What’s more, quantitative analysis and optimization was made for each step of separation, which was of great significance for

guiding the actual production. Overall, through activated carbon adsorption, ion exchange and membrane filtration
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comprehensive treatments, food grade XOS were obtained from bamboo with 7.5% yield, a purity of 92.3%, and a total sugar

ti hi h 98 9%

Abstract

Abstract

The zinc oxide nanoparticles (T-ZnO NPs) were synthesized successfully by the application of leaf, stem and callus extracts of

Tabernaemontana heyneana Wall. via the green combustion method. The structural, bonding and morphological features of T.

heyneana mediated ZnO NPs (T-ZnO NPs) were explored using XRD (X-ray powder diffraction), UV–Vis (Ultra-violet visible

spectroscopy), FESEM-EDS (Field Emission-SEM and energy-dispersive X-ray spectra), DLS (Dynamic light scattering) and FTIR

(Fourier transform infrared) techniques. UV–Vis spectra revealed the presence of a band in the region between 370 and 376 nm

approving the presence of T-ZnO NPs. XRD, FESEM-EDS, TEM and DLS analysis confirmed the formation of nanosized,

spherical shaped, highly stable and pure crystalline wurtzite T-ZnO NPs. FTIR spectra revealed the presence of most probable

phytochemicals from plant extracts involved in the processes of reduction and stabilization of T-ZnO NPs. The T-ZnO NPs could

effectively inhibit the activity of DPPH (1 1-Diphenyl-2-picrylhydrazyl) radical (IC value between 467 7 and 752 3 µg/ml)50
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Abstract

Abstract

An expeditious protocol for the synthesis of structurally diversified β-carboline derivatives has been reported using a readily available

natural surfactant medium. The synthesis of β-carboline derivatives in good yields under optimized conditions was carried out by the

reaction of tryptamine with aldehydes in an aqueous extract of Acacia Concinna pods. The use of an aqueous medium, ease of

purification, good yield and cost-effective reaction suggest for bulk scale production β-carboline derivatives.

Abstract
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Abstract

We report the synthesis of medicinal plant, Vernonia amygdalina Del. mediated green copper oxide nanoparticles (VeA-CuO NPs).

The presence of two absorbance maxima, λmax 1 and λmax 2 at 436 nm and 452 nm, respectively confirms a mixture of

biomolecules surface amalgamated CuO NPs with different morphological features. The FT-IR spectra of the plant leaf extract

and VeA-CuO confirmed the efficient role of biomolecules as capping and stabilising agents. The XRD patterns of NPs approved

high crystallinity of CuO. The purity of the NPs was corroborated by SEM-EDAX analysis. The average particle size of the NPs was

found to be 19.68 nm. In addition, the combined TEM, HRTEM and SAED analysis substantiated the presence of CuO with a d-

spacing value of 0.2854 nm, which conformed to CuO (1 1 1). The antibacterial assay revealed that VeA-CuO NPs were synergistic

in their influence versus bacterial strains, S. aureus, E. coli, P. aeruginosa, and E. aerogenes. The uppermost zone of inhibition of

15 mm was observed for E aerogenes The bioactive compounds capped around the CuO NPs served the effective role in
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Abstract

Abstract

A novel series of phosphorylated/ thiophosphorylated glucosyl-1,2,3-triazole derivatives have been synthesized in three step process.

The synthetic approach was progressed from the reaction of propargyl alcohol with dialkoxychlorophosphate/thiophosphate

derivatives to give propargylphosphate/thiophosphate derivatives. Then, the reaction of above synthesized compounds with

acetylated glucosyl azides through azide-alkyne [2 + 3]-cycloaddition reaction (click reaction) led to the formation of the title
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phosphorylated/thiophosphorylated glucosyl-1,2,3-triazole derivatives in good yields. The synthesized compounds are subjected to

biological evaluation as acetyl cholinesterase (AChE) inhibitors and the results are compared with reported compounds.
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Anticancer potential of 3-hydroxypyridine-2-carboxaldehyde N(4)-methyl and pyrrolidinylthiosemicarbazones and their
Zn(II) complexes in different cancers via targeting MAPK superfamily signaling pathway

Abstract

Abstract

The antioxidant activities of the aqueous extracts of seven wild plants were investigated, using both in vitro and in vivo assays. The

former relied on the use of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and the latter, on the sensibility towards hydrogen peroxide of

the yeast sod1 mutant. The studied plants were all wild, collected at the Ccamarrara hill (4000 m.a.s.l. Cusco, Peru), and of the

following species: Plantago australis, Baccharis latifolia, Ageratina sternbergiana, Stevia macbridei, Ageratina cuzcoensis, Calceolaria

myriophylla, and Adiantum orbignyanum. The DPPH assay demonstrated high antioxidant contents in the dry leaves of all tested

plants, with AAEAC values (ascorbic acid equivalent antioxidant capacity) ranging from 20.6 to 72.7 mg/g dry leaves. The

antioxidant activities were also evident in the yeast assay, which also allowed distinction between the intracellular and

extracellular effects. These in vitro and in vivo studies demonstrate the need to further investigate native wild plants from the

Andes as important sources for water-soluble antioxidant compounds

Menu Search in this journal

Results in Chemistry
Open access

Submit your article Guide for autho

https://www.sciencedirect.com/science/article/pii/S2211715621000035
https://www.sciencedirect.com/science/article/pii/S2211715621000035/pdfft?md5=b1e304575f9646371fc6976a1aadce8c&pid=1-s2.0-S2211715621000035-main.pdf
https://www.sciencedirect.com/science/article/pii/S2211715621000096
https://www.sciencedirect.com/journal/results-in-chemistry
https://www.elsevier.com/about/open-science/open-access/open-access-journals
https://www.editorialmanager.com/rechem/default.aspx
https://www.elsevier.com/journals/results-in-chemistry/2211-7156/guide-for-authors


11/26/22, 1:55 PM Results in Chemistry | Vol 3, January 2021 | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/results-in-chemistry/vol/3/suppl/C 55/84

Nerina Shahi, Vivek Pandey, Ankita Pathak, Ram Sundar Thapa, ... Paras Nath Yadav
Article 100104

Download PDF Article preview

Research article Open access

Cell cell death communication by signals passing through non-aqueous environments

Alla Potapovich, Vladimir Kostyuk
Article 100107

Download PDF Article preview

Abstract Graphical abstract

Graphical abstract

Schematic representation of mechanism of action of HHyPyPyrd on cancer cell proliferation.
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Abstract

Investigation of ultraweak photon emission (UPE) in living mater was started in 1920-s by Russian biologist A. Gurwitsch

discovered mitogenetic radiation (MGR), ultraviolet light emitted from growing organisms that stimulated similar organisms to

grow. MGR attracted enormous interest of the scientific community resulting in many scientific publications confirming

occurrence of permanent and spontaneous biophoton emission during natural metabolic processes in diverse living organisms.

However, along with studies showing the existence of intercellular electromagnetic communication resulted in various responses

of detector cells there have been numerous unsuccessful attempts to confirm the biological significance of MGR. Here we

reported strong evidence for non-chemical intercellular signaling leading to biological cellular response. We found the ability of

various cell types under conditions of oxidative stress induced by p-benzoquinones to generate death signals, which can affect

target cells over long distances through non-aquatic environments resulting in morphological alterations and viability loss We

Abstract

Abstract

The pandemic of SARS-Coronavirus-2 (Coronavirus-19) has been progressing by the increasing trend of the cases as well as deaths

with neither vaccine nor drug is rationally used to stop the viral spread over. This study aims to perform an integrated virtual
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Download PDF Article preview

screening of compounds that had been identified from Carica papaya leaves, which are proposed to be a herbal treatment for

SARS-Coronavirus-2. The screening was initiated by evaluating the 40 compounds from Carica papaya leaves for their drug-like

likeness property. The selected compounds were then secondly screened using carcinogenic and toxicity filters. Further selected

compounds were thirdly screened for their pharmacokinetic profile and the screening was lastly performed by docking the third

selected compounds against multiple protein targets of SARS-Coronavirus-2 employing 3-chymotrypsin-like protease (3CLpro),

papain-like protease (PLpro), RNA-dependent-RNA-polymerase (RdRp), endonuclease (EndoU), S1 and S2 region of spike protein.
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Abstract

Abstract

A novel Schiff base ligand, 3-((2-((1-(4-hydroxyphenyl)ethylidene)amino)ethyl)imino)-N-(p-tolyl)butanamide (H L) and its some metal,

Mn(II), Fe(III), Co(II), Ni(II) and Zn(II) complexes have been synthesized. Schiff base ligand was characterized by analytically and

HRMS, IR-, H NMR, C NMR- and UV–Vis spectral techniques. In addition to this molar conductance and magnetic moment

calculations were used to characterize metal complexes. The ligand and its complexes have been evaluated for their in vitro

cytotoxicity against Dalton’s Lymphoma Ascites (DLA) cell lines by Trypan Blue Exclusion method. Zn(II) complex was selected to

evaluate its efficiency against EAC (Earlich Ascites Carcinoma) induced ascites tumor and DLA induced solid tumor in Swiss

Albino female mice. The results are expressed with an IC  value, 48 µg/ml, which indicated that Zn(II) complex showed as a

potential anticancer agent. Metal complexes of Mn(II), Fe(III), Co(II), Ni(II) and Zn(II) are taken to examine for their larvicidal

activity against larvae of Cx quinquefasciatus The statistically analyzed results showed that the sample of Zn(II) complex exhibited

2
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Abstract

Abstract

Conventional antibiotic-based therapies for the treatment of Staphylococcus pseudintermedius infections have become less reliable in

recent years due to the increased prevalence of methicillin resistance and multidrug resistance. Therefore, development of

alternate therapeutic strategies is a high priority. Treatments based on sortase inhibition hold potential to address this

shortcoming. Sortase A (SrtA) is a transpeptidase, commonly produced by Gram positive bacteria, that interacts with proteins

baring a C-terminal Leu-Pro-X-Thr-Gly (LPXTG) motif, anchoring them on the peptidoglycan cell wall. SrtA substrates include

numerous virulence factors that may overcome the host immune response including protein A, fibrinogen binding proteins and

fibronectin binding proteins. In the present study, the srtA gene from S. pseudintermedius was identified and its conservation and

level of transcription determined in isolates representing major clonal complexes. The gene was synthesized and then expressed

in Escherichia coli and the recombinant enzyme’s activity measured using a synthetic substrate A three dimensional homology
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Menu Search in this journal

