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ABSTRACT 

Ten coumarin class of compounds, including new fused coumarinolignoids namely, mucronin-C (1) were isolated from the methanol extract from whole plant of 

Daphne mucronata Royle. The structures of mucronin-C (1) and its configurations were determined by chemical and spectroscopic methods including 1DNMR,  

2D-NMR and HR-FAB-MS. The isolated compounds 1-10 were evaluated for in-vitro biological activities. The anti-inflammatory (lipoxygenase) activities of 

compound 1, 4, 8, 9 and 10 (IC50 = 21.7, 23.7, 25.1, 27.3 and 26.0 µg/mL, respectively) were higher compared with standard Quercetin (IC50 = 22.5 µg/mL). The 

antioxidant property of coumarin as evaluated by DPPH scavenging bioassay was significantly greater in compounds 1-5, 9 and 10 (IC50 = 0.7, 0.8, 1.9, 2.3, 2.8, 0.5 

and 2.1 µg/mL respectively) as standard Trolox (IC50 = 0.3 µg/mL). The density functional descriptors in the progress of quantitative structure-activity relationship 

(QSAR) are significant to analyze the reactive sites and antioxidant ability of compounds. We have explored the reactive sites and radical scavenging activity of 

studied coumarin derivatives by shedding light on electron affinity, ionization potential, molecular electrostatic potential, frontier molecular orbitals and molecular 

descriptors analysis. First-principles calculations about one-electron transfer mechanism revealed that smaller ionization potential value of Compounds 1-5, 9 and 10 

are leading to superior antioxidant activity, which is in good agreement with the experimental data.  

Keywords: Daphne mucronata Royle; mucronin-C; antioxidant activity; anti-inflammatory activity; density functional theory.

INTRODUCTION 

The natural coumarinolignoids are the phenylpropanoid linked via 1,4 dioxne 

bridge with coumarin skeleton. These natural products are rare and show 

interesting biological activities including antioxidants, anti-inflammatory and 

hepatoprotective [1, 2]. Plant based natural products have been traditionally used 

to cure diseases. The herbal plant traditional medicines play vital role in primary 

health care across the world. The coumarin derivative are rich in genus Daphne 

(Thymlelaeaceae) plants. Coumarin possess anti-inflammatory potential also 

useful in treatment of oedema. They help in removal of proteins and oedemic 

fluids from injured tissue by enhancing  phagocytosis, enzyme production which 

will leads to proteolysis [3]. Thymlelaeaceae family comprises of over 500 

species and well-known 15 genera. The genus Daphne possesses well-known 

therapeutic properties. The reported phytochemicals constituents of this genus 

are coumarins, flavonoids [4], diterpenes, triterpenoids [5] lignans [6], and 

coumarinolignans [7]. The Daphne genus consisting of more than ninty five 

species distribiuted in Asia and Europe and it is considered as rare endangered 

plant in Sauida Arabia [8]. Some of its species are used in medicinal drugs and 

its bark used for the treatment of inflammation [9]. .Daphne mucronata Royle 

(D. mucronata) is used for the treatment of rheumatism, toothache, ulcer and 

muscular complications [10].  

The inflammatory intermediates (leukotrienes: LTs, prostaglandins: PGs, and 

thromboxanes: TXs) responsible for inflammation as well as other physiological 

and pathological and methods. Enzymatic pathways produce these; lipoxygenase 

(LOX) and cyclooxygenase (COX) enzymes from a poly saturated fatty acid and 

arachidonic acid. The enzymes present in platelets (platelet aggregation), 

stomach (gastric protection), and kidneys (normal functions). Indomethacin and 

aspirin utilize their therapeutic potential via overwhelming PGs bio-synthesis 

through non-selective inhibition of COX enzymes resulting in serious adverse 

effects like bleeding, kidney, gastric and ulcer problems [11, 12]. It also leads to 

formation of  mediators those leads to inflammatory as well as allergic processes 

including arthritis, psoriasis, dermatitis, chronic hives, Irritable bowel 

syndromes, asthmatic attack as well as rhinitis [13].  

