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ABSTRACT 

Phytochemical analysis of the dichloromethane/methanol (1:1) extracts of Mundulea sericea and 

Tephrosia uniflora (both Leguminosae) and Strebulus usambarensis (Moraceae) yielded thirty-

one compounds. Phytochemical analysis of S. usambarensis stems and roots resulted in the 

identification of three novel naphtho-benzofuran derivatives, named usambarin A (110), B (111), 

and C (112). Eight new naphthalene derivatives named usambarin D (113), E (114), F(115), G 

(116), H (117), I (118), and L (125), phenyl-1-benzoxepin derivative (120), two flavans (119 and 

126), and four known compounds. Similarly, the analysis of the leaves and roots of M. sericea 

yielded ten known compounds; three flavanonols, two flavanols, an isoflavone, one rotenoid, two 

pterocarpans, and the sterol stigmasterol. Phytochemical investigation of the stems of T. uniflora 

also yielded one new -hydroxydihydrochalcone (134) and three known compounds (an 

isoflavone, -hydroxydihydrochalcone and a rotenoid). NMR, X-ray crystallography, UV 

spectroscopy, electronic circular dichroism and mass spectrometry were used to determine their 

structures. 

The crude extract of M. sericea roots exhibited antiplasmodial effect against chloroquine-resistant 

(W2) (IC50 of 0.6 µg/mL) and chloroquine-sensitive (3D7) (IC50 1.8 µg/mL) strains of Plasmodium 

falciparum. Among the major compounds from this plant, lupinifolinol (129) (IC50 values of 2.0 

M for the W2 strain and 6.6 M for the 3D7 strain), and mundulinol (64) (IC50 of 5.9 µM against 

the W2 strain and 2.4 µM against the 3D7 strain) were active. The antileishmanial activity of 

selected compounds was tested against L. donovani strains, both antimony-sensitive 

(MHOM/IN/83/AG83) and antimony-resistant (MHOM/IN/89/GE1), of which sericetin (130) was 

active against antimony-sensitive (IC50 5.0 M) and antimony-resistant (IC50 38.0 µM) strains. 

Dehydrolupinifolinol (128) was also active against the antimony-sensitive strain (IC50 9.0 µM). 

The isolated compounds from S. usambarensis were tested against E. coli and B. subtilis. 

Usambarin D (113) had moderate antibacterial activity against B. subtilis (MIC = 9.0 M), 

however, the other compounds examined were inactive (MIC >100 M). All the tested compounds 

were inactive against E. coli.  

Some of the identified compounds from S. usambarensis and M. sericea were investigated for their 

cytotoxicity against; lung (A549), breast (MCF-7), immortal human hepatocytes non- cancerous 

(LO2), liver (HepG2), and human bronchial non-cancerous (BEAS-2B) cell lines. Usambarins A 
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(EC50 of 65 μM) and B (EC50 of 92 μM) were weakly cytotoxic against the breast cancer cell line, 

while compounds 114, 115, 119, 120, and 122 were not cytotoxic to MCF-7 with EC50 > 200 μM. 

The current study has revealed that M. sericea, S. usambarensis, and T. uniflora possess a spectrum 

of metabolites with unique structural features with potential in the development of antimalarial, 

anticancer, antibacterial and antileishmanial agents.  
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CHAPTER ONE  

INTRODUCTION 

1.1 Background Information  

Infectious diseases remain one of the prominent groups of severe human ailments (Fauci, 2001; Li 

& Yang, 2021; WHO, 2021d). Infectious diseases are disorders caused by parasites, fungi, 

bacteria, and viruses (Li & Yang, 2021; WHO, 2021d). Acute lower respiratory tract infections, 

amebiasis, malaria, leishmaniasis, helicobacter pylori, hepatitis and toxoplasmosis are among 

these infectious illnesses (Fauci, 2001; Mathers et al., 2008; Morse, 1995). It is estimated that 

these infectious diseases kill over a million people each year (Andrews et al., 2014). In addition, 

these infectious diseases have been associated with a variety of human non-infectious diseases 

(Chen et al., 2017; Cobo & Chadee, 2013). This is due to very complex interactions due to 

environmental factors (Medvedev, 2013; Porta et al., 2011) Non-infectious diseases (non-

communicable) are caused by genetic, environmental, physiological and behavioural factors 

(Azadnajafabad et al., 2021; Lane et al., 2021). The four major non-infectious diseases are 

cardiovascular disease, cancer, chronic respiratory disease and diabetes (Azadnajafabad et al., 

2021; WHO, 2021c). These non-infectious diseases are responsible for over 41 million fatalities 

annually (Hunter & Reddy, 2013; WHO, 2021c).  

 

Malaria is the most prevalent among infectious disease, and is caused by protozoan parasites 

belonging to Plasmodium species, P. knowlesi, P. malariae, P. falciparum, P. ovale, and P. vivax. 

In 2018, there were 228 million malaria cases globally, with 405,000 fatalities (Zekar & Sharman, 

2020). In Kenya, 80 % of the inhabitants reside in malaria-prone regions, with pregnant women 
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and children being the most vulnerable (KMIS, 2015; WHO, 2017a). It is predicted that 5 million 

new clinical cases are diagnosed each year resulting in 10,000 fatalities (Prevention, 2019). 

 

Visceral, cutaneous and mucocutaneous leishmaniasis are the three types of leishmaniasis (Rama 

et al., 2015a). It is projected that a million new cases will be diagnosed each year (Rama et al., 

2015a). Above ninety-five percent of visceral leishmaniasis infections were documented in parts 

of Asia, East and Central Africa in 2018, with about eighty-five percent of cutaneous leishmaniasis 

infections being reported in parts of Asia, South America, and Africa (Almeida et al., 2020).  

 

Cancer is an illness that is identified by abnormal growth of cells (Rakoff-Nahoum, 2006). It is 

caused by genetic alterations that arise within cancer cells, as well as life-style, environmental 

factors, infections and exposure to carcinogens (Sung et al., 2021; WHO, 2021a). It is the world's 

top cause of death. In 2020, 19.3 million cases were reported, with approximately 10 million 

fatalities (WHO, 2021a). Developing countries bear 80 % of the disease burden (Wambalaba et 

al., 2019). In Kenya, among the new cases recorded by 2019, 78.5 % resulted in fatality 

(Wambalaba et al., 2019). 

Incidences of cancer and bacterial infections have been reported in malaria and leishmaniasis 

patients (Ataide et al., 2014; Carrillo-Larco et al., 2019; Maltha et al., 2014; Nordor et al., 2018). 

Malaria and leishmaniasis are associated with inflammations (Pacheco & Kamboh, 2020; 

Rodrigues et al., 2015), which contribute to an increase in uptake of oxygen and the generation of 

free radicals in the cells. This is a major contributor in the growth of cancer (Hussain et al., 2003). 

There has also been evidence of a link between cancer and malaria (Lehrer, 2010; Suresh et al., 
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2005). Overall, malaria, leishmaniasis, bacterial infections, and cancer remain the major health 

challenges for sub-Saharan countries, including Kenya (Alvar et al., 2012; Mangeni et al., 2017; 

Mishra et al., 2009). Because of the emergence of drug-resistance (Mishra et al., 2009; Morita et 

al., 2019; WHO, 2017b), there is a vital need to find alternative agents to fight malaria, cancer, 

bacterial infections, and leishmaniasis. 

Natural products are sources of novel alternative therapies for drug development (Cragg & 

Newman, 2013; Cragg & Pezzuto, 2016; Lahlou, 2013). To contribute to the search for 

alternatives, the current study explored some species of the genera Mundulea, Tephrosia, and 

Strebulus for antimalarial, antibacterial, antileishmanial and anticancer principles. 

Plants of the genus Mundulea (family Leguminosae) have a wide usage in herbal medicine 

(Luyengi et al., 1994; Pentsil et al., 2017; Stark et al., 2013). The Leguminosae family contains 

flavonoids and isoflavonoids that showed anticancer (Cao et al., 2004; Tang et al., 2014; Tringali, 

2001) antimicrobial and antifungal (Mazimba et al., 2012a), antioxidant and antiplasmodial 

(Khyade & Waman, 2017; Ngbolua, 2016) activities. The genus Tephrosia (family Leguminosae) 

also possesses bioactive flavonoids (Touqeer et al., 2013a) with cytotoxic (Chen et al., 2014a), 

anticancer (Lodhi et al., 2006), anti-inflammatory (Shenoy et al., 2010) antibacterial, and 

antiplasmodial properties. Studies involving the isolation of the secondary metabolites of some 

plants belonging to these genera was predicated to produce bioactive principles. 

Other than the family Leguminosae, the Moraceae is one of the few families, which elaborates 

isoflavonoids. One of the genera of this family, Strebulus has approximately 25 species (Kinghorn 

et al., 2016), found within tropics (Ren et al., 2016). Strebulus asper is used to treat leprosy, 

dysentery (Chawla et al., 1990), filariasis, toothache and cancer (Singh et al., 2015). Previous 
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phytochemical investigation of S. asper reveals it contains cardiac glycosides, coumarins, 

flavonoids and lignans (Adem, 2019; Deng et al., 2007; Ren et al., 2016; Singh et al., 2015). Some 

of these phytochemicals showed anticancer (Adem, 2019; Fiebig et al., 2004), anti-parasitic 

(Mathai & Devi, 1992; Singh et al., 2015) and anti-bacterial (He et al., 2017a; Rao et al., 2014; 

Singh et al., 2015) activities.  

1.2 Statement of the Problem 

Infectious diseases pose a serious health risk worldwide. Globally, over five-hundred million 

individuals are affected (Monzote & Siddiq, 2011). These diseases are responsible for over a 

million fatalities per year (Andrews et al., 2014; Hunter & Reddy, 2013). Due to a lack of or 

restricted access to chemotherapeutic drugs, developing nations experience high mortality (Gigley 

et al., 2012; Schmidt et al., 2012). In 2019, WHO reported an estimated 229 million malaria 

infections, and 409,000 fatalities worldwide. Ninety-four percent of these malaria cases and deaths 

occurred in Africa (WHO, 2020). Annually, thirty-thousand infections of visceral leishmaniasis 

and over one million new infections of cutaneous leishmaniasis are recorded (WHO, 2021b), with 

over 20,000 fatalities (Nafari et al., 2020). Cancer, which in some cases is associated with 

infectious diseases, accounted for approximately ten million fatalities and 19.3 million new 

infections globally (WHO, 2021a). Chemotherapy and vector control have been helpful in 

reducing these infections. These modes of treatment and prevention have major shortcomings, 

which are exacerbated by drug and pesticide resistance (Andrews et al., 2014; Gottesman, 2002; 

O'Connor, 2007; Zofou et al., 2014). Furthermore, the costs of monitoring and maintaining these 

medicines are too high for developing nations on the continent to bear (Andrews et al., 2014; 

Kingham et al., 2013; Morhason-Bello et al., 2013; Volpedo et al., 2019). Similarly, these 

therapies are associated with severe toxicities (Andrews et al., 2014; Curigliano et al., 2010; 
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Sereno et al., 2008; Volpedo et al., 2019). As a result, more research is required to discover safe, 

low cost and effective options for eliminating malaria, cancer, leishmaniasis and bacterial 

infections. 

 

1.3 Objectives 

1.3.1 General Objective 

The general objective of this study is to identify anti-infective principles from Mundulea sericea, 

Tephrosia uniflora and Strebulus usambarensis species. 

 1.3.2 Specific Objectives  

The specific objectives of this study are: 

i. To isolate and characterize secondary metabolites from Mundulea sericea, Tephrosia 

uniflora and Strebulus usambarensis; 

ii. To determine the antiplasmodial activity of the crude extracts and isolated compounds; 

iii. To determine the antileishmanial activity of the crude extracts and isolated compounds; 

iv. To determine the antibacterial activity of the isolated compounds ; 

v. To determine the cytotoxicity of isolated compounds. 

1.4  Justification of the Study 

Natural products and their modifications have aided in the development of drugs (Kumar et al., 

2009). The most significant antimalarial medicines produced from plants are quinine and 

artemisinin (Batista et al., 2009; Mojab, 2012). Plumericin (1) and isoplumericin (2) obtained from 

the stem of Himatanthus sucuuba have potent activity against Leishmania amazonensis axenic 

amastigotes with an IC50 of 5 µg/mL (Adebayo & Suleman, 2013). In vitro studies of plumericin 
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have reported a reduction in macrophage infection similar to amphotericin B (the conventional 

medication) with an IC50 of 0.9 µM (Adebayo & Suleman, 2013). Actinomycin D (3), doxorubicin 

(4), vinblastine (5), camptothecin (6), and vincristine (7) are some of the anticancer agents derived 

from natural products. Hence, natural products remain a potential source of diverse structural 

features that can be explored as lead compounds for the mitigation of infections (Lahlou, 2013). 

It's worth noting that the Leguminosae (including the genera Mundulea and Tephrosia) and 

Moraceae (including the genus Strebulus) families generate a wide spectrum of flavonoids, 

isoflavonoids and alkaloids with diverse biological activities. As a result, isolating and identifying 

bioactive components from selected members of the Leguminosae and Moraceae families will aid 

in the quest for novel ways to combat, malaria, leishmaniasis, bacterial infections, and cancer.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Infectious and non-infectious Diseases  

Infectious diseases have detrimental health and economic consequences (Fauci, 2001; Filardy et 

al., 2018; Li & Yang, 2021). It is estimated that infectious diseases kill over a million people each 

year (Andrews et al., 2014). These diseases are caused by parasites, viruses, fungi and bacteria (Li 

& Yang, 2021). High death rates by infectious diseases are contributed by acute lower respiratory 

tract infections, malaria, leishmaniasis, diarrhoea, tuberculosis, and viral infections such as HIV 

and covid -19 (Fries et al., 2021; Kirtane et al., 2021). Malaria and leishmaniasis are prevalent in 

tropical and subtropical locations, with a higher prevalence in developing nations (Rocha et al., 

2005). In these regions, half a billion people are at risk, resulting in approximately 40 million 

disability-adjusted life years (Monzote & Siddiq, 2011). Over six-hundred thousand deaths occur 

yearly due to both malaria and leishmaniasis (Nweze et al., 2021; Stuart et al., 2008). 

On the other hand, non-infectious diseases (non-communicable) are caused by genetic, 

environmental, physiological, and behavioural factors (Azadnajafabad et al., 2021; Lane et al., 

2021; WHO, 2021c). Cancer, cardiovascular disease, and diabetes are the highest sources of the 

non-infectious mortality (Azadnajafabad et al., 2021; Duan et al., 2021). The impacts and 

incidence of these diseases are high in developing nations, causing over 80 % of deaths in these 

countries (Ezzati & Riboli, 2013; Hunter & Reddy, 2013; Narayan et al., 2010). Malaria, 

leishmaniasis, bacterial infections (infectious diseases), and cancer (non-infectious disease) are 

explored in this study. 
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2.1.1 Leishmaniasis  

Leishmaniasis is a disease that manifests itself in three forms: visceral, cutaneous, and 

mucocutaneous form (Desjeux, 2004; Rama et al., 2015a). It is caused by a protozoan parasite 

illness that is endemic to tropical and subtropical nations. Promastigotes and amastigotes are the 

two parasitic types of leishmaniasis in the developmental stage (Rama et al., 2015a). The life cycle 

begins with a blood meal of an infected sand fly. During the blood meal, a sand fly transmits 

promastigotes to a human. Promastigotes convert into amastigotes in phagocytic cells. The 

amastigotes multiply via cell division while infecting other phagocytic cells. This infection results 

in clinical manifestation of leishmaniasis. The life cycle continues when a sand fly bites an infected 

individual, the ingested amastigotes will change into promastigotes in the digestive tract of the 

sand fly (refer to Figure 2. 1) (Gillespie et al., 2016; Tempone et al., 2011). There are more than 

one million new cases projected to be diagnosed each year, with around 65,000 fatalities (Cortes 

et al., 2020). 

 

Leishmaniasis is treated using pentavalent antimonials, which are used as therapeutics for both 

visceral and cutaneous leishmaniasis (Adebayo & Suleman, 2013). Visceral leishmaniasis is also 

treated with miltefosine, liposomal amphotericin B, and paromomycin (Et-Touys et al., 2017). 

These drugs, however, present several risks; they are cytotoxic and have negative side effects such 

as fever, chills, nephrotoxicity and hypokalemia (Et-Touys et al., 2017; Rama et al., 2015a). These 

medications are extremely costly and must be used for a long time. Exacerbating these problems, 

is the development of parasite resistance to the pentavalent antimonials (Sujitha et al., 2015; 

Yousuf et al., 2016). To address these issues, an urgent need for the development of new drugs. 
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Figure 2. 1: Life cycle of leishmaniasis (Prevention, 2020) 

2.1.2 Malaria  

Malaria is a deadly parasitic disease spread by the female anopheles mosquitoes and is caused by 

Plasmodium parasites (Tuteja, 2007). In 2019, over two hundred million cases of malaria were 

recorded globally, with over four hundred thousand fatalities (WHO, 2020). Children under the 

age of five, account for sixty-seven percent of malaria fatalities globally (WHO, 2020).  

Malaria transmission can be prevented by using chemotherapies, indoor spraying of long lasting 

insecticides, personal protection methods and, use of long-lasting pyrethroids-treated mosquito 

netting (Raghavendra et al., 2011). Malaria control remains a difficult task because of Plasmodium 

resistance to existing antimalarials, and also vector resistance to pesticides (Sougoufara et al., 
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2014). Thus, in order to reduce malaria burden, continuous research is required to identify 

bioactive principles that can serve as proto-types for discovery of drugs that are safe, efficacious 

and long lasting. 

2.1.3 Cancer  

Cancer is an illness that is identified by abnormal development of cells (Rakoff-Nahoum, 2006). 

It is caused by chronic inflammations which alters cellular homeostasis (Hussain et al., 2003), 

unhealthy diet (Sung et al., 2021), exposure to carcinogens (Clapp et al., 2008), occupational stress 

(Wang et al., 2018), unhealthy lifestyle, and hereditary factors (Czene et al., 2002). According to 

(van Elsland & Neefjes, 2018), there are correlations between bacterial infections and cancer. They 

also identified a link between Salmonella typhi and gallbladder cancer, Salmonella enteritidis and 

colon cancer, Chlamydia trachomatis and ovarian cancer (van Elsland & Neefjes, 2018) . 

According to Wyss et al (2020), Plasmodium falciparum has been classified as a carcinogenic 

agent in humans (Wyss et al., 2020). Chronic malaria infections lead to excessive generation of 

reactive oxygen, which is a potential major for cancer (Eze et al., 1990). Burkitt lymphoma, a 

paediatric cancer, is associated with Plasmodium falciparum exposure (Mulama et al., 2014; 

Quintana et al., 2020). Malaria gene mutation has been linked to prostate cancer in African men 

(Thomas, 2005). Leishmaniasis infections have also been linked to cancer (Al-Kamel, 2017); for 

example, cutaneous leishmaniasis is associated with skin cancer (Morsy, 2013). This again is due 

to inflammatory response, which increases the production of reactive oxygen and nitrogen species, 

both of which are predisposing factors for cancer (Kocyigit et al., 2005). 

Cancer therapies are classified into different types (Urruticoechea et al., 2010). Chemotherapy is 

a treatment, which entails the usage of anticancer drugs to eliminate the cancerous cells. For 
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example, cisplatin (against ovarian cancer) (Trimmer & Essigmann, 1999), paclitaxel (Spencer & 

Faulds, 1994), a combination of cyclophosphamide methotrexate and fluorouracil (CMF) (against 

breast cancer), imatinib mesylate (against leukemia), and avastin ( against colon cancer) (Chabner 

& Roberts, 2005). Surgery is removal of cancerous tumors from the body (Wang et al., 2018). 