Results in Chemistry
Open access

Submit your article Guide for autho

https://www.sciencedirect.com/science/article/pii/S2211715621000904/pdfft?md5=ce6e8ca53ee9ca64b79e3804297af6a8&pid=1-s2.0-S2211715621000904-main.pdf
https://www.sciencedirect.com/science/article/pii/S2211715621001004
https://www.sciencedirect.com/science/article/pii/S2211715621001004/pdfft?md5=b3dcc9c5047bf43c7e20529b471cb00b&pid=1-s2.0-S2211715621001004-main.pdf
https://www.sciencedirect.com/journal/results-in-chemistry
https://www.elsevier.com/about/open-science/open-access/open-access-journals
https://www.editorialmanager.com/rechem/default.aspx
https://www.elsevier.com/journals/results-in-chemistry/2211-7156/guide-for-authors


11/26/22, 1:55 PM Results in Chemistry | Vol 3, January 2021 | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/results-in-chemistry/vol/3/suppl/C 61/84

Research article Open access

A N-(4-chlorophenyl)-γ-amino acid derivatives exerts in vitro anticancer activity on non-small cell lung carcinoma cells
and enhances citosine arabinoside (AraC)-induced cell death via mitochondria-targeted pathway

Povilas Kavaliauskas, Šarūnas Žukauskas, Kazimieras Anusevičius, Benas Balandis, ... Vytautas Mickevičius
Article 100193

Download PDF Article preview

Abstract

This present study reports some natural products and one hydroxamic acid synthetic compound which were previously reported

as matrix metalloproteinase-9 (MMP-9) inhibitors to be evaluated for their inhibition toward severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) 3-chymotrypsin-like protease (3CLpro). This enzyme is one of the proteins responsible for this

coronaviral replication. Two herbal methanolic extracts i.e., Averrhoa carambola leaves and Ageratum conyzoides aerial part

demonstrate >50% inhibition at 1000 µg/mL. Interestingly, apigenin, one of flavonoids, demonstrates 92% inhibition at

250 µg/mL (925 µM) as well as hydroxamic acid compound, N-isobutyl-N-(4-methoxyphenylsulfonyl)glycyl hydroxamic acid

(NNGH), which shows 69% inhibition at 100 µM. The in vitro results are supported by the docking studies revealing that the

binding mode of both compounds is mainly by interacting with GLU166 residue in the hydrophobic pocket of the 3CLpro.

Pharmacophore mapping further supported the results by confirming that the in vitro activities of both compounds are due to
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Abstract

Abstract

The constant emergence of drug-resistant strains of bacteria places a sustained burden on mankind as most antibiotics

commonly used for treating bacterial infections are no longer efficient. This poses an urgent need for a new and effective class of

antibacterial agents. Nitrogen-containing heterocycles have been found to have the most comprehensive spectrum of biological

activities. Herein, we propose the route to access pyrazinoindole derivatives and evaluated them for in-vitro antibacterial activity.

Synthesized analogs were tested for their antimicrobial activity against two gram-negative and two gram-positive bacteria. The

range of minimum inhibitory concentration (MIC) was found in between 3.75 and 60 µg/mL where gentamycin was used as a

standard drug. The structure-activity relationship studies also depicted the correlation of the electronic parameters with the
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antibacterial activity of the target compounds. Our findings were further confirmed using in-silico assays and favourable results

were obtained in accordance with experimental outcomes We mechanistically revealed that pyrazinoindole based compound 4g
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Abstract

To quantitatively compare the chemical composition of Paeoniae Radix Alba before and after sulfur-fumigated by using HPLC

fingerprint and chemometrics, to provide a reference for the quality evaluation of Paeoniae Radix Alba. Establish the fingerprints

of 9 batches of white peony and its sulfur-fumigated products, combined with orthogonal partial least squares-discriminant

analysis (PLS-DA) to compare the composition differences of white peony before and after sulfur-fumigation. For the quantitative

analysis of sexual components, differential compounds were identified by UPLC-MS. The contents of gallic acid, catechins,

albiflorin, paeoniflorin, 1,2,3,4,6-pentagalloyl glucose and benzoylpaeoniflorin before and after sulfur-fumigation Paeoniae Radix

Alba were determined, and there were 6 common peaks in the HPLC fingerprints of Paeoniae Radix Alba before and after sulfur-

fumigated. There were 6 common peaks in Paeoniae Radix Alba without sulfur-fumigated, and 7 peaks after sulfur-fumigated.

The differential compound (peak 7) was proven to be paeoniflorin sulfite The differential compound was proven to be

Abstract

Abstract
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Open access

Novel derivatives of Amino-methylbenzoic acid and Pyrimidine-4,6-diol based heterocyclic azo dyes (5–7) were reported. Synthesis

was carried out by diazotization of amino-methylbenzoic acid (1) and followed by coupling with different derivatives of Pyrimidine-

4,6-diol based coupling components such as Pyrimidine-4,6-diol(2), 2-methyl pyrimidine-4,6-diol(3), 2-aminopyrimidine-4,6-diol(4)

under suitable experimental condition. The azo dyes obtained are orange-red in color and they are characterized by various analytical

methods like IR, UV–Vis, H NMR, C NMR and Mass spectral techniques etc. The synthesized compounds were screened for their

biological activities and the result was compared with the standards

1 13

Abstract

Abstract

Mosher amides of α-methylselenocysteine were synthesized to determine the absolute stereochemistry of the sterically hindered α-

carbon utilizing H, C, F, and Se NMR spectroscopies. After analysis of these spectra using the established Mosher method, the

stereochemistry of the α-carbon was determined to be (R), which was subsequently confirmed using x-ray crystallography.
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Abstract

Abstract

A variety of knoevenagel compounds from isatin were synthesized using an eco-friendly methodology. It was used only the binary

solvent ethanol: water (3:7 v/v) without the presence of metal catalyst what enabled the reaction between different isatins with

malononitrile in a quick reaction time of 2–5 min and isolated yields 80–96%. When cyanoesters were used as methylene actives, the

reactions were longer and the knoenevagel products were obtained 79–92% isolated yields.
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Abstract

Abstract

Labeling of proteins with small-molecule-based fluorescent probes provides a powerful tool to determine their expression level and

localization in living cells. We propose a method for increasing and stabilizing the emission of such probes using supramolecular

hosts such as β-cyclodextrin (β-CD). Although the emission of a His-tag binding probe was enhanced in the presence of β-CD,

binding of the probe-β-CD complex to a His-tagged protein led to partial β-CD displacement and consequently, a reduction in the

emission signal.
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Abstract

Abstract

We report a one-step method for the synthesis of alkoxy substituted pyrazine derivatives. The process makes use of an improved acid-

mediated coupling reaction to afford the products in good yields (70–90%). This method expands the scope to alkoxy substituted

pyrazine structures that are poorly represented in literature.
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Abstract

Abstract

Bismuth sulfide is one of the important compounds of bismuth that has garnered much attention due to its interesting properties

and numerous applications. The structural orientation of bismuth sulfide and the characterization techniques have been highlighted.

An in depth discussion were made on the various methods of synthesizing bismuth sulfide including chemical, sol–gel, deposition,

pyrolysis, mechanical milling, microwave, microemulsion, Bridgman and successive ionic layer and reaction methods. Its medical
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applications, use in storage and generation of hydrogen, production of energy saving devices, as sensor for gas and other

biomolecules and as photocatalyst for the removal of pollutants from the environment were presented in details. Finally, the future

perspective for studies involving bismuth sulfide were suggested.

Abstract

Abstract

Developing robust methods to detect the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a causative agent for the

current global health pandemic, is an exciting area of research. Nevertheless, the currently used conventional reverse

transcription-polymerase chain reaction (RT-PCR) technique in COVID-19 detection endures with some inevitable limitations.

Consequently, the establishment of rapid diagnostic tools and quick isolation of infected patients is highly essential.

Furthermore, the requirement of point-of-care testing is the need of the hour. Considering this, we have provided a brief review

of the use of very recently reported robust spectral tools for rapid COVID-19 detection. The spectral tools include, colorimetric

reverse transcription loop-mediated isothermal amplification (RT-LAMP) and matrix-assisted laser desorption/ionization mass
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spectrometry (MALDI-MS), with the admittance of principal component analysis (PCA) and machine learning (ML) for meeting

Abstract

Abstract

3CL protease is one of the key proteins expressed by SARS-Coronavirus-2 cell, the potential to be targeted in the discovery of

antivirus during this COVID-19 pandemic. This protein regulates the proteolysis of viral polypeptide essential in forming RNA

virus. 3CL protease (3CLpro) was commonly targeted in the previous SARS-Coronavirus including bat and MERS, hence, by

blocking this protein activity, the coronavirus should be eradicated. This study aims to review the potency of biflavonoid as the

SARS-Coronavirus-2 3CLpro inhibitor. The review was initiated by describing the chemical structure of biflavonoid and followed

by listing its natural source. Instead, the synthetic pathway of biflavonoid was also elaborated. The 3CLpro structure and its

function were also illustrated followed by the list of its 3D-crystal structure available in a protein data bank. Lastly, the

pharmacophores of biflavonoid have been identified as a protease inhibitor, was also discussed. This review hopefully will help

researchers to obtain packed information about biflavonoid which could lead to the study in designing and discovering a novel
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Article 100148

Abstract

Abstract

Graphene has been a prominent choice as a base material for supporting varieties of inorganic and organic materials in scientific

research and innovation due to its superior physico-chemical properties. Electrochemical sensors have been prepared by the use

of a variety of nanoparticles and based on graphene which effectively supported on the surface of glassy carbon electrode through

different methods. Graphene supported sensors have been utilized to detect and determine different electroactive species in

samples. Many characterization techniques such as Powder X-ray diffraction (XRD), Energy dispersion spectroscopy (EDS), X-ray

photoelectron spectroscopy (XPS), UV–Vis spectroscopy, Fourier transform infrared (FTIR) spectroscopy, Raman spectroscopy,