The disturbance of antioxidant in the body leads to oxidation stress resulted 

damage of nucleic acids, proteins, unsaturated fatty acids as well as 

polysaccharides.  

The oxidation stress results in intense cell destruction which will leads to 

different type of  human ailments such as  Alzheimer, parkinsonism, cancerous 

processes, diabetes mellitus, atherosclerosis, damage of liver, arthritis, 

immunological compromise, degeneration of neurons as well as of inflammatory 

processes [14, 15]. Antioxidants consumptions plays vital role in prevention of 

these diseases including stroke, cancer, inflammation and other degenerative 

processes [16] as well as to avoid undesirable changes in food. Previously 

oxidant inhibition activity of plant extract was analyzed where TLC (thin layer 

chromatography) strips were spread over the plates with 0.4 % (w/v) 2, 2- 

diphenyl-1-picrylhydrazyl (DPPH) in methanol used as locating reagent [17]. 

The scavenging activity of free radicals is evidenced with yellow zones seeming 

on strips indicate its presence in extract of plant also indicate the presence of 

compounds those possess the oxidative potential [18]. 

The coumarin and its derivatives exhibit a variety of interesting biological 

activities. Therefore, they gained interest owing to their potential health benefits 

effects as well. Thus, it is important to shed light on various molecular 

descriptors, frontier molecular orbitals, ionization potential, electron affinity, and 

molecular electrostatic potential to understand the active sites and to explore the 

interesting biological activities especially the radical scavenging activity that has 

have been discussed in the current study. The global reactivity descriptors, e.g., 

electronegativity (χ), chemical potential (µ), chemical hardness (η), 

electrophilicity index (ω) and softness (S) were studied by density functional 

theory (DFT).  

In this study we separate and purify new coumarinolignoids (1) along with 

known isolated phytochemicals mucronin-A (2) and mucronin-B (3),  daphnecin 

(4), aquillochin (5),  coumarin (6), 7-hydroxy coumarin (7), 7,8-

dihydroxyhydroxy coumarin (8)   6,7,8-trihydroxyhydroxy coumarin (9)  and 

6,7,8-trimethoxyhydroxy coumarin (10), from ethyl acetate soluble sub-fraction 

of D. mucronata (see Fig. 1). New compound structural elucidation was done 

with spectrometric and advanced spectroscopic techniques. The isolated pure 

phytochemicals were assessed for anti-inflammatory (lipoxygenase inhibitory 

potential) and antioxidants (DPPH scavenging bioassay) properties through in-

vitro methods. 
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Figure1. Structures of isolated compounds 1-10 from Daphne mucronate.

EXPERIMENTAL 

General experimental procedure 

Digital electronic balance with model (Model AUW 220D, Shimadzu, Japan), 

pH meter of (Inolab pH 720, Germany), Plate reader of (96-well), Sonicator (E-

3011 Elmasonic), 4-Incubator (Model MIR-153, Sanyo Electric Co., Ltd.). 

Shimadzu (460 Model) spectrometer for IR spectra, EI-MS and FAB-MS (+ive 

and -ive) were recorded on JMS-HX-110 and JMS-DA 5000 mass spectrometers. 

The 1H-NMR, 13C-NMR, and 2-D NMR spectra chemical shift values (δ) units 

and J are in Hz were recorded on Bruker spectrometers operating at 300 MHz 

(1H-NMR) and 100 MHz (13C-NMR), respectively. The. E-Merck aluminum 

sheets precoated with silica gel 60 F254 were used for TLC and E-Merck silica 

gel (230-400 mesh) was used for column chromatography. TLC plates 

visualization was done under UV (366 and 254nm) with Hitachi UV-3200 

spectrometer followed by spraying with ceric sulfate reagent. All of chemicals 

were obtained from Sigma-Aldrich Co. St. Louis, Mo. USA.  

