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Phytochemical Studies of Myrica salicifolia, Clematis simensis and Olinia usambarensis 

Abraham Dilnesa Gashaw 

Department of Chemistry, Addis Ababa University 

Abstract 
Myrica salicifolia A Rich (Myricaceae) is a tree growing in Central and East Africa. 

Traditionally the plant is applicable in the treatment of malaria, respiratory disorders, 

inflammations, and infections. The leaves and stem barks of Clematis simensis are 

traditionally used to treat tinea capitis, dermatitis, tropical ulcers, wounds and cancer. One 

of the African medicinal plants, Olinia usambarensis, is well known for its traditional use 

in various forms of medicine to treat fever, respiratory issues, digestive issues, headaches, 

and scabies. In this study, the plant materials were collected from Debresina, and Northern 

Shewa, Ethiopia. The essential oil extractions of the samples were carried out via hydro-

distillation. The composition of the essential oil from roots and leaves of Myrica salicifolia, 

aerial part of Clematis simensis, and barks of Olinia usambarensis was analyzed by GC-

MS. A total of 79 compounds were identified by GC-MS. The major compounds in the 

essential oils from roots and leaves of Myrica salicifolia were trans-3-hexen-1-ol (52.62%) 

and n-hexadecanoic acid (46.69%). On the other hand, the essential oil obtained from the 

aerial part of Clematis simensis and barks of Olinia usambarensis were predominantly (E)-

2-nonen-1-ol (38.33%), 4-cyclopentene-1,3-dione (28.69%), and n-hexadecanoic acid 

(28.83%). Three terpenes, namely squalene (77), β-carotene (78), and β-sitosterol (80), and 

one chlorin, namely pheophytin a (79), were isolated from the leaves of M. salicifolia. The 

chloroform-methanol (2:1) crude extract of the stem barks of M. salicifolia was 

fractionated using column chromatography to afford three diarylheptanoids (myricanone 

(28), myricanol (29), myricanol-11-O-β-D-xylopyranoside (32)), four triterpenoids 

(taraxerone (81), taraxerol (82), myricadiol (83), 3β-O-trans-caffeoylisomyricadiol (84)), 

one pyranoside (methyl-β-D-glucopyranoside (85)). This is the first report of compounds 

81, 82, 83, 84, and 85 from the stem barks of M. salicifolia. Five compounds, namely 

taraxerol (82), β-sitosterol (80), sitoindoside I (87), myricanone (28), and myricanol 5-O-

β-D-glucopyranoside (30), were also isolated from the roots of M. salicifolia. Furthermore, 
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three compounds, namely 2-deoxy-D-ribono-1,4-lactone (88), 5-hydroxylevulinic acid 

(89), and β-sitosterol-3-O-β-D-glucoside (90), were isolated from the aerial part of 

Clematis simensis. Three compounds, namely lupeol (91), n-pentacosyl trans-ferulate (92), 

and 4-O-β-D-glucopyranosylcaffeic acid (72), were isolated and characterized from the 

barks of Olinia usambarensis. The structures of these compounds were determined using 

a comprehensive analysis of 1D/2D NMR, HR-MS, FT-IR and comparison with literature 

data. In this work, the isolated compounds and crude extracts of Myrica salicifolia, and 

aerial part of Clematis simensis were screened for antibacterial activity using disk diffusion 

agar method, and the activities revealed that both myricanol-11-O-β-D-xylopyranoside 

(32) and 3β-O-trans-caffeoylisomyricadiol (84) showed modest antibacterial activity with 

inhibition zones of 10.0 mm against S. pyogenes and 9.0 mm against S. aureus at 

250 μg/mL. The antioxidant activities of the crude extracts and isolated compounds were 

also evaluated using the diphenylpicrylhydrazyl (DPPH) assay method. The crude extracts 

and isolated compounds from the stem barks of Myrica salicifolia, roots of Myrica 

salicifolia, aerial part of Clematis simensis, and barks of Olinia usambarensis showed very 

weak (IC50 = 458.8 μg/ml) to very strong (IC50 = 2.97 μg/ml) DPPH scavenging activities. 

The observed IC50 value showed that roots of Myrica salicifolia exhibited highest 

antioxidant activity (IC50 = 2.97 μg/ml). 
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1 Introduction 

There are about 374,000 plant species in the world, of which approximately 308,312 are 

vascular plants, with 295,383 are flowering plants.1Approximately 25% of the world's plant 

genetic resources, or up to 45,000 plant species, are found in Africa. More than 5,000 plant 

species from this vast African resource are utilized in traditional medicines.2 Ethiopia is 

endowed with 6500–7000 plant species, with 12–19% of them are being endemic.3 For 

centuries, Ethiopian people have heavily relied on traditional medicine for their health care 

needs. It is estimated that about 80% of the population and 90% of livestock rely on these 

traditional medicinal practices.4-5 Since ancient times, medicinal plants have been used 

around the world to treat a wide range of ailments, diseases, and wounds.6 Medicinal plants 

are a rich source of phytochemicals such as alkaloids, terpenes, glucosinolates, phenolics, 

and flavonoids.7 Plant-derived products and their corresponding metabolites have garnered 

considerable interest at the clinical, pharmacological, cosmetic and even industrial levels.8 

Indeed, natural products are extremely rich sources of biomolecules useful for a multitude 

of applications. Despite major scientific and technological progress in combinatorial 

chemistry, drugs derived from natural products still make an enormous contribution to drug 

discovery today.9 In addition to the discovery of new chemical entities for therapeutic 

application, the natural products provide an important foundation as potential lead 

compounds for the development of new and more effective drugs through structural 

modification. Although natural products possess diverse and complex chemical structures, 

the plant secondary metabolites are seemed to exhibit greater biological friendliness and 

drug-likeness than those derived from purely synthetic sources. Consequently, the 

molecules from natural origin are supposed to be better candidates for further drug 

development.10-11 Natural products and their derivatives represent over 60% of all drugs 

clinically used worldwide where natural products from medicinal plants alone contribute 

to 25% of total drugs.12 Natural products and related drugs are reportedly used for example 

as antibacterial, anticancer, anticoagulant, antiparasitic and immunosuppressant agents to 

treat 87% of all categorized human diseases.13 Of the 1,135 new drugs approved from 1981 

to 2010, 50% were of natural product origin (natural, derivatives and analogues).14 Well 

known examples include the widely used breast cancer drug, paclitaxel (1), isolated from 
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the bark of the Taxus brevifolia15, trabectedin (2) was isolated from the Ecteinascidia 

turbinate16, and mevastatin (3) was isolated from Penicillium citrinum.17  

 
Figure 1: Chemical structures of FAD approved drugs frome natural products. 

 

Several other natural products or natural products-derived drugs including tubocurarine 

(4)18, ixabepilone (5)19, artemisinin (6)20, rivastigmine (7)21, and vidarabine (8)22, are 

examples approved by food and drug administration (FDA) (Figure 1). As a result of 

increasing interest in the plant kingdom as a potential source of new therapeutic agents, 

several techniques have been developed for the extraction and isolation of natural 

products.23 Several sample preparation and pre-purification steps are used prior to the 

isolation and/or analysis of natural products. Extraction methods are used as a pre-

purification step to selectively remove interfering components and/or to isolate the active 

compounds. The extraction method includes microwave, maceration, sublimation, 
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supercritical fluid, soxhlet, steam distillation or hydro-distillation and ultrasonic. Initial 

extraction with low-polarity solvents yields the more lipophilic components, while 

ethanolic solvents obtain a larger spectrum of non-polar and polar material.24 Other pre-

purification methods includes filtration, precipitation, sephadex LH-20, centrifugal 

partition chromatography, and solid-phase extraction.25 Chromatographic techniques are 

used in the isolation of various types of natural products may be classified broadly into two 

categories, older chromatographic techniques, and modern chromatographic techniques. 

The classical chromatographic techniques include vacuum liquid chromatography (VLC), 

flash chromatography (FC), column chromatography (CC), size exclusion chromatography 

(SEC), thin layer chromatography (TLC), and preparative thin layer chromatography 

(PTLC) whereas chromatotron, droplet counter-current chromatography (DCC), high 

performance thin layer chromatography (HPTLC), High-performance liquid 

chromatography (HPLC), sephadex (SPE), vacuum liquid chromatography (VLC), and a 

number of hyphenated techniques may be considered to be modern chromatographic 

techniques. In identifying a plant constituent, once it has been isolated and purified, its 

homogeneity must be checked carefully beforehand, as a single spot in several TLC and/or 

PC systems. The class of compound is usually clear from its response to color tests, its 

solubility and RF properties and its UV spectral characteristics.26 Complete identification 

within the class depends on measuring other properties and then comparing these data with 

those in the literature. These properties include melting point (for solids), boiling point (for 

liquids), optical rotation (for optically active compounds) and RF (under standard 

conditions). However, equally informative data on a plant substance are its spectral 

characteristics: these include ultraviolet (UV), infrared (IR), nuclear magnetic resonance 

(NMR) and mass spectral (MS) measurements.26 

1.1 Statement of the Problem 
According to WHO (2011), as commercialization of the herbal medicines is going on, 

assurance of safety, quality and efficacy become an important issue.27 Even though quite a 

number of plants used in folk medicine have been identified in Ethiopia, the use of 

complicated, individualized treatments and the absence of standards for herbal remedies 

are issues that complicate clinical studies of complementary and alternative medicine. In 
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Ethiopia, there is a lack of scientific data on the phytochemical composition of many 

medicinal plants that contribute to the standardization and formulation of drugs.28-29 

One of the top threats to global development and public health is antibiotic drug resistance. 

Many bacterial strains have become resistant to widely used antibiotics, which can result 

in treatment failures and the spread of infections bacterial strains that are challenging to 

treat like Staphylococcus aureus, Escherichia coli, Streptococcus pyogenes, and 

Pseudomonas aeruginosa, which are the four major antibiotic-resistant bacteria of the ten 

most dangerous reported antibiotic-resistant bacteria.30   

Due to the increasing level of drug resistance of these pathogens against the current 

chemotherapeutics, the need for new drugs discovery became important. To address some 

of the challenges outlined above, the present study was designed to investigate the 

unexplored ethnomedicinal knowledge of some Ethiopian plants towards the treatment of 

infectious diseases. Based on ethnobotanical studies, three plants namely Myrica 

salicifolia, Clematis simensis, and Olinia usambarensis, were selected for the study. Prior 

to this study, little was known about the antimicrobial activity of different extracts of 

Myrica salicifolia31, Clematis simensis32, and Olinia usambarensis.33 

Hence, this study was initiated to search for new phytochemicals that can serve as an 

alternative therapeutic agent from the leaves, roots, and barks of Myrica salicifolia, the 

leaves of Clematis simensis, and the barks of Olinia usambarensis.  

1.2 Rationale  
Ethiopia is one of the most biodiverse countries in the world, with a wide variety of plant 

species that have not been fully explored for their medicinal properties34-35and therefore, 

phytochemical investigation of Myrica salicifolia, Clematis simensis, and Olinia 

usambarensis plants can uncover new compounds with therapeutic potential, contributing 

to the discovery of novel drugs and treatments. Traditional herbal medicine plays a 

significant role in the healthcare system of Ethiopia, especially in rural areas where access 

to modern healthcare facilities is limited36 and, as a result, investigating the phytochemical 

properties of medicinal plants can help validate their traditional uses and provide scientific 

evidences for their efficacy and safety. Ethiopia’s rich biodiversity and traditional 
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knowledge of medicinal plants present an opportunity for the development of the 

pharmaceutical and herbal medicine industries36-37 and consequently, phytochemical 

investigation of Myrica salicifolia, Clematis simensis, and Olinia usambarensis plants can 

lead to the identification of valuable compounds that can be commercialized, benefiting 

both the economy and local communities.  

1.3 Objectives of the Study 

1.3.1 General Objective  

The main objective of this research work has been to investigate the chemical composition 

and evaluate the biological activities of crude extracts and isolated compounds of Myrica 

salicifolia, Clematis simensis, and Olinia usambarensis plant species. 

1.3.2  Specific Objectives  

1) Extraction and characterization of essential oils of the Myrica salicifolia, Clematis 

simensis and Olinia usambarensis. 

2) Isolation and characterization of secondary metabolites from the leaves, roots and 

barks of Myrica salicifolia, the aerial part of Clematis simensis, and the barks of 

Olinia usambarensis. 

3) Evaluation of the antioxidant activities of the extracts and isolated compounds of 

the roots and barks of Myrica salicifolia, the aerial part of Clematis simensis, and 

the barks of Olinia usambarensis. 

4) Evaluation of antibacterial activities of the extracts and isolated compounds of the 

barks of Myrica salicifolia, and the aerial part of Clematis simensis. 
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2 Literature Review 

2.1 Phytochemistry and Biological activities of Myrica salicifolia 

The Myricaceae is a small family comprising three genera (Myrica, Comptonia and 

Canacomyrica) and widely distributed in both temperate and sub-tropical regions.1 

Macdonald38 stated reasons for cut off  Myrica  genus in two, Myrica and Morella, and his 

arguments were accepted in 2002 and the genus was split.39  To clarify the distinction a 

taxonomic key was published in 2005.40 As a result, a large number of species that were 

previously classified in the Myrica genus have been reclassified into the Morella genus. In 

the field of natural product research, this taxonomic reclassification has several 

consequences. The isolation of secondary metabolites from the Myrica species has been 

reported in a number of studies published prior to 2005, which are now Morella species, 

and this may result in false reports about secondary metabolites that are discovered in the 

genus for the first time. But it can also result in more recent works that still refer to the 

earlier scientific name and consequently not be appropriately identified in a literature 

review.41 

Morella is by far the largest genus, which has roughly 50 species that have been identified 

and are distributed widely throughout Africa, Europe, North America, and Asia.40 The 

members of the Myrica and Morella genera are woody shrubs or tree pioneers in nitrogen-

poor soils to fix nitrogen through nitrogen-fixing root nodules.42 These species are valued 

for their raw fruits, which are also used to make jams, syrups, and juices. Their economic 

value extends beyond their use as a source of barks for paper and rope, as well as for 

biomass production and land reclamation43, and their applications in traditional medicine 

are also remarkable.44 For instance, in Chinese or Japanese folk medicine, they are used to 

treat diarrhea, digestive problems, headaches, burns, and skin diseases. treat bleeding, and 

stomach pain45, dyspepsia46, burns, and skin diseases47, enteritis48, asthma, coughing, and 

shortness of breath49, treat painful menstruation, colds, coughs, and headaches, and 

enhance male sexual performance50, management of sugar related disorder and as laxatives 

to treat constipation51, treat fever and inflammation39, intestinal worms, cardiac disorders, 

and aching muscles.52 This potential sparked necessary and obligatory research to try to 
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validate the beneficial effects recommended by traditional medicine as well as to look for 

the active ingredients responsible for the activities demonstrated. 

A review literature showed more than 100 compounds were isolated from Myrica and 

Morella species, most of them are cyclic diarylheptanoids, flavonoids and pentacyclic 

triterpenoids.53-54 Some cyclic diarylheptanoids, specially, myricanone (20) and myricanol 

(21), and some pentacyclic triterpenoids should be used as Myrica/Morella genus 

chemotaxonomic markers53-54, while unusual C-methylated dihydrochalcones and 

flavonoids may support the segregation of some Myrica species to a new genus.54 Several 

new diarylheptanoids, which have a unique 1,7-diphenylheptane structure and are 

distributed in a few botanic genera55, have been isolated over the years from the Myrica 

genus (e.g., Myrica rubra).56 Diarylheptanoids are known for their remarkable antioxidant, 

anti-inflammatory, antitumor, leishmanicidal, hepatoprotective, melanogenesis, and 

neuroprotective activities.55, 57 

Myrica salicifolia (Figure 2, synonyms: Morella salicifolia, Myrica humilis sensu, Myrica 

kilimandscharica, Myrica usambarensis) Local name: ‘shinet′ or ‘Kalava′ in Amharic, 

‘Abay′, ‘Kataba′ or ‘Radji′ (Tona) in Affan Oromo, ‘Nihibi′ in Tigrigna, ‘Abeyi′ in 

Guaragegna, ‘Gawada′ in Kabategna, and ‘Kowada′ in Hadyagna58-59 belongs to the genus 

Myrica Lin. It is a deciduous shrub with a trunk diameter of up to 1 m and can grow up to 

20 meters in height. It is found in Central and East Africa, including Ethiopia, Zambia, 

Kenya, Burundi, Malawi, Uganda, Madagascar, Zaire, Rwanda, Tanzania and also in Saudi 

Arabia.60-61It is typically grown in humid lower highlands. The plant has a long history of 

use as a traditional medicine in Tanzania, where it is used to treat a variety of illnesses, 

including pneumonia, chronic constipation, cryptococcal meningitis, herpes zoster, 

stomach pain, and headaches as well as for managing of HIV.62-63M. salicifolia has also 

been used to treat erectile dysfunction and male sexual impotence in Uganda.64 In Ethiopia, 

it is used to treat lung diseases, inflammation, and skin diseases.65-66 

The compounds isolated from M. salicifolia have shown a range of biological activities. 

Marealle et al. reported the antimycobacterial activity of compounds isolated from M. 

salicifolia against three nonpathogenic mycobacterial species. Maslinic acid showed the 
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highest MICs value of 17, 28, and 56 μg/ml against Mycobacterium madagascariense, 

standard Mycobacterium tuberculosis strain H37RV, and rifampicin resistant M. 

tuberculosis clinical isolates, respectively.67 

 

Figure 2: Myrica salicifolia leaves (a) and barks (b) (By Dr. Mekonnen Abebayehu, July 

2020, Debresina, Northern Shewa, Amhara region, Ethiopia). 

It has been linked to antimalarial59, antiplasmodial68, strong analgesic effect69, and 

lowering blood glucose effects.70 Recently, Rehman and coworkers reported that the root 

extract of M. salicifolia inhibited the activation of tumor necrosis factor-alpha (TNF-alpha) 

and interleukin-6 (IL-6) in the colonic tissues of the ulcerative colitis model in rats.71  

Earlier studies focused on the evaluation of the antimicrobial and antimalarial activities of 

this plant. This led to the identification and isolation of the diarylheptanoids derivatives as 

the potential active constituents against anti-Helicobacter pylori activity31 and ellagic acid 

derivatives active against all Plasmodium falciparum strains.72 A preliminary 

phytochemical analysis of the methanolic extracts of the stem barks58, roots59, and leaves73 

revealed the presence of polyphenols, unsaturated, saponins, glycosides, 

sterols/triterpenes, alkaloids, tannins, flavonoids, protein, and carbohydrates. These 

constituents possess a wide range of biological activities including anti-inflammatory, 

antibacterial, antioxidant, and cytotoxic activities.74 Different compound classes, such as 

seventeen cyclic diarylheptanoids, eight proanthocyanidins, three methylated ellagic acid 

glycosides, one ellagitannin, and two more were isolated from M. salicifolia (Figure 3 and 

Table 1).67, 75-76 

b a 
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 Figure 3: Structures of some selected compounds isolated from Myrica salicifolia. 
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Table 1: Some of cyclic diarylheptanoids isolated from Myrica salicifolia. 

Cds No Name of compounds R1 R2 R3 R4 R5 R6 R7 

21 salicimeckol OH OCH3 OCH3 β-D-

glucopyranoside 

OH OH H 

22 juglanin B OH β-D-

glucopyranoside 

OCH3 H H OH H 

23 salicireneol B OH β-D-

glucopyranoside 

OH OCH3 H OH H 

24 saliciclaireone A OH OCH3 OCH3 β-D-

glucopyranosyl-

(1→6)-β-D-

glucopyranoside 

H =O H 

25 saliciclaireone B OH OCH3 OCH3 β-D-

glucopyranosyl-

(1→6)-β-D-

glucopyranoside 

H H =O 
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26 myricanone 17- α-l-

arabinofuranosyl-(1→6)-β-

D-glucopyranoside 

α-L-arabino-

furanosyl-

(1→6)-β-D-

glucopyranoside 

OH OCH3 OCH3 H =O H 

27 juglanin B 11-sulfate OH OH OCH3 H H OSO3H H 

28 myricanone OH OCH3 OCH3 OH H =O H 

29 myricanol OH OCH3 OCH3 OH H OH H 

30 myricanol 5-O-β-D-

glucopyranoside 

OH OCH3 OCH3 β-D-

glucopyranoside 

H OH H 

31 myricanone 5-O-β-D-

glucopyranoside 

OH OCH3 OCH3 β-D-

glucopyranoside 

H =O H 

32 myricanol 11-O-β-D-

xylopyranoside 

OH OCH3 OCH3 OH H β-D-

xylopyranoside 

H 

33 myricanol 5-O-β-D-(6′-O-

galloyl)-glucopyranoside 

OH OCH3 OCH3 β-D-(6′-O-

galloyl)-

glucopyranoside 

H OH H 

34 myricanone 5-O-β-D-(6′-O-

galloyl)-glucopyranoside 

OH OCH3 OCH3 β-D-(6′-O-

galloyl)-

glucopyranoside 

H =O H 

35 myricanol 5-O-α-l-

arabinofuranosyl-(1→6)-β-

D-glucopyranoside 

OH OCH3 OCH3 α-L-arabino-

furanosyl-

H OH H 
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(1→6)-β-D-

glucopyranoside 

36 myricanol 5-O-β-D-

glucopranosyl-(1→6)-β-D-

glucopyranoside 

OH OCH3 OCH3 β-D-

glucopyranosyl-

(1→6)-β-D-

glucopyranoside 

H OH H 
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2.2 Phytochemistry and Biological activites of Clematis simensis 

The Ranunculaceae is a large family comprising 60 genera and 2,200 species widely 

distributed worldwide, mainly in the temperate regions of the northern hemisphere. It 

consists of herbs such as small shrubs and woody vines.77 The genus Clematis is a large 

genus within dicotyledons. Globally, about 300 species are known. Many Clematis species 

are found throughout the northern hemisphere and are widely utilized as traditional 

medicines worldwide.78 The aerial parts of different species of Clematis are used as 

diuretics, antidotes for snake bites, antimalarials, antidysentery, and to treat rheumatic pain, 

fever, gout, eye infections, bone diseases, gonorrheal symptoms, chronic skin disorders, 

and varicosity in Europe, Eastern Asia, Africa, and India.79-83 Clematis species have a broad 

range of constituents such as polyphenols, alkaloids, flavonoids, coumarins, triterpenes, 

volatile oils, lignans, steroids, macrocyclic compounds, organic acids, etc. A review of the 

literature, different classes and more than 250 compounds were isolated from Clematis 

species79 and some are shown in Figure 4. These constituents possess a wide range of 

biological activities that includ anti-inflammatory, anticancer, antioxidant, antipyretic 

activity, and analgesic, antiangiogenic, antigonorrhoeal, arthritis, apoptosis, antimicrobial, 

cartilage protective, diuretic, hypotensive, hepatoprotective, and HIV-1 protease inhibitors 

activitie.79, 84-87 
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Figure 4: Structures of compounds isolated from genus Clematis. 
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Clematis simensis (Figure 5, synonyms: Clematis orientalis, Clematis altissima Hutch, 

Clematis kissenyensis, Clematis orientalis)  is a tall, climbing shrubby plant that can grow 

up to 20 m, often behaving as a strong liane; younger stems are more or less hairy; leaves 

are unequally pinnate with five leaflets; flower buds ellipsoid.88 The genus Clematis L. is 

widely spread in the northern hemisphere.89 It is native and distributed in Eritrea, Ethiopia, 

Sudan, Malawi, Zimbabwe, Mozambique, Cameroon, Republic of the Congo, and 

Angola.88  

 Locally it is known as ‘Fiide′ in Sidama90, ‘azo-hareg′91 and ‘Enderifa′92 in Amaharic, and 

Feetii/Hidda93 in Afaan oromo. The leaves of this plant are traditionally used in Ethiopia 

to treat tinea capitis, dermatitis, tropical ulcers, and wounds. The seeds of this plant are 

also used to alleviate rheumatic pain, and the sap is used to treat animal bloat and as a 

febrifuge.94 The stem barks of C. simensis is used for the treatment of toothache and 

cancer.95 According to a recent study,  the leaves of C. simensis have been used in 

combination with another plant belonging to the same family.96-97 

Solvent extracts of the plant showed different biological activities. The aqueous and 

methanol extracts of C. simensis leaves showed inhibition against bacteria including 

Staphylococcus aureus, Pseudomonas aeruginosa, and fungus Candida albicans.32, 98 

Methanol and acetone extracts of C. simenses exhibited anti-inflammatory and 

antinociceptive activity at doses of 400 mg/kg and 800 mg/kg, respectively.99 Recently, 

Birhan and coworkers reported that an 80% methanol extract displayed that Staphylococcus 

aureus was the most susceptible bacteria, followed by Pseudomonas aeruginosae.95 The 

chloroform fraction of C. simensis was cytotoxic against  breast cancer cell lines (JIMT-1, 

MCF-7, and HCC1937).100  

A preliminary phytochemical screening of the extracts of the stem barks101, roots102, and 

leaves103 revealed the presence of polyphenols, alkaloids, steroids, terpenoids, tannins, and 

flavonoids. However, there is no previously report on phytochemical investigation 

secondary metabolites of this plant.  
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Figure 5: Clematis simensis (By Dr. Mekonnen Abebayehu, June 2019, Debresina, 

Northern Shewa, Amhara region, Ethiopia). 

2.3 Phytochemistry and Biological activites of Olinia usambarensis 

The Oliniaceae is a small family comprises one genus (Olinia) and 8-10 species. They are 

trees and shrubs widely distributed in the montane and coastal forests of eastern and 

Southern Africa, and also on the island of St. Helena.104 Olinia usambarensis is also called 

Olinia rochetiana and belongs to the family Oliniaceae. Decoctions of the roots are drunk 

to cure fever. A bark decoction is ingested for rheumatism, bronchitis, dyspepsia, and to 

induce tapeworm emission.105  

Olinia usambarensis is a shrub, small tree or less often a large tree, evergreen and frost 

resistant, usually 1.2-16 meters tall, but occasionally reach 27 meters and endemic to some 

Eastern and southern African countries.33, 106 It is distinguished by branchlets and 

quadrangular branches, flowers organized in triads, and an inflorescence placement is 

axillary and/or terminal.88 

In Ethiopia, the barks and leaves of O.usambarensis (Figure 6, locally known as “Tife” in 

Amharic and Guna in Hadiyyisa) are used traditionally to treat toothache, scabies, acne, 

and eczema.107-109 In Tanzania and Kenya, Ogiek community uses the barks as well as 

leaves remedy for colds, protects against pneumonia, other chest-related ailments and 

chewing as mouth freshener.110 
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Figure 6: Olinia usambarensis (By Dr. Mekonnen Abebayehu, February 2022, Debresina, 

Amhara region, Ethiopia). 

 

The plant has wormicidal and antimicrobial activities. These include antibacterial and 

antifungal effects of O. rochetiana used in the management of urinary tract infections and 

oral candidiasis.111 It is also used to cure menstrual pain and intestinal worms.105 Barks or 

roots are pounded, water added and the resulting paste applied on swellings such as those 

on the throat and other tumors. Additionally, it has been reported that this plant's inner bark 

is combined with those of Brucea spp. and Myrica salicifolia, and consumed in a meat soup 

as a remedy for treatment of measles, cough, and abscess. The juice of its roots is also 

claimed to be used for malaria treatment.112  

The ethanol (leaves and stem-barks) extracts of O. rochetiana showed very good inhibit 

against the growth of bacterial strains (Escherichia coli, Pseudomonas aeruginosa, 

Salmonella Typhi and Staphylococcus aureus) at a concentration of 250 mg/mL.33 

Caffeoyloxy-5,6-dihydro-4-methyl-(2H)-pyran-2-one (67) is considered to be the most 

active compound from O. usambarensis leaves, reported as a good candidate as an anti-

inflammatory agent.113 A preliminary phytochemical screening of the ethanol extracts of 

the leaves revealed the presence of  phenols, tannin, glycosides, steroids, terpenoids, and 

saponin whereas, chloroform crude extract showed presence of tannin, terpenoid and 



  

20 
 

glycoside. On the other hand,  ethanol extract of stem-barks showed presence of tannin, 

phenol, terpenoid and steroid.33 These constituents possess a wide range of biological 

activities including antifeedant activity114, anticancer113, antifungal and antibacterial.111 

Some compounds were isolated from the root barks and leaves of O. rochetiana (Figure 

7).114-115 

 
 

Figure 7: Structures of compounds isolated from Olinia usambarensis. 
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3 Results and Discussion  

The leaves, roots, and barks of Myrica salicifolia, aerial parts of Clematis simensis, and 

barks of Olinia usambarensis, belonging to the Myricaceae, Ranunculaceae, and 

Oliniaceae family, respectively, were studied for their chemical compositions. The 

methanol-chloroform extracts from these three species were subjected to extensive 

chromatography separation such as column chromatography and preparative thin layer 

chromatography to yield twenty-four pure compounds. 

Eighteen compounds were isolated from the leaves, roots, and barks extract of Myrica 

salicifolia, namely diarylheptanoids, triterpenoids, and alphatic derivatives. The four 

isolated diarylheptanoids were myricanone (28), myricanol (29), myricanol-11-O-β-D-

xylopyranoside (32), and myricanol 5-O-β-D-glucopyranoside (30). One cerebroside 

(contortamide (29)) and one pyranoside (methyl-β-D-glucopyranoside (85)) were isolated. 

Seven terpenoid derivatives, namely squalene (77), β-carotene (78), taraxerone (81), 

taraxerol (82), myricadiol (83), β-sitosterol (80), and sitoindoside I (87), were also isolated 

from this plant. Of the compounds elucidated, 3β-O-trans-caffeoylisomyricadiol (84) was 

found to be a new compound that isolated for the first time in this work. Additonaliy, a 

chlorin compound, namely a pheophytin A (79), was isolated. The chemical study of 

Clematis simensis yielded three compounds, namely 2-deoxy-D-ribono-1,4-lactone (88), 

5-hydroxylevulinic acid (89), and β-sitosterol-3-O-β-D-glucoside (90). Three compounds, 

namely lupeol (91), n-pentacosyl trans-ferulate (92), and 4-O-β-D-glucopyranosylcaffeic 

acid (72), were successfully isolated and characterized from the chloroform-methanol 

extract of Olinia usambarensis barks. The structural elucidations of those isolated 

compounds were conducted using spectroscopic methods. Complete 1H, 13C, DEPT-NMR, 

HSQC and HMBC spectral data are given for compounds and also comparison was made 

with the literature data for known compounds. 

3.1 Phytochemical Investigation of the Leaves of Myrica salicifolia  

The leaves, barks and roots of M. salicifolia were collected from Debresina, Northern 

Shewa, Amhara region, 192 km from Addis Ababa, Ethiopia, in July 2020 by Dr. 
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Mekonnen Abebayehu. The plant specimens were identified by Mr. Melaku Wendafrash, 

Addis Ababa University, Ethiopia. A voucher specimen of the plant material has been 

deposited in the National Herbarium, Addis Ababa University, with a voucher/specimen 

number of MA/2007/12. Phytochemical analysis of the leaves extract of M. salicifolia 

resulted in the isolation of four compounds, namely, squalene (77), β-carotene (78), 

pheophytin a (79), and β-sitosterol (80). The phytochemical studies of the leaves of this 

plant have never been reported before. The phytochemical investigation on the leaves of 

M. salicifolia is discussed in the following sections. 

3.1.1 Characterization of Essential Oil of the Leaves of Myrica salicifolia  

The essential oil from the M. salicifolia leaves samples were extracted by hydrodistillation 

following the method described by Katekar.116 Plant material (520 g) was hydrodistilled to 

afford clear colorless oil (0.4 mL). The essential oil was then analyzed by gas 

chromatography-mass spectroscopy (GC-MS). The GC-MS analysis of the essential oil of 

the fresh leaves of M. salicifolia revealed the presence of 21 major compounds (Figure 8 

and Table 2) after comparing the data with NIST-14 mass spectral database, with qualities 

greater than 80%. The analyzed essential oil was composed of different compounds of 

different classes: fatty acid, aromatic phenols, aliphatic alcohols, hydrocarbons, and 

terpenes. The major volatile compounds were trans-3-hexen-1-ol (52.62%), terpineol 

(7.93%), benzaldehyde (6.28%), p-cymen-8-ol (3.99%) and terpinen-4-ol (3.60%). 

Scientific reports revealed that some of the identified compounds have a considerable 

potential for therapeutic use. For example, trans-3-hexen-1-ol is the major volatile organic 

compound that has antifungal activity117, flavor and fragrance application119, It is also used 

as an organic chemical synthesis intermediate120 and stimulates the antennae of male 

Hyphantria cunea moths.120 The second major compound, α-terpineol has a wide range of 

biological applications as an antioxidant, anticancer, anticonvulsant, antiulcer, 

antihypertensive, anti-nociceptive.121 Benzaldehyde, the third major component of the 

essential oil has insecticidal, antimicrobial, and antioxidant activities.122 
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Figure 8: GC-MS chromatogram of the essential oil of leaves of Myrica salicifolia. 
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Table 2: Compounds identified from the essential oil of the leaves of Myrica salicifolia by GC-MS  

 

PK RT 

Area 

Pct Compound names 

 

Q 

 

CF 

       

1 5.37 52.62 trans-3-hexen-1-ol  91 C6H12O 

2 7.03 2.55 Eucalyptol  86 

 

C10H18O 

3 7.14 6.28 Benzaldehyde  95 

 

C7H6O 

4 8.24 0.59 m-Methylisopropylbenzene  89 

 

C10H14 

5 8.79 0.63 Linalool  80 

 

C10H18O 

6 8.97 2.87 Benzyl alcohol  95 

 

C7H8O 

7 9.57 2.63 (+)-Sabinol  81 

 

C10H16O 

8 9.89 3.60 Terpinen-4-ol  94 

 

C10H18O 

9 10.05 2.36 Carveol  76 

 

C10H16O 

10 10.17 1.02 (+)-Borneol  91 

 

C10H18O 

11 10.34 7.93 Terpineol  91 

 

C18H18O 
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12 10.46 1.50 Methyl salicylate  96 

 

C8H8O3 

13 10.66 3.99 p-Cymen-8-ol  81 

 

C10H14O 

14 10.73 0.53 Methyl phenethyl ether  62 

 

C10H12O 

15 11.21 0.22 cis-p-Mentha-1(7),8-dien-2-ol  93 

 

C10H16O 

16 12.61 0.50 Thymol  94 

 

C10H14O 

17 12.88 0.69 3-Methyl-4-isopropylphenol  94 

 

C10H14O 

18 15.45 0.21 (+)-Spathulenol  58 

 

 

C15H24O 

19 15.55 0.57 2-Hexadecen-5-olide  59 

 

C16H28O2 

20 16.02 0.21 Tau-Muurolol  70 

 

 

C15H26O 

21 16.11 0.45 (-)-Cedreanol  81 

 

 

C15H26O 

22 16.25 1.59 Elixene  87 

 

C15H24 
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23 16.31 1.14 α-Caryophylladienol  91 

 

C15H24O 

24 16.55 0.60 

(1R,7S,E)-7-Isopropyl-4,10-

dimethylenecyclodec-5-enol  77 

 

 

 

C13H20O2 

25 28.85 2.95 9-Octylheptadecane  86 

 

C25H52 

 Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality 

 

3.1.2 Characterization of Compounds Isolated from the Leaves Extract of Myrica 

salicifolia 

3.1.2.1 Characterization of Compound 77 

 

77 

Compound 77 was isolated as colourless oil. The compound gave a dark blue spots on TLC 

with cerium ammonium molybdate spraying with the Rf value of 0.80 in Cy (100%). Its 

molecular formula was deduced to be C30H50 from TOF-ESI-MS (Appendix 7) showed a 

fragment ion peak [M+H+CO-41]+ at m/z 398.2412 corresponds to a fragment, C3H5, of 

the proposed compound 77. The 13C-NMR spectrum showed 15 carbon resonances signals 

indicating 30 carbons suggesting that the molecule was symmetrical. 1H-NMR (Table 3 

and Appendix 1) showed signals at δH 1.60 (s, 18H) and δH 1.68 (s, 6H) for eight methyl 

groups attached to olefinic bond, two overlapping multiplets at δH 2.02 (H-12/13) and δH 

2.07 (4/21, 8/17) for ten methylene protons each and a broad multiplet signal at δH 5.10-

5.11 for six olefinic protons. The 13C-NMR (Appendix 2 and Table 3) and DEPT-NMR 
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spectrum (Appendix 3 and Table 3) of compound 77 revealed 15 carbon signals at δC 135.1, 

134.9 and 131.2, belonging to quaternary carbons, at δC 124.4, 124.3, and 124.3 for methine 

carbons, at δC 39.8, 39.8, 28.3, 26.8, and 26.7 for methylene carbons and at δC 25.7, 17.7, 

16.1, and 16.0 for methyl groups. 13C-NMR spectrum showed carbon signals at δC 25.7, 

26.7, 26.8, 39.8, 124.3, 124.4, 131.2, and 134.9 resemble the reported values of 

farnesene.123 A long COSY spectrum revealed (Appendix 4) the methylene proton signals 

at δH 1.98 (m, H-5, 9, 16, 20) correlated with the methylene proton signals at δH 2.07 (H-4, 

8, 17, 20), indicating a head to tail attachments of the isoprene units. It also showed olefinic 

methine proton signals at δH 5.10-5.1 were correlated with methylene proton at δH 2.07. In 

HMBC spectrum (Appendix 6), a singlet methyl signal at δH 1.60 (H-25/30, 26/29, 27/28) 

correlated with a quaternary carbon signals at δC 135.1 (C-2/23), 134.9 (C-6/19), and 

methine carbon signals at δC 124.3 (C-3/22, 7/18, 11/14) indicated that a methyl was 

attached to the quaternary carbon (C-2/23). The correlation of a methyl signal at δH 1.68 

(H-1/24) with a quaternary carbon signals at δC 131.25 (C-2/23), and a methine carbon 

signal at δC 124.3 (C-3/22) revealed that a methyl group was attached to a quaternary 

carbon (C-2/23). The fusion of one isoprene unit to the second unit in a squalene is head-

to-tail and tail-to-tail.124 The tail-to-tail linkage is supported by the chemical shift of C-

12/13 at δC 28.3 which shows it is located adjacent to an olefinic methin at C-11/14, and 

not to a methyl group at this position in head-to-tail linkage, it is observed that the chemical 

shift of the head of an isoprene which is adjacent to the methyl at δC 39.8 (C-5/20) and  δC 

39.8 (C- 9/16) were attached to upfield shift carbon of the tail of an isoprene at δC 25.7 

(1/24), δC 26.8 (4/21), δC 26.7 (8/17) and δC 28.3 (12/13).125 On the basis of above 

assignments and the literature126-127 reported the structure of this sesquiterpene 

hydrocarbon was established as (E)-2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-

tetracosahexaene and was designated as squalene. 
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3.1.2.2 Characterization of Compound 78 

 

78 

Compound 78 was isolated as a red powder with a melting point of 177-178 C. The 

compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 

with the Rf value of 0.39 in Cy (100%). Colour of the compound indicates a highly 

conjugated system characteristic of a carotenoid.128 The IR spectrum revealed the presence 

of double bond CH stretching at 2923.56 cm-1, and aliphatic C-H stretching at 2854.13 cm-

1, and aliphatic C = C stretching at 1640.8 cm-1. The positive ion TOF-ESI-MS of 78 

(Appendix 15) showed a fragment ion peak [M-332.769+H]+ at m/z 203.1051 corresponds 

to a known fragment, C15H22, of the proposed compound 78.129 

 

Table 3: 1H-and 13C-NMR data for compound 77 

 
 

Position 

77 
1H-NMR (400 MHz, CDCl3) 

13C-NMR (101 MHz,  CDCl3) 

Lit.126-127 
1H-NMR (300 MHz,  CDCl3) 
13C-NMR (75 MHz,  CDCl3) 