High-resolution transmission electron microscopy (HRTEM), Scanning electron microscopy (SEM), transmission electron

microscopy (TEM), and atomic force microscopy (AFM) have been successfully applied to explore the properties of graphene

supported nanomaterials Applications of the sensors have been assessed using signals from electrochemical measurements such
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Abstract

Abstract

The world's largest randomized control trial against COVID-19 using remdesivir, hydroxychloroquine, lopinavir and interferon-β1a

appeared to have little or no effect on hospitalized COVID-19 patients. This has again led to search for alternate re-purposed drugs

and/or effective “add-on” nutritional supplementation, which can complement or enhance the therapeutic effect of re-purposed

drug. Focus has been shifted to therapeutic targets of severe acute respiratory syndrome coronavirus (SARS-CoV-2), which includes

specific enzymes and regulators of lipid metabolism. Very recently, fenofibrate (cholesterol-lowering drug), suppressed the SARS-

CoV-2 replication and pathogenesis by affecting the pathways of lipid metabolism in lung cells of COVID-19 patients. A preclinical

study has shown synergistic effect of quercetin (a flavonoid) and fenofibrate in reducing the cholesterol content, which might be

useful in COVID-19 treatment. Based on the scientific literature, use of quercetin and fenofibrate in COVID-19 seems meaningful

in pharmaceutical and biomedical research and warrants basic experimental and clinical studies In this article we have
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Abstract

Abstract

A library of palladium(II) acylthiourea complexes (1–6) of the type [PdCl {C H N OS(R)} ] [where R = C H CH (o) (1), C H  (2),

C H OCH (p) (3), C H OC H (p) (4), C H  (5) or C H Cl(p) (6)] was synthesized and characterized by UV–Visible, FT-IR, H NMR,

C NMR and ESI-Mass spectroscopy, and elemental analysis. Single crystal X-ray structure of complex 4 revealed the

monodentate coordination of acylthiourea ligand through sulphur atom to the palladium ion in a trans fashion. In addition,

variable-temperature (VT) NMR studies were performed to analyze the fluxional nature of complexes. The interaction of

complexes with calf thymus (CT) DNA and BSA (bovine serum albumin) was analyzed by spectroscopic and molecular docking

studies. The results inferred intercalation binding mode of the complexes with DNA. All the complexes exhibited good binding

with BSA as well. Further, the complexes were found to act as good scavengers of DPPH as deduced from the antioxidant assay. In

vitro cytotoxicity of the compounds against A549 (lung) cancer and HEK293 (human embryonic kidney) normal cell lines was
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Abstract

Since 2004, graphene has attracted a lot of attention among scientists and engineers. In recent years, graphene, a two dimensional

monolayer planar sheet of sp -bonded carbon atom has witnessed a revolution in its applications because of its exemplary unique

properties in terms of large specific surface area, physicochemical properties, mechanical strength, extraordinary thermal and

electronic conductivity. There are several techniques used to synthesize high-quality graphene on a large scale. This review

summarizes the fabrication of graphene by chemical, mechanical, thermal decomposition and chemical vapor deposition. In

addition, the characterization methods and applications of graphene in different research fields have been discussed. This article

winds up by giving a brief summary, illuminate the problems, and states the prospects of graphene.
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The phosphorylation and dephosphorylation of proteins and other intracellular molecules are important reactions in living

systems and are generally controlled by the action of kinases and phosphatases. The design and synthesis of artificial mimics of

natural enzymes are important research subjects in bioorganic and bioinorganic chemistry. A supramolecular strategy based on

the three-dimensional self-assembly of molecular building blocks would be useful for the construction of artificial

supramolecular complexes. The main focus of this review is on artificial mimics of natural phosphatases that contain dimetallic

cores in their active sites. Previous examples of artificial mimics of alkaline phosphatases (AP) constructed covalently are initially

presented, then followed by a description of artificial metallosupramolecular complexes formed by the combinatorial self-
2
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One-pot synthesis of phenanthridine derivatives using appropriately substituted aromatic ortho-bromo N-tosylhydrazones and 2′-

aminobenzeneboronic acid pinacol esters is described. In the presence of Pd(amphos)Cl  catalyst, tosylhydrazone precursors undergo

a Suzuki cross-coupling reaction with 2′-aminobenzeneboronic acid pinacol ester derivatives followed by intramolecular

condensation to form the corresponding phenanthridines derivatives in one step.
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A B S T R A C T

3CL protease is one of the key proteins expressed by SARS‐Coronavirus‐2 cell, the potential to be targeted in the
discovery of antivirus during this COVID‐19 pandemic. This protein regulates the proteolysis of viral polypep-
tide essential in forming RNA virus. 3CL protease (3CLpro) was commonly targeted in the previous SARS‐
Coronavirus including bat and MERS, hence, by blocking this protein activity, the coronavirus should be erad-
icated. This study aims to review the potency of biflavonoid as the SARS‐Coronavirus‐2 3CLpro inhibitor. The
review was initiated by describing the chemical structure of biflavonoid and followed by listing its natural
source. Instead, the synthetic pathway of biflavonoid was also elaborated. The 3CLpro structure and its func-
tion were also illustrated followed by the list of its 3D‐crystal structure available in a protein data bank. Lastly,
the pharmacophores of biflavonoid have been identified as a protease inhibitor, was also discussed. This review
hopefully will help researchers to obtain packed information about biflavonoid which could lead to the study in
designing and discovering a novel SARS‐Coronavirus‐2 drug by targetting the 3CLpro enzyme.
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1. Introduction

The Covid‐19 pandemic has extended for almost 10 months since
its outbreak in January 2020 [1]. The present statistic (by 24 October
2020) shows 43 M cases, 29 M recovered and 1.15 M death across the
world. The United States of America is the country with the highest
cases reported at 8.5 M approximately [2]. Meanwhile, the cases in
Indonesia are still increasing. There are approximately 393,000 cases
with 318,000 treated and 13,500 death [3]. This situation has made
very huge impacts on all aspects of life including the economy, politics,
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Fig. 1. The life cycle of coronaviruses is initiated by the binding of the viral cell through its protein spike (S) to the host cell’s receptor namely angiotensin-
converting enzyme 2 (ACE2). Upon membrane fusion (endocytosis), the virus is coated by the endosome. The following endosomal break down releases RNA from
the virus into the host cell. The incoming viral genome is translated to produce two large precursor polyproteins 1a (pp1a) and 1ab (pp1ab) which are cleaved by
proteases into small products. A series of subgenomic mRNA are transcripted and finally translated into viral proteins. The viral protein along with RNA is packed
into virion in the ER and Golgi and then transported via vesicles and released out of the cell [9].

Y. Hartini et al. Results in Chemistry 3 (2021) 100087
social, culture, health, and education. For example, United Nations
Industrial Development Organization (UNIDO) reported that since
April 2020, the high‐income countries (30 countries) have a 18% aver-
age economic losses, whereas upper‐middle‐income countries (13
countries) suffer a 24% average losses. The lower‐middle‐income
countries (6 countries) are hit by a 22% average loss, confirming the
economic crisis unleashed by the pandemic, regardless of the income
level [4]. The SARS‐Coronavirus‐2 viral vector is still a topic for
debate. However, either bats or snakes are predicted as the first virus
transmitting species to human [5].

Like some other coronaviruses, SARS‐Coronavirus‐2 is also a family
of coronaviridae, which is genomically composed by the structural as
well as non‐structural proteins. This is an RNA virus in which on one
hand, the structural protein contains S protein (spike), M protein
(membrane), E protein (envelope), and N protein (nucleocapsid) [6].
On the other hand, the non‐structural protein (NSP) is an open reading
frame (ORF) consisting of NSP1‐16 [7]. Upon entry into the host cell,
the incoming viral genome is translated to produce two large precursor
polyproteins 1a (pp1a) and 1ab (pp1ab) that are processed by ORF 1a‐
encoded viral proteinases, papain‐like proteinase (PLpro), and 3C‐like
proteinase (3CLpro) into 16 mature non‐structural proteins
(NSP1–NSP16, numbered according to their order from the N‐
terminus to the C‐terminus of the ORF 1 polyproteins). Many of the
NSPs perform essential functions in viral RNA replication and tran-
scription [8]. The virus life cycle is illustrated in Fig. 1.

One of the common studied NSPs is NSP5, in which chymotrypsin‐
like protease (3CLpro) is one kind of this non‐structural protein [10].
3CLpro cleaves the polyprotein into viral RNA which is then replicated
and packed in the new mature virus. Therefore, by interfering with this
proteolytic step, the viral RNA replication will be interrupted leading
to the prevention of new viruses for further expansion. 3CLpro is one
of the interesting protein targets in combating coronavirus by compet-
itive inhibition with the peptide substrate [11].

Reviews on natural product compounds potential for SARS‐
Coronavirus have been published by targeting diverse proteins. These
includes tanshinones, diarylheptanoids and geranylated flavonoids tar-
geting PLpro [12], quercetine (reverse transcriptase) [13], aloeemodin
and hesperitin (3CLpro) [14], apigenin (viral internal ribosome entry)
[15], isatisindigotica (protease) [16], amentoflavone (biflavonoid;
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protease) [17], kaempferol (3a ion channel) [18], glycyrrhizin (pro-
tease) [19], tetradrine (viral S and N) [20], silvestrol (cap‐dependent
viral mRNA translation) [21,22], etc.

Biflavonoid is currently attractive to be proposed as the serine pro-
tease inhibitor due to the suitability of its chemical structure with the
active site of the protease [23]. Serine proteases are characterized by a
distinctive structure, consisting of two beta‐barrel domains that con-
verge at the catalytic active site. These enzymes can be further catego-
rized based on their substrate specificity as either trypsin‐like,
chymotrypsin‐like, or elastase‐like. Therefore, the dimer form of bifla-
vonoid is such a good inhibitor model that would fully occupy the two
beta‐barrel domain (main site and prime site) [24].