Plant material 

Daphne mucronata was collected from Pakistan (Gilgit) identified by 

University of Karachi, Plant Taxonomist, Prof. Suriya Khatoon, and where a 

voucher specimen (GP-0069-06) has been deposited. 

Extraction and isolation  

The whole plants of D. mucronata (10 kg) were dried, crushed and extracted 

with CH3OH at room temperature. The combined methanolic extract was 

evaporated in rotavapor under reduced pressure to obtain green blackish crude 

residue, dissolved in water and successively partitioned with n-hexane, 

dichloromethane (DCM), ethyl acetate (EtOAc) and n-butanol. The EtOAc 

soluble portion was subjected to CC on silica gel eluting hexane, 

dichloromethane (DCM) and MeOH to obtain five major fractions (A to E). The 

fraction A obtained by n-hexane-DCM (7.0:3.0) was further partitioned by CC 

with silica gel using n-hexane-DCM solvent mixture to attain further three major 

fractions. The Fraction A2 and A3 further purified by PTLC to give compounds  

6 (n-hexane-DCM, 7.6:2.4 v/v), 7 (n-hexane-DCM, 6.2:3.8 v/v) and 10  

(n-hexane-DCM, 6.3:3.7 v/v). Other fraction B was eluted at n-hexane-DCM 

(5.0:5.0), on further purification by CC using silica gel as adsorbent gives two 

components mixture which on final purification gives compounds 8 (n-hexane-

DCM, 5.3:4.7 v/v) and 9 (n-hexane-DCM, 4.9:5.1 v/v). The Fraction C attained 

by n-hexane-DCM (3.8:6.2 v/v) was finally purified by CC over silica gel eluting 

with n-hexane-DCM , gives mixture of three phytochemicals, which were finally 

isolated by CC using solvent system n-hexane-DCM (4.0:6.0), followed by 

PTLC to gives compounds 1 (n-hexane-DCM, 2.2:7.8 v/v), 3 (n-hexane-DCM, 

2.5:7.5 v/v) and 5 (n-hexane-DCM, 2.0:8.0 v/v). The fraction D (n-hexane-DCM 

2.0:8.0 v/v) was re-chromatographed over CC using silica gel and eluted with  

n-hexane-DCM (1.5:8.5) to afford 2 (n-hexane-DCM, 1.9:8.1 v/v) and  

4 (n-hexane-DCM, 1.5:8.5 v/v) respectively.  

Mucronin-C (1). Light yellow amorphous solid; (20 mg). [α]D
25 + 52o (c 0.35, 

MeOH); UV (MeOH) λmax 341 (4.01), 291 (3.18) and 238 (3.01) nm; IR (KBr) 

max: 1619, 1544 and 1436 (aromatic moieties), 1718 (CO), and 3450 cm-1 (OH). 
1H- 13C-NMR (C5D5N, 300 and 100 MHz) see Table 1; EI-MS (m/z) (rel. int.) 

386 (26) [M]+, 368 (38), 353 (19), 325 (14), 210 (100), 178 (78), 167 (95), 150 

(68), 121 (54), 82 (36), 77 (55) and 65 (59); FAB-MS (M-H m/z) 385: FAB-MS 

(m/z) 387 [M+H]+ (calcd for C20H19O8, 387.10275).  
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Table 1. NMR data of Mucronin-C (1) (300 MHz)-1H, (100 MHz)-13C. 