 δc δH δc δH 
1/24 25.7 1.68 (s, 6H) 25.7 1.68 (s) 
2/23 131.2 - 131.2 - 
3/22 124.3 5.14 (d, J = 6.2 Hz, 1H) 124.2 5.11(t) 
4/21 26.8 2.07 (m, 2H) 26.8 2.07 (m) 
5/20 39.8 1.98 (m, 2H) 39.8 1.98 (m) 
6/19 134.9 - 134.8 - 
7/18 124.4 5.10 (m, 1H) 124.4 5.11(m) 
8/17 26.7 2.07 (m, 2H) 26.6 2.07 (m) 
9/16 39.8 1.98 (m, 2H) 39.7 1.98 (m) 

10/15 135.1 - 135.0 - 
11/14 124.3 5.10 (m, 1H) 124.3 5.11( m) 
12/13 28.3 2.02 (d, J = 6.8 Hz, 2H) 28.3 2.01 (dd, J,  6.8, 3.3) 
25/30 17.7 1.60 (s, 6H) 17.6 1.60 (s) 
26/29 16.0 1.60 (s, 6H) 16.0 1.60 (s) 
27/28 16.1 1.60 (s, 6H) 16.0 1.60 (s) 
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Table 4: 1H- and 13C-NMR data for compound 78 

 
 

Position 

78 
1H-NMR (400 MHz, CDCl3) 

13C-NMR (101 MHz,  CDCl3) 

Lit.133 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (100 MHz, CDCl3) 

 δc δH δc δH 
1, 1′ 34.2 - 34.3 - 
2, 2′ 39.6 1.45 (dd, J = 16.0, 5.7 Hz, 

4H) 
39.7 1.46 (dd, J = 3.6, 6.0 Hz, 4H) 

3, 3′ 19.3 1.62 (m, 4H) 19.3 1.6 (4H) 
4, 4′ 33.1 2.03 (d, J = 6.4 Hz, 4H) 33.1 2.02 (t, J = 6.4 Hz, 4H) 
5, 5′ 129.4 - 129.4 - 
6, 6′ 137.9 - 137.9 - 
7, 7′ 126.7 6.16 (m, 2H) 126.7 6.18 (2H) 
8, 8′ 137.8 6.11 (m, 2H) 137.8 6.14 (2H) 
9, 9′ 136.0 - 136.0 - 

10, 10′ 132.4 6.25 (m, 1H);6.27 (m, 1H) 132.4 6.22;6.26 (2H) 
11, 11′ 129.9 6.17 (d, J = 7.0 Hz, 2H) 130.0 6.61 (2H) 
12,12′ 137.2 6.37 (d, J = 14.9 Hz, 2H) 137.2 6.35 (d, J = 14.8 Hz, 2H) 
13, 13′ 136.5 - 136.5 - 
14, 14′ 130.8 6.27 (d, J = 8.3 Hz, 2H) 130.9 6.12 (2H) 
15, 15′ 125.0 6.65 (d, J = 10.3 Hz, 2H) 125.0 6.65 (2H) 
16, 16′ 29.0 1.04 (s, 6H) 29.0 1.03 (s, 6H) 
17, 17′ 28.9 1.04 (s, 6H) 28.9 1.03 (s, 6H) 
18, 18′ 21.8;21

.9 
1.74 (s, 6H) 21.7;2

1.8 
1.72;1.713 (s, 6H) 

19, 19′ 12.8 1.99 (s, 6H) 12.83 1.97 (s, 6H) 
20, 20′ 12.8 1.99 (s, 6H) 12.78 1.97 (s, 6H) 

The 1H-NMR spectrum (Table 4 and Appendix 8) of 78 showed the presence of fourteen 

olefinic methine proton signals in a conjugated system at δH 6.12 (m, 2H-8/ 8′), 6.16 (m, 

2H-7/7′),  6.17 (d, J = 7.0 Hz, 3H-11/11′), 6.25 (m, 6H-10′), 6.27 (m, 1H-14/14′),  6.27 (m, 

6H-10), 6.37 (d, J = 14.9 Hz, 1H-12/12′), and 6.65 (d, J = 10.3 Hz, 2H-15/15′) and ten 

methyl singlets protons at δH 1.04 (6H-16/16′), 1.04 (6H-17/17′), 1.74 (3H-18/18′), and 

1.99 (6H-19/19′, 20/20′). 13C-NMR (Appendix 9) and DEPT-135 spectral data (Table 4 

and Appendix 10) showed resonances for twenty-one carbons which were attributed to 

seven olefinic methine carbons signals at δC 137.8 (C-8/8′), 137.2 (C-12/12′), 132.4 (C-

10/10′), 130.8 (C-14/14′), 129.9 (C-11/11′), 126.7 (C-7/7′), and 125.0 (C-15/15′), a ten 

quaternary carbon signals δC 136.5 (C-13/13′), 136.0 (C-9/9′), 129.4 (C-5/5′), 34.2 (C-1/1′), 

and 29.0 (C-16/16′), three methylene carbons signals at δC 39.6 (C-2/2′), 33.11 (C-4/4′), 

and 19.3 (C-3/3′), and five methyl carbons signals δC 29.0 (C-16/16′), 28.9 (C-17/17′), 

21.81/21.9 (C-18/18′′), 12.8 (C-19/19′), and 12.8 (C-20/20′). Since many carotenoids are 
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symmetrical both in the aliphatic and olefinic regions, most of the carbon resonances are 

also overlapping.130-131 The 1H-1H COSY spectrum (Appendix 11) of 78 showed 

correlations for four spin systems: H-2/H-3/H-4 and H-2'/H-3'/H-4', H-7/H-8 and H-7'/H-

8', H-10/H-l1/H-12 and H-10'/H-11'/H-12', and H-14/H-15 and H-14'/H-15'. In the COSY 

spectrum, the methyl protons signals (H-19 and H-20) correlated with proton signals trans 

to the methyl group (H-10, and H-14), but not to protons in a single bonds trans position 

(H-8 and H-12) are the characteristics of carotenoids132. In HSQC spectra (Table 4 and 

Appendix 12), a methylene proton signal at δH 1.45 (dd, J = 16.0, 5.7 Hz, 4H) correlated with 

a carbon signal at δC 39.6 (C-2, 2′). The signal at δH 1.62 (m, 4H) correlated with carbon 

signal at δC 19.3 (C-3, 3′). A methylene proton signal at δH 2.03 (d, J = 6.4 Hz, 4H) correlated 

with a carbon signal at δC 33.1 (C-4, 4′), a proton signal at δH 6.16 (m, 2H) correlated with 

carbon signal at δC 126.7 (C-7, 7′), and a proton signal at δH 6.25 (m, 1H) and 6.27 (m, 1H) 

correlated with a carbon signal at δC 132.4 (C-10, 10′). A methine proton signal at δH 6.17 

(d, J = 7.0 Hz, 2H) correlated with a carbon signal at δC 129.9 (C-11, 11′), a proton signal at 

δH 6.37 (d, J = 14.9 Hz, 2H) correlated with carbon signal at δC 137.2 (C-12,12′), a proton 

signal at δH 6.27 (d, J = 8.3 Hz, 2H) correlated with a carbon signal at δC 130.8 (C-14, 14′). 

The methine proton signal at δH 6.65 (d, J = 10.3 Hz, 2H) correlated with carbon signal at δC 

125.0 (C-15, 15′). The HMBC spectrum of 78 showed correlations of H-16/17 with C-1, C-

2 and C-6, indicated the two methyl groups of C-16/17 were attached to C-1. The methyl 

proton (H-19/19′) signal at δH 1.99 showed HMBC correlation with the quaternary carbon 

at δC 136.0 (C-9/9′) and the two methin protons at δC 137.8 (C-8/8′) and δC 132.4 (C-10/10). 

Similarly, HMBC spectrum (Appendix 13) showed correlations of the methyl proton signal 

of H-20/20′ at δH 1.99 with the quaternary carbon signal at δC 136.5 (C-13/13′) and the two 

methin carbon sinals at δC 137.2 (C-12/12′) and δC 130.8 (C-14/14′) which revealed that a 

methyl was attached to C-13. The relative stereochemistry of 78 was obtained from the 

NOESY spectrum (Appendix 14). Since there are no chiral centers in the structure of 78, 

the NOESY spectrum was used to confirm the trans configuration of the olefinic protons 

located in the acyclic part of the molecule and also verified the assignments of the methyl 

groups in the cyclic system of the molecule. The following are the NOESY correlations 

that were observed: H-17/H-7/H-19/H-1l/H-20/H-15 were found on the same side of the 

molecule and H-18/H-8 were on the opposite side of the molecule. In summary, NMR 
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spectral data (Table 4) of compound 78 revealed a very close agreement with the reported 

literature data.133 Therefore, compound 78 was identified as β-carotene. 

3.1.2.3 Characterization of Compound 79 

 

79 

Compound 79 was isolated as a dark bluish waxy with a melting point of 115-117 C. The 

compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 

with the Rf value of 0.53 in CHCl3 (100%). The IR spectrum showed a broad band signal 

for N-H bond stretching at 3461.6 cm-1, aliphatic C-H stretching at 2918.6 cm-1 and 2847 

cm-1, C=O stretching of ester at 1738 cm-1, and a medium C=N stretching at 1644.6 cm-1. 
1H-NMR spectrum (Table 5 and Appendix 16) of compound 79 showed the presence of 

eleven methyls, fourteen methylenes, and eleven methines. The three singlet signals at δH 

9.54 (H-β), 9.39 (H-α) and 8.67 (H-δ) were indicative of the presence of the porphyrin unit 

of olefinic methine protons bridging the pyrrole ring. The methine assignments for methyl 

pheophorbide a are based on the considerations that the proton lies between a pyrrole and 

a pyrroline ring and should, therefore, be the most shielded methine proton and that the β 

methine proton, because of its proximity to the keto carbonyl group is more strongly 
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deshielded than the α proton.134 Also, the three methyl signals at δH 3.72 (s, 3H-5a), 3.25 

(s, 3H-3a) and 3.41 (s, 3H-1a) corresponds to substituents attached to the pyrrole ring of 

the porphyrin unit, these proton siganls are highly dishielded due the ring current effect.134  

The proton signals at δH 4.50 (m, 2H-P1) and δH 5.17 (m, 1H-P2) could be attributed to the 

oxymethylene protons of ester and olefinic methin of the phytyl group, respectively. The 

signals at δH 1.59 (s, 3H), 0.82 (m, 3H), 0.82 (m, 3H) and 0.83 (m, 3H) were assigned to 

the four methyl substituents at P3a, P7a, P11a, and P15a, respectively, for phytol group. 

The multiplet signals at δH 1.24 to 1.36 was assigned to the methylene protons of phytol 

group. The remaining signal at δH 1.92 could be attributed to methylene protons labeled to 

P4. The 13C-NMR Spectrum (Table 5 and Appendix 17) showed 55 carbon signals which 

were attributed two carbonyl signals at δC 173.0 (C-7c) and 169.6 (C-10a), a cyclic ketone 

carbon signal at δc 189.7 (C-9), one oxymethylene carbon signal at δC 61.5 (C-P1), eleven 

methine carbons signal at δC 129.1 (C-2a), 97.5 (C-α), 104.5 (C-β), 64.7 (C-10), 51.7 (C-

7), 50.2 (C-8), 93.4 (C-δ), 117.7 (C-P2), 32.6 (C-P7), 32.8 (C-P11), and 32.8 (C-P11) of 

which seven methine carbons were found in the pheophorbide moiety and four in the phytyl 

side chain of 79. The four methylene carbon signals at δC 19.5 (C-4a), 31.2 (C-7a), 29.8 

(C-7b) and 122.9 (C-2b) were in the pheophorbide moiety and ten methylene carbon 

signals at δC 61.5 (C-P1), 39.8 (C-P4), 25.0 (C-P5), 36.6(C-P6), 37.3(C-P8), 24.4(C-P9), 

37.4 (C-P10), 37.3 (C-P12), 24.8 (C-P13), and 39.4 (C-P14) were in the phytyl side chain. 

The olefinic methine (=CH) carbon signals at δC 104.5 (C-β), 97.5 (C-α) and 93.4 (C-δ), 

and methine carbon signals at δC 51.9 (C-7) and 50.4 (C-8) are the characterstic of the 

presence of porphyrin moiety.135 The oxymethylene carbon signals at δC 61.5 (C-P1) and 

olefinic carbon signal at δC 117.7 (C-P2) were in the phytyl group moiety. HSQC spectrum 

(Table 5 and Appendix 19) showed singlet methine proton signal at δH 9.54, 9.39, and 8.67 

correlated with the carbon signals at δC 104.5 (C-β), 97.5 (C-α), and 93.4 (C-δ) in porphyrin 

unit, respectively, the three singlet methyl proton signals at δH 3.7, 3.4, and 3.2 correlated 

with the carbon signals at δC 12.1 (C-5a), 12.2 (C-1a), and 11.3 (C-3a) in pyrrole ring, 

respectively, a methylene proton at δH 6.2 and 6.3 correlated with C-2b at δc 122.9, a 

methine proton at δC 8.0 correlated with C-2a at δC 129.1, a methoxy proton at δH 3.50 

correlated with C-10b at δC 52.9 indicated a methoxy group was attached to carbonyl 

carbon. Based on HMBC Spectrum (Table 5 and Appendix 20), the triplet signal at δH 8.05 
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(H-2a) showed a strong correlation with the olefinic methylene carbon signal at δC 122.9 

(C-2b) and 136.3 (C-2). In comparison, the doublet signal at δH 6.29 (1H2-2b) and 6.18 (H-

2b) showed a correlation to the olefinic methine carbon signal at δc 129.1 (C-2a), indicating 

the vinyl group (-CH=CH2) was attached to C-2. The methyl proton signal at δH 1.70 (H-

4b) showed a correlation with the methylene carbon signal at δC 19.5 (C-4a) and 145.2 (C-

4) indicating the ethyl group was attached to C-4. The methine proton signals at δH 4.25 

(H-7) and 4.50 (H-8) also correlated with C-17 through 2J and 3J coupling, respectively.  

The methyl proton signal at δH 1.80 (H-8a) connected to carbon signal at δC 51.9 (C-7) and 

δC 50.4 (C-8) through 3J and 2J coupling, respectively. Oxymethylene proton signal at δH 

4.50 (H-P1) correlated with the olefinic carbon signals at δC 117.7 (C-P2) and 173.0 (C-

7c), indicated the phytyl group was attached to ester group at C-7c. The methine proton 

signal at δH 6.3 (H-10) showed correlation with the carbon signal at δC 169.6 (C-10a) 

indicated an ester group was attached to C-10. All of the above data were similar to the 

literature data of pheophytin A137 which is well-known chlorophyll.  

Table 5: 1H- and 13C-NMR data for compound 79 

 
 

Position 

79 
1H-NMR (400 MHz, CDCl3) 

13C-NMR (101 MHz,  CDCl3) 

Lite.136 
1H-NMR (500 MHz, CDCl3) 
13C-NMR (125 MHz, CDCl3) 

 δc δH δc δH 
1 132.0 - 132.1 - 
2 136.3 - 136.4 - 
3 136.1 - 136.0 - 
4 145.2 - 145 - 
5 129.2 - 128.9 - 
6 129.3 - 130.1 - 
7 51.7 4.25 (m, 1H) 52.1 4.41 
8 50.2 4.50 (m, 1H) 50.8 4.46 
9 189.7 - 189.2 - 
10 64.7 6.31 (s, 1H) 66.4 6.26 
11 142.9 - 142.2 - 
12 136.6 - 136.5 - 
13 155.2 - 155.6 - 
14 151.1 - 151.4  
15 138.0 - 138.5 - 
16 149.8 - 149.9 - 
17 161.5 - 162.1 - 
18 172.4 - 172.8 - 
α 97.5 9.39 (s, 1H) 97.5 9.38 
β 104.5 9.54 (s, 1H) 104.4 9.52 
γ 105.4 - 106.8 - 
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δ 93.4 8.67 (s, 1H) 93.9 8.55 
1a 12.2 3.41 (s, 3H) 11.9 3.40 
2a 129.1 8.05 (dd, J = 17.8, 11.5 Hz, 1H) 129.7 8.00 
2b 122.9 6.29 (dt, J = 11.2, 1.7 Hz, 1H); 

6.18 (m, 2H) 
122.1 6.28/6.18 

3a 11.3 3.25 (d, J = 5.2 Hz, 3H) 10.8 3.23 
4a 19.5 3.71 (d, J = 11.3 Hz, 2H) 19.5 3.68 
4b 17.4 1.70 (td, J = 7.6, 4.9 Hz, 3H) 17.4 1.69 
5a 12.1 3.72 (s, 3H) 11.7 3.68 
7a 31.2 2.19 (m, 2H) 31.7 2.63 
7b 29.8 2.35 (m, 1H); 

1.27 (m, 1H) 
30.2 2.26 

7c 173.0 - 172.9  
8a 23.1 1.8 (d, J = 7.3 Hz, 3H) 23.3 1.80 
10a 169.6 - 169.9  
10b 52.9 3.50 (s, 3H) 52.5 3.88 
P1 61.5 4.5 (m, 2H) 61.4 4.50 
P2 117.7 5.17 (m, 1H) 119.5 5.13 
P3 142.1 - 142.2  
P3a 16.3 1.59 (m, 3H) 16.2 1.56 
P4 39.8 1.92 (dt, J = 10.8, 5.4 Hz, 2H) 40.5 1.90 
P5 25.0 1.24-1.36 (m, 2H) 25.8 1.0-1.3 
P6 36.6 1.24-1.36 (m, 2H) 37.4 1.0-1.3 
P7 32.6 1.24-1.36 (m, 1H) 33.5 1.0-1.3 
P7a 19.7 0.82 (m, 3H) 19.9 0.85 
P8 37.3 1.24-1.36 (m, 2H) 38.1 1.0-1.3 
P9 24.4 1.24-1.36 (m, 2H) 25.2 1.0-1.3 

P10 37.4 1.24-1.36 (m, 2H) 38.1 1.0-1.3 
P11 32.8 1.24-1.36 (m, 1H) 33.6 1.0-1.3 
P11a 19.7 0.82 (m, 3H) 19.9 0.85 
P12 37.3 1.24-1.36 (m, 2H) 38.1 1.0-1.3 
P13 24.8 1.24-1.36 (m, 2H) 25.6 1.0-1.3 
P14 39.4 1.24-1.36 (m, 2H) 40.2 1.0-1.3 
P15 28.0 1.24-1.36 (m, 1H) 28.8 1.0-1.3 
P15a 22.6 0.83 (m, 3H) 22.9 0.80 
P16 22.7 0.87 (m, 3H) 23.0 1.0-1.3 
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3.1.2.4 Characterization of Compound 80 

 

80 

Compound 80 was isolated as a white powder with a melting point of 133-134 C. The 
compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 
with the Rf value of 0.46 in CHCl3:MeOH (1:0.1).  The IR spectrum revealed the presence 
of O-H stretching at 3436.34 cm-1, aliphatic C-H stretching at 2918.2 cm-1 and  2851.4 cm-

1, and C=C cyclic alkene stretching at 1639.32 cm-1. The molecular formula was 
established as C29H50O by the sodiated-molecular-ion peak in the TOF-ESI-MS (Appendix 
30) at m/z 472.6723 [M+CH3OH+Na+3H]4+ (calcd for C30H57O2Na, 472.7067).  1H-NMR 
spectrum (Table 6 and Appendix 23) revealed the presence of six methyl signals, two of 
which appeared as angular methyl singlets at δH 0.68 (H-18) and 1.00 (H-19), three methyl 
doublet proton signals at δH 0.93 (d, J = 6.5 Hz, 3H-21), 0.82 (d, J = 7.6 Hz, 3H-27), and 
0.80 (d, J = 6.3 Hz, 3H-26), and a methyl triplet proton signal at position δH 0.84 (d, J = 
6.5 Hz, 3H-29). One olefinic proton signal was also detected in 1H-NMR spectra at δH 5.34 
(dd, J = 5.1, 2.6 Hz, H-6). In 1H-NMR spectrum, a triplet of triplet at δH 3.53 was assigned 
to an oxymethine proton (H-3). 13C-NMR (Table 6 and Appendix 24) and DEPT-135 
spectra (Table 6 and Appendix 25) showed the presence of 29 carbon signals which were 
attributed to six methyls, eleven methylenes, nine methines, and three quaternary carbons. 
The signals at δC 140.8 (C-5) and 121.7 (C-6) were indicative of the presence of a double 
bond. The carbon signals at δC 19.2 and 12.1 were assigned to angular methyl carbons. The 
carbon signal at δC 71.8 could be attributed to oxymethine carbon of C-3. The COSY 
spectrum (Appendix 26) showed a triplet of triplet signal at δH 3.53 (tt, J = 10.7, 4.7 Hz, 
1H-3) correlated with a proton signal at δH 2.22 (H-4). Olefinic methine proton signal at 
δH 5.35 (dd, J = 5.1, 2.6 Hz, H-6) was coupled with the proton signal at δH 1.98 (H-7). A 
proton signal of methyl at δH 0.93 (d, J = 6.5 Hz, 3H-21) correlated with a methine proton 
signal at δH 1.36 (m, 1H-20). In COSY spectrum, proton signals at δH 0.82 (d, J = 7.6 Hz, 
3H-27) and δH 0.80 (d, J = 2.3 Hz, 3H-26) correlated with a methine proton signal at δH 
1.65 (H-25). A signal at δH 0.84 (H-29) correlated with a methylene proton at δH 1.26 (m, 
2H-28). HSQC spectrum (Appendix 27) showed an oxymethin proton signal at δH 3.53 
(1H-3) correlated with a carbon signal at δC 71.58 (C-3). The signal at δH 5.34 (dd, J = 5.1, 
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2.6 Hz, 1H) correlated with carbon signal at δC 121.7 (C-6). A methyl proton signal at δH 
0.93 (d, J = 6.5 Hz, 3H) correlated with a carbon signals at δC 18.9 (C-21), a proton signal 
at δH 0.80 (d, J = 6.3 Hz, 3H) correlated with carbon signal at δC 19.4 (C-26), and a proton 
signal at δH 0.82 (d, J = 6.5 Hz, 3H) correlated with a carbon signal at δC 19.9 (C-27). The 
two singlet signals at δH 1.00 (s, 3H-19) and 0.68 (s, 3H-18) correlated with angular methyl 
carbon signals at δC 19.2 (C-19) and 11.8 (C-18), respectively. A proton signal at δH 0.84 
(d, J = 6.5 Hz, 3H) correlated with carbon signal at δC 11.8 (C-29). The HMBC Spectrum 
(Appendix 28) of compound 80 showed that the oxymethin proton at δH 3.53 (1H-3) 
correlated with methylene carbons at δC 42.4 (C-4) and δC 31.7 (C-2), indicated the 
hydroxyl group was linked to C-3. The doublet proton signal at δH 5.35 (H-6) correlated 
with the methylene carbon signal at δC 42.4 (C-4), methylene carbon signal at δC 31.8 (C-
7) and  methine carbon signal at δC 36.5 (C-10), similarly, a carbon signal at δC 140.8 (C-
5) correlated with H-4 at δH 2.27 (m, 1H ), and  δH 0.93 (m, H-9) indicated the double bond 
was attached to C-7, C-4, and C-10. The protons singlet signal at δH 1.00 (3H-19) showed 
correlation with the carbon signals at δC 37.3 (C-1), 36.5 (C-10), 50.2 (C-9), and 140.8 (C-
5) indicated the angular methyl proton was attached to C-20. The protons singlet signal at 
δH 0.68 (H-18) showed correlation to the carbon signals at δC 39.5 (C-12), 42.4 (C-13), 
56.8 (C-14), and 56.0 (C-17) confirmed the connection of the angular methyl group to C-
13. A doublet methyl proton signal at δH 0.80 (H-26) correlated with C-25 at δC 29.2 and 
C-24 at δC 45.7 and C-27 at δC 19.9. Similarly, a doublet methyl proton signal at δH 0.82 
(H-27) correlated with C-25 at δC 29.2 and C-24 at δC 45.7 and C-26 at δC 19.4. Thus, the 
two methyl protons shared the same carbon atom (C-25), indicated the two methyl groups 
were attached to C-25. The location of the isopropyl group was deduced using the 
correlations between C-24 with H-28 and H-29. Comparison of the above spectral data of 
80 with those reported in the literature137 for β-sitosterol revealed a very close resemblance. 

Table 6: 1H- and 13C-NMR data for compound 80 

 
 

Position 

80 
1H-NMR (600 MHz, DMSO-d6) 
13C-NMR (151 MHz, DMSO-d6) 

Lite.137 
1H-NMR (300 MHz,  CDCl3) 
13C-NMR (100 MHz,  CDCl3) 

 δc δH δc δH 
1 37.3 1.07 (m, 1H); 

1.83 (m, 1H) 
37.2 1.08 (m, 1H); 

1.83 (m, 1H) 
2 31.7 1.48 (m, 1H);1.80 (m, 1H) 31.6 1.49 (m, 1H); 1.82 (m, 

1H) 
3 71.8 3.53 (tt, J = 10.7, 4.7 Hz, 1H) 71.8 3.53 (m, 1H) 
4 42.4 2.22 (m, 1H);2.27 (m, 1H) 42.27 2.24 (m, 1H);2.28 (m, 

1H) 
5 140.8 - 140.7  
6 121.7 5.35 (dd, J = 5.1, 2.6 Hz, 1H) 121.7 5.35 ( J = 4.7 Hz) 
7 31.8 1.57 (m, 1H);1.98 (m, 1H) 31.9 1.59 (m, 1H);1.98 (m, 

1H) 
8 31.8 1.48 (m, 1H) 31.9 1.49 (m, 1H) 
9 50.2 0.93 (m, 1H) 50.1 0.94 (m, 1H) 
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10 36.5 - 36.5 - 
11 21.2 1.48 (m, 1H); 

1.50 (m, 1H) 
21.06 1.45 (m, 1H2); 

1.48 (m, 1H2) 
12 39.5 2.00 (m, 1H); 

1.15 (m, 1H) 
39.8 1.15 (m, 1H); 

1.97 (m, 1H) 
13 42.4 - 42.19 - 
14 56.8 1.07 (m, 1H) 56.7 1.03 (m, 1H) 
15 24.4 1.55 ( d, J = 6.5 Hz, 1H); 

1.01 (m, 1H) 
24.3 1.05 (m, 1H); 

1.55 (m, 1H) 
16 27.9 1.86 ( m, 1H);1.27 (m,1H) 28.2 1.24 (m, 1H) 
17 56.0 1.11 (m, 1H) 56.0 1.13 (m, 1H) 
18 12.0 0.68 (s, 3H) 11.97 0.68 (s, 3H) 
19 19.2 1.00 (s, 3H) 19.4 1.01(s, 3H) 
20 36.2 1.36 (m, 1H) 36.1 1.36 (m, 1H) 
21 18.9 0.93 (d, J = 6.5 Hz, 3H) 18.8 0.94 (d, 3H) 
22 33.9 1.37 (m, 1H);1.05 (m, 1H) 33.9 1.32 (m, 2H) 
23 26.0 1.14 (m, 2H) 26.0 1.15 (m, 2H) 
24 45.7 0.92 (m, 1H) 45.8 0.93 (m, 1H) 
25 29.2 1.65  (m, 1H) 29.1 1.65 (m, 1H) 
26 19.4 0.80 (d, J = 6.3 Hz, 3H) 19.02 0.82 ( J = 6.3 Hz, 3H) 
27 19.9 0.82 (d, J = 6.5 Hz, 3H) 19.8 0.83 ( J = 6.1 Hz, 3H) 
28 22.8 1.26 (m, 2H) 23.0 1.22 (m, 3H) 
29 11.8 0.84 (d, J = 6.5 Hz, 3H) 11.8 0.85 (m, 3H) 

3.2 Phytochemical Invesigation of the Stem Barks of Myrica salicifolia  

The stem barks of M. salicifolia was collected from Debresina, Northern Shewa, Amhara 

region, 192 km from Addis Ababa, Ethiopia, in July 2020 by Dr. Mekonnen Abebayehu. 

The plant specimens were identified by Mr. Melaku Wendafrash, Addis Ababa University, 

Ethiopia. A voucher specimen of the plant material has been deposited in the National 

Herbarium, Addis Ababa University, with a voucher specimen number of MA/2007/12. 

Phytochemical analysis of the plant extract resulted in the isolation of nine compounds, 

namely, myricanone (28), myricanol (29), myricanol-11-O-β-D-xylopyranoside (32), 

taraxerone (81), taraxerol (82), myricadiol (83), 3β-O-trans-caffeoylisomyricadiol (84), 

methyl-β-D-glucopyranoside (85) and contortamide (86). Antibacterial activities and 

DPPH radical scavenging activities of the isolated compounds were also determined in this 

study. The compounds showed a wide range of DPPH scavenging activities from very 

weak (IC50 value = 282.61 μM) to very strong (IC50 = 13.48 μM). Antibacterial activities 

of the compounds were evaluated using the disk diffusion agar method, where some of the 

compounds showed modest antibacterial activities against S. pyogenes and S. aureus at 
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250 μg/mL. The phytochemical investigation on the stem barks of M. salicifolia is 

discussed in the following sections. 

3.2.1 Characterization of Compounds Isolated from the Stem Barks of Myrica 

salicifolia 

3.2.1.1 Characterization of Compound 28 

 

28 

Compound 28 was isolated as a white powder with the melting point of 193-195 C. The 
compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 
with the Rf  value of 0.81 in CHCl3:EtOAc (1:0.5). The IR spectrum revealed the presence 
of O-H stretching at 3369.8 cm-1, C-H stretching at 2924.2 cm-1 and 2855.6 cm-1, aliphatic 
ketone, C=O stretching at 1704.2 cm-1, and C=C stretching at 1614.8 cm-1. The molecular 
formula was established as C21H24O5 by the sodiated-molecular-ion peak in the HPLC-
ESI-MS (Appendix 37) at m/z 379.1516 for [M+Na]+ (calcd for C21H24O5Na, 379.1516). 
The 1H-NMR spectrum (Table 7 and Appendix 32) of the aromatic region confirmed the 
presence of four aromatic protons, with a singlet signal at δH 6.31 (H-19) and three mutually 
coupled proton signals at δH 6.95 (H-15), 6.72 (H-16), and 6.51 (H-18), indicating the 
presence of one proton in one of the aromatic ring and three in 1,2,4-relative positions in 
the other aromatic ring. Additionally, four deshielded carbon signals at δC 140.4 (C-4), 
148.5 (C-3), 149.1 (C-5), and 152.7 (C-17) were indicative of the the presence of 
oxygenated aromatic carbons. Three aromatic proton signals were observed as an ABX 
system at 6.95 (dd, J = 8.2, 2.4 Hz, H-15), 6.72 (d, J = 8.2 Hz, H-16), and 6.51 (d, J = 2.5 
Hz, H-18) in the 1H-NMR spectra. The presence of two methoxy groups was deduced from 
the 1H-NMR spectra at δH 3.76 (3H-21) and 3.74 (3H-20), and the 13C-NMR spectrum at 
δC 60.9 (C-21) and 60.5 (C-20). The 13C-NMR (Table 7 and Appendix 32) spectrum 
revealed 21 carbon signals due to two methyls, six methylenes, four methines, and eight 
quaternary carbon signals, as well as the typical peaks of a carbonyl carbon and twelve 
aromatic carbons (Table 7). The HMBC (Appendix 36) showed a correlation between the 
deshielded methoxyl proton signals at δH 3.74 (H-20) and δH 3.76 (H-21) and the aromatic 
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carbon signals at δC 148.5 (C-3) and 140.3 (C-4), respectively, indicative of a di-ortho-
substitution. The HMBC spectrum (Appendix 36) reveled OH-protons signals at δH 8.87 
and δH 8.62 correlated with carbon signal at δC 149.1 (C-5) and at δC 152.7 (C-17), 
respectively, indicated the two OH groups were attaced to the phenol ring. The two 
hydroxy groups were resonating highly down field than expected since it forms an 
intramolecular hydrogen bond with the methoxy groups in the compound structure.138  

Table 7: 1H-and 13C-NMR data for compound 28 

 
 

Position 

28 
1H-NMR (600 MHz, DMSO) 
13C-NMR (151 MHz, DMSO) 

Lit.139 
1H-NMR (400 MHz,  CDCl3) 
13C-NMR (100 MHz,  CDCl3) 

 δc δH δc δH 
1 126.9 - 125.5 - 
2 122.8 - 123.3 - 
3 148.5 - 146.1 - 

4 140.4 - 138.8 - 
5 149.1 - 147.9 - 
6 122.3 - 123.1 - 
7 27.2 2.56 (m, 2H) 26.9 2.72, m 
8 24.5 1.78 (m, 2H) 24.6 1.95, m 
9 21.8 1.58 (m, 2H) 21.9 1.85, m 
10 45.9 2.66 (t, J = 7.2, 2H) 46.2 2.75, m 
11 213.8 - 213.5  
12 42.4 2.73 (m, 2H) 42.6 2.78, m 
13 28.8 2.82 (m, 2H) 29.0 3.02, m 
14 131.4 - 132.4 - 
15 128.3 6.95 (dd, J = 8.2, 2.4 Hz, 1H) 129.0 7.06 (dd, J = 8.0, 2.0 Hz, 1H) 
16 115.9 6.72 (d, J = 8.2 Hz, 1H) 117.0 6.88 (d, J = 8.0 Hz, 1H) 
17 152.7 - 151.8 - 
18 133.5 6.51 (d, J = 2.5 Hz, 1H) 132.5 6.75 (d, J = 2.0 Hz, 1H) 
19 129.1 6.31 (s, 1H) 129.0 6.61,s 
20 60.5 3.74 (s, 3H) 61.5 5.83,s 
21 60. 9 3.76 (s, 3H) 61.5 7.63,s 

 

The COSY spectra (Appendix 34) showed correlations of protons H-7/H-8/H-9/H-10 and 

H-12/H-13 which confirmed the presence of alphatic moiety. The HMBC (Appendix 36) 

spectrum of 28 showed correlations of the methylene proton signals of  H-9, H-10, H-12, 

and H-13 with carbon signal of C-11 revealed that C-10 and C-12 were connected through 

a C=O group at C-11. The HMBC spectrum showed correlation between a methylene 

proton signal δH 2.56 (H-7) and aromatic carbon signals δC 149.1 (C-5), 122.3 (C-6), and 

129.1 (C-19), and correlation between a methylene proton signal δH 2.82 (H-13) and 

aromatic carbon signals δC 128.3 (C-15), and 131.4 (C-14) indicated the aliphatic chain 
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were link to the diphenyl moiety. Consequently, compound 28 was determined as 

myricanone by comparison of these data (Table 7) and the literature data.139 

3.2.1.2 Characterization of Compound 29 

HO

OH

H3CO

H3CO

HO 1

2
4 6

11

1416

19
9

 

29 

Compound 29 was isolated as an amorphous white powder with a melting point of 102-
110 C. The compound gave a dark blue spots on TLC with cerium ammonium molybdate 
spraying with the Rf value of 0.50 in CHCl3:EtOAc (1:0.5). The IR spectrum of compound 
29 revealed the presence of a broad O-H stretch at 3369.8 cm-1, C-H stretching of the 
aliphatic chain at 2924.2 cm-1 and 2855.6 cm-1, and C=C stretching of aromatic at 1610.8 
cm-1-1444.0 cm-1. The molecular formula, C21H26O5, was determined from HPLC-ESI-MS 
(Appendix 44) at m/z 381.1670 for [M+Na]+ (calcd for C21H26O5Na, 381.1672). The 1H-
NMR spectrum (Table 8 and Appendix 38) of compound 29 was very similar to that of 28, 
except the aliphatic side chain contained OH at C-11. This observation was supported by a 
methine proton signal at δH 3.98 could be attributed to C-11 (δC 67.1). The 13C-NMR 
(Appendix 39) and DEPT spectra (Appendix 41) revealed 21 carbon signals due to two 
methyl, six methylene, five methine, and eight quaternary carbon signals, as well as the 
typical peaks of an oxymethine group and twelve aromatic carbons.  
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Table 8: 1H-and 13C-NMR data for compound 29 

Position 29 
1H-NMR (600 MHz, Acetone) 
13C-NMR (151 MHz, Acetone) 

Lit.140 
1H-NMR (400 MHz,  CDCl3) 
13C-NMR (100 MHz,  CDCl3) 

 δC δH δC δH 
1 124.8 - 124.7 - 
2 122.7 - 123.4 - 
3 146.6 - 145.9 - 
4 139.4 - 138.7 - 
5 148.8  147.7 - 
6 122.9 - 122.6 - 
7 25.5 2.54 (m, 1H); 2.78 (m, 1H) 

- 
25.4 2.56;2.81 

8 25.8 1.91 (m, 1H);1.98 (m, 1H) 25.8 1.89-1.99 
9 22.9 1.50 (m, 1H);1.68 (m, 1H) 22.9 1.50-1.62;1.63-1.77 

10 39.5 1.54 (dd, J = 13.6, 11.5 Hz, 1H); 
1.83 (m, 1H) 

39.4 1.50-1.62;1.89-1.99 

11 67.1 3.98 (m, 1H) 68.6 4.10 
12 36.7 1.67 (m, 1H);2.30 (m, 1H) 34.7 1.63-1.77;2.35 
13 26.7 2.81 (d,  J = 4.7 Hz, 1H); 

2.91 (m, 1H) 
26.9 2.93 

14 130.8 - 130.7 - 
15 129.5 7.05 (dd,  J = 8.2, 2.4 Hz, 1H) 129.9 7.10 
16 116.2 6.8 (d, J = 8.2) 116.8 6.92 
17 151.5 - 151.4 - 
18 133.3 7.22 (m, 1H) 133.1 7.19 
19 129.0 6.91 (s, 1H) 129.4 6.92 
20 60.8 3.89, (s, 3H) 61.4 3.89 
21 60.6 3.91 (s, 3H) 61.4 4.01 

The 1H-1H correlation spectroscopy (COSY) spectrum (Appendix 41) showed correlation 

between H-7 and H-8, H-8/H-9/H-10, H-11/H-12 and H-13 for alphatic chain, and a proton 

signal of H-15 correlated with proton signals of H-16 and H-18 indicated the presence of 

1,3,4-trisubstituted benzene ring. The 13C-NMR data (Table 8 and Appendix 39) were 

similar to those of compound 28, except for position 11. In contrast, the carbonyl group at 

C-11 (δC 213.8) in 28 was replaced by a hydroxyl group (δC 67.1). As a result of the long-

range coupling between the proton signal of H-15 and H-18, a weak cross-peak was also 

notice. In the HMBC spectrum (Appendix 43) of 29, correlation between proton signal of 

H-7 and carbon signal of C-19, C-8, and C-9, and correlation between proton signal of H-

13 and carbon signals of C-18, C-14, and C-15, indicated alkyl chain was attached benzene 

rings. A connection between carbon signal of C-4 and proton signal of H-20, and carbon 

signal of C-5 and proton signal of H-21 in the HMBC showed where the methoxyl groups 
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were located. Furthermore, HMBC showed correlation of oxymethine proton signal at δH 

3.98 with carbon signal of C-10 and C-12 indicated the hydroxyl group was attached to C-

11. As a result, compound 29 was identified as myricanol by comparison of these data 

(Table 8) and those found in the literature.140 

3.2.1.3 Characterization of Compound 32 

 

32 

Compound 32 was isolated as an amorphous white powder with a melting point of 231-

232 C. The compound gave a dark blue spots on TLC with cerium ammonium molybdate 

spraying with the Rf value of 0.54 in CHCl3:MeOH (1:0.15). The IR spectrum of compound 

32 revealed a broad absorption band of O-H stretching at 3390.8 cm-1, C-H stretching at 

2927.8 cm-1 and 2849.6 cm-1, C-C stretching of aromatics at 1501.8 cm-1-1406.2 cm-1, and 

C-O-C stretching of aromatic methoxy at 1352.6 cm-1 and 1235.8 cm-1. The molecular 

formula was established to be C26H34O9 from HPLC-ESI-MS (Appendix 52) at m/z 

513.2095 for [M+Na]+ (calcd for C26H34O9Na, 513.2095). The 1H and 13C-NMR spectra 