In this review, we will focus on the biflavonoid as the interesting
compound, which is potential for the 3CLpro inhibitor of SARS‐
Coronavirus‐2. The review will start by defining the chemical structure
of biflavonoid and its sources from both natural products as well as
synthesis. The following section would elaborate the 3CLpro structure
and its function as the interesting protein target for biflavonoid. The
review also summarizes the existing SARS‐Coronavirus‐2 3CLpro 3D
crystal structure in the protein data bank. Last but not least, the cur-
rent study on the biflavonoid as a diverse protease inhibitor will be
carried out to give the insight mechanism on how the biflavonoid
can act as a potential SARS‐Coronavirus‐2 antiviral agent.
2. Chemical structure

Biflavonoid is a natural product compound bearing a dimer of two
sets of flavonoid, linked by either C–C or C‐O bond [25,26]. The flavo-
noid itself is chemically constructed by a 15‐C skeleton, which is
divided into two aromatic rings (Ring A and Ring B) and connected
by a heterocyclic ring having α, β‐ unsaturated carbonyl chain [27].
In addition to flavonoid being the major form of such compound class,
there are two kind of analogs which enrich the flavonoid structural
diversity. They are isoflavonoid (derived from 3‐phenylchromen‐4‐
one (3‐phenyl‐1,4‐benzopyrone) and neoflavonoid (derived from 4‐
phenylcoumarine (4‐phenyl‐1,2‐benzopyrone). Other sub‐groups of
flavonoid including flavan, flavanone, flavanonol, anthocyanidin,



Fig. 2. The structures of a) flavonoid, b) biflavonoid, c) isoflavonoid, d) neoflavonoid, e) flavanone, f) flavanonol, g) anthocyanidin and h) anthoxantin which are
naturally occurred in plants.
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and anthoxantin are also widely distributed among natural resources
[28]. Fig. 2 illustrates the structure of flavonoid and their analogs.

The aromatic rings are often decorated by poly‐hydroxy group.
Therefore, this compound’s class are frequently called polyphenolic
compounds. The presence of OH group has also given chance for the
flavonoid to be biosynthetically formed in a glycoside. The sugar moi-
ety in the glycosidic form makes the flavonoid more soluble in water
than organic solvents due to the polar character of the sugar [29,30].

Spectroscopically, alike to the polyphenolic flavonoid, the yellow-
ish biflavonoid absorbs UV light at 500–600 nm. The colorimetric
reaction namely bathochromic shift (redshift) occurs when it reacts
with an alkaline solution to prolong the maximum wavelength
(650 nm). Similarly, polyvalent ion such as Al3+ may shift the wave-
length into a hypsochromic shift (blue shift) with a lower wavelength
(450 nm) [31]. Using the fourier transform infrared (FTIR) spec-
troscopy, the carbonyl of chromone group stretching vibration is trans-
mitted at 1600 cm−1, Meanwhile, the vinyl aromatic group appears at
3600 cm−1 as a bending vibration [32]. The proton of biflavonoid is
indicated as multiplet signals around 6–8 ppm which often overlap
in trans/ cis configuration protons of α, β‐ unsaturated carbonyl chain
as confirmed by nuclear magnetic resonance (NMR) spectroscopy. In
conjunction, the carbon signal of the carbonyl chromone group is indi-
cated at 160 ppm, whereas the vinylic aromatic carbon appears at
150 ppm. Using a mass spectroscopy, the origin of the flavonoid skele-
ton could be the most stable mass/ion (base peak) during the fragmen-
tation due to the electron impact bombardment [33].
3. Natural sources

A naturally occurring biflavonoid is distributed in various plant
species. The first isolated natural biflavonoid was from Ochna squar-
rosa Linn. (Ochnaceae) [34] and later was from Lonicera japonica
(Caprifoliaceae) [35]. Torreya nucifera was also identified as the natu-
ral source producing four biflavonoids [36]. Amentoflavone is another
kind of biflavonoid isolated from abroad family of plants such as
selaginellaceae, cupressaceae, euphorbiaceae, podocarpaceae, and
calophyllaceae [37]. It was reported that at least 127 biflavonoids
are distributed among plants, but the most occurrences are Gingko
biloba, Lobelia chinensis, Polygala sibirica, Ranunculus ternatus, Selagi-
nella pulvinata, and Selagenella tamariscina [37].

A more recent study had identified the biflavonoid I30 II8‐
binaringenin in drupes of Schinus terebinthifolius, which was indicated
by UHPLC‐MS [38]. Five biflavonoids were lately found in Ceratodon
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purpureus presenting a diastereomeric form in the second biflavonoid
[39]. In the same year, three biflavonoid types were also discovered
in Selaginella doederleinii including the amentoflavone type, robustafla-
vone type, and hinokiflavone type [40]. From the zingiberaceae fam-
ily, new biflavonoids with flavanone‐chalcone type can be found in
fingerroot (Boesenbergia rotunda) [41]. The pure biflavonoid with agly-
cones morelloflavone (Mo) type, volkensiflavone (Vo) type, as well as
the morelloflavone’s glycoside fukugiside (Fu) type was characterized
in Garcinia madruno [42]. The genus of garcinia again shows its
resource of biflavonoid by the discovery of seven compounds including
volkensiflavone, fukugetin, fukugeside, GB 1a, GB 1a glucoside, GB 2a,
and GB 2a glucoside from Garcinia xanthochymus fruits [43]. Fig. 3
illustrates the chemical structure of hinokiflavone, ochnaflavone,
amentoflavone, morelloflavone, and volkensiflavone. For more data,
Table 1 tabulates the various studies reporting biflavonid found in a
natural source in the last three years.
4. Synthetic sources

Instead of natural sources, biflavonoid is also produced via a syn-
thetic pathway. This usually aims to derivatize the biflavonoid lead
compound into a modified diverse functional group that could be
responsible for its biological activity. Besides, the synthetic pathway
could be more reproducible than isolating the biflavonoid from its gen-
uine natural sources. This will proportionally reduce the cost of pro-
duction as well as increase the yields [74,75].

Biflavonoid is synthetically formed by two units (monomer) of fla-
vonoid undergoing the Ullmann coupling reaction [76]. This reaction
forms a diaryl ether link between two units of flavonoid, which is con-
ditioned by mixing them with an alkaline carbonate solution, N, N‐
dimethylacetamide, and dry toluene solvent under nitrogen exposure,
followed by heating the mixture above 100 °C for several hours [77].
The total synthesis of biflavonoid is initiated by reacting ortho‐hydroxy
acetophenone with benzaldehyde under Claissen Smith condensation
to form chalcone as the intermediate compound [78]. The next step
is the synthesis of flavone (monomer) by iodinating the chalcone using
DMSO as the solvent [79]. The detailed total synthesis of biflavonoid is
schemed out in Scheme 1.

An interesting biflavonoid was constructed according to the narin-
genin monomer by reacting to the available phloroglucinol and 4‐
hydroxy‐ or 4‐methoxybenzaldehyde. Naringenin is the flavanone‐
skeleton structure attached by three hydroxy groups at the 40, 5, and



Fig. 3. The chemical structures of earlier biflavonoid found in plants: a) hinokiflavone, b) ochnaflavone, c) amentoflavone, d) morelloflavone, and e)
volkensiflavone.

Y. Hartini et al. Results in Chemistry 3 (2021) 100087
7 carbons. The product was confirmed as 30,3‴‐binaringenin, and four
related biflavonoids with a considerably good yield (15–35%) [81].

Biflavonoid was also prepared electrochemically by reacting to fla-
vonol isorhamnetin, LiClO4, and amine in acetonitrile solvent. The
mixture was electrolyzed in a diaphragm cell at anodic current density
of 5 mA/cm2 for 3.5 h. Platinum‐plated with a working surface of
2 cm2 was used as the anode. Once the electrolysis was completed,
about 90% of the acetonitrile was distilled from the anode compart-
ment. Further purification using chromatography column was applied
and followed by recrystallization to obtain the biflavonoid product
with a good yield (60–70%) [82].

A step‐economical preparation of a very rare biflavonoid has been
performed by combining the methylated biaurone undergoing a mod-
ular and divergent synthesis strategy. The divergent synthesis was car-
ried out by using bialdehyde as the building block such as
isophthalaldehyde, terephthalaldehyde, and benzene‐1,3,5‐
tricarbaldehyde to produce the chalcone intermediate under Claissen
Smith condensation. The following reaction was oxidative cyclization
to obtain the biflavonoid as the targeted compound. Interestingly,
instead of biflavonoid, the divergent method is also applied in the pro-
duction of triflavonoid [83].

The synthesis of biflavonoid was further explored by applying the
Suzuki‐Miyaura cross‐coupling reaction followed by alcohol methyla-
tion for the synthesis of rare ‘hybrid’ derivatives. These derivatives
belong to different sub‐classes of monomers. The second biflavonoid
was constructed as homodimeric compounds in which a methylene-
dioxy group acts as the linker between the two flavonoid monomers.
This reaction facilitates the probing of uncharted regions of biologi-
cally interesting chemical space [84].

