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Abstract 

Medicinal plants are considered as a good resource for novel and effective pharmaceuticals. 

Dracaena. steudneri is widely used for cough treatment of labor, splenomegaly, hernia, asthma 

and related chest problems in children, fibroids and infertility in women. The stem bark of the 

same plant is used to treat tuberculosis in Kenyan and Ugandan. However, phytochemical and 

bioactivity information from the stem bark of this plant is limited. Therefore, the study was 

aimed at investigating phytochemicals from stem bark of D. steudneri and evaluating their 

antibacterial activities. The phytochemicals were extracted using maceration. The extract was 

subjected to column chromatography using solvent gradients. NMR techniques (1D & 2D NMR) 

were used for the structural elucidation of isolated compounds. Disk diffusion method was used 

to evaluate anti-bacterial activity of the crude extract and isolated compounds. Three compounds 

(323, 324 and 325) were isolated from the stem bark of the study plant and they were elucidated 

as droserone (323), 5-hydroxy-2, 3-dimethyl-7-methoxychromone (324) and ergosterol (325). 

The crude (100 mg/ml) has shown marginal activity against the four test strains (S. aureus, S. 

typhi, E. coli and B. cereus), and the isolated compounds showed little antibacterial activity 

against the tested bacterial strains. Further study is required to search for antimicrobial 

compounds against bacterial and fungi strains. Moreover, the assessment of the relationship 

between D. steudneri species and fungi is also needed. 

 

Key Words: Antibacterial activity, Dracaena steudneri, nuclear magnetic resonance, stem bark, 

structural elucidation 
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1. INTRODUCTION 

1.1. Background 

Medicinal plant consumption is a common practice for the treatment of both human and animals 

ailments since pre-historic time. Plants remain good sources of drugs that are being used in 

modern medicines. This can be either as starting materials for the partial synthesis of useful 

compounds or models for the synthesis of new drugs. Since over 60% of antimicrobial drugs are 

of natural origin, plants play a major role in drug discovery and development
1
. This is very 

important for the control of infectious diseases, where death burden due to pneumonia, influenza 

and tuberculosis alone caused  60.1% during the 20 centuries
2
. Natural products are of huge 

structural diversity and great biodiversity. This makes natural products an outstanding and 

challenging subject to drug discovery and development. In fact, the advent of phytochemistry 

and pharmaceutical chemistry has enhanced the ability to utilize active compounds isolated from 

the plants, or their synthetic equivalents in medicine. Antimalarial agents like quinine (1), 

artemisinin (2),  caffeine (3), nicotine (4), codeine (5), atropine (6), colchicine (7), cocaine (8), 

and capsaicin (9) 
3
 are among the natural product -derived drugs

4
(Figure 1). This is a momentum 

that new lead compounds may emerge from plants, especially from those with recognized 

traditional uses. 

In addition to plants and animals, microbes those live in mutual association with plants can also 

serve as source of natural products to serve either as drugs or as template for drug synthesis. 

Particularly, microbes (bacteria or fungi) that colonize inter- and/or intracellular locations of 

plants, called endophytes, are receiving more attention of researchers to be used as source of 

natural products or drugs nowadays
5
. They colonize different parts of the plants such as in the 

stem, roots, petioles, leaf segments, inflorescences of weeds, fruit, buds, seeds and dead and 

hollow hyaline cells of plants. The secondary metabolites released by these endophytes can 

enhance the growth of the plant and nutrient gain. They can also enable their hosts to tolerate 

harsh conditions of various type of biotic or abiotic stresses; also enhance their resistance to 

pests and their preys. They are known produce a number of bioactive metabolites in a single 

plant or microbe, which served as an excellent source of drugs with potential applications in 

agriculture, food, medicine and cosmetics industries
6
. 



2 

 

N O

O OH

6

O

NH

O

O

O

O

O

7

N

OO

OO

8

O

NH

OH

O

9

O

O

O

O

2

N

O

O

HO

O

N

N
OH

N

N

O

N

O

N

1

3

N

N

4
5

O

 

Figure 1: Examples of natural product derived drugs 

Dracaena steudneri is one of the medicinal plants commonly used to treat infectious diseases 

like blackleg, rabies, for emergency (dingetegna), evil spirit, wound
7
. Its bark is used to treat 

Cryptococcal meningitis, Tuberculosis, Oral candidiasis in Tanzanian
8
. Despite the plant has a 

wider traditional use, it’s phytochemical and bioactivity information is limited. Therefore, this 

study was aimed at investigating phytochemicals from stem bark of D. steudneri and evaluating 

their antibacterial activities 

1.2.  Statement of the problem 

There is huge progress in understanding, preventing and treating diseases in the past century. 

However, the human and economic cost of infectious diseases was stuck somewhere between 

staggering and incalculable. As per a report by the Institute of Labor Economics
9
, eight major 
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diseases causes namely  HIV/AIDS, malaria, measles, hepatitis, dengue fever, rabies, 

tuberculosis and yellow fever) causes  up to US $8 trillion costs and more than 156 million life 

years were lost for the  year 2016 alone.  

 

Our globe is facing antimicrobial resistance while antimicrobial discovery is hesitated by the 

manufacturers. This antimicrobial resistance has great economic impact as well life loss. Since 

the microbes are developing resistance to the existing antimicrobials, new antimicrobial 

discovery is urgently needed. As per WHO 2016 report, more than 7000 annual deaths are 

reported due to unsuccessful treatment of antimicrobial resistance. It is guessed that by 2050, 

about 10 million people may die from antimicrobial resistance if action is not taken and this will 

cost about  100 trillion US dollars
10

.   Particularly, six microbes (bacteria) grouped as ‘ESKAPE’ 

are the very challenging and responsible for life threatening nosocomial infections. The 

‘ESKAPE’ is an acronym for bacterial pathogens associated with multidrug resistance: 

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa, and Enterobacter spp. These microbes develop resistance 

to one or more of the existing antimicrobials
11,12

. As a result, there is a paramount need for 

searching for new drugs to overcome these problems of our globe. 