Radiation therapy entails using high doses of ionizing radiation, to eradicate malignancies. 

Targeted therapies are combinations of several treatment options that inhibit the growth of tumours 

by interfering with specific proteins (Gerber, 2008; Seebacher et al., 2019). Hormonal therapy 

eradicates breast or prostate cancerous cells by altering the amount of hormones, which enhances 

cancer progression in the body (Wang et al., 2018). These treatment options are used depending 

on the type and stage of cancer (Wang et al., 2018).  

The challenges facing these cancer therapies are severe toxicity (Holohan et al., 2013; Sereno et 

al., 2008), resistance (Gottesman, 2002; Housman et al., 2014), and the high cost of treatment 

(Ehni, 2014; Faden et al., 2009). Hence, there is a need for continuous research on development 

of new drugs. 

 

2.1.4 Co-infections of Malaria and Leishmania 

Malaria and leishmaniasis affect approximately half of the global population. They are associated 

with mortality, morbidity, and long term consequences (Quintana et al., 2020). To worsen the 

situation, co-infection of malaria and leishmania in patients exacerbates the severity by resulting 

in substantial and compounding complications  (McArdle et al., 2018).  

Bacterial diseases are leading causes of death in patients with leishmaniasis; according to Kadivar 

(2000), pneumonia, septicaemia, urinary tract infections are deadly bacterial infections, that 
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complicate the treatment of leishmaniasis (Andrade et al., 1990; Kadivar et al., 2000). Alsamaria 

and alodaidi (2009), detected the presence of Staphylococcus epidermidis, E. coli, Proteus species, 

Klebsiella and Staphylococcus aureus in infected lesions in cutaneous leishmaniasis (AlSamarai 

& AlObaidi, 2009; Ziaei et al., 2008). Barati et al (2008), showed that immunosuppression and a 

reduction in white blood cells was linked with severe bacterial co-infection in children with 

visceral leishmaniasis (Barati et al., 2008). Bacterial sepsis also contributed to over 35% deaths in 

visceral leishmaniasis patients (Endris et al., 2014). 

Bacterial infections have also been observed among malaria patients, and they are major causes of 

death among African children (Bassat et al., 2009; Sandlund et al., 2013). In children, malaria has 

been linked to increased bloodstream bacterial infections (Gomez-Perez et al., 2014). The most 

frequent bacteria being Salmonella enterica and Streptococcus pneumoniae infections (Mooney et 

al., 2019). According to Thiemer et al (2012) Salmonella typhi and Streptococcus pneumonia were 

the leading causes of blood infection in adult malaria patients (Hogan et al., 2018; Thriemer et al., 

2012).  

 

2.2 Compounds Isolated from Plants with Antileishmanial Activity  

Plants contain a vast spectrum of biological properties. Polar extracts, essential oils, alkaloids, 

terpenoids, lignans, quinones and flavonoids have been reported to show antileishmanial properties  

(Cortes et al., 2020). For example, Musayeib et al (2013) isolated, 3,11α-dihydroxyurs-12-ene 

(8) (IC50 of 3.20 µM) and ursolic acid (9) (IC50 of 7.40 µM) from Kleinia odora (Asteraceae) that 

showed antileishmanial activity against L. infantum (Al Musayeib et al., 2013). Cynaropicrin (10) 
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isolated from Vernonia mespilifolia (Asteraceae) showed antileishmanial activity against L. 

donovani with half – maximal inhibitory concentration of 1.56 µM (Mokoka et al., 2013).  

 

Compounds isolated from Abrus precatorius (Leguminosae) exhibited antileishmanial activity 

against L. major; abruquinone A (11) (IC50 of 6.35 µg/mL), abruquinone B (12) (IC50 of 6.32 

µg/mL) and (3S)-7,8,3′‚5′-tetramethoxyisoflavan-1′,4′-quinone (13) (IC50 of 5.00 µM) (Okoro et 

al., 2019). From Piliostigma thonningii (Leguminosae), methyl-ent-3β-hydroxylabd-8(17)-en-15-

oate (14) (IC50 of 7.82 µM) showed antileishmanial activity against L. donovani (Afolayan et al., 

2018; Cortes et al., 2020).  
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Compounds isolated from Withania coagulans (Solanaceae) exhibited antileishmanial effect 

against L. major; withanolide J (15) (IC50, 5.74 µM), withanolide G (16) (IC50, 10.34 µM) and, 

withathanolide C (17) (IC50, 10.85 µM) (Cortes et al., 2020). These findings suggest that secondary 

metabolites and their derivatives have potential as lead molecules for antileishmanial 

chemotherapy development. 

 

2.3  Compounds isolated from Plants with Potential in Malaria Control  

Historically, plants have been very important sources of agents for controlling malaria (Pohlit et 

al., 2011). For example, polysyphorin (18) and rhaphidecurperoxin (19) isolated from 

Rhaphidophora decursiva (Araceae) showed antiplasmodial properties against P. falciparum with 

IC50 of 1.5 µM (Pan et al., 2018). In addition its compounds, both isolated from the leaves of 

Friesodielsia discolor (Asteraceae), showed antiplasmodial effect against K1 strain of P. 

falciparum, 8-Formyl-7-hydroxy-5-methoxyflavanone (20) (IC50 9.3 µM) and tectochrysin (21) 

(IC50 7.8 µM) (Pan et al., 2018). 
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Pleiomutinine (23) isolated from the roots of Pleiorcarpa mutica, had an half-maximal inhibitory 

concentration of 5 µM against P. falciparum (strain K1) (Addae-Kyereme et al., 2001). 

Cajachalcone (24) was isolated from Cajanus cajan L. (Leguminosae), which has traditionally 

been used to treat malaria. Cajachalcone (24) also exhibited efficacy of (IC50 of 7.4 µM) against 

P. falciparum (strain K1) (Pan et al., 2018). Secondary metabolites and their derivatives, according 

to these studies offer a better potential as lead molecules for antimalarial drug development. 

 

2.4 Compounds isolated from Plants with Antibacterial Activities  

Flavonoids, tannins, terpenoids, and essential oil components have been documented with 

significant antibacterial activities (Chassagne et al., 2020; Prasad et al., 2019). Prenylated 
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flavonoids and phenols isolated from the Leguminosae family have been reported to inhibit the 

cell wall of bacteria (Chanda et al., 2010; Prasad et al., 2019).  

For example, pseudarflavone A (25) and 6-prenylpinocembrin (26) isolated from Pseudarthria 

hookeri (Leguminosae), both showed antibacterial effect against S. aureus (MIC, 8 µg/mL), and 

E. coli (MIC, 4 µg/mL) (Dzoyem et al., 2018).  

 

12a-Hydroxy-α-toxicarol (27) isolated from Tephrosia toxicaria Pers (Leguminosae), showed 

weak antibacterial effect against S. aureus (MIC, 256 µg/mL) (Arriaga et al., 2017). Alcoholic 

extract from T. maxima (Leguminosae), was reported to be effective against Helicobacter pylori 

infected ulcers (Sandhya, 2018). Glucopyranosyl flavone (28) (MIC, 0.34 µg/mL) from alcoholic 

extract of T. purpurea (Leguminosae), inhibited S. aureus (Singh et al., 2008). 

Tephrokaempferoside (29) (MIC, 150 μg/mL) extracted from the twigs and leaves of T. preussii 

Taub (Leguminosae), showed antibacterial effect against K. pneumoniae (Mba Nguekeu et al., 

2017). 
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2,4-Dihydroxy-3-(3,7-dimethyl-2,6-octadienyl)benzaldehyde (30), isolated from the wood of 

Streblus ilicifolius (Moraceae) exhibited strong antibacterial action (MIC) against methicillin-

resistant S. aureus (8 µg/mL),, S. aureus (8 µg/mL), and S. epidermidis (4 µg/mL (Dej-adisai et 

al., 2016). From the leaves of Canarium patentinervium (Burseraceae), scopoletin (31) (MIC, 25 

µg/mL), and scoparone (32) (MIC, 50 µg/mL), were effective against S. aureus (Mogana et al., 

2020). 

 

2.5 Compounds isolated from Plants with Cytotoxic Activities  

Natural products are a rich cradle of bioactive compounds with anticancer activities (Watanabe et 

al., 2011). For example, prenylated flavonoids from Leguminosae and Moracea family have been 

identified with potential cytotoxicity against cancerous cells (Chen et al., 2014b; Taleghani & 

Tayarani-Najaran, 2018). 

Pseudarflavone A (25) and 6-prenylpinocembrin (26) isolated from Pseudarthria hookeri 

(Leguminosae), were reported to be cytotoxic against Jurkat (leukemia cells) with IC50 of 3.59 and 
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5.59 µg/mL respectively (Dzoyem et al., 2018). Tephrorin A (33), tephrorin B (34), and tephrosone 

(35) extracted from EtOAc-soluble fraction of T. purpurea (Leguminosae), induced quinone 

reductase in mouse hepatoma cells (Chang et al., 2000). 

 

Methanolic extract of T. persica (Leguminosae), were cytotoxic against brine shrimp with half-

maximal inhibitory-concentration of 2.43 µg/mL. The cytotoxicity of chloroform extract was 

higher, with half-maximal inhibitory-concentration of 1.23 µg/mL (Khalighi-Sigaroodi et al., 

2012). In an in silico experiments of isoquinoline alkaloids; 10,11-dihydroxyerysodine (36), 6,7-

dihydro-11-methoxyerysotrine (38) and, 6,7-dihydro-17-hydroxyerysotrine (37) isolated from 

Erythrina poeppigiana (Leguminosae), displayed cytotoxicity against human breast cancer cell 

lines (Herlina et al., 2017). 
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Mundulea lactone (39), seputheisoflavone (40), and seputhecarpan A (41), extracted from the root 

bark of Ptycholobium contortum (Leguminosae), exhibited cytotoxicity against lung cancer cell 

lines with IC50 values ranging from 0.59 to 46.70 µM (Ngnintedo et al., 2016). 

 

2′-De-O-methylstrebloside (42), 5-de-O-hydroxylstrebloside (43), and 21-hydroxylstrebloside 

(44) from the roots of Strebulus asper (Moraceae), were cytotoxic to A549 lung cancer cells, with 

half-maximal inhibitory concentration ranging from 0.01 to 0.33 µM (Zhang et al., 2021). 

 

Ursolic acid (9) extracted from Ficus exasperata Vahl (Moraceae), demonstrated cytotoxic 

efficacy against human colon cancer cell line (HT-29) (IC50 of 50.9 µM) and human cervix 

carcinoma cell line (KB-3−1) (IC50 of 34.4 µM)  (Popwo Tameye et al., 2021).  
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2.6 Natural Products and the Development of Antiprotozoal Drugs  

Plants and their preparationss are still utilized as traditional medicines in developing nations to 

treat a variety of illnesses (Cortes et al., 2020; Kumar et al., 2009). Furthermore, plants have been 

a source of lead compounds, which led to the development of various pharmaceuticals (Cragg & 

Newman, 2013; Pan et al., 2018). There are various plant metabolites that have inspired the 

development of antiprotozoal medicines and those that have pharmacological promise. 

Quinine (45) is an alkaloid extracted from the cinchona tree that has been used to treat malaria 

(Wright & Phillipson, 1990). In addition, quinine was used as a model in the development of less 

toxic and more active antiplasmodial drugs such as chloroquine (46), primaquine (47), and 

mefloquine (48). In vitro antiplasmodial activities of berberine (49), palmatine (50), and 

jatrorrhizine (51) alkaloids contained in several medicinal plants were equivalent to quinine 

(Bhadra & Kumar, 2011). Artemisinin (52) from the Artemisia annua plant and its analogs are 

currently used to treat malaria (Cragg & Newman, 2013). 
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For instance, Zhai et al. (1995), in their in vitro experiments, revealed that licochalcone A (53) 

isolated from the leguminosae family inhibited L. major and L. donovani promastigotes. 

Additionally, in their in vivo investigations, they revealed that licochalcone A has strong 

antimalarial activity (Zhai et al., 1995). 6-Hydroxy-2-[phenylmethylene]-3(2H)-benzofuranone 

(54) was cytotoxic against promastigotes of L. infantum, L. enriettii, L. donovani, and L. major 

(EC50 of 0.45 μg/mL) and amastigote forms of L. donovani (EC50 of 1.40 μg/mL) (Kayser et al., 

1999). Argentilactone (55) was shown to have the same antileishmanial activity in vitro as the 

reference drug N-methylglucamine antimonite (Rocha et al., 2005). Antileishmanial activity was 

exhibited by chimanine B (56), 2-benzoxazolinone (57), dictyolamide A (58) and, B (59). When 

compared to pentavalent antimonial medicines, they were less cytotoxic (Rocha et al., 2005). 

Oxylipin (60) extracted from Tridax procumbens demonstrated potent antileishmanial activity 

against L. mexicana (IC50 of 0.478 μg/mL) (Adebayo & Suleman, 2013). The antileishmanial 

activity (in vitro) of 8-acetyl-13-O-ethylpiptocarphol (61) was greater than that of amphotericin B, 

an antifungal antibiotic, against L. amazonensis axenic (Adebayo & Suleman, 2013). 
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2.7 Botanical Information of the Leguminosae and Moraceae Families 

2.7.1 The Family Leguminosae  

There are approximately 730 genera in the legume family, with over 19,400 species 

(Wojciechowski et al., 2004). It is the third-largest family with diversity in its medical applications 

(Hira, 2016). Papilionidae, Caesalpinioideae, Dialioideae, Detarioideae, Cercidoideae, and 

Duparquetioideae are the six subfamilies (Benjamim et al., 2020). Alkaloids, flavonoids, 

coumarins, lignans, anthraquinones and terpenoids are only a handful of bioactive metabolites 

produced by these families (Benjamim et al., 2020; Wink, 2013). The bioactive metabolites have 

antidiabetic, antileishmanial, antioxidant, anti-inflammatory, anti-wrinkles, antirheumatic, 
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antimicrobial, antibacterial and cytotoxic activities (Benjamim et al., 2020; Hira, 2016; Wu et al, 

2003).  

2.7.1.1 The Genus Mundulea 

Mundulea belongs to the family Leguminosae and it is widely distributed worldwide (Gangadevi 

et al., 2020). It is found in tropical parts of the world with over 15 species (Langat et al., 2012). 

Mundulea sericea is a tiny, slender flowering tree of light bush forests with corky smooth, greenish 

yellow bark. Leaves are alternate, with uneven number of leaflets (Greenway, 1936). It is found in 

Angola, Kenya, Madagascar, Namibia, Sudan, Tanzania, Uganda and South Africa (Greenway, 

1936). 

 
Figure 2. 2a: leaves and flowers of Mundulea 

 
Figure 2. 2b: stems of Mundulea 

 

 
Figure 2. 2c: seed pods of Mundulea 

 
Figure 2. 2d: seeds of Mundulea 

(Bester & Grobler, 2008)  
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2.7.1.2 The Genus Tephrosia 

Tephrosia plants are members of the Leguminosae family and are extensively spread in tropical 

and subtropical regions (Touqeer et al., 2013a). In tropical and subtropical regions, the Tephrosia 

genus has more than 350 species, including 30 species found in Kenya (Hegazy et al., 2009). T. 

uniflora is found in the Amboseli ecosystem (Ng'ang'a, 2019). T. uniflora is a perennial herb, 

growing from a taproot, it has axillary flowers and small seeds protected by a hard seed coat 

(Zarina et al., 2005). 

 

 

Figure 2. 3: T. uniflora plant parts (Hyde et al., 2021)  

 

2.7.2 The Family Moraceae  

There are roughly 60 genera in the Moraceae family, with about 1,400 species found in tropical 

and subtropical regions (Clement & Weiblen, 2009; Rahman & Khanom, 2013). Artocarpeae R. 

Br, Castilleae Berg, Dorstenieae Gaudich, Ficeae Gaudich, and Moreau Gaudich are the five tribes 

(Zerega et al., 2005). Ficus, Morus, and Artocarpus are the most phytochemically researched 

genera, which are widely exploited for their economic and traditional medicinal value (Abdullah 
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et al., 2017). Phytochemical investigations in diverse plant sections of members of this family have 

revealed the presence of flavonoids and 2-arylbenzofuran derivatives (Abdullah et al., 2017; 

Kurniadewi et al., 2021; Seong et al., 2018). Pharmacological studies on the family's plant extracts 

have proven their value as antioxidants, tyrosine kinase inhibitors, antibacterial, anti-viral, 

antifungal and anticancer agents (Daud et al., 2017; Sun et al., 2017). 

 

2.7.2.1 The Genus Strebulus 

Strebulus is a genus of small deciduous shrub of the Moraceae family with around 25 species found 

in tropical regions, such as India, Malaysia, South Africa, Thailand, and Philippines (Kinghorn et 

al., 2016; Ren et al., 2016). Strebulus usambarensis is an evergreen shrub, its bark is smooth and 

brown. It is found in Guinea, coastal region of Kenya, south of Nigeria, Mozambique and 

Tanzania, (Adem, 2019; Byng, 2004). Strebulus usambarensis has been renamed Sloetiopsis 

usambarensis, because the two different names refered to the same plant according to Mm (2020). 

 

 

Figure 2. 4: S. usambarensis plant parts (Burrows & Burrows) 
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2.8 Ethnomedical Information of Plants of Leguminosae and Moraceae Family  

2.8.1 The Genus Mundulea  

Mundulea is used in traditional medical practices all over the world. Mundulea sericea bark, leaf, 

root, and seed extracts are utilized as a fish toxin and to suppress budworm in tobacco (Kiania et 

al., 2014; Mazimba et al., 2012b)  Insecticides and pesticides are made from the dust of M. sericea's 

stem bark (Luyengi et al., 1994). The roots of M. sericea are used to treat stomach aches (Stark et 

al., 2013). M. sericea has been proven to have potential insecticidal properties against a variety of 

insects and pests found in storage products (Pentsil et al., 2017). Branches are used as toothbrushes 

in Namibia to prevent dental decay (Bester & Grobler, 2008). 

2.8.2 The Genus Tephrosia  

Tephrosia species are widely dispersed and utilized in herbal therapy for a variety of ailments, 

including stomach aches, diarrhoea, asthma, inflammation and respiratory problems (Atilaw et al., 

2017a; Touqeer et al., 2013b). The following are some of the ethno-medical applications that have 

been documented. Ulcers are treated using the aerial portions of T. calophylla and T. maxima 

(Sandhya, 2018). The roots of T. calophylla are used to cure diarrhoea, bronchitis, boils and acne 

(Sindhu & Usha, 2017). T. purpurea is used as a laxative to cure coughs and chest infections, and 

to cure liver, spleen, and kidney blockages (Ahmad et al., 1999; Hegazy et al., 2009). The dried 

plant parts of T. purpurea is used as a laxative and purgative. The seeds and roots are used to cure, 

leprous wounds, boils and pimples (Hegazy et al., 2009). T. toxicaria is used as fish poison 

(Touqeer et al., 2013a). T. uniflora is used to treat snake bites (Abreu & Luis, 1996). 
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2.8.3 The Genus Strebulus  

The stem bark formulations of Strebulus asper are used to treat filariasis, relieve fever and 

toothache (Li et al., 2012b; Singh et al., 2015). The leaves of S. asper are used to treat 

inflammations (Sripanidkulchai et al., 2009). The roots of Strebulus asper are used to treat ulcers, 

sinus infections, obesity, and as a snake bite antidote (Singh et al., 2015). Streblus ilicifolius bark 

is used in  the treatment of pimples (Nguyen et al., 2021). In India, several parts of the S. asper 

have been utilized in Ayurveda therapy for eye complications, inflammatory swelling, 

elephantiasis, dysentery, leprosy, cancer, and epilepsy (Rawat et al., 2018; Zhang et al., 2021). 