The first stereodivergent synthesis of biflavanone was conducted by
exclusively controlling the temperature to produce a stereoselective
product. The scaffold of 2,20‐biflavanones was attached by diverse sub-
stitution at the phenyl ring and conditioned by SmI2/Methanol/THF,
confirmed by a highly selected good yield for both stereoisomers of
the expected compounds. On one hand, the (R*,R*)‐stereoisomer
was only formed when the temperature was controlled at −40 °C.
On the other hand, the reaction generated the (R*,S*)‐isomer when
the mixture was refluxed [85]. The control of regioselective reaction
was performed using aromatic prenyltransferase from Aspergillus ter-
reus (AtaPT). Prenylation was applied to produce biflavonoids 1–3
dimerized connected by a diphenyl linkage at the hydrogen bond
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involving C5″–OH group. This OH is chemically less accessible than
other OH groups in the ring. The AtaPT was used as the substrate that
successfully yielded the different regio and chemoselective products.
This study would be recommended for developing green synthetic
reactions for such prenylated biflavonoids [86].
5. 3-Chymotrypsine-like protease

The extensive process of proteolysis releases the functional
polypeptides which are mainly achieved by the main proteinase and
are also frequently named 3C‐like proteinase (3CLpro). This indicates
a similar cleavage site with the early picornavirus of 3C proteinases
(3Cpro), although further studies showed that the similarity is limited
by two families of the protease. 3CLpro cleaves at least 11 conserved
amino acid residues includes GLN‐‐‐(SER, ALA, GLY) sequences (the
cleavage site is indicated by ‐‐‐) [87]. This process is initiated by the
autocleavage of its enzyme from two polypeptides (polypeptide A
and polypeptide B). There are three non‐canonical 3CLpro cleavage
sites at the P2 position employing PHE, MET, or VAL residues in
SARS‐Coronavirus polyproteins. The cleavage site of 3CLpro SARS‐
Coronavirus is illustrated in Fig. 4 [10,88].

The availability of experimentally determined three‐dimensional
(3D) structures of the SARS‐Coronavirus‐2 3CLpro has greatly aided
in the design of anti‐SARS‐Coronavirus‐2 drug [91]. Recently, the sud-
den increase in the number of crystal structures of 3CLpro is deposited
in the protein data bank (PDB) [92]. Most of the earlier crystal struc-
tures are devoid of inhibitor. Thus, it could not explain the particular
binding site of 3CLpro properly [93]. Therefore, many efforts con-
ducted to understand the structure and function of 3CLpro relied
mainly on the models developed based on the crystal structures of
other betacoronavirus such as SARS‐Coronavirus, MERS, Bat Corona,
etc [94].

To date, there are more than 100 3D structures of SARS‐
Coronavirus‐2 3CLpro deposited in the protein data bank (PDB)
(www.rcsb.org). In general, the crystal structures of 3CLpro reveal
the presence of three structural domains in each monomer, in which
domains I (position 8–101), II (position 102–184), and III (position
201–303) have a chymotrypsin‐like characteristic fold with a catalytic
cysteine (CYS145) and histidine (HIS41). This is linked to a third C‐
terminal domain by a long loop (position 185–200) by orienting the



Table 1
Biflavonoids from natural resources have been reported in the last three years.

No Biflavonoid Plants References

1 dihydrodaphnodorin B Fumana procumbens [44]
2 daphnodorin B Fumana procumbens [44]
3 volkesiflavone Garcinia gardneriana [45]
4 morelloflavone Garcinia gardneriana, Garcinia madruno [45]
5 7,7″-di-O-methylchamaejasmin Ormocarpum kirkii [46]
6 campylospermone A Ormocarpum kirkii [46]
7 a dimeric chromene [diphysin Ormocarpum kirkii [46]
8 amentoflavone 70 0-O-β-d-glucopyranoside Ginkgo Biloba [47]
9 bilobetin Ginkgo Biloba [47]
10 isoginkgetin Ginkgo Biloba [47]
11 sciadopitysin Ginkgo Biloba [48]
12 agathisflavone Schinus terebinthifolius; Anacardium occidentale [49,50]
13 tetrahydroamentoflavone Schinus terebinthifolius [49]
14 uncinatabiflavone C 7-methyl ether Selaginella uncinata [50]
15 7, 40, 70″, 40″-tetra-O-methyl amentoflavone Cephalotaxus harringtonia [51]
16 7, 40, 7″-tri-O-methyl amentoflavone Cephalotaxus harringtonia [51]
17 sequoiaflavone Cephalotaxus harringtonia; Ouratea ferruginea [51,52]
18 amentoflavone monomethoxy derivatives Cunninghamia lanceolata [53]
19 dihydrochalcone flavanone Sophora flavescens [54]
20 20,30-dihydroochnaflavone Ochna mauritiana [55]
21 dulcisbiflavonoid B Garcinia dulcis [56]
22 dulcisbiflavonoid C Garcinia dulcis [56]
23 umcephabiflovin A Cephalotaxus oliveri [57]
24 umcephabiflovin B Cephalotaxus oliveri [57]
25 S-taiwanhomoflavone-B Cephalotaxus oliveri [57]
26 5, 6, 60-trihydroxy-[1,10-biphenyl]-3,30-dicarboxylic acid Mesua ferrea [58]
27 fukugiside Garcinia madruno [59]
28 neochamaejasmin B Stellera chamaejasme [60]
29 oliveriflavone A, B, and C Cephalotaxus oliveri [61]
30 rhusflavanone Mesua ferrea [62]
31 mesuaferrone B Mesua ferrea [62]
35 sinodiflavonoids A Sinopodophyllum emodi [63]
36 sinodiflavonoids B Sinopodophyllum emodi [63]
37 oxytrodiflavanone A Oxytropis chiliophylla [64]
38 oxytrochalcoflavanones A Oxytropis chiliophylla [64]
39 oxytrochalcoflavanones B Oxytropis chiliophylla [64]
40 hinokiflavone Selaginella sinensis [65]
41 isocampylospermone A Ochna Serrulata [66]
42 campylospermone A Ochna Serrulata [66]
43 cupressuflavone Cupressus sempervirens [67]
44 (8-hydroxy-30-β-D-galactosyl-isoflavone)-20-80 '-(40 ''-hydroxy-flavone)-biflavone Solanum nigrum [68]
45 20,30,5-trihydroxy-50 '-methoxy-30 '-O- α-glucosyl-3–40“-O-biflavone Solanum nigrum [68]
46 70-O-methyl hinokiflavone Selaginella tamariscina [69]
47 (2R,3S)-volkensiflavone-7-O-β-acetylglucopyranoside Allanblackia floribunda [70]
48 (2S,3S)-morelloflavone-7-O-β-acetylglucopyranoside Allanblackia floribunda [70]
49 (S)-2″R,3″R- and (R)-2″S,3″S-dihydro-3″-hydroxyamentoflavone-7- methyl ether Cardiocrinum giganteum [71]
50 (S)-2″R,3″R- and (R)-2″S,3″S-dihydro-3″-hydroxyamentoflavone Cardiocrinum giganteum [71]
51 4,40,7-tri-O-methylisocampylospermone A Ochna serrulata [72]
52 4‴-de-O-methylafzelone A Ochna serrulata [72]
53 serrulone A Ochna serrulata [72]
54 sumaflavone Juniperus phoenicea [73]

Scheme 1. Total synthesis of biflavonoid. Reagents and conditions: a) benzaldehyde, KOH, MeOH, rt, overnight, 70–87%; b) I2, DMSO, 100 °C, overnight,
75–86%; and c) Ullmann modified coupling reaction, 8–58% [80].
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Fig. 4. The 3CLpro cleavage sites of SARS Coronavirus which recognize 11 sequences of peptide substrate with their respective Kcal/Km. These Kcal/Km values
reflect the canonical recognition which is supported by the recognition sites of a series of other coronavirus 3C proteases [89,90].
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N‐terminal residues that are essential for the dimerization [95‐98].
Domain I and domain II are decorated in an antiparallel β‐barrel struc-
ture, whereas domain III is composed of five α‐helices arranged in a
globular cluster. The helical domains of the two monomers form a
dimer through H‐bond interactions from the end to end of the N‐
terminal residues and the key residues from the individual monomers.
The catalytic activity is suggested to be contributed by the salt bridge
between the N‐terminal SER1 of one monomer and GLU166 of the
other monomer [97,99]. Table 2 presents the 115 3D‐structures of
3CLpro available in the protein data bank.

SARS‐Coronavirus‐2 3CL pro in complex with a novel inhibitor
5,6,7‐trihydroxy‐2‐phenyl‐4H‐chromen‐4‐one solved its 3D‐crystal
structure in 2.20 Å solution. This flavonoid inhibitor binds the active
site of the protease through the hydrogen bond interaction between
ortho‐hydroxyphenyl (ring A) of the ligand with GLY143, and the car-
bonyl group of ring C with GLU166. The non‐bonding interaction was
also observed between the phenyl of ring B with HIS41 and CYS44.
Fig. 5 illustrates the interaction between 5,6,7‐trihydroxy‐2‐phenyl‐4
H‐chromen‐4‐one and the active site of SARS‐Coronavirus‐2 3CLpro
(PDB ID 6M2N) [100].

Two peptidomimetic‐based inhibitors are complexed with SARS‐
Coronavirus‐2 in different monomer of trimer with 2.15 Å of the crys-
tal resolution (PDB 6WTT) [101]. (1S,2S)‐2‐({N‐[(benzyloxy)
carbonyl]‐L‐leucyl}amino)‐1‐hydroxy‐3‐[(3S)‐2‐oxopyrrolidin‐3‐yl]pr
6

opane‐1‐sulfonic acid binds the active site in monomer A by interact-
ing it with CYS145, GLU166, GLN189, HIS164, and PHE140 at the
respective atoms of O (OH), O (C = O), H (NH‐amide), H (NH‐
amide) and H (NH‐pyrrolidinone) (Fig. 6). Monomer B demonstrates
the same binding mode as monomer A, whereas monomer C is bound
by N ~ 2 ~ ‐[(benzyloxy)carbonyl]‐N‐[(1R,2S)‐1‐hydroxy‐3‐[(3S)‐2‐ox
opyrrolidin‐3‐yl]‐1‐(trimethyl‐lambda ~ 4 ~ ‐sulfanyl)propan‐2‐yl]‐L‐
leucinamide. In monomer C, the ligand interacts with GLU166,
HIS164, HIS41, and GLN189 at the respective atoms of O (C = O),
N (NH‐amide) and N‐ (NH‐pyrrolidinone), O (OH), and N (NH‐amide).

A class of imidazole‐4‐carboxamide compound was also complexed
to SARS‐Coronavirus‐2 3CLpro and the 3D crystal structure was
resolved at 1.46 Å (PDB ID 6W79; Fig. 7a) [102]. This inhibitor binds
the active site of the protease by interacting it with the residues
GLY143 and GLU166 at atom O (C@O‐amide) and also the next O
(C@O‐amide), respectively. The hydrophobic interaction was also per-
formed via the interaction between ASN142‐ O (C@O‐amide), THR26‐
H‐CH‐imidazole), CYS145‐imidazole ring, and LEU141‐ASN142‐
pyridine.