(Appendix 45 and Appendix 46) of compound 32 were similar to those of compound 29, 

except for an additional sugar moiety at C-11. Twenty six carbon atoms were identified by 

the 13C-NMR (Appendix 46) and DEPT spectra (Table 9 and Appendix 47). These signals 

included two methyls, seven methylenes, nine methines, and eight quaternary carbon 

signals, in addition to the characteristic peaks of an oxymethine group, twelve aromatic 

carbons and characteristic peaks of xylose. The anomeric proton and carbon signals of the 

sugar moiety were at δH 3.98 (d, J = 7.4 Hz, H-1′) and δC 101.4 (C-1′) in the 1H and 13C-
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NMR spectra, respectively. The remaining sugar carbons characteristic of xylose 141 were 

appeared at δC 66.1 (5′), 70.1 (C-4′), 73.6 (C-2′), and 77.0 (C-3′). The relative configuration 

of the xylose sugar moiety was also assigned by 1H-1H coupling constants and NOESY 

correlations (Appendix 51).  The anomeric proton signal of H-1′ (δH 3.98) and oxymethine 

proton signal of H-2′ (δH 2.89) are located at axial positions which was confirmed by the 

large coupling constant value of 3JH1′-H2′ (7.4 Hz). The coupling constant of 8.9 Hz 

between H-2′ (δH 2.89) and H-3′ (δH 3.05) also indicated their axial–axial relationship. The 

large coupling value (8.9 Hz) between H-3′ and H-4′ revealed that H-3′ (δH 3.05) and H-4′ 

(δH 3.21) are located on the axial positions of the sugar. Furthermore, the NOESY 

correlations of H-1′ (δH 3.98) and H-3′ (δH 3.05) assigned that these two protons were found 

in the same plane, while H-2′ (δH 2.89) and H-4′ (δH 3.21) protons were found on the other 

side. So that, the OH at H-3′ is trans to H-2′ and H-4′. If two adjacent hydrogen atoms in a 

six-membered ring are trans (i.e., diaxial) a value of 7-10 Hz should be observed, while 

only 2-4 Hz should be observed if the hydrogen atoms are gauche (i.e., axial-equatorial) 

[34]. The attachment of the sugar moiety at C-11 was supported by the HMBC correlation 

(Appendix 50) between the anomeric proton at δH 3.98 (H-1′) and C-11 (δC 75.4). Hence, 

based on the above data (Table 9) and comparison with the literature data, compound 32 

was proposed to be 11-O-β-D-xylopyranosylmyricanol.39 
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Table 9: 1H-and 13C-NMR data for compound 32 
 
 

Position 

32 
1H-NMR (600 MHz, DMSO-d6) 
13C-NMR (151 MHz, DMSO-d6) 

Lite.39 
H-NMR (500 MHz, CDCl3) 
13C-NMR (125.8 MHz, CDCl3) 

 δC δH δC δH 
1 126.5 - 124.6 - 
2 122.9 - 123.0 - 
3 148.4 - 146.0 - 
4 140.3 - 138.9 - 
5 149.1 - 148.0 - 
6 121.8 - 122.7 - 
7 25.9 2.46 (m, 1H); 

2.63 (m, 1H) 
25.5 2.51;2.74 

8 25.4 1.77 (m, 2H) 25.5 1.77;1.82 
9 22.7 1.37 (m, 1H); 

1.47 (m, 1H) 
22.5 1.49;1.61 

10 35.6 1.62 (dd, J = 7.9, 4.7 Hz, 2H) 35.1 1.61;1.82 
11 75.4 3.73 (d, J = 3.3 Hz, 1H) 75.2 3.98 
12 33.3 1.70 (m, 1H); 

2.12 (m, 1H) 
32.9 1.82;2.18 

13 27.0 2.69 (m, 1H); 
2.78 (m, 1H) 

26.7 2.79;2.85 

14 130.3 - 131.0 - 
15 129.5 6.94 (d, J = 3.6 Hz, 1H) 129.7 7.00 
16 116.2 6.72 (d, J = 8.8 Hz, 1H) 116.5 6.81 
17 152.1 - 150.9 - 
18 134.1 6.93 (d, J = 2.7Hz, 1H) 132.6 7.07 
19 129.8 6.53 (s, 1H) 129.3 6.79 
20 60.5 3.80 (s, 3H) 61.3 3.82 
21 61.0 3.78 (s, 3H) 61.1 3.90 
1′ 101.4 3.98 (d, J = 7.4 Hz, 1H) 100.1 4.2 
2′ 73.6 2.89 (ddd, J  = 8.9, 7.4, 5.2 Hz, 1H) 72.1 3.24 
3′ 77.0 3.05 (td, J = 8.7, 4.7 Hz, 1H) 74.7 3.37 
4′ 70.1 3.23 (ddt, J = 10.2, 8.6, 5.2 Hz, 1H) 69.4 3.49 
5′ 66.1 2.84 (dd, J = 11.5, 9.9 Hz, 1H); 

3.49 (dd, J  = 11.4, 5.3 Hz, 1H) 
64.2 2.98;3.67 

3.2.1.4 Characterization of Compound 81 

81 
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Compound 81 was isolated as a white powder with a melting point of 272–274 C. The 

compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 

with the Rf value of 0.33 in CHCl3 (100%). The IR spectrum of compound 81 revealed the 

presence of =C-H stretching at 3051.4 cm-1, C-H stretching of alkanes at 2929.0 cm-1 and 

2860.4 cm-1, and C=O stretching at 1709 cm-1. The molecular formula was deduced to be 

C30H48O by the MALDI-MS (Appendix 60) from the molecular ion peak at m/z 449.9 for 

[M+Na+H]2+ (calc. for [C30H48ONaH]2+, 449.7). 1H-NMR (Table 10 and Appendix 53) 

and 13C-NMR spectra (Table 10 and Appendix 55) showed eight singlet methyl signals at 

chemical shifts of δH 1.15 (H-27), 1.12 (H-25), 1.11 (H-23), 1.01 (H-24), 0.98 (H-29), 0.94 

(H-30), 0.93 (H-26), and 0.85 (H-28), which were associated with the carbon resonances 

at δC 33.4 (C-29), 29.9 (C-26), 29.8 (C-28), 26.1 (C-23), 25.6 (C-27), 21.5 (C-24), 21.4 (C-

30), and 14.8 (C-25), suggesting the presence of a pentacyclic triterpenoid structure.142 

There were four methine proton signals, the doublate at δH 5.58 (H-15) was assigned to the 

olefinic proton of C-15. A multiplet at δH 1.34, 1.53, and a doublet of doublet at δH 1.01 (J 

= 14.8, 8.1) was assigned to the methine proton signals of C-5, C-9, and C-18, respectively. 

13C-NMR and DEPT spectra showed 30 carbon signals: eight methyls, ten methylenes, four 

methines, and four quaternary carbons, of which one of the quaternary carbon at δC 217.5 

(C-3) was a carbonyl carbon.  

Table 10: 1H-and 13C-NMR data for compound 81 

 
 
Position 

81 
1H-NMR (600 MHz, DMSO-d6) 
13C-NMR (151 MHz, DMSO-d6) 

Lit. 142 
1H-NMR (500 MHz, CDCl3) 
13C-NMR (126 MHz, CDCl3) 

 δC δH δC δH 
1 38.4 1.40 (m, 1H); 

1.90 (m, 1H) 
38.57  

2 34.1 2.35 (m, 1H); 
2.60 (m, 1H) 

34.34  

3 217.5 - 217.74 - 
4 47.6 - 47.76 - 
5 55.8 1.34 (m, 1H) 55.96  
6 20.0 1.57 (m, 1H); 

1.62 (m, 1H) 
20.15  

7 35.1 1.04 (m, 1H); 
1.40 (m, 1H) 

35.26  

8 38.9 - 39.06 - 
9 48.8 1.53 (m, 1H) 49.98  
10 35.8 - 35.95 - 
11 17.5 1.57 (m, 1H); 17.63  
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1.69 (m, 1H) 
12 37.7 1.90 (m, 1H); 

1.95 (m, 1H) 
37.88  

13 37.5 - 37.93 - 
14 157.6 - 157.78 - 
15 117.2 5.58 (dd, J = 8.2, 3.2 Hz, 1H) 117.37 5,56 (dd, J = 8,4, 3,0 Hz) 
16 36.7 1.69 (m, 1H); 

1.95 (m, 1H) 
36.83  

17 37.7 - 37.72 - 
18 48.7 1.01 (m, 1H) 48.98  
19 40.6 2.10 (m, 1H); 1.39 (m, 1H) 40.82  
20 28.8 - 28.98 - 
21 33.6 1.57 (m, 1H); 1.62 (m, 1H) 33.73  
22 33.1 1.34 (m, 1H); 

1.39 (m, 1H) 
33.24  

23 26.1 1.11 (s, 3H) 26.25 1.07 
24 21.5 1.01 (s, 3H) 21.68 1.06 
25 14.8 1.11 (s, 3H) 14.99 1.08 
26 29.9 0.93 (s, 3H) 30.03 0.90 
27 25.6 1.15 (s, 3H) 25.77 1.13 
28 29.9 0.85 (s, 3H) 30.11 0.82 
29 33.4 0.98 (s, 3H) 33.55 0.95 
30 21.4 0.94 (s, 3H) 21.53 0.91 
 

1H-NMR spectrum showed ten methylene signals at δH 1.40 (m, H1-1), 1.90 (m, H2-1), 2.35 

(m, H1-2), 2.60 (m, H2-2), 1.57 (m, H1-6), 1.62 (m, H2-6), 1.04 (m, H1-7), 1.40 (m, H2-7), 

1.57 (m, H1-11), 1.69 (m, H2-11), 1.00 (d, J = 3.7 Hz, H1-12), 1.34 (m, H2-12), 1.69 (m, H1-

16), 1.95 (m, H2-16), 2.10 (m, H1-19), 1.39 (m, H2-19), 1.57 (m, H1-21), 1.62 (m, H2-21), 

1.34 (m, H1-22), and 1.39 (m, H2-22). The COSY spectrum (Appendix 56) of compound 

81 showed correlations between the proton signals of H-1 and H-2, H-6 and H-7, H-15 and 

H-16, H-21 and H2-22, H-9 and H-11, H-5 and H2-6, and H-18 and H-19. The olefin was 

attributed to C-14 based on long-range HMBC correlations (Appendix 58) of the methyl 

singlets H-26 and H-27 with C-14 and H-16 with C-14. NOESY correlations (Appendix 

59) showed that H-24/H-25, H-26/H-18, and H-30/H-26/H-28 were found on the same side 

of the molecule, whereas H-23/H-5, H-5/H-9, and H9/H-27 were found on the opposite 

side of the molecule. Therefore, the structure of compound 81 was determined to be 

taraxerone.142 



  

47 
 

3.2.1.5 Characterization of Compound 82 

 

82 

Compound 82 was isolated as a white powder with a melting point of 257–260 C. The 
compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 
with the Rf value of 0.76 in CHCl3:EtOAc (1:0.5). The IR spectrum showed the presence 
of O-H stretching at 3430.8 cm-1, =C-H stretching at 3051.4 cm-1, and C=C stretching at 
1620 cm-1. The molecular formula was deduced to be C30H50O using the MALDI-MS 
(Appendix 68) at m/z 449.9 for [M+Na]+ (calc. for C30H50ONa, 449.7). The 1H-NMR 
spectrum (Table 11 and Appendix 61) of 82 showed the presence of a double doublet at δH 
5.53 (dd, J = 8, 3.2 Hz, H-15) that could be attributed to an olefinic proton. The proton 
signal at δH 3.22 (H-3) was assigned to an oxymethine proton. Six methyl singlet protons 
were identified at δH 1.11, 1.00, 0.97, 0.95, 0.85, and 0.83. Two identical methyl moieties' 
protons were shown at δH 0.93. The 13C-NMR spectrum (Table 11 and Appendix 62) 
revealed carbon signals at δC 33.4, 29.9, 29.8, 28.0, 25.9, 21.3, 15.5, and 15.4 that could be 
attributed to eight methyl carbons. The presence of a double bond involving a quaternary 
carbon atom is consistent with the carbon signals located at δC 158.1 (C-14). The sp3 
hybridized carbon linked to an OH group causes a chemical shift at δC 79.10 that could be 
attributed to the C-3. Its NMR spectroscopic data was identical to that of 81, except for the 
absence of carbonyl carbon signals in 81, which was replaced by an OH group at C-3. This 
was confirmed by the shielded chemical shift of C-3 at δC 79.1, the proton signal at δH 3.22 
(H-3) correlated with proton signal of H-2 (δH 1.63 (m, 1H) in COSY spectrum (Appendix 
64), and the methyl proton signals δH 1.00 (s, H-23) and 0.95 (s, H-24) correlated with a 
carbon signal at δC 79.1 (C-3) in the HMBC spectrum (Appendix 66). The relative 
configuration of OH was determined to be 3β from the NOESY correlations (Appendix 68) 
of H-3 and H-5. Therefore, the structure of compound 82 was elucidated as taraxerol.143 
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Table 11: 1H and 13C-NMR data for Compound 82. 

 
 

Position 

82 
1H-NMR (600 MHz, DMSO-d6) 
13C-NMR (151 MHz, DMSO-d6) 

Lit. 143 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (100 MHz, CDCl3) 

 δc δH δc δH 
1 37.7 1.63 (m, 2H) 38.1 0.99;1.63 
2 27.2 1.59 (m, 1H); 

1.63 (m, 1H) 
27.3 1.62 

3 79.1 3.22 (dt, J = 10.6, 5.1 Hz, 1H) 79.2 3.19 (dd, J = 11.2, 4.8 Hz, 1H) 
4 38.9 - 38.9 - 
5 55.5 0.80 (m, 1H) 55.7 0.88 
6 18.8 1.50 (m, 1H); 

1.63 (m, 1H) 
18.9 1.62;1.45 

7 41.3 1.37 (m, 1H); 
2.06 (dt, 12.8, 3.3 Hz, 1H) 

41.5 1.36;2.03 

8 38.8 - 39.1 - 
9 48.8 0.98 (m, 1H) 48.9 1.43 
10 38.0 - 37.9 - 
11 17.5 1.44 (m, 1H); 

1.63 (m, 1H) 
17.7 1.63;1.49 

12 33.1 1.26 (m, 1H); 
1.37 (m, 1H) 

33.2 1.53;1.64 

13 37.6 - 37.9 - 
14 158.1 - 158.

2 
- 

15 116.9 5.56 (d, J = 8.2, 3.2 Hz, 1H) 117.
0 

5.53 (dd, J= 8, 3.2 Hz, 1H) 

16 37.7 1.63 (m, 1H); 
1.94 (dd, J = 14.8, 3.2 Hz, 1H) 

36.8 1.59; 
1.92 (dd, J = 14.8, 3.2 Hz, 1H) 

17 35.8 - 35.3 - 
18 49.3 1.44 (m, 1H) 49.4 0.99 
19 36.7 1.00 (m, 1H); 

1.33 (m, 1H) 
37.7 1.02;1.33 

20 28.8 - 28.9 - 
21 33.7 1.25 (m, 1H); 

1.59 (m, 1H) 
33.8 1.25;1.38 

22 35.1 1.04 (m, 1H); 
1.38 (m, 1H) 

35.9 1.00;1.38 

23 28.0 1.00 (s, 3H) 28.2 0.97 
24 15.5 0.95 (s, 3H) 15.6 0.80 
25 15.4 0.83 (s, 3H) 15.6 0.92 
26 25.9 1.11 (s, 3H) 26.1 1.10 
27 21.3 0.93 (s, 3H) 21.5 0.91 
28 29.8 0.85 (s, 3H) 29.9 0.82 
29 33.4 0.97 (s, 3H) 33.5 0.95 
30 29.9 0.93 (s, 3H) 30.1 0.91 
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3.2.1.6 Characterization of Compound 83 

 

83 

Compound 83 was isolated as a white amorphous powder with a melting point of 266-268 
C. The compound gave a dark blue spots on TLC with cerium ammonium molybdate 
spraying with the Rf value of 0.71 in CHCl3:EtOAc (1:0.5). The IR spectrum showed the 
presence of O-H stretching at 3392, C-H stretching at 2936 and 2855, and C=C stretching 
at 1644.4. The molecular formula was deduced to be C30H50O2 from the MALDI-MS 
(Appendix 76) at m/z 442.1 for [M]+ (calc. for C30H50O2, 442.7). The 1H-NMR spectrum 
(Table 12 and Appendix 69) showed the presence of seven tertiary methyl signals at δH 
0.82 (H-24), 0.92 (H-30), 0.94 (H-25), 0.98 (H-27), 0.99 (H-29), 1.07 (H-26) and 1.00 (H-
23) (s, each 3H), and resonances at δH 3.16 and 3.31 were ascribed to proton signals 
connected to an oxygenated methylene carbon (C-28). The appearance of a second 
oxymethine proton signal at δH 3.22 (dt, J = 10.7, 5.0 Hz) indicates that hydroxyl group 
was linked to C-3. One olefinic proton of a trisubstituted double bond was identified in the 
1H-NMR spectrum at δH 5.53 (dd, J = 8.2, 3.3 Hz, 1H-15) which was linked with protons 
of a methylene at δH 2.14 (dd, J = 15.2, 8.2 Hz, 1H2-16), and 1.77 (dd, J = 15.4, 3.3 Hz, 
1H1-16) in the COSY spectrum. Its spectroscopic data were identical to those of compound 
83, except for the presence of a hydroxylated carbon signal at δC 65.5 (C-28) in the 13C-
NMR spectrum of compound 83 (Appendix 70). From DEPT (Appendix 71) and HSQC 
spectra (Table 12 and Appendix 73), 30 carbon signals were identified as four methines, 
seven methyls, ten methylenes, six quaternary carbons, one oxygen-bearing secondary 
carbon, and a trisubstituted double bond. Five of the six degrees of unsaturation were 
indicative of a pentacyclic skeleton and one of them was caused by a trisubstituted double 
bond at δC 117.2 and 159.2. The HMBC correlations (Appendix 74) from 1.07 (s, 3H-26), 
0.98 (s, 3H-27), and 2.14 (dd, J = 15.2, 8.2 Hz, 1H-16) to δC 159.2 (C-140) were used to 
identify a double bond. The presence of this additional hydroxyl group was confirmed by 
the 1H-NMR signals for diastereotopic protons at δH 3.16 and 3.31 (H-28), as shown by the 
HMBC correlations with C-17 (δC 40.4), C-22 (δC 27.9), and C-16 (δC 30.8). NOESY 
correlations (Appendix 75) showed that H-24/H-25/H-26 and H-18/H-28/H-30 were all 
classified as β-oriented due to their appearances on the same side of the molecule. Whereas, 
the H-3/H-23/H-5, H-5/H-9, and H9/H-27 NOESY correlations showed that they were α-
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configured. Based on the spectroscopic data (Table 12) and comparison with the literature 
data, compound 83 was determined to be myricadiol.144 

Table 12: 1H-and 13C-NMR data for compound 83. 

 
 

Position 

83 
1H-NMR (600 MHz, DMSO-d6) 
13C-NMR (151 MHz, DMSO-d6) 

Lit. 144 
1H-NMR (400 MHz,  CDCI3) 
13C-NMR (100 MHz,  CDCI3) 

 δc δH δc δH 
1 37.7 1.63 (m, 2H) 37.5 1.61 (m, 1H), 1.58 (m, 1H) 
2 27.1 1.57 (m, 1H); 

1.62 (m, 1H) 
26.9 1.60 (m, 1H), 1.59 (m, 1H) 

3 79 3.22 (dt, J = 10.7, 5.0 Hz, 1H) 78.5 3.16 (dd, J = 10.8, 4.8 Hz, 1H) 
4 38.8 - 38.5 - 
5 55.8 0.80 (dd, J = 12.2, 2.5) 55.3 0.77( dd, J = 2.4 Hz, 1H) 
6 18.8 1.50 (m, 1H); 

1.65 (m, 1H) 
18.5  

7 41.3 1.36 (dd, J = 12.9, 4.0 Hz, 1H); 
2.01 (dt, J = 12.8, 3.3 Hz, 1H) 

41.1 2.01 (dt, J = 12.6, 3.0 Hz, 1H); 
1.33 (dt, J = 12, 3.0 Hz, 1H) 

8 39.1 - 38.8 - 
9 49.1 1.42 (m, 1H) 48.9 1.42 (m, 1H) 
10 37.9 - 37.7 - 
11 17.4 1.50 (m, 1H);1.64 (m, 1H) 17.1  
12 33.4 1.53 (d, J = 3.2); 1.66 (m, 1H) 33.2 1.66 (m, 1H), 1.62 (m, 1H) 
13 37.5 - 37.2 - 
14 159.2 - 158.6 - 
15 117.2 5.53 (dd, J = 8.2, 3.3 Hz, 1H) 115.6 5.51 (dd, J = 8.4, 3.0 Hz, 1H) 
16 30.8 1.77 (dd, J = 15.4, 3.3 Hz, 1H); 

2.14 (dd, J = 15.2,8.2 Hz, 1H) 
30.4 2.14 (dd, J = 15.0, 8.4.0 Hz, 1H); 

1.70 (dd, J = 3.0, 15.0  Hz, 1H) 
17 40.4 - 40.2 - 
18 44.8 0.63 (dd, J = 13.7, 3.8 Hz, 1H) 44.6 0.57 (dd, J = 13.8, 3.6 Hz, 1H) 
19 35.8 1.05 (m, 1H); 

1.43 (m, 1H) 
35.6 1.00 (dd, J = 3.6, 13 Hz, 1H) 

20 28.6 - 28.3 - 
21 32.7 1.29 (m, 2H) 32.4 1.26 (m, 1H), 1.24 (m, 1H) 
22 27.9 1.17 (m, 1H); 

1.46 (m, 1H) 
27.6 1.50 (m, 1H), 1.47 (m, 1H) 

23 28.0 1.00 (s, 3H) 27.8 0.97 (s, 3H) 
24 15.4 0.82 (s, 3H) 15.3 0.79 (s, 3H) 
25 15.4 0.94 (s, 3H) 15.2 0.91 (s, 3H) 
26 26.0 1.07 (s, 3H) 25.8 1.06 (s, 3H)) 
27 21.6 0.98 (s, 3H) 21.3 0.96 (s, 3H) 
28 65.5 3.16 (dd, J = 10.9, 4.8 Hz, 1H); 

3.31 (dd, J = 10.9, 5.3 Hz, 1H) 
64.8 3.10 (d, J = 10.8 Hz, 1H) 

29 33.5 0.99 (s, 3H) 33.3 0.969 (s, 3H)) 
30 29.9 0.92 (s, 3H) 29.6 0.89 (s, 3H) 
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3.2.1.7 Characterization of Compound 84 

 

84 

Compound 84 was isolated as a white powder with a melting point of 292–294 C. The 
compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 
with the Rf value of 0.39 in CHCl3:EtOAc (1:0.5). The IR spectrum (Appendix 85) showed 
the presence of O-H stretching at 3434.2 cm−1, C-H stretching at 2937.8 cm−1 and 2868.4 
cm−1, C=O stretching at 1695.6 cm−1, and C=C stretching at 1616.6 cm−1. The molecular 
formula was found to be C39H56O5, via the MALDI-MS (Appendix 84) at m/z 897.8 for 
[M+(DHB-H2O)2+Na-2H]+ (calc. for C39H56O5, 897.0) with a mass fragment ion peak at 
m/z 449.9 [M + Na – CH3 –PhCH2CO] and 425 [M –PhCH2CO2]. The 1H-NMR (Appendix 
77) and 13C-NMR (Appendix 78) spectra of compounds 84 and 83 were nearly 
superimposable for the pentacyclic moiety. Differences were observed due to the signals 
of a trans-caffeoyl moiety in 84. This group was identified in the 1H-NMR from olefinic 
trans coupled proton signals at δH 7.45 (d, J = 15.8 Hz, H-7′) and 6.24 (d, J = 15.9 Hz, H-
8′), and three aromatic proton signals at δH 6.76 (d, J = 8.1 Hz, H-4′), 7.00 (dd, J = 8.2, 2.1 
Hz, H-5′), and 7.04 (d, J = 2.1 Hz, H-1′); the coupling relationship established a 1,3,4-
substituted benzene ring.145 In COSY spectrum, the second set of signals displayed seven 
singlet methyl proton signals at δH 1.04, 0.95, 0.94, 0.93, 0.92, 0.86, and 0.84 correlated 
with carbon resonances signals at δC 26.3, 33.9, 15.6, 21.8, 17.1, 30.2, and 28.2 
respectively, which suggested the presence of a pentacyclic triterpenoid partial structure. 
In HSQC spectrum, a trisubstituted double bond proton signal at δH 5.58 (dd, J = 8.2, 3.2 
Hz, 1H) correlated with carbon sinals at δC 116.4, 158.0, and a hydroxymethylene proton 
signals at δH 3.00 (m, 1H), 2.88 (m, 1H) correlated with a carbon signal at δC 63.5 C-28).  
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Table 13:  1H (600 MHz), 13C (151 MHz, DMSO-d6), HMBC (600 MHz) and COSY (600 MHz) NMR spectroscopic data of compounds 7. 

position δc δH COSY HMBC position δc δH COSY HMBC 
1 37.3 1.00 (H1) 

1.56 (H2) 

H2-2 

H2-2 

C-2, 3, 10 

C-5, 10, 25 

21 32.9 1.17(H1) 

1.24(H2) 

H1-22  

H2-22 

C-20 

C-17, 22, 20, 21, 30, 
29 

2 23.7 1.58(H1)  

1.63(H2) 

H1-1 

H1-1 

C-1,3,4,10 

C-1,3,4,10 

22 27.8 1.00(H1) 

1.49(H2) 

H2-21 

H2-21 

C-21 

C-20 

3 80.2 4.49 (dd, J = 11.7, 4.5 Hz) H2--2 C-2, 4, 5, 23, 

24, 9′ 

23 28.2 0.84  C-3, 4, 5, 24 

4 37.9    24 17.1 0.92  C-3, 4 

5 55.5 0.92 H2-6 C-3, 6, 7, 9, 24, 25 25 15.6 0.94  C-1, 5, 9 

6 18.7 1.49 (H1) 

1.58(H2) 

 

H-5 

C-4, 5, 7 

C-4, 5, 7 

26 26.3 1.04  C-7, 9, 14 

7 41.3 1.31(H1)  

1.99(H2) 

H2-6 

H1-7 

C-9, 26 

C-5, 8, 9, 26 

27 21.8 0.933  C-13, 14 

8 38.9 -   28 63.5 2.89(H1) 

3.00(H2) 

H2-28  

H1-28 

C-16, 17 

C-16, 17, 22 

9 48.9 1.44 H2-11 C-5, 11, 25, 26 29 33.9 0.95  C-20, 21 

10 37.8    30 30.2 0.87  C-19, 20, 21, 29 

11 17.4 1.46 (H1) 

1.61(H2) 

H1-12 C-9, 12, 13 

C-8, 9, 13,  

1′ 115.2 7.04 (d, J = 2.1 Hz, 
1H) 

 C-2′, 3′, 5′, 7′ 

12 33.6 1.47(H1)  

1.61(H2) 

H1-11 C-9, 11, 13, 14, 27 

C-9, 11, 13, 14, 27 

2′ 146.2 -   
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13 37.4 -   3′ 148.8 -   

14 158.0    4′ 116.2 6.76 (d, J = 8.1 Hz, 
1H-4′) 

H-5′ C-2′, 3′, 5′, 6′ 

15 116.4 δ 5.58 (dd, J = 8.2, 3.2 Hz) H2-16 C-8, 13, 16, 17 5′ 121.7 7.00 (dd, J = 8.2, 2.1 
Hz, 1H), 

H-4′ C-1′, 3′, 7′ 

16 30.6 1.56(H1) 

2.12(dd, J = 14.8, 8.1 Hz) 
(H2) 

 

H-15 

C-14, 15, 28 

C-14, 15, 17, 18, 28 

6′ 125.9 -   

17 40.5 -   7′ 145.2 7.45 (d, J = 15.8 Hz) H-8′ C-1′, 6′,  8′ 

18 45.0 0.47 (dd, J = 13.6, 3.6 Hz) H1-19  

H2-19 

C-13, 17, 19 8′ 114.9 6.24 (d, J = 15.9 Hz) H-7′ C-6′, 9′ 

19 36.0 1.00(H1) 

 1.37(H2) 

 C-18, 20, 30 

C-18, 20, 30 

9′ 166.8 -   

20 28.8         
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In addition, there are ten methylene, ten methine and five quaternary carbon signals which 
suggested the presence of a taraxerane-type caffeoyl.146 The HMBC (Appendix 82) 
spectrum showed correlation of H-3 at δH 4.49 with carbonyl carbon C-9′ at δC 166.8, 
indicating the caffeoyl group was attached to C-3 via an ester linkage. The relative 
configuration of the stereogenic center of 84 was deduced from the 1H-1H coupling 
constant and the NOESY experiment (Appendix 83). The typical coupling constant for H-
3 (J = 11.7, 4.5 Hz) in the 1H-NMR spectrum revealed that H-3 was in the α-orientation. 
The difference in the multiplicity with a larger coupling constant of H-3 in 84 was in 
agreement with the respective coupling patterns (axial-equatorial and axial-axial) of H-3 
and H-2, indicating that H-3 is situated in an axial position.147-148 Additionally, α-
orientation of H-3, H-5, H-9, H-23, and H-27 was suggested by the NOESY interactions 
of H-3 to H-23/H-5 and H-9 to H-5/H-23/H-27. Thus, the structure of compound 84 was 
determined to be 3β-(3′, 4′-dihydroxy-trans-cinnamoyloxy)-D-friedoolean-14-en-3α, 28-
diol and named with a trivial name 3β-O-trans-caffeoylisomyricadiol. 

3.2.1.8 Characterization of Compound 85 

 

85 

Compound 85 was isolated as a colorless crystal with a melting point of 104–106 C. The 
compound gave a dark blue spots on TLC with cerium ammonium molybdate spraying 
with the Rf value of 0.25 in CHCl3:MeOH (1:0.25). The IR spectrum showed the presence 
of O-H group at 3420 cm-1, C-H stretching of CH3, CH2, and CH at 2928.2 cm-1 and 2858.6 
cm-1. The molecular formula was established as C7H14O6 by an HPLC-ESI-MS (Appendix 
92) at m/z 217.06848 for [M+Na]+ (calcd for C7H14O6, 217.06826). The 13C-NMR (Table 
14 and Appendix 87) and DEPT spectra (Table 14 and Appendix 88) showed seven carbon 
signals at δC 55.9 to δC 104.0, indicating the presence of a sugar moiety. These signals 
included a methyl, an oxymethylene, a methylene and five methine signals. The 1H-NMR 
spectrum (Table 14 and Appendix 86) showed the proton signals at δH 3.18 and 4.19, which 
corresponds to the resonance location of protons on carbons linked to oxygen.  
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Table 14: 1H-and 13C-NMR data for compound 85. 
 
 

Position 

85 
1H-NMR (600 MHz,  MeOD ) 
13C-NMR (151 MHz,  MeOD ) 

Lit. 149 
1H-NMR (500.16 MHz, D2O) 
13C-NMR (125.78 MHz, D2O) 

 δC δH δC δH 
1 104.0 4.19 (d, J = 7.8 Hz, 1H) 103.82 4.364 
2 73.7 3.18 (d, J = 9.6 Hz, 1H) 73.75 3.247 
3 76.7 3.36 (t, J = 8.8 Hz, 1H) 76.42 3.474 
4 70.2 3.29 (m, 1H) 70.31 3.366 
5 76.6 3.31 (d, J = 9.6 Hz, 1H) 76.57 3.447 
6 61.4 3.89 (m, 1H); 

3.69 (dd, J = 11.7, 6.6 Hz, 1H) 
61.41 3.710;3.912 

7 55.9 3.55 (s, 3H) 57.82 3.56 

In the HSQC spectrum (Appendix 90), connectivities between H-1 (δH 4.19) and C-1 (δC 

104.0), H-2 (δH 3.18) and C-2 (δC 73.7), H-3 (δH 3.36) and C-3 (δC 76.7), H-4 (δH 3.29) 
and C-4 (δC 70. 2), H-5 (δH 3.31) and C-5 (δC 76.6), and, H-6 (δH 3.89) and C-6 (δC 61.4) 
were indicative of a pyranoside. At δH 4.19, the anomeric proton (H-1) with the highest 
downfield doublet signal had a significant coupling constant (3J1, 2 7.8), which is typical of 
a β-linked glucopyranose ring. A singlet sigal at δH 3.55 was integrated for three protons, 
which was assigned to a methoxyl (OMe) protons. The HMBC spectrum (Appendix 91) 
showed correlation of the methoxy proton signal at δH 3.55 (s, 3H) with the anomeric 
carbon signal at δH 104.0, indicating a methoxy group was attached to C-1. Additionally, 
in HMBC spectrum, the anomeric proton signal at 4.19 (H-1) gave a strong cross-peak with 
a carbon signal at δC 73.7 (C-2), and this carbon signal gave cross-peaks with two proton 
signals at δH 3.36 (H-3) and 3.28 (H-4). A detailed analysis of 1H-NMR and 13C-NMR 
spectra (Table 14) and comparison with the literature149 indicated the results were in line 
with those for methyl-β-D-glucopyranoside.  

3.2.1.9 Characterization of Compound 86 

 

 

 86 

Compound 86 was isolated as an amorphous white powder with a melting point of 198-
200 C. The compound gave a dark blue spots on TLC with cerium ammonium molybdate 
spraying with the Rf value of 0.50 in CHCl3:MeOH (1:0.25).  The IR Spectrum showed 
broad absorption peak at 3436.1 cm-1 and 3418.2 cm-1 indicating the presence of –OH and 
NH group, aliphatic C-H stretching at 2920.4 and 2851.2 cm-1, amide C=O stretching at 
1746.8 cm-1 and, N-H bending at 1535.2 cm-1, and C=C stretching at 1635.6 cm-1. 1H-NMR 
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spectrum (Table 15 and Appendix 93) revealed the proton resonance signals of two 
terminal methyl groups at δH 0.92, a broad signal range of methylene proton signals at δH 
1.26-1.38, a sugar an anomeric proton signal at δH 4.30 (d, J = 7.7 Hz, 1H), carbinol proton 
signals appearing as multiplets between δH 4.04 and 3.20. Two olefinic proton signals at 
δH 5.44 (m, 2H-7) and 5.33 (m, H-6), attributable to the presence of one disubstituted 
double bond. A signal appearing at δH 4.30 (dd, J = 9.9, 7.4 Hz, 1H-2) was assigned to a 
methine proton vicinal to the nitrogen atom, clearly suggesting a cerebroside containing 
hydroxy fatty acid.150  

Table 15: 1H-and 13C-NMR data for compound 86 

 
 

Position 

86 
1H-NMR (600 MHz, MeOD) 
13C-NMR (151 MHz, MeOD) 

Lit. 151 
1H-NMR (400 MHz, CD3OD) 
13C-NMR (100 MHz, CD3OD) 

Sphingoid 
base 

moieties 

δC δH δC δH 

1 68.6 4.07 (dd, J = 10.5, 6.3 Hz, 
1H); 

3.83 (dt, J = 10.5, 3.2 Hz, 1H) 

68.5 4.02 (m, 1H); 
3.79 (dd, J = 7.2; 14.8 Hz, 1H) 

2 50.2 4.30 (dd, J = 9.9, 7.4 Hz, 1H) 50.3 (m, 1H) 
3 74.1 3.62 (t, J = 6.1 Hz, 1H) 74.4 (t, J = 6.1Hz, 1H) 
4 71.5 3.54 (m, 1H) 71.4 (m, 1H) 
5 32.3 2.09 (m, 2H) 32.4 (m, 1H); 

1.98 (m, 1H) 
6 129.3 5.33 (m, 1H) 129.4 5.40 (dt, J =14.4 Hz, 1H) 
7 129.5 5.44 (m, 1H) 130.4 5.46 (dt, J = 14.4 Hz, H) 
8 32.4 1.98 (m, 2H) 32.0 1.64 (m, 1H) 

9-16 22.3-
31.4 

1.26-1.38H (brs, 58H) 22.2-
31.7 

1.28-1.40 ( brs, 58H) 

17 13.1 0.92 (t, J = 6.9 Hz, 3H) 13.1 0.89 (t, J  = 6.7 Hz, 3H) 
N-acyl unit    

1′ 175.7 - 176.2 - 
2′ 71.6 4.04 (m, 1H) 71.5 4.00 (m, 1H) 
3′ 34.3 1.76 (m, 1H); 

1.62 (m, 1H) 
34.4 1.73 (m, 1H); 

1.63 (m, 1H 
4′-24′ 22.3-

31.5 
1.26-1.38 (brs, 58H) 22.2-

31.7 
1.28-1.40 (brs, 58H) 

25′ 13.1 0.92 (t, J = 6.9 Hz, 3H) 13.1 0.89 (t, J = 6.7 Hz, 3H) 
β-glucopyranose moiety   

1′′ 103.3 4.30 (d, J = 7.7 Hz, 1H) 103.3 4.26 (d, J = 7.8 Hz, 1H) 
2′′ 73.6 3.20 (dd, J = 9.3, 7.8 Hz, 2H) 73.6 3.20 (m, 2H) 
3′′ 76.5 3.37 (m, 2H) 76.6 3.33 (m, 2H) 
4′′ 70.1 3.29 (m, 2H) 70.2 3.26 (dd, J = 12.3; 4 Hz, 2H) 
5′′ 76.6 3.29 (m, 2H) 76.0 3.27 (m, 2H) 
6′′ 61.2 3.68 (m, 1H); 

3.89 (m, 1H) 
61.3 3.85 (dd, J = 11.2 Hz, 1H); 

3.64 (dd, J = 4.4; 11.2 Hz, 1H) 
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The 13C-NMR spectrum (Table 15 and Appendix 94) revealed carbonyl carbon signal at δC 
175, amide carbon signal at δC 50.2 (C-2), methylene carbon signals at δC 22.3–31.5, two 
terminal methyl carbon signals δC 13.1 (C-17 and C-25′). One olefinic carbon signal at δC 
129.3 (C-6) and 129.5 (C-7) were indicative of the presence of one double bond. In the 
13C-NMR spectrum, the six oxygenated carbon resonances signals were appeared at δC 61.2 
(C-6′′), 70.1 (C-4′′), 73.6 (C-2′′), 76.6 (C-5′′), 76.5 (C-3′′), and 103.3 (C-1′′), revealing the 
presence of a glucopyranoside. 152  Besides the methine signals for a glucose unit, the 1H-
NMR spectrum (Table 15 and Appendix 93) of 86 also showed three other methine signals 
at δH 4.04 (m, H-2′), 3.62 (m, H-3) and 3.54 (m, H-4). Similarliy, 13C-NMR spectrum (Table 
15 and Appendix 94) showed methine carbon signals at δC 71.6 (C-2′), 74.1 (C-3) and 71.5 
(C-4). Olefinic bond was confirmed to have a (E)-configuration as stated by Ai-Qun.153 
Typically, the signals of a carbon next to a trans double bond153-154 appear between δC 32 
and 33 while those of a cis double bond155 appear between δC 27.0 and 28.0. 1H-1H COSY 
(Appendix 96) showed correlation of the proton signal of H-2 (δH 4.30) with proton signals 
of H1-1 (δH 3.83) and H-3 (δH 3.62), a methylene proton at δH 2.09 (H-5) correlated with a 
olefinic proton H-6 (δH 5.33) and an oxymethine proton H-4 (δH 3.54). It also showed an 
oxymethine proton at δH 4.04 (H-2′) correlated to H-3′ at δH 1.76 and δH 1.62. COSY 
spectrum showed an oxymethine proton at δH 4.04 (H-2′) correlated with H-3′ at δH 1.76 
and δH 1.62. The anomeric proton (H-1″) of the β-glucose unit exhibited a long-range 
HMBC correlation (Appendix 98) with C-1 at δC 68.6; indicating the glucose moiety was 
attached to C-1. In HMBC spectrum, the proton signals at 4.30 (dd, J = 9.9, 7.4 Hz, 1H-2) 
and 4.04 (m, 1H-2′) correlated with carbonyl signal at 175.7 (C-1′), indicated the acyl 
moiety is attached to NH of the sphingosine. In HMBC, proton signal of H-2 correlated 
with carbon signal of C-1 at δC 68.6, C-3 at δC 74.1 and C-4 at δC 71.5. HMBC spectrum 
showed the proton signal at δH 2.09 (H-5) and 1.98 (H-8) correlated with carbon signal at 
δC 129.3 (C-6) and 129.5 (C-7), respectively, indicating the double bond was attached at 
C-5 and C-8. Based on the spectroscopic data (Table 15) and comparison with the literature 
data, compound 86 was determined to be contortamide.151 

3.2.2 Biological Activities of the Crude Extract and Isolated Compounds from the 

Stem Barks of Myrica salicifolia  

3.2.2.1 DPPH Radical Scavenging Assays of the Crude Extract and Isolated 

Compounds from Stem Barks of Myrica salicifolia  

The antioxidant capacities of the isolated compounds, expressed as the DPPH free radical 

inhibition and the IC50 values, are presented in Table 16. According to antioxidant activity 

parameters, the IC50 value category is very strong if the IC50 value is <10μg/mL, strong if 

the IC50 value is between 10 and 50 μg/mL, mild if the IC50 value is between 50 and 100 
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μg/mL, weak if the IC50 value is between 100 and 250 μg/mL, and not active if IC50 is 

above 250 μg/m.156 The relative IC50 values for the isolated compounds were in the range 

of 4.83 μg/mL – 138 μg/mL (Table 16). Compound 28 (IC50 = 4.83 μg/mL) showed the 

highest antioxidant activity compared to other isolated compounds, while compound 85 

(IC50 = 138 μg/mL) showed the lowest antioxidant activity. The IC50 values recorded for 

diarylheptanoid compounds 29, 32, and 28 were 6.96 μg/mL, 4.85 μg/mL, and 4.83 μg/mL, 

respectively, whereas 120.84 μg/mL, 120.78 μg/mL, 26.26 μg/mL, and 14.48 μg/mL were 

reported for compounds 81, 82, 83, and 84, respectively. In diarylheptanoid compounds, 

the most susceptible OH group is the phenolic hydroxyl group, which confirms the 

importance of the enolic-OH moiety for the highest antioxidant activity of compound 28. 