The bark of Strebulus indicus is used to treat inflammation, drowsiness, homeostasis, analgesic 

and rheumatic diseases (He et al., 2017a; He et al., 2017b). S. zeylanicus is used to treat fever, 

toothache, oedema, inflammation, and dysentery (Zhou et al., 2020). The roots of S. usambarensis 

are used to treat eye infections and the seeds as a genital stimulant (Byng, 2004). 

 

2.9 Phytochemical Information and Biological Activities of Plants of Leguminosae and 

Moraceae Families  

2.9.1 Phytochemical Information and Biological Activities of Mundulea Species 

Chalcones, flavanones, flavanonols, rotenoids and terpenoids are the most prevalent secondary 

metabolites found among Mundulea species. The biological activities of metabolites isolated from 

this genus have also been investigated. The extracts of the bark of M. chapelieri were shown to be 

toxic against cell lines from ovarian cancer (IC50 of 11 µg/ml). The most active compounds were 

tephrosin (62) and rotenone (63) with IC50 ranging from 0.5 to 0.7 µg/mL. Mundulinol (64), MS-

II (65), rotenolone (66), isomundulinol (67), 3-deoxy-MS-II (68), mundulone (69) and munetone 
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(70) were cytotoxic with half-maximal inhibitory concentration range from 9- 33 µg/mL (Cao et 

al., 2004).  

 

 

Deguelin (71) and rotenone (66) extracted from the roots of M. sericea inhibited tumours with 

EC50 <1 µg/mL (Baba et al., 2017; Chen et al., 2019; Tringali, 2001). Mundulea lactone (39) was 

cytotoxic against leukaemia cells (IC50 8.84 µM) and breast adenocarcinoma cells (IC50 48.99 µM) 

(Mbaveng et al., 2018). 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/breast-adenocarcinoma
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The non-polar leaf extract of M. sericea had low efficacy against B. subtilis, E. coli, and limited 

antifungal efficacy against C. albicans (Mazimba et al., 2012b). Methanol extract of the leaf of M. 

sericea displayed potent antioxidant effect, because of the existence of flavonoids (Khyade & 

Waman, 2017). The extracts of the bark of M. sericea exhibited larvicidal action against Ae. 

Aegypti larvae (4th instar); hexane (LC50 of 130 ppm) while methanol had (LC50 of 180 ppm) 

(Langat et al., 2012). The seed extracts of M. antanossarum had an in vitro antiplasmodial action 

against Plasmodium falciparum; the ethanol (IC50 of 1.080 µg/mL) and dichloromethane (IC50 of 

0.215 µg/mL) extracts were also active (Ngbolua, 2016). 

 

13α-Hydroxydeguelin (72), 13α-hydroxytephrosin (73), munsericin (74), and 4-

hydroxylonchocarpin (75) isolated from the bark of M. sericea inhibited tumor formation in cell 

culture with an IC50 value of 0.004, 0.02, 1.0, and 0.7 µg/mL, respectively (Luyengi et al., 1994). 

 

 

 

 

 R1 R2 

72 H OH 

73 OH OH 

 
 

 R1 R2 

74 OH H 

75 H OH 

 

2.9.2 Phytochemical Information and Biological Activities of Tephrosia Species 

Tephrosia elaborates a wide variety of rotenoids, flavanones, chalcones and isoflavones with good 

bioactivities (Chen et al., 2014b; Sindhu & Usha, 2017). The aqueous extracts of the roots of T. 

purpurea had significant anti-ulcer activity (Deshpande et al., 2003), whilst the ethanolic extracts 
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of the aerial parts demonstrated wound healing capabilities (Lodhi et al., 2006) and substantial 

anti-inflammatory effects in rats with sub-acute inflammation  (Shenoy et al., 2010). In induced 

diabetes rats, the butanol fraction of T. purpurea demonstrated anti-diabetic and pancreatic 

regeneration effects (Arora et al., 2021). T. maxima methanol extracts showed significant 

antibacterial efficacy against Helicobacter pylori in, in vitro experiments (Sandhya, 2018). 

Betulinic acid (76) isolated from T. calophylla proved effective against cancerous and HIV-

infected cells, and the methanolic extracts had anti-diabetic properties (Sindhu & Usha, 2017).  

 

The methanol/dichloromethane seed pod extract of T. elata inhibited Plasmodium falciparum; D6 

(IC50 8.4 µg/mL) and W2 (IC50 8.6 µg/mL) strains. It also demonstrated larvicidal efficacy against 

Ae. aegypti (LC50 of 68.9 µg/mL) after twenty-four hours (Mutisya, 2014). Aequichalcone A (77), 

aequichalcone B (78), aequichalcone C (79), obovatachalcone (80), praecansone B (81) and 

praecansone A (82) were extracted from the roots of T. aequilata. They displayed antiplasmodial 

activities with IC50 values ranging from 4.14 µM to 9.75 µM against 3D7 strain (Atilaw et al., 

2017a). In an in vivo experiment, the EtOAc extract of T. sinapou decreased oxidative stress and 

suppressed cytokine production (Martinez et al., 2012). 
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Obovatin (83) extracted from the T. toxicaria displayed a potent antioxidant activity (IC50 of 3.370 

µg/mL). -Sitosterol (84) reported from T. purpurea demonstrated antioxidant activity and 

lowered high blood cholesterol levels; it also demonstrated cancer-protective properties against 

prostate, breast and colon cancer (Touqeer et al., 2013a). Elatadihydrochalcone (85) and obovatin 

methyl ether (86) isolated from the seed pods of Tephrosia elata displayed antiplasmodial activity 

against W2 (IC50 of 5.5 µg/mL, 4.4 µg/mL) and D6 (IC50 of 2.8 µg/mL, 3.8 µg/mL) strains of 

Plasmodium falciparum, respectively (Mutisya, 2014). 
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-Sitosterol (84), elongatin (87), stigmasterol (88) and 12a-hydroxyrotenone (89) were identified 

from the roots of T. uniflora (Abreu & Luis, 1996). 12a-Hydroxyrotenone (89) showed significant 

toxicity against oral epidermoid carcinoma, breast cancer line, and lung cancer cell, with ED50 of 

1.6, 0.1, 0.05 µM, respectively (Cheenpracha et al., 2007). 

 

2.9.3 Phytochemical Information and Biological Activities of Strebulus Species 

The genus Strebulus elaborates cardiac glycosides, terpenoids, saponins, fatty acids, phytosterol, 

and lignans (Fiebig et al., 2004; Rawat et al., 2018; Ren et al., 2016). Strebulus asper is the only 

strebulus species that has been extensively phytochemically explored.  

The cytotoxic components extracted from methanol/dichloromethane stem bark extract of S. asper 

were identified as strebloside (90) and mansonine (91), with half-maximal inhibitory concentration 

0.035 and 0.042 µg/mL in keratin forming tumor cell culture, respectively (Ren et al., 2017; Singh 

et al., 2015). S. asper methanol extracts exhibited anti-parasitic activity against Setaria digitata 
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(Mathai & Devi, 1995). The essential oils extracted from the leaves of S. asper, -farnesene (92), 

phytol (93) and trans-farnesyl acetate (94) had considerable cytotoxicity with an ED50 of less than 

30 µg/mL against lymphocyte leukemia cells (Phutdhawong et al., 2004). 

 

6-Hydroxy-7-methoxycoumarin (95), ursolic acid (9), magnolol (96) and 9β-xylopyranosyl-

isolariciresinol (97) extracted from the heartwood and leaves of S. asper inhibited the hepatitis B 

virus with IC50 values of 29.60, 97.61, 2.03, and 6.58 µM, respectively (Li et al., 2012a; Tang et 

al., 2018). Because of the high phenolic content, the ethanol and aqueous extracts of S. asper leaves 

demonstrated anti-inflammatory and antioxidant properties (Ibrahim et al., 2013; Sripanidkulchai 

et al., 2009).  
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Glucopyranosylisoflavone (28) extracted from of S. asper heartwood showed antibacterial action 

against Candida albicans, B. subtilis, S. aureus and E. coli MIC ranging from 0.016 to 0.064 

µg/mL (Ji-Guo et al., 2012). Asperoside (98) and strebloside (90) obtained from S. asper stem 

bark displayed antifilarial action towards L. carinii (Rastogi et al., 2006). 

The heartwood of S. asper has been shown to contain lignans, magnolignan A-2-O-β-D-

glucopyranoside (99), magnaldehyde D (100), magnolignan A (101), strebluslignanol (102) and 

magnolol (96) are a few examples. Magnolignan A-2-O-β-D-glucopyranoside (99) and 

strebluslignanol (102) induced apoptosis in human liver and laryngeal cancer cell lines with IC50 

values ranging from of 10.1 to 46.4 µM. (Li et al., 2008). 

The extracts of S. asper stem yielded lignans and allylbenzene derivatives, including streblusol D 

(103), streblusol A (104), streblusol E (105), streblusquinone (106), erythrostreblusol B (107), 

threostreblusol B (108), streblusol C (109), magnolol (96) and, 9β-xylopyranosylisolariciresinol 

(97). Magnolol (96) demonstrated anti-HBV effect against both HBsAg (IC50, 2.03 µM) and 

HBeAg (IC50, 3.76 µM) against the hepatitis B virus (Li et al., 2012a).  
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Literature survey has revealed that the metabolites from the plants Mundulea, Tephrosia and 

Strebulus have a diversity of biological activities. The most prevalent activities being cytotoxicity 

against ovarian, leukemia, breast, prostate, colon, keratin, lung, liver, and laryngeal cancer cell 

lines. Antibacterial action against a variety of bacteria is also documented. Flavonoids have shown 

strong antibacterial and cytotoxic properties due to their numerous interactions with a variety of 

cellular targets (Dzoyem et al., 2018). Their antibacterial effect is because of their capability to 

hinder bacteria's DNA synthesis, metabolism and membrane development (Prasad et al., 2019). 

Antiplasmodial and antileishmanial activities of flavonoids against different strains of the parasites 

is also predominant. As a result, the antibacterial, antileishmanial, antiplasmodial, and cytotoxicity 

properties of isolated metabolites from the Mundulea, Tephrosia and Strebulus species, have been 

evaluated in this study. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Plant Materials 

The plant materials were collected as detailed in (Table 3.1). The plant materials were identified 

by Mr. Pactrick C. Mutiso of the University of Nairobi Herbarium, Department of Biology, where 

a voucher specimen was stored (Table 3.1) 

Table 3.1: Plant collection details 

Plant species Plant part Place collected Date  Voucher number 

Mundulea 

sericea 

Leaves and roots Coastal area July 2017 PCM-2017/23 

Strebulus 

usambarensis 

Stem and roots Gondoni forest July 2016 PCM-2016/008 

Tephrosia 

uniflora 

Stems  Emali-

Loitokitok road, 

Makueni County 

July 2016 PCM-2016/010 

 

3.2 General Experimental Procedure  

Q-TOF-LC/MS spectrometer at AB Lab, Gothenburg, Sweden was used to obtain HRESI-MS. A 

SHIMADZU UV-Vis spectrophotometer was used to obtain UV spectra. A Bruker-Avance-NEO 

500 MHz spectrometer was used to obtain NMR spectra. MestreNova (v14.0.0) software was used 

to process the spectra. Residual solvent signals were used as reference. TLC analyses were carried 

on Merck pre-coated silica gel 60 F254 aluminum plates. Preparative reversed-phase High 

Performance Liquid Chromatography experiments were performed on a Waters 600E system with 

Chromulan v. 0.88 (Pikron Ltd) software. Column chromatography was done on Sephadex LH-20 

(GE Healthcare) and silica gel 60 (230–400) mesh. 
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3.3 Extraction and Isolation of Secondary Metabolites 

3.3.1 Isolation of Secondary Metabolites from the Roots of Strebulus usambarensis 

Ground roots of Strebulus usambarensis (900 g) were extracted (4 x 1L) with CH2Cl2/MeOH (1:1) 

at room temperature to yield a crude extract (98.8 g) after concentration. The crude extract was 

adsorbed on silica gel, loaded onto a 500 g column, followed by elution with iso-hexane containing 

increasing amounts of EtOAc (1% to 80% v/v). According to their TLC profiles, the eluents were 

pooled into 21 fractions. Three fractions that were eluted with 3% EtOAc were washed separately 

with iso-hexane, giving compound 112 (14 mg) as white amorphous solid, compound 110 (25 mg) 

as white crystals, and compound 122 (19 mg) as colourless solids, respectively. Fraction that was 

eluted with 5% EtOAc was subjected to Prep-HPLC (methanol-water, gradient elution 5%-95% 

H2O) giving compound 117 (6 mg) as white solid. Fraction that was eluted with 8% EtOAc was 

further purified using preparative HPLC (methanol-water, gradient elution 5%-95% H2O) yielding 

compound 111 (8 mg) as a white paste and compound 115 (7 mg) as white amorphous solid. 

Fraction that was eluted with 15% EtOAc was purified using preparative HPLC (methanol-water, 

gradient elution 5%-95% H2O) to give compound 124 (10 mg) as white solid.  

 

3.3.2 Isolation of Secondary Metabolites from the Stems of Strebulus usambarensis 

Ground stems of Strebulus usambarensis (965 g) were extracted with CH2Cl2/MeOH (1:1) at room 

temperature. The crude extract (91.2 g) was partitioned between H2O and EtOAc. The EtOAc layer 

was concentrated on a rotary evaporator to give crude extract (45.0 g). The EtOAc extract was 

adsorbed on a silica gel, loaded onto a 500 g column, followed by elution with iso-hexane 

containing increasing amounts of EtOAc (1 to 99% v/v). The eluents were then pooled into 24 
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fractions. Fraction that was eluted with 5% ethyl acetate was subjected to CC over Sephadex 

(eluting with CH2Cl2/MeOH , 1:1) to yield compound 121 (17 mg) as colorless needles. Fractions 

that were eluted with 8% EtOAc were subjected to CC over Sephadex (CH2Cl2/MeOH, 1:1), 

followed by purification on Prep-HPLC (methanol-water, gradient elution 5%-90% H2O) giving 

compound 114 (21 mg) as white crystals and compound 116 (9 mg) as white solid. Fraction that 

was eluted with 8% EtOAc was subjected to Sephadex (CH2Cl2/MeOH, 1:1) and further 

purification on Prep-HPLC (methanol-water, gradient elution 5%-90% H2O) to provide 

compounds 120 (6 mg) as a white solid and 125 (9 mg) as a white solid. Fraction that was eluted 

with 10% EtOAc was subjected to CC over Sephadex (CH2Cl2/MeOH, 1:1) and further 

purification on Prep-HPLC (methanol-water, gradient elution 5%-90% H2O) to give compounds 

119 (6 mg) as a white paste and 123 (8 mg) as a white paste. Fraction that was eluted with 15% 

EtOAc was purified by preparative HPLC (methanol-water, gradient elution 5%-90% H2O) to give 

compound 113 (10 mg), and compound 118 (9 mg). 

 

3.3.3 Isolation of Secondary Metabolites from the Leaves of M. sericea 

Ground leaves of Mundulea sericea (835 g) were extracted with CH2Cl2/MeOH (1:1) at room 

temperature to yield a crude extract (113.8 g). The crude extract was adsorbed on silica gel, loaded 

onto a 500 g column. The column was eluted with n-hexane containing increasing amounts of 

EtOAc (1% to 80% v/v). The eluent was divided into 20 fractions. The fraction obtained from two-

percent ethyl acetate in n-C6H14 gave compound 127 (20 mg) as a white amorphous solid after 

further purification on a 50g column, and eluted with n-hexane containing increasing amounts of 

EtOAc (1% to 99% v/v). The fraction obtained from 3% EtOAc in n-hexane gave compound 70 

(16 mg) as a yellow paste after washing with n-hexane. The obtained from four-percent EtOAc in 
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n-hexane gave compound 63 (17 mg) as yellow crystals that were recrystallized from CH2Cl2/n-

hexane. The fraction eluted with 10% EtOAc in n-hexane gave compound 129 (22 mg) as a white 

amorphous solid after further purification on a silica gel (50 g) column, and eluted with n-hexane 

containing increasing amounts of EtOAc (1% to 99% v/v). The fraction eluted with 75% EtOAc 

in n-hexane provided compound 128 (10 mg) as yellow amorphous solid after further purification 

on a Sephadex (Methanol/ dichloromethane, 1:1) column. 

 

3.3.4 Isolation of Secondary Metabolites from the Roots of Mundulea sericea 

Ground roots of Mundulea sericea (965 g) were extracted (4 x 1 liters) with dichloromethane/ 

methanol (1:1) at room temperature to yield a crude extract (91.2 g) after concentration on a rotary 

evaporator. The crude extract was adsorbed on silica gel, loaded onto a 500 g column, followed 

by elution with n-hexane containing increasing amounts of EtOAc (1% to 99% v/v) and the eluents 

were pooled into 24 fractions. The fraction obtained from six % ethyl acetate in n-hexane gave 

compound 64 (30 mg) as colorless crystals after further purification on a 50 g column, and eluted 

with n-C6H14 containing increasing amounts of CH2Cl2 (1% to 99% v/v). The fraction obtained 

from six-percent ethyl acetate in n-hexane gave compound 130 (17 mg) as white solid after further 

purification on Preparative TLC eluting with n-hexane/EtOAc (7:3). The fraction from 8% ethyl 

acetate in n-hexane gave compound 131 (10 mg) as a white solid after further purification on PTLC 

with n-hexane/EtOAc (7:3). The fraction eluted with fifteen-percent ethyl acetate in n-hexane gave 

compound 132 (10 mg) as a white solid and compound 88 (10 mg) after further purification on 

PTLC with n-hexane/EtOAc (7:3). 
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3.3.5 Isolation of Compounds from the Stems of Tephrosia uniflora 

Ground stems of T. uniflora (500 g) were extracted with CH2Cl2/MeOH (1:1) at room temperature. 

The crude extract (60 g) was partitioned between water and ethyl acetate. The ethyl acetate layer 

was concentrated to yield a crude extract (30 g). The crude extract was adsorbed on silica gel, 

loaded onto a silica gel (300 g) column, and eluted with iso-hexane containing increasing amounts 

of EtOAc (1% to 99% v/v). According to their TLC profiles, the eluents were then pooled into 15 

fractions. Fraction obtained from 3% ethyl acetate was subjected to Prep-HPLC (methanol-water, 

gradient elution 5%-95% H2O) to yield compound 133 (20 mg) as a white amorphous solid. 

Fraction that was eluted with 3% EtOAc was subjected to Sephadex (methanol/dichloromethane, 

1:1), and further purification on Preparative TLC (iso-hexane/EtOAc (7:3) to yield compound 87 

(8 mg). Fraction obtained from five percent ethyl acetate was further purified on preparative HPLC 

(methanol-water, gradient elution 5%-95% H2O) to give compound 85 (10 mg) and compound 123 

(12 mg) as white solids. 