No. 
1 

δC δH (J, Hz) HMBC 

2 160.59 - - 

3 113.84 6.37 (1H, d, J = 9.5) 2, 4, 9, 10 

4 144.56 7.68 (1H, d, J = 9.5) 2, 3, 5, 9 

5 106.35 7.56 (1H, s) 4, 6, 7, 9 

6 144.32 - - 

7 138.58 - - 

8 147.83 - - 

9 149.39 - - 

10 113.39 - - 

1' 126.60 - - 

2' 106.31 7.03 (1H, d, J = 4.1) 3', 1' 

3' 149.39 - - 

4' 132.42 - - 

5' 123.80 7.07 (1H, d, J = 8.5) 4', 6' 2', 1' 

6' 113.86 7.01 (1H, dd, J = 8.5, 4.1) 5', 1', 2' 

7' 80.11 5.58 (1H, d, J = 8.14) 9', 8', 6', 2' 

8' 77.97 4.45 (1H, m) 9', 7', 1' 

9' 60.82 
4.29 (1H, d, J = 11.6) 

3.91 (1H, d, J = 11.6) 
- 

3'-OMe 56.45 3.87 (3H, s) 3' 

4'-OMe 56.45 3.84 (3H, s) 4' 

8- OH  11.21 (bs) - 

In-vitro anti-inflammatory assay 

The anti-inflammatory (lipoxygenase) activity was performed by standard 

method [19] with modifications. In this assay 200 µL volume of lipoxygenase 

assay consisted of 150 µL sodium phosphate buffer (100 mM with pH 8.0), test 

sample is 10 µL as well as lipoxygenase enzyme in pure form is 15µL. Pre read 

at 234 nm by mixing contents was performed also incubated for 10 minutes at 

room temperature. The addition of 25 µL of substrate solution leads to reaction 

initiation. The absorbance change at 234 nm measured after 6 min and each assay 

performed in triplicate. Positive control Quercetin at 0.5 mM well-1 concentration 

was used. The inhibition (%) was found by formula below.                                         

% Inhibition = 100-(Abs. of test compound/Abs. of control×100) 

In-vitro antioxidant assay  

Antioxidant assay was measured by DPPH assay [20]. The principle of assay 

depends on that a hydrogen donator acts as antioxidant. In this assay radical 

accepts hydrogen from antioxidants. The oxidant inhibition effect was 

proportional to vanishing of DPPH radicals in test compounds and concentration 

(0.5 µg/ml) made in CH3OH. Then 2.5 ml solution of every compound 

concentration was add following the addition of 1 ml of 0.3 mM DPPH solution 

in methanol which is prepared freshly following the reaction in the dark at room 

temperature for half hour. At 518 nm, absorbance of the whole solution 

measured. One mili litter of methanol was added in 2.5 ml of every sample 

solution, which was using as a blank, while one mili litter of DPPH solution in 

concentration of 0.3 mM was added to 2.5 ml of methanol that was using as 

negative control. Trolox was made just like the test compound, which is using as 

a standard (positive controls) for differentiation. (%) DPPH activities of the 

compounds as well as of standard determined as: 

Inhibition (%) = 100 - (Abs of compound / Abs of control) × 100. 

IC50 values of compounds determined by the use of EZ-Fit Enzyme Kinetics 

Software (Perrella Scientific Inc. Amherst, USA).  

Computational details 

The density functional theory is an interesting tool to probe various properties 

of interests in biological sciences. DFT was systematically used to explore the 

electronic properties of functional materials, which positively reproduced the 

experimental data [21-23]. The DFT is consistent tool for the ground state (S0) 

geometries and electronic properties, which was proved as a competent and 

trustworthy approach to efficiently optimize the S0 geometries of different 

compounds [24, 25]. The B3LYP is rational for the S0 geometries of various 

compounds [26]. Moreover, previous studies revealed that DFT is a rational 

approach to explore the antioxidant properties of various isolated compounds 

[27-29]. In present work, B3LYP/6-31G** level of theory was adopted to 

perform ground state geometries optimizations and electronic properties 

exploration in Gaussian16 software [30]. 

RESULTS AND DISCUSSION 

The ethyl acetate soluble sub-fraction of the methanolic extract of the whole 

plant of Daphne mucronata was subjected to a series of column chromatographic 

techniques to obtain new coumarinolignans named as mucronin-C (1) four 

coumarinolignans 2-5 as well as five coumarin derivative compounds 6-10. The 

isolated compounds structures were elucidated by 1D-NMR, 2D-NMR, HR-

FAB-MS, UV and IR spectroscopy.  