An inhibitor which was a repurposed drug from antineoplastic, was
complexed with SARS‐Coronavirus‐2 3CLpro in 1.60 Å of 3D‐crystal
resolution (PDB ID 7BUY; Fig. 7b) [103]. Interestingly, this inhibitor
binds covalently (distance 1.8 Å) at its O (C@O) to CYS145 which is
one of the catalytic site residues. This inhibitor’s name is carmofur,



Table 2
The list of 3CLpro 3D-crystal structure available in protein data bank.

PDB ID Co-crystallized Ligand Resolution
(Å)

Reference

6M2N 5,6,7-trihydroxy-2-phenyl-4H-chromen-4-one 2.20 [100]
6M2Q – 1.70 [100]
6WQF – 2.30 [105]
6XB1 1-ethyl-pyrrolidine-2,5-dione 1.80 [106]
6XB0 dimethyl sulfoxide 1.80 [106]
6XB2 1-ethyl-pyrrolidine-2,5-dione, dimethyl sulfoxide 2.10 [106]
6L00 and 6LNY (2~{S})-4-methyl-~{N}-[(2~{S})-1-oxidanylidene-3-[(3~{S})-2-oxidanylidenepyrrolidin-3-yl]propan-2-yl]-2-[[(~{E})-3-

phenylprop-2-enoyl]amino]pentanamide
1.94 and 2.25 [107]

7JFQ 1,2-ethanediol, formic acid 1.55 [108]
6XKF 1,2-ethanediol, chloride ion 1.80 [109]
6XKH 1,2-ethanediol, acetate ion, formic acid 1.28 [110]
6XOA 1,2-ethanediol 2.10 [111]
6LNQ N-[(2S)-3-methyl-1-[[(2S)-4-methyl-1-oxidanylidene-1-[[(2S)-1-oxidanylidene-3-[(3S)-2-oxidanylidenepyrrolidin-3-yl]propan-

2-yl]amino]pentan-2-yl]amino]-1-oxidanylidene-butan-2-yl]-1H-indole-2-carboxamide
2.24 [107]

7JUN – 2.30 [112]
7JR3 – 1.55 [113]
7JR4 – 1.55 [114]
6XHU – 1.80 [115]
6XQT (1R,2S,5S)-3-[N-({1-[(tert-butylsulfonyl)methyl]cyclohexyl}carbamoyl)-3-methyl-L-valyl]-N-{(1S)-1-[(1R)-2-(cyclopropyla

mino)-1-hydroxy-2-oxoethyl]pentyl}-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxamide
2.30 [116]

6XQS (1S,3aR,6aS)-2-[(2S)-2-({(2S)-2-cyclohexyl-2-[(pyrazin-2-ylcarbonyl)amino]acetyl}amino)-3,3-dimethylbutanoyl]-N-[(2R,3S)-
1-(cyclopropylamino)-2-hydroxy-1-oxohexan-3-yl]octahydrocyclopenta[c]pyrrole-1-carboxamide

1.90 [116]

6XQU boceprevir (bound form) 2.20 [116]
6W2A [4,4-bis(fluoranyl)cyclohexyl]methyl ~{N}-[(2~{S})-1-[[(1~{R},2~{S})-1-[bis(oxidanyl)-oxidanylidene-$l^{5}-sulfanyl]-1-

oxidanyl-3-[(3~{S})-2-oxidanylidenepyrrolidin-3-yl]propan-2-yl]amino]-4-methyl-1-oxidanylidene-pentan-2-yl]carbamate,
(1S,2S)-2-[(N-{[(4,4-difluorocyclohexyl)methoxy]carbonyl}-L-leucyl)amino]-1-hydroxy-3-[(3S)-2-oxopyrrolidin-3-yl]propane-
1-sulfonic acid

1.65 [117]

6WTK N ~ 2 ~ -[(benzyloxy)carbonyl]-N-{(2S)-1-hydroxy-3-[(3S)-2-oxopyrrolidin-3-yl]propan-2-yl}-L-leucinamide 2.00 [118]
6WTM – 1.85 [118]
6WTJ (1S,2S)-2-({N-[(benzyloxy)carbonyl]-L-leucyl}amino)-1-hydroxy-3-[(3S)-2-oxopyrrolidin-3-yl]propane-1-sulfonic acid 1.90 [118]
6 W63 and

6 W79
N-(4-tert-butylphenyl)-N-[(1R)-2-(cyclohexylamino)-2-oxo-1-(pyridin-3-yl)ethyl]-1H-imidazole-4-carboxamide 2.10 [102]

6WCO N-(4-tert-butylphenyl)-N-[(1R)-2-(cyclopentylamino)-2-oxo-1-(pyridin-3-yl)ethyl]-1H-imidazole-4-carboxamide 1.48 [102]
6XBH – 1.60 [119]
6XBG – 1.45 [120]
6XFN – 1.70 [121]
7JU7 Masitinib 1.60 [122]
3SZN ethyl (4R)-4-({N-[(benzyloxy)carbonyl]-l-phenylalanyl}amino)-5-[(3S)-2-oxopyrrolidin-3-yl]pentanoate 1.69 [123]
3SNE 2-(N-morpholino)-ethanesulfonic acid 2.60 [124]
3SNA, 3SNB,

and 3SNC
– 3.05, 2.40

and 2.58
[124]

6XBI – 1.70 [125]
6XHO ethyl (2E,4S)-4-{[N-(4-methoxy-1H-indole-2-carbonyl)-L-leucyl]amino}-5-[(3S)-2-oxopyrrolidin-3-yl]pent-2-enoate 1.45 [126]
6XHN (3S)-3-{[N-(4-methoxy-1H-indole-2-carbonyl)-L-leucyl]amino}-2-oxo-4-[(3S)-2-oxopyrrolidin-3-yl]butyl 2-cyanobenzoate 1.38 [126]
6XHL and 6XHM N-[(2S)-1-({(2S)-4-hydroxy-3-oxo-1-[(3S)-2-oxopyrrolidin-3-yl]butan-2-yl}amino)-4-methyl-1-oxopentan-2-yl]-4-methoxy-1H-

indole-2-carboxamide
1.47 and 1.41 [126]

6XA4 – 1.65 [127]
6Y2E – 1.75 [128]
6Y2G, 6Y2F ~{tert}-butyl~{N}-[1-[(2~{S})-3-cyclopropyl-1-oxidanylidene-1-[[(2~{S},3~{R})-3-oxidanyl-4-oxidanylidene-1-[(3~{S})-2-

oxidanylidenepyrrolidin-3-yl]-4-[(phenylmethyl)amino]butan-2-yl]amino]propan-2-yl]-2-oxidanylidene-pyridin-3-
yl]carbamate

2.20, and
1.95

[128]

7JKV N-[(2S)-1-({(1S,2S)-1-(1,3-benzothiazol-2-yl)-1-hydroxy-3-[(3S)-2-oxopyrrolidin-3-yl]propan-2-yl}amino)-4-methyl-1-
oxopentan-2-yl]-4-methoxy-1H-indole-2-carboxamide

1.25 [129]

5RHF 1-acetyl-N-methyl-N-phenylpiperidine-4-carboxamide 1.76 [104]
5RHE 1-acetyl-N-(6-methoxypyridin-3-yl)piperidine-4-carboxamide 1.56 [104]
5RGG 4-methyl-N-phenylpiperazine-1-carboxamide 2.26 [104]
5RG1 N-alpha-acetyl-N-(3-bromoprop-2-yn-1-yl)-L-tyrosinamide 1.57 [104]
5RGH 5-fluoro-1-[(5-methyl-1,3,4-thiadiazol-2-yl)methyl]-1,2,3,6-tetrahydropyridine 1.70 [104]
5RGR N,1-dimethyl-N-(propan-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 1.41 [104]
5RG3 N ~ 2 ~ -acetyl-N ~ 1 ~ -prop-2-en-1-yl-L-aspartamide 1.58 [104]
5RG2 N ~ 2 ~ -acetyl-N-prop-2-en-1-yl-D-allothreoninamide 1.63 [104]
5RGS [(2~{R})-4-(phenylmethyl)morpholin-2-yl]methanol 1.72 [104]
5RGK 2-fluoro-N-[2-(pyridin-4-yl)ethyl]benzamide 1.43 [104]
5RGJ (5S)-7-(pyrazin-2-yl)-2-oxa-7-azaspiro[4.4]nonane 1.34 [104]
5RGM N'-acetyl-4,5,6,7-tetrahydro-1-benzothiophene-2-carbohydrazide 2.04 [104]
5RGM N'-acetyl-4,5,6,7-tetrahydro-1-benzothiophene-2-carbohydrazide 2.04 [104]
5RG0 1,10-(piperazine-1,4-diyl)di(ethan-1-one) 1.72 [104]
5RGN 1-{4-[(4-methylphenyl)sulfonyl]piperazin-1-yl}ethan-1-one 1.86 [104]
5RGQ 1-(4-fluoro-2-methylphenyl)methanesulfonamide 2.15 [104]
5RGP 1-{4-[(2,4-dimethylphenyl)sulfonyl]piperazin-1-yl}ethan-1-one 2.07 [104]
5R8T – 1.27 [104]
5RGZ 2-(3-cyanophenyl)-N-(pyridin-3-yl)acetamide 1.52 [104]
5RHA 1-{4-[(thiophen-2-yl)methyl]piperazin-1-yl}ethan-1-one 1.51 [104]

(continued on next page)
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Table 2 (continued)

PDB ID Co-crystallized Ligand Resolution
(Å)