The presence of the ketone functional group in compound 29 and the sugar moiety in 

compound 32 might be responsible for their reduced-antioxidant activity in comparison to 

compound 28.157-158 Of the triterpenoid compounds, compound 84 has a phenylpropanoid 

moiety, which increases its antioxidant activity compared to other terpenes. This suggests 

that the phenylpropanoid moiety is an essential functional group for the observed 

antioxidant activity.  

Table 16: Percent radical scavenging activity and IC50 values of the isolated compounds. 
 

 % DPPH inhibition at   
Cpds 50 μg/mL 25 μg/mL 12.5 μg/mL 6.25 μg/mL 3.12 μg/mL r2 IC50 

(μg/mL) 
28 79.59 68.98 58.91 46.59 35.59 0.99 6.96 
29 88.86 86.68 79.06 67.45 52.74 0.93 4.83 
32 82.10 76.92 67.30 57.33 45.30 0.98 4.84 
81 35.71 26.73 24.13 22.26 20.85 0.84 120.84 
82 31.78 27.33 24.91 23.14 21.65 0.95 120.78 
83 52.22 41.74 31.26 25.57 22.54 0.95 26.26 
84 96.23 87.32 46.23 24.15 13.88 0.95 14.48 
85 33.69 27.36 24.21 22.28 20.59 0.92 138 

Ascorbic 
acid 

97.32 97.27 97.25 97.19 96.96 0.81 0.31 

Note: r2 - coefficient of determination; IC50 - half maximal inhibitory concentration. 
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3.2.2.2 Antibacterial Activities of the crude Extract and Compounds of the Stem 

Barks of Myrica salicifolia  

The in-vitro antibacterial activities of compounds 28-29, 32, 81–84 against gram-positive 

(S. aureus and S. pyogenes) and gram-negative (E. coli and P. aeruginosa) bacterial strains 

were examined at doses of 250 μg/mL and 500 μg/mL compared with 10 μg/mL of positive 

controls. The measured inhibition zones of the compounds are presented in Table 17.  

       Table 17: Antibacterial activities of isolated compounds 

Bactria strains: Gram-positive bacteria Gram-negative bacteria 
 S. pyogenes S. aureus P. aeruginosa E. coil 

Conc. (μg/ml): 250 500 250 500 250 500 250 500 
28 8.0 9.0 7.5 8.5 7.0 8.0 7.0 8.0 
29 9.0 10.5 8.5 10.0 8.0 9.0 8.0 9.0 
32 10.0 11.5 9.0 10.5 8.5 10 9.0 11.0 
81 7.5 8.0 7.0 7.5 6.5 7.0 6.5 7.5 
82 8.0 9.0 8.0 8.5 7.0 8.0 7.0 8.0 
83 9.0 10.0 8.5 9.0 7.5 8.5 8.0 9.0 
84 10.0 11.0 9.0 10.0 8.0 9.0 8.5 10.0 

Amp 14.0 - 13.0 - 12.5 - 13.0 - 
Note: 28-84: compounds, Amp: Ampicillin (+ve control), Conc: concentration. 

 

The inhibition zone for the seven isolated compounds against E. coli ranges from 6.5 to 9.5 

mm at a concentration 250 μg/mL. The compound having better activity against E. coli 

was compound 32 (inhibition zone of 9.0 mm) compared to other isolated compounds. 

Compounds 32 (10.0 mm) and 84 (10.0 mm) displayed the highest activity against S. 

pyogenes, while compound 81 showed the lowest inhibition zone (7.0 mm) against S. 

aureus, followed by compounds 83 (8.5 mm) and 84 (9.0 mm). Against the gram-negative 

bacteria P. aeruginosa, the highest activity was recorded for compound 32 (8.5 mm), 

followed by compound 84 (8.0 mm) at a concentration of 250 μg/mL. The results of the 

present study generally indicate that compounds 32 and 84 displayed better activities to 

inhibit the growth of both gram-positive and gram-negative bacterial strains compared to 

other compounds, and the lowest activity was exhibited by compound 81. All the isolated 

compounds showed relatively weaker activities compared to the standard drugs ampicillin 

and ciprofloxacin. However, compared to the growth of gram-negative bacteria, it was 

more effective against the growth of gram-positive bacteria. Several studies suggest that 
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the antibacterial activity of polyphenols is generally more effective against Gram-positive 

than Gram-negative bacteria due to cell walls linked to a molecularly complex outer 

membrane that slows down the passage of chemicals.159 The results from this study suggest 

that the higher antibacterial and antioxidant activity of compounds 32 and 84 could be 

attributed to the complex phenolic compounds. In the case of compound 32 with the 

skeletal structure of two aromatic rings linked together with seven carbon chains and 

possesses strong nucleophilic properties, which may allow it to donate an electron pair to 

electrophilic functional groups of plasma membrane proteins and/or lipids, probably 

leading to membrane dysfunction.160 For the activity displayed by compound 84, the 

presence of caffeoyl group might be responsible. In this finding, compounds 32 and 84 

showed better antibacterial activites than the other isolated compounds. 

3.3 Phytochemical Investigation of the Roots of Myrica salicifolia  

Phytochemical analysis of the roots extract of M. salicifolia resulted in the isolation of five 

compounds, namely taraxerol (82), β-sitosterol (80), sitoindoside I (87), myricanone (28), 

and myricanol 5-O-β-D-glucopyranoside (30). DPPH radical scavenging activities of the 

isolated compounds and crude extrac were also determined in this study. The compounds 

showed a wide range of DPPH scavenging activities from very weak (IC50 = 368.75 μg/ml) 

to very strong (IC50 = 2.97 μg/ml).  

3.3.1 Characterization of Essential Oil of the Roots of Myrica salicifolia  

The essential oils from the roots of Myrica Salicifolia samples were extracted by 

hydrodistillation following the method described by Katekar.116 Plant material (536 g) was 

hydrodistilled to afford clear colorless oil (0.2 mL). The essential oil was then analyzed by 

gas chromatography-mass spectroscopy (GC-MS). An Agilent Technologies 7820A GC 

system with Agilent Technologies 5977E MSD was used for the analysis. The physical 

properties of the essential oil and its main compound are given in Table 18, and the 

chemical constitution of the essential oil in Table 18. The GC-MS analysis of the essential 

oil of the roots of Myrica Salicifolia revealed the presence of 5 major compounds with 

qualities greater than 80% after comparing the data with NIST mass spectral database 

(Figure 9 and Table 6). The analyzed essential oil was composed of different compounds 
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of different metabolite classes: sesquiterpenoids, fatty group and aromatic phenols, 

aliphatic alcohols, hydrocarbons, and terpenes. The major volatile compounds were n-

hexadecanoic acid (46.69%), 1-ethyl-2,4-dimethylbenzene (7.30%), E-7-dodecen-1-ol 

acetate (7.29%) and dicumene (6.86%), and trans-α-Bergamotene (5.34%). Scientific 

reports revealed that some of the identified compounds have a considerable potential for 

therapeutic use. For example, n-hexadecanoic acid is the major volatile organic compound 

that has hypocholesterolemic, antioxidant, anti-inflammatory, nematicide, and pesticide.161 

Whereas, E-7-dodecen-1-ol acetate, the third major component of in the essential oil has 

adverse effects on target pests like Eucosma gloriola (Eastern pine shoot borer). The other 

eight bioactive components of the essential oil, with their various pharmacological 

activities have been reported in many studies as antioxidant, anticancer, antiulcer, 

anticonvulsant, antihypertensive, antibacterial, anti-nociceptive and anti-inflammation 

activities.162-163 The trans-α-bergamotene compound has been identified as an active 

compound that can attract ectoparasites such as Melittobia digitata (wasps), serving as a 

trapping strategy, where pests are attracted away from the main crop.164 (-)-Tau-muurolol 

has a role as a plant metabolite, a fungicide, a volatile oil component, a marine metabolite 

and a bacterial metabolite.165 
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Figure 9: GC-MS chromatogram of the essential oil of roots of Myrica Salicifolia. 
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Table 18: Compounds identified from the essential oil of the roots of Myrica salicifolia by GC-

MS. 

PK RT Peak 

Pct 

Compound names Structure of compounds Q CF 

 

1 

 

6.93 

 

7.30 

 

1-Ethyl-2,4-

dimethylbenzene 
 

 

82 

 

C10H14 

 

2 

 

15.83 

 

2.19 

 

Cadina-1,3,5-triene 

 

 

55 

 

C15H2 

 

3 

 

15.96 

 

6.86 

 

Dicumene 

 

 

 

95 

 

 

C15H24O 

 

 

4 

 

 

16.25 

 

 

3.56 

 

 

(-)-Tau-muurolol 
 

 

 

 

90 

 

 

 

C15H26O 

5  

16.42 

 

5.34 trans-α-Bergamotene 
 

 

99 

 

C14H28O2 

 

6 

 

18.21 

 

3.03 

 

Hexahydrofarnesyl 

acetone  

 

78 

 

C18H36O 

 

7 

 

21.07 

 

46.69 

 

n-Hexadecanoic acid  

 

78 

 

 

8 

 

23.73 

 

7.29 

 

E-7-Dodecen-1-ol 

acetate 
 

 

91 

 

C16H32O2 

Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality 
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3.3.2 Characterization of Compounds Isolated from the Roots of Myrica salicifolia  

3.3.2.1 Characterization of Compound 82 

 

82 

Compound 82 was isolated as a white solid with a melting point of 281–282 C. The IR 

spectrum showed the presence of O-H stretching at 3492.4 cm-1, C-H stretching at 2930.8 

cm-1 and 2851.2 cm-1, and  C=C stretching at 1634.2 cm-1. The molecular formula was 

deduced to be C30H50O using the TOF-ESI-MS (Appendix 105) at m/z 472.6723 for 

[M+2Na]+ (calc. for C30H50ONa, 472.6980). The 1H-NMR (Table 19 and Appendix 99), 
13C-NMR (Table 19 and Appendix 100), COSY (Appendix 102), and HMBC spectra 

(Appendix 104) of this compound were similar with previously isolated compound 82 from 

leave of the Myrica salicifolia in this study. Therefore, it was established that compound 

82 has the structure that is shown by comparing with reported literature data.166 
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Table 19: 1H-and 13C-NMR data for compound 82. 

 
 

Position 

82 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (1oo MHz, CDCl3) 

Lit.166 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (100 MHz, CDCl3) 

 δC δH δC δH 
1 37.7 0.98 (m, 1H),1.63 (m, 1H) 38.1 0.99;1.63 
2 27.2 1.59 (m, 1H); 

1.63 (m, 1H) 
27.3 1.62 

3 79.1 3.22 (dt, J = 10.6, 5.1 Hz, 1H) 79.2 3.19 (dd, J = 11.2, 4.8 Hz, 1H) 
4 38.9 - 38.9  
5 55.5 0.80 (m, 1H) 55.7 0.88 
6 18.8 1.50 (m, 1H); 

1.63 (m, 1H) 
18.9 1.62;1.45 

7 41.3 1.37 (m, 1H); 
2.06 (dt, 12.8, 3.3 Hz, 1H) 

41.5 1.36;2.03 

8 38.8 - 39.1  
9 48.8 0.98 (m, 1H) 48.9 1.43 

10 38.0 - 37.9  
11 17.5 1.44 (m, 1H); 

1.63 (m, 1H) 
17.7 1.63;1.49 

12 33.1 1.26 (m, 1H); 
1.37 (m, 1H) 

33.2 1.53;1.64 

13 37.6 - 37.9  
14 158.1 - 158.2  
15 116.9 5.56 (d, J = 8.2, 3.2 Hz, 1H) 117.0 5.53 (dd, J = 8, 3.2 Hz, 1H) 
16 37.7 1.63 (m, 1H); 

1.94 (dd, J = 14.8, 3.2 Hz, 1H) 
36.8 1.59; 

1.92(dd, J = 14.8, 3.2 Hz, 1H) 
17 35.8 - 35.3  
18 49.3 1.44 (m, 1H) 49.4 0.99 
19 36.7 1.00 (m, 1H); 

1.33 (m, 1H) 
37.7 1.02;1.33 

20 28.8 - 28.9  
21 33.7 1.25 (m, 1H); 

1.59 (m, 1H) 
33.8 1.25;1.38 

22 35.1 1.04 (m, 1H); 
1.38 (m, 1H) 

35.9 1.00;1.38 

23 28.0 1.00 (s, 3H) 28.2 0.97 
24 15.5 0.95 (s, 3H) 15.6 0.80 
25 15.4 0.83 (s, 3H) 15.6 0.92 
26 25.9 1.11 (s, 3H) 26.1 1.10 
27 21.3 0.93 (s, 3H) 21.5 0.91 
28 29.8 0.85 (s, 3H) 29.9 0.82 
29 33.4 0.97 (s, 3H) 33.5 0.95 
30 29.9 0.93 (s, 3H) 30.1 0.91 
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3.3.2.2 Characterization of Compound 80 

 

80 

Compound 80 was isolated as an amorphous white powder with a melting point of 133-

135. The IR Spectrum showed the presence of O-H stretching at 3424.6 cm-1, aliphatic C-

H stretching at 2928 and 2849.2 cm-1 and  C=C stretching at 1618.4 and 1645 cm-1. 

Moreover, this result was further supported by the TOF-MS (Appendix 112) analysis that 

gave a m/z at 416.2167 for [M+2H]2+, corresponds to the molecular formula of C29H50O 

(calc 414.7077). 1H-NMR (Table 20 and Appendix 106), 13C-NMR (Appendix 107), DEPT 

(Appendix 108), and COSY (Appendix 109) spectra of compound (80) were similar with 

previously isolated compound from leave of the Myrica salicifolia in this study. 

Comparison of the spectroscopic data of 80 with those reported in the literature for β-

sitosterol showed that the two compounds are identical.137 
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Table 20: 1H- and 13C-NMR data for compound 80. 

 
 

Position 

80 
1H-NMR (600 MHz, DMSO-d6) 
13C-NMR (151 MHz, DMSO-d6) 

Lit.137 
1H-NMR (300 MHz, CDCl3) 
13C-NMR (100 MHz, CDCl3) 

 δC δH δC δH 
    

1 37.3 1.07 (m, 1H2); 
1.83 (m, 1H1) 

37.2 1.08;1.83 

2 31.7 1.48 (m, 1H);1.80 (m, 1H) 31.6 1.49;1.82 
3 71.8 3.53 (tt, J = 10.7, 4.7 Hz, 1H) 71.8 3.53 
4 42.4 2.22 (m, 1H- );2.27 (m, 1H ) 42.27 2.24;2.28 
5 140.8 - 140.7 - 
6 121.7 5.35 (dd, J = 5.1, 2.6 Hz, 1H) 121.7 5.35 (J = 4.7 Hz) 
7 31.8 1.57 (m, 1H);1.98 (m, 1H) 31.9 1.59;1.98 
8 31.8 1.48 (m, 1H) 31.9 1.49 
9 50.2 0.93 (m, 1H) 50.1 0.94 

10 36.5 - 36.5 - 
11 21.0 1.48 (m, 1H2); 

1.50 (m, 1H1) 
21.06 1.45;1.48 

12 39.5 2.00 (tt, J = 14.6, 3.1 Hz, 1H1); 
1.15 (m, 1H2) 

39.8 1.15; 1.97 

13 42.4 - 42.19 - 
14 56.8 1.07 (m, 1H) 56.7 1.03 
15 24.4 1.55 (d, J = 6.5 Hz, 1H1); 

1.01 (m, 1H) 
24.3 1.05;1.55 

16 27.9 1.86 (m, 1H1);1.27 (m,1H2) 28.2 1.24 
17 56.0 1.11 (m, 1H) 56.0 1.13 
18 11.8 0.68 (s, 3H) 11.97 0.68(s, 3H) 
19 19.2 1.00  (s, 3H) 19.4 1.01(s, 3H) 
20 36.2 1.36 (m, 1H) 36.1 1.36 
21 18.9 0.93 (d, J = 6.5 Hz, 3H) 18.8 0.94(d, 3H) 
22 33.9 1.37 (m, 1H);1.05 (m, 1H) 33.9 1.32 
23 26.0 1.14 (m, 2H) 26.0 1.15 
24 45.7 0.92 (m, 1H) 45.8 0.93 
25 29.2 1.65 (m, 1H) 29.1 1.65 
26 19.4 0.80 (d, J = 2.3 Hz, 3H) 19.02 0.82 (6.3 Hz, 3H) 
27 19.9 0.82 (d, J = 7.6 Hz, 3H) 19.8 0.83 (6.1 Hz, 3H) 
28 22.8 1.26 (m, 2H) 23.0 1.22 
29 11.8 0.84 (d, J = 6.5 Hz, 3H) 11.8 0.85 
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3.3.2.3 Characterization of Compound 87 

 
87 

Compound 87 was isolated as an amorphous white powder with a melting point of 198-

200 C. The compound gave a dark blue spots on TLC with cerium ammonium molybdate 

spraying with the Rf value of 0.83 in CHCl3:MeOH (1:0.25). The IR spectrum showed a 

broad absorption band of O-H group at 3432.8 cm-1, aliphatic C-H stretching at 2918.2 and 

2851.6 cm-1, C=O stretching of ester at 1747.6 cm-1, and C=C stretching at 1625.6 cm-1. 

The molecular formula was established to be C51H90O7 from TOF-ESI-MS (Appendix 119) 

at m/z 815.6644 for [M]+ (calcd for C51H90O7 815.2580). 1H-NMR spectrum (Table 21 and 

Appendix 113) of steroidal skeleton revealed the presence of two angular methyl singlet 

signals at δ 0.68 (H-18) and 1.00 (H-19), three methyl doublet signals at δH 0.93 (d, J = 6.3 

Hz, 3H-21), 0.83 (d, J = 7.0 Hz, 3H-27), and 0.81 (d, J = 7.0 Hz, 3H-26), one olefinic 

proton signal at δH 5.39 (dd, J = 5.1, 2.6 Hz, H-6), oxymethine proton signal as multiples 

at δH 3.58 (H-3), oxymethine and oxymethylene proton peaks of a hexose unit signals 

between H-1' (δH 4.39) to H-4' (δH 3.4), and H-2'' (δH  2.35) to H-16'' (δH 0.89) for a long 

aliphatic chain. The signal at δH 4.39 (d, J = 7.8 Hz) was assigned to the anomeric proton 

(H-1') of the glucose moiety. 13C-NMR (Table 21 and Appendix 114) and DEPT spectra 

(Table 21 and Appendix 115) showed seven methyls, fourteen methines, and four 

quaternary carbons. It revealed a carboyl carbon signal at δC 174.0, sugar moiety carbon 

signals at δC 63.4-101.2 and aliphatic chain carbon signals at δC 14.2-34.3. The carbon 

signals at δC 140.3 (C-5) and 122.2 (C-6) indicated the presence of a double bond. The 
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carbon signal at δC 19.4 and 11.9 was assigned to angular methyl carbon. The methine 

carbon signal at δC 79.7 indicated the hydroxyl group was attached to C-3. The COSY 

spectrum (Appendix 116) showed a multiples at δH 3.58 (d, J = 8.8 Hz, 3H-3) correlated 

with δH 2.36 (H-4). Olefinic methine proton at δH 5.39 (d, J = 5.6 Hz, 1H-6) was linked to 

H1-7 at δH 1.99 for a methylene proton. A doublet signal of methyl at δH 0.93 (d, J = 6.3 

Hz, 3H-21) correlated with a methine proton signal at δH 1.35 (m, 1H-20). A methyl signals 

at δH 0.83 (d, J = 7.0 Hz, 3H-27) and δH 0.81 (d, J = 7.0 Hz, 3H-26) correlated with a 

methine proton H-25 at δH 1.66. In the HSQC spectrum (Appendix 117), a proton signal at 

δH 3.58 (1H-3) correlated with carbon signal at δC 79.70 (C-3). The signal at δH 5.39 (d, J 

= 5.6, Hz, 1H-6) correlated with olefinic methine carbon signal at δC 122.2 (C-6) indicated 

the presence of double bond. Three doublet signals of methyl at δH 0.93 (d, J = 6.3 Hz, 

3H), 0.81 (d, J = 7.0 Hz, 3H) and 0.83 (d, J = 7.0 Hz, 3H) correlated with a methine carbon 

at δC 18.8 (C-21), 19.0 (C-26), and 19.8 (C-27), respectively. The two singlet signals at δH 

1.00 (s, 3H) and 0.68 (s, 3H) corresponds to angular methyl carbon signals at δC 19.38 (C-

19) and 11.87 (C-18), respectively. A proton signal at δH 0.85 (m, 3H) correlated with C-

29 at δC 11.99. The HMBC Spectrum (Appendix 118) of compound 87 showed that a 

carbon signal at δC 140.3 (C-5) correlated to H-4 at δH 2.36 (m, 1H), and δH 0.91 (m, H-9) 

indicating the double bond was attached to C-7, C-4, and C-10. The proton singlet signals 

at δH 1.00 (3H-19) correlated to the carbon signal at δC 37.3 (C-1), 36.7 (C-10), 50.2 (C-9), 

and 140.3 (C-5) indicating the angular methyl protons was attached to C-20. The protons 

singlet signal at δH 0.68 (3H-18) correlated with the carbon signals at δC 39.8 (C-12), 42.3 

(C-13), 56.8 (C-14), and 56.1 (C-17) confirmed the angular methyl group was to C-13. A 

doublet methyl proton signals at δH 0.81 (3H-26) connected to C-25 at δC 29.1, C-24 at δC 

45.8, and C-27 at δC 19.8. similarly, a doublet methyl proton signal at δH 0.83 (3H-27) 

correlated with C-25 at δC 29.1, C-24 at δC 45.8 and C-26 at δC 19.0,  indicated the two 

methyl groups were  attached to C-25. In HMBC spectrum, the anomeric proton signal at 

δH 3.58 (d, J = 8.8 Hz, 1H-3) correlated with C-1' (101.2) of the sugar moiety, indicating 

the steroid moiety was attached to C-1' of the sugar moiety. This was also confirmed by 

the de-shielded position of the C-3 at δC 79.7 compared to 80 (δC 71.8). The presence of 

the extra fatty acid moiety of 87 in comparison to 80 was evidenced by the presence of 

peaks corresponds to the long CH2 chain in the upfield region of the 1H and 13C-NMR 
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spectra. The aliphatic chain was attached to C-6′ position of the glucose unit through an 

ester linkage. This fact was confirmed by the long range HMBC correlations observed 

between the carbonyl carbon at δC 174.0 of the ester moiety and the diasterotopic protons 

H1-6 and H2-6 of the sugar unit. All of the observed long-range correlations spectral data 

and the literature were in line with the compound 87 structure. The spectroscopic data of 

compound 87 (sitoindoside I or sitosteryl (6'-O-palmitoyl)-3-beta-D-glucopyranoside) is 

in agreement with those reported in the literature.167 This is the first report of the isolation 

of 87 from this plant and from the genus Mayrica. 

Table 21: 1H- and 13C-NMR data for compound 87. 

 
 

Position 

87 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (101 MHz, CDCl3) 

Lit. 167 
1H-NMR (600 MHz, CDCl3) 

13C-NMR (150 MHz,  CDCl3) 
β-Sitosterol δC δH δC                                δH 

1 37.3 1.86 (m, 1H); 
1.06 (m, 1H) 

37.27 1.06 (m); 
1.85 (m) 

2 29.7 1.95 (m, 1H); 
1.61 (m, 1H) 

29.70 1.61 (m); 
1.95 (m) 

3 79.7 3.58 (d, J = 8.8 Hz, 1H) 79.64 3.54 (m, 1H) 
4 38.9 2.36 (m, 1H), 

2.26 (m, 1H) 
38.91 2.27 (m, 1H); 

2.36 (m, 1H) 
5 140.3 - 140.30 - 
6 122.2 5.39 (d, J = 5.6 Hz, 1H). 122.14 (m, 1H) 
7 31.9 1.26 (m, 1H); 

1.99 (m, 1H) 
31.94 1.98 (m, 2H) 

8 31.9 1.50 (m, 1H) 31.88 1.52 (m, 1H) 
9 50.2 0.91 (m, 1H) 50.14 0.93 (m, 1H) 
10 36.7 - 36.70 - 
11 21.1 1.49 (m, 2H) 21.04 1.02 (m);1.56 (m) 
12 39.8 2.03 (m, 1H); 

1.15 (m, 1H) 
 

39.76 1.18 (m), 
2.02 (m) 

13 42.3 - 42.33 - 
14 56.8 0.99 (m, 1H) 56.76 (m) 
15 24.3 1.60 (m,1H);1.00 (m,1H) 24.30 1.08 (m);1.12 ( m) 
16 28.3 1.85 (m, 2H) 28.26 1.83 (m);1.86 (m) 
17 56.1 1.11 (m, 1H) 56.11 1.12 (m) 
18 11.9 0.68 (s, 3H) 11.85 0.68 (s) 
19 19.4 1.00 (s, 3H) 19.37 (s, 3Η) 
20 36.2 1.35 (m, 1H) 36.19 1.36 (m) 
21 18.8 0.93 (d, J = 6.3 Hz, 3H) 4.18.76 0.92 (d, J = 6.4, 3H) 
22 33.9 1.32 (m, 1H);1.00 (s, 1H) 33.92 1.34 (m), 1.00 (s) 
23 26.1 1.15 (m, 2H) 26.10 1.18 (m, 2H) 
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24 45.8 0.93 (m, 1H) 45.81 0.95 (m) 
25 29.1 1.66 (m, 1H) 29.10 1.66 (m) 
26 19.0 0.81 (d, J = 7.0 Hz, 3H) 19.02 (d, J = 6.8, 3H) 
27 19.8 0.83 (d, J = 7.0 Hz, 3H) 19.82 (d, J = 6.8, 3H) 
28 23.1 1.26 (brs) 23.06 1.26 (bs) 
29 12.0 0.85 (m, 3H) 11.97 0.84 (t, J = 7.6, 3H) 

Glucopyranoside 
1′ 101.2 4.39 (d, J = 7.8 Hz, 1H) 101.24 4.38 (d, J  = 7.7, 1H) 
2′ 73.8 3.5 (td, J = 9.0, 4.4 Hz, 1H) 73.45 3.35 (dd, J = 7.7, 8.7, 1H) 
3′ 76.1 3.58 (d, J = 8.8 Hz, 1H 76.07 3.57 (dd,  J = 8.7, 9.9, 1H) 
4′ 70.2 3.40 (td, J = 9.0, 4.4 Hz, 1H) 70.23 3.38 (dd,  J = 9.9, 8.6, 1H) 
5′ 73.5 3.37 (m, 1H) 73.82 3.45 (m, 1H) 
6′ 63.4 4.31 (d, J = 12.1 Hz, 1H); 

4.39 (d, J = 12.1 Hz, 1H) 
63.41 4.42 (dd, J =  12.1, 5.3, 1H) 

4.29 (dd,  J = 12.1, 1.7, 1H) 
Palmitic acid 

1″ 174.0 - 174.56 - 
2″ 34.3 2.35 (t, J = 8.1 Hz, 2H) 34.26 2.34 (t,  J = 7.6, 2H) 
3″ 25.0 1.61 (m, 2H) 24.97 1.61 (m) 
4″ 29.3 1.26 (brs) 29.26 1.28 (bs) 
5″ 29.4 1.26 (brs) 29.45 1.26 (bs) 
6″ 29.8 1.26 (brs) 29.68 1.26 (bs) 

7″-12″ 29.6 1.26  (brs) 29.78 1.26 (bs) 
13″ 29.3 1.26 (brs) 29.40 1.26 (bs) 
14″ 32.0 1.26 (brs) 31.90 1.26 (bs) 
15″ 22.7 1.28 (brs) 22.70 1.30 (bs) 
16″ 14.2 0.89 (t, 7.1 Hz, 3H) 14.13 0.88 (t,  J = 7.1 Hz, 3H) 

3.3.2.4 Characterization of Compound 28 

 

Compound 28 was isolated as a white powder with a melting point of 187-192 C. The IR 

spectrum revealed the presence of O-H stretching at 3424.4 cm-1, C-H stretching 2919.2 

cm-1 and 2854.9 cm-1, C=O stretching at 1705.2 cm-1, C=C stretching at 1642.2 cm-1 and 

1613.2 cm-1. The molecular formula was established as C21H24O5 by the sodiated-

molecular-ion peak in the TOF-ESI-MS (Appendix 125) at m/z 379.1512 for [M+Na]+ 

(calcd for C21H24O5Na, 379.1516).  Comparsion of its 1H and 13C-NMR data (Table 22) 
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with the previous reported literature139, compound 28 was identified to be myricanone. 

Myricanone (28) was previously isolated from the CHCl3-MeOH extract of the leaves of 

Myrica salicifolia in this study. 

Table 22: 1H-and 13C-NMR data for compound 28. 
 

 
 

Position 

 
 

DEPT-135 

28 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (101 MHz, CDCl3) 

Lit. 139 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (100 MHz, CDCl3) 

  δC δH δC δH 
1 C 125.5 - 125.5 - 
2 C 123.2 - 123.3 - 
3 C 146.0 - 146.1 - 
4 C 138.6 - 138.8 - 
5 C 147.8 - 147.9 - 
6 C 123.1 - 123.1 - 
7 CH2 26.9 2.74 (m, 2H) 26.9 2.72 (m, 2H) 
8 CH2 24.5 2.74 (m, 1H); 

1.97 (dd, J = 8.5, 5.0 Hz, 
1H) 

24.6 1.95 (m, 2H) 

9 CH2 21.9 1.89 (dd, J = 7.4, 7.0 Hz, 
1H); 

2.79 (m, 1H) 

21.9 1.85 (m, 2H) 

10 CH2 46.2 3.01 (m, 1H); 
2.79  (m, 1H) 

46.2 2.75 (m, 2H) 

11 C 213.6 - 213.5 - 
12 CH2 42.6 2.82 (dt, J = 13.6, 6.2 Hz, 

2H) 
42.6 2.78 (m, 2H) 

13 CH2 28.9 2.89 (m, 1H); 
3.04 (m, 1H) 

29.0 3.02 (m, 2H) 

14 C 132.3 - 132.4 - 
15 CH 128.9 7.08 (dd, J = 8.2, 2.4 Hz, 

1H) 
129.0 7.06 (dd, J = 2.0, 8.0 

Hz) 
16 CH 115.9 6.90 (d, J = 8.2 Hz, 1H) 117.0 6.88 (d, J = 8.0 Hz) 
17 C 151.7 - 151.8 - 
18 CH 132.4 6.76 (d, J = 2.4 Hz, 1H) 132.5 6.75 (d,  J = 2.0 Hz) 
19 CH 128.9 6.63 (s, 1H) 129.0 6.61 (s, 1H) 
20 CH3 61.5 4.00 (s, 3H) 61.5 5.83 (s, 3H) 
21 CH3 61.4 3.87 (s, 3H) 61.5 7.63 (s, 3H) 
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3.3.2.5 Characterization of Compound 30 

30  

Compound 30 was isolated as an amorphous white powder with a melting point of 220-

223 C. The compound gave a dark blue spots on TLC with cerium ammonium molybdate 

spraying with the Rf value of 0.37 in CHCl3:MeOH (1:0.1).  The IR spectrum of compound 

30 revealed the presence of O-H stretching at 3455.8 cm-1 and 3408 cm-1, C-H stretching 

at 2919.2 cm-1 and 2849.2 cm-1, and C=C stretching of aromatics at 1640.4-1453.6 cm-1. 

The molecular formula was established to be C27H36O10 from TOF-ESI-MS (Appendix 

132) at m/z 543.2219 for [M+Na]+, 359.1845 [(M + H)-Glu]+ (calcd for C27H36O10Na, 

543.5595). Twenty-seven carbon signals were identified by the 13C-NMR (Table 23 and 

Appendix 127) and DEPT spectra (Table 23 and Appendix 128). These signals include two 

methyls, seven methylenes, ten methines, and eight quaternary carbon signals. Some of 

them identified characteristic peaks of aromatic moiety and glucopyranoside. 1D/2D-NMR 

analyses of compound 30 revealed that it was a cyclic diarylheptanoid closely linked to 

myricanone (30) but different due to lack of glucopyranoside at C-5 of compound 28, and 

the carbonyl group at C-11 (δC 213.6) of 28 was replaced by a hydroxyl group (δC 67.8) in 

compound 30. 1H-NMR revealed the presence of six upfield methylene group signal (δH 

1.47-2.97) and a hydroxyl signal at δH 3.93 (H-11), characteristic of heptanoid moiety168 

of compound 30. The anomeric proton of the glucose moiety was shown at δH 5.03 (d, J = 

7.3 Hz, H-1′), indicating β-configuration.  
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Table 23: 1H-and 13C-NMR data for compound 30. 

 
 

Position 

30 
1H-NMR (400 MHz, MeOD) 
13C-NMR (101 MHz, MeOD) 

Lit.169 
1H-NMR (500 MHz, CDCl3) 
13C-NMR (125 MHz, CDCl3) 

 δc δH δc δH 
1 128.2 - 128.4  
2 129.8 - 128.0  
3 148.0 - 148.3  
4 145.1 - 145.1  
5 148.5 - 148.8  
6 125.2 - 126.0  
7 25.7 2.97 (dd, J = 16.0, 3.1 Hz, 1H-7); 

1.90 (m, 1H) 
25.8 2.54 

8 26.1 2.73 (m, 1H) 26.0 2.71 
9 22.6 1.58 (d, J = 8.7 Hz, 1H); 

1.47 (dd, J = 13.3, 12.3, 6.0 Hz, 1H) 
22.5 1.28;1.21 

10 39.1 1.87 (m, 1H); 
1.56 (d, J = 11.6 Hz, 1H) 

39.3 1.63;1.35 

11 67.8 3.93 (m, 1H) 66.7 3.95 
12 34.3 2.29 (ddd, J = 16.0, 11.5, 5.0 Hz, 1H); 

1.66 (m, 1H) 
34.4 2.09;1.49 

13 26.7 2.87 (m, 2H) 26.8 2.83;2.78 
14 130.5 - 129.4 - 
15 129.7 7.06 (dd, J = 8.2, 2.3 Hz, 1H) 129.1 6.96 (dd, J = 6.6, 1.5 

Hz) 
16 115.9 6.80 (d, J = 8.2 Hz, 1H) 115.6 6.74 (d,  J =  6.6 Hz) 
17 151.6 - 152.0 - 
18 133.7 7.12 (d, J = 2.4 Hz, 1H) 134.6 6.92 
19 129.1 6.86 (s, 1H) 129.5 6.60 
20 60.3 3.91 (s, 3H) 60.1 3.81 
21 60.6 3.99 (s, 3H) 60.8 3.83 
1′ 104.0 5.03 (d, J = 7.3 Hz, 1H) 103.9 4.84 (d, J = 7.6 Hz) 
2′ 74.4 3.46 (m, 1H) 74.0 3.04 
3′ 76.9 3.27 (ddd, J = 9.2, 5.3, 2.3 Hz, 1H) 77.1 3.06 
4′ 70.1 3.41 (m, 1H) 69.9 3.17 
5′ 76.7 3.47 (m, 1H) 76.5 3.23 
6′ 61.2 3.83 (dd, J = 12.0, 2.4 Hz, 1H); 

3.69 (dd, J = 12.0, 5.3 Hz, 1H) 
60.9 3.58;3.42 

     
 

The COSY spectrum (Appendix 129) showed correlations for two spin systems: H-7/H-

8/H-9/H-10 and H-12/H-13 which confirmed the presence of a alphatic moiety. The 13C-

NMR spectrum (Table 23 and Appendix 127) showed the signal of the sugar's anomeric 

carbon at δC 101.4 (C-1′) and the other sugar carbon signals are characteristic of D-

glucopyranoside169 which were appeared at δC 76.9 (C-3′), 76.7 (C-5′), 74.4 (C-2′), and 

70.1 (C-4′), and a methylene carbon signal at δC 61.2 (C-6′). Sugar protons typical of a 
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glucose resonating between δH 3.27 and 5.03 were assigned to H-1′ to H-6′ based on the 

COSY experiment (Appendix 129). The COSY spectrum showed five methine proton 

signals at δH 5.03 (d, J = 7.3 Hz, 1H-1′), 3.47 (m, 1H-5′), 3.46 (m, 1H- 2′), 3.41 (m, 1H) 

and 3.27 (ddd, J = 9.2, 5.3, 2.3 Hz, 1H-3′) in the spin system, which coupled to their 

neighbors in this sequence. It also showed coupling occurs between the last methine proton 

(H-5′) signal and the methylene proton signals at δH 3.83 (dd, J = 12.0, 2.4 Hz, 1H-6′) and 

3.69 (dd, J = 12.0, 5.3 Hz, 1H-6′). An oxymethine proton signal resonated at δH 3.93 (m) 

was assigned to H-11 following a proton coupling from the COSY and HMBC long-range 

correlations (Appendix 131). The HMBC spectrum showed correlation between the 

anomeric proton signal at δH 5.03 (H-1') and carbon signal at δH 148.5 (C-5), indicating 

glycosylation was occurred at C-5. Hence, based on the above data (Table 23) and 

comparison with the literature169, compound 30 was proposed to be myricanol 5-O-β-D-

glucopyranoside.  