 

Mucronin-C (1) was purified as light yellow amorphous solid with molecular 

formula C20H19O8 as established with EIMS (386) as well as HR-FAB-MS 

showing [M+H]+ peak at m/z 387.1019 (calcd for C20H19O8, 387.10275) and it 

was further supported with FAB-MS showing [M-H]+ peak at m/z 385. The 

presence of aromatic moieties (1619, 1544 and 1436 cm-1), carbonyl group (1718 

cm-1), and phenolic hydroxyl groups (3450 cm-1) functional group was confirmed 

by its IR absorptions bands. The UV spectrum of compound 1 showed coumarin 

skeleton absorption bands at 341 (4.01), 291 (3.18) and 238 (3.01) nm [7]. The 
1H-NMR spectrum (300 MHz pyridine-d5) revealed that compound 1 as a 

coumarin derivative. It showed a pair of H-4 and H-3 single proton doublets 

characteristic of coumarin moiety at δ 7.68 (1H, d, J = 9.5 Hz, H-4) and δ 6.37 

(1H, d, J = 9.5 Hz, H-3). Further signal resonated at δ 7.07 (1H, d, J = 8.5 Hz), 

7.03 (1H, d, J = 4.1 Hz) and δ 7.01 (1H, dd, J = 8.5, 4.1 Hz) indicated the tri 

substituted aromatic moiety within compound. The aromatic singlet was also 

observed at δ 7.56 (1H, s) because of H-5 and indicated 6,7-dioxygenated 

coumarin moiety [31, 32] along with hydroxyl group at C-8 resonated as δ 11.21. 

The typical deshielded peak of benzylic oxygenated proton were observed at δ 

5.58 (1H, d, J = 8.14, H-7), along with H-8 signal at δ 4.45 (1H, m) giving 

strong evidence the presence of phenylpropanoid δ 4.29, 3.91 (2H, d, H-9) and 

dioxane ring between coumarin corresponds to class of coumarinolignoid and its 

linkage was further verified with 2D-NMR experiment. The 13C-NMR spectra 

broadband (BB) and distortionless enhancement by polarization transfer (DEPT) 

indicated the presence of twenty carbon signal comprising two methyl, one 

methylene, eight methine and nine quaternary carbons. The peaks at δ 80.11 (C-

7), 77.97 (C-8) and 60.82 (C-9) give evidence the presence of phenylpropanoid 

unit in compound 1 and its further verification was done by 2D NMR spectra. 

The assignment of all peaks finally verified with 2-D NMR experiments. The 

long-range coupling H-5 (δ 7.56) to C-4, 6 and 9, were observed in HMBC 

experiments allowed assigning hydroxyl moiety at C-8.  

 

The 1,4 dioxane ring trans diaxial arrangement at H-7 and its position was 

confirmed by its large range coupling constant. These compounds usually 

isolated in racemates and showed no optical rotations. After chiral resolution, it 

showed electronic circular dichroism specific rotations [α]D
25 + 52. The H-7 & 

H-8 coupling constant and its protons and carbons chemical shifts of at H-7,  

H-8 give evidences R and S stereochemistry at C-7 and C-8 respectively [33]. 

Based on these evidences mucronin-C (1) was assigned the structure  

(2R,3S)-2-(3,4-dimethoxyphenyl)-8-hydroxy-3-(hydroxymethyl)-2,3-dihydro-
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7H-[1,4]dioxino[2,3-g]chromen-7-one. All isolated constituents 1-10 evaluated 

for biological activities and showed promising results (Tables 2 and 3).  

Table 2. Enzyme inhibition activities of compounds (1-10) against 

lipoxygenase. 