 

Dracaena steudneri is one of the Dracaena species used for different by purposes by people of 

different cultures. Its whole part is used to treat cough treatment while the stem bark is used to 

induce labor and to make painless labor. The decoction of the plant is used for the treatment of 

malaria and to ease delivery in Uganda and Tanzania respectively
13

. The stem bark of D. 

steudneri is used to treat tuberculosis by Kenyan and Ugandan people
14

.  In Ethiopian folk of 

medicine, D. steudneri is claimed to be used for the treatment of blackleg, rabies, for emergency 

(dingetegna), evil spirit, wound
7
. Its bark is used to treat cryptococcal meningitis, Tuberculosis, 

Oral candidiasis in Tanzanian folk medicine
8
. From the seeds of this plant, eight compounds  

were isolated and elucidated and showed significant cytotoxicity against the leukemia cell lines 

with IC50 less than 10 µM
15

.  

 

Up to the best of our knowledge, there is no study conducted on the D. steudneri for its 

antibacterial and phytochemical investigation of its stem bark. Therefore, the present study 
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aimed at phytochemical investigation and evaluation of antibacterial activities of D. steudneri 

stem bark.  

1.3. Objective of the study 

1.3.1. General objective 

 To identify phytochemicals from the stem bark extract of D. steudneri and 

evaluate their antibacterial activity. 

1.3.2. Specific objectives 

 To extract secondary metabolites from the stem bark of D. steudneri using 

methanol/dichloromethane (1:1) solvents, 

 To isolate and purify secondary metabolites from the stem bark extract of D. 

steudneri using chromatographic techniques 

 To elucidate the structures of the isolated compounds using 
1
H NMR, 

13
C 

NMR, COSY, HSQC, HMBC and NOESY spectroscopic techniques, 

 To evaluate antibacterial activity of the crude extract and isolated compounds 

against selected bacteria: Escherichia coli, Staphylococcus aureus, Bacillus 

cereus and Salmonella typhi strains.  

1.4. Significance of the study 

This study contributes to the existing body of knowledge by generating current information on 

the phytochemistry of D. steudneri and its biological activities against bacteria. It also generates 

information that can be used by scientific communities for further studies on the D. steudneri and 

other related Dracaena species. This also has a profound contribution for the community since 

the study may prove or disprove the traditional claim of the medicinal plant. It also paves the 

way for scientific formulation where the claim is confirmed scientifically. 
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2. REVIEW OF RELATED LITERATURE 

2.1. Infectious Diseases 

Infectious diseases are caused by organisms that are unseen by our naked eyes but can be 

detected by microscopes. In addition to being a leading cause of death of infectious diseases 

worldwide, the increase of antibiotic resistance has become the concern of our globe today 
16

. 

There is also a major global health problem attributable to diseases, such as tuberculosis (TB), 

whose treatment became complicated due to drug resistances developed to existing drugs. 

Mycobacterial drug resistance is coupled with the persistent nature of mycobacteria.  This drug 

resistance problem highlights the need of developing new antibiotics for infectious diseases 

including tuberculosis. Tuberculosis treatment is a lengthy therapy, which takes at least six 

months and the drugs exhibits toxicity. This creates compliance or adherence problems in the 

patients. This is a cause for drug resistance in TB patients and results in deadly MDRTB bacteria 

and extensive resistant tuberculosis (XDR-TB). Such drugs should be active against drug- 

resistant bacteria as well as against persistent bacteria and shorten the duration of treatment 
17

.  

This study aims at phytochemical investigation and evaluation of the antibacterial activity of D. 

steudneri.   

2.2. Botanical Information 

Dracaenas’ are one of the foliage plants that come from the Agavaceae (Liliaceae) family. 

Different species of Dracaena are distributed in the tropic and subtropics regions of the world 
18

. 

There are more than 60 Dracaena species, which are mainly found in tropical and subtropical 

parts of Africa. Dracaena species are utilized for different purposes. Either for instance, 

Dracaena species such as Dracaena loureiri, Dracaena augustifolia, Dracaena fragrans, 

Dracaena marginate and Dracaena deremensis are used for medicinal purposes or as ornaments 

as indoor plants. Some species are used as a diet for animals. Among them few are Dracaena 

cinnabari, Dracaena afromontana, Dracaena ombet, dracaena fragrans, Dracaena 

ellenbeckiana, Dracaena laxxisima, Dracaena cochincheinensis, Dracaena manni, Dracaena 

arboria and many others 
19

. 

Many species of genus Dracaena are used in human folk medicine to treat several diseases 

mainly infectious diseases 
20

. Researchers have characterized secondary metabolites of some 

Dracaena species and found flavanones and flavans 
21

, chalcones and dihy-drochalcones 
22

-
23

, 
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homoisoflavonoids 
242526

, polymeric flavonoids 
27

, steroids and steroidal saponins 
28

, lignans 
29

  

and phenolic amides 
30

. These classes of compounds are known to exhibit anti-inflammatory
31

, 

antimicrobial
32

, and cytotoxic 
33

 activities. Dracaena is also a source of flavonoids and 

homoisoflavonoids
34

 a class of compounds which are classified into five subclasses based on 

their basic nucleus structure
34

. They are known for their wide range of biological activities such 

as anti-diabetic, anti-inflammatory, anti-microbial, anti-viral, hypocholesterolemic, anti-

mutagenic, anti-estrogenic, anti-oxidant and cytotoxic activities
35

. Another class of compounds 

characterized from the D. usambarensis is Retro-di-hydrochalcones. They are flavonoids 

characterized from the root of this plant species. They differ by their phloroglucinol-like 

oxygenation pattern on ring A of flavonoids
36

. They are flavonoids formed through carbonyl 

transposition of the corresponding normal chalcones, so that ring A and C3-unit are derived from 

cinnamoyl CoA and ring B, from the acetate malonate pathway
36

. They are also known of their 

interesting biological activities. For example, the study by Risinger et al. (2013) revealed the 

cytotoxic potency of taccabulin A, a retro-dihydrochalcone with the ability to overcome 

resistance mechanisms mediated by ATP-dependent efflux transporters and βIII-tubulin
37

 

2.3. Ethnomedicinal uses of Dracaena 

2.3.1. The Genus Dracaena 

People of different cultures use the species among the Dracaena Genus for different purposes. 

For instance, D. afromontana and D. steudneri are used to make field boundaries and graves and 

for ornamental purposes in Rwanda
38

. The roots and bark of D. afromontana are variably used as 

medicine for chest pains and rheumatism treatment in East African countries like Rwanda, 

Uganda, Tanzania and Burundi. The whole part of D. steudneri is used in Uganda for cough 

treatment while the stem bark is used to induce labor and to make painless labor. In addition, its 

leaves are used to treat splenomegaly, hernia, asthma and related chest problems in children, 

fibroids and infertility in women. The decoction  of the plant is used for the treatment of malaria 

and to ease delivery in Uganda and Tanzania respectively
39

, 
40

. Boiled roots of D. fragrans (L.) 

are taken with a glass of water to increase the level of CD4 in HIV/AIDS patients in Tanzania 
14

. 