3.3.3 Biological Activities of Crude Extract and Isolated Compounds from the Roots 

of Myrica salicifolia  

3.3.3.1 DPPH Radical Scavenging Assay of Crude Extract and Isolated Compounds 

from the Roots of Myrica salicifolia  

The effect of the addition of an antiradical agent can be determined spectrophotometrically 

by monitoring the change in the DPPH free radical concentration. The amount of the stable 

DPPH free radicals remaining was expressed as the % RSA which was used to calculate 

the IC50 values. The IC50 values (Table 24) indicate 50% of the maximal inhibitory 

concentration. Thus, the IC50 is inversely proportional to the antioxidant activity; a 

compound with a low IC50 value has a high antioxidant capacity, the vice versa holds. The 

crude extract showed the lowest IC50 values and thus the best antioxidant capacities. The 

IC50 values of 2.97–368.75 μg/ml were recorded. The compound 80 had very high IC50 

values corresponding to low antioxidant activities. The order of the antioxidant activity 

among the compounds was CE > 28 > 82 > 30 > 87 > 80. Hydroxyl groups in a conjugated 

environment are known to provide antioxidant activity; for example, polyphenols rely on 

them for their activity. It is one of the most important and common pharmacophores. 
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Table 24: Percent radical scavenging activity and IC50 values of the isolated compounds. 

 DPPH Inhibition at  

Compounds/ 
Extracts 

50 
μg/mL 

25 
μg/mL 

12.5 
μg/mL 

6.25 
μg/mL 

3.12 μg/mL IC50 
(μg/mL) 

EC 96.54 92.31 69.79 50.40 39.35 2.97 

28 79.59 68.98 58.91 46.59 35.59 6.96 

30 28.82 24.53 22.45 22.17 21.18 183.9 

87 24.84 22.45 22.34 21.15 20.23 337.37 

82 31.78 27.33 24.91 23.14 21.65 120.78 

80 24.60 22.94 21.38 21.24 20.92 368.75 

Ascorbic acid 97.32 97.27 97.25 97.19 96.96 0.31 

Note: r2 - coefficient of determination; EC: crude Extract; IC50 - half maximal inhibitory 
concentration. 

Increasing or decreasing the number of hydroxyls in a molecule affects the overall radical 

scavenging activity accordingly.171 Functionalization (e.g., methylation) of the hydroxyl 

groups also results in a steep drop in the antioxidant activity, demonstrating that the mobile 

H is essential for it.172 Increasing the glycosylation of the molecules led to lower activity.173 

Their antioxidant effect was related to the number of free hydroxyl groups in their 

structures.  

3.4 Phytochemical Investigation of the Aerial Parts of Clematis simensis 

The aerial parts of C. simensis were collected from Debresina, Northern Shewa, Amhara 

region, 192 km from Addis Ababa, in June 2020 by Dr. Mekonnen Abebayehu. The plant 

specimens were identified by the Department of Plant Science, Addis Ababa University, 

Ethiopia. Voucher specimens were deposited at the Herbarium, Addis Ababa University 

(No. AD001 C. simenses). The chloroform-methanol extract of the air-dried aerial parts of 

C. simensis afforded three compounds namely 2-deoxy-D-ribono-1,4-lactone (88), 5-

hydroxylevulinic acid (89), and β-sitosterol-3-O-β-D-glucoside (90). Their structures were 

elucidated by 1D- and 2D-NMR spectroscopy, FAB-MS, HR-EI-MS and HR-ESI-MS. The 

chemical compositions of the essential oils obtained by hydrodistillation from the aerial 

part of Clematis simensis were determined by GC/MS, which led to the detection of ten 
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major compounds: (E)-2-nonen-1-ol (38.33%), 4-cyclopentene-1,3-dione (28.69%), 

cyclofenchene (5.65%), benzene acetaldehyde (4.74%), methyl salicylate (2.77%), 

salicylaldehyde (2.68%), benzaldehyde (2.60%), α-terpineol ( 2.10%), eucalyptol (1.21%), 

and 2,6-dimethylcyclohexanol (1.15%). Compound 89 showed high antioxidant activity 

(IC50 = 14.89 μg/ml) but have no antibacterial activity against both Gram-positive and 

Gram-negative bacterial strains. According to the antimicrobial parameters, crude extract 

showed very weak activity at 500 mg/ml, 250 mg/ml, and 125 mg/ml. To our knowledge, 

this is the first report on the isolation of secondery metabolites from Clematis simensis. 

3.4.1 Characterization of Essential Oil of the Aerial Parts of Clematis simensis 

The essential oils from the Clematis simensis aerial parts were extracted by 

hydrodistillation following the method described by Katekar.116   Plant material (440 g) 

was hydrodistilled to afford clear colorless oil (2.0 mL). The essential oil was then analyzed 

by gas chromatography-mass spectroscopy (GC-MS). The chemical constitutes and 

physical properties of the essential oil are given in Table 25. The GC-MS analysis of the 

essential oil of the fresh aerial part of Clematis simensis revealed the presence of 20 major 

compounds with qualities greater than 80% after comparing the data with NIST mass 

spectral database (Figure 10 and Table 25). The analyzed essential oil was composed of 

different compounds of different metabolite classes: phenols, aliphatic alcohols, 

hydrocarbons, and terpenes. The major volatile compounds were (E)-2-nonen-1-ol 

(38.33%), 4-cyclopentene-1,3-dione (28.69%), cyclofenchene (5.65%), benzene 

acetaldehyde (4.74%), methyl salicylate (2.77%), salicylaldehyde (2.68%), benzaldehyde 

(2.60%), α-terpineol (2.10%), eucalyptol (1.21%), and 2,6-dimethylcyclohexanol (1.15%). 

Scientific reports revealed that some of the identified compounds have a considerable 

potential for therapeutic use. For example, (E)-2-nonen-1-ol (38.33%) is the major volatile 

organic compound that has antifungal activity174, antimicrobial activity175, sex 

pheromone176, flavoring agent177, antibacterial quorum sensing (anti-QS)178, and 

deorphanize odorant receptors179. Whereas, 4-cyclopentene-1, 3-dione (28.69%), the 

second major component of in the essential oil has antifungal180 and anticancer activity181. 

The other eight bioactive components of the essential oil, with their various 

pharmacological activities have been reported in many studies as antioxidant, anticancer, 
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antiulcer, anticonvulsant, antihypertensive, anti-nociceptive, analgesic, antiinflammatory, 

and rubefacient/counterirritant properties.121, 182 

 

Figure 10: GC-MS chromatogram of the essential oil of aerial parts of Clematis simensis.  
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Table 25: Compounds identified from the essential oil of the aerial parts of Clematis 

simensis by GC-MS. 

PK RT 

Area 

Pct Compound names Structure Q 

 

CF 

1 5.45 38.32 (E)-2-Nonen-1-ol  78 

 

C9H18O 

2 6.06 0.81 5-Methyl-2(3H)-Furanone  83 

 

 

C5H6O2 

3 6.84 28.69 4-Cyclopentene-1,3-dione  75.1 

 

 

C5H4O2 

4 7.04 1.21 Eucalyptol  89 

 

 

 

 

C10H18O 

5 7.17 2.60 Benzaldehyde  97 

 

 

C6H5CH

O 

6 8.04 0.84 (E,E)-2,4-Heptadienal  76 

 

C7H10O 

7 8.25 0.78 cis-Linalool oxide  70.3 

 

 

 

C10H18O2 

8 8.47 2.68 Salicylaldehyde  97 

 

 

 

C7H6O2 

9 8.66 4.74 Benzeneacetaldehyde  94 
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PK RT 

Area 

Pct Compound names Structure Q 

 

CF 

C8H8O 

10 8.80 5.65 Cyclofenchene  83 

 

 

 

C10H16 

11 9.41 1.15 2,6-Dimethyl Cyclohexanol  76 

 

 

 

C8H16O 

12 9.91 0.65 Terpinen-4-ol  83 

 

 

C10H18O 

13 10.04 0.79 Isopinocarveol  74.4 

 

 

 

C10H16O 

14 10.35 2.10 α-Terpineol OH  95 

 

 

 

C10H18O 

15 10.48 2.77 Methyl salicylate  94 

 

 

 

C8H8O3 

16 10.57 0.26 α-Terpinen-7-al  78 

 

 

C10H14O 

17 10.63 0.36 p-Cymen-8-ol  86 

 

 

C10H14O 
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PK RT 

Area 

Pct Compound names Structure Q 

 

CF 

18 10.68 0.78 m-Cymenene  95 

 

 

C10H14 

19 10.84 0.58 β-Cyclocitral  95 

 

 

 

 

C10H16O 

20 10.92 0.28 3-Carene  87 

 

 

C10H16 

21 10.96 0.19 (-)-cis-Carveol  95 

 

 

 

C10H16O 

22 11.24 0.17 β-Homocyclocitral  74.8 

 

 

 

 

C11H18O 

23 11.30 0.76 cis-Geraniol  91 

 

 

 

C10H18O 

24 11.38 0.34 D-Carvone  94 

 

 

 

C10H14O 

25 13.52 0.59 6-Hydroxydihydrotheaspirane  67.8 

 

 

 

C13H24O2 
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PK RT 

Area 

Pct Compound names Structure Q 

 

CF 

26 13.68 0.13 cis-Jasmone  98 

 

 

 

C11H16O 

27 14.48 0.29 β-Ionene  98 

 

 

 

 

C13H20O 

28 14.82 0.22 β-Ionone epoxide  79.8 

 

 

 

 

C13H20O2 

29 14.89 0.67 β-Bisabolene 76 

 

 

 

C15H24 

30 15.56 0.25 5-pentyl-1,3-Benzenediol 78 

 

 

 

 

C11H16O2 

31 15.96 0.20 2-Methyl-5-octyn-4-ol  83 

 

 

 

C9H16O 

Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality 
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3.4.2 Characterization of Compounds Isolated from the Aerial parts of Clematis 

simensis 

3.4.2.1 Characterization of Compound 88 

 

88 

Compound 88 was isolated as white powder with a melting point of 134-135 °C. The IR 

spectrum showed the presence of O-H stretching at 3408 cm-1, C-H stretching at 2915cm-

1 and 2847cm-1, and C=O stretching at 1634 cm-1. The HR-EI-MS spectrum (Appendix 139) 

of compound 88 revealed fragment ion at m/z = 104.0515 due to the loss of [CO]+ and m/z 

101.0279 due to loss of [CH2OH]+ from a compound which are characteristic of 

dihydroxylated γ-lactone183 with the molecular weight of 132.0427. The 1H-NMR 

spectrum (Table 26 and Appendix 133) showed diastereotopic protons signals at δH 3.52 and 

3.57 could be attributed to H-5. The diastereotopic proton signals at δH 2.82 and 2.24 were 

assigned to methylene protons (H-2) which were alpha to the carbonyl carbon. Hydroxyl 

proton signals at δH 5.5 (brs, 1H) and 5.07 (s, 1H) could be attributed to C-5 and C-3, 

respectively. 13C-NMR (Table 26  and Appendix 134) and DEPT (Table 26 and Appendix 

135) spectra showed two methine carbon signals at δC 67.8 (C-3) and 88.3 (C-4), one 

carbonyl group signal at δC 176.3 (C-1), and two methylene group signals  at δC 60.8 (C-5) 

and at δC 38.1 (C-2). The HMBC spectrum showed correlations between H-2 (δH 2.24) with 

C-1 (δC 176.3) and C-3 (δC 67.8), and H-5 (δH 3.52) with C-3 (δC 67.8) and C-4 (δC 88.3). 

Based on these results and by comparing the spectral data (Table 26) with values published 

in the literature, compound 88 was determined to be 2-deoxy-D-ribono-1, 4-lactone.184 
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Table 26: 1H and 13C-NMR data for compound 88. 

 88 Lite.184 
Position 1H-NMR (600 MHz, DMSO) 

13C-NMR (151 MHz,  DMSO) 
1H-NMR (500 MHz, Pyridine-d5) 

13C-NMR (125 MHz,  Pyridine-d5) 

 δC δH δC δH 

1 176.3 - 177.11 - 

2 38.0 2.82 (dd, J = 17.7, 6.5 Hz, 1H); 

2.24 (dd, J = 17.7, 2.3 Hz, 1H) 

39.46 2.86 (dd,  J = 2.5, 17.5,1H); 

3.33 (dd,  J = 6.5, 17.5, 1H) 

3 67.8 4.34 – 4.18 (m, 1H) 69.23 5.00 (ddd,  J = 2.0, 2.5, 6.5,1H) 

4 88.3 4.34 – 4.18 (m, 1H) 89.76 4.91(ddd,  J = 2.0, 3.5, 3.5, 1H) 

5 60.8 3.52 (m, H); 

3.57 (m, H) 

62.07 4.34 (dd,  J = 3.5, 12.0, 1H), 

4.13 (dd,  J = 3.5, 12.0, 1H) 

3.4.2.2 Characterization of Compound 89 

 

89 

Compound 89 was isolated as a white powder with a melting point of 97-100 0C. The IR 

spectrum of compound 89 showed the presence of O-H stretching at 3443 cm-1, C-H 

stretching at 2926 cm-1 and 2855 cm-1, C=O stretching at 1736 cm-1 and 1634 cm-1. The 

HR-EI-MS spectrum (Appendix 145) of Compound 89 showed fragment ion peaks at m/z 

= 101 consistent with the loss of [CH2OH]+ from a 5-hydroxy-4-oxopentanoic acid with a 

molecular weight of 132.0427. The 1H-NMR spectrum (Table 27 and Appendix 140) of 

compound 89 showed triplet signals at δH 2.59 (t, J = 6.7 Hz, H-2) and δH 2. 70 (t, J = 6.7 

Hz, H-3) due to the two linked methylene protons, a singlet signal at δH 4.24 (H-5), 

indicated the protons of methylene unit were flanked between a hydroxyl group and a 

carbonyl carbon. The 13C-NMR (Table 27 and Appendix 141) spectrum revealed five 

carbon signals due to a carboxylic acid carbon at δC 176.4 (C-1), one carbonyl carbon at δC 

211.1 (C-4), a methylene carbon adjacent to the hydroxyl at δC 68.9 (C-5) and two 
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methylene carbon next to the carboxylic acid at δC 33.9 (C-3) and δC 28.5 (C-2). The 1H-
1H correlation spectroscopy (COSY) spectrum (Appendix 142) showed a proton signal at 

δH 2.59 (t, J = 6.7 Hz, H-2) correlated with a proton signal at δH 2.70 (t, J = 6.7 Hz, 2H-3),  

indicated two protons were in an adjacent environment.  HMBC spectrum (Appendix 144) 

showed a proton signal of H-2 at 2.59 (t, J = 6.7 Hz) correlated with a carbon signal of 

aliphatic acid at δC 176.8 (C-1). The most intense proton signals at δH 4.24 (H-5) and 2.69 

(H-3) correlated with a carbonyl carbon signal at δC 211.1 (C-4), indicated the carbonyl 

carbon was attached to hydoxymethylene and methylene groups. Based on these results 

and by comparing the spectral data with values published in the literature, the chemical 

structure of compound 89 was determined to be 5-hydroxylevulinic acid which was 

previously isolated from Clematis delavayi var. spinescens.185 

Table 27: 1H and 13C-NMR data for compound 89. 
 

 
 

 
position 

89 
1H-NMR (601 MHz, DMSO) 

13C-NMR (151 MHz,  DMSO) 

Lite.186-187 
1H-NMR (90 MHz, CDCl3) 
13C-NMR (90 MHz, CDCl3) 

 δC δH δC δH 
1 176.4 - 176.5 - 
2 28.5 2.59 (t, J = 6.7 Hz, 2H). 28.5 2.62 (t, J = 5.9 Hz) 
3 33.9 2.70 (t, J = 6.7 Hz, 2H) 33.9 2.72 (t, J = 5.9 Hz,) 
4 211.1 - 211.2 - 
5 68.9 4.24 (s, 2H) 68.8 4.21 (s, 2H) 

3.4.2.3 Characterization of Compound 90 

 

90 

Compound 90 was isolated as a white powder with a melting point of 285-287 °C. The IR 

showed the presence of O-H stretching at 3436 cm-1, C-H stretching at 2918 cm-1, and C=C 
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stretching at 1620 cm-1. The molecular formula was established as C35H60O6 by FAB-MS 

(Appendix 152) at m/z 599.4236 for [M+Na]+ (calc. for C35H60O6, 599.8384). The 1H-NMR 

spectrum of compound 90 (Table 28 and Appendix 146) showed the presence of two 

methyl singlet signals at δH 0.65 (H-18) and δH 0.96 (H-19), three doublet signals at δH 

18.99 (H-27), δH 19.04 (H-21) and δH 19.78 (H-26). The triplet signal at δH 0.82 (H-29) 

indicated the methyl group was attached to a methylene group (H-28). A multiplet signal 

at δH 5.30 (H-6) was assigned to olefinic methine proton. The 1H-NMR spectra of 

compound 90 (Table 28) showed a triplet of doublet signal at δH 3.42 (H-3), oxymethine 

proton signals of glucose at δH 3.01-4.22 as a multiplet. Anomeric proton and other proton 

signals of the glucose moiety were shown at δH 4.22 (H-1′), δH 3.65 (H1-6′), δH 3.41 (H2-

6′), δH 3.12 (H-3′), δH 3.07 (H-5′), δH 3.01 (H-4′), and δH 2.88 (H-2′) and the coupling 

constant for H-3 was 11.7, indicating that the hydroxyl function was β-oriented. The 1H-

NMR and 13C-NMR spectral data of 90 were similar to β-sitosterol, except for the sugar 

moiety, which was linked to C-3 as C-3 shifted toward downfield from δC 71.0 to δC 77.0, 

compared with β-sitosterol.188 The 13C-NMR and DEPT-NMR spectra showed 35 carbon 

signals which are attributed to six methyl carbons, eleven methylene carbons, nine methine 

carbons, and three quarternary carbons. The anomeric carbon signal was shown at δC 100.8 

(C-1′). The remaining sugar carbon signals resonated in the range of C-3′ (δC 76.8) to C-6′ 

(61.1). The 13C-NMR spectrum contained signals for a methylene carbon (C-6′) was shown 

at δC 61.1 and other four carbon signals was shown at δC 76.8 (C-3′), 76.8 (C-5′), 73.5 (C-

2′), and 70.17 (C-4′). In the COSY spectrum (Appendix 149), the olefinic methine proton 

signal at δH 5.30 (H-6) was coupled with H-7 at δH 1.52, oxymethine proton signal at δH 

3.42 (H-3) coupled with H-4 at δH 2.36 and H-2 at δH 1.81, and methine proton signal at δH 

1.38 (H-8) coupled with H-7 at δH 1.52 and H-14 δH 0.99. In HSQC (Appendix 150) 

spectrum, the proton signal at δH 3.42 (H-3) correlated with the carbon signal at δC 76.9 

(C-3) which confirmed the presence of oxymethine group at C-3. A doublet olefinic proton 

signal at δH 5.30 (H-6) correlated with the carbon signal at δC 121.3 (C-6). The HMBC 

spectrum (Appendix 151) showed correlation of H-1′ at δH 4.22 with C-3 at δC 76.9 

indicated that glucose moiety was linked to the sitosterol at C-3. The methine proton signal 

at δH 5.30 (H-6) showed HMBC correlation with the carbon signal at δC 36.3 (C-10), 31.5 

(C-7), and 31.4 (C-8) which located the olefinic bond at C-6 and C-5. The signals at δH 
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2.36 (H1-4) and δH 2.17 (H2-4) showed long-range HMBC correlations with the carbons at 

δC 140.5 (C-5), 121.3 (C-6), 76.9 (C-3), and 36.3 (C-10). Comparison of 1H and 13C-NMR 

data of compound 90 (Table 28) with literature value confirmed that compound 90 is β-

sitosterol-3-O-β-D-glucoside.189 

Table 28: 1H-and 13C-NMR data for compound 90 

 
Position 

90 
1H-NMR (601 MHz, DMSO) 

13C-NMR (151 MHz,  DMSO) 

Lite.189 
1H-NMR (400 MHz, CDCl3) 
13C-NMR (100 MHz, CDCl3) 

 δc δH δc δH 

1 
36.9 1.79 (m, 1H); 

1.00 (d, J = 6.6 Hz, 1H) 
36.79 1.40 m;1.0 m 

2 29.3 1.81 (m, 1H);1.42 (m, 1H) 29.23 1.58 m;1.26 m 
3 76.9 3.42 (td, J = 11.2, 5.6 Hz) 76.85 2.98 m 
4 38.4 2.36 (m, 1H);2.17 (m, 1H) 39.28 2.26 m;1.98 m 
5 140.5 -  - 

6 
121.3 5.30 (m, 1H) 121.2

0 
5.35 (t, J = 3.6) 

7 31.5 1.92 (m, 1H);1.52 (m, 1H) 31.38 1.95 m;1.73 m 
8 31.4 1.38 (m, 1H) 31.26 1.36 m 
9 49.7 0.83 (m, 1H) 49.55 0.85 m 
10 36.3 -  - 

     

11 
20.5 1.21 (d, J = 5.7 Hz, 1H); 

1.01 (d, J = 9.7 Hz, 1H) 
20.56 1.42 m 

12 
39.3 1.94 (m, 1H); 

1.11 (dd, J = 11.9, 3.7 Hz, 1H) 
38.26 1.52 (dd, J = 12.37,4.3); 

1.20 m 
13 41.9 - 41.82 - 
14 56.2 0.99 (m, 1H) 56.13 0.95 m 
15 23.9 1.57 (m, 1H);1.08 (m, 1H) 23.83 1.57 m;1.05 m 
16 27.9 1.84 (m, 1H);1.24 (m, 1H) 27.76 1.85 m;1.25 m 
17 55.5 1.12 (m, 1H) 55.38 1.20 m 
18 12.3 0.65 (s, 3H) 11.64 0.70 s 
19 19.2 0.96 (s, 3H) 19.07 0.94 s 
20 35.6 1.35 (m, 1H) 35.45 1.40 m 
21 19.0 0.78 (d, J = 7.7 Hz, 3H) 18.58 0.95(d, J = 6.5) 
22 33.4 1.34 (m, 1H);1.04 (m, 1H) 33.29 1.20 m 
23 25.4 1.15 (m, 2H) 25.36 1.25 m 
24 45.2 0.91 (m, 1H) 45.09 0.94 m 
25 28.7 1.63 (m, 1H) 28.64 1.68 m 
26 19.8 0.80 (d, J = 5.4 Hz, 3H) 19.69 0.87 (d, J = 7.0) 
27 19.0 0.87 (d, J = 4.4 Hz, 3H) 18.89 0.88 (d, J = 7.0) 
28 23.0 1.22 (m, 2H) 22.06 1.30 m 
29 11.7 0.82 (t, J = 7.2 Hz, 3H) 11.75 0.97 (t, J = 7.5) 
1′ 100.8 4.22 (d, J = 7.8 Hz, 1H) 100.7

3 
4.20 (d, J = 7.9) 
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2′ 73.5 2.88 (m, 1H) 73.42 2.89 (dt, J = 4.5, 8.0) 
3′ 76.8 3.12 (td, J = 8.8, 4.7 Hz, 1H) 76.86 3.27 (dt, 8.0, J = 4.5, 8.0) 
4′ 70.2 3.01 (td, J = 9.1, 5.1 Hz, 1H) 70.04 3.00 (dt, J = 4.5, 8.0) 
5′ 76.8 3.07 (ddd, J = 9.7, 5.9, 2.1 Hz, 1H) 76.72 3.06 (dt, , J = 4.5, 8.0) 
6′ 61.1 

 
3.65 (ddd, J = 11.7, 5.8, 2.0 Hz, 1H); 

3.41 (dt, J = 11.7, 5.9 Hz, 1H 
62.82 4.55 (dd, J = 2.5,11.77); 

4.40 (dd, J = 5.211.77) 

3.4.3 Biological Activities of the Crude Extract and Isolated Compounds from the 

Aerial Part of Clematis simensis 

3.4.3.1 DPPH Radical Scavenging Assay of the Crude Extract and Isolated 

Compounds from the Aerial Parts of Clematis simensis 

The antioxidant capacities of the crude extract and isolated compounds, expressed as the 

DPPH free radical inhibition and the IC50 values, are presented in Table 29. 

Table 29: Percent radical scavenging activity and IC50 values of the crude extract and the 
isolated compounds 

 
Compounds/ 
Crude extract 

% DPPH inhibition at  
50 

μg/mL 
25 

μg/mL 
12.5 μg/mL 6.25 μg/mL 3.12 

μg/mL 
IC50  

μg/mL 
CE 47.8 36.7 30.1 25.8 22.7 52.9 
88 47.8 46.2 44.9 44.4 44.2 26.96 
89 43.8 42.9 39.0 38.5 36.8 14.89 
90 38.5 31.9 25.0 24.7 23.5 26.99 
AA 97.32 97.27 97.25 97.19 96.96 0.36 

Note: IC50 - half maximal inhibitory concentration; CE-crude extract 

In the current study, the antioxidant activities of the crude extract of the aerial part of C. 

simensis and the isolated compounds were evaluated using a DPPH assay. The DPPH 

method is the most common, cost-effective, and quick method to evaluate the antioxidant 

activities of natural products.190 According to the parameters used, the IC50 value category 

is very strong if the IC50 value is < 10 μg/mL, strong if the IC50 value is between 10 and 50 

μg/mL, mild if the IC50 value is between 50 and 100 μg/mL, weak if the IC50 value is 

between 100 and 250 μg/mL and not active if the IC50 is above 250 μg/mL.156 The crude 

extract (52 μg/mL) showed mild antioxidant activity (Table 29). The isolated compounds 

88, 89, and 90 showed strong antioxidant activity with the IC50 values in the range of 14.89-

26.99 μg/mL but were very low compared to the standard ascorbic acid (0.36 μg/mL).  
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3.4.3.2 Antibacterial Activities of the Crude Extract and Compounds from the 

Aerial Part of Clematis simensis 

The antibacterial activity of the crude extract and isolated compounds were determined by 

the disk diffusion method as recommended by the National Committee for Clinical 

Laboratory Standards against Gram-positive microorganisms Staphyloccocus aureus 

(MTCC 1430), and Gram-negative microorganisms Escherichia coli (MTCC 42), 

Pseudomonas aeruginosa (MTCC 1034), and Salmonella typhi (ATCC 6539) at 125-500 

mg/mL concentrations, using 10% dimethyl sulfoxide (DMSO) as a solvent. 

Table 30: Antibacterial activities of isolated compounds. 
 

Organism Conc. 
Zones of inhibition in mm 
Crude extract 
(mg/ml) 88 (μg/ml) 89 (μg/ml) Ciprofloxacin 

S. aureus 125 ND ND ND 18±0.3 
(at 5 μg/ml) 250 3.0±0.3 ND ND 

500 5.0±0.1 ND ND 
P. aeruginosa 125 ND ND ND 15±0.8 

(at 5 μg/ml) 250 2.0±0.8 ND ND 
500 5.0±0.2 ND ND 

E. coil 125 ND ND ND 32±1.0 
(at 5 μg/ml) 250 2.0±0.2 ND ND 

500 4.0±0.5 ND ND 
S. typhi 125  ND ND 27±0.6 

(at 5 μg/ml) 250 2.0±0.1 ND ND 
500 4.0±0.6 ND ND 

Note: Conc: Concentration, ND: not detected  

The tested extract of C. simensis had antibacterial activity against both gram-positive and 

gram-negative bacteria at different concentrations (Table 30). A higher inhibition zone 

(3.0±0.3 mm) was detected against S. aureus, followed by P. aeruginosa with a mean zone 

of inhibition of 2.0±0.8 mm at 250 mg/mL, which is one of the most common causes of a 

wide range of infections, such as skin infections, food poisoning, pneumonia, sepsis, and 

osteomyelitis.191 The results showed that the CHCl3:MeOH (2:1) extracts of C. simensis 

leaves possessed relatively better antibacterial activity against the tested bacteria. 

Compounds 88 and 89 did not show any inhibition against the tested microorganisms. 

Ciprofloxacin, which was used as a positive control, produced a zone of inhibition of 15–

32 mm. The antibacterial effects of the crude extract of C. simensis were far below the 
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commercial antibiotic, ciprofloxacin (5 μg/mL). This could attribute to the fact that the 

antibacterial activities found in the plant are less potent.  

3.5 Phytochemical Investigation of the Barks of Olinia usambarensis 

The barks of Olinia usambarensis was collected from Debresina, Northern Shewa, Amhara 

region, 192 km from Addis Ababa, Ethiopia, in February 2022 by Dr. Mekonnen 

Abebayehu. The plant specimens were identified by Mr. Melaku Wendafrash, Addis Ababa 

University, Ethiopia. A voucher specimen of the plant material has been deposited in the 

National Herbarium, Addis Ababa University, with a voucher/specimen number of OR001 

O. rochetiana. The chloroform-methanol extract of the barks of Olinia usambarensis 

afforded four compounds namely lupeol (91), n-pentacosyl trans-ferulate (92), and 4-O-β-

D-glucopyranosylcaffeic acid (72). Their structures were elucidated by FT-IR, 1D-and 2D-

NMR spectroscopy, and HR-MS. DPPH radical scavenging activities of the isolated 

compounds and crude extract were also determined in this study. The compounds showed 

a wide range of DPPH scavenging activities from very weak (IC50 = 458.8 μg/ml) to very 

strong (IC50 = 22.1 μg/ml). The phytochemical investigation on the barks of Olinia 

usambarensis is discussed in the following sections. 

3.5.1 Characterization of Essential Oil of the Barks of Olinia usambarensis 

The essential oils from the Olinia usambarensis barks were extracted by hydrodistillation 

following the method described by Katekar.116 Plant material (570 g) was hydrodistilled to 

afford clear colorless oil (0.7 mL). The essential oil was then analyzed by gas 

chromatography-mass spectroscopy (GC-MS). The chemical constitutes and physical 

properties of the essential oil are given in Table 31. The GC-MS analysis of the essential 

oil of the fresh Barks of Olinia usambarensis revealed the presence of 12 major compounds 

with qualities greater than 80% after comparing the data with NIST mass spectral database 

(Figure 11 and Table 31). The analyzed essential oil was composed of different compounds 

of different metabolite classes: phenols, saponins, and aliphatic acides. The major volatile 

compounds were n-hexadecanoic acid (28.83%), seudenone (25.80%), 9, 12-

octadecadienoic acid (Z,Z)- (15.84%), and benzaldehyde (9.49%). Scientific reports 

revealed that some of the identified compounds have a considerable potential for 
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therapeutic use. For example, hexadecanoic acid (28.83%) is the major volatile organic 

compound that has antioxidants, hypocholesterolemic, nematicide, and pesticide 

activity192, Whereas, seudenone (25.80%), the second major component of in the essential 

oil has is an insect pheromone, used in nut flavor and can be used as a starting material: In 

the total synthesis of (−)-ar-teunifolene, a naturally occurring aromatic sesquiterpene.193-

194 The third major component, benzaldehyde (9.49%), is used as flavor and fragrance 

agent, synthesis of pharmaceuticals, including antihistamines, antipsychotic drugs, and 

antibiotics, production of various polymers and resins.195-196 

The other bioactive components of the essential oil, with their various pharmacological 

activities have been reported in many studies as added to foods as antioxidant, a 

preservative, antimicrobial activity, anticancer effects, treat genital herpes and acquired 

immunodeficiency syndrome (AIDS), used in the formulation of cosmetic and personal 

care products, flavoring agent, lubricants, surfactants, and detergents.197-199 

 
Figure 11: GC-MS chromatogram of the essential oil of Barks of O. usambarensis.  
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Table 31: Compounds identified from the essential oil of the bark of O. usambarensis 

by GC-MS 

 

PK 

 

RT 

Area 

Pct 

Compound 

names 

 

Structure of compounds 

 

Q 

 

CF 

 

1 

 

7.15 

 

9.49 

 

Benzaldehyde 

 

 

97 

 

C7H6O 

 

2 

 

8.32 

 

0.90 

Succinic 

anhydride  

 

85 

 

C10H18O 

 

3 

 

9.13 

 

25.80 

 

Seudenone  

 

77 

 

C7H10O 

 

 

4 

 

 

14.18 

 

 

5.07 

 

 

BHT 
 

 

 

95 

 

 

C15H24O 

 

5 

 

18.04 

 

1.20 
Tetradecanoic 

acid  

 

99 

 

C14H28O2 

 

6 

 

19.46 

 

1.18 

 

Pentadecanoic 

acid  

 

99 

 

C15H30O2 

 

7 

 

20.97 

 

0.87 

 

Palmitoleic 

acid  

 

99 

 

C15H30O2 

 

8 

 

21.16 

 

28.83 

n-

Hexadecanoic 

acid  

 

93 

 

C16H32O2 

 

 

9 

 

 

21.46 

 

 

1.32 

 

 

butyl isobutyl 

phthalate 

 

 

 

 

95 

 

 

 

C16H22O 
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10 

 

24.61 

 

1.94 

 

Oleic Acid 
 

 

99 

 

C18H34O2 

 

11 

 

24.77 

 

15.84 

cis,cis-

Linoleic acid  

 

99 

 

C18H32O 

 

12 

 

25.07 

 

3.83 

 

Linolenic acid  

 

98 

 

C18H30O 

 

 

13 

 

 

32.70 

 

 

3.68 

 

Bis(2-

ethylhexyl) 

phthalate  

 

 

91 

 

 

C24H38O4 

Pk = peak number, Rt = retention time (min), Area Pct. = area percentage, Q = quality 

3.5.2 Characterization of Compounds Isolated from the Barks of Olinia 

usambarensis 

3.5.2.1 Characterization of Compound 91  

 
91 

Compound 91 was isolated as a white powder with a melting point of 213-215 C. This 
compound gave a magenta spot on TLC with 1% vanillin-sulfuric acid spraying reagent 
with an Rf value of 0.68 in Hex:EtOAc (9:1). The IR spectrum revealed the presence of O-
H stretching at 3437.2 cm-1, C-H stretching  at 2919.2 cm-1 and 2853.6 cm-1, and the C=C 
stretching at 1642.2 cm-1. The molecular formula was established as C30H50O by the 
sodiated-molecular-ion peak in the TOF-ESI-MS (Appendix 159) at m/z 449.3441 for 
[M+Na]+ (calcd for C30H50ONa, 449.7082). The 1H-NMR spectrum (Table 32 and 
Appendix 153) showed the seven methyl proton signals at δH 1.66 (s, 3H), 1.01 (s, 3H), 
0.95 (s, 3H), 0.93 (s, 3H), 0.81 (s, 3H), 0.77 (s, 3H), and 0.74 (s, 3H). In the 1H-NMR 
spectrum showed an oxygenated methine proton signal appeared as a doublet of doublet at 
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δH 3.17 with a J coupling of 11.2 indicated the α-oriented hydrogen of 3β-hydroxy 
triterpene. It also showed two olefinic protons at 4.67 (d, J = 2.5 Hz, 1H-29) and 4.55 (s, 
1H-29) was assigned to a terminal double bond. These two signals with a methyl proton 
signal at δH 1.66 (H-30) indicated the presence of an isopropenyl group in the structure of 
91. The 13C-NMR spectrum ( Table 32 and Appendix 154) of the compound (91) revealed 
30 carbon signals which could be attributed to seven methyls, eleven methylenes, six 
methines and six quaternary carbons for the terpenoid of lupane skeleton. A carbon 
attached to the hydroxyl group was shown at δH 79.2 (C-3). The olefinic carbon signals of 
the exocyclic double bond were shown at δC 151.2 (C-20) and 109.6 (C-29). The COSY 
spectrum (Appendix 156) of 91 revealed correlations of H-19 at δH 2.29 with H-21 at δH 
1.90 and H-18 at δH 1.27, and the oxymethine proton signal at δH 3.17 (H-3) was coupled 
with H-2 at δH 1.57. It also showed a methine proton at δH 0.68 (H-5) correlated with 
methylene proton at δH 1.37 (H-6). From HMBC spectrum (Appendix 158), the methine 
proton signal at δH 3.17 (H-3) showed correlation with a methyl carbon signal at δC 15.6 
(C-24), and a methyl carbon signal of δC 28.2 (C-23) and a quaternary carbon of δC 40 (C-
4). The two methyl proton signal at δH 0.95 (H-23) and δH 0.74 (H-24) correlated with the 
carbon signal at δC 79.2 (C-3), 55.6 (C-5) and 40.0 (C-4) indicated the two methyl were 
attached to the quaternary carbon (C-4). The methyl signal at δH 1.66 (H-30) showed 
correlation with a terminal carbon signal of C-29 at δc 109.6, quaternary carbon signal at 
δC 151.2 (C-20), and methine carbon signal at δC 48.2 (C-19) indicated the a methyl group 
was attached to C-20. The two vicinal protons at δH 4.67 (H-29) and 4.55 (H-29) showed 
correlation with a quaternary carbon signal at δC 151.2 (C-20), a methyl carbon at δC 19.5 
(C-30) and methine carbon signal at δC 48.2 (C-19) revealed that an isopropenyl group was 
attached to C-19. Thus, compound 91 was identified as lupeol based on the above 
spectroscopic data ( Table 32) and reported literature values.200 

Table 32: 1H- and 13C-NMR data for compound 91 

 91 Lite.200 
Position 

 
1H NMR (400 MHz, CDCl3) 
13C NMR (101 MHz, CDCl3) 

1H NMR (500 MHz, CDCl3) 
13C NMR (125 MHz, CDCl3) 

 δC δH δC δH 
1 38.9 1.59 (m, 1H); 

0.89 (m, 1H) 
38.9 1.65 (m, 1H); 

0.90 (m, 1H) 
2 27.6 1.57 (dd, J = 12.0, 3.3 Hz, 

1H); 
1.61 (m, 1H) 

27.5 1.59 (m, 1H) 

3 79.2 3.17 (dd, J = 11.2, 5.0 Hz-1H) 79.1 3.18 (dd, J = 11.4, 4.8 Hz, 1H) 
4 40.0 - 39.0 - 
5 55.6 0.68 (t, J = 7.9 Hz, 1H) 55.5 0.67 (m, 1H) 
6 18.5 1.37 (m, 1H); 

1.50 (m, 1H) 
18.5 1.51 (m, 1H); 

1.38 (m, 1H) 
7 34.5 3.71 (m, 2H) 34.5 1.39 (m, 1H) 
8 41.1 - 41.0 - 
9 50.6 1.24 (s, 1H) 50.6 1.26 (m, 1H) 
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10 37.4 - 37.3 - 
11 21.1 1.39 (m, 1H); 

1.25 (m, 1H) 
21.1 1.41(m, 1H) 

12 26.0 1.65 (m, 1H) 25.3 1.64 (m, 1H) 
13 38.2 1.63 (m, 1H) 38.2 1.65 (m, 1H) 
14 43.0 - 43.0 - 
15 27.6 1.67 (m, 1H); 

1.5 (m, 1H) 
27.6 1.66 (m, 1H) 

16 35.8 1.44 (m, 2H) 35.8 1.48 (m, 1H) 
 

17 43.2 - 43.2 - 
18 48.5 1.27 (m, 1H) 48.5 1.36 (m, 1H) 
19 48.2 2.29 (m, 1H) 48.1 2.37 (m, 1H) 
20 151.2 - 151.1 - 
21 30.0 1.90 (m, 1H); 

1.22 (m, 1H) 
30 1.29 (m, 1H); 

1.91 (m, 1H) 
22 40.2 1.13 (m, 1H); 

1.30 (m, 1H) 
40.2 1.20 (m, 1H); 

1.37 (m, 1H) 
23 28.2 0.95 (s, 3H) 28.2 0.97 (s, 3H) 
24 15.6 0.74 (s, 3H) 15.5 0.76 (s, 3H) 
25 16.3 0.81 (s, 3H) 16.3 0.83 (s, 3H) 
26 16.2 1.01 (s, 3H), 16.2 1.03 (s, 3H) 
27 14.8 0.93 (s, 3H), 14.7 0.94 (s, 3H) 
28 18.2 0.77 (s, 3H), 18.2 0.79 (s, 3H) 
29 109.6 4.67 (d, J = 2.5 Hz, 1H); 

4.55 (s, 1H) 
109.5 4.56 (s, 1H); 

4.69 (s, 1H) 
30 19.5 1.66 (s, 3H) 19.5 1.68 (s, 3H) 

3.5.2.2 Characterization of Compound 92  

 

92 

Compound 92 was isolated as white amorphous powder with a melting point of 195-200 
oC. This compound gave a magenta spot on TLC with 1% vanillin-sulfuric acid spraying 
reagent with an Rf value of 0.67 in Hex:EtOAc (2:0.2). The IR spectrum showed the 
presence of O-H stretching at 3450.2 cm-1, C−H stretchings at 2936 and 2866 cm−1, C=O 
stretching at 1751.4 cm−1, and aromatic C=C stretching 1635 cm−1. The TOF-ESI-MS 
spectrum (Appendix 166) showed the molecular ion peak [M]+ at m/z 544.3618 (calcd. for 
C35H60O4, 544.8498) in accordance with the molecular formula of C35H60O4. The 1H-NMR 
spectrum (Table 33 and Appendix 160) showed three aromatic signals at δH 7.01 (dd, J = 
8.2, 1.9 Hz, 1H-6), 6.97 (d, J = 1.8 Hz, 1H-2), and 6.85 (d, J = 8.1 Hz, 1H-5) which 
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confirmed the presence of a 1,3,4-trisubstituted benzene moiety. The signals at δH 7.54 (d, 
J = 15.9 Hz, 1H-7) and δH 6.23 (d, J = 15.9 Hz, 1H-8) were assigned to a trans double bond 
in the molecule. Two triplet signals at δH 4.12 (t, J = 6.8 Hz, H-1՛) and 0.81 (t, J = 6.7 Hz, 
H-26՛) were assigned to oxymethylene protons and terminal methyl protons, respectively. 
A singlet signal at δH 3.89 (s, 3H) was allocated to methoxy group. The multiplet broad 
signals at δH 1.18 (brs, 47H) indicated the presence of methylene groups. The 13C-NMR 
(Appendix 161) and DEPT-NMR spectrum (Table 33 and Appendix 162) showed four 
quartenary carbons, five methines, one methyl, one methoxy and twenty-five methylenes. 
In the COSY spectrum (Appendix 163), the oxymethylene proton signal at δH 4.12 (H-1՛) 
was coupled with the signal at δH 1.63 (H-2՛) which was coupled with the signal at δH 1.31 
(H-3՛). It also showed a homonuclear coupling between H-8/H-9 and H-5/H-6. In HSQC 
spectrum (Appendix 164) showed a methine proton signal at δH 6.97 (d, J = 1.8 Hz, 1H) 
correlated with a carbon signal at δC 109.2 (C-2). The signal at δH 56.85 (d, J = 8.1 Hz, 1H) 
correlated with carbon signal at δC 114.7 (C-5). A methine proton signal at δH 7.01 (dd, J = 
8.2, 1.9 Hz, 1H) correlated with a carbon signal at δC 123.1 (C-6), a proton signal at δH 7.54 
(d, J = 15.9 Hz, 1H) correlated with carbon signal at δC 144.7 (C-7), and a proton signal at 
δH 6.23 (d, J = 15.9 Hz, 1H) correlated with a carbon signal at δC 115.7 (C-8). The singlet 
signal at δH 3.89 (s, 3H) correlated with carbon signal at δC 55.9 (3-OMe). A proton signal at 
δH 4.12 (t, J = 6.8 Hz, 2H) correlated with carbon signal at δC 64.6 (C-1′). From the HMBC 
spectrum (Appendix 165) the correlations from H-5 to C-4, from H-26′ to C-24′, from H-
25′ to C-24′, and OCH3 to C-3 were observed for the feruloyl and aliphatic moiety. 
Especially, the HMBC correlations from H-1′ to C-8 confirmed the aliphatic chain was 
linked with feruloyl moiety at C-1′. Compound 92 was identified as n-pentacosyl-trans-
ferulate after a comparison of the aforementioned NMR spectroscopic data (Table 33) and 
published data.201 

Table 33: 1H and 13C-NMR data for compound 92. 