 

Compounds 

Lipoxygenase 

Inhibition at conc. of 0.5 μg /mL (%) IC50  (μg/mL) 

1 93.4 ± 0.03 21.7± 0.02 

2 90.9 ± 0.04 35.5± 0.03 

3 68.2 ± 0.01 64.1± 0.08 

4 90.4 ± 0.02 23.7± 0.05 

5 70.4 ± 0.05 32.8± 0.04 

6 68.1 ± 0.06 105.7± 0.05 

7 83.4 ± 0.01 44.7± 0.03 

8 89.5 ± 0.06 25.1± 0.09 

9 95.2 ± 0.05 27.3± 0.08 

10 85.2 ± 0.03 26.1± 0.05 

Quercetin 93.8±0.08 22.5±0.05 

The compounds were analyzed in triplicate (n=3) and expressed as mean ± 

standard deviation. 

Table 3. Results of antioxidant activity of compounds (1-10) by DPPH method 

 

Compounds 

Antioxidant assay 

Inhibition at conc. of 0.5 μg /mL (%) IC50 (μg/mL) 

1 93.5 ± 0.06 0.7± 0.01 

2 98.8 ± 0.04 0.8± 0.06 

3 89.9 ± 0.02 1.9± 0.03 

4 90.1 ± 0.02 2.3± 0.07 

5 85.2 ± 0.09 2.8± 0.03 

6 87.3 ± 0.03 26.7± 0.07 

7 85.2 ± 0.05 27.0± 0.08 

8 78.2 ± 0.04 32.1± 0.05 

9 96.4 ± 0.05 0.5.± 0.06 

10 55.1 ± 0.07 2.1± 0.09 

Trolox 96.3±0.01 0.30 ± 0.02 

 The compounds were analyzed in triplicate (n=3) and expressed as mean ± 

standard deviation. 

In-vitro anti-inflammatory and anti-oxidant activity 

Both the anti-inflammatory as well as oxidant inhibition assays established an 

understanding for possible anti-inflammatory actions of drugs as inhibition of the 

lipoxygenases that is because of processes involves as inhibiting agents of free 

radicals produced at the active sites of  enzymes  [13]. Coumarins for antioxidant 

activity e.g.  Fraxin at high concentration (0.5 mM) showed free radical 

scavenging effect as well as cell protective corresponding to H2O2 generated 

oxidation stress. Esculetin is another example of coumarin possess antioxidant 

property [3]. Coumarin derivatives act as redox-active inhibitors against LOXs. 

Under the mentioned research, 6-subsituted coumarin derivatives were evaluated 

in vivo for inflammatory processes, analgesic actions, as well as of ulcerative risk 

[34]. As it can be seen in Table 2, the lipoxygenase activities of compound 1 was 

the strongest as its IC50 value 21.7 was highest at concentration (0.5 µg/mL) that 

is lower than standard Quercetin with IC50 = 22.5. The lipoxygenase activities of 

compounds 4, 8, 9 and 10 (IC50 = 23.7, 25.1, 27.3 and 26.0 µg/mL, respectively) 

showed the strongest. The compounds 2, 5 and 7 exhibited intermediate 

lipoxygenase capacities, whereas compounds 3 and 6 showed the lowest 

lipoxygenase capacities (IC50 = 105 and 84 µg/mL).  

As can be seen in Table 3, the DPPH scavenging activities of compound 1, 2, 

9 was the strongest as its IC50 value was the lowest (0.7, 0.8 and 0.5 µg/mL 

respectively) that is very close to standard Trolox (IC50 = 0.30 µg/mL). The 

antioxidant activities of compounds 3, 4, 5 and 10 (IC50 = 1.9, 2.3, 2.8 and 

2.1µg/mL, respectively) showed the significant activities. The compounds 6 and 

7 exhibited intermediate antioxidant capacities in the range of 26.7 and 27.0 

µg/mL, while 8 showed the lowest DPPH radical scavenging ability (IC50 = 32.1 

µg/mL). 