Reference

5RH3 (2R)-2-(3-chlorophenyl)-N-(4-methylpyridin-3-yl)propanamide 1.69 [104]
5RH4 (2R)-2-(6-chloro-9H-carbazol-2-yl)propanoic acid 1.34 [104]
5RGU N-(3-{[(2R)-4-oxoazetidin-2-yl]oxy}phenyl)-2-(pyrimidin-5-yl)acetamide 2.11 [104]
5RH6 N-[(1R)-2-[(2-ethyl-6-methylphenyl)amino]-2-oxo-1-(pyridin-3-yl)ethyl]-N-[6-(propan-2-yl)pyridin-3-yl]propanamide 1.60 [104]
5RGT N-[(1R)-2-(tert-butylamino)-2-oxo-1-(pyridin-3-yl)ethyl]-N-(5-tert-butyl-1,2-oxazol-3-yl)propanamide 2.22 [104]
5RH5 N-(5-tert-butyl-1,2-oxazol-3-yl)-N-[(1R)-2-[(4-methoxy-2-methylphenyl)amino]-2-oxo-1-(pyridin-3-yl)ethyl]propanamide 1.72 [104]
5RGW 2-(5-cyanopyridin-3-yl)-N-(pyridin-3-yl)acetamide 1.43 [104]
5RH8 2-(cyanomethoxy)-N-[(1,2-thiazol-4-yl)methyl]benzamide 1.81 [104]
5RGV 2-(isoquinolin-4-yl)-N-phenylacetamide 1.82 [104]
5RH7 N-(5-tert-butyl-1H-pyrazol-3-yl)-N-[(1R)-2-[(2-ethyl-6-methylphenyl)amino]-2-oxo-1-(pyridin-3-yl)ethyl]propanamide 1.71 [104]
5RGY N-(4-methoxypyridin-2-yl)-2-(naphthalen-2-yl)acetamide 1.976 [104]
5RGX 2-(3-cyanophenyl)-N-(4-methylpyridin-3-yl)acetamide 1.69 [104]
5RH9 N-{4-[(1S)-1-methoxyethyl]phenyl}-N-[(1R)-2-[(4-methoxy-2-methylphenyl)amino]-2-oxo-1-(pyridin-3-yl)ethyl]propanamide 1.91 [104]
5RH0 N-(5-methylthiophen-2-yl)-N'-pyridin-3-ylurea 1.92 [104]
5RH2 2-(3-chlorophenyl)-N-(4-methylpyridin-3-yl)acetamide 1.83 [104]
5RH1 2-(5-chlorothiophen-2-yl)-N-(pyridin-3-yl)acetamide 1.96 [104]
5REA (azepan-1-yl)(2H-1,3-benzodioxol-5-yl)methanone 1.63 [104]
5REB 1-[(thiophen-3-yl)methyl]piperidin-4-ol 1.68 [104]
5REC 2-{[(1H-benzimidazol-2-yl)amino]methyl}phenol 1.73 [104]
5REE (2R,3R)-1-benzyl-2-methylpiperidin-3-ol 1.77 [104]
7JVZ – 2.50 [130]
6W9Q – 2.05 [131]
7BRR (1S,2S)-2-({N-[(benzyloxy)carbonyl]-L-leucyl}amino)-1-hydroxy-3-[(3S)-2-oxopyrrolidin-3-yl]propane-1-sulfonic acid 1.40 [132]
7BRO – 2.00 [133]
7BRP (1R,2S,5S)-n-[(1S)-3-amino-1-(cyclobutylmethyl)-2,3-dioxopropyl]-3-[(2S)-2-{[(tert-butylamino)carbonyl]amino}-3,3-dimet

hylbutanoyl]-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxamide
1.80 [134]

7C2Q – 1.93 [135]
7C8T N-[(benzyloxy)carbonyl]-O-(tert-butyl)-l-threonyl-3-cyclohexyl-N-[(1S)-2-hydroxy-1-{[(3S)-2-oxopyrrolidin-3-yl]methyl}ethyl]-

l-alaninamide
2.05 [136]

7C8R Ethyl (4R)-4-[[(2S)-4-methyl-2-[[(2S,3R)-3-[(2-methylpropan-2-yl)oxy]-2-(phenylmethoxycarbonylamino)butanoyl]amino]
pentanoyl]amino]-5-[(3S)-2-oxidanylidenepyrrolidin-3-yl]pentanoate

2.30 [136]

6XCH – 2.20 [137]
6L70 (1S,2S)-2-({N-[(benzyloxy)carbonyl]-L-leucyl}amino)-1-hydroxy-3-[(3S)-2-oxopyrrolidin-3-yl]propane-1-sulfonic acid 1.56 [138]
6FV1 (2~{S})-4-methyl-~{N}-[(2~{S},3~{R})-3-oxidanyl-4-oxidanylidene-1-[(3~{S})-2-oxidanylidenepyrrolidin-3-yl]-4-

[(phenylmethyl)amino]butan-2-yl]-2-[[(~{E})-3-phenylprop-2-enoyl]amino]pentanamide
2.30 [139]

6FV2 (S)-N-benzyl-3-((S)-2-cinnamamido-3-phenylpropanamido)-2-oxo-4-((S)-2-oxopyrrolidin-3-yl)butanamide 2.95 [139]
7D31 (3~{S},3~{a}~{S},6~{a}~{R})-2-[3-[3,5-bis(fluoranyl)phenyl]propanoyl]-~{N}-[(2~{S})-1-oxidanylidene-3-[(3~{S})-2-

oxidanylidenepyrrolidin-3-yl]propan-2-yl]-3,3~{a},4,5,6,6~{a}-hexahydro-1~{H}-cyclopenta[c]pyrrole-3-carboxamide
2

2.00 [140]

7D1O (1R,2S,5S)-3-[N-({1-[(tert-butylsulfonyl)methyl]cyclohexyl}carbamoyl)-3-methyl-L-valyl]-N-{(1S)-1-[(1R)-2-(cyclopropyla
mino)-1-hydroxy-2-oxoethyl]pentyl}-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxamide

1.78 [141]

7C7P (1S,3aR,6aS)-2-[(2S)-2-({(2S)-2-cyclohexyl-2-[(pyrazin-2-ylcarbonyl)amino]acetyl}amino)-3,3-dimethylbutanoyl]-N-[(2R,3S)-
1-(cyclopropylamino)-2-hydroxy-1-oxohexan-3-yl]octahydrocyclopenta[c]pyrrole-1-carboxamide
(3~{S},3~{a}~{S},6~{a}~{R})-~{N}-[(2~{R},3~{S})-1-(cyclopropylamino)-2-oxidanyl-1-oxidanylidene-hexan-3-yl]-2-
methanoyl-3,3~{a},4,5,6,6~{a}-hexahydro-1~{H}-cyclopenta[c]pyrrole-3-carboxamide

1.74 [142]

7COM boceprevir (bound form) 2.25 [143]
6ZRU boceprevir (bound form) 2.10 [144]
6ZRT (1S,3aR,6aS)-2-[(2S)-2-({(2S)-2-cyclohexyl-2-[(pyrazin-2-ylcarbonyl)amino]acetyl}amino)-3,3-dimethylbutanoyl]-N-[(2R,3S)-

1-(cyclopropylamino)-2-hydroxy-1-oxohexan-3-yl]octahydrocyclopenta[c]pyrrole-1-carboxamide
2.10 [145]

6MOK – 5.10 [146]
6LZE ~{N}-[(2~{S})-3-cyclohexyl-1-oxidanylidene-1-[[(2~{S})-1-oxidanylidene-3-[(3~{S})-2-oxidanylidenepyrrolidin-3-yl]propan-2-

yl]amino]propan-2-yl]-1~{H}-indole-2-carboxamide
1.50 [147]

7C6S boceprevir (bound form) 1.60 [148]
7CX9 3-iodanyl-1~{H}-indazole-7-carbaldehyde 1.73 [149]
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bearing hexylcarbamide acid structure, in which the fatty acid tail
occupies the hydrophobic S2 sub‐site. A study reported that carmofur
inhibits viral replication in cells (EC50 = 24.30 μM) and is a promising
lead compound to develop a new antiviral treatment for SARS‐
Coronavirus‐2.

A more diverse inhibitor’s structure was observed from the 3D‐
crystal structure with PDB ID 5RGG which was resolved at 2.26 Å of
resolution [104]; Fig. 7c). The inhibitor is a carboxamide derivative
namely 4‐methyl‐N‐phenylpiperazine‐1‐carboxamide, binds at HIS80
via H‐bond interaction. Instead of H‐bond, HIS80 was also interacting
with the inhibitor via hydrophobic interaction which was co‐bound
with LYS90. This experiment could give an insight into understanding
that even a small molecule is able to bind the protease. However, the
potency of such inhibitor could be low due to the larger cavities which
need an extending occupation.
8

6. Biflavonoid as the protease –Inhibitor

There are a few studies of biflavonoid‐class compounds reporting
their activities as protease inhibitors. Amentoflavone from Torreya
nucifera was the early biflavonoid studied in its inhibitory activity
against SARS‐Coronavirus 3CLpro by showing IC50 8.3 µM. The results
were compared to three types of flavonoid (apigenin, luteolin, and
quercetin) which showed less inhibition and therefore, the struc-
ture–activity relationships were generated to confirm that the more
potent activity of biflavonoid appeared to be associated with the pres-
ence of benzene ring moiety at C‐30 position of flavones, as biflavone
affected 3CLpro inhibitory activity [36].

Based on Ryu et al. findings, a QSAR study of biflavonoid and its
analogs was carried out to generate a QSAR model defining the
increasing value of the dipole moment along the X‐axis that may be



Fig. 5. The interaction between 5,6,7-trihydroxy-2-phenyl-4H-chromen-4-one and the active site of SARS-Coronavirus-2 (PDB ID 6M2N). The 3CLpro is presented
in a blue ribbon model, whereas the inhibitor is in a stick model (yellow= C, white = H, and red= O). The H-bond and hydrophobic interactions are presented in
black and yellow dot lines, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. The trimer structure of 3CLpro as indicated by blue (monomer A), red (monomer B), and green (monomer C) surface models. Inset is the ligand complex to
the active site of the enzyme (presented by blue stick and green stick, for monomer A and monomer C, respectively), presented in a stick model (orange = C,
white = H, blue = N and red = O). The H-bond is presented in black dot lines, respectively. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 7. The presentation of a) imidazole-4-carboxamide, b) carmofur, and c) 4-methyl-N-phenylpiperazine-1-carboxamide bound into the active site of SARS-
Coronavirus-2 3CLpro. The protein is visualized in the surface model with the green area = hydrogen bond acceptor residues, white area = neutral residues, and
magenta area = hydrogen bond donor residues. The ligands are presented in a stick form with yellow = C, white = H, blue = N, and red = O. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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conducive to the activity. Therefore, the steric character of this part
may be favorable for its activity. Compounds having higher dipole
moment due to the much bulky aryl groups, therefore, have a higher
activity than the compound having less bulky aryl group [23].