 
Position 

92 
1H-NMR (600 MHz, Acetone) 
13C-NMR (151 MHz, Acetone) 

Lite.201 
1H-NMR (500 MHz, CDCl3) 

13C-NMR (125 MHz,  CDCl3) 
 δC δH δC δH 
1 127.0 - 127.1 - 
2 109.2 6.97 (d, J = 1.8 Hz, 1H) 109.3 7.03 (d, J = 2.6 Hz, 1H) 
3 147.9 - 147.9 - 
4 146.7 - 146.8 - 
5 114.7 6.85 (d, J = 8.1 Hz, 1H) 114.7 6.89 (d, J = 8.0 Hz, 1H) 
6 123.1 7.01 (dd, J = 8.2, 1.9 Hz, 1H) 123.0 7.05 (dd, J = 8.0, 2.6 Hz, 1H) 
7 144.7 7.54 (d, J = 15.9 Hz, 1H) 144.6 7.59 (d, J = 15.9 Hz, 1H) 
8 115.7 6.23 (d, J = 15.9 Hz, 1H) 115.7 6.27 (d, J = 15.9) 
9 167.4 - 167.4 - 

3-OMe 55.9 3.89 (s, 3H) 55.9 3.91 (brs, 3H) 
1′ 64.6 4.12 (t, J = 6.8 Hz, 2H) 64.6 4.17 (t, J = 6.7 Hz, 2H) 
2′ 28.8 1.18, 1.63 28.8 1.67 (t, J = 6.6 Hz, 2H) 
3′ 26.0 1.31 (d, J = 8.2 Hz, 2H) 26.0 1.23 (brs) 
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4′-23′ 29.7-29.3 1.18-1.63 (brs, 50H) 29.7-
29.4 

1.23 (brs) 

24′ 31.9 1.18 (s, 50H) 31.95 1.23 (brs) 
25′ 22.7 1.18 (s, 50H) 22.7 1.23 (brs) 
26′ 14.2 0.81 (t, J = 6.7 Hz, 5H) 14.1 6.7 (d, J = 6.7) 

3.5.2.3 Characterization of Compound 72 

 

 

                                                  72 

Compound 72 was isolated as white amorphous powder. This compound gave a magenta 

spot on TLC with 1% vanillin-sulfuric acid spraying reagent with an Rf value of 0.35 in 

EtOAc:MeOH (2:1). The IR spectrum revealed the presence of O-H stretching at 3429.4 

cm-1, C−H stretching 2866 and 2936 cm−1, C=O stretching at 1747.8 cm-1, and C=C 

stretching at 1651.5 cm-1, aromatic ring at 1610, 1506.2, and 1464 cm−1, and C-O-C 

stretching at 1072.4 cm-1. The TOF-ESI-MS spectrum (Appendix 173) showed the 

molecular ion peak [M+H]+ at m/z 343.1019 (calcd. for C15H19O9, 343.3065), corresponds 

to a molecular formula of C15H18O9. The 1H-NMR spectrum (Table 34 and Appendix 167) 

showed three aromatic signals at δH 7.22 (d, J = 8.4 Hz, 1H-5′), 7.12 (d, J = 2.1 Hz, 1H-

2′), and 7.06 (dd, J = 8.4, 2.1 Hz, 1H-6′) which indicated the presence of a 1,3,4-

trisubstituted benzene moiety. The signals at δH 7.57 (d, J = 15.9 Hz, 1H-β) and 6.34 (d, J 

= 15.9 Hz, 1H-α) was assigned to a trans double bond in the molecule. Furthermore, β-

glucose units were identified by a characteristic anomeric signal at δH 4.88 with a coupling 

constant of ∼7.0 Hz and carbinol proton signals appearing as multiplet between δH = 3.93 

and 3.45. The 13C-NMR spectrum (Table 34 and Appendix 168) showed 15 carbon signals 

which are attributed to two oxygenated olefine quaternary carbons at δC 148.7 (C-3'), 148.4 

(C-4'), one olefine quaternary carbon δc 131.1 (C-1'), and three olefine methine carbons at 

δC 122.1 (C-6′), 118.0 (C-2′), 115.8 (C-5′), 117.8 (C-α), 146.0 (C-β) and one carbonyl 

quaternary carbon at δC 170.7, indicating the presence of a caffeic acid moiety. The other 

six oxygenated carbon signals appeared at δC 103.4 (C-1), 78.3 (C-5), 77.4 (C-3), 74.7 (C-

2), 71.2 (C-4), and 62.3 (C-6), revealing the presence of a β–glucopyranoside. Assignments 
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of the above protons were further established by the COSY spectrum (Appendix 170). The 

signal of olefinic proton at δH 7.57 (H-β) showed correlation with the signal at δH 6.34 (H-

α) in the COSY spectrum. In the aromatic region, the signal at δH 7.06 (H-6′) showed ortho 

and meta correlation with the signal at δH 7.22 (H-5′) and 7.12 (H-2′) in the COSY 

spectrum.  

Table 34: 1H-and 13C-NMR data for compound 72. 
 

 
Position 

 

72 
1H-NMR (400 MHz, MeOD) 
13C-NMR (101 MHz, MeOD) 

Lite. 202 
1H-NMR (600 MHz, CDCl3) 
13C-NMR (125 MHz, CDCl3) 

Caffeic 
acid 

δC δH δC δH 

CO 170.6 - 170.6 - 
α 117.8 6.34 (d, J = 15.9 Hz, 1H) 117.9 6.30 (d, J = 15.6) 
β 146.0 7.57 (d, J = 15.9 Hz, 1H) 146.0 7.42 (d, J = 15.6) 
1′ 131.1 - 131.2 - 
2′ 118.0 7.12 (d, J = 2.1 Hz, 1H) 118.2 7.10 (d, J = 2.6) 
3′ 148.7 - 148.7 - 
4′ 148.4 - 148.5 - 
5′ 115.8 7.22 (d, J = 8.4 Hz, 1H) 115.7 7.14 (d, J = 7.8) 
6′ 122.1 7.06 (dd, J = 8.4, 2.1 Hz, 1H) 122.1 7.03 (dd, J = 7.8; 2.6) 

Glucose     
1 103.4 4.88 (d, J = 7.0 Hz, 1H) 103.5 overlapped 
2 74.7 3.52 (m, 1H) 74.8 3.42 (dd, J = 9.1; 7.8) 
3 77.5 3.52 (d, J = 7.0 Hz, 1H) 77.5 3.51 (t, J = 9.1) 
4 71.2 3.45 (m, 1H) 71.3 3.48 (t, J = 9.1) 
5 78.3 3.45 (m, 1H) 78.4 3.44 (ddd, J=9.1; 5.2; 1.7) 
6 62.3 3.93 (dd, J = 12.1, 2.0 Hz, 1H); 

3.74 (dd, J = 12.1, 5.1 Hz, 1H) 
62.4 3.90 (dd, J = 12; 1.7); 

3.71 (dd, J = 12; 5.2) 

HSQC spectrum (Appendix 171) showed a methine proton signal at δH 6.34 (d, J = 15.9 Hz, 

1H) correlated with a carbon signal at δC 117.8 (C-α). The signal at δH 7.57 (d, J = 15.9 Hz, 

1H) correlated with carbon signal at δC 146.0 (C-β). A methine proton signal at δH 7.12 (d, J 

= 2.1 Hz, 1H) correlated with a carbon signal at δC 118.0 (C-2′), a proton signal at δH 7.22 (d, 

J = 8.4 Hz, 1H) correlated with carbon signal at δC 115.8 (C-5′), and a proton signal at δH 

7.06 (dd, J = 8.4, 2.1 Hz, 1H) correlated with a carbon signal at δC 122.1 (C-6′). The anomeric 

proton signal at δH 4.88 (d, J = 7.0 Hz, 1H) correlated with carbon signal at δC 103.4 (C-1). 

In the caffeic acid moiety, HMBC showed correlations from H-α and H-β to carbonyl 

carbon and H-6′ to C-5′, H-5′ to C-4′and C-1′, and H-2′ to C-3′and C-1′. From the HMBC 

spectrum (Appendix 172) the correlations from H-β to C-6′ and C-1′ indicated the olefinic 
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carbon at C-β (δC 145.98) was attached to C-1. The anomeric proton (H-1) of the β-glucose 

unit showed a long′-range 1H-13C correlation with C-4′ at δH 148.39 which located the 

glucose moiety at C-4′. Based on the analysis of the spectroscopic data, compound 72 was 

identified to be 4-O-β-D-glucopyranosylcaffeicacid. Comparison of the spectroscopic data 

(Table 34) of 72 with those reported in the literature202 for 4-O-β-D-glucopyranosylcaffeic 

acid showed that the two compounds are identical. 

3.5.3 Biological Activities of the Crude Extract and Isolated Compounds from 

Olinia usambarensis Barks 

3.5.3.1  DPPH Radical Scavenging Assay of the Crude Extract and Isolated 

Compounds from Olinia usambarensis Bark  

The antioxidant capacities of the extract and isolated compounds, expressed as the DPPH 

free radical inhibition and the IC50 values, are presented in Table 35. According to 

antioxidant activity parameters, a lower IC50 value corresponding with a higher antioxidant 

power.156  The relative IC50 values for the isolated compounds and extract were in the range 

of 22.1–458.8 μg/ml (Table 35). According to antioxidant activity parameters, crude 

extract (IC50 = 22.1 μg/ml) showed strong in antioxidant activity compared to isolated 

compounds, while compound 91 (IC50 = 458.8 μg/ml) showed the lowest antioxidant 

activity. The order of the antioxidant activity among the compounds was CE > 72 > 92 > 

91. As observed from Table 35, the isolated compounds and extract showed higer IC50 

values compared to ascorbic acid (0.31μg/mL). 

 

Table 35: Percent radical scavenging activity and IC50 values of the isolated compounds. 
Compounds/ 

Extracts 
% DPPH Inhibition at  

100 
μg/mL 

50 
μg/mL 

25 
μg/mL 

12.5 
μg/mL 

6.25 
μg/mL 

3.12 
μg/mL 

r2 IC50 
(μg/ml) 

CE 92.9 80.2 62.5 43.8 34.4 28.1 0.93 22.1 
91 27.1 22.6 22.2 21.8 20.9 20.1 0.94 458.8 
92 35.8 28.4 27.1 24.4 23.9 23. 0.99 217.4 

72 35.8 27.8 25.2 23.1 22.1 21.5 0.92 198.8 
Ascorbic acid  97.32 97.27 97.25 97.19 96.96 0.81 0.31 
Note: r2 - coefficient of determination; IC50 - half maximal inhibitory concentration. 
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4 Experimental Section  

4.1 General Experimental Procedures  

All chemicals used in this study were analytical/HPLC grade and purchased from Sigma-

Aldrich, Germany and Fisher Scientific, UK. Analytical-grade methanol (HPLC, > 99.9%), 

DCM (ACS, > 99.9%), ethyl acetate (ACS, > 99.9%), chloroform (ACS Reagent, > 

99.9%), petroleum ether (ACS, > 99.9%) and hexane (Lab grade) were used throughout 

the laboratory work. Whatman filter paper No. 3 was used for filtration, and samples were 

concentrated by a rotary evaporator (Heidolph Hei-VAP, Germany). NMR experiments 

(1D and 2D) were recorded on a 600.0 MHz Bruker Avance III spectrometer using DMSO-

d6, MeOD, CDCl3 solvents, and TMS as an internal reference. Mass spectra were recorded 

on a high-resolution mass spectrometer (Thermo Scientific, USA) equipped with an 

electrospray ionization (ESI) ion source. The Matrix-assisted laser desorption/ionization 

high resolution mass spectrometry (MALDI-HR-MS) was conducted using an Applied 

Biosystems 4800 Proteomics Analyzer equipped with an Nd/YAG laser (λ=335 nm), 

operated at a repetition rate of 200 Hz on a Bruker New ultrafleXtremeTM instrument.  FT-

IR (PerkinElmer) in the range 4000-400 cm-1 (resolution: 4 cm-1, number of scans: 4) was 

used using KBr discs. Melting point was recorded using a METTLER TOLEDO FP82HT 

hot stage coupled with a METTLER TOLEDO FP90 central processor. Gas 

chromatography-mass spectrometry (GC-MS) experiments were conducted on Agilent 

Technologies 7820A GC system coupled with Agilent Technologies 5977E MSD, USA. 

Chromatographic peaks were identified by using NIST 2014 mass spectrometry data center 

library. For column chromatography, silica gel 60 (70‒230 mesh ASTM) and Sephadex 

LH−20 (18−111 μm, GE Healthcare Bio-Sciences AB, Sweden) were used. The isolation 

process was monitored by TLC (pre-coated sheets, ALUGRAM, Xtra SIL G/UV254, 20x20 

cm, coated with silica gel 60 fluorescent indicator, Germany), which was visualized under 

UV light and also sprayed with vanillin (1 g vanillin with 5% H2SO4 in MeOH) and cerium 

molybdate stain (ammonium molybdate (12 g), ceric ammonium molybdate (0.5 g), and 

conc. H2SO4 (15 mL) in distilled water (235 mL) followed by heating for a few seconds.  
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4.2 Plant Materials 

Myrica salicifolia 

The leaves, roots and stem barks of M. salicifolia were collected from Debresina, Northern 

Shewa, Amhara region, 192 km from Addis Ababa, Ethiopia, in July 2020 by Dr. 

Mekonnen Abebayehu. The plant specimens were identified by Mr. Melaku Wendafrash, 

Department of Plant Sciences, Addis Ababa University, Ethiopia. A voucher specimen of 

the plant material was deposited at the National Herbarium, Addis Ababa University (No. 

MA/2007/12). 

Clematis simensis 

The aerial parts of C. simensis were collected from Debresina, Northern Shewa, Amhara 

region, 192 km from Addis Ababa, in June 2019 by Dr. Mekonnen Abebayehu. The plant 

specimen was identified by the Department of Plant Science, Addis Ababa University, 

Ethiopia. A voucher specimen was deposited at the National Herbarium, Addis Ababa 

University (No. AD001 C. simenses).  

Olinia usambarensis  

The barks of Olinia usambarensis were collected from Debresina, Northern Shewa, 

Amhara region, 192 km from Addis Ababa, in February 2022 by Dr. Mekonnen 

Abebayehu. The plant specimen was identified by the Department of Plant Science, Addis 

Ababa University, Ethiopia. A voucher specimen was deposited at the National Herbarium, 

Addis Ababa University (No. OR001 O. rochetiana).  

4.3 Extraction and Characterization  

4.3.1 Extraction and Characterization of Compounds from the Leaves of Myrica 

salicifolia  

4.3.1.1 Extraction of Essential Oil by Hydrodistillation 

The fresh leaves of Myrica salicifolia were crushed and prepared for hydrodistillation 

following previously published report.203 Plant material (520 g) was placed into distillation 

flask (4 L) filled with 2 L distilled water and then the flask was attached to Clevenger 
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apparatus which was connected to a condenser. On a heating mantle, the flask's contents 

were brought to boiling, and then hydrodistillation was carried out for eight hours. The 

essential oil was collected (~0.4 mL), dried over anhydrous Na2SO4, and stored in a sealed 

vial in the dark at 4 0C, until analysis by GC-MS. 

4.3.1.2 Characterization of the Essential Oil from the Leaves of Myrica salicifolia 

The essential oil obtained from leaves of Myrica salicifolia were analyzed by using an 

Agilent Technology 7820A GC system coupled with an Agilent Technology 5977E MSD 

system equipped with an autosampler. The chromatographic separation was done on a 

column 30 m in length and 0.25 μm in thickness coated with HP-5MS, (5%-phenyl)-

methylpolysiloxane, at a pressure of 8 psi and a flow rate of 0.97989 mL/min. Ultra-high 

pure helium (99.999%) was used as carrier gas at constant flow mode. An Agilent G4567A 

autosampler was used to inject 1 μL of the sample with a splitless injection mode into the 

inlet heated to 275 ºC with a total run time of 29.33 min. Oven temperature was 

programmed with the initial column temperature of 60 ºC and hold-time 2 min. The column 

temperature was increased at a rate of 10 ºC/min until the temperature reached 200 ºC and 

then heated again at the rate of 3 ºC/min until the temperature reached 240 ºC. No mass 

spectra were collected during the first 4 min of the solvent delay. The transfer line and the 

ion source temperatures were 280 ºC and 230 ºC, respectively. The detector voltage was 

1600 V and the electron energy was 70 eV. Mass spectral data were collected from 40–650 

m/z. The names and structures of peaks were determined through National Institute of 

Standards and Technology (NIST) 2014 library search.  

4.3.1.3 Solvent Extraction of the Leaves of Myrica salicifolia 

The collected fresh leaves of M. salicifolia were air-dried at room temperature. The dried 

plant materials were ground using an electric grinder to obtain a fine powder. The powder 

(1.22 kg) was soaked and homogenized exhaustively using MeOH:CHCl3 mixture at a ratio 

of 1:1 (3 x 1L, 24 h each day). The mixture was filtered using a Buchner funnel with 

Whatman filter paper. The filtrates were concentrated using a rotary evaporator under 

reduced pressure at a temperature of 40 °C. The concentrated crude extracts were allowed 

to dry to a constant weight at room temperature and furnished dark green gummy extract 
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(41 g). The fractionation was done using slightly modified version of Kupchan method 

(Figure 12) of solvent-solvent partitioning117 and yielded four partitionates; n-Pet ether 

(PE), chloroform (CHCl3), ethylacetate (EtOAc), and methanol (MeOH) aqueous fraction 

which were stored in 4°C. 

 

Figure 12: Schematic representation of the modified Kupachan partitioning of leaves crude 

extracts of M. salicifolia. 

4.3.1.4 Fractionation of the Crude Extract of the Leaves of Myrica salicifolia  

Each fraction was concentrated to dryness under reduced pressure to give PET fraction 

(15.40 g), CHCl3 fraction (8.80 g), EtOAc fraction (5.40 g), and MeOH fraction (7.56 g). 

PET fraction (15.40 g) was dissolved in PET and EtOAc mixture, and adsorbed on 15 g of 

silica gel, mixed well and dried by a rotary evaporator. The dried sample (Figure 13) was 

loaded to a glass column packed with silica gel (390 g, 70‒230 mesh ASTM) and 

fractionated using gradient solvent system PET:CHCl3 (100:0 to 75:25, v/v) to give ten 

fractions (MSLP-1 to MSLP-10) each 200 mL. Fraction MSLP-2 (1.32 g) was subjected to 
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column chromatography over silica gel (80 g) using a gradient solvent system of Cy:EtOAc 

(100:0.00, v/v) to give 11 subfractions (MSLP-2-1 to MSLP-2-11) each 200 mL. Aliquot 

of MSLP-2-8 fraction was purified with acetone to give compound 77 (8.2 mg). Fraction 

MSLP-6 (3.17 g) was subjected to column chromatography over silica gel (200 g) using a 

gradient solvent system of PET:EtOAc (100:0.00 to 90:10,, v/v) to give 14 subfractions 

(MSLP-6-1 to MSLP-6-14) each 200 mL. Aliquot of MSLP-6-2 and MSLP-6-8 fraction 

was recrystallized from acetone to give compound 78 (3.5 mg). Fraction MSLP-10 was 

chromatographed over a column of silica gel using Cy:EtOAc (90:10 to 85:15, v/v) as 

eluent to afford 8 subfractions (MSLP-10-1 to MSLP-10-8). Subfraction MSLP-10-5 was 

rechromatographed over a column of silica gel using solvent system, CHCl3 (100%) to give 

compounds 79 (12.47 mg). Chloroform fraction (8.80 g) was dissolved in chloroform and 

adsorbed on 10.00 g of silica gel, mixed well and dried by a rotary evaporator. The dried 

sample was loaded to a glass column packed with silica gel (350.00 g, 70‒230 mesh 

ASTM) and fractionated using gradient solvent system CHCl3:MeOH (100:0 to 68:32, v/v) 

to give 8 fractions (MSLC-1 to MSLC-8) each 200 mL (Figure 14). Fraction MSLC-5 (1.00 

g) was subjected to column chromatography over silica gel (100 g, 70‒230 mesh ASTM) 

using solvent sysyem of CHCl3:MeOH (95:5, v/v) to give 8 subfractions (MSLC-5-1 to 

MSLC-5-8). Aliquot of MSLC-5-4 fraction was recrystallized from acetone to get 

compound 80 (9.32 mg). 
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Figure 13: Fractionations and isolation compounds from n-Pet ether fraction of Leaves of 
Myrica salicifolia. 
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Figure 14: Fractionations and isolation compounds from chloroform fraction of leaves of 
Myrica salicifolia. 

4.3.1.5 Physical and Spectroscopic Data of Compounds Isolated from the Leaves of 

Myrica salicifolia 

Squalene (77): colourless oil; TOF-ESI-MS m/z 505.7191 [M+4Na+3H]7+ (calc. for 

C30H53Na4, 505.7020); 1H-NMR (400 MHz, CDCl3) δ 5.14 (d, J = 6.2 Hz, 1H-3/22), 5.10 

(m, 1H-7/18), 5.10 (m, 1H-11/14), 2.07 (m, 2H-8/17), 2.07 (m, 2H-4/21), 2.02 (d, J = 6.8 

Hz, 2H-12/13), 1.98 (m, 2H-9/16), 1.98 (m, 2H-5/20), 1.68 (s, 6H-1/24), 1.60 (s, 6H-27/28), 

1.60 (s, 6H-25/30), 1.60 (s, 6H-26/29). 13C-NMR (101 MHz, CDCl3) δ 135.1 (C-10/15), 

134.9 (C-6/19), 131.2 (C-2/23), 124.4 (C-7/18), 124.3 (C-11/14), 124.3 (C-3/22), 39.8 (C-

5/20), 39.8 (C-9/16), 28.3 (C-12/13), 26.8 (C-4/21), 26.7 (C-8/17), 25.7 (C-1/24), 17.7 (C-

25/30), 16.1 (C-27/28), 16.0 (C-26/29). 

Beta-carotene (78): red powder; m.p. 177 °C to 178 C; IRν (KBr, cm‒1): 2923.56, 

2854.13, 1640.8; TOF-ESI-MS at m/z 203.1051 [M-332.769+H] (calc. for C15H23, 

203.3436); 1H-NMR (400 MHz, CDCl3) δ 6.65 (d, J = 10.3 Hz, 2H -15, 15′), 6.37 (d, J = 



  

107 
 

14.9 Hz, H-12,12′), 6.27 (d, J = 8.3 Hz, 1H-14, 14′), 6.25/6.27 (m, 2H-10, 10′), 6.17 (d, J 

= 7.0 Hz, 3H -11, 11′), 6.16 (m, 2H-7, 7′), 6.12 (m, 2H-8, 8′), 1.04 (s, 6H-16, 16′), 2.03 (d, 

J = 6.4 Hz, 2H -4, 4′), 1.99 (s, 6H-19, 19′), 1.99 (s, 6H-20, 20′), 1.74 (s, 6H-18, 18′), 1.62 

(m, H-3, 3′), 1.45 (dd, J = 16.0, 5.7 Hz, 4H-2, 2′), 1.04 (s, 6H-17, 17′). 13C-NMR (150 

MHz, CDCl3) δ 137.9 (C-6, 6′), 137.8 (C-8, 8′), 137.2 (C-12,12′), 136.5 (C-13, 13′), 136.0 

(C-9, 9′), 132.4 (C-10, 10′), 130.8 (C-1, 1′), 129.9 (C-11, 11′), 129.4 (C-5, 5′), 126.7 (C-7, 

7′), 125.0 (C-14, 14′), 39.6 (C-2, 2′), 34.2 (C-1, 1′), 33.11(C-4, 4′), 29.0 (C-16, 16′), 28.9 

(C-17, 17′),  21.81/21.9 (C-18, 18′′), 19.3 (C-3, 3′), 12.8 (C-19, 19′), 12.8 (C-20, 20′). 

Pheophytin A (79): dark bluish waxy; m.p. 115-117 C; IRν (KBr, cm‒1): 3461.6, 2918.6, 

2847, 1738, 1644.6; 1H-NMR (400 MHz, CDCl3) δ 9.54 (s, 1H- β), 9.39 (s, 1H- α), 8.67 

(s, 1H- δ), 8.05 (dd, J = 17.8, 11.5 Hz, 1H-2a), 6.31 (s, 1H-10), 6.18 (m, 2H2-2b), 6.29 (dt, 

J = 11.2, 1.7 Hz, 1H2-2b), 5.17 (m, 1H-P2), 4.50 (m, 1H-8), 4.50 (m, 2H-P1), 4.25 (m, 1H-

7), 3.72 (s, 3H-5a), 3.71 (d, J = 11.3 Hz, 5H-4a), 3.5 (s, 3H-10b), 3.41 (s, 3H-1a), 3.25 (s, 

3H-3a), 2.35 (m, 1H7b), 2.19 (m, 2H-7a), 1.92 (dt, J = 10.8, 5.4 Hz, 2H- P4), 1.80 (d, J = 

7.3 Hz, 2H-8a), 1.70 (td, J = 7.6, 4.9 Hz, 3H-4b), 1.59 (s, 3H- P3a),  0.87 (m, H4- P15a), 

0.87 (m, 4H- P16), 0.82 (m, 6H-P7a, P11a).  13C-NMR (101 MHz, CDCl3) δ 189.7 (C-9), 

173.0 (C-7c), 172.4 (C-18 ), 169.6 (C-10a ), 161.5 (C-17), 155.2 (C-13 ), 151.1 (C-14), 

149.8 (C-16), 145.2 (C-4), 142.9 (C-11 ), 142.1(C-P3), 138.0 (C-15 ), 136.6 (C-12 ), 136.3 

(C-2), 136.1 (C-3), 132.0 (C-1), 129.3 (C-6), 129.2 (C-5), 129.1 (C-2a ), 122.9 (C-2b), 

117.7 (C-P2), 105.4 (C- γ), 104.5 (C- β ), 97.5 (C- α ), 93.4 (C- δ), 64.7 (C-10), 61.5 (C- 

P1), 52.9 (C-10b), 51.7 (C-7 ), 50.2 (C-8), 39.8 (C- P4), 39.4 (C- P14), 37.4 (C-P10), 37.3 

(C-P12), 37.3 (C- P8), 36.6 (C-P6), 32.8 (C-P11), 32.6 (C-P7), 31.2 (C-7a), 29.8 (C-7b), 

28.0 (C- P15), 25.0 (C-P5), 24.8 (C- P13 ), 24.4 (C- P9 ), 23.1 (C-8a ), 22.7 (C- P16), 22.6 

(C-P15a), 19.7 (C- P7a), 19.6 (C- P11a), 19.5 (C-4a), 17.4 (C-4b), 16.3 (C- P3a), 12.2 (C-

1a ), 12.1 (C-5a), 11.3 (C-3a ). 

β-sitosterol (80): white powder; m.p. 133-134 C; IRν (KBr, cm‒1): 3436.34, 2918.2 8, 

2851.4 6, 1639.32; TOF-ESI-MS m/z 472.6723 [M+CH3OH+Na+3H]4+ (calcd for 

C30H57O2Na, 472.7067); 1H-NMR (400 MHz, CDCl3) δ 5.35 (dd, J = 5.1, 2.6 Hz, 1H-6), 

3.53 (tt, J = 10.7, 4.7 Hz, 1H-3), 2.27 (m, 1H1 -4), 2.22 (m, 1H2-4), 1.98 (m, 1H-7), 2.00 

(tt, J = 14.6, 3.1 Hz, 1H1-12), 1.86 (m, 1H1-16), 1.83 (m, 1H1-1), 1.80 (m, 1H-2), 1.65 (m, 
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1H-25), 1.57 (m, 1H-7), 1.55 (d, J = 6.5 Hz, 1H1-15), 1.50 (m, 1H1 -11), 1.48 (m, 1H2-11), 

1.48 (m, 1H-3, 8, 11), 1.37 (m, 1H-22), 1.36 (m, 1H-20), 1.27 (m, 1H2-16), 1.26 (m, 2H-

28), 1.15 (m, 1H2 -12), 1.14 (m, H-23), 1.11 (m, 1H-17), 1.07 (m, 1H2-1, 14), 1.05 (m, 1H-

22), 1.01 (m, 1H-15), 1.00 (s, 3H-19), 0.93 (d, J = 6.5 Hz, 4H-9, 21), 0.92 (m, 1H-24), 0.84 

(d, J = 6.5 Hz, 3H -29), 0.82 (d, J = 6.5 Hz, 3H-27), 0.68 (s, 3H-18), 0.80 (d, J = 6.3 Hz, 

3H-26). 13C-NMR (101 MHz, CDCl3) δ 140.8 (C-5), 121.7 (C-6), 71.8 (C-3), 56.8 (C-14), 

56.0 (C-17), 50.2 (C-9), 45.7 (C-24), 42.4 (C-13), 42.4 (C-4), 39.5 (C-12), 37.3 (C-1), 36.5 

(C-10), 36.2 (C-20), 34.4 (C-22), 31.8 (C-8), 31.8 (C-7), 31.7 (C-2), 29.2 (C-25), 27.9 (C-

16), 26.0 (C-23), 24.4 (C-15), 22.8 (C-28), 21.2 (C-11), 19.9 (C-27), 19.6 (C-26), 19.2 (C-

19), 18.9 (C-21), 11.8 (C-29), 12.0 (C-18). 

4.3.2 Extraction and Characterization of Compounds from the Stem Barks of 

Myrica salicifolia  

4.3.2.1 Solvent Extraction of the Stem Barks of Myrica salicifolia 

The collected fresh stem bark of M. salicifolia was air-dried at room temperature. The dried 

plant materials were ground using an electric grinder to obtain a fine powder. The powder 

(1.41 kg) was soaked and homogenized exhaustively using MeOH and CHCl3 mixture at a 

ratio of 2:1. The mixture was filtered using a Buchner funnel with Whatman filter paper. 

The filtrates were concentrated using a rotary evaporator under reduced pressure at a 

temperature of 40 °C. The concentrated crude extracts were allowed to dry to a constant 

weight at room temperature and furnished a mass of 98 g. 

4.3.2.2 Fractionation of the Stem Barks Extract of Myrica salicifolia  

The crude extract (26.4 g) was redissolved in chloroform and adsorbed on 25 g of silica 

gel, mixed well and dried by a rotary evaporator. The dried sample was loaded to a glass 

column packed with silica gel (330 g, 70‒230 mesh ASTM) and fractionated using gradient 

solvent system pet ether:CHCl3 (25:75 to 10:90, v/v), CHCl3:EtOAc (90:10 to 0:100, v/v), 

and EtOAc:MeOH (95:5 to 20:80, v/v) to give 25 fractions each 200 mL. Fractions with 

similar TLC profiles were combined to give twenty fractions (MS-1 to MS-20) (Figure 15). 

Fraction MS-7 (5.3 g) was subjected to column chromatography over silica gel (120 g) 
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using gradient solvent system of pet ether:CHCl3 (0:100 to 5:95, v/v) and CHCl3:EtOAc 

(0:100 to 5:95, v/v) to give 14 subfraction, which were recombined into four groups (MS-

7-1 to MS-7-4) based on their TLC profile. Subfraction MS-7-1 (205.5 mg) was applied to 

a Sephadex LH-20 column chromatography and eluted using CHCl3:MeOH (1:1) to give 

compound 28 (12.4 mg). Fraction MS-9 (1.2 g) was subjected to column chromatography 

over silica gel (40 g) using gradient of pet ether:CHCl3 (23:77 to 0:100, v/v) and 

CHCl3:EtOAct (98:2 to 65:35, v/v) to give 10 subfractions, which were combined into 

three groups (MS-9-1 to MS-9-3) based on their TLC profile. Subfraction MS-9-2 (170.7 

mg) was subjected to column chromatography over Sephadex LH-20 (90 g) using 

CHCl3:MeOH (2:1) as eluent to give compound 29 (8.8 mg). Fraction MS-16 (2.1 g) was 

rechromatographed over silica gel (100 g) eluted using CHCl3:EtOAc (10:90 to 5:95), 

followed by EtOAc:MeOH (97:3 to 70:30, v/v). Seven fractions (MS-16-1 to MS-16-7) 

were collected. Subfraction MS-16-4 (87 mg) was allowed to pass over Sephadex LH-20 

column (90 g) eluted with CHCl3:MeOH (2:1), and the fractionated eluents were 

concentrated to give compound 32 (13 mg). The subfractions MS-1 (325.5 mg) and MS-6 

(102.5 mg) from pet ether:CHCl3 (30:70, v/v), and pet ether:CHCl3 (10:90, v/v) were 

recrystallized with MeOH to give compound  81 (10.2 mg) and compound 82 (7.6 mg), 

respectively. Subfraction MS-7-3 (102.5 mg) was was recrystallized to give compound 83 

(42.12 mg) as a white solid. The major fraction MS-11 was concentrated and dissolved in 

acetone to give a precipitate named compound 84 (11.2 mg). Fraction MS-20 (1.42g) was 

rechromatographed over silica gel (100 g) eluted with EtOAc:MeOH mixtures (96:4 to 

40:60, v/v). Five fractions (MS-20-1 to MS-20-5) were collected. Subfraction MS-20-4 (23 

mg) was applied to the Sephadex LH-20 column (90 g) and eluted with CHCl3:MeOH 

(2:1), and the collected fractions were concentrated to give compound 85 (5.2 mg) and 

compound 86 (7.1 mg). 
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Figure 15: Fractionations and isolation of compounds from stem bark extract of Myrica 
salicifolia. 
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4.3.2.3 Physical and Spectroscopic Data of Compounds Isolated from the Stem 

Barks of Myrica salicifolia 

Myricanone (28): white powder; m.p. 193-195 C; IRv (KB, cm-1): 3409.2, 2934, 2857.2 

1704.2, 1604.2; HPLC-ESI-MS (positive-ion mode) m/z 379.1516 [M+Na] + (calc. for 

C21H24O5, 379.1515); 1H-NMR (600 MHz, DMSO) δ 8.85 (s, OH-5), 8.70 (s, OH-17), 6.95 

(dd, J = 8.2, 2.4 Hz, 1H-15), 6.72 (d, J = 8.2 Hz, 1H-16), 6.50 (d, J = 2.5 Hz, 1H-18), 6.32 

(s, 1H-19), 3.76 (s, 3H-21), 3.74 (s, 3H-20), 2.85–2.78 (m, 2H-13), 2.76–2.71 (m, 2H-12), 

2.66 (t, J = 7.2 Hz, 2H-10), 2.59–2.54 (m, 2H-7), 1.78 (p, J = 6.3 Hz, 2H-8), 1.58 (p, J = 

7.1 Hz, 2H-9). 13C-NMR (151 MHz, DMSO) δ 213.8 (C-11), 152.7 (C-17), 149.1 (C-5), 

148.5 (C-3), 140.4 (C-4), 133.5 (C-18), 131.4 (C-14), 129.2 (C-19), 128.4 (C-15), 126.9 

(C-1), 122.8 (C-2), 122.3 (C-6), 115.9 (C-16), 60.9 (C-21), 60.5 (C-20), 45.9 (C-10), 42.4 

(C-12), 28.8 (C-13), 27.2 (C-7), 24.5 (C-8), 21.8 (C-9).  

Myricanol (29): white powder; m.p. 102-110 C; IRv (KBr, cm-1): 3369.8, 2924.2, 2855.6, 

1610.8-1444; HPLC-ESI-MS (positive-ion mode) m/z 381.16707 [M+Na]+ (calc. for 

C21H26O5, 381.16724); 1H-NMR (600 MHz, Acetone) δ 7.22 (m, 1H-18), 7.04 (dd, J = 8.2, 

2.4 Hz, 1H-15), 6.91 (s, 1H-19), 6.80 (d, J = 8.2 Hz, 1H-16), 3.98 (t, J = 9.1 Hz, 1H-11), 

3.91 (s, 3H-21), 3.89 (s, 3H-20), 2.93 (ddd, J = 16.3, 13.2, 2.7 Hz, 1H-13), 2.81 (d, J = 4.7 

Hz, 1H-13), 2.78 (m, 1H-7), 2.54 (ddd, J = 17.9, 11.4, 3.9 Hz, 1H-7), 2.29 (ddd, J = 15.5, 

13.0, 2.8 Hz, 1H-12), 1.91 (ddd, J = 13.7, 6.8, 3.8 Hz, 2H-8), 1.83 (ddd, J = 13.3, 10.4, 7.3 

Hz, 1H-10), 16.7 (m, 1H-12), 1.57 (dd, J = 13.6, 11.5 Hz, 1H-10), 1.50 (ddt, J = 14.4, 10.9, 

7.6 Hz, 1H-9). 13C-NMR (151 MHz, Acetone) δ 151.5 (C-17), 148.7 (C-3), 146.8 (C-4), 

139.4 (C-5), 133.3 (C-18), 130.8 (C-14), 129.5 (C-15), 129.0 (C-19), 124.8 (C-6), 123.0 

(C-2), 122.7 (C-1), 116.2 (C-16), 67.1 (C-11), 60.8 (C-20), 60.6 (C-21), 39.5 (C-10), 34.6 

(C-12), 26.7 (C-13), 25.8 (C-8), 25.5 (C-7), 22.9 (C-9). 