 

3.4 In vitro Antiplasmodial Assay 

The antimalarial reference drugs alongside pure compounds and crude extracts were tested for 

antiplasmodial activity against chloroquine resistant (W2) and chloroquine sensitive (3D7) clones 

using established protocol (Rama et al., 2015b; Smilkstein et al., 2004a) to raise fluorescence of 

stained nucleic acids and enhance assay sensitivity. Briefly, the components of the lysis buffer 

were adjusted and the amount of the SYBR Green stain increased as described by Cheruiyot et al. 

(2016) . 
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3.5 Antibacterial Assays 

The crude extracts and major compounds 87, 110, 111, 113, 114, 119,120 and 122 were assessed 

for antibacterial assay against E. coli and B. subtilis bacterial strains based on procedures described 

by Kalenga et al. (2021). Initially, each sample was dissolved in DMSO to constitute 10 mg/mL 

and subsequently kept at -20 °C.  

The culturing of bacterial strains followed the standard protocols described by Muller et al. (2004), 

with minor modifications. Briefly, bacterial cultures were allowed to grow in Mueller-Hinton broth 

for 24 hours to an optical density (O.D) = 0.5 (λ=540nm). A 10-fold dilution of the broth bacterial 

suspension was then performed. The samples were incorporated into the medium to constitute a 

concentration of 35 μg /mL. A100 μL portion of pre-warmed medium with the samples were 

introduced into a ninety-six micro plate well, incubated at 37 °C without shaking, for twenty –four 

hours. 

The resazurin assay for assessing viability was then performed as described by Sarker et al. (2007). 

Consequently, 10 μL of Alamar Blue staining solution was introduced per well continuously for 1 

h at a constant temperature of 37 °C. The fluorescence emitted by the viable cells was determined 

using POLARstar Omega (BMG Labtech, Cape Town, S.A) set at excitation λ=540 nm and 

emission filter λ=590 nm. As a positive control, a standard antibiotic, ampicillin, was used while 

DMSO was both utilized as a negative control solvent and in dissolving the test substances. The 

bleed-through between the wells was controlled by leaving an empty well in-between (thus 384-

well plates were considered for this purpose). These assays were performed in triplicates. 

Minimum Inhibitory Concentrations (MIC) and Effective Concentrations (EC) were determined 

using EC90 calculator webtool (AAT Bioquest, Inc) and the Quest Graph EC50.  
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3.6 Antileishmanial Assay 

Antileishmanial activity and anti-proliferative effect of compounds 88, 128 and 130 was evaluated 

against antimony-sensitive L. donovani (MHOM/IN/83/AG83) and antimony-resistant L. 

donovani (MHOM/IN/89/GE1) using established protocols (Dey et al., 2015).  

For AG83, promastigotes were generated from infected BALB/c mice's splenic intracellular 

amastigotes in a complete M199 medium (Invitrogen) supplemented with 1% penicillin-

streptomycin (Invitrogen) and 10% FCS (GIBCO) at 22oC. The MTT assay micro technique was 

used to calculate the percentage of inhibition (Dey et al., 2015; Dutta et al., 2005; Yousuf et al., 

2016). Briefly, the promastigotes cultures were cultured for forty-eight hours in a ninety-six well 

plate (200 µL per well, BD Falcon) in a complete M199 medium with or without (control) the 

selected compounds in increasing concentrations. An equal volume of DMSO was added in control 

experiments. After 48 hours of incubation, MTT (5 mg/mL, 20 µL per well) was applied to each 

well, and the plate was incubated for another 4 hours at 37oC. After stopping the reaction with 

acidified isopropanol (C3H8O) (0.4 mL of 10 N hydrochloric acid in 100 mL C3H8O, 100 L each 

well), the absorbance at 595 nm was measured. The plots of percent inhibition versus increasing 

concentrations were used to calculate the 50% inhibitory concentrations of the test samples. 

 

The cytotoxic effects of compounds 64, 88, 127, 128, 129 and 130 were also evaluated on RAW 

264.7 cells in comparison to the reference drug (Miltefosine). Nitric Oxide generation was assayed 

by using Griess reagent as described by Dutta et al. (2005) with minor modifications. Briefly, for 

the estimation of nitric oxide (NO) in RAW 264.7 cells, cells supernatants were collected and 

distributed (100 µL per well) in 96-well plates, and an equal volume of Griess reagent was added 

per well, incubated at 37oC for 15 minutes, and the absorbance at 540 nm was determined using 
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microplate reader (Green et al., 1990). For each compound, three or more independent trials were 

carried out in triplicate. All experiments were statistically analysed using one-way ANOVA, and 

a post hoc Holm-Sidak analysis using Sigma Plot software (version 11.0) (Yousuf et al., 2016).  

 

3.7 Cytotoxicity Assay 

3.7.1 Mundulea sericea  

The cell-lines A549, HepG2, and non-tumor cells (BEAS-2B and LO2) were all purchased from 

ATCC. Cells were cultured in Roswell Park Memorial Institute as described by Atilaw et al. 

(2017b) .  

The cytotoxicity of compounds 64, 88, 127, 128, 129 and 130 was evaluated against immortal 

human hepatocytes (LO2), human lung adenocarcinoma cell line (A549), lung/bronchus cell line 

(epithelial virus-transformed) (BEAS-2B), and human liver cancer cell line (HepG2). Before 

usage, all the samples were dissolved in dimethyl sulfoxide (50 mmol/L) and kept at -20°C. The 

MTT (5.0 mg/mL) assay was used to determine cytotoxicity, as previously described by Coghi et 

al. (2018). Briefly, 4, 000 cells were seeded in ninety-six-well plates per well and cultured 

overnight. For the next 72 hours, varied concentrations of selected compounds were added to the 

cells with dosage ranging from 0.039–100 µM/L. Subsequently, 10 µL of diphenyltetrazolium 

bromide solution was introduced per well and incubated at 37oC for four hours before addition of 

100 µL of SDS (10%)–HCl (0.01M) buffer and incubating overnight. Cells without selected 

compounds were used as controls. The absorbance of each well was then determined the next day 

using a wavelength of 570 nm. The following formula was used to compute the percentage of cell 

viability: 

Cell viability (%) =Absorbance treated/ Absorbance control ×100 
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The standard error was calculated from the data obtained from three replicate experiments. 

3.7.2 Strebulus usambarensis and Tephrosia uniflora 

The MCF-7 cells were used to evaluate the cytotoxic effect of compounds 87, 110, 111, 113, 114, 

119,120, 122 and crude extracts, following the protocol by Koudokpon et al. (2018). Briefly, the 

cells were cultured and kept in exponential growth in a modified medium, as described by 

Umereweneza et al. (2021).  

PrestoBlue was used to determine the cell viability (ThermoFisher) for a twenty-four-hour 

incubation period as per the manufacturer’s recommendations. The fluorescence from resorufin 

was determined and measured using POLARstar Omega (BMG Labtech, Cape Town, S.A) set at 

excitation λ=540 nm and emission filter λ=590 nm. Cell viability, EC90 and EC50 values for each 

compound were determined as described by Umereweneza et al. (2021).  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Strebulus usambarensis (Moraceae), and Mundulea sericea (Leguminosae) and Tephrosia uniflora 

(Leguminosae) were investigated for their phytochemicals. Some of the metabolites isolated from 

these plants were tested for their antiplasmodial, antileishmanial, antibacterial and cytotoxicity 

activities. In this chapter, the structural elucidation and biological activity of these compounds are 

discussed.  

A total of thirty-one compounds, including 13 new compounds, were isolated and characterized. 

These includes, three novel naphtho-benzofuran derivatives, [usambarins A (110), B (111), C 

(112)]. Seven novel naphthalene derivatives, [usambarins D (113), E (114), F (115), G (116), H 

(117), I (118) and M (126)], a novel phenyl-1-benzoxepin derivative (120), two novel flavans [119 

and 126], two coumarins [121 and 122], a rotenoid (123), and cinammic acid derivative (125) from 

Strebulus usambarensis. Three flavanonols [127- 129], two flavanols [64 and 130], an isoflavone 

(70), a rotenoid (63), two pterocarpans[131 and 132], and a sterol, stigmasterol (88) from 

Mundulea sericea. Two -hydroxydihydrochalcones [87 and 133], an isoflavone (81), and a 

rotenoid (89) from Tephrosia uniflora.  

 

4.1 Compounds isolated from the Roots and Stem of Streblus usambarensis  

Extraction and chromatographic separation of Streblus usambarensis roots resulted in the isolation 

of usambarin A (110), B (111), C (112), G (116), I (118), bergaptol (122), and ferulic acid (124). 

Similar investigation of the stem of this plant yielded, usambarin D (113), E (114), F(115), H 
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(117), J (119), L (125), and two flavans [119 and 126], phenyl-1-benzoxepin derivative (120), 

bergapten (121), and 12a-hydroxydeguelin (123). 

4.1.1 Usambarin A (110) 

Compound 110 was obtained as white crystals. It was given a molecular formula C23H22O4 from 

HREIMS [M+1] + peak m/z 363.1596 and NMR (Table 4.1). The UV (λmax 270, 310 nm), NMR 

data (Table 4.1), (Appendix 1A-1K) and X-ray diffraction data (Figure 4. 1) showed a presence of 

a naphtho[1,2-b]benzofuran skeleton (Adem, 2019). The NMR data further indicated the existence 

of two methoxy, a hydroxy, and a dimethylallyl substituents (Table 4.1). 

 

In the 1HNMR spectrum, ring D exhibits an AMX spin designation at δH 8.02 (d, J = 8.9 Hz, H-

3'), 7.60 (d, J = 2.6 Hz, H-6') and, 7.25 (dd, J = 8.9, 2.6 Hz, H-4'), with their carbons resonating at 

δC 130.3 (C-3'), 98.7 (C-6') and 117.9 (C-4'), requiring a substituent (methoxy) at C-5'. The location 

of the methoxy at C-5' (δC 157.3) of ring D was established by HMBC and NOESY experiments 

(Table 4.1). Ring C, contained ortho correlated protons appearing at δH 7.91 and δH 7.78 (d, J = 

8.4 Hz, H-1'/H-2') with corresponding carbon appearing at δC 116.1 (C-1') and 122.8 (C-2'). 

Ring B is trisubstituted with a hydroxy, a methoxy, and γ,γ-dimethylallyl groups, with the only 

aromatic proton appearing at δH 7.40 (s H-4, δC 103.9). Using HMBC correlation (Table 4.1); the 



 

48 

 

hydroxy (δH 9.37) group was placed at C-5 (δC 147.3) due to its correlation with C-4 and C-5; the 

γ,γ-dimethylallyl group was placed at C-7 (δC 118.9) due to the correlation of the signal at δH 3.71 

(H-1'') with C-6 and C-7; and the methoxy group was then placed at C-6 (δC 145.5). X-Ray 

crystallography was used to confirm the structure of this compound (Figure 4. 1). Therefore, 

compound 110 was characterized as 6,6'-dimethoxy-7-prenylnaphtho[1,2-b]benzofuran-5-ol, 

which is a new compound, and named usambarin A.  

Table 4.1: NMR data for usambarin A (110) in DMSO-d6 

No 1H NMR (δH) (J 

in Hz) 

13C NMR 

(δC) 

HMBC (H→C) NOESY TOCSY 

2 - 150.7 - - - 

3 - 119.8 - - - 

3a - 119.3 - - - 

4 7.40 s 103.9 C-3a,C-5, C-6  5-OH - 

5 - 147.3 - - - 

6 - 145.5 - - - 

7a - 147.8 - - - 

7 - 118.9 - - - 

1' 7.91 d (8.4) 116.1 C-2, C-3a, C-2', C-2'a,  - - 

2' 7.78 m 122.8 C-2 C-3, C-1',, C-2'a, C-

3',  C-6'a 

- - 

2'a - 127.3 - - - 

3' 8.02 d (8.9) 130.3 C-2', C-2'a,C-5', C-6'a - H-4' 

4' 7.25 dd (8.9, 2.6) 117.9 C-2'a,C-5', C-6' 5'-OMe H-3' 

5' - 157.3 - - - 

6' 7.60 d (2.6) 98.7 C-2, C-2'a, C-4', C-5' H-4'', 5'-

OMe 

- 

6'a - 121.6 - - - 

1'' 3.71d (7.5) 22.8 C-6, C-7, C-7a, C-2'', C-

3'' 

H-4'', H-2'' - 

2'' 5.37 m 122.1 C-1'', C-4'', C-5'' 5'', 1'' - 

3'' - 131.5 - - - 

4'' 1.97 m 17.1 C-2'', C-5''  H-1'', H-6' - 

5'' 1.71 d (1.6) 24.9 C-2'', C-4'' H-2’’ - 

5-OH 9.37 s - C-4,C-5, C-6 6-Ome, H-

4 

- 

5'OMe 3.99 s 54.7 C-5' H-4', H-6' - 

6-OMe 3.85 s 59.9 C-6 5-OH - 
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Figure 4. 1: X-ray single crystal structure of compound 110 

4.1.2 Usambarin B (111) 

Compound 111 was obtained as a white solid. It was given a molecular formula C23H22O4 from 

HREIMS ([M+1] + peak m/z 349.1440), NMR (Table 4.2) and (Appendix 2A-2H). The NMR 

spectra data (Table 4.2), as in compound 110 showed a presence of a naphtho[1,2-b]benzofuran 

skeleton (Adem, 2019).  

 

Ring D in compound 111 is identical to that of compound 110, with an AMX spin system at δH 

7.84 (d, J = 8.8 Hz, H-3'), 7.59 (d, J = 2.4 Hz, H-6') and, 7.10 (dd, J = 8.8, 2.5 Hz, H-4'), with the 
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corresponding carbons resonating at δC 131.3 (C-3'), 118.8 (C-4') and 103.2 (C-6'). A comparison 

of compound 111 spectroscopic data with compound 110, showed that, the only difference 

between the two compounds is that the methoxy group in ring D of 110 is replaced with a hydroxy 

substituent at C-5' (δC 157.2) in this compound. Ring C is also identical to that of compound 110. 

The NMR spectra revealed ortho (J = 8.5 Hz) protons at δH 7.63 (H-2') and δH 7.68 (H-1') with 

their carbons resonating at δC 123.9 (C-2') and δC 116.0(C-1').  

Ring B in compound 111 is identical to that of compound 110. It is also trisubstituted with a γ,γ-

dimethylallyl moiety at C-7 (δC 120.6), methoxy at C-6 (δC 146.7), hydroxy at C-5 (δC 148.3) and, 

aromatic siglet at δH 7.29 (H-4, δC 104.4). The placement of the substituents was confirmed through 

HMBC experiments (Table 4.2). The prenyl substituent was located to C-7 (δC 120.6), [δH 3.75 

(H-1'') associated with C-6 and C-7] and methoxy substituent was assigned to C-6 (δC 145.5) from 

its down-field chemical shift value (C 61.6), being typical of di-ortho substituted. Therefore, 

compound 111 was characterized as 6-methoxy-7-prenylnaphtho[1,2-b]benzofuran-5,6'-diol, a 

new compound and named usambarin B. 

Table 4.2: NMR data for Usambarin B (111) in CD3OD 

No 1H NMR (δH) 

 (J in Hz) 

13C NMR 

(δC) 

HMBC 

(H→C) 

COSY NOESY TOCSY 

2 - 152.7 - - - - 

3 - 124.0 - - - - 

3a - 121.1 - - - - 

4 7.29 s 104.4 C-5, C-3a, C-

6,  

- - - 

5 - 148.3 - - - - 

6 - 146.7 - - - - 

7a - 150.0 - - - - 

7 - 120.6 - - - - 

       

1' 7.68 d (8.4) 116.0 C-2, C-2'a, C-

6'a 

- - - 
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2' 7.63 d (8.5)  123.9 C-3,C-2'a, C-

3a C-3',  

- - - 

2'a - 128.8 - - - - 

3' 7.84 d (8.8)  131.3 C-2', C-5'  H-4' H-4' H-4',H-6' 

4' 7.10 dd (8.8, 

2.5) 

118.8 C-2'a, C-6' H-3' H-3' H-3', H-6' 

5' - 157.2 - - - - 

6' 7.59 d (2.4) 103.2 C-4' - - H-3', H-4' 

6'a - 121.6 - - - - 

1'' 3.75 d (7.4) 24.6 C-6, C-7, C-

7a, C-2'', C-3'' 

H-2'' - H-2'', H-4'', 

H-5'' 

2'' 5.44 ddp 

(7.4,5.9,1.4) 

123.4 - H-1'', 

H-5'' 

- H-1'' 

3'' - 133.1 - - - - 

4'' 1.77 25.9 C-3', C-2'', C-

5'' 

- - H-1'' 

5'' 1.99 d (1.4 ) 18.2 C-2'', C-3'', C-

4'' 

H-2'' - H-1'' 

6-OMe 3.89 s 61.6 C-6 - - - 

 

 

4.1.3 Usambarin C (112) 

Compound 112 was isolated as a white amorphous solid. Its molecular formula C23H22O4, was 

determined based on HREIMS that showed [M+1] + peak at m/z 347.1283, NMR data (Table 4.3) 

and (Appendix 3A-3H). The UV (λmax 270, 310 nm), and NMR spectra data (Table 4.3) showed a 

presence of a naphtho[1,2-b]benzofuran skeleton (Adem, 2019).  

 

Ring D in compound 112 is identical to that of compound 110, with an AMX spin designation at 

δH 7.85 (d, J = 8.9 Hz, H-3'), 7.67 (br s, H-6') and 7.16 (dd, J = 9.0 Hz, 2.6 Hz, H-4') and their 
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corresponding carbon resonated at δC 118.2 (C-4'), 130.2 (C-3') and 99.1 (C-6'). The only 

substituent in this ring is a methoxy group and was placed at C-5' (δC 158.3), established based on 

HMBC and NOESYdata (Table 4.3). Ring C is also identical to that of compound 110, with a pair 

of ortho correlated (J = 8.3 Hz) protons at δH 7.73 (H-1') and δH 7.64 (H-2') with corresponding 

carbon appearing at δC 115.8 (C-1') and 123.0 (C-2'). 

The only difference between compounds 110 and 112 is in the nature of ring B, where in compound 

112 it is substituted with a hydroxy group and a 2,2-dimethylpyrano ring. The singlet proton at δH 

7.36 was assigned to H-4 (δC 104.6 for C-4). HMBC correlation verified the hydroxy group's 

placement at C-5 (C 138.7), where the signal at δH 5.45 (5-OH) corresponded to C-4 and C-5. 

Also, HMBC experiments of δH 7.06 (H-4'') to C-7 (δC 106.8) and C-6 (δC 141.7) established the 

location of the pyran ring to C6/C-7. Hence, compound (112) was identified as 5'-methoxy-2',2'-

dimethyl-3H-naphtho[2',1':4,5]furo[2,3-f]chromen-5-ol, and named usambarin C. 