The stem bark of D. steudneri is used to treat tuberculosis by the Kenyan and Ugandan people
41

. 

In Ethiopian folk of medicine, D. steudneri is claimed to be used for the treatment of blackleg, 

rabies, for emergency (dingetegna), evil spirit, wound
7
. Its bark is used to treat cryptococcal 
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meningitis, Tuberculosis, Oral candidiasis in Tanzanian folk medicine
8
. In folk medicine of 

Yemeni, Dracaena is used for the treatment of treating dysentery, diarrhea, hemorrhage and 

external ulcers. It was also used by early Romans and Arabs to treat different ailments such as 

diarrhea, wounds, dysentery diseases, ulcers of mouth, throat, intestines, fevers and stomach, 

respiratory disease and eczema 
42

. D. cinnabari also called Dragon’s blood; a red resin extract 

has many applications such as coloring and local medicinal uses in Arabs. It is used to treat 

different ailments of Dermal and dental, eye, internal and external bleeding, and gastrointestinal 

tract 
43

. The species has also non-medicinal uses such as cosmetic and dye uses, serving as food 

for animals; women use it as lipstick, nail varnish and face smoothening and softening agent. 

2.3.2. Ethnomedicinal uses of Dracaena steudneri  

Dracaena steudneri is one of the Dracaena species used for different by purposes by people of 

different cultures. For example, it is used to make field boundaries and graves and for 

ornamental purposes in Rwanda 
44

,. The whole part of D. steudneri is used in Uganda for cough   

treatment while the stem bark is used to induce labor and to make painless labor. In addition, its 

leaves are used to treat splenomegaly, hernia, asthma and related chest problems in children, 

fibroids and infertility in women. The decoction of the plant is used for the treatment of malaria 

and to ease delivery in Uganda and Tanzania respectively
13

. The stem bark of D. steudneri is 

used to treat tuberculosis by Kenyan and Ugandan people 
14

.  In Ethiopian folk of medicine, D. 

steudneri is claimed to be used for the treatment of blackleg, rabies, for emergency (dingetegna), 

evil spirit, wound 
7
. Its bark is used to treat Cryptococcal meningitis, Tuberculosis, Oral 

candidiasis in Tanzanian folk medicine
8
. From the seeds of this plant, eight compounds were 

isolated and elucidated. Two of them(188,190) showed significant cytotoxicity against the 

leukemia cell lines with IC50 less than 10 µM 
15

(Figure11).  
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Figure 2: Picture of D. steudneri Engl taken during from study area 

2.4. Phytochemistry of Genus Dracaena  

Intense investigations have been conducted on some Dracaena species of different regions of the 

world.  These include phytochemical screenings, structural elucidations of isolated compounds 

and evaluation of their biological activities. More investigations have been conducted on species 

such as D. cinnabari, D. cochinchinensis red resin, D. Cambodiana, D. draco L.  These studies 

revealed the presence of compound classes such as saponin, flavonoids, tannins, quinone, 

terpene, glacial glucosides, and phenols. For instance, flavonoids are the major compounds found 

in constituents of dragon’s blood like D. colchinchinensis
45

. Chalcones and dihydrochalcones are 

dominant flavonoid compounds in the dragon’s blood in addition to phenolic constituents while 

few flavanones and flavans in D. cochinchinensis are found in D. colchinchinensis (look at the 

following structures of compounds illustrated on figures 3-11)
45

.  
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Figure 5: Flavans from D. cochinchinensis red resin 
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Figure 6: Homoisoflavans and meta-homoisoflavans from D. cochinchinensis red resin 
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Figure 10: Compounds isolated from dragon’s blood of D. cambodiana 
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Figure 11: Structures of compounds isolated from seed of D. steudneri Egl
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2.5. Chromones 

2.5.1. Occurrence and biological activities   

Chromones are naturally occurring class of compounds with a benzoannelated gamma pyrone 

ring, whose chemical and biological aspects studied in detail and isolated from various plant 

species
48

. They are found within chemical structure of flavonoids (phenolic compounds). 

Compounds containing chromone skeleton have broad-spectrum biological activities such as 

anti-fungal, Phosphatidylinositol-3-Kinase (PI3K) inhibitors, anti-hypertensive, anti-viral, anti-

allergenic, antitubilin, and anticancer agents. They are traditionally categorized as ‘mast 

stabilizers’ since they have anti-inflammatory effect through inhibiting the release pro-

inflammatory agents from mast cells. For instance, cromoglycate (192) also known as, disodium 

cromoglycate, a derivative of the first clinically used chromone khellin(193), was found to have 

protective effect against allergen challenge without any bronchodilator effect. Egyptians and the 

Eastern Mediterranean countries were using Ammi visnaga seeds for the treatment of respiratory 

disorders in ancient times from which Khelin the first chromone was extracted. Even though 

cromoglycate and its derivatives are safe drug for the treatment of asthma, they have shorter half-

lives and they need to be administered repeatedly. They are no more being used for the treatment 

of asthma as better drugs such as inhalational corticosteroids are arrived. However, interests 

continue in this class of compounds as downregulators of mast cell activity
49

. 

O
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192

      

O
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OOO

OH
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193  

Figure 12: Structures of initial chromones used histamine stabilizers for asthma treatment 

Cassiarins D (294), a chromone was isolated from flowers of Cassia siamea was found having 

antiplasmodial activity against Plasmodium falciparum 3D7 at IC50 =2.6 μM. Another 

chromone(295)  isolated from roots of Spathelia excelsa was found active against epimastigotes 

forms of Trypanosoma cruzi at IC50= 11 μg mL-1
50

. 
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Figure 13: Structures of chromones having antiprozotoa(antiparasitic) activity 

A Chromone artorigidusin (296) isolated from Artocarpus rigidus indicated antimycobacterial 

activity at a MIC of 12.5 μg/mL. The same compound also showed cytotoxicity the gastric 

carcinoma cell NCI-H187 with IC50 15.63 μg/mL
51

. Compounds (297)
52

   and (298)
53

, purified 

from the endophytic fungus Chalara sp., strain 6661, isolated from Artemisia vulgaris, showed 

strong antibacterial activity against Bacillus subtilis with an inhibition zone of 23 and 22 mm per 