11-O-β-D-xylopyranosylmyricanol (32): white powder; m.p. 231-232 C; IRv (KBr, cm-

1): 3390.8, 2927.8, 2849.6, 1501.8-1406.2; HPLC-ESI-MS (positive-ion mode) m/z 

513.20956 [M+H]+ (calc. for C26H34O9, 513.20950); 1H-NMR (600 MHz, DMSO) δ 6.94 

(d, J = 3.6 Hz, 1H-15), 6.93 (dt, J = 2.7 Hz, 1H-18),  6.74 (d, J = 8.8 Hz, 1H-16), 6.53 (s, 

1H-19), 3.98 (d, J = 7.4 Hz, 1H-1′), 3.80 (s, 3H-20), 3.78 (s, 3H-21), 3.73 (d, J = 3.3 Hz, 
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1H-11), 3.49 (dd, J = 11.4, 5.3 Hz, 1H-5′), 3.21 (ddt, 10.2, 8.6, 5.2 H, 1H-4′), 3.05 (td, J = 

8.7, 4.7 Hz, 1H-3′), 2.89 (ddd, J = 8.9, 7.4, 5.2 Hz, 1H-2′), 2.78 (m, 1H-13), 2.69 (dt, J = 

16.6, 3.8 Hz, 1H-13), 2.63 (dt, J = 17.7, 3.8 Hz, 1H-7), 2.50–2.43 (m, 1H-7), 2.12 (m, 1H-

12), 1.70 (m, 1H-12), 1.77 (m, 2H-8), 1.63 (dd, J = 7.9, 4.7 Hz, 2H-10), 1.47 (m, 1H-9), 

1.37 (dt, J = 9.7, 4.4 Hz, 1H-9). 13C-NMR (151 MHz, DMSO) δ 129.5 (C-15), 134.1 (C-

18), 116.2 (C-16), 129.8 (C-19), 102.0 (C-1′), 60.5 (C-20), 61.0 (C-21), 75.4 (C-11), 66.1 

(C-5′), 70.1 (C-4′), 77.0 (C-3′), 73.6 (C-2′), 27.0 (C-13), 25.9 (C-7), 33.3 (C-12), 25.4 (C-

8), 35.6 (C-10), 22.7 (C-9). 

Taraxerone (81): white powder; m.p. 272-274 C; IRv (KBr, cm-1): 2928.4, 2847.8, 1709; 

MALDI-MS (positive-ion mode) m/z 449.9 [M+Na+H]2+ (calc. for [C30H48ONaH]2+, 

449.7); 1H-NMR (600 MHz, CDCl3) δ 5.58 (dd, J = 8.2, 3.2 Hz, 1H-15), 2.60 (m, 1H-2), 

2.35 (m, 1H-2), 2.10 (m, 1H-19), 1.95 (dd, J = 14.7, 3.2 Hz, 1H-12), 1.90 (ddd, J = 13.2, 

7.1, 3.3 Hz, 1H-12), 1.15 (s, 3H-27), 1.103 (s, 1H-23), 1.11 (d, J = 3.7 Hz, 3H-25), 1.09 (s, 

3H-24), 1.103 (s, 1H-23), 1.01 (m, 1H-18), 0.98 (s, 3H-29), 0.94 (s, 3H-30), 0.93 (s, 3H-

26), 0.85 (s, 3H-28). 13C-NMR (125 MHz, CDCl3) δ: 38.4 (C-1), 34.1 (C-2), 217.5 (C-3), 

47.6 (C-4), 55.8 (C-5), 20 (C-6), 35.1 (C-7), 38.9 (C-8), 48.8 (C-9), 35.8 (C-10), 17.5 (C-

11), 37.7 (C-12), 37.5 (C-13), 157.6 (C-14), 117.2 (C-15), 36.7 (C-16), 37.7 (C-17), 48.7 

(C-18), 40.6 (C-19), 28.8 (C-20), 33.6 (C-21), 33.1 (C-22), 26.1 (C-23), 21.5 (C-24),14.8 

(C-25), 29.9 (C-26), 25.6 (C-27), 29.9 (C-28), 33.3 (C-29), 21.3 (C-30).  

Taraxerol (82): white powder; m.p. 257-260 C; IRv (KBr, cm-1): 3430.8, 3051.4, 2929, 

2860.4, 1751.2, 1620; MALDI-MS (positive-ion mode) m/z 449.9 [M+Na]+ (calc. for 

[C30H50ONa]+, 449.73); 1H-NMR (600 MHz, CDCl3) δ 5.56 (dd, J = 8.2, 3.2 Hz, 1H-15), 

3.22 (dt, J = 10.6, 5.1 Hz, 1H-3), 2.06 (dt, J = 12.8, 3.3 Hz, 1H-7), 1.94 (dd, J = 14.8, 3.2 

Hz, 1H-16), 1.63 (m, 1H-16), 1.63 (m, 1H-1), 1.63 (m, 1H-2), 1.59 (m, 1H-21), 1.59 (m, 

1H-2), 1.50 (m, 2H-6), 1.44 (m, 2H-18), 1.44 (m, 2H-11),  1.37 (m, 2H-7), 1.38 (m, 2H-

22),  1.33 (m, 1H-19), 1.25 (m, 2H-21), 1.11 (s, 3H-26), 1.00 (s, 1H-22), 1.00 (m, 3H-23), 

0.97 (s, 3H-29), 0.95 (s, 3H-24), 0.93 (s, 3H-30), 0.93 (s, 3H-27), 0.83 (s, 3H-25), 0.80 (m, 

1H-5). 13C-NMR (100 MHz, CDCl3): 15.5 (C-24), 15.4 (C-25), 17.5 (C-11), 18.8 (C-6), 

21.3 (C-27), 25.9 (C-26), 27.2 (C-2), 28.0 (C-23), 28.8 (C-20), 29.8 (C-28), 29.9 (C-30), 

33.1 (C-12), 33.4 (C-29), 33.7 (C-21), 35.8 (C-17), 35.1 (C-22), 36.7 (C-16), 37.74 (C-19), 
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37.6 (C-13), 38 (C-10), 37.7 (C-1), 38.9 (C-4), 38.8 (C-8), 41.3 (C-7), 48.8 (C-9), 49.3 (C-

18), 55.0 (C-5), 79.1 (C-3), 116.9 (C-15), 158.1 (C-14).  

Myricadiol (83): white powder; m.p. 266-268 C; IRv (KBr, cm-1): 3392, 2936, 2855, 

1644.4; MALDI-MS (positive-ion mode) m/z 442.10 [M]+ (calc. for C30H50O2, 442.717); 
1H-NMR (600 MHz, CDCl3) δ 5.53 (dd, J = 8.2, 3.3 Hz, 1H-15), 3.31 (dd, J = 10.9, 5.3 

Hz, 1H-28), 3.22 (dt, J = 10.7, 5.0 Hz, 1H-3), 3.16 (dd, J = 10.9, 4.8 Hz, 1H-28), 2.14 (dd, 

J = 15.2, 8.2 Hz, 1H-16), 1.77 (dd, J = 15.4, 3.3 Hz, 1H-16), 1.62 (m, 1H-2), 1.66 (m, 1H-

12), 1.54 (d, J = 3.2 Hz, 1H-12), 1.50 (m, 4H-11), 1.42 (m, 1H-9),  142 (m, 1H-9), 1.29 (m, 

2H-21), 1.17 (m, 4H-26),1.00 (s, 3H-23), 0.99 (s, 3H-29), 0.98 (s, 3H-27), 0.92 (s, 3H-30), 

0.94 (s, 3H-25), 0.82 (s, 3H-24), 0.80 (dd, J = 12.2, 2.5 Hz, 1H-5), 0.63 (dd, J = 13.7, 3.8 

Hz, 1H-18). 13C-NMR (125 MHz, CDCl3) δ: 37.7 (C-1), 27.1 (C-2), 79.0 (C-3), 38.8 (C-

4), 55.8 (C-5), 18.8 (C-6), 41.1 (C-7), 39.1 (C-8), 49.1 (C-9), 37.9 (C-10), 17.4 (C-11), 

33.4 (C-12), 37.5 (C-13), 159.2 (C-14), 117.2 (C-15), 30.8 (C-16), 40.4 (C-17), 44.8 (C-

18), 35.8 (C-19), 28.6 (C-20), 32.7 (C-21), 27.9 (C-22), 28.0 (C-23), 15.4 (C-24), 15.4 (C-

25), 26.0 (C-26), 21.6 (C-27), 65.5 (C-28), 33.5 (C-29), 29.9 (C-30).  

3β-O-trans-caffeoylisomyricadiol (84): white powder; m.p. 292-294 C; IRv (KBr, cm-1): 

3434.2, 2937.8, 2868.4, 1695.6, 1616.6; MALDI-MS m/z 897.8 as [M+(DHB-H2O)2+Na]+ 

(calc. for C39H56O5, 897.0); 1H NMR (600 MHz, DMSO) δ 7.45 (d, J = 15.8 Hz, 1H-7′), 

7.04 (d, J = 2.1 Hz, 1H-1′),  7.00 (dd, J = 8.2, 2.1 Hz, 1H-5′), 6.76 (d, J = 8.1 Hz, 1H-4′), 

6.24 (d, J = 15.9 Hz, 1H-8′), 5.43 (dd, J = 8.4, 3.1 Hz, 1H-15), 4.49 (dd, J = 11.7, 4.5 Hz, 

1H-3), 4.30 (s, OH-28), 3.00 (d, J = 10.3 Hz, 1H-28), 2.89 (d, J = 10.2 Hz, 1H-28), 2.12 

(dd, J = 14.8, 8.1 Hz, 1H-16), 1.99 (dt, J = 13.3, 3.4 Hz, 1H-7), 1.37 (s, 1H-19), 1.27–1.11 

(m, 2H-21), 1.04 (s, 3H-26), 1.00 (m, 2H-19, 22), 0.95 (s, 3H-29), 0.94 (s, 3H-25), 0.933 

(s, 3H-27), 0.92 (s, 3H-24), 0.918 (m, 1H-5) 0.87 (s, 3H-30), 0.84 (s, 3H-23), 0.47 (dd, J = 

13.6, 3.6 Hz, 1H-18). 13C-NMR (151 MHz, DMSO) δ 166.7 (C-9′), 158.0 (C-14), 148.8 

(C-3′), 146.0 (C-2′), 145.3 (C-7′), 126.0 (C-6′), 121.7 (C-5′), 116.4 (C-15), 116.2 (C-4′), 

115.3 (C-1′), 114.9 (C-8′), 80.2 (C-3), 63.7 (C-28), 55.3 (C-5), 48.9 (C-9), 45.0 (C-18), 

40.5 (C-17), 41.3 (C-7), 39.0 (C-8), 37.9 (C-4), 37.9 (C-10), 37.4 (C-13), 37.3 (C-1), 36.0 

(C-19), 34.0 (C-29), 33.6 (C-12), 32.9 (C-21), 30.6 (C-16), 30.2 (C-30), 28.7 (C-20), 28.2 
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(C-23), 27.8 (C-22), 26.3 (C-26), 23.7 (C-2), 21.8 (C-27), 18.7 (C-6), 17.4 (C-11), 17.1 (C-

24), 15.6 (C-25). 

Methyl-β-D-glucopyranoses (85): white powder; m.p. 104-106 C; IRv (KBr, cm-1): 3420, 

2928.2, 2858.6; HPLC-ESI-MS (positive-ion mode) m/z 217.0684 [M+H]+ (calc. for 

C7H14O6, 217.0682; 1H-NMR (600 MHz, MeOD) δ 4.19 (d, J = 7.8 Hz, 1H-1), 3.69 (dd, J 

= 11.7, 6.6 Hz, 1H-6), 3.55 (s, H-7), 3.37 (t, J = 8.8 Hz, 1H-3), 3.31 (d, J = 9.6 Hz, 1H-5), 

3.29 (m, 1H-4), 3.18 (dd, J = 9.2, 7.8 Hz, 1H-2). 13C-NMR (151 MHz, MeOD) δ 104.0 (C-

1), 61.3 (C-6), 55.9 (C-7), 76.7 (C-3), 70.2 (C-4), 76.5 (C-5), 73.7 (C-2). 

Contortamide (86): white powder; m.p. 198-200 C; IRv (KBr, cm-1): 3436.1, 3418.2, 

2920.4, 2851.2, 1746.8-1635.6, 1535.2-1465.3; 1H NMR (600 MHz, MeOD) δ 5.44 (m, 

1H-7), 5.33 (m, 1H-6), 4.30 (dd, J = 9.9, 7.4 Hz, 2H-2), 4.30 (d, J = 7.7 Hz, 1H-1′′), 4.07 

(dd, J = 10.5, 6.3 Hz, 1H1-1), 4.04 (m, 1H-2′), 3.89 (m, 2H1-6′′), 3.83 (dt, J = 10.5, 3.2 Hz, 

1H2-1), 3.68 (m, 2H2-6′′), 3.62 (t, J = 6.1 Hz-3), 3.54 (m, 1H-4), 3.37 (m, 2H-3′′), 3.29 (m, 

2H-5′′), 3.29 (m, 2H-4′′), 3.20 (dd, J = 9.3, 7.8 Hz, 2H-2′′), 2.09 (m, 1H-5), 1.98 (m, 2H-

8), 1.76 (m, 1H1-3′), 1.62 (m, 1H2-3′), 1.26-1.38H (brs, 58H-9-16), 1.26-1.38 (brs, 58H-

4′-24′), 0.92 (t, J = 6.9 Hz, 3H-25′), 0.92 (t, J = 6.9 Hz, 3H-17). 13C NMR (151 MHz, 

MeOD) δ 175.70 (C-1′), 129.53 (C-7), 129.34 (C-6), 103.28 (C-1′′), 76.60 (C-5′′), 76.48 

(C-3′′), 74.15 (C-3), 73.60 (C-2′′), 71.56 (C-2′), 71.46 (C-4), 70.16 (C-4′′), 68.51 (C-1), 

61.24 (C-6′′), 50.24 (C-2), 34.32 (C-3′), 22.2-31.7 (C-9–16/C-4′–24′), 22.34 (C-1), 13.04 

(C-17, 25′). 

4.3.2.4 Biological Activities of the Crude Extract and Isolated Compounds from the 

Stem Barks of Myrica salicifolia  

4.3.2.4.1 DPPH Radical Scavenging Assay of the Extract and Isolated Compounds 

from the Stem Barks of Myrica salicifolia  

The antioxidant activities of the isolated compounds were assessed using DPPH radical 

scavenging activity with ascorbic acid as the positive control as per the previously 

described method.204 The standard solution of 0.1mM DPPH was prepared by dissolving 

4mg of DPPH in 100 mL of methanol. All extracted and isolated compounds were 
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separately dissolved in DMSO (1 mg/mL). Briefly, 4 ml of methanol solution of DPPH 

(0.1mM) was mixed with 1 ml of extract and each of isolated compound solution at 

different concentrations (3.12, 6.25, 12.5, 25, and 50 μg/mL). The mixture was incubated 

in the dark for 30 minutes, and the absorbance was read off at 517 nm wavelength using a 

UV-Vis spectrophotometer. An ascorbic acid solution of the same concentration (3.12 

µg/mL to 50 μg/mL) was prepared in similar fashion and measured. The DPPH radical 

scavenging activity of each of the tested compounds was reported as percentage inhibition 

using the formula given by Eq. 1: 

% DPPH Inhibition = [ ୅ ୡ୭୬୲୰୭୪ –୆ ୱୟ୫୮୪ୣ
୅ ୡ୭୬୲୰୭୪

 ] × 100 ………………Eq. 1 

Where A control is the absorbance of DPPH solution, and B sample is the absorbance of 

the test sample (DPPH solution plus compound). The DPPH solution was used as a 

negative control. The relative half-maximal inhibitory concentration (IC50) values were 

calculated via linear regression analysis (y = bx + a), where y = 50 and x denote IC50. The 

final antioxidant activity of each compound was expressed as the IC50 value. 

4.3.2.4.2 Antibacterial Activities of the Crude Extract and Isolated Compounds from 

the Stem Barks of Myrica salicifolia 

The four common standard ATCC strains, Staphylococcus aureus, Escherichia coli, 

Streptococcus pyogenes, and Pseudomonas aeruginosa were obtained from Adama 

Science and Technology University (ASTU). Experiments were conducted in close 

consultation with the Microbiology Laboratory of the Applied Biology Department of 

ASTU. The in-vitro antibacterial susceptibility test was determined by disk diffusion 

method.203 The medium was prepared by dissolving 38 g of Mueller Hinton agar in 1000 

mL of distilled water in 2.5 L flask. The flask was placed on a hot plate with a magnetic 

stirrer, and the mixture was heated slowly until the powder was completely dissolved, then 

autoclaved at 121 °C for 15 min. The autoclaved medium was poured into sterile petri 

dishes (20 mL/plate), and the plates were allowed to solidify under sterile conditions at 

room temperature. Then, the plates were seeded with an overnight grown culture 

approximately 1.5 x 108 CFU/mL by swabbing evenly on the surface of the medium with 

a sterile cotton swab. The isolated compounds at concentrations of 250 μg/mL and 500 
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μg/mL were prepared by dissolving in 10% DMSO in water.205-206 Six mm in diameter 

discs made of Whatman filter paper No. 1 were infused with the solutions of the isolated 

compounds and placed on the surface of the medium by gently pressed down to ensure 

contact with the MHA. Plates were inverted and incubated at 37 ℃ for 24 hours. Ampicillin 

was used as a standard antibiotic positive control207, while 10% DMSO in water was used 

as a negative control. After incubation, the inhibition zones were evaluated by measuring 

the diameter (mm) of the clear zone around the discs. All the experiments were performed 

in triplicate and interpreted using the CLSI zone diameter interpretative standards203, and 

compared with 10 μg/mL controls. 

4.3.3 Extraction and Characterization of Compounds from the Roots of Myrica 

salicifolia 

4.3.3.1 Extraction of Essential Oil by Hydrodistillation 

The roots of Myrica salicifolia were crushed and prepared for hydrodistillation following 

previously published report.116 Plant material (536 g) was placed into distillation flask (4 

L) filled with 2 L distilled water, which was then attached to Clevenger apparatus. On a 

heating mantle, the flask's contents were brought to boiling, and then hydrodistillation was 

carried out for eight hours. The essential oil was collected (~0.2 mL), dried over anhydrous 

Na2SO4, and stored in a sealed vial in the dark at 4 0C, until analysis by GC-MS. 

4.3.3.2 Characterization of the Essential Oil from the Roots of Myrica salicifolia 

The essential oil obtained from roots of Myrica salicifolia were analyzed by using an 

Agilent Technology 7820A GC system coupled with an Agilent Technology 5977E MSD 

system equipped with an autosampler. The chromatographic separation was done on a 

column 30 m in length and 0.25 μm in thickness coated with HP-5MS, (5%-phenyl)-

methylpolysiloxane, at a pressure of 8 psi and a flow rate of 0.97989 mL/min. Ultra-high 

pure helium (99.999%) was used as carrier gas at constant flow mode. An Agilent G4567A 

autosampler was used to inject 1 μL of the sample with a splitless injection mode into the 

inlet heated to 275 ºC with a total run time of 29.33 min. Oven temperature was 

programmed with the initial column temperature of 60 ºC and hold-time 2 min. The column 

temperature was increased at a rate of 10 ºC/min until the temperature reached 200 ºC and 

then heated again at the rate of 3 ºC/min until the temperature reached 240 ºC. No mass 
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spectra were collected during the first 4 min of the solvent delay. The transfer line and the 

ion source temperatures were 280 ºC and 230 ºC, respectively. The detector voltage was 

1600 V and the electron energy was 70 eV. Mass spectral data were collected from 40–650 

m/z. The names and structures were determined through National Institute of Standards and 

Technology (NIST) 2014 library search.  

4.3.3.3 Solvent Extraction of the Roots of Myrica salicifolia 

The collected fresh roots of M. salicifolia were air-dried at room temperature. The dried 

plant materials were ground using an electric grinder to obtain a fine powder. The powder 

(1.31 kg) was soaked and homogenized exhaustively using MeOH and CHCl3 mixture at a 

ratio of 1:2. The mixture was filtered using a Buchner funnel with Whatman filter paper. 

The filtrates were concentrated using a rotary evaporator under reduced pressure at a 

temperature of 40 °C. The concentrated crude extracts were allowed to dry to a constant 

weight at room temperature and furnished a mass of 44.3 g. Crude extract was fractionated 

using modified ‘Kupchan method of solvent-solvent partitioning.117 Solvents based with 

varying in density and polarities were used for fractionation. n-Hexane (Hex), chloroform 

(CHCl3), ethyacetate (EtOAc) and methanol (MeOH) were successively added in 

separating funnel gave four fractions (Figure 16).  
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Figure 16: Schematic representation of the modified Kupachan partitioning of roots crude 

extracts of M. salicifolia. 

4.3.3.4 Fractionation of the Roots Extract of Myrica salicifolia  

Each fraction was concentrated to dryness under reduced pressure to yield n-Hex (6.24 g) 

fraction, CHCl3 fraction (5.60 g), EtOAc fraction (9.11 g), and MeOH fraction (10.96 g). 

Chloroform fraction (5.60 g) was redissolved in chloroform and adsorbed on 6 g of silica 

gel, mixed well and dried by a rotary evaporator. The dried sample was loaded to a glass 

column packed with silica gel (200 g, 70‒230 mesh ASTM) and fractionated using gradient 

solvent system PET:CHCl3 (95:5 to 20:80, v/v), CHCl3:EtOAc (90:10 to 0:100, v/v), and 

EtOAc:MeOH (95:5 to 60:40, v/v) gave 12 fractions (MSRC-1 to MSRC-12) each 150 mL 

(Figure 17). The fraction MSRC-4 (655 mg) was rechromatographed on silica gel column 

chromatography (40 g) and eluted using pet ether:CHCl3 (20:80, v/v) gave 15 subfractions. 

Subfractions from MSRC-4-3 to MSRC-4-7 were mixed and recrystallized using MeOH 

gave compound 82 (12 mg). Fraction MSRC-5 (1.68 g) was subjected to column 
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chromatography over silica gel (50 g) using a gradient solvent system of pet ether:CHCl3 

(80:20 to 10:90, v/v) gave 10 subfractions (MSRC-5-1 to MSRC-5-10) each 150 mL. 

Fraction MSRC-5-6 and MSRC-5-7 were recombined into one fraction based on their TLC 

profile and allowed to pass over Sephadex LH-20 column eluted using CHCl3:MeOH (2:1) 

as eluent gave compound 80 (8.9 mg). EtOAc fraction (9.11 g) was redissolved using 

EtOAc and adsorbed on 10 g of silica gel, mixed well and dried by a rotary evaporator. 

The dried sample was loaded to a glass column packed with silica gel (370 g, 70‒230 mesh 

ASTM) and fractionated using gradient solvent system CHCl3:EtOAc (50:50 to 0:100, 

v/v), and EtOAc:MeOH (98:2 to 0:100, v/v) gave 34 fractions each 200 mL (Figure 18), 

which were combined into 9 groups (MSRE-1 to MSRE-9) based on their TLC profile. 

Fraction MSRE-2 (324.4 mg) was subjected to column chromatography over silica gel (20 

g, 70‒230 mesh ASTM) using gradient solvent system of CHCl3:MeOH (100:0 to 75:25, 

v/v) gave 6 subfractions (MSRE-2-1 to MSRE-2-6). Aliquot of MSRE-2-1 fraction was 

recrystallized using acetone gave compound 87 (5.73 mg). Fraction MSRE-3 (2.36 g) was 

subjected to column chromatography over silica gel (120 g, 70‒230 mesh ASTM) using 

CHCl3:MeOH (100:0 to 75:25, v/v) (0:100 to 5:95, v/v) gave 18 subfraction which were 

recombined into 8 groups (MSRE-3-1 to MSRE-3-8) based on their TLC profiles. 

Subfraction MSRE-3-5 to MSRE-3-8 (215.7 mg) were mixed and further fractionated by 

Sephadex LH-20 using CHCl3:MeOH (1:1) as eluent gave compound 28 (5.94 mg). 

Fraction MSRE-8 (3.77 g) was subjected to column chromatography over silica gel (150 

g, 70‒230 mesh ASTM) using a gradient solvent system of EtOAc:MeOH (100:0 to 75:25, 

v/v) to give 12 subfraction (MSRE-8-1 to MSRE-7-12) based on their TLC profiles. 

Subfraction MSRE-8-4 (316 mg) was further fractionated by column chromatography over 

silica gel (120 g) using CHCl3:MeOH (1:0.5) as eluent to give compound 30 (10.1 mg).  
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Figure 17: Fractionations and isolation of compounds from chloroform fraction of roots 
extract of Myrica salicifolia. 
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Figure 18: Fractionations and isolation of compounds from ethyl acetate fraction of roots 
extract of Myrica salicifolia. 
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4.3.3.5 Physical and Spectroscopic Data of Compounds Isolated from the Roots of 

Myrica salicifolia 

Taraxerol (82): white powder; m.p. 257–260 C; IRν (KBr, cm‒1): 3492.4, 2930.8, 2851.2, 

1634.2-1618; TOF-ESI-MS at m/z 472.6723 [M+2Na]+ (calc. for C30H50ONa, 472.6980); 
1H-NMR (600 MHz, CDCl3) δ 5.56 (dd, J = 8.2, 3.2 Hz, 1H-15), 3.22 (dt, J = 10.6, 5.1 Hz, 

1H-3), 2.06 (dt, J = 12.8, 3.3 Hz, 1H-7), 1.94 (dd, J = 14.8, 3.2 Hz, 1H-19), 1.63 (m, 2H-

21), 1.63 (m, 2H-1), 1.63 (m, 2H-2), 1.59 (m, 1H-21), 1.59 (m, 1H-2), 1.50 (m, 2H-11), 

1.50 (m, 2H-6), 1.43 (m, 2H-18), 1.43 (m, 2H-11),  1.38 (m, 2H-7), 1.38 (m, 2H-22),  1.33 

(m, 1H-19), 1.26 (m, 2H-21), 1.11 (d, J = 0.9 Hz, 3H-26), 1.00 (s, 3H-22), 0.97 (s, 3H-23), 

0.95 (s, 3H-29), 0.93 (d, J = 1.4 Hz, 3H-30), 0.93 (d, J = 1.4 Hz, 3H-27), 0.83 (s, 3H-28), 

0.81 (m, 1H-5). 13C-NMR (100 MHz, CDCl3) δ 15.5 (C-24), 15.4 (C-25), 17.5 (C-11), 18.8 

(C-6), 21.3 (C-27), 25.9 (C-26), 27.2 (C-2), 28.0 (C-23), 28.8 (C-20), 29.8 (C-28), 29.9 (C-

30), 33.1 (C-12), 33.4 (C-29), 33.7 (C-21), 35.8 (C-17), 35.1 (C-22), 36.7 (C-16), 37.74 

(C-19), 37.6 (C-13), 38 (C-10), 37.7 (C-1), 38.9 (C-4), 38.8 (C-8), 41.3 (C-7), 48.8 (C-9), 

49.3 (C-18), 55.0 (C-5), 79.1 (C-3), 116.9 (C-15), 158.1 (C-14).  

β-Sitosterol (80): white powder; m.p. 133-135 C; IRν (KBr, cm‒1): 3424.6, 2928, 2849.2, 

1618.4-1645; TOF-ESI-MS at m/z 416.2167 [M+2H]2+ (calc. for C29H52O, 416.7236); 1H-

NMR (400 MHz, CDCl3) δ 5.35 (d, J = 5.1 Hz, 1H-6), 3.53 (tt, J = 10.6, 4.7 Hz, 1H-3), 

2.27 (m, 1H1-4 ), 2.22 (m, 1H2-4), 1.98 (m, 1H-7), 2.00 (tt, J = 14.6, 3.1 Hz, 1H1-12), 1.83 

(m, 3H1-1), 1.65 (m, 1H-25), 1.57 (m, 1H-7), 1.48 (m, 1H-8), 1.37 (m, 1H-22), 1.14 (td, J 

= 14.2, 11.4, 5.8 Hz, 2H-23), 1.00 (s, 3H-19), 0.93 (d, J = 6.4 Hz, 4H-21), 0.84 (d, J = 6.5 

Hz, 3H-29), 0.82 (d, J = 7.6 Hz, 3H-27), 0.80 (d, J = 2.3 Hz, 3H-26), 0.68 (s, 3H-18). 13C-

NMR (101 MHz, CDCl3) δ 140.8 (C-5), 121.7 (C-6), 71.8 (C-3), 56.8 (C-14), 56.0 (C-17), 

50.2 (C-9), 45.7 (C-24), 42.4 (C-4), 39.5 (C-12), 33.9 (C-22), 31.8 (C-7), 31.8 (C-8), 31.7 

(C-2), 29.2 (C-25), 27.9 (C-16), 26.0 (C-23), 24.4 (C-15), 22.8 (C-28), 21.2 (C-11), 19.9 

(C-27), 19.4 (C-19), 19.4 (C-26), 18.9 (C-21), 11.8 (C-18), 11.9 (C-29). 

Sitoindoside I (87): white powder; m.p. 198-200 C; IRν (KBr, cm‒1): 3432.8, 2918.2, 

2851.6, 1747.6, 1625.6;  TOF-ESI-MS at m/z 815.6644 [M]+ (calcd. for C51H90O7 

815.2580); 1H-NMR (400 MHz, CDCl3) δ 0.68 (s, 4H-18), 0.81 (s, 3H-26), 0.83 (d, J = 2.1 
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Hz, 5H-27), 0.85 (m, 3H-29), 0.88 (d, J = 7.0 Hz, 2H-16″), 0.93 (d, J = 6.3 Hz, 1H-21), 

1.00 (s, 3H-19), 1.32 (s, 6H-22), 1.35 (d, J = 7.3 Hz, 2H-20), 1.66 (m, 1H-25), 2.00–2 .06 

(m, 2H-12), 2.35 (t, J = 8.1 Hz, 2H-2″), 3.37 (td, J = 9.0, 4.4 Hz, 1H-4′), 3.55 (d, J = 8.8 

Hz, 1H-3′), 4.31 (d, J = 12.1 Hz, 1H-6′), 4.39 (d, J = 7.8 Hz, 1H-6′), 5.36 (d, J = 5.6 Hz, 

1H-6). 13C-NMR (101 MHz, CDCl3) δ 174.6 (C-1″), 140.3 (C-5), 122.2 (C-6), 101.2 (C-

1′), 79.7 (C-3), 76.1 (C-3′), 73.8 (C-2′), 73.5 (C-5′), 70.2 (C-4′), 63.4 (C-6′), 56.8 (C-14), 

56.1 (C-17), 50.2 (C-9), 45.8 (C-24), 42.3 (C-13), 39.8 (C-12), 38.9 (C-4), 37.3 (C-1), 36.7 

(C-10), 36.2 (C-20), 34.3 (C-2″), 33.9 (C-22), 32.0 (C-14″), 31.9 (C-8), 29.8 (C-6″), 29.7-

29.6 (C-7″-14″), 29.4 (C-5″), 29.3 (C-4″), 29.1 (C-25), 28.3 (C-16), 26.1 (C-23), 25.0 (C-

3″), 24.3 (C-15), 23.1 (C-28), 22.7 (C-15″), 21.1 (C-11), 19.8 (C-27), 19.4 (C-19), 19.0 (C-

26), 18.8 (C-21), 14.2 (C-16″), 12.0 (C-29), 11.9 (C-18). 

Myricanon (28): white powder; m.p. 187-192 C; IRν (KBr, cm‒1): 3424.4, 2919.2, 2854.9, 

1705.2, 1642.2-1613.2; TOF-ESI-MS at m/z 379.1512 [M+Na]+ (calcd for C21H24O5Na, 

379.1516); 1H-NMR (400 MHz, CDCl3) δ 1.89 (d, J = 7.4, 7.0 Hz, 1H-9), 1.97 (dd, J = 

8.5, 5.0 Hz, 1H-8), 2.74 (m, 2H-7, 8), 2.79 (m, 1H-10), 2.82 (dt, J = 13.6, 6.2 Hz, 2H-12), 

2.89 (m, 2H), 3.01 (m, 2H-10), 3.04 (m, 1H), 3.87 (s, 3H-21), 4.00 (s, 3H-20), 5.91 (s, OH-

5), 6.63 (s, 1H-19), 6.76 (d, J = 2.4 Hz, 1H-18), 6.90 (d, J = 8.2 Hz, 1H-16), 7.08 (dd, J = 

8.2, 2.4 Hz, 1H-15), 7.69 (s, OH-17). 13C-NMR (101 MHz, CDCl3) δ 21.9 (C-9), 24.5 (C-

8), 26.9 (C-7), 28.9 (C-13), 42.6 (C-12), 46.2 (C-10), 61.4 (C-21), 61.5 (C-20) , 115.9 (C-

16), 123.1 (C-6), 123.2 (C-2), 125.5 (C-1), 128.9 (C-19), 128.9 (C-15), 132.3 (C-14), 132.4 

(C-18), 138.6 (C-4), 146.0 (C-3), 147.8 (C-5), 151.7 (C-17), 213.6 (C-11). 

Myricanol 5-O-β-D-Glucopyranoside (30): white powder; m.p. 220-223 C; IRν (KBr, 

cm‒1): 3455.8, 2919.2, 2849.2, 1640.4 -1453.6; TOF-ESI-MS at m/z 543.2219 [M+Na]+ 

(calcd for C27H36O10Na, 543.5595). 1H-NMR (400 MHz, MeOD) δ 7.12 (d, J = 2.4 Hz, 

1H-18), 7.06 (dd, J = 8.2, 2.3 Hz, 1H-15), 6.86 (s, 1H-19), 6.80 (d, J = 8.2 Hz, 1H-16), 

5.03 (d, J = 7.3 Hz, 1H-1′), 3.99 (s, 3H-21), 3.93 (m, 1H-11), 3.91 (s, 3H-20), 3.83 (dd, J 

= 12.0, 2.4 Hz, 1H-6′), 3.69 (dd, J = 12.0, 5.3 Hz, 1H-6′), 3.47 (m, 1H-5′), 3.46 (m, 1H- 2′), 

3.41 (m, 1H-4′), 3.27 (ddd, J = 9.2, 5.3, 2.3 Hz, 1H-3′), 2.97 (dd, J = 16.0, 3.1 Hz, 1H-7), 

2.87 (m, 2H-13),  2.73 (m, 1H-8), 2.29 (ddd, J = 16.0, 11.5, 5.0 Hz, 1H-12), 1.66 (m, 1H-

12), 1.90 (m, 1H-7), 1.87 (m, 1H-10), 1.58 (d, J = 8.7 Hz, 1H-9), 1.56 (d, J = 11.6 Hz, 1H-
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9), 1.47 (dd, J = 13.3, 12.3, 6.0 Hz, 1H-9). 13C-NMR (101 MHz, MeOD) δ 151.6 (C-17), 

148.5 (C-5), 148.0 (C-3), 145.0 (C-4), 133.7 (C-18), 130.5 (C-14), 129.8 (C-2), 129.7 (C-

15), 129.1 (C-19), 128.2 (C-1), 125.2 (C-6), 115.9 (C-16), 103.9 (C-1′), 76.9 (C-3′), 76.7 

(C-5′), 74.4 (C-2′), 70.1 (C-4′), 67.8 (C-11), 61.2 (C-6′), 60.6 (C-21), 60.3 (C-20), 39.1 (C-

10), 34.3 (C-12), 26.7 (C-13), 26.1 (C-8), 25.7 (C-7), 22.6 (C-9). 

4.3.3.6 Biological Activities of the Crude Extract and Isolated Compounds from the 

Roots of Myrica salicifolia  

4.3.3.6.1 DPPH Radical Scavenging Assay of the Crude Extract and Isolated 

Compounds from the Roots of Myrica salicifolia  

The antioxidant activities of the isolated compounds were assessed using DPPH radical 

scavenging activity with ascorbic acid as the positive control as per the previously 

described method.204 The standard solution of 0.1mM DPPH was prepared by dissolving 

4mg of DPPH in 100 mL of methanol. All extracted and isolated compounds were 

separately dissolved in DMSO (1 mg/mL). Briefly, 4 ml of methanol solution of DPPH 

(0.1mM) was mixed with 1 ml of extract and each of isolated compound solution at 

different concentrations (3.12, 6.25, 12.5, 25, and 50 μg/mL). The mixture was incubated 

in the dark for 30 minutes, and the absorbance was read off at 517 nm wavelength using a 

UV-Vis spectrophotometer. An ascorbic acid solution of the same concentration (3.12 

µg/mL to 50 μg/mL) was prepared in similar fashion and measured. The DPPH radical 

scavenging activity of each of the tested compounds was reported as percentage inhibition 

using the formula given by Eq. 1. 

% DPPH Inhibition = [ ୅ ୡ୭୬୲୰୭୪ –୆ ୱୟ୫୮୪ୣ
୅ ୡ୭୬୲୰୭୪

 ] × 100 ………………Eq. 1 

Where A control is the absorbance of DPPH solution, and B sample is the absorbance of 

the test sample (DPPH solution plus compound). The DPPH solution was used as a 

negative control. The relative half-maximal inhibitory concentration (IC50) values were 

calculated via linear regression analysis (y = bx + a), where y = 50 and x denote IC50. The 

final antioxidant activity of each compound was expressed as the IC50 value. 
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4.3.4 Extraction and Characterization of Compounds from the Aerial Part of 

Clematis simensis 

4.3.4.1 Extraction of Essential Oil by Hydrodistillation  

The fresh aerial parts of C. simensis were crushed and prepared for hydrodistillation 

following previously published report.208 Plant material (440 g) was placed into distillation 

flask (4 L) filled with 2 L distilled water and the flask was attached to Clevenger apparatus 

which was connected to a condenser. On a heating mantle, the flask's contents were brought 

to boiling, and then hydrodistillation was carried out for eight hours. The essential oil was 

collected (~2.0 mL), dried over anhydrous Na2SO4, and stored in a sealed vial in the dark 

at 4 0C, until analysis by GC-MS. 

4.3.4.2 Characterization of the Essential Oil from the Aerial Parts of Clematis 

simensis  

The essential oil obtained from aerial parts of clematis simensis were analyzed by using an 

Agilent Technology 7820A GC system coupled with an Agilent Technology 5977E MSD 

system equipped with an autosampler. The chromatographic separation was done on a 

column 30 m in length and 0.25 μm in thickness coated with HP-5MS, (5%-phenyl)-

methylpolysiloxane, at a pressure of 8 psi and a flow rate of 0.97989 mL/min. Ultra-high 

pure helium (99.999%) was used as carrier gas at constant flow mode. An Agilent G4567A 

autosampler was used to inject 1 μL of the sample with a splitless injection mode into the 

inlet heated to 275 ºC with a total run time of 29.33 min. Oven temperature was 

programmed with the initial column temperature of 60 ºC and hold-time 2 min. The column 

temperature was increased at a rate of 10 ºC/min until the temperature reached 200 ºC and 

then heated again at the rate of 3 ºC/min until the temperature reached 240 ºC. No mass 

spectra were collected during the first 4 min of the solvent delay. The transfer line and the 

ion source temperatures were 280 ºC and 230 ºC, respectively. The detector voltage was 

1600 V and the electron energy was 70 eV. Mass spectral data were collected from 40–650 

m/z. The names and structures were determined through National Institute of Standards and 

Technology (NIST) 2014 library search.  
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4.3.4.3 Solvent Extraction of the Aerial Part of Clematis simensis 

The collected fresh aerial parts of C. simenses were air dried at room temperature for two 

weeks under a shed until it became well dried. The dry plant materials were ground using 

an electric grinder to obtain a fine powder. The powder (0.5 kg) was soaked in 1:1 ratio of 

MeOH to CHCl3 (2 L x 3, 24 h each) at room temperature. The mixture was filtered using 

a Buchner funnel with Whatman filter paper. The combined filtrates were concentrated by 

a rotary evaporator under reduced pressure at a 45 °C. The concentrated crude extracts 

were allowed to dry to a constant weight at room temperature, and gave a total mass of 

52.6 g. 