The antiproteolytic activity of biflavonoid was determined early on
morelloflavone‐4‴‐O‐β‐D‐glycosyl, (±)‐fukugiside, and morellofla-
vone. These biflavonoids were isolated from the fruit epocarp of Gar-
cinia brasiliensis which were further semi synthesized into three
moreflavone derivatives i.e. morelloflavone‐7,40,7″,3‴,40

‴‐ penta‐O‐
acetyl, morelloflavone‐7,40,7″,3‴,4‴‐penta‐O‐methyl, and
morelloflavone‐7,40,7″,3‴,4‴‐penta‐[‐butanoyl. High inhibitory activ-
ity was demonstrated by this biflavonioid against r‐CPB2.8 and r‐
CPB3 isoforms which are papain‐like protease of Leismania mexi-
cana with IC50 0.42–1.01 µM for the four most active compounds.
Interestingly, there was no cytotoxic activity towards the normal cell
lines as observed from the in vitro study [150].

Further study was pursued by the same research group in evaluat-
ing those biflavonoid activities against the cysteine protease (papain
and cruzain) and serine protease of Trypanozoma cruzii. All biflavonoid
compounds demonstrated excellent inhibitions toward all protease
enzymes (IC50 0.02–106 µM). However, morelloflavone‐7,40,7″,3‴,4‴
0‐ penta‐O‐acetyl showed the best activity which might be due to the
carbonyl group in the structure. This functional group could favor a
higher nucleophilic attack by serine and cysteine proteases. This is
in accordance with morelloflavone‐7,40,7″,3‴,4‴‐penta‐O‐methyl
(IC50 = 15.4 ± 0.7 µM for papain), in which the compound having
no carbonyl group in structure was less active in the inhibition process.
This was confirmed by the structure–activity relationships (SARs)
study which had been performed using flexible docking simulations
[151].

A study by Assis et al. reported that fukugetin, a biflavone origi-
nated from Garcinia brasiliensis, demonstrated partial competitive and
hyperbolic‐mix type inhibitions against the major cysteine protease
of Trypanosoma cruzii (cruzain and papain), respectively. The potency
of such biflavone was expressed in a slowly reversible type of inhibi-
tion with Ki 1.1 and 13.4 µM for cruzain and papain, respectively,
describing that the biflavone has 12 times faster inhibition toward cru-
zain than papain in inhibiting the enzymes. The molecular docking
study predicted that this activity is due to the chemical interaction
between biflavone at ring C with S3 pocket, whereas the ring C’ binds
at S2 pocket through hydrogen bonds as well as the hydrophobic inter-
actions [152].

Virtual screening was performed to identify the hits of the tryptase
inhibitor followed by in vitro experiments to identify the lead com-
pounds. Tryptase is a class of serine protease enzyme released as the
allergic response such as skin inflammation and asthma from the mast
cells. Out of the 98,000 compounds screened, 2.28% of the library
(2503 compounds) were selected as the hits. Interestingly, biflavo-
noids were one of the most frequently represented in the 200 com-
pounds with the strongest tryptase binding energy. Using
fluorescence resonane energy transfer (FRET)‐based assay, these 200
compounds were further in vitro screened to afford the lead compound,
and then the biflavonoid podocorpus flavone A blocks the tryptase
activity by 61.6.%. The docking study suggested that the biflavonoid
is favorably binding at the S4 of tryptase [153].

Biflavonoid was also reported to down‐regulate the expression of
matrix metalloproteinase‐1 (MMP‐1) from human skin fibroblasts.
MMP is a zymogen (zinc‐dependent peptidase) that degrades the extra-
cellular matrix to perform angiogenesis, inflammation, cell migration,
and tissue remodeling. The high expression of this enzyme is often
associated with cancer and wound diabetic foot ulcers. 20,8″‐
biapigenin, sumaflavone, taiwaniaflavone, amentoflavone, and robus-
taflavone which were isolated from Selaginella tamariscina showed sig-
nificant MMP‐1 inhibitory activity in primary human dermal
fibroblasts after UV irradiation. The IC50 values of sumaflavone, amen-
10
toflavone, and retinoic acid (used as the positive control) were 0.78,
1.8, and 10 µM, respectively [154].
7. Perspectives

Two main protein targets in the coronaviral genome are classified
into structural and non‐structural proteins. Structural protein which
is composed of the membrane, envelope and nucleocapsid is formed
in the inner viral cell, whereas the spike protein is located in the outer
cell [155,156]. It might be difficult to control the activity of such struc-
tural protein because they control the virus’s life during the viral cell
assembly which could be too fast to control. Most likely, the host will
be suddenly infected by the virus while there is no time to block the
activity of the S protein during viral‐host attachment as well as its
endocytosis. Therefore, in designing the protein inhibitor for coron-
avirus, the non‐structural protein could be more favorable than the
structural protein due to its role in controlling the polypeptide prote-
olytic, reverse transcription, RNA replication as well as protein trans-
lation, which might take more time than the viral assembly.

Among the 16 non‐structural proteins, NSP5 is the most attractive
target while the others are still elusive [157]. The NSP5 main protease
(3CLpro) is the most common targeted protein in coronavirus because
it is formed in the host and acts during cleavage and post‐translational
polyprotein synthesis. Thus, it is relatively easier to control their activ-
ities. Two classes of the compound are reported to have these protein
activities, including peptide and non‐peptide compound. Naturally,
the protease has a peptide substrate due to its function to hydrolyze
the peptide bond upon proteolysis. Therefore, for a competitive inhibi-
tor, a compound having a peptide‐like structure should be suitable to
block the enzyme‐substrate binding. There are notable peptide (like)
compounds demonstrating low micromolar activity towards the pro-
tease such as lopinavir and ritonavir [158].

Although peptide is the suitable structure designed for the protease
inhibitor, however, the physic‐chemical properties of this class of com-
pound often make it fails under clinical trials. The peptide has a num-
ber of flexible bonds which makes it energetically unstable either
during preparation or the pharmacokinetic stage. The structure is
mimicking protein, therefore, it is sensitive towards denaturation
and hydrolysis during preparation. At the pharmacokinetic stage espe-
cially during absorption, the peptide is less absorbed due to its isoelec-
tric character which makes it very polar in aqueous biological fluids.
Thus, it is hard to penetrate the intestinal membrane lipid bilayer
[159]. This causes the peptide to become unsuitable for oral prepara-
tion which requires the absorption process.

Another alternative is formulated in the parenteral preparation.
However, this is costly and not applicable to be administered by the
patient. Therefore, the peptide is practically used as the model only
and then should be further modified to the more rigid character to
improve the stability. One effort has been conducted to formulate
the drug delivery system to improve bioavailability such as using lipo-
some technology. However, the use of organic solvents in the liposome
dosage form could make it toxic [160,161].

Non‐peptide or often called as small molecule inhibitors currently
takes more attention used as the molecule target for protease inhibi-
tors. The presence of aromatic rings could make the compound ener-
getically more stable than the peptide due to its rigid character
[162]. The rigid character causes less entropy of the compound and
thus stabilizes the compound‐enzyme affinity upon binding [163].
The non‐peptide inhibitor can still be divided into natural and syn-
thetic compounds. Natural compound is a unique structure due to
the presence of chiral carbon which could make the ligand–protein
binding more specific. A class of biflavonoid showed the in vitro com-
petitive inhibition in low micromolar activities towards the protease
which agreed with the docking explanation. Amentoflavone is the
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early biflavonoid found active against 3CLpro of SARS‐Coronavirus
underlining the potency of such compounds to be this protease inhibi-
tor. It was postulated that the presence of benzene ring moiety is at
position C‐30 of flavones, as biflavone affected 3CLpro inhibitory activ-
ity. The synthetic (semi‐synthetic) biflavonoids are the further strategy
to get the product being more feasible to be developed as a protease
inhibitor. Compounds bearing more carbonyl groups seem promising
to be the protease inhibitor as it is designed to favor a higher nucle-
ophilic attack by serine and cysteine proteases using molecular dock-
ing. The complex of 5,6,7‐trihydroxy‐2‐phenyl‐4H‐chromen‐4‐one
with SARS‐Coronavirus‐2 3CLpro (PDB ID 6M2N) is one of the proofs
that flavonoid is such an important feature for 3CLpro pharmacophore
and so does the biflavonoid which could cover more space to interact
with the 3CLpro.

3CLpro is still the most recommended protein target in the discov-
ery of anti‐SARS coronaviral agents. The availability of crystal struc-
ture and its high conserved binding site make the structure‐based
drug design becomes applicable [164,165]. The structure‐based drug
design can also be combined with ligand‐based drug design since the
structure information of the compounds either in peptide or non‐
peptide has been reported as the protease inhibitors. The non‐
peptide compound such as biflavonoid provides more promising candi-
date to enter either pre‐ or clinical stage due to its more stable physic‐
chemical properties during preparation as well as pharmacokinetics.

8. Conclusion

In conclusion, our review strongly recommends that biflavonoid,
either from the natural product or its synthetic is very potential to
be used as of SARS‐Coronavirus‐2 3CLpro inhibitor. Its dimer and
big structure are more suitable for a 3CLpro binding site composing
two beta barrels than the corresponding flavones. To the best of our
knowledge, this is the first review to describe the potential inhibitory
effects of biflavonoid against SARS‐Coronavirus‐2 3CLpro. Thus, we
believe that this compound may be a good candidate for development
as a natural therapeutic drug against SARS‐Coronavirus‐2 infection.
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