Why there is a Need of these inhibitors for future prospects  

Because of these side effects with existing NSAIDs, there is a need of novel 

agents with better therapeutic profile as anti-inflammatory drugs. Based on 

literature it has been found that coumarin and coumarin derivatives possess 

strongest anti-inflammatory as well as antioxidant activity. These studies 

strongly suggest that above discussed compounds can be used as potential 

candidate inhibitors so they can be used as future drugs against the said diseases 

discussed above e.g. alzheimer’s disease, parkinson’s disease, atherosclerosis, 

cancer, liver disease, diabetes, AIDS, arthritis, immunological incompetence, 

neurodegenerative disorders, inflammation, and so forth. Our study showed that 

compounds 1-5, 8 and 9 possess strongest antioxidant action and can be used 

potential candidate inhibitors and can be used as future drugs for prevention of 

oxidative stress. Our future work will be directly focused on toxicological as well 

as clinical trials of these coumarin compounds so they can be used in market with 

minimum side effects as compare to past drugs those are already used with major 

side effect like aspirn with ulceration side effect. 

Electronic properties 

The frontier molecular orbitals (FMOs), i.e., highest occupied molecular 

orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs) of 

coumarin compounds at B3LYP/6-31G** level are shown in Fig. 2. The intra-

molecular charge transfer (ICT) from HOMO → LUMO was observed. Reactive 

agents and free radicals also sternly correlate the antioxidant ability of 

compounds to the spatial distribution of HOMO revealing the most plausible 

sites in the studied compounds that can be certainly attacked. The energies of 

HOMO (EHOMO), LUMO (ELUMO), and HOMO-LUMO energy gaps (Egap) are 

important parameters to explore the electronic properties. The EHOMO, ELUMO, and 

Egap of coumarin compounds at B3LYP/6-31G** level at ground state (S0) are 

displayed in Table 3. The compounds with smaller EHOMO values generally 

showed weaker electron donating aptitude revealed that Compounds 6-8 might 

have lesser electron donating capability compared to other counterparts. The 

EHOMO of Compounds 1-5, 9 and 10 is higher than the compounds 6-8, which 

exhibited those prior coumarins, would be better antioxidant contenders that is 

in good agreement with the experimental data. Global chemical reactivity 

descriptors (GCRD) are important parameters to realize the reactivity and 

structure stability. Here, we have calculated GCRD parameters like chemical 

hardness (η), chemical potential (µ), electronegativity (χ), softness (S) and 

electrophilicity index (ω) of coumarin compounds using HOMO and LUMO 

energy values, see Table 4 (for computational details see supporting 

information).  

The η of compound is interrelated to aromaticity [35, 36]. The μ express the 

electron tendency to rush out from the electronic cloud. The η also symbolizes 

extent of the obstruction of the electronic cloud to deformation and ω signifies 

the stabilization energy. The antioxidant compound deliver an electron to the free 

radical then caused radical cation should be stable enough for better radical 

scavenging ability in one-electron transfer mechanism. In this way the 

antioxidant ability can be evaluated by ionization potential (IP) than is a physical 

parameter enlightening the electron transfer range that can be estimated as 

IP= -EHOMO. It is anticipated that radical scavenging nature might be superior for 

those compounds, which show smaller IP [27, 28]. 

Here, one can see from Table 4 that IP values of 1-5, 9 and 10 are smaller than 

rest of the coumarins which disclosed that prior compounds would show good 

antioxidant ability that is sound promising to measured radical scavenging ability 

which revealed that these compounds might also be good anti-COVID-19 

contenders as better antioxidant compounds would lead to better antiviral ability. 
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Figure 2. Ground state charge density of frontier molecular orbitals (HOMOs) and (LUMOs) of compounds (1-10) (contour value=0.035).   