Table 4.3: NMR data for usambarin C (112) in CDCl3  

No 1H NMR (δH) (J in 

Hz) 

13C NMR 

(δC) 

HMBC (H→C) COSY 

2 - 151.6 - - 

3 - 127.8 - - 

3a - 120.5 - - 

4 7.36 s 104.6 C-3a, C-5, C-6, C-7, C-7a - 

5 - 138.7 - - 

6 - 141.7 - - 

7 - 106.8 - - 

7a - 146.1 - - 

1' 7.73 d (8.3) 115.8 C-2, C-3, C-3a, C-6a,  - 

2' 7.64 d (8.3) 123.0 C-3, C-3a, C-3' - 

2'a - 117.8 - - 

3' 7.85 d (8.9) 130.2 C-2, C-3, C-2', C-5', C-6' H-4' 

4' 7.16 dd (9.0, 2.6) 118.2 C-5', C-6' H-3' 

5' - 158.3 - - 

6' 7.67 s 99.1 C-2, C-6a, C-3', C-5' - 

6'a - 122.4 - - 

2'' - 78.0 - - 
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3'' 5.81 d (9.9) 130.8 C-5, C-7, C-2'', C-2''-Me, C-4'' - 

4'' 7.06 d (9.8) 116.7 C-5, C-6, C-7, C-7a, C-2'', C-2''-

Me 

- 

2'-'Me2 1.56 d (2.0) 27.9 C-3'', C-4'' - 

5-

OMe 

4.03 s 55.7 - - 

5-OH 5.45 s - C-4, C-5, C-6 - 

 

4.1.4 Usambarin D (113) 

Compound 113 was isolated as white crystals. It was given a molecular formula of C23H22O4 from 

HREIMS which showed ([M+1] + peak at m/z 319.1334. The UV (λmax 230, 255 nm), NMR data 

(Table 4.4) and (Appendix 4A-4I) suggested the presence of a naphthol-phenol C-C-linked biaryl 

skeleton, which was confirmed by X-ray diffraction data (Figure 4. 2).  

 

In the naphthol moiety, the NMR data, showed an AMX spin pattern for protons of ring A at δH 

7.78 (dd, J = 8.5, 3.4 Hz, H-1; δC 129.7 for C-1), 7.16 (d, J = 2.5 Hz, H-4; δC 109.7 for C-4) and 

7.10 (dd, J = 8.5, 1.8 Hz, H-2; δC 117.9 for C-2) and a hydroxy substituent at C-3 (δC 153.9). Ring 

B also showed an AXY spin system at δH 7.78 (dd, J =8.5, 3.4 Hz, H-8), 7.59 (br s, H-5) and 7.31 

(dd, J = 8.5, 1.8 Hz, H-7),) with corresponding carbon resonating at δC 127.6 (C-8), 126.2 (C-7) 

and 126.8 (C-5), with C-6 being linked to the phenol moiety (ring C).  

Ring C, contained ortho correlated (J = 8.3 Hz) protons appearing δH 6.87 (H-2') and δH 6.89 (H-

3'), which otherwise is substituted with a hydroxy substituent and a 2,2-dimethylpyrano ring. The 
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hydroxy group (δH 5.50) was located to C-4' (δC 144.2) [established through HMBC correlation 

(Table 4.4) of 4'-OH (δH 5.50) to C-2', C-3', C-4' and C-5'], and the pyran ring at C5'/C-6' [due to 

the HMBC cross peak of H-4'' (δH 6.40) to C-5' (δC 139.6) and C-6' (δC 119.2)]. Single crystal X-

ray crystallographic analysis validated the structure (Figure 4. 2). Therefore, the new compound 4 

was identified as 3'-(3-hydroxynaphthalen-7-yl)-2'',2''-dimethyl-2''H-chromen-8-ol and named 

usambarin D. 

Table 4.4: NMR data for usambarinD (113) in CDCl3  

No 1H NMR (δH) (J 

in Hz) 

13C NMR 

(δC) 

HMBC COSY NOESY TOCSY 

1 7.78 dd (8.5, 3.4) 129.7  C-3, C-4, C-8a, 

C-8 

H-2 - H-2, H-4 

2 7.11 dd (8.5, 1.8) 117.9 C-1, C-4 H-1 - H-1 

3 - 153.9 - - - - 

4 7.16 d (2.5) 109.7 C-1, C-2, C-3, C-5 - - H-1 

4a - 134.6 - - - - 

5 7.59 (s) 126.8 C-4, C-7, C-4a, C-

1' 

H-8 H-7 H-7, H-8 

6 - 138.1 - - - - 

7 7.30 dd (8.5, 1.8) 126.2 C-5, C-1' H-8 H-5 H-5, H-8 

8 7.78 d (8.5, 3.4) 127.6 C-1, C-6, C-8a H-7, H-

5 

- H-7, H-5 

8a - 127.9 - - - - 

1' - 131.5 - - - - 

2' 6.87 d (8.3) 114.6 C-6, C-4', C-6' - - - 

3' 6.90 d (8.3) 122.4 C-1', C-4', C-5' - - - 

4' - 144.2 - - - - 

5' - 139.6 - - - - 

6' - 119.2 - - - - 

2'' - 76.5 - - - - 

3'' 5.61 d (10.1) 130.5 C-6', C-2'', C-

2''Me, 

H-4'' 2''Me, H-

4'' 

H-4'' 

4'' 6.40 d (10.1) 121.1 C-1', C-5', C-6', C-

2'', C-3'' 

H-3'' H-3'' H-3'' 

2''Me 1.52 s 27.9 C-2''Me, C-2'',C -

3'' 

- H-3'' - 

2''Me2 1.52 s 27.9 - - - - 

3-OH 5.13 - C-2, C-3, C-4 - - - 

4'-OH 5.55 s - C-2',C-4', C-5' - - - 
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Figure 4. 2: X-ray single crystal structure of compound 113 

 

4.1.5 Usambarin E (114) 

Compound 114 was isolated as a white solid. It was assigned a molecular formula of C23H22O4 

based on HREIMS data which showed an [M+1] + peak at m/z 321.1491 and (Table 4.4). The UV 

(λmax 234, 262sh, 290 sh nm), NMR data (Table 4.4) and (Appendix 5A-5I) suggested a naphthol-

phenol C-C-linked biaryl skeleton for compound 114.  
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Ring A in compound 114 is identical to that of compound 113, with an ABX spin designation 

appearing at δH 7.14 (d, J = 2.6 Hz, H-4; δC 109.7 for C-4), 7.76 (d, J = 8.2 Hz, H-1; δC 129.8 for 

C-1), and 7.10 (dd, J = 8.2, 2.6 Hz, H-2; δC 117.8 for C-2), and a hydroxy substituent which was 

placed at C-3 (δC 153.8). Ring B is also identical to that of compound 113, with an AXY spin 

system at δH 7.55 (s, H-5), 7.76 (dd, J = 8.6, 3.0 Hz, H-8) and 7.24 (d, J = 1.8 Hz, H-7), with their 

carbons resonating at δC 126.8 (C-5), 126.2 (C-6) and 127.5 (C-8). 

In Ring C, the NMR data revealed the presence of ortho correlated (J = 8.2 Hz) signals appearing 

at δH 6.83 and δH 686 for H-2' and H of-3', having identical substitution pattern as in compound 

113. The only difference between compounds 114 and 113 is in ring C, whereby the 2,2-

dimethylpyrano ring in compound 113 is now replaced with a γ,γ-dimethylallyl moiety. This 

substitution also accounts for the existence of two hydroxy substituents in ring C of compound 

114. The position of prenyl substituent at position C-6' (δC 125.4) was supported by HMBC 

experiments [δH 3.36 (H-1'') to C-5' and C-6']. The chemical shift values of the oxygenated carbon 

atoms in this ring fit with the placements of the two hydroxy groups at C-5' (δC 144.4) and C-4' 

(δC 142.0). Therefore, compound 114 was identified as 3'-(3-hydroxynaphthalen-7-yl)-6'-

prenylbenzene-1,2-diol, named usambarin E, which is a new compound. 

Table 4.4: NMR data for usambarin E (114) in CDCl3 

No 1H NMR (δH) 

(J in Hz) 

13C NMR 

(δC) 

HMBC COSY NOESY TOCSY 

1 7.76 dd (8.6, 

3.0 ) 

129.8 C-3, C-8a, C-

8 

H-2 - H-2 

2 7.10 dd (8.8, 

2.6) 

117.8  C-4 H-1 - H-1 

3 - 153.8 - - - - 

4 7.14 d (2.6) 109.7 C-2, C-3, C-

4a, C-5 

- - - 

4a - 127.8 - - - - 
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5 7.55 s 126.8 C-4, C-4a, C-

6, C-7  

- H-1'', H-7 H-7, H-8 

6 - 134.6 - - - - 

7 7.24 d (1.8) 126.2 C-8, C-1' H-8 H-1'', H-5, H-8 H-5, H-8 

8a - 139.9 - - - - 

8 7.76 dd (8.6, 

3.0 ) 

127.5 C-1, C-8a, C-

6 

H-7 H-7 H-5, H-7 

1' - 134.9 - - - - 

2' 6.86 d (8.2) 112.9 C-4', C-6' - - - 

3' 6.83 d (8.2) 122.8 C-1', C-5' - - - 

4' - 144.0 - - - - 

5' - 142.4 - - - - 

6' - 125.4 - - - - 

1'' 3.36 d (6.8) 27.7 C-5', C-6', C-

2'', C-3''  

H-2'' H-7, H-5, H-2'', 

H-5'', 5'-OH 

H-2'', H-5'' 

2'' 5.29 m 122.2 C-4'', C-5'' H-1'' H-1'', H-5''  H-1'', H-4'', 

H-5'' 

3'' - 135.7 - - - - 

4'' 1.68 s 25.9 C-2'', C-3'' - - H-2'' 

5'' 1.76 s 18.1 C-2'', C-3'' - H-1'', H-2'' H-1'', H-2'' 

3-

OH 

5.00 s - C-2, C-3, C-4 - - - 

4'-

OH 

5.43 s - C-2', C-5', C-

4' 

- - - 

5'-

OH 

5.55 s - C-4', C-5', C-

6' 

- H-1'' - 

 

4.1.6 Usambarin F (115) 

Compound 115 was isolated as a white solid. It was assigned a molecular formula C23H22O4 from 

HREIMS [M+1] + peak at m/z 335.1647. The UV (λmax 234 nm), NMR data (Table 4.5), and 

(Appendix 6A-6I) showed the presence of a naphthol-phenol C-C-linked biaryl skeleton as in 

compounds 113 and 114.  
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 Ring A in compound 115, is identical to that of compound 114, with an AXY spin system at δH 

7.12 (d, J = 2.5 Hz, H-4; δC 129.7 for C-4), 7.10 (dd, J = 8.7 Hz, 2.5, H-2; δC 117.7 for C-2) and 

7.78 (d, J =3.5 Hz, H-1; δC 109.7 for C-1) and a hydroxy substituent which was placed to C-3 (δC 

153.7). Ring B is also similar to that of compound 114, the NMR data showed an AXY spin system 

at δH 7.77 (d, J=8.5, H-8), 7.25 (m, H-7) and 7.55 (s, H-5) with corresponding carbon resonating 

at δC 126.9 (C-5), 126.2 (C-6) and 127.2 (C-8). 

In Ring C, the NMR data revealed ortho correlated (J = 8.3 Hz) signals appearing δH 6.97 and 6.90 

for H-2' and 3'. The only difference between compounds 115 and 114 is in Ring C, the hydroxy 

substituent at C-5' in compound 114 is now replaced with a methoxy substituent. The 13C NMR 

chemical shift value of the methoxy (C 61.4) is deshielded, typical of di-ortho substituted and is 

consistent with it being at C-5' rather than C-3 or C-4’. Similar to compound 114, the HMBC 

spectrum, which showed correlation of H2-1'' (δH 3.33) to C-6' (δC 133.3) and C-5' (δC 145.6), 

supported the location of the prenyl substituent at C-6'. Hence, the new compound (115) was 

identified as 7-(4'-hydroxy-5'-methoxy-6'-prenylphenyl)naphthalen-3-ol, and named usambarin F. 

Table 4.5: NMR data for usambarin F (115) in CDCl3 

No 1H NMR (δH) 

(J in Hz) 

13C NMR 

(δC) 

HMBC COSY NOESY TOCSY 

1 7.78 dd (8.5, 

7.4) 

129.7 C-3, C-8, C-8a H-2 H-2 H-2, H-4 
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2 7.10 dd (8.7, 

2.6 

117.7 C-3, C-4 H-1 H-1 H-1 

3 - 153.8 - - - - 

4 7.12 d (2.5) 109.7 C-2, C-3, C-4a - - H-1 

4a - 127.8 - - - - 

5 7.55 m 126.9 C-4, C-4a, C-7, 

C-1' 

H-7 - H-8 

6 - 139.9 - - - - 

7 7.25 m 126.2 C-8, C-1' H-5, H-8 - H-8 

8 7.78 d (8.5, 

7.4) 

127.4a C-1, C-7 H-7 - H-5, H-7 

8a - 134.6 - - - - 

1' - 135.7 - - - - 

2' 6.97 d (8.3) 126.9aa C-6, C-4', C-6', - - H-2' 

3' 6.90 d (8.2) 113.3 C-1', C-4', C-5',  - - H-5' 

4' - 148.5 - - - - 

5' - 145.6 - - - - 

6' - 133.3 - - - - 

1'' 3.33 dt (6.6,1.3 

) 

26.9 C-1', C-5', C-6', 

C-2'', C-3'' 

H-2'', H-4'', 

H-5'' 

H-2'', 

H-5, H-

5'' 

H-2''  

2'' 5.08 m 123.5 C-4'', C-5'' H-1'', H-4'', 

H-5'' 

H-4'' H-1'' 

3'' - 131.5 - - - - 

4'' 1.58 d (1.4) 25.8 C-2'', C-3'', C-5'' H-1'', H-2'' H-2''  

5'' 1.35 d (1.4) 17.8 C-2'', C-3'', C-4''  H-1'', H-2'' - f 

3-OH 5.58 s - - - - - 

4'-OH 5.30 s - - - - - 

5'-

OMe 

3.86 s 61.4 C-5'  - - 

 

4.1.7 Usambarin G (116) 

Compound 116 was obtained as a white solid. It was given a molecular formula C22H22O3 from 

HREIMS analysis which showed [M+1] + ion at m/z 335.1647, NMR data (Table 4. 6), and 

(Appendix 7A-7H). The NMR data (Table 4. 6) suggested the evidence of a naphthol-phenol C-

C-linked biaryl skeleton as in compound 116.  
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In Ring A, the NMR data revealed ortho correlated (J = 8.9 Hz) protons appearing δH 7.73 and 

7.26 for H-1 and H-2, respectively, with the corresponding carbons resonating at δC 127.1 (C-1) 

and 113.8 (C-2). Ring A is otherwise disubstituted with a methoxy and prenyl groups (Table 4. 6). 

The methoxy substituent was positioned at C-3 (δC 154.6) using HMBC correlation of its protons 

to C-3. The HMBC experiments also supported the placement of the prenyl substituent at C-4 (δC 

128.5) where CH2-1'' (δH 3.83) correlated to C-3 (δC 154.6), C-4 (δC 133.7), and C-4a (δC 133.4). 

Ring B in compound 116 is similar to that of compound 114, where the NMR data displayed an 

AMX spin pattern at δH 7.81 (d, J = 8.9 Hz, H-5), 8.04 (d, J = 2.0, H-8) and 7.52 (dd, J = 8.5, 1.8 

Hz, H-6) with corresponding carbon atoms resonating at δC 121.4 (C-5), 123.0 (C-6) and 129.1 

(C-8). In ring C, the aromatic protons displayed an ABX spin pattern at δH 7.25 (m, H-2'), and 7.17 

(dd, J = 8.2, 2.1, Hz, H-6') 6.98 (d, J = 8.2 Hz, H-3'). Their corresponding carbons resonated at δC 

114.8 (C-2'), 115.9 (C-3') and 120.5 (C-6'), allowing two hydroxy substituents to be positioned at 

C-5' (δC 143.2) and C-4' (δC 143.9), as in the other related compounds of this plant. Therefore, this 

new compound (116) was characterized as 4-(6-methoxy-5-prenylnaphthalen-2-yl)benzene-1,2-

diol, and was named as usambarin G. 

Table 4. 6: NMR data for Usambarin G (116) in CDCl3 

No δH 

(Multiplicity, J) 

δC HMBC COSY TOCSY 
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1 7.72 d (8.9) 127.4 C-3, C-8a, C-8 H-2 H-2 

2 7.25 m 113.8 C-3, C-4, C-2'' H-1 H-1 

3 - 154.7 - - - 

4 - 128.5 - - - 

4a - 133.4 - - - 

5 8.04 s 121.4 C-4, C-6, C-7 H-6 H-8 

6 - 135.5 - - - 

7 7.52 dd (8.5, 1.8) 123.0 C-5, C-7, C-8 H-5, H-8 H-8 

8 7.81 d (8.5 ) 129.1 C-1, C-8a, C-1' - H-5, H-6 

8a - 133.4 - - - 

1' - 138.3 - - - 

2' 6.98 d (8.2 ) 115.9 C-6, C-4' - H-6' 

3' 7.17 dd, (8.2, 

2.1) 

120.4 C-1', C-5', C-6' - H-3' 

4' - 143.9 - - - 

5' - 143.2 - - - 

6' 7.25 m 114.8 C-1', C-3', C-5' - - 

1'' 3.83 d (6.8) 24.3 C-3, C-2'', C-3'' - - 

2'' 5.23 m 123.5 C-4'', C-5'' - - 

3'' - 131.6 - - - 

4'' 1.91 d (1.3) 18.3 C-2'', C-3'' - - 

5'' 1.69 d (1.3) 25.9 C-2'', C-3'' - - 

3-OMe 3.95 s 57.0 - - - 

4'-OH 5.25 m - C-2', C-4' - - 

5'-OH 5.21 m - C-5,' C-6' - - 

 

4.1.8 Usambarin H (117) 

Compound 117 was obtained as a white solid. Its molecular formula C23H22O4 was determined 

using HREIMS ([M+1] + at m/z 389.2117), NMR data (Table 4.7), and (Appendix 8A-8H) The 

NMR data (Table 4.7) suggested the evidence of a naphthol-phenol C-C-linked biaryl skeleton.  
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Ring A in compound 117, is identical to that of compound 114 that was evident from the AXY 

spin system appearing at δH 7.79 (d, J = 8.5 Hz, H-1; δC 129.8 for C-1), 7.10 (d, J = 2.0 Hz, H-4; 

δc126.5 for C-4), and7.13 (d, J = 9.5, Hz, H-2; δC 117.7 for C-2), with a hydroxy substituent placed 

at C-3 (δC 153.6). Ring B also showed an AMX spin pattern at δH 7.77 (d, J = 2.3 Hz, H-8; δC 

127.7 for C-8) 7.45 (d, J = 1.6 Hz, H-5; δC 127.2 for C-5), and 7.11 (d, J = 5.8 Hz, 1H, H-6; δC 

109.6 for C-6).  

In Ring C, the NMR data revealed a singlet at δH 6.75 (H-2'), having a 2,2-dimethyldihydropyrano 

moiety, a γ,γ-dimethylallyl moiety and a hydroxy substituent at C-4' (δC 144.5). The prenyl 

substituent was placed at C-3' (δC 131.3) using the HMBC association of H-1'' (δH 2.96 to C-2' (δC 

112.4), C-4'(δC 144.5) and C-3' (δC 131.3). This leaves the dihydropyran ring to be placed at C5'/C-

6' which was established through HMBC association of H-4''' (δH 1.33) to C-5' and C-6'. Therefore, 

compound 117 was characterized as 5-(6-hydroxynaphthalen-2-yl)-2,2-dimethyl-7-

prenylchroman-8-ol, which again is a new compound and named as usambarin H. 

Table 4.7: NMR data for Usambarin H (117) in CDCl3 

No δ H (Multiplicity, 

J) 

δ C HMBC COSY NOESY TOCSY 

1 7.78 dd (8.5, 2.3) 129.8 C-3, C-8, C-8a,  H-2, H-4 H-2 H-2, H-4 

2 7.13 d (9.5) 117.7 C-3 H-1 H-1 H-1 

3 - 153.7 - - - - 

4 7.10 d (2.0) 109.6 C-2, C-3 H-1 - H-1 

4a - 127.9 - - - - 

5 7.45 d (1.6) 127.2 C-4, C-4a, C-7, C-1' H-6 H-6 H-6, H-8 

6 - 138.5 - - - - 

7 7.11 d (5.8) 126.5 C-8, C-1' H-5 H-5 H-5, H-8 

8 7.78 dd (8.5, 2.3) 127.7 C-1, C-7, C-8a - - H-5, H-8 

8a - 134.8 - - - - 

1' - 132.6 - - - - 

2' 6.75 s 112.4 C-1', C-4', C-5', C-1'' - - - 

3' - 131.3 - - - - 

4' - 144.5 - - - - 

5' - 139.0 - - - - 
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6' - 119.7 - - - - 

1'' 2.96 d (7.4) 32.0 C-2', C-3', C-2'', C-3'' H-2'' - H-2'', H-

5'' 

2'' 5.12 m 123.9 - H-1'', H-

5'' 

- H-1'' 

3'' - 131.6 - - - - 

4'' 1.33 s 17.7 C-3'', C-5'' - - - 

5'' 1.62 d (1.6) 25.9 C-2'', C-3'', C-4'' H-2'' - H-1'' 

2''' - 74.8 - - - - 

3''' 1.68 t (6.8) 33.2 C-6', C-2''', C-4''', C-

2'''Me,  

H-4''' - - 

4''' 2.32 m 21.9 C-1', C-5', C-6', C-

2''', C-3''' 

H-3''' - - 

2'''Me2 1.34 s 27.0 C-2''', C-3''' - - - 

2'''Me 1.34 s 27.0 C-2''' - - - 

3-OH 4.94 s - - - - - 

4'-OH 5.60 s - C-2', C-4', C-5'  - - - 

 

4.1.9 Usambarin I (118) 

Compound 118 was obtained as a white solid. It was given a molecular formula of C21H18O3 from 

EIMS, [M+1] + at m/z 334.37, and NMR (Table 4.8), and (Appendix 9A-9E). The NMR data 

further provided the evidence of a naphthol-phenol C-C-linked biaryl skeleton.  

 

 

Ring A in compound 118 is identical to that of compound 115. It had an AMX spin pattern 

appearing at δH 7.78 (d, J = 8.7 Hz, H-1; δC 129.8 for C-1), 7.23 (dd, J = 8.3 Hz, 1.8, H-2; δC 117.7 

for C-2), 7.13 (d, J = 1.8, H-4; δC 127.5 for C-4) with the hydroxy group at C-3 (δC 154.1) as in the 
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other related compounds of this plant. Ring B is also identical to that of compound 115, as shown 

by the NMR data (Table 4.8) that revealed an ABX spin designation at δH 7.56 (s, H-5; δC 127.2 

for C-5), 7.55 (d, J = 8.7 Hz, H-8; δC 127.7 for C-8), and 7.14 (d, J = 8.7 Hz, H-7; δC 118.3 for C-

7). 

In Ring C, NMR data revealed ortho correlated protons (J = 8.2 Hz) signals appearing at δH 7.15 

and 7.08, for H-2' and H-3'), which requires substituents at C-5', C-4' and C-6'. The NMR spectra 

(Table 4.8) showed the substituents to be a hydroxy, a methoxy and a modified prenyl group, a 

but-3-en-2-one. In fact, the only difference between compounds 115 and 118 is in ring C, where 

the prenyl substituents at C-6' in compound 115 is now replaced with a but-3-en-2-one group. 

Similarly with compound 118, HMBC correlation supported the placement of this moiety at C-6' 

(δC 128.0) [δH 7.42 (H-1'') correlated to C-1', C-5' and C-6']. Therefore, compound 118 was 

characterized as 4-(3-hydroxy-6-(6-hydroxynaphthalen-2-yl)-2-methoxyphenyl) but-3-en-2-one, 

which again is a new compound, and named Usambarin I. 

Table 4.8: NMR data for C usambarin I (118) in CDCl3 

No δ H (Multiplicity, J) δ C HMBC 

1 7.78 d (8.7) 129.8 C-3, C-8, C-8a 

2 7.23 dd (8.3, 1.8) 117.7 C-4 

3 - 154.1 - 

4 7.13 m  127.5 C-2, C-3 

4a - 129.8 - 

5 7.56 d (1.6) 127.2 C-6, C-8,  

6 - 138.4 - 

7 7.14 m  118.3 C-6, C-8 

8 7.77 d (1.6) 127.7 C-1, C-6, C-8a 

8a - 134.6 - 

1' - 136.5 - 

2' 7.15 m 109.7 C-4' 

3' 7.08 d (8.3) 117.0 - 

4' - 148.9 - 

5' - 146.2 - 

6' - 128.0 - 
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1'' 7.42 d (16.6) 139.0 C-1', C-5', C-2'', C-3'' 

2'' 6.86 d (16.6) 132.4 C-3'' 

3'' - 199.4 - 

4'' 2.14 s 27.2 C-2'',C-3'' 

3-OH 5.06 s - C-2, C-3, C-6 

4'-OH 5.82 s - C-3', C-4', C-5' 

5'-OMe 3.76 s 60.8 C-5' 

 

4.1.10 Usambarin J (119) 

Compound 119 was obtained as a white solid. It was given a molecular formula of C16H14O4 from 

HREIMS, [M+1] + at m/z 271.0970, NMR (Table 4.9), and (Appendix 10A-10H). The UV (λmax 

234 nm), and NMR (Table 4.9) data suggested the evidence of a flavan-2-ene skeleton. Thus, the 

ring C protons appearing at δH 6.35 (d, J = 1.0 Hz, 1H, H-3) and 3.95 (s, 2H, CH2-4) with their 

corresponding carbon atoms appearing at δC 157.1 (C-2), 102.6 (C-3) and 33.1 (C-4). 

 

Ring A showed ortho correlated (J = 8.3 Hz) protons resonating at δH 6.97 and δH 6.72 for H-5 and 

H-6) with their carbons at δC 114.0 (C-5) and 113.0 (C-6). This ring is substituted at C-8 (δC 132.2) 

and C-7 (δC 145.9) with methoxy (δH 3.89; δC 60.1) and hydroxy groups. The down-field shifted 

chemical shift value of the methoxy carbon (δC 60.1) is typical of it being di-ortho-substituted and 

hence consistent at C-8, rather than C-4’ or C-7. Ring B showed the presence of AA’XX’ spin 

system, appearing at δH 7.10 (H-2'/6') and 6.71 (H-3'/5') with their carbon atoms resonating at δC 

129.6 (C-2'/6'), 115.2 (C-3'/5') with hydroxy at C-4’ (δC 155.9). Therefore, compound 119 was 

characterized as 2-(4-hydroxyphenyl)-8-methoxy-4H-chromen-7-ol, a new flav-2-ene, and named 

usambarin J. 
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Table 4.9: NMR data for usambarin J (119) in DMSO-d6  

No 1H NMR (δH) (J in Hz) 13C NMR(δC) HMBC NOESY 

2 - 157.1 - - 

3 6.35 d (1.0) 102.6 C-2, C-4a,C-8a H-4 

4 3.95 s 33.1 C-2, C-3, C-8, C-1'  H-3,H-2', H-6' 

4a - 122.1 - - 

5 6.97 d (8.3) 114.0 C-3, C-4a, C-8, C-8a - 

6 6.72 d (8.3) 113.0 C-4a, C-7, C-8 7-OH 

7 - 145.9 - - 

8a - 147.0 - - 

8 - 132.2 - - 

1' - 127.6 - - 

2'/6' 7.10 AA' 129.6 C-3',  C-4', C-5', C-6' H-4 

3'/5' 6.71 XX' 115.2 C-1', C-5' 4'-OH 

4' - 155.9 - - 

7-OH 9.06 s - C-5, C-6, C-7, C-8,  H-6 

4-'OH 9.26 s - C-3', C-4', C-5'  H-3', H-5' 

8-OMe 3.89 s 60.1 C-8 - 

 

4.1.11 Phenyl-1-benzoxepin derivative (120) 

Compound 120 was obtained as a white paste. It was given a molecular formula C23H22O4 from 

HREIMS [M+1] + m/z 285.1127. The NMR data (Table 4. 10), (Appendix 11A-11H) is identical 

to that of phenyl-1-benzoxepin derivative skeleton (Barbic et al., 2012). Thus, for ring C, the 13C 

NMR data showed the existence of two sp3 hybridized carbons [C-2 (δC 75.5), and C-3 (δC 49.9)] 

and two sp2 hybridized carbon atoms [ C-4 (δC 130.3), and C-5 (δC 127.7)], the corresponding 1H 

NMR signals  appeared at δH 4.29 (ddd, 11.7, 3.2, 1.0 Hz, H-2a), 4.15 (m, H-2b) and 3.90 (dd, 5.5, 

3.2 Hz, H-3, 5.87 (dd, 11.8, 4.0 Hz, H-4) and 6.39 (dd, 11.8, 2.0 Hz, H-5). 
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Ring B is disubstituted with hydroxy and methoxy groups, the 1H NMR spectrum revealed AXY 

spin system at δH 6.87 (d, J = 8.0 Hz, H-5'), 6.75 (dd, 8.0, 2.0 Hz, H-6'), and 6.72 (d, J = 2.0 Hz, 

H-2') with their carbons appearing at δC 121.3 (C-6'), 114.3 (C-5') and 110.8 (C-2'). HMBC 

correlations supported the positioning of hydroxy substituent at C-3' (δC 144.8) [δH 5.52 (3'-OH) 

to C-4', C-2 and C-3'] and methoxy group at C-4' (δC 146.6). HMBC correlations of the signals at 

δH 6.72 (H-2') and 6.40 (H-5) with C-3 (δC 49.9) indicated the connection of ring B to ring C.  

In ring-A, the 1H NMR data revealed an AMX spin pattern at δH 7.11 (d, J = 8.3 Hz, H-6), 6.52 

(dd, 8.4, 2.6 Hz, H-7), and 6.47 (d, J =2.6 Hz, H-9) with corresponding carbon resonating at δC 

133.8 (C-6), 110.1 (C-7) and 107.0 (C-9) and a hydroxy substituent which was placed to C-8 (δC 

155.7). Therefore, compound 120 was characterized as 3-(3-hydroxy-4-methoxyphenyl)-2,3-

dihydrobenzo[b]oxepin-8-ol, a new compound named usambarin K. The absolute configuration at 

C-3 has not been determined. 

Table 4. 10: NMR data for usambarin K (120) in CDCl3 

No δ H (Multiplicity, J, 

Hz) 

δ C HMBC COSY NOESY TOCSY 

2 4.29 ddd, (11.7, 3.2, 

1.0),  

4.14 dd (11.8, 6.7) 

75.4 C-3, C-4, C-

9a, C-1' 

- H-6' H-3 

3 3.90 dd (5.5, 3.2 ) 49.9 - H-4 H-4, H-6' H-2', H-2' 

4 5.87 dd (11.8, 4.0) 130.7 C-2, C-3, C-

5a, C-1' 

H-5, 

H-3 

H-3, H-5, 

H-6' 

- 

5a - 120.0 - - - - 

5 6.40 dd (11.8, 2.0) 128.1 C-3, C-6, C-

9a,  

H-4 H-4, H-6 - 

6 7.11 d (8.3) 134.1 C-5, C-8, C-

9a,  

H-7 H-5, H-7 H-7 

7 6.52 dd (8.4, 2.6)  110.1 C-5a, C-8, 

C-9 

H-6 H-6, 8-OH H-6 

8 - 155.7 - - - - 

9a - 160.5 - - - - 

9 6.47 d (2.6) 107.0 C-5a,C-7, C-

8, C-9a 

- 8-OH - 
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1' - 133.1 - - - - 

2' 6.72 d (2.0) 110.9 C-3, C-1', C-

3', C-4', C-6',  

- - - 

3' - 144.8 - - - - 

4' - 146.6 - - - - 

5' 6.87 d (8.0) 114.5 C-1', C-3', C-

4',  

- - H-6' 

6' 6.75 dd (8.0, 2.0) 121.3 C-2', C-3, C-

4',  

- H-2', H-2'', 

H-3, H-4,  

H-5' 

3'OH 5.52 s - C-2', C-3', C-

4',  

- - - 

8OH 4.75 s - C-7, C-8, C-

9 

- H-7, H-9 - 

4'OMe 3.84 s 56.1 C-4' - - - 

 

4.1.12 Bergapten (121) 

Bergapten was isolated as white crystals. It was given a molecular formula of C23H22O4 based on 

EIMS [M+1] + m/z 216.04, NMR data (Table 4.11), and (Appendix 12A-12H). The UV (λmax 312 

nm), and NMR data (Table 4.11) is typical of coumarins (Prachyawarakorn et al., 2000).  

 

The 1H NMR spectra revealed an aromatic singlet proton at δH 7.14 (s, H-8) and two mutually 

coupled olefinic protons at δH 8.16 (d, J = 9.8 Hz, H-4) and 6.28 (d, J = 9.7 Hz, H-3) indicating a 

5,7,8-trisubstituted (with methoxy and with furan at C-7/8) coumarin skeleton. This was 

established by HMBC experiments of a signal at δH 7.14 with δC 158.8 (C-7) and 113.6 (C-6). The 

furan ring (ring A), displayed signals at δH 7.02 (d, J = 2.0 Hz, H-2') and 7.59 (d, J = 2.4 Hz, H-

3') with the corresponding carbons peaks at δC 145.2 (C-2') and 105.4 (C-3'). A singlet proton at 

δH 4.28 was assigned to a methoxy substituent (H 4.27; C 60.5) at C-5 (δC 149.5) group. The 

placement was established through HMBC correlation of H-4 (δH 8.15) with C-5. Therefore, 
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compound 121 was identified as bergapten previously reported from members of the Moraceae 

family (Caceres et al., 2001; Muller et al., 2004). 

Table 4.11: NMR data for bergapten (121) in CDCl3 

No 1H NMR (δH)  

(J in Hz) 

13C NMR 

(δC) 

HMBC COSY NOESY TOCSY 

2 - 161.6 - - - - 

3 6.28 d (9.7) 113.0 C-4a, C-2 H-4 H-4 H-4 

4 8.16 (9.8) 139.7 C-2, C-5, C-8a H-3 H-3 H-3 

4a - 106.8 - - - - 

5 - 150.0 - - - - 

6 - 113.1 - - - - 

7 - 158.8 - - - - 

8 7.14 s 94.3 C-4a, C-6, C-7, C-8a - - - 

8a - 153.1 - - - - 

9 4.27 s 60.5 C-5 - 2' - 

2' 7.59 d (2.4) 145.2 C-6, C-7, C-2', H-2' - H-2' 

3' 7.02 d (2.0) 105.4 C-6, C-7,C-3' H-3' H-9 H-3' 

 

 

4.1.13 Bergaptol (122) 

Compound 122 was isolated as white crystals. It was given a molecular formula C23H22O4 from 

EIMS [M+1] + m/z 186.04. The UV (λmax 312 nm), (Appendix 13A-13E) and, NMR data (Table 

4.12) is typical of a coumarins (Prachyawarakorn et al., 2000).  

 

Compound 122 similar to 121, the only difference is absence of the methoxy substituent at C-5 in 

compound 121. NMR data (Table 4.12) revealed aromatic signals at δH 7.48 (s, H-8) and 7.70 (s, 

H-5). Olefinic protons at δH 7.80 (d, J = 9.5 Hz, H-4) and 6.38 (d, J = 9.6 Hz, H-3) indicating a 

6,7,5-trisubstituted coumarin skeleton. In Ring A, signals at δH 7.68 (d, J = 2.0 Hz, H-2') and 6.33 
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(dd, J = 2.2, 1.1 Hz, H-3') with their carbon atoms peaks at δC 147.0 (C-2') and 106.5 (C-3') was 

assigned to the furan ring. Therefore, compound 122 was identified as bergaptol, previously 

reported from members of the Moraceae family (Caceres et al., 2001). 

 

Table 4.12: NMR data for Bergaptol (123) in CDCl3 

No δ H Multiplicity( J in Hz) δ C HMBC COSY 

2 - 161.2 - - 

3 6.38 d (9.6) 114.8 C-2, C-4a H-4 

4 7.80 d (9.5) 144.2 C-4a, C-5, C-8 H-3 

4a - 115.6 - - 

5 7.70 d (2.3) 120.0 C-6, C-3' H-3' 

6 - 125.0 - - 

7 - 156.6 - - 

8 7.48 s 100.0 C-4a, C-6 H-3' 

8a - 152.2 - - 

2' 7.68 s 147.0 C-3' H-3' 

3' 6.83 dd (2.2,1.0) 106.5 C-6, C-7, C-2' H-5, H-8, H-2',  

 

 

4.1.14 12a-Hydroxydeguelin (123) 

Compound 123 was isolated as yellow oil. (Appendix 14A-14G) and NMR (Table 4.13) signals at 

δH 4.48 (dd, J = 12.4, 1.1 Hz, 1H, H-6; δC 64.0), 4.62 (dd, J = 12.1, 2.5 Hz, 1H, H-6; δC 64.0), and 

4.57 (dd, J = 2.5, 1.0 Hz, 1H, H-6a; δC 76.1) and δC 67.6 (C-12a) are consistent with a 12a-

hydroxyrotenoid skeleton. The NMR data (Table 4.13) in ring D revealed a pair of ortho-correlated 

protons at δH 6.47 (d, J = 8.7 Hz) and 7.73 (d, J = 8.7 Hz) that were ascribed to H-10 and H-11 

respectively. Further, NMR data revealed that ring D is substituted with 2,2-dimethylpyrano group 

at C-8/C-9. The placement of 2,2-dimethylpyrano was confirmed by HMBC association of H-4' to 

C-7a and C-9.  
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Ring A is disubstituted with a pair of methoxy groups at C-2 and C-3, and aromatic signals at δH 

6.56 and 6.45 were assigned to H-1 and H-4, respectively. The placement of the methoxy groups 

was established through HMBC cross peaks of methoxy substituents at δH 3.73 with C-2 (δC 

144.1), and δH 3.82 with C-3 (δC 151.2); and also correlation of δH 6.56 (H-1) and δH 6.46 (H-4) 

to C-2 and C-3. Hence, compound 123 was characterized as 12a-hydroxydeguelin (Tephrosin). 

The relative configuration was determined as cis (6, 12a) based on the chemical shift value of 

H-1 (δH 6.56); in trans compounds this proton is substantially deshielded (Lawson et al., 2010). 

Table 4.13: NMR data for 12a-hydroxydeguelin (123) in CDCl3 

No 1H NMR (δH) (J 

in Hz) 

13C 

NMR(δC) 

HMBC COSY NOESY TOCSY 

1 6.56 s 109.5 C-2, C-3, C-4a, 

C-12a 

- 2-OMe - 

1a - 108.8 - - - - 

2 - 144.1 - - - - 

3 - 151.2 - - - - 

4 6.48 s 101.2 C-2, C-3, C-1a, 

C-4a 

- - - 

4a - 148.5 - - - - 

6' 4.62 dd (12.1, 

2.5) 

4.48 (12.2, 1.1) 

64.0 C-1a, C-4a, C-

6a, C-12a 

- - - 

6a 4.57 dd (2.5,1.0) 76.1 C-12a - - - 

7a - 160.9 - - - - 

8 - 109.3 - - - - 

9 - 156.8 - - - - 

10 6.46 d, (8.7) 112.0 - H-11 H-11, 3-

OMe 

H-11 

11 7.73 d, (8.7) 129.0 C-7a, C-9, C-12,  H-10 H-10 H-10 
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11a - 111.2 - - - - 

12 - 191.5 - - - - 

12a - 67.6 - - - - 

2' - 78.2 - - - - 

3' 5.55 d, (10.1) 128.7 C-8, C-2', C-

2'Me 

H-4' H-4' H-4' 

4' 6.60 d, (10.1) 115.6 C-7a, C-2' H-3' H-3' H-3' 

12a-

OH 

4.40 s - C-6a, C-12a, C-

12 

- - - 

2'-Me 1.45 s 28.7 C-2', C-3', C-

2'Me2 

- - - 

2'-Me2 1.39 s 28.7 C-2', C-3', C-

2'Me 

- - - 

2-

OMe 

3.73 s 56.0 C-2 - H-1 - 

3-

OMe 

3.82 s 56.5 C-3 - H-10 - 

 

4.1.15  Ferulaldehyde (124) 

Compound 124 was isolated as colourless solid. The (Appendix 15A-15E) and NMR data (Table 

4. 14) revealed a tri-substituted benzene ring with ABX protons at δH 7.07 (d, J = 1.9, H-2, δC 

109.6), 7.13 (dd, J = 8.2, 2.0, H-6, δC 124.2), 6.96 (d, J = 8.2, H-5, δC 115.1), a methoxy (δH 3.95) 

and a hydroxy (δH 5.95) substituents. NMR data, further revealed olefinic protons at δH 7.40 (d, J 

= 15.9 Hz, 1H, H-7, δC 153.2), δH 6.60 (dd, J = 15.8, 7.7 Hz, 1H, H-8, δC 126.6). An aldehyde 

proton at δH 9.66 (d, J = 7.7 Hz, H-10), with the corresponding carbons at δC 193.8 was also evident. 

From HMBC correlation [δH 7.40 (H-7) to C-8, C-2, C-9 and C-6 and δH 9.66 (H-10) to C-8)] 

supported the placement of the aldehyde adjacent to the olefinic protons. Compound 124 was thus 

characterized as 3-(4-hydroxy-3-methoxy-phenyl)-propenal (Sajjadi et al., 2012). 

Table 4. 14: NMR data for ferulaldehyde (124) in CDCl3 

No 1H NMR (δH) (J in Hz) 13C NMR(δC) HMBC COSY 

1 - 126.8 -  

2 7.07 d (1.9) 109.6 C-3, C-4, C-6, C-7  
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3 - 149.1 -  

4OH 5.95 s - C-4, C-5  

4 - 147.1 -  

5 6.96 d (8.2) 115.1 C-6, C-4, C-1  

6 7.13 dd (8.2,2.0) 124.2 C-2, C-5, C,3, C-7  

7 7.40 d (15.9) 153.2 C-9, C-2, C-6, C-8, C-1 H-8 

8 6.60 dd (15.8,7.7) 126.6 C-1 H-10, H-7 

9 9.66 d (7.7) 193.8 C-8 H-8 

3OMe 3.95 s 56.2 C-3  

 

 

4.1.16 Usambarin L (125) 

Compound 125 was obtained as white solids. The (Appendix 16A-16G) and NMR data (Table 

4.15) suggested the presence of a naphthalene skeleton as in compound 114. Ring A in compound 

125 is identical to that of compound 114, with an AXY spin system at δH 7.76 (d, J = 7.9 Hz, H-

1, δC 129.7), 7.11 (d, J = 2.6 Hz, H-4; δC 117.7 for C-4) 7.12 (dd, J = 8.8, 2.6 Hz, H-2; δC109.7 for 

C-2), and a hydroxy group which was placed at C-3 (δC 153.7). Ring B is also identical to that of 

compound 114, with its protons appearing at δH 7.55 (Br s, H-5), 7.76 (d, J = 7.9 Hz, H-8) and 

7.24 (m, H-7) with the corresponding carbons resonating at δC 126.8 (C-5), 126.2 (C-7) and 127.3 

(C-8). 

In ring C, aromatic protons displayed an ABX spin pattern at δH 6.98 (d, J = 8.2 Hz, H-2'), and 

6.38 (d, J = 8.2 Hz, H-6') 6.38 (d, J = 8.2 Hz, H-3'). Their corresponding carbons resonated at δC 

127.3 (C-2'), 103.7 (C-3') and 107.9 (C-6'), allowing two hydroxy substituents to be positioned at 

C-5' (δC 156.2) and C-4' (δC 154.9), as in the other related compounds of this plant. as in compound. 

The only difference between compound 125 and 114 is in ring C; in compound 125 C-6' is 
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unsubtituted. Therefore, compound 125 was characterized as 4-(6-hydroxynaphthalen-2-

yl)benzene-1,2-diol, a new compound named usambarin L. 

 

Table 4.15: NMR data for usambarin L (125) in CDCl3 

No 1H NMR (δH) (J in Hz) 13C NMR (δC) HMBC 

1 7.76 d (7.9 ) 129.7 C-3, C-4a, C-8 

2 7.12 dd (8.8, 2.6) 109.7 C-1, C-3, C-4 

3-OH 5.02 153.7 C-2, C-3, C-4 

4 7.11 d (2.6) 117.7 C-1, C-2, C-3 

4a - 134.5 - 

5 7.55 s 126.8 C-4, C-6, C-6, C-8a 

6 - 133.3 - 

7 7.24 d (1.8) 126.2 C-8, C-1' 

8 7.76 d (7.9 ) 127.3 C-1, C-4a, C-6 

8a - 139.9 - 

1' - 114.4 - 

2' 6.98 d (8.2) 127.3 C-7, 

3' 6.38 d (8.2) 103.7 C-1', C-2' C-4' 

4'-OH 4.65 154.9 C-2', C-3', C-4' 

5' - 156.2 - 

6' 6.38 d (8.2) 107.9 C-1', C-3', C-4' 

 

4.1.17 Usambarin M (126) 

Compound 126 was obtained as white solid. The (Appendix 16A-16G) and 1H NMR data (Table 

4. 16) displayed signals for ring C protons typical of a flavan skeleton [δH 4.93 (dd, J=10.3, 2.4 

Hz, 1H, H-2), 2.09 (m, 2H, H-3), 2.90 (dd, J= 11.4, 6.0 Hz, 1H, H-4) and 2.73 (dd, J= 11.4, 6.0 

Hz, 1H, H-4)]. In agreement with this, the 13C NMR data (Table 4. 16) revealed signals resonating 

at δC 24.8 (C-4), 30.1 (C-3) and 78.0 (C-2). 
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Ring B is trisubstituted with a hydroxy (δH 5.57), at C-6 (C 148.5) a methoxy (δH 3.86; C 61.4) 

at C-7, and a γ,γ-dimethylallyl moiety at C-8 (Table 4. 16). The only unsubstituted carbon is C-5, 

with a proton at δH 6.90 (δC 113.3). The placement of methoxy substituent at C-7 and the γ,γ-

dimethylallyl moiety at C-8 was supported by HMBC experiments; δH 5.57 (6-OH) association 

with C-6 (δC 148.5), C-7 (δC 45.6), and C-5 (δC 113.3) allowing the location of methoxy group at 

C-7. H2-1''' (δH 3.33) associated with C-2''' and C-8 allowing the placement of the γ,γ-dimethylallyl 

moiety at C-8. 

Ring C revealed aromatic signals resonating at δH 7.15 (d, J = 7.1, 1H, H-6'), 6.81 (d, J = 8.8, 1H, 

H-5') and 7.15 (m, 1H, H-2') with corresponding carbon resonating at δC 117.72 (C-6'), 115.9 (C-

5') and 109.7 (C-2'). Ring C is also disubstituted with a γ,γ-dimethylallyl moiety and hydroxy 

substituent C-4' (δC 154.3). The placement of the γ,γ-dimethylallyl moiety at C-3' was supported 

by HMBC correlation, whereby 4'-OH (δH 5.13) correlated with C-3' (δC126.9), and C-5' 

(δC115.9); H-1'' (δH 3.37) associated with C-2' (δC 109.7) and C-3' (δC 126.9). Therefore, 

compound 126 was characterized as 2-(4-hydroxy-3-prenylphenyl)-7-methoxy-8-prenylchroman-

6-ol, a new compound named usambarin M. the absolute configuration at C-2 has not been 

established, but the large coupling constant (J= 10.3 Hz) between H-2 and H-3ax, is consistent 

with H-2 being axial and hence ring C is in the more stable equatorial orientation. 
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Table 4. 16: NMR data for usambarin M (126) in CDCl3 

Position  1H NMR (δH) 13C 

NMR(δC) 

COSY HMBC 

2 4.93 dd (10.3, 2.4) 78.0 H-3 C-4, C-2', C-6',  

3 2.09 m 30.1 H-3, H-4 C-2, C-5 

4 2.90 dd, (11.4,6.0) 

2.73 dd, (11.4, 5.3 

3.1) 

24.8 H-2 C-2, C-3, C-5 

4a  -   

5 6.90 d (8.0) 113.3  C-4, C-6, C-7, C-8 

6-OH 5.57 s 148.5  C-5, C-6, C-7 

7  145.6   

8  135.6   

8a  -   

1'  127.8   

2' 7.15 m 109.7  C-2, C-3, C-6', C-4' 

3'  126.9   

4'-OH 5.13 154.3  C-3', C-5' 

5' 6.81 d (8.8) 115.9 H-6' C-3', C-4' 

6' 7.15 d (7.1) 117.7 H-5' C-2, C-3, C-4', C-6',  

1'' 3.37 d (7.3) 30.1 H-2'' C-4', C-3', C-2'' 

2'' 5.33 m 121.8 H-1'' C-4'', C-5'' 

3''  135.2    

4''- CH3 1.78 18.1  C-1'', C-2'',  

5'' -CH3 1.78 25.8   

1''' 3.33 d (6.7) 27.0  C-8, C-2''', C-4''', C-

5''' 

2''' 5.08 123.5  C-4''', C-5''' 

3'''  131.5   

4'''-CH3 1.56 26.0  C-2''', C-3''', C-5''' 

5'''-CH3 1.35 17.8  C-2''', C-3''', C-4''' 

7-OMe 3.86 61.4  C-7 

 

4.2 Compounds isolated from the roots and leaves of Mundulea sericea 

The extraction of Mundulea sericea stems followed by chromatographic separation resulted in the 

isolation of five compounds identified as lupinifolinol (127), dehydrolupinifolinol (128), 

lupinifolin (129), mundulinol (64) and sericetin (130). Similar phytochemical investigation of the 
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roots led to the identification of mutenone (70), rotenone (63), striatine (131), stigmasterol (88), 

and 7-hydxoxy-9-methoxy-2'-isopropenyldihydrofuranpterocarpan (132).  

4.2.1 Lupinifolinol (127) 

Compound 127 was isolated as a white amorphous solid. It was given a molecular formula, 

C25H26O6, from HREI-MS, which showed a molecular peak ion at m/z 423.1807. The UV (λmax 

260, 320 nm), NMR data (Table 4.17), and (Appendix 17A-17I) are consistent with the presence 

of a flavanonol skeleton (Muiva-Mutisya et al., 2018). The NMR data showed typical signals for 

ring C protons of a flavanonol at δH 4.98 (H-2), 4.51 (H-3) and 3.60 (3-OH) (Muiva-Mutisya et 

al., 2018). In agreement with this, the 13C NMR data (Table 4.17) revealed carbon resonances at 

δC 83.0 (C-2), 72.6 (C-3) and 196.2 (C-4). The nature of ring C was confirmed by the HMBC cross 

peaks of H-2 with C-3, C-4 and C-1', as well as by those of H-3 with C-1', C-2 and C-4'. 

In ring B, the proton NMR spectrum showed an AA'XX' spin designation appearing at δH 7.40 (H-

2'/6', δC 129.1) and δH 6.84 (H-3'/5', δC 115.6) and with oxygenation at C-4' (δC 156.4). Ring A is 

fully substituted with a 2,2-dimethylpyrano ring, a hydroxy substituent at C-5 (δH 11.37), and γ,γ-

dimethylallyl moiety. Considering that the C-5 and C-7 positions of flavononols are expected to 

be oxygenated on the basis of biosynthesis, there are two possible structures (127 and 127a) 

differing in the placement of the pyrano ring and the prenyl unit. One of the olefinic protons of the 

pyran ring, H-4'' (δH 6.64), showed HMBC association with C-6 (δC 103.3), allowing the placement 

of this substituent at C-7/C-6, and hence the location of the prenyl substituent is at C-8. Moreover, 

H-1''' of the prenyl group showed HMBC correlation with C-8a (δC 159.5) and C-7 (δC 160.9). 

Based on the above spectroscopic evidence, compound 127 was identified as lupinifolinol (Ingham 

et al., 1988). 
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 Its relative configuration at C-3/C-2 was determined as trans from the large vicinal coupling 

constant (J = 11.9 Hz) between H-2 (δH 4.98) and H-3 (δH 4.51), suggesting a 1,2-diaxial 

relationship of these protons. Hence, two absolute configurations, (2R,3R) and (2S,3S) were 

possible (Muiva-Mutisya et al., 2018). The electronic circular dichroism (ECD) spectrum 

(Appendix 17I) showed a negative Cotton effect within the range of the π→π* transitions (ca. 

300–340 nm), consistent with the (2R,3R) absolute configuration of 127 (Muiva-Mutisya et al., 

2018). 

 

Table 4.17: NMR data for lupinifolinol (127) in CDCl3 

No 1H NMR (δH) (J in Hz) 13C NMR(δC) HMBC 

2 4.98 d (11.9)  83.0 C-3, C-4, C-1' 

3 4.52 dd (11.9, 1.6)  72.6 C-2, C-4, C-1' 

4  196.2  

4a  100.4  

5  156.4  

6  103.4  

7  160.9  

8  109.4  

8a  159.5  

1'  128.8  

2'/6' 7.40 AA' 129.1 C-2, C-1', C-3'/5', C-4' 

3'/5' 6.84 XX' 115.6 C-1', C-2'/6', C-4' 

4'  156.4  

2''  78.6  

3'' 5.53 d (10.1) 126.5 C-6, C-2'' 

4'' 6.64 d (10.0) 115.5 C-7, C-6, C-2'' 

2''-(CH3)2 1.45  28.5 C-2'', C-3'', C-4'' 

1''' 3.19 m  21.4  C-8, C-2''', C-3''',  

2''' 5.12 m 122.2 C-1''', C-4''', C-5'''  
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3'''  131.5  

4'''-CH3 1.64 br s  26.0 C-2''', C-3''', C-5'''  

5'''-CH3 1.60 br s  17.9 C-2''', C-3''', C-4'''  

5-OH 11.37 s  C-4a, C-5, C-6 

 

4.2.2 Dehydrolupinifolinol (128) 

Compound 128 was obtained as a yellow solid. It was given a molecular formula of C25H24O6 from 

HREI-MS (at m/z 420.1560 [M]+). (Appendix 18A-18G) and NMR data (Table 4. 18) particularly 

the ring C carbon atoms resonating at δC 147.3 (C-2), 136.7 (C-3) and 177.0 (C-4) suggested that 

it is a 3-hydroxyflavone derivative. In the 1H NMR spectrum (Table 4. 18) displayed an AA'XX' 

spin designation appearing at δH 7.05 (H-3'/5') and at δH 8.19 (H-2'/6')] with the corresponding 

carbon at δC 116.5 (C-3'/5') and δC 130.6 (C-6'/2') is consistent with a 4ʹ-oxygenated ring B.  

As in compound 127 and the other flavonoids of this plant, ring A is fully substituted with a 2,2-

dimethylpyrano ring, a hydroxy substituent and, a γ,γ-dimethylallyl moiety. The placement of the 

pyrano ring and the prenyl unit, was fixed based on HMBC correlations. One of the olefinic protons 

of the pyran ring, H-4'' (δH 6.64), showed HMBC association with C-6 (δC 103.3), placing this 

substituent at C-6/C-7 junction, and hence locating the prenyl moiety at C-8. Moreover, H2-1''' of 

the prenyl group showed HMBC correlation with C-7 (δC 160.9) and C-8a (δC 159.5). Further 

evidence on the prenyl group’s location was obtained via NOESY spectrum, which showed an 

interaction between H2-1''' and H-2' of ring B. This compound, was therefore, characterized as 

dehydrolupinifolinol (128), previously reported from the roots of Sophora tonkinensis (Deng et 

al., 2007). 
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Table 4. 18: NMR data for dehydrolupinifolinol (128) in CDCl3 

Position  1H NMR 

(δH) (J in Hz) 

13C NMR 

(δC) 

HMBC  NOESY 

2  147.4   

3  157.4   

4  177.0   

4a  105.4   

5  154.3   

6  104.4   

7  153.7   

8  108.9   

8a  154.2   

1'  123.6   

2’/6’ 8.19 d AA' 130.6 C-2, C-2', C-4' H-1''' 

3'/5' 7.05 d XX' 116.5 C-2, C-3'/ C-5', C-1'  

4'  160.4   

2''  78.8   

3'' 5.80 d (10.0) 129.4 C-6, C-2'', C-4'',  H-4'' 

4'' 6.71 d (10.0) 116.2 C-5, C-7, C-2'', C-3'' H-3'' 

2''-(CH3)2 1.68 27.5   

1''' 3.55 d (7.1) 21.4 C-7, C-8, C-8a, C-

2''', C-3'''  

H-2', H-2''', H-5''' 

2''' 5.26 m 123.3 C-4''', C-5''' H-1''', H-4''' 

3'''  132.6   

4'''-CH3 1.65 s 25.4 C-4''', C-5''' H-2''' 

5'''-CH3 1.85 s 17.0 H-1''' 

OH 12.49 br s    
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4.2.3 Lupinifolin (129) 

Compound 129 was isolated as colourless crystals. The (Appendix 19A-19G), NMR data (Table 

4. 19), displayed three typical flavanone skeleton signals at δH 5.34 (H-2), 2.80 (H-3) and 3.04 (H-

3). In support of this, the 13C NMR spectrum showed carbon resonances at δC 78.7 (C-2), δC 196.7 

(C-4) and δC 43.24 (C-3). 

Ring B of compound 129 is identical to that of compound 127, where the proton NMR spectrum 

showed an AA'XX' spin system at δH 6.88 (H-3'/5'), and 7.32 (H-2'/6') with their carbon resonating 

at δC 115.7 (C-3'/5') and 127.9 (C-6'/2'). Ring A is also identical to that of compound 127, it is fully 

substituted with hydroxy group at C-5 (δH 12.2), 2,2-dimethylpyrano ring and γ,γ-dimethylallyl 

group. As in compound 127, H2-1'' of the prenyl group associated with C-7 (160.1) and C-8a 

(156.0) hence the prenyl substituent was placed at C-6, while the olefinic protons in the pyran ring, 

H-1''' (δH 6.63) showed correlation with C-8 (δC 108.8) placing the 2,2-dimethylpyrano ring at C-

7/C-6 junction. This compound was therefore characterized as the known flavanone lupinifolin 

(129) (Khaomek et al., 2008). 

Table 4. 19: NMR data for lupinifolin (129) in CDCl3 

Position  1H NMR (δH) 13C NMR(δC) HMBC 

2 5.34 dd (12.1, 3.0) 78.6  

3 3.04 dd, (17.0, 12.0) 

2.80 dd, (17.1, 3.1) 

43.4 C-4a, C-4/C-2, C-1’, C-4 

4  196.7  

4a  103.0  

5-OH 12.2 s 159.5  

6  102.8  

7  160.1  

8  108.8  

8a  156.0  

1'  131.3  

2'/6' 7.32 m 127.9  

3'/5' 6.88 m 115.7  
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4'  156.7  

2''  78.3  

3'' 5.50 d (10.0) 126.1  C-8, C-2'' 

4'' 6.63 d (10.0) 115.8  C-8, C-8a , C-2'' 

2''-(CH3)2 1.44 s 28.5  

1''' 3.23 m 21.6 C-5, C-6, C-7, C-1''', C-2''', C-

4''', C-5''' 

2''' 5.14 tt ( 7.6, 7.6, 1.5, 1.5) 122.6  

3'''  131.2  

4'''-CH3 1.65 m 18.0  

5'''-CH3 26.0  

 

 

4.2.4 Mundulinol (64) 

Compound 64 was isolated as a white paste. The (Appendix 20A-20G) and NMR data (Table 4. 

20), displayed three typical proton signals of a flavanonol skeleton [δH 4.53 (H-3), 5.05 (H-2) and 

3.55 (3-OH)]. The 13C NMR showed a carbonyl signal (δC 196.7, C-4), an oxymethine peak (δC 

83.1, C-2) and a methine signal (δC 72.5, C-3). 

Ring B was unsubstituted, as shown from the NMR data which displayed protons at δH 7.59 (dd, 

H-3'/5'), 7.45 (H-2'/6'), 7.45 (H-4’) with their carbons resonating at δC 127.4 (C-3'/5'), 129.1 (C-4') 

and 128.5 (C-6'/2'). Ring A is identical to that of compound 127. It is fully substituted with a 

hydroxy group at C-5 (δH 11.43), 2,2-dimethylpyrano ring and γ,γ-dimethylallyl moiety. As in 

compound 127, H-1''' of the pyran ring at δH 6.67 correlated with C-6 (δC 103.2) placing the 2,2-
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dimethylpyrano ring at C-7/C-6 junction. H2-1'' of the γ,γ-dimethylallyl correlated with C-7 and 

C-8a, hence placing the prenyl substituent at C-8. This compound was therefore characterized as 

mundulinol (64) (Cao et al., 2004). Its relative configuration at C-3/C-2 was determined as trans 

from the large vicinal coupling constant (J = 11.9 Hz) between H-2 (δH 5.08) and H-3 (δH 4.53), 

suggesting a 1,2-diaxial relationship of these protons. Hence, two absolute configurations, (2R,3R) 

and (2S,3S) were possible (Muiva-Mutisya et al., 2018). 

 

Table 4. 20: NMR data for mundulinol (64) in CDCl3 

Position  1HNMR (δH) 13CNMR(δC) HMBC 

2 5.08 d (11.9) 83.1 C-3, C-2'/6' 

3 4.53 d (11.9) 72.5 C-2, C-4a 

4  196.7  

4a  136.6  

5-OH 11.43 s 160.7  

6  103.2  

7  159.3  

8  109.3  

8a  156.0  

1'  131.4  

2'/6' 7.45 t ( 7.41, 7.4) 128.5  

3'/5' 7.57 d ( 7.5) 127.4  

4' 7.45 t (7.2, 7.2) 129.1  

2''  78.6  

3'' 5.56 d (10.0) 126.3  

4'' 6.67 d (10.0) 115.5 C-8, C-8a, C-2'' 

2''-(CH3)2 1.49 s 28.4  

1''' 3.22 qd (14.0, 14.0, 14.0, 7.3) 22.7 C-6, C-7, C-2''', C-

3''',  C-5''' 

2''' 5.17 m 122.2 C-1''', C-4''', C-5''' 
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3'''  131.4  

4'''-CH3 1.68 s 17.8  

5'''-CH3 1.68 s 26.9  

 

4.2.5 Sericetin (130) 

Compound 130 was obtained as a yellow amorphous solid. Similar to compound 129, The 

(Appendix 21A-21G), 13C NMR spectral data (Table 4. 21), particularly the ring C carbon atoms 

resonating at δC 144.9 (C-2), 175.4 (C-4) and 136.4 (C-3) suggested that the compound is a 3-

hydroxyflavone (Burns et al., 2007). 

Ring B was unsubstituted, the NMR data showed protons at δH 8.23 (H-5'/3', δC 127.6), 7.55 (dd, 

H-2'/6', δC 128.7), 7.49 (H-4', δC 130.1)]. Ring A is identical to compound 127, it is fully substituted 

with a hydroxy group at C-5 (δH 11.23), a 2,2-dimethylpyrano ring, and prenyl moiety. The 

placement of these groups was confirmed by HMBC correlation. As in compound 127, H-1''' of 

the pyran protons at δH 6.77 showed correlation with C-6 (δC 104.9) placing the 2,2-dimethylpyrano 

ring at C-7/C-6 junction. The prenyl substituent was located at C-8, since H-1'' of γ,γ-dimethylallyl 

associated with C-8a (δC 156.0) and C-8 (δC 109.3). Therefore this compound is characterized as 

sericetin (130) (Jain & Zutshi, 1973).  

Table 4. 21: NMR data for Sericetin (130) in CDCl3 

Position  1H NMR (δH) (J in Hz) 13C NMR (δC) HMBC ) 

2  144.9  

3  136.4  

4  175.7  

4a  103.6  

5-OH 11.23 s 157.2  

6  104.9  

7  153.7  

8  107.8  

8a  153.1  
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1'  131.2  

2'/6' 7.55 dd ( 8.5, 7.0) 128.7  

3'/5' 8.23 m 127.6 C-2'/6', C-4' 

4' 7.49 m 130.1  

2''  78.8  

3'' 5.68 d (10.0) 128.3 C-8, C-2'' 

4'' 6.77 d (9.9) 115.7 C-8, C-8a, C-2'' 

2''-(CH3)2 1.5 s 28.3  

1''' 3.56 d (7.1) 21.6 C-5, C-6, C-7, C-2''', C-3''' 

2''' 5.26 tt (7.3,7.3, 1.4 1.4) 122.5  

3'''  131.1  

4'''-CH3 1.72 (1.4) 25.8  

5'''-CH3 1.86 (1.6) 18.2  

 

 

4.2.6 Munetone (70) 

Compound 70 was isolated as a yellow amorphous solid. The UV (λmax 280 nm), (Appendix 22A-

22E) and NMR data (Table 4. 22), showing an up-field singlet at δH 7.93 (δC 156.8), corresponding 

to H-2 of ring C, is characteristic of isoflavones. Furthermore the 1H NMR data (Table 4. 22) 

showed the existence of a methoxyl and a pair of 2,2-dimethylpyrano groups.  

Ring A had two singlet protons at δH 6.81 (H-5, δC 104.2) and δH 7.89 (H-8, δC 123.6). Then the 

2,2-dimethyl pyran group was placed at C-7/ C-6, a placement that was established through HMBC 

relationships between H-8 (δH 6.81), with C-8a (δC 154.3 ) and C-7 (157.6), together with the 

association of H-4''' (δH 6.47) with C-7 (157.6) and C-6 (δC 119.6).  
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Ring B had a pair of doublets at δH 6.66 and 7.14 that were ascribed to H-5' (δC 112.4) and H-6' 

(δC 131.7) respectively. In addition, the ring is disubstituted with a methoxy group and the second 

2,2-dimethylpyrano moiety, the methoxy substituent was placed at C-4' (δC 154.1). The placement 

of the 2,2-dimethylpyrano residue was confirmed using HMBC correlation whereby H-4'' 

correlated with C-6' (δC 131.7). Therefore compound 70 was identified as munetone, previously 

isolated from Mundulea suberosa (Rao et al., 1999). 

Table 4. 22: NMR data for munetone (70) in CDCl3 

Position  1H NMR (δH) (J in Hz) 13C NMR (δC) HMBC ) 

2 7.93 s 158.8 C-3, C-4, C-8a, C-1' 

3  121.5  

4  176.0  

4a  118.6  

5 7.89 s 123.6 C-4, C-4a, C-6 

6  119.6  

7  157.6  

8 6.81s 104.2 C-7, C-8a 

8a  154.3  

1'  117.1  

2'  154.3  

3'  114.9  

4'  154.1  

5' 6.66 d (8.4) 112.4 C-1', C-4' 

6' 7.14 d (8.4) 131.7 C-4, C-3', C-4' 

2''  76.0  

3'' 5.67d (9.0) 130.4 C-2'', C-3''  

4'' 6.64 d (9.0) 117.2 C-6', C-2'' 

2''-(CH3)2 1.47 26.3  

2'''  77.9  

3''' 5.76 d (10.0) 131.7 C-6 

4''' 6.47 d (10.0) 121.3 C-6, C-7 

2''-(CH3)2 1.5 28.4  

2'-OCH3 3.61 61.9  
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4.2.7 Rotenone (63) 

Compound 63 was isolated as a white paste.The (Appendix 23A-23E), NMR data (Table 4. 23) 

[δH 4.19 (dd, J = 12.2, 1.0 Hz, 1H, H-6, δC 66.3), 4.62 (dd, J = 12.1, 3.1 Hz, 1H, H-6, δC 66.3), 

4.94 (ddd, J = 3.1, 1.5, 1.2 Hz, 1H, H-6a, δC 72.2) and 3.84 (d, 1H, H-12a, δC 44.6)] are typical of 

a rotenoid skeleton (Luyengi et al., 1994). 

In Ring D, NMR data (Table 4. 23), displayed ortho-correlated protons at δH 7.85 and 6.52 (d, J = 

8.7 Hz, H-11/H-10). The substituent on ring D was identified to be 2'-isopropenyldihydrofuran 

moiety from the proton signals at δH 2.96 (dd J = 15.8, 8.1, 1H, H-3'β), 3.33 (dd J = 15.8, 9.8, 1H, 

H-3'α), 5.09 (dt J = 1.7, 0.9, 1H, H-5'), 5.25 (dd J=9.7, 8.2, 1H, H-2') and methyl signal at 1.76 (s, 

3H). The location of the isopropenyldihydrofuran residue between C-8 (δC 113.0) and C-9 (δC 

167.4) of ring D was confirmed by HMBC association of H-3', H-11 and H-10 with C-9 and C-8. 

 In ring A, signals at δH 6.77 (s) and δH 6.46 (s) were ascribed to H-1 and H-4, respectively. It is 

also disubstituted with two methoxy groups (δH 3.73 and 3.77). The placement of the methoxy 

substituents was established by HMBC correlation of methoxy signals at δH 3.73 to C-3 (δC 147.3) 

and δH 3.77 to C-2 (δC 143.8) and also correlation of δH 6.77 (H-1) and δH 6.47 (H-4) correlation 

with C-3 and C-2.  This compound 63 was identified as rotenone (Gupta, 2012). 
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Table 4. 23: NMR data for Rotenone (63) in CDCl3 

Position  1H NMR (δH) (J in Hz) 13C NMR (δC) HMBC ) 

1 6.77s 112.6 C-3, C-4, C-4a, C-12a, C-12b,  

2  143.8  

3  147.3  

4 6.46 s 100.9 C-2, C-12a, C-12b, 

4a  149.4  

5    

6 4.19 dt (12.2, 1.0, 1.0)  

4.62 dd (12.1, 3.1) 

66.3 C-4a, C-6a, C-12, C-12a 

6a 4.94 ddd (3.1, 1.5, 1.5, 

1.2) 

72.2 C-6, C-12b, C-12 

7a  158  

8  113.0  

9  167.4  

10 6.52 d (8.6) 104.9 C-8, C-9, C-11 

11 7.85 d (8.7) 130.0 C-8, C-9, C-12  

11a  113.3  

12  189.1  

12a 3.84 d 44.6 C-4a, C-12, C-12b 

12b  104.7  

2' 5.25 dd (9.7, 8.2), 87.8 C-4', C-8' 

3' 3.33 dd (15.8, 9.8), 2.96 

dd (15.8, 8.1) 

31.3 C-9, C-2', C-4', C-5' 

4'  143.0  

5' 5.09 dt (1.7, 0.9) 113.3 C-2', C-4' 

4'- CH3 1.75 s 18.4  

2- OCH3 3.77 s 56.3 C-2 

3- OCH3 3.73 s 58.4 C-3 
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4.2.8 Striatine (131) 

Compound 131 was obtained as a white amorphous solid. The (Appendix 24A-24G), 1H [δH 3.52 

(m, 1H, H-6a), 4.25 (m, 1H, H-6), 3.62 (m, 1H, H-6), and 3.84 (m, H-12a)] and 13C [at δC 66.5 

(C-6) and 40.1 (C-6a)] NMR data (Table 4.24) are typical of a pterocarpan skeleton. The existence 

of two hydroxy and two dimethylallyl substituents were also evident from the NMR data (Table 

4.24), and the placement of the hydroxy groups at C-3 and C-9 was based on the expected 

oxygenation from biogenetic consideration of pterocarpans of Mundulea (Manjary et al., 1993). 

In ring A, there was, two singlet proton signals at δH 7.43 (H-1) and 6.47 (H-4), allowing the 

placement of one of the of dimethylallyl substituents at C-2 (δC 126.6). The placement was 

established by HMBC association [CH3 and H-1 both correlated with C-2]. In ring D, the two ortho 

correlated (J= 8.0 Hz) signals at δH 6.42 and δH 6.99 were ascribed to H-7 and H-8, respectively, 

with their carbons appearing at δC 122.4 (C-7) and 108.2 (C-8). The second dimethylallyl 

substituent can then be placed at C-10 (δC 110.3) of ring D. The placement was confirmed by 

HMBC association [H2-1' and H-8 both associated with C-10]. Therefore, compound 131 was 

identified as striatine (Manjary et al., 1993). 

 

Table 4.24: NMR data for striatine (131) in CDCl3 

Position  1HNMR (δH) 13CNMR(δC) HMBC 

1 7.43 s 128.9 C-1a, C-2, C-3, C-4, C-11a, C-1''' 

1a  112.1  
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2  126.6  

3  155.9  

4 6.48 s 105.6 C-1a, C-2, C-3, C-11a, C-1''' 

4a  155.6  

6 4.25 m , 3.62 m 66.5 C-4a, C-6a, C-6b, C-11a 

6a 3.52 m 40.1 C-6, C-6b, C-7, C-11a 

6b  118.8  

7 6.99 d (J= 8.0) 122.4 C-6, C-6a, C-9, C-10, C-10a 

8 6.42 d (J= 8.0) 108.2 C-6a, C-6b, C-9, C-10, C-10a, C-

1' 

9  156.3  

10  110.3  

10a  158.4  

11a 5.48 m 78.4 C-1a, C-2, C-6, C-6a, C-6b, C-

10a 

1' 3.42 23.3 C-9, C-10, C-10a, C-2', C-3' 

2' 5.34 m 121.5  

3'  135.2  

4' 1.78 s 25.9 C-10, C-2', C-3', C-5' 

5' 1.84 s 17.9 C-10, C-1', C-2', C-3',  

1''  39.9  

2'' 1.50 s 27.1 C-2, C-1'', C-4'' 

3'' 1.50 s 27.1 C-2, C-1'', C-4'' 

4'' 6.23 dd (J= 17.7, 10.5) 147.9 C-2, C-1'', C-2'' 

5'' 5.41 m 113.8 C-2, C-1'', C- 4'' 

 

4.2.9 7-Hydxoxy-9-methoxy-2,3-(prop-1-en-2-yl)-dihydrofuranpterocarpan (132) 

Compound 132 was obtained as a white amorphous solid. (Appendix 25A-25D) and 1H (Table 4. 

25) NMR [δH 3.56 (m, 1H, H-6a), 4.26 (m, 1H, H-6), 3.66 (m, 1H, H-6) and 5.49 (m, H-12a)] 

and the 13C NMR δC 66.7 (C-6) 40.3 (C-6a), and C-12a] data are typical of a pterocarpan skeleton. 

The evidence for the presence of 2'-isopropenyldihydrofuran, methoxy, hydroxy substituents was 

also obtained from the NMR data (Table 4. 25). The compound is oxygenation at C-3 and C-9 as 

expected for pterocarpans on biogenetic ground (Manjary et al., 1993). 

In ring A, signals at δH 7.28 (s) and δH 6.46 (s) were ascribed to H-1 and H-4, respectively, with 

their carbons appearing at δC 126.7 (C-1) and δC 97.7 (C-4). This requires the presence of 
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substituent at C-2 and C-3 in ring A. This substituent was established to be 2'-

isopropenyldihydrofuran from the long range proton-carbon correlation [H-3' and H-1 associated 

with C-2; H-4 correlated with C-3]. The methoxy and hydroxy groups should then be placed in 

ring D. 

In ring D, two broad singlets appearing at δH 6.87 and δH 6.37 were ascribed to H-10 and H-8, 

respectively, with their carbons at δC 97.5 (C-8) and δC 107.0 (C-10) respectively. This requires 

the placement of methoxy and hydroxy groups at C-7 and C-9 of ring D. HMBC correlation of the 

methoxy protons (δH 3.89) with C-9] supported its placement at C-9, and hence the hydroxy at C-

7. Therefore, compound 132 was identified as 7-hydxoxy-9-methoxy-2'-

isopropenyldihydrofuranpterocarpan. 

Table 4. 25: NMR data for compound 132 in CDCl3 

Position  1H NMR (δH) 13C NMR(δC) HMBC 

1 7.28 s 126.7 C-2, C-3, C-3' 

1a  119.7  

2  126.6  

3  160.4  

4 6.46 s 102.9 C- 2, C-3, C-4a 

4a  154.0  

6 4.26, dd, (J=10.9, 4.8), 

3.66, d, (J=10.7) 

66.7 C-4a, C-6a, C-6b, C-11a 

6a 3.56 d, (J=7.1) 40.3 C-6, C-6b, C-7, C-11a 

6b  111.5  

7 6.37 s 97.5  

8  140.9 C-6a, C-6b, C-9, C-10 

9  153.8   

10 6.87s 107.0  

10a  147.5  

11a 5.49 m 78.6  

2' 5.22 m 86.7 C-4' 

3' 3.36 ddd, (J=15.4, 9.5, 

1.2), 3.02 m 

33.9 C-2, C-2', C-4', C-5' 

4'  144.2  

5' 5.09 m 111.7 C-2', C-4' 

4'- CH3 1.79 t, (J=1.2, 1.2) 16.9  
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2-OH 5.77 s   

3- OCH3 3.89 s 56.9 C-9 

 

 

 

4.2.10 Stigmasterol (88) 

Compound 88 was obtained as white crystals. The (Appendix 26A-26E) and NMR data revealed 

the existence of 29 carbon peaks, including four olefinic carbons [δC 140.9 (C-5), δC 121.9 (C-6), 

138.5 (C-22), and 129.4 (C-23)] and an oxygenated carbon (δC 72.0, C-3). The proton NMR 

spectrum revealed signals at δH 5.02 dd (J = 151, 8.7 Hz, H-22), 5.15 dd (J = 15.2, 8.6 Hz, H-23), 

δH 3.52 m (H-3) and δH 5.35 m (H-6). Therefore, compound 88 was identified as stigmasterol 

(Pierre & Moses, 2015). 
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4.3 Compounds isolated from the stems of Tephrosia uniflora 

Chromatographic separation of the stems of T. uniflora, yielded a new chalcone, (S)-

elatadihydrochalcone-2'-methyl ether (133), elongatin (87), elatadihydrochalcone (85), and 12a-

hydroxydeguelin (123). 

4.3.1 (S)-elatadihydrochalcone-2