4.3.4.4 Fractionation of the Crude Extract of the Aerial Parts of Clematis simensis  

The MeOH-CHCl3 crude extract (22.0 g) was redissolved in small amount of chloroform-

methanol and adsorbed on 20 g silica gel, then stirred well and dried by rotary evaporator 

until a fine dry powder remains. The dried powder was applied to a glass column packed 

with silica gel and fractionated using a gradient solvent system containing pet ether:CHCl3 

(from 50:50 to 0:100, v/v), CHCl3:EtOAc (95:5 to 0:100, v/v), and CHCl3:MeOH (90:10 

to 62.5:37.5, v/v) gave a total of 31 fractions (Figure 19). The fractions were combined 

based on their TLC profiles into twenty fractions (CSA-1C to CSA-20C). Fraction CSA-

17C (2.70 g) was subjected to column chromatography over silica gel (150 g) using pet 

ether:CHCl3 (50:50 to 0:100, v/v) and CHCl3:EtOAc (94:6 to 0:100, v/v) to give 64 

subfraction, which were combined into seven groups (CSA-17C-1 to CSA-17C-7) based 

on their TLC profiles. Subfractions CSA-17C-3 and CSA-17C-5 were redissolved in 

diethyl ether and left overnight, the insoluble part was separated gave compounds 88 (9.6 

mg) and 89 (7.3 mg) as white solids. Fraction 20C (2.2 g) was further chromatographed on 

a glass column packed with silica gel (130 g) which was eluting with 40% ethyl acetate in 

hexane gave compound 90 (11.8 mg). 
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Figure 19: Fractionations and isolation of compounds from chloroform-methanol crude 
extract of aerial parts of C. simenses. 
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4.3.4.5 Physical and Spectroscopic Data of Compounds from the Aerial Part of 

Clematis simensis 

2-Deoxy-D-Ribono-1, 4-Lactone (88): white powder; m.p. 134-135 0C; IRν (KBr, csm‒1): 

3408, 2915, 2847, 1634; 1H-NMR (600 MHz, DMSO) δ 5.50 (s, OH-3), 5.07 (s, OH-5), 

4.34–4.18 (m, 1H-3, 4), 3.55 (qd, J = 12.3, 3.4 Hz, 2H-5), 2.82 (dd, J = 17.7, 6.5 Hz, 1H1-

2), 2.24 (dd, J = 17.7, 2.3 Hz, 1H2-2); 13C-NMR (151 MHz, DMSO) δ 176.3 (C-1), 88.3 

(C-4), 67.8 (C-3), 60.8 (C-5), 38.1 (C-2). 

5-Hydroxylevulinic acid (89): white powder; m.p. 97-100 0C; IRν (KBr, cm‒1): 3443, 

2926, 2855, 1739, 1634; 1H-NMR (600 MHz, CH3OH) δ 4.24 (s, 1H-5), 2.70 (t, J = 6.7 

Hz, 1H-3), 2.59 (t, J = 6.7 Hz, 1H-2); 13C-NMR (151 MHz, CH3OH) δ 211.1 ( C-4), 176.4 

( C-1), 68.9 ( C-5), 33.9 (C-3), 28.5 ( C-2). 

β-sitosterol-3-O-β-D-glucoside (90): white powder; m.p. 285 - 287 °C; IRν (KBr, cm‒1): 

3436, 2918, 2848, 1620; FAB-MS (positive ion mode) m/z 599.4236 [M + Na] + (calcd. 

for C35H60O6, 599.8384). 1H-NMR (601 MHz, DMSO) δ 5.30 (m, 1H-6), 4.22 (d, J = 7.8 

Hz, 1H-1′), 3.65 (ddd, J = 11.7, 5.8, 2.0 Hz, 1H-6′), 3.42 (m, 1H-3), 3.41 (dt, J = 11.7, 5.9 

Hz, 1H-6′), 3.12 (td, J = 8.8, 4.7 Hz, 1H-3′), 3.07 (ddd, J = 9.7, 5.9, 2.1 Hz, 1H-5′), 3.01 

(td, J = 9.1, 5.1 Hz, 1H-4′), 2.88 (m, 1H-2′), 2.36 (m, 1H-4), 2.17 (m, 1H-4), 1.94 (m, 1H-

12), 1.92 (m, 1H-7), 1.84 (m, 1H-16), 1.81 (m, 1H-2), 1.79 (m, 1H-1), 1.63 (m, 1H-25), 

1.57 (m, 1H-15), 1.52 (m, 1H-7), 1.42 (m, 1H-2), 1.38 (m, 1H-8), 1.35 (m, 1H-20), 1.34 (m, 

1H-22), 1.24 (m, 1H-16), 1.22 (m, 1H-28), 1.21 (d, J = 5.7 Hz, 1H-11), 1.15 (m, 1H-23), 

1.12 (m, 1H-17), 1.11 (dd, J = 11.9, 3.7 Hz, 1H-12), 1.08 (m, 1H-15), 1.04 (m, 1H), 1.01 

(d, J = 9.7 Hz, 1H-11), 1.00 (d, J = 6.6 Hz, 1H-1), 0.99 (m, 1H-14), 0.96 (s, 3H-19), 0.91 

(m, 1H-24), 0.83 (m, 1H-9), 0.87 (d, J = 4.4 Hz, 1H), 0.82 (t, J = 7.2 Hz, 3H-29), 0.80 (d, 

J = 5.4 Hz, 3H-26), 0.78 (d, J = 7.7 Hz, 3H-21), 0.65 (s, 3H-18). 13C-NMR (151 MHz, 

DMSO) δ 121.2 (C-6), 100.8 (C-1′), 76.9 (C-3) , 76.8 (C-3′), 73.5 (C-2′), 70.1 (C-4′), 61.1 

(C-6′), 56.2 (C-14), 55.4 (C-17), 49.6 (C-9), 45.1 (C-24), 41.9 (C-13), 39.3 (H-12), 38.3 

(C-4), 36.8 (C-1), 36.2 (C-10), 35.5 (C-20), 33.3 (C-22), 31.4 (C-7), 31.4 (C-8), 29.3 (C-

2), 28.7 (C-25), 27.8 (C-16), 25.4 (C-23), 23.9 (C-15), 20.6 (C-11), 19.7 (C-26), 19.1 (C-

19), 18.9 (C-26), 18.6 (C-27), 11.8 (C-18), 11.7 (C-29). 
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4.3.4.6 Biological Activities of the Crude Extract and Isolated Compounds from 

Aerial Part of Clematis simensis 

4.3.4.6.1 DPPH Radical Scavenging Assay of the Crude Extract and Isolated 

Compounds from the Aerial Parts of Clematis simensis  

The antioxidant activities of the isolated compounds were assessed using DPPH radical 

scavenging activity with ascorbic acid as the positive control as per the previously 

described method.204 The standard solution of 0.1mM DPPH was prepared by dissolving 

4mg of DPPH in 100 mL of methanol. All extracted and isolated compounds were 

separately dissolved in DMSO (1 mg/mL). Briefly, 4 ml of methanol solution of DPPH 

(0.1mM) was mixed with 1 ml of extract and each of isolated compound solution at 

different concentrations (3.12, 6.25, 12.5, 25, and 50 μg/mL). The mixture was incubated 

in the dark for 30 minutes, and the absorbance was read off at 517 nm wavelength using a 

UV-Vis spectrophotometer. An ascorbic acid solution of the same concentration (3.12 

µg/mL to 50 μg/mL) was prepared in similar fashion and measured. The DPPH radical 

scavenging activity of each of the tested compounds was reported as percentage inhibition 

using the formula given by Eq. 1.  

% DPPH Inhibition = [ ୅ ୡ୭୬୲୰୭୪ –୆ ୱୟ୫୮୪ୣ
୅ ୡ୭୬୲୰୭୪

 ] × 100 ………………Eq. 1 

Where A control is the absorbance of DPPH solution, and B sample is the absorbance of 

the test sample (DPPH solution plus compound). The DPPH solution was used as a 

negative control. The relative half-maximal inhibitory concentration (IC50) values were 

calculated via linear regression analysis (y = bx + a), where y = 50 and x denote IC50. The 

final antioxidant activity of each compound was expressed as the IC50 value.  

Antibacterial activities of the Crude Extract and Isolated Compounds from the Aerial 

Parts of Clematis simensis 

The four common human bacterial strains: Staphylococcus aureus, Escherichia coli, 

Salmonella typhi, and Pseudomonas aeruginosa, were collected from the Addis Ababa 

University. Experiments were done in collaboration with the Microbiology Laboratory of 

Biology Department of Addis Ababa University. In vitro antibacterial susceptibility tests 
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were determined by the disk diffusion method.203 The medium was prepared by dissolving 

38 g of Mueller Hinton agar (MHA) in 1000 mL distilled water, and autoclaved at 121 °C 

for 15 min. The autoclaved medium was poured into sterile petri dishes (20 mL/plate), and 

the plates were allowed to solidify under sterile conditions at room temperature. After 

solidification, the plates were seeded with an overnight grown culture approximately 1.5 

X 108 CFU/mL by swabbing evenly on the surface of the medium with a sterile cotton 

swab. The crude extract and isolated compounds at concentrations of 125 mg/mL-500 

mg/mL and 125-1000 μg/mL, respectively, were prepared by dissolving in 10% DMSO. 

Whatman filter paper No. 1 was used to prepare discs of 6 mm in diameter. The sterile 

discs were infused with the isolated compounds, placed on the surface of the medium with 

sterile forceps, and gently pressed down to ensure contact with the (MHA). Ciprofloxacin 

was used as a positive control, and then the plates were inverted and incubated at 37 ℃ for 

24 hours. After incubation, the inhibition zone produced by the isolated compounds was 

evaluated by measuring the diameter (mm) of the clear zone around the disc and comparing 

it with 5 μg/ml positive controls.  

4.3.5 Extraction and Characterization of Compounds from the Steam Barks of 

Olinia usambarensis 

4.3.5.1 Extraction of Essential Oil by Hydrodistillation  

The Barks of Olinia usambarensis were crushed and prepared for hydrodistillation 

following previously published report.208 Plant material (570 g) was placed into distillation 

flask (4 L) filled with 2 L distilled water and the flask was attached to Clevenger apparatus 

which was connected to a condenser. On a heating mantle, the flask's contents were brought 

to boiling, and then hydrodistillation was carried out for eight hours. The essential oil was 

collected (~0.7 mL), dried over anhydrous Na2SO4, and stored in a sealed vial in the dark 

at 4 0C, until analysis by GC-MS. 

4.3.5.2 Characterization of the Essential Oil from the Barks of Olinia usambarensis 

The essential oil obtained from barks of Olinia usambarensis were analyzed by using an 

Agilent Technology 7820A GC system coupled with an Agilent Technology 5977E MSD 
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system equipped with an autosampler. The chromatographic separation was done on a 

column 30 m in length and 0.25 μm in thickness coated with HP-5MS, (5%-phenyl)-

methylpolysiloxane, at a pressure of 8 psi and a flow rate of 0.97989 mL/min. Ultra-high 

pure helium (99.999%) was used as carrier gas at constant flow mode. An Agilent G4567A 

autosampler was used to inject 1 μL of the sample with a splitless injection mode into the 

inlet heated to 275 ºC with a total run time of 33.00 min. Oven temperature was 

programmed with the initial column temperature of 60 ºC and hold-time 2 min. The column 

temperature was increased at a rate of 10 ºC/min until the temperature reached 200 ºC and 

then heated again at the rate of 3 ºC/min until the temperature reached 240 ºC. No mass 

spectra were collected during the first 4 min of the solvent delay. The transfer line and the 

ion source temperatures were 280 ºC and 230 ºC, respectively. The detector voltage was 

1600 V and the electron energy was 70 eV. Mass spectral data were collected from 40–650 

m/z. The names and structures were determined through National Institute of Standards and 

Technology (NIST) 2014 library search.  

4.3.5.3 Solvent Extraction of the Barks of Olinia usambarensis 

The collected fresh barks of Olinia usambarensis were dried at room temperature. The 

dried plant materials were ground using an electric grinder to obtain a fine powder. The 

powder (0.894 kg) was soaked and homogenized exhaustively using MeOH and CHCl3 

mixture (2 L x 3, 24 h each) at a ratio of 1:1at room temperature. The mixture was filtered 

using a Buchner funnel with Whatman filter paper. The filtrates were concentrated using a 

rotary evaporator under reduced pressure at a temperature of 40 °C. The concentrated crude 

extracts were allowed to dry to a constant weight at room temperature and furnished brown 

gummy crude (93 g). 

4.3.5.4 Fractionation of the Crude Extract of Barks of Olinia usambarensis 

The crude extract (40.42 g) was redissolved in chloroform-methanol and adsorbed on 40 g 

of silica gel, mixed well and dried by a rotary evaporator. The dried sample was loaded to 

a glass column packed with silica gel (700 g, 70‒230 mesh ASTM) and fractionated using 

gradient solvent system Hex:EtOAc (100:0 to 50:50, v/v), and EtOAc:MeOH (90:10 to 

0:100, v/v) to give 47 fractions each 250 mL. Fractions with similar TLC profiles were 
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combined to give eleven fractions (OR-1 to OR-11) (Figure 20). Fraction OR-2 (3.3 g) was 

subjected to column chromatography over silica gel (180 g) using Hex:EtOAc (100:0 to 

71:29, v/v) to give 14 (OR-2-1 to OR-2-14) subfraction. Sub-fraction OR-2-3 was 

crystallized from MeOH afforded compound 91 (7.4 mg). Fraction OR-2-12 (276.7 mg) 

was further fractionated by PTLC using pet ether:EtOAc (80:20, v/v) as eluent to give 

compound 92 (3.4 mg). Fraction OR-9 (604.2 mg) was subjected to column chromatography 

over silica gel (80 g) using MeOH in CHCl3 (10:80 to 23:77, v/v) as eluent. A total of 11 

subfractions (OR-9-1 to OR-9-11) were collected. Subfraction OR-9-8 (125 mg) was 

rechromatographed over silica gel (20 g) using solvent system of CHCl3:MeOH (80:20, 

v/v) as eluent to give compound 72 (9.4 mg).  
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Figure 20: Fractionations and isolation of compounds from the barks extract of Olinia 
usambarensis. 
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4.3.5.5 Physical and Spectroscopic Data of Compounds Isolated from the Barks of 

Olinia usambarensis 

Lupeol (91): white powder; m.p. 213-215 C; IRν (KBr, cm‒1): 3437.2, 2919.2, 2853.6, 

1642.2; TOF-ESI-MS at m/z 449.3441 [M+Na]+ (calcd for C30H50ONa, 449.7082); 1H-

NMR (400 MHz, CDCl3) δ 4.67 (d, J = 2.5 Hz, 1H-29), 4.55 (s, 1H-29), 3.71 (m,1H -7), 

3.17 (dd, J = 11.2, 5.0 Hz, H-3), 2.29 (m,1H -19), 1.90 (m,1H 1-21) 1.67 (m,1H -15), 1.66 

(s, 3H-30), 1.65 (m,1H -12), 1.63 (m,1H -13), 1.59 (m,1H 1-1), 1.57 (dd, J = 12.0, 3.3 Hz, 

1H-2), 1.61 (m,1H-2), 1.50 (m,1H1-6), 1.44 (m,1H-16), 1.5 (m, 1H-15), 1.39 (m, 1H1-11), 

1.37 (m, 1H2-6), 1.30 (m, 1H1-22), 1.27 (m, 1H-18), 1.25 (m,1H m, 1H2-11), 1.24 (s, 1H-

9), 1.22 (m, 1H2-21), 1.13 (m, 1H2-22), 1.01 (s, 3H-26), 0.95 (s, 3H-23), 0.93 (s, 3H-27), 

0.89 (m, 1H 2-1),  0.81 (s, 3H-25), 0.77 (s, 3H-28), 0.74 (s, 3H-24), 0.68 (t, J = 7.9 Hz, 1H-

5). 13C-NMR (101 MHz, CDCl3) δ 109.6 (C-29), 79.2 (C-3), 55.6 (C-5), 50.6 (C-9), 48.5 

(C-18), 48.2 (C-19), 43.2 (C-17), 43.0 (C-14),  41.1 (C-8), 40.2 (C-22), 40.0 (C-4), 38.9 

(C-1), 38.2 (C-13), 37.4 (C-10), 35.8 (C-16), 34.5 (C-7), 30.0 (C-21), 28.2 (C-23), 27.6 (C-

2), 27.6 (C-15), 26.0 (C-12), 21.1 (C-11), 19.5 (C-30), 18.5 (C-6), 18.2 (C-28), 16.3 (C-

25), 16.2 (C-26), 151.2 (C-20), 15.6 (C-24, 14.8 (C-27). 

n-Pentacosyl trans-Ferulate (92): white powder; m..p. 197-200 0C; IRν (KBr, cm‒1): 

3450.2, 2866, 2936, 1751.4, 1635; TOF-ESI-MS at m/z 343.1019 [M+H]+ (calcd. for 

C15H19O9, 343.30655); 1H-NMR (400 MHz, CDCl3) δ 4. 7.54 (d, J = 15.9 Hz, 1H-7), 7.01 

(dd, J = 8.2, 1.9 Hz, 1H-6), 6.97 (d, J = 1.8 Hz, 1H-2), 6.85 (d, J = 8.1 Hz, 1H-5), 6.23 (d, 

J = 15.9 Hz, 1H-8), 4.12 (t, J = 6.8 Hz, 2H-1′), 3.86 (s, -OCH3), 1.62 (q, J = 7.1 Hz, 2H-

2′), 1.31 (d, J = 8.2 Hz, 2H-3′), 1.18 (brs, 64H 4′-25′), 0.81 (t, J = 6.7 Hz, 3H-26′). 13C-

NMR (101 MHz, CDCl3) δ 167.4 (C-9), 147.9 (C-3), 146.7 (C-4), 144.6 (C-7), 127.1 (C-

1), 123.1 (C-6), 115.7 (C-8), 114.7 (C-5), 109.2 (C-2), 64.6 (C-1′), 55.9 (-OCH3), 31.9 (C-

24′), 29.7- 29.3 (4′-23′), 28.0 (C-2′), 26.0 (C-3′), 22.7 (C-25′), 14.2 (C-26′). 

4-O-β-D-Glucopyranosylcaffeicacid (72): white powder; m.p. 209-2015 0C; IRν (KBr, 

cm‒1): 3429.4, 2866, 2936, 1747.8, 1651.5, 1610, 1506.2, 1464, 1072.4; TOF-ESI-MS at 

m/z 343.1019 [M+H]+ (calcd. for C15H19O9, 343.3065); 1H-NMR (400 MHz, MeOD) δ 

7.57 (d, J = 15.9 Hz, 1H-β), 7.22 (d, J = 8.4 Hz, 1H-5′), 7.12 (d, J = 2.1 Hz, 1H-2′), 7.06 

(dd, J = 8.4, 2.1 Hz, 1H-6′), 6.34 (d, J = 15.9 Hz, 1H-α), 4.88 (d, J = 7.0 Hz, 1H-1), 3.93 
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(dd, J = 12.1, 2.0 Hz, 1H-6), 3.74 (dd, J = 12.1, 5.1 Hz, 1H-6), 3.52 (m, H-2), 3.52 (d, J = 

7.0 Hz, 1H-3), 3.45 (m, H- 4, 5). 13C-NMR (101 MHz, MeOD) δ 170.6 (C=O), 148.7 (C-

3′), 148.4 (C-4′), 146.0 (C-β), 131.1 (C-1′), 122.1 (C-6′), 118.0 (C-α), 117.8 (C-2′), 115.8 

(C-5′), 103.4 (C-1), 78.3 (C-5), 77.4 (C-3), 74.7 (C-2), 71.2 (C-4), 62.3 (C-6). 

4.3.5.6 Biological Activities of the Crude Extract and Isolated Compounds from the 

Barks of Olinia usambarensis 

4.3.5.6.1 DPPH Radical Scavenging Assay of the Crude Extract and Isolated 

Compounds from the Barks of Olinia usambarensis 

The antioxidant activities of the isolated compounds were assessed using DPPH radical 

scavenging activity with ascorbic acid as the positive control as per the previously 

described method. The standard solution of 0.1mM DPPH was prepared by dissolving 4mg 

of DPPH in 100 mL of methanol. All extracted and isolated compounds were separately 

dissolved in DMSO (1 mg/mL). Briefly, 4 ml of methanol solution of DPPH (0.1mM) was 

mixed with 1 ml of extract and each of isolated compound solution at different 

concentrations (3.12, 6.25, 12.5, 25, and 50 μg/mL). The mixture was incubated in the dark 

for 30 minutes, and the absorbance was read off at 517 nm wavelength using a UV-Vis 

spectrophotometer. An ascorbic acid solution of the same concentration (3.12 µg/mL to 50 

μg/mL) was prepared in similar fashion and measured. The DPPH radical scavenging 

activity of each of the tested compounds was reported as percentage inhibition using the 

formula given by Eq. 1.  

% DPPH Inhibition = [ ୅ ୡ୭୬୲୰୭୪ –୆ ୱୟ୫୮୪ୣ
୅ ୡ୭୬୲୰୭୪

 ] × 100 ………………Eq. 1 

Where A control is the absorbance of DPPH solution, and B sample is the absorbance of 

the test sample (DPPH solution plus compound). The DPPH solution was used as a 

negative control. The relative half-maximal inhibitory concentration (IC50) values were 

calculated via linear regression analysis (y = bx + a), where y = 50 and x denote IC50. The 

final antioxidant activity of each compound was expressed as the IC50 value.  
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5 Conclusion  

The main objective of this research work has been to investigate the chemical constituents, 

antioxidant and antibacterial activities of extracts and isolated compounds of Myrica 

salicifolia, Clematis simensis, and Olinia usambarensis, and analysis of the composition 

of its essential oil. The phytochemical investigation of leaves, roots, and barks of Myrica 

salicifolia led to the isolation of eighteen compounds, of which twelve compounds are 

reported in this work for the first time from this plant. To the best of our knowledge, of the 

compounds isolated one was new compound, 3β-O-trans-caffeoylisomyricadiol (84). The 

phytochemical study of Clematis simensis and Olinia usambarensis yielded six 

compounds, of which five compounds are reported in this work for the first time. It is 

noteworthy that squalene (77), β-carotene (78), pheophytin A (79), 3β-O-trans-

caffeoylisomyricadiol (84), methyl-β-D-glucopyranoside (85), contortamide (86), 

sitoindoside I (87), lupeol (91), n-pentacosyl trans-ferulate (92) are new compounds to the 

genus. The GC-MS analysis of the major components of the essential oils were found to 

be 3-hexen-1-ol (52.62 %), n-hexadecanoic acid (46.69 %), n-(E)-2-nonen-1-ol (38.33 %) 

and n-hexadecanoic acid (28.83%), in leaves, roots of Myrica salicifolia, leaves of 

Clematis simensis and barks of Olinia usambarensis respectively. The antioxidant activites 

of crude extracts and isolated compounds were determined using DPPH assye as aresult 

the roots crude extract of Myrica salicifolia showed very strong antioxidant activity. The 

antibacterial activites of crude extracts and compounds were investigated using disk 

diffusion method against four bacterial strains, compounds 32 and 84 showed modest 

antibacterial activity against gram positive bacteria. Thus, this study has brought new 

information and additional constituents for the chemical diversity of M. salicifolia, C. 

simensis and O. usambarensis, as well as which updated the previous study and may 

provide vital information to this traditional plant for the further researchers and 

development of drug. As a result, we deduced that the current study bring new scientific 

report of the new isolated compound and other compounds. It also contributes to 

standardization of these plants and conservation efforts by highlighting the importance of 

preserving these species for their potential medicinal value. Further research is warranted 
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to explore the bioactivity and therapeutic potential of these compounds, thereby harnessing 

the full potential of these plants in traditional medicine and drug discovery endeavors. 

 

Summary of isolated compounds 

No Compound Structures source 

 

77  

 

 

 

leaves of Myrica 

salicifolia 

 

 

 

 

78 
 

 

 

 

79 

 
 

 

80 

 
 

 

28 

 

Steam barks of 

Myrica salicifolia 

 

 

 

 

 

 

 

 

29 
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32 

 

Steam barks of 

Myrica salicifolia 

 

 

81 

 
 

 

82 

 
 

 

86 

 
 

 

84 

 
85 
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86 

 

Steam barks of 

Myrica salicifolia 

 

 

82 

 

 

 

 

 

 

 

 

 

Roots of Myrica 

salicifolia 

 

 

80 

 
 

 

 

87 

 
 

 

28 

 
 

 

30 
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88 
 

Aerial parts of 

Clematis simensis 

 

89 

 
 

 

90 

 
 

 

91 

 

 

 

 

 

Barks of Olinia 

usambarensis 
 

92 

 
 

72 
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7 Appendices  
 

Appendix 1: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 77 

 

 

 

Appendix 2: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 77 
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Appendix 3: DEPT-135 Spectrum of Compound 77 

 

 

 

Appendix 4: 1H-1H COSY Spectrum of Compound 77 
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Appendix 5: HSQC Spectrum of Compound 77 

 

 

Appendix 6: HMBC Spectrum of Compound 77 
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Appendix 7: TOF-MS Spectrum of Compound 77 

 

 

 

 

Appendix 8: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 78 

 

75%MeOH+0.1%FA, 100uL/min

m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
Mao_MS_2_ESIPOS_BWang_09062023_Na  425 (2.339) Sm (SG, 2x2.00) 1: TOF MS ES+ 

2.39e5130.1595

125.9835

132.9052

144.9814

172.8813
225.1086

279.0911
301.1380

398.2412 505.4102
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Appendix 9: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 78 

 

 

 

 

 

 

Appendix 10: DEPT-135 Spectrum of Compound 78 

 

 



  

170 
 

Appendix 11: 1H-1H COSY Spectrum of Compound 78 

 

 

 

Appendix 12: HSQC Spectrum of Compound 78 
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Appendix 13: HMBC Spectrum of Compound 78 

 

 

Appendix 14: NOES Spectrum of Compound 78 
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Appendix 15: TOF-MS Spectrum of Compound 78 

 

 

 

Appendix 16: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 79 

 

75%MeOH+0.1%FA, 100uL/min
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Appendix 17:  13C-NMR (101 MHz, CDCl3) Spectrum of Compound 79 

 

  

Appendix 18: DEPT-135 Spectrum of Compound 79 
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Appendix 19: HSQC Spectrum of Compound 79 

  

 

Appendix 20: HMBC Spectrum of Compound 79 
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Appendix 21: NOES Spectrum of Compound 79 

 

 

Appendix 22: TOF-MS Spectrum of Compound 79 

 

 

75%MeOH+0.1%FA, 100uL/min

m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
Mao_MS_6_ESIPOS_BWang_09052023 420 (2.306) 1: TOF MS ES+ 
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182.1256 556.2504376.2570
341.1716

409.3799

455.3500
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Appendix 23: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 80 

 

 
 

 

Appendix 24: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 80 
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Appendix 25: DEPT-135 Spectrum of Compound 80 

 

 

 

Appendix 26: 1H-1H COSY Spectrum of Compound 80 
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Appendix 27: HSQC Spectrum of Compound 80 

 

 

Appendix 28: HMBC Spectrum of Compound 80 
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Appendix 29: NOES Spectrum of Compound 80 

 

 

Appendix 30: TOF-MS Spectrum of Compound 80 

 

 

 

75%MeOH+0.1%FA, 100uL/min

m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
Mao_MS_7_ESIPOS_BWang_09062023_Na 408 (2.243) 1: TOF MS ES+ 

3.48e5225.1086

132.9052

130.1569

115.0366

172.8842

239.1258

253.1394

301.1380

472.6723
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309.1967
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Appendix 31: 1H-NMR (600 MHz, DMSO) Spectrum of Compound 28 

 

 
 

Appendix 32: 13C-NMR (151 MHz, DMSO) Spectrum of Compound 28 
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Appendix 33: DEPT-135 Spectrum of Compound 28 

 

 

 

Appendix 34: 1H-1H COSY Spectrum of Compound 28 
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Appendix 35: HSQC Spectrum of Compound 28 

 

 

Appendix 36: HMBC Spectrum of Compound 28 
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Appendix 37: HPLC-MS Spectrum of Compound 28 

 

 

 

 

Appendix 38: 1H-NMR (600 MHz, Acetone) Spectrum of Compound 29 
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Appendix 39: 13C-NMR (151 MHz, Acetone) Spectrum of Compound 29 

 

 

 

Appendix 40: DEPT-135 Spectrum of Compound 29 
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Appendix 41: 1H-1H COSY Spectrum of Compound 29 

 

 

 

Appendix 42: HSQC Spectrum of Compound 29 
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Appendix 43: HMBC Spectrum of Compound 29 

 

 

 

Appendix 44: HPLC-MS Spectrum of Compound 29 
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Appendix 45: 1H-NMR (600 MHz, DMSO) Spectrum of Compound 32 

 

 

 

 

Appendix 46: 13C-NMR (151 MHz, DMSO) Spectrum of Compound 32 
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Appendix 47: DEPT-135 Spectrum of Compound 32 

 

 

 

Appendix 48: 1H-1H COSY Spectrum of Compound 32 
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Appendix 49: HSQC Spectrum of Compound 32 

 

 

Appendix 50: HMBC Spectrum of Compound 32 
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Appendix 51: NOES Spectrum of Compound 32 

 

 

 

Appendix 52: HPLC-MS Spectrum of Compound 32 
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Appendix 53: 1H-NMR (600 MHz, CDCl3) Spectrum of Compound 81 

 

 
 

 

 

Appendix 54: 13C-NMR (125 MHz, CDCl3) Spectrum of Compound 81 
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Appendix 55: DEPT-135 Spectrum of Compound 81 

 

 

 

 

Appendix 56: 1H-1H COSY Spectrum of Compound 81 
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Appendix 57: HSQC Spectrum of Compound 81 

 

 

Appendix 58: HMBC Spectrum of Compound 81 
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Appendix 59: NOES Spectrum of Compound 81 

 

 

Appendix 60: MALDI-MS Spectrum of Compound 81 
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Appendix 61: 1H-NMR (600 MHz, CDCl3) Spectrum of Compound 82 

 

 

 

 

 

Appendix 62: 13C-NMR (100 MHz, CDCl3) Spectrum of Compound 82 
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Appendix 63: DEPT-135 Spectrum of Compound 82 

 

 
 

 

Appendix 64: 1H-1H COSY Spectrum of Compound 82 
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Appendix 65: HSQC Spectrum of Compound 82 

 

 

Appendix 66: HMBC Spectrum of Compound 82 
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Appendix 67: NOES Spectrum of Compound 82 

 

 

 

Appendix 68: MALDI-MS Spectrum of Compound 82 
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Appendix 69: 1H-NMR (600 MHz, CDCl3) Spectrum of Compound 83 

 

 

 

 

 

Appendix 70: 13C-NMR (125 MHz, CDCl3) Spectrum of Compound 83 
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Appendix 71: DEPT-135 Spectrum of Compound 83 

 

 
 

 

 

Appendix 72: 1H-1H COSY Spectrum of Compound 83 
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Appendix 73: HSQC Spectrum of Compound 83 

 

 

Appendix 74: HMBC Spectrum of Compound 83 
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Appendix 75: NOES Spectrum of Compound 83 

 

 

Appendix 76: MALDI-MS Spectrum of Compound 83 
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Appendix 77: 1H-NMR (600 MHz, DMSO) Spectrum of Compound 84 

 

 

 

 

 

Appendix 78: 13C-NMR (151 MHz, DMSO) Spectrum of Compound 84 
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Appendix 79: DEPT-135 Spectrum of Compound 84 

 

 

Appendix 80: 1H-1H COSY Spectrum of Compound 84 

 

 

 



  

205 
 

Appendix 81: HSQC Spectrum of Compound 84 

 

 

 

 

Appendix 82: HMBC Spectrum of Compound 84 
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Appendix 83: NOES Spectrum of Compound 84 

 

 

Appendix 84: MALDI-MS Spectrum of Compound 84 
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Appendix 85: FT-IR Spectrum of Compound 78 
 

 

 

Appendix 86: 1H-NMR (600 MHz, MeOD) Spectrum of Compound 85 
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Appendix 87: 13C-NMR (151 MHz, MeOD) Spectrum of Compound 85 

 

 

Appendix 88: DEPT-135 Spectrum of Compound 85 
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Appendix 89: 1H-1H COSY Spectrum of Compound 85 

 

Appendix 90: HSQC Spectrum of Compound 85 
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Appendix 91: HMBC Spectrum of Compound 85 

 

Appendix 92: HPLC-MS Spectrum of Compound 85 
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Appendix 93: 1H-NMR (600 MHz, MeOD) Spectrum of Compound 86 

 

 
 

Appendix 94: 13C-NMR (151 MHz, MeOD) Spectrum of Compound 86 
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Appendix 95: DEPT-135 Spectrum of Compound 86 

 

 
 

Appendix 96: 1H-1H COSY Spectrum of Compound 86 
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Appendix 97: HSQC Spectrum of Compound 86 

 

 

 

Appendix 98: HMBC Spectrum of Compound 86 
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Appendix 99: 1H-NMR (600 MHz, CDCl3) Spectrum of Compound 82 

 

 

 

Appendix 100: 13C-NMR (100 MHz, CDCl3) Spectrum of Compound 82 
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Appendix 101: DEPT-135 Spectrum of Compound 82 

 

 
 

Appendix 102: 1H-1H COSY Spectrum of Compound 82 
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Appendix 103: HSQC Spectrum of Compound 82 

 

Appendix 104: HMBC Spectrum of Compound 82 
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Appendix 105: TOF-MS Spectrum of Compound 82 

 

Appendix 106: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 80 

 

 

 

75%MeOH+0.1%FA, 100uL/min

100 200 300 400 500 600 700 800 900 1000

%

0

100
Mao_MS_12_ESIPOS_BWang_09062023_Na 425 (2.339)

225.1086

132.9052

130.1569

172.8842

239.1258

253.1394

472.6723
267.1578

375.2125
390.7628
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Appendix 107: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 80 

 

 

Appendix 108: DEPT-135 Spectrum of Compound 80 
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Appendix 109: 1H-1H COSY Spectrum of Compound 80 

 

 

Appendix 110: HSQC Spectrum of Compound 80 

 

 



  

220 
 

 

 

Appendix 111: HMBC Spectrum of Compound 80 

 

Appendix 112: TOF-MS Spectrum of Compound 80 

 

75%MeOH+0.1%FA, 100uL/min
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100
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218.2101
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Appendix 113: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 87 

 

 

 

Appendix 114: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 87 
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Appendix 115: DEPT-135 Spectrum of Compound 87 

 

 
 

 

Appendix 116: 1H-1H COSY Spectrum of Compound 87 
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Appendix 117: HSQC Spectrum of Compound 87 

 

Appendix 118: HMBC Spectrum of Compound 87 
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Appendix 119: TOF-MS Spectrum of Compound 87 

 

 

 

Appendix 120: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 28 

 

 

50%MeOH+0.5%NH3, 100uL/min
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Appendix 121: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 28 
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Appendix 122: DEPT-135 Spectrum of Compound 28 
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Appendix 123: 1H-1H COSY Spectrum of Compound 28 

 

 

Appendix 124: HSQC Spectrum of Compound 28 
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Appendix 125: TOF-MS Spectrum of Compound 28 

 

 

Appendix 126: 1H-NMR (400 MHz, MeOD) Spectrum of Compound 30 

 

75%MeOH+0.1%FA, 100uL/min
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Appendix 127: 13C-NMR (101 MHz, MeOD) Spectrum of Compound 30 

 

 

 

 

 

 

 

Appendix 128: DEPT-135 Spectrum of Compound 30 
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Appendix 129: 1H-1H COSY Spectrum of Compound 30 

 

Appendix 130: HSQC Spectrum of Compound 30 
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Appendix 131: HMBC Spectrum of Compound 30 

 

Appendix 132: TOF-MS Spectrum of Compound 30 

 

 

 

 

75%MeOH+0.1%FA, 100uL/min
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Appendix 133: 1H-NMR (600 MHz, DMSO) Spectrum of Compound 88 

 

 

 

 

 

 

 

Appendix 134: 13C-NMR (125 MHz, DMSO) Spectrum of Compound 88 
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Appendix 135: DEPT-135 Spectrum of Compound 88 

 

 
 

Appendix 136: 1H-1H COSY Spectrum of Compound 88 
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Appendix 137: HSQC Spectrum of Compound 88 

 

 

Appendix 138: HMBC Spectrum of Compound 88 
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Appendix 139: HR-MS Spectrum of Compound 88 

 

 

 

Appendix 140: 1H-NMR (600 MHz, CH3OH) Spectrum of Compound 89 
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Appendix 141: 13C-NMR (151 MHz, CH3OH) Spectrum of Compound 89 

 

Appendix 142: 1H-1H COSY Spectrum of Compound 89 
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Appendix 143: HSQC Spectrum of Compound 89 

 

 

Appendix 144: HMBC Spectrum of Compound 89 
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Appendix 145: HR-MS Spectrum of Compound 89 

 

 

 

 

 

Appendix 146: 1H-NMR (601 MHz, DMSO) Spectrum of Compound 90 
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Appendix 147: 13C-NMR (151 MHz, DMSO) Spectrum of Compound 90 

 

 

 

 

 

Appendix 148: DEPT-135 Spectrum of Compound 90 
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Appendix 149: 1H-1H COSY Spectrum of Compound 90 

 

Appendix 150: HSQC Spectrum of Compound 90 
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Appendix 151: HMBC Spectrum of Compound 90 

 

Appendix 152: FAB-MS Spectrum of Compound 90 

 



  

241 
 

 

Appendix 153: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 91 

 

 

 

 

Appendix 154: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 91 
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Appendix 155: DEPT-135 Spectrum of Compound 91 

 

 

 
 

Appendix 156: 1H-1H COSY Spectrum of Compound 91 
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Appendix 157: HSQC Spectrum of Compound 91 

 
 

Appendix 158: HMBC Spectrum of Compound 91 
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Appendix 159: TOF-MS Spectrum of Compound 91 

 

 

 

 

Appendix 160: 1H-NMR (400 MHz, CDCl3) Spectrum of Compound 92 
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Appendix 161: 13C-NMR (101 MHz, CDCl3) Spectrum of Compound 92 

 

 

 

Appendix 162: DEPT-135 Spectrum of Compound 92 
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Appendix 163: 1H-1H COSY Spectrum of Compound 92 

 

Appendix 164: HSQC Spectrum of Compound 92 
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Appendix 165: HMBC Spectrum of Compound 92 

 

 

Appendix 166: TOF-MS Spectrum of Compound 92 
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Appendix 167: 1H-NMR (400 MHz, MeOD) Spectrum of Compound 72 

 

 

 

Appendix 168: 13C-NMR (101 MHz, MeOD) Spectrum of Compound 72 
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Appendix 169: DEPT-135 Spectrum of Compound 72 

 

 
 

Appendix 170: 1H-1H COSY Spectrum of Compound 72 
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Appendix 171: HSQC Spectrum of Compound 72 

 

 

Appendix 172: HMBC Spectrum of Compound 72 
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Appendix 173: TOF-MS Spectrum of Compound 72 
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