15 μg, respectively
5
. 
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Figure 14: Structure of chromones with anti-tumor activities 

Chromone scaffold containing compounds may also act as anti-inflammatory agents those act 

through different molecular mechanisms like inhibition of NO production, or IL-5 effects and 

inhibition of COX and LOX activities. For example, heterocarpin (299) decreased the production 

of NO by inhibiting iNOS protein expression. Another chromone, isoeugenin (300), isolated 

from the rhizomes of Imperata cylindrical (L.) P. Beauv., exhibited the capacity to inhibit iNOS 

expression and inhibit COX-2 expression.  
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Figure 15: Structure of chromones with anti-inflammatory activities 

2.5.2. Biosynthesis pathway of Chromones 

Liao et al has hypothesized the biosynthesis of 2-(2-phenylethyl)chromone(306) in agarwood via type III 

polyketide synthase which uses Cinnamoyl-CoA(301)  and Malonyl-CoA(302)  as starting materials
54

. 

The procedure is indicated in the following figure: 

CoAS

O

+
HO SCoA

O

CoAS

OO

O

CoAS+
SCoA

OH

O

O

O

O

O

PKS

PKS

Reductase

Type III polyketide synthase

Cinnamoyl-CoA

Malonyl-CoA

2-(2-phenylethyl)chromone

301
302

303

304

305

306

 

Figure 16: Hypothetic biosynthesis pathway of 2-(2-phenylethyl) chromone in agarwood via 

polyketide synthase 

2.6. Naphthoquinones  

2.6.1. Occurrences, classes and biological activities 

Quinones are chemically classified into three classes based on the type of aromatic system that 

supports the quinone ring. Anthraquinones (an anthracene ring, linear or angular) (307), 

benzoquinones (a benzene ring) (308a and 308b) and naphthoquinones (a naphthalene ring) 

(309a and 309b). Both benzoquinones and naphthoquinones have two isomers except 
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anthraquinones
55

. Based on the position of the carbonyls within the ring system, it is possible to 

have different quinones. For instance, naphthoquinones have two different arrangements for their 

carbonyl groups: 1, 2-naphthoquinones (309a) with neighboring functional groups or 1, 4-

naphthoquinones (309b) with a space of two carbons between carbonyls. They are structurally 

related to naphthalene (310). These isomers have notably different pharmacological actions due 

to the difference in their physicochemical properties. Quinones are highly reactive compounds 

with an application as natural or synthetic dyes
56

. 
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Figure 17: Structures of different Quinone classes 

Naphthoquinones are widely distributed in several families of higher plants such as Verbenaceae, 

Proteaceae, Bignoniaceae and also found in microorganisms
56

. Their unique structure, biological, 

and functional properties (NQs) have attracted the enormous consideration, particularly from a 

medicinal chemistry perspective. Their derivatives have exceptional biological activities due to 

their bearing hydroxyl, methyl, nitrogen, sulfur, halide, phenylamino phenylthio, or sulphide 

functional groups. Particularly, derivatives bearing hydroxyl groups are seeking more 

consideration because of their broad-spectrum pharmacological properties such as antibacterial, 

antifungal, antiparasitic, antimalarial and antiviral. They have the capacity to produce reactive 

oxygen species (ROS) which make them potential anticancer agents. Natural products like 

lawsone (311), plumbagin (312), juglone (313), lapachol (314) and shikonin (315) are 

naphthoquinone derivatives isolated from plant sources have fascinated researchers for their 
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abundance, structural diversity, and broad-spectrum therapeutic potential
57

. Their multiple roles 

offer them a promising armory to fight microbial pathogens ESKAPE (Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 

aeruginosa, and Enterobacter spp.) and even MDR pathogens. 
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Figure 18: Structures of naphthoquinone derivatives isolated from plant sources 

2.6.2. Biosynthesis of Naphthoquinones 

Plumbagin (318), a naphthoquinone of the Asphodelaceae, is formed through the polyketide 

pathway through condensation of six acetyl-CoA units (316). The following biosynthetic scheme 

is taken from the work of Brinngman et al work, which elucidated biosynthesis of droserone that 

was determined using labeled precursors to sterile plant cultures, which unambiguously showed 

its acetogenic origin
58

. 
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Figure 19: Biosynthetic pathway of Plumbagin (318) through polyketide pathway 

2.7. Natural products from Microbial endophytes 

‘Endophytes are the microbes that populate in the plant tissues beneath the outer layer (epidermal 

cell) and interact differentially with the host like symbiotic, mutuality, commensalism, and 

trophobiotic.’ They exist in different parts of plants such as roots, stems and leaves. Their density 

decrease from roots to stems to leaves
59–61

.   

Endophytic fungi produce an array of secondary metabolites, which are beneficial effect for the 

host plant
62

. They produce prominent and novel secondary metabolites from various 

phytochemical classes namely, terpenoids, alkaloids, steroids, phenols, lactones, and 

isocoumarins. Compounds with antimicrobial, antiviral, antioxidant, cytotoxic, 

immunosuppressive, and anticancer activities have successfully isolated from endophytic fungi 

in the last two decades
63–65

. 

Paclitaxel (320), a tetracyclic diterpenoid belongs to a class called taxane, is one of the best-

selling anticancer drug isolated from the bark of pacific yew tree (Taxus brevifolia). FDA 

approved it for the treatment of several types of tumors including breast, ovary, and Kaposi’s 

sarcoma. It was reported that an endophytic fungus called Taxomyces andreanae produces it
66

.  
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The endophytic fungus Chaetomium globosum, which was isolated from marine green alga Ulva 

pertusa,   was found responsible for the production of bioactive molecules cytoglobosins C (321) 

and D (322) as potent anticancer alkaloids towards A549 cells at IC50 values of 2.26 and 2.55 

µM, respectively
67

. 
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Figure 20: Structures of anticancer bioactive molecules produced by endophytic fungi 

2.8. Biosynthesis of ergosterol(tetracyclic triterpenoid) 

Cell membrane of eukarotic cells contains an essential molecule called sterol for its organization 

and structure. There are three main kinds of it in different eukaryotic cells: phytosterol 

(sitosterol, stigmasterol, campesterol) (in plants), cholesterol in animal cells (in vertebrates) and 

ergosterol in fungi cells. Each of them have different biosynthetic pathway even though they 

have common initial pathways from acetyl CoA to squalene epoxide (Figure 21)
68

. 



24 

 

3HC S

CoA

O

O

Lanosterol

Ergosterol(Fungi)
Cholesterol

Cycloartenol

Sitosterol (Animal)

(Plant)

Acetyl CoA

Squalene

Squalene Epoxide

4 steps

11 steps

8steps11 steps 11O2

10 O2

10 O2

O2

 

Figure 21: Simplified generalized synthetic pathway of sterols in plants, animals, and fungi 
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3. MATERIALS AND METHODS 

3.1. Chemicals 

In this study, analytical grade solvents (dichloromethane, methanol, Hexane, ethyl acetate) and 

Silica gel (60–120 mesh size) were used for extraction and isolation purpose. Dimethylsulfoxide 

(DMSO), gentamycin, Müeller-Hinton Agar were used for antibacterial activity test. 

3.2. Apparatus and equipment 

Mortar and pestle, rotary evaporator (Laborota, 4000,  Heidolph, USA), silica gel  coated TLC  

plate,  UV-254  and  365  nm  chamber  (UV-Tec), Whatmann filter paper No. 42 (125 mm), 0.5 

McFarland, Müeller-Hinton Agar medium plates, Sterile paper discs (6 mm diameter, Whatmann 

No.3) and column chromatography (300 mm (B-14/23, B-19/26) and 500 mm, B-34/35)  

apparatuses and equipments were used. 

3.3. Collection of Plant Materials 

The stem bark of D. steudneri was collected from Konta Special Woreda, which is located in 

South-Western Ethiopia in Southwest Ethiopia Peoples’ region. It was collected in April 2022. 

Botanist at Department of Biology, Jimma University, authenticated it and voucher specimen 

was stored in the Jimma University herbarium  

3.4. Extraction, isolation of pure compounds and their 

characterization 

3.4.1. Extraction 

The collected plant material (the stem bark of the D. steudneri) was shade-dried for one month at 

Jimma University chemistry laboratory and grounded using a mortar and pestle.  The 128g 

sample was weighed and added into a 2500ml conical flask. First, 800ml of methanol was added 

and was shaken slightly. Second, 800ml of dichloromethane was added and shaken again 

slightly. Then it was shaken gently for 10 minutes and kept at room temperature for 72 hours 

three times
69

. Finally, the extracts were filtered through a Whatmann filter paper No. 42  

(125mm)  and  concentrated  using  a  rotary  in a water bath set at  40°C
70

. Thirteen and half-

gram (13.5g) crude extract was obtained and 13g was subjected to column chromatography for 

isolation while 0.5g was kept for antibacterial activity.  
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3.4.2. Isolation of pure compounds and their characterization 

The crude extract of the stem bark of D. steudneri (13g) was subjected to column 

chromatography (500mm diameter) filled with silica gel (150g) then eluted with hexane in 

increasing amounts of ethyl acetate gradient to give different fractions. The fractions were 

combined based on their TLC profile (fractions of the same Rf values). Accordingly, 83 fractions 

were collected from column chromatography and fractions 1-26 were obtained by 2% ethyl 

acetate and 98% hexane and these fractions were having clearly spotted compounds with better 

yield. Fractions 4 and 23 had four spots in common (fraction 23 shares similar spots with 

fraction 4 in addition to other spots). These fractions were merged to increase the concentration 

of the similar spots and then subjected to mini-column, which gave fraction 17 that yielded a 

pure compound coded as 324 (packed into vial for characterization) (figure 22). Fractions 11-18 

were merged based on their TLC spots (five spots) and re-columned. Then from the resulting 16 

fractions, fractions 8 (compound 325) and 12 were collected pure and vialed for characterization 

by NMR and for antibacterial activity. Since both compounds 325 (4mg) and fraction 12(1mg) 

showed similar Rf values (0.560), fraction 12 was used for bacterial activity (figure 22). 

Fractions 25 and 26 were merged since they had six spots and subjected mini column 

chromatography. Fractions 1-23 from this chromatographic separation having different spots 

were collected and fractions 11 and 12 (with more than four spots) were merged and re-subjected 

to column chromatography. This chromatographic separation gave 20 fractions, and fraction 

15(323, 20mg) was found pure while others were having more than three spots (figure 22 below 

and appendix 1).   The purified compounds were elucidated using both proton and carbon NMR 

techniques. Literatures were also used to compare the spectra of the compounds with previously 

reported compounds. 
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Figure 22: Flowchart of isolation of bioactive compounds from Dracaena steudneri 
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3.5. Test strains  and Antibacterial activity test 

 Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 35218, Salmonella typhi (ATCC 

27870), and Bacillus cereus (ATCC 14579). The strains were used for antibacterial evaluation of 

both crude extract and isolated compounds. 

The antibacterial activities of the crude extract and the isolated compounds (323, 324 and 325) 

were evaluated using Agar disk diffusion method against the four bacterial test strains (two 

gram-positive and two gram negative bacteria strains).  The bacteria stock culture was 

maintained on the nutrient agar slants, which was stored at 40 °C.  To prepare the test solutions 

100mg of crude extract, 1mg of compound 324, 500 µg of compound 325 and 323 were 

dissolved in 1mL of DMSO to achieve final stock concentrations of 100mg/ml, 1mg/ml and 500 

µg/ml, respectively. The test pathogen solutions of freshly grown liquid culture having similar 

turbidity with 0.5 McFarland were seeded over the Müeller-Hinton Agar medium plates. Sterile 

paper discs (6 mm diameter, Whatmann No.3) were separately soaked in the above stock 

solutions (samples and standards) and then applied over the seeded plates at equidistance. 

Gentamycin (0.3w/v (3mg/ml)) was used as a standard drug (positive control) while DMSO was 

used as a negative control. The plates were inverted and incubated at 37 °C for 24 hours.  After 

24 hours of incubation period, the plates were taken out to measure inhibition zone around disks.  

The inhibition zones formed around the discs were the indication of antibacterial activity and 

measured in millimeter. Each experiment was carried out in duplicates. The mean of the 

inhibition zone of each test sample was taken for evaluating the antibacterial activity. The 

inhibition zones produced by crude extract, isolated compounds were compared with the 

inhibition zones produced by positive control (standard drug) 
71

. 
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4. RESULTS AND DISCUSSION 

4.1. Structural elucidation of the isolated compounds 

4.1.1. Characterization of Compound 323 

Compound 323 was obtained as yellowish solid with Rf value of 0.60.  It was soluble in 

chloroform and characterized by one dimension (
1
H NMR, 

13
C NMR) and two dimension 

(COSY, HSQC, and HMBC) NMR spectroscopic techniques (see appendices 3-10 and table 1).  

Table 1: NMR spectroscopic data of compound 323 and Comparison with previous reports 

Compound 323 Reported compound (Droserone)
 72,73

 

Position 
1
H ppm (multiplicity)  

(CDCl3, 500 M Hz) 

13
C ppm 

(CDCl3, 125 M 

Hz) 

1
H ppm 

(multiplicity) 

(CDCl3, 500 M Hz)
 

 

13
C ppm  

(CDCl3, 125 M Hz) 

1 - 184.4 - 184.5    

2 - 121.7 - 155.5 

3 - 152.7 - 136.1 

4 - 184.1 - 183.9 

4a - 112.9 - 113.6 

5 - 161.1 - 160.0 

6 7.20(1H, d) 123.1 7.23 (1H, d) 122.7 

7 7.62 (1H, dd) 137.5 7.61 (1H,dd) 136.8 

8 7.66 (1H, d) 119.6 7.29 (1H, d) 118.2 

8a - 121.7 - 132.4 

9 2.10 (3H, s) 8.7 2.08 (1H,s) 8.7 

3-OH  3-OH not detected  not detected - 

5-OH 11.10 (1H,s)  not detected (11.43)
a
 - 

a 
detected when d6 DMSO was used 
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The 
1
H NMR spectrum (Table 1) indicated highly down field shifted proton signals at δH 11.10 

for hydroxyl proton involved in hydrogen bonding. The shielded singlet signal integrated for 

three protons is for methyl group resonating at δH 2.10 in the 
1
H NMR spectrum and there are  

two most down shielded carbon signals at δC 184.4 and 184.1 for two carbonyl carbons in the 
13

C 

NMR spectrum
74

. The 
13

C NMR also indicated that there are aromatic carbon peaks at δC 112.9, 

161.1, 123.1, 137.5, 119.6 and 132.6 ppm. There are also two additional carbon peaks of alkene 

functional groups at δC 121.7 and 152.7 ppm. The 
1
H NMR spectrum further showed signals for 

three aromatic protons δH 7.20, 7.62 and 7.66 ppm. The methyl protons (δH 2.10) showed 

HMBC correlation with the carbonyl carbon C-4 (δC 184.1) and oxygenated quaternary carbon 

(δC 152.7), indicating that ring A was substituted with hydroxyl and methyl groups at C-2 and 

C-3, respectively.  The 
13

C NMR spectrum also further showed the presence of seven quaternary 

carbons, three methine carbon signals constituting the naphthoquinone skeleton, and a methyl 

group as a substituent. Based on the above spectroscopic data and exhaustive 2D NMR 

spectrum(table 1,appendices 1-10), the compound 323 was identified as 3,5-dihydroxy-2-methyl-

1,4- naphthoquinone, trivial name droserone (see figure 23 below), which had previously been 

isolated from plants such as  Diospyros maritima Blume
75

, Dionaea  muscipula
73

, Drosera 

erythrohiza subspecies magna
72

.   

O

O

OH

OH

CH3

4
3

1

4a

8a 2

5

7
8 9

AB

O

O

OH

OH

CH3

4
3

1

4a

8a 2

5

7
8 9

AB

H

H

H

HMBC
COSY

 

Figure 23: Proposed structure of compound 323, HMBC and COSY correlation. 

4.1.2. Characterization of Compound 324 

Compound 324 was isolated as yellowish red solid with Rf value of 0.49. In 
1
H NMR spectrum, 

there are four proton singlet peaks at chemical shifts of 2.00, 2.38, 3.85, and 12.95   ppm and the 

peak at 6.31 ppm is the peak of doublet of doublets. The first three peaks have three protons 

each, which indicates they are the peaks of three methyl groups, which are singlets and the one at 
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3.85 ppm is the peak of a methyl group attached to an electronegative element particularly 

oxygen. As a result, this peak is the peak of a methoxy group. The other two methyl proton peaks 

are the peaks of allylic protons. In other words, they are next to the olefin carbons. This is also 

confirmed by the presence of two allylic carbons in 
13

C NMR at chemical shifts of 9.2 and 

18.5ppm. The proton peak at 6.31 ppm is the position of protons on benzene ring. It is the peak 

of two protons those split each other. Since the coupling constant is less than 6Hz, the protons 

must be on meta position for each other. The other proton peak is at chemical shift of 12.95 ppm. 

It the phenolic hydroxyl proton peak
76

. 

The 
13

C NMR of compound 324 indicates the presence of 12 resonance chemical shifts. The first 

two chemical shifts at 9.2 and 18.5ppm are the peaks methyl groups directly attached to olefinic 

carbons. The methyl group at 18.55ppm is slightly de-shielded compared to the methyl group at 

9.25 ppm. This is because it is directly attached to an olefinic Carbon that is directly attached to 

electronegative element oxygen. The peak at 55.8ppm is the peak of methoxy group. The 

chemical shifts at 91.8, 97.6, 104.7, 162.0, 165.1, 157.6 ppm are aromatic carbon peaks. 

The HMBC correlation spectra also showed that H-6 is correlated with C-4a (104.8ppm), C-

5(162.0ppm), 8(91.8ppm) and H-8→ C-4a (104.8ppm), C-6(97.7ppm), C-7(165.1ppm), C-

8a(157.6ppm) and 7-OMe with C-7(165.1ppm); 10-CH3  with C-3(115.2ppm),C-2(162.0 ppm), 

C-4(182.0ppm) and 9-CH3 with C-3(115.2ppm), C-2(162.0 ppm) and C-8a(157.6ppm). This is 

in line with what is reported in previous study
80

. 

Based on the NMR experiments (appendices 11-18, table 2,) and literature report, the structure of 

compound 324 is proposed as 5-hydroxy-2, 3-dimethyl-7-methoxychromone (324) as shown in 

figure 24 below.  It is not for the first time for this compound to be isolated from natural products 

as it was isolated from Lichen Graphis  scripta
77

. Even though chromones like 2,5-dimethyl-7-

hydroxychromone and 2,5-dimethyl-7-methoxychromone  were isolated from Cassia fistula 

bark, the present chromone compound seems the first time to be isolated from plants
78

. It could 

be due to endophytic fungi leaving in plant cells. It was also isolated from a Rhinocladiella sp, a 

fungus obtained from the sponge Ircinia oros and a fungus Trichoderma harzianum
79,80

. 
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Figure 24: Proposed structure of compound 324 and HMBC correlation. 
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Table 2: NMR spectroscopic data for compound 324 and Comparison with previous 

reports 

 

4.1.3. Characterization of Compound 325 

Compound 325 was obtained as reddish solid with Rf value of 0.560. Its 
1
H NMR spectra 

indicate the presence of 14 peaks of protons. There are four olefinic protons at δ (5.22ppm, 

5.41ppm and 5.6ppm) which is also confirmed by the 
13

C NMR spectra, which indicate the 

presence of six olefinic carbons at δ (141.4ppm, 139.8ppm, 135.6ppm, 132.ppm, 119.6 and 

 Compound 324 Reported compound
77

 

Position 1H ppm (multiplicity), 

(CDCl3, 500 M Hz) 

δ C(ppm) 

(CDCl3, 125 

M Hz) 

δ H (multiplicity, JHH) 

(CDCl3, 500 M Hz) 

δ C(ppm) 

(CDCl3, 125 M 

Hz) 

1 -- -- -- -- 

2 -- 162.0 -- 162.5 

3 -- 115.2 -- 115.1 

4 -- 182.0 -- 181.9 

4a -- 104.7 -- 104.7 

5 -- 162.0 -- 162.0 

6 6.32(1H, d, J=2.0Hz) 97.7 6.32(1H, d, J=2.0Hz) 97.6 

7 -- 165.1 -- 165.0 

8 6.31(1H, d, J=2.0Hz) 91.8 6.31 (1H, d, J=2.0Hz) 91.8 

8a --- 157.6 --- 157.5 

9 2.38(3H,s) 18.5 2.38 (3H, s) 18.4 

10 2.00(3H,s) 9.2 2.00 (3H, s) 9.1 

5-OH 12.95(1H,s) -- 12.95 (1H, s) -- 

7-OMe 3.85(3H,s) 55.7 3.84(3H, s) 55.7 
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116.3ppm). The proton peak at δ 5.22ppm is the peak of two olefinic protons directly attached to 

carbons whose δ is 132 and 135.6 ppm as indicated in HSQC spectra. 
1
H NMR spectra also 

indicate the presence of six methyl groups. The proton with chemical shift of 3.65 represents a 

chemical shift of hydroxyl hydrogen (- OH), on a carbon of 70.48-ppm chemical shift. This 

proton has no direct correlation with any carbon as seen from HSQC experiment. The peak at 

7.26ppm is the peak of the solvent
81

. 

The
 13

C NMR spectra of compound 325 shows the presence of 28 total carbons at δ (12.1, 16.3, 

17.6, 19.7, 19.8, 21.1, 23.0, 28.3, 32.0, 33.1, 37.0, 38.4, 39.1, 40.4, 40.8, 42.8, 42.8, 46.3, 54.6, 

55.7, 70.5, 116.3, 119.6, 132, 135.6, 139.8, 141.4) ppm.   The δC at 12.1 ppm represents the peak 

of two carbons. This is clearly indicated by the DEPT-135 spectra (see appendices 24&25). The 

peak at 
δ
C 70.5 ppm is the peak of alkyl group attached to electronegative element oxygen. This 

is confirmed by the proton 
δ
H at 3.65 ppm. 

Table 3: NMR spectroscopic data for compound 325 and Comparison with previous 

reports 

 Compound 325  
 

Reported compound (ergosterol)82  
 

Position δH (multiplicity)  
(CDCL3, 500Hz) 

δ C(ppm) (in CDCL3, 
125Hz) 

δ H (multiplicity)  
(CDCl3, (400Hz)) 

δ C(ppm) (in CDCL3, 
100Hz) 

1  38.4 -  38.3 

2  32.0 - 32.0 

3 3.65(1H, m) 70.5 3.63 (1H, m) 70.4 

4 - 40.8 - 40.8 

5  139.8 - 139.7 

6 5.60(1H, d) 119.6 5.57 (1H,d) 119.5 

7 5.41(1H, d) 116.3 5.38 (1H, t) 116.3 

8 - 141.4  141.3 

9 - 46.3  46.2 

10 - 37.0  37.0 

11 - 21.1  21.1 

12  39.1  39.1 

13  42.8  42.8 

14  54.6  54.5 

15  23.0  23.0 

16  28.3  28.2 

17  55.7  55.7 

18 0.66(3H, s) 12.1 0.63 (3H, s) 12.0 

19 0.95(3H,s) 16.3 0.94 (3H, s) 16.2 
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The DEPT-135 experiment indicates the presence of 6 methyl groups at δ (12.1, 16.3,17.6, 19.7, 

19.9 and 21.1ppm), 11 methine groups at δ (135.6, 132.0, 119.6, 116.3, 70.5, 55.7, 54.6, 46.3, 

42.8, 40.4, 33.1), 7 methylene groups at δ(21.1, 23.0, 28.4, 32.0, 37.0, 38.4 and 40.8ppm) and 

quaternary carbons at 141.4, 139.8, 42.8 and 39.1 ppm.  These quaternary carbons on the DEPT-

135 are in line with information given on HSQC experiment (appendices 28 & 29) as they are 

seen as non-protonated carbons.  

Based on these experiments (HSQC, DEPT-135, HMBC, proton and carbon 13 NMR) 

(appendices 19-33, table 3) and literature reports
83

, the structure of compound 325 is proposed as 

shown in the following figure 25. It is a tetracyclic triterpenoid class of compound. The structure 

of this compound seems ergosterol. The compound was not reported from plants at all but its 

peroxide derivative
84

. It is almost found in fungi and isolated from them. This does not mean that 

it is never found in plants but rarely. Plants rarely synthesize this compound
85

 and it is the first 

report that this compound is isolated from plants. Other sterols such as stigmasterol, campesterol 

and sitosterol have been isolated from plants and also reported to be found in Draceana species 

like Dracaena cinnabari,
86

. Qualitative phytochemical screening also indicated the presence of 

this class of compounds(triterpenoids) in Draceana reflexa leaves
87

.  Even though, this 

compound was not isolated from plants previously, its peroxide derivative (Ergosterol Peroxide) 

was isolated from Euphorbia species
84

.  The other probable reason will be that there might be 

mutual relationship between D. steudneri and fungi strain that is responsible for the production 

of this compound. Particularly, endophytic fungi are important sources of antimicrobial agents 

i.e they enhance the production of secondary metabolites that protect the plant against pathogens. 

They have the capacity to produce secondary metabolites and compounds those exhibit 

antimicrobial activities. A well-known anticancer agent called Taxol is reported that it is 

produced in plants by the help of Pestalotiopsis microspore endophytic fungi. The level of taxol 

20  40.4  40.3 

21 1.05(3H, d) 19.7 1.03(3H,d) 19.6 

22 5.22(1H, m) 132.0 5.16 (1H, m) 132.0 

23 5.22(1H, m) 135.6 5.24 (1H, m) 135.5 

24  42.8  42.8 

25  33.1  33.1 

26 0.85(3H, s) 21.1 0.83 (3H, s)  21.1 

27 0.83(3H, d) 19.8 0.82 (3H, d) 19.9 

28 0.94(3H, d) 17.6 0.91(3H,d) 17.5 
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production was related to the presence of endophytic fungi strains
66,88,89

.  A previous study 

indicated that the stem of Draceana cambodiana contained 60 endophyte fungi species while 

about 24 in the root of the plant
90

.  These endophytic fungi may also enhance the production of 

rarely produced secondary metabolites like ergostrol
91

. 
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Figure 25: Proposed structure of compound 325 with MHBC 

 

4.2. Antibacterial activity of the compounds and extracts 

The isolated compounds and the crude extract (methanol and dichloromethane 1:1) of the same 

plant were screened for their antibacterial activities against four bacteria strains, two-gram 

positive (S. aureus and B. cereus) and two-gram negative (E. coli and S. typhi) bacteria (see 

appendix 2 and table 4). Accordingly, the crude extract and the isolated compounds have not 

shown good biological activity against the tested strains. From the isolated compounds, 

compound 323 has shown some activity even though it is not so good. As proposed structure, 

this compound resembles the structure of droserone, a well-known naphthoquinone isolated from 

plants. It did not show a promising antibacterial activity against the tested bacteria strains. This is 

in agreement with previous report, as it did not show activity against S. aureus
92

.  

Compound 325 did not show antibacterial activity against bacteria strains aforementioned at 

500µg/ml concentration. This result is in line with previous study that indicated both ergosterol 

and cholesterol do not inhibit bacteria at concentrations below 1024µg/ml, even though they can 

modify the activity of aminoglycoside antibacterial agents
93

. The peroxide derivative of 

ergosterol, which was isolated from Euphorbia species, had showed activity against 
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mycobacteria using bactec 960 system while it lacks activity using bactec 460 system at 0.625 to 

50 mg/L. The same derivative compound of ergosterol was not active against S. aureus at 

100mg/L
94

. 

Compound 324 also did not show good antibacterial activity. As per report of Li et al.(2019)
80

, it 

has antibacterial activity. There is no much study is done about this compound on its biological 

activities. 

Table 4: Antibacterial activity of isolated compounds and crude extracts 

 

Bacteria 

strain 

Compound(sample) and their zone of inhibition in mm 

15A
323 

(500µg/ml) 

17A
324 

(1mg/ml) 

8A
325 

(500µg/ml) 

Crude 

(100mg/ml) 

Gentamycin 
b
 

(3mg/ml) 

DMSO 

(0.01%)
a
 

S. aureus  7.9±0.14 7±0.14 7±0.00 7±0.00 25±0.00 - 

E.coli  6.95±0.07 7±0.00 7±0.00 10±0.14 25±0.07 - 

S. typhi  7.95±0.07 - - 11±0.21 24±0.00 - 

B. cereus  7.90±0.14 - - 7±0.00 25±0.00 - 

a negative control, b positive control, 15A= label for compound 323 on the disk, 17A =label for compound 324 on the disk, 8A =label for compound 325 on the disk 
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5. Conclusion and Recommendations 

5.1. Conclusion 

In the present study, three compounds (323, 324 and 325) were isolated from stembark of D. 

steudneri. They were isolated and purified using column chromatographic separation techniques 

using hexane and ethyl acetate solvent systems as mobile phase. Their structures were 

characterized using 1D NMR and 2D NMR techniques. They were of the naphthoquinone, 

chromones and triterpene classes of compounds. These three compounds were not isolated from 

the dracaena species, genus and family. This is the first report for their isolation from the 

asparageanacea or daracaenacea family, genus Dracaena and steudneri species.  The pure 

compounds were identified as droserone (naphthoquinone), ergosterol (tetracyclic triterpene) and 

2, 3-dimethyl-5-hydroxy-7-methoxychromone (chromone). 

The in-vitro antibacterial activities of the compounds, the crude extract of the stem bark revealed 

that the three compounds were of little/ no activity while the crude had showed marginal 

antibacterial activities against the tested bacteria strains. 

5.2. Recommendations 

Based on the present findings, further studies on the same plant are recommended as: 

 Further isolation and purification of bioactive phytochemical constituents from the 

same plant since we did not isolate all the compounds.  

 Assessing the relationship between D. steudneri and endophytic fungi as ergosterol 

can also be due to endophytic fungi living in plant cells 

 Since it is claimed to treat wound by the community, antifungal activity and further 

antibacterial activities with other bacterial strains is needed. 
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7. Appendices 
Appendix1: Compound isolation using column chromatography 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

Appendix2: Invitro antibacterial activities of crude extracts and isolated compounds 
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Appendix7: COSY spectra of compound 323 in CDCl3 
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Appendix9: HMBC spectra of compound 323 in CDCl3 
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Appendix13: COSY spectra of compound 324 in CDCl3 
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Appendix15: Expanded HSQC spectra of compound 324 in CDCl3 

Appendix16: HMBC spectra of compound 324 in CDCl3  
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Appendix17: Expanded HMBC spectra of compound 324 in CDCl3 (1) 
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Appendix23: Expanded 
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Appendix25: Expanded DEPT-135 spectra of compound 325 in CDCl3 
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Appendix27: Expanded COSY spectra of compound 325 in CDCl3 

 

 

Appendix28: HSQC spectra of compound 325 in CDCl3 

 

 



65 

 

Appendix29: Expanded HSQC spectra of compound 325 in CDCl3 

 

Appendix30: HMBC spectra of compound 325 in CDCl3 
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Appendix31: Expanded HMBC spectra of compound 325 in CDCl3 (1) 

 

Appendix32: Expanded HMBC spectra of compound 325 in CDCl3 (2) 
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Appendix33: NOE spectra of compound 325 in CDCl3 

 

 

 

 
 

 

 

 