The Molecular electrostatic potential (MEP) maps are important to visualize the 

charged region of compounds. In Fig. 3, the MEP mapped for coumarin 

compounds has been illustrated in color visualizations. The red and blue color 

identifies the sophisticated negative and positive potential regions, which would 

be favorable for electrophilic and nucleophilic attack, respectively. The 

concentrated negative electrostatic potential is distributed on the oxygen atoms 

of –OH and –OCH3 while positive potential is determined on hydrogen atoms of 

–OH and –OCH3. The MEP mapped revealed that red color concentrated sites 

(oxygen) would be more feasible site for electrophilic attack. The blue color on 

hydrogen atom of –OH exposed that these sites would be favorable for 

nucleophilic attack. The favorable active sites can be found on the Compounds 

1-5, 9 and 10 which is illuminating that these coumarins would be better 

antioxidant candidates which is in good agreement with experimental evidences.

Table 4. The ground state HOMO energies (EHOMO), LUMO energies (ELUMO), energy gaps (ΔEHOMO –LUMO), IP, EA, η, µ, S, χ and ω in eV of compounds (1-10). 

Parameters 1 2 3 4 5 6 7 8 9 10 

EHOMO -5.60 -5.52 -5.54 -5.48 -5.43 -6.50 -6.08 -5.97 -5.86 -5.49 

ELUMO -1.53 -1.58 -1.49 -1.42 -1.44 -1.89 -1.89 -1.72 -1.55 -1.38 

Egap 4.07 3.94 4.05 4.06 3.99 4.61 4.19 4.25 4.31 4.11 

Hardness (η) 2.035 1.970 2.025 2.030 1.995 2.305 2.095 2.125 2.155 2.055 

Potential (µ) -3.565 -3.550 -3.515 -3.450 -3.435 -4.195 -3.985 -3.845 -3.705 -3.435 

Softness (S) 1.376 1.401 1.368 1.350 1.361 1.410 1.451 1.404 1.360 1.336 

Electronegativity (χ) 3.565 3.550 3.515 3.450 3.435 4.195 3.985 3.845 3.705 3.435 

Electrophilic index (ω) 3.123 3.199 3.051 2.932 2.957 3.817 3.790 3.478 3.185 2.871 

Ionization potential (IP) 5.60 5.52 5.54 5.48 5.43 6.50 6.08 5.97 5.86 5.49 

Electron affinity (EA) 1.53 1.58 1.49 1.42 1.44 1.89 1.89 1.72 1.55 1.38 



J. Chil. Chem. Soc., 66, N°3 (2021) 

 

 5305 
 

 

 

 

 10  

   

7 8 9 

   

4 5 6 

   

1 2 3 

Figure 3. Molecular electrostatic potential surfaces views of compounds (1-10). 

CONCLUSIONS 

The medicinal use of Daphne species as anti-inflammatory and antioxidants 

has prompted to isolate biologically active constituents from Daphne mucronata 

Royle. We have investigated isolation and structural characterization of new 

fused coumarinolignoids namely, mucronin-C (1) as well as four 

coumarinolignans (2-5), five coumarin derivative (6-10) from EtOAc solule 

portions. In-vitro anti-inflammatory (lipoxygenase activities) and antioxidants 

(DPPH scavenging bioassay) showed promising results. These compounds from 

D. mucronata exhibited their potential bioactivities as anti-inflammatory and 

antioxidants phytochemicals. The intra-molecular charge transfer was observed 

from HOMO → LUMO. The compounds with higher HOMO energies displayed 

strong electron donating ability, which revealed that 1-5, 9 and 10 coumarin 

compounds might have superior electron donating capability that exhibited that 

these compounds would be better antioxidant contenders. The electrophilic and 

nucleophilic favorable active sites and smaller IP values of 1-5, 9 and 10 

disclosed that these compounds would show good antioxidant ability that is 

sound promising to measured radical scavenging ability in present study.  These 

can be used as potential candidate inhibitors so can be used as future drugs 

against the diseases discussed above.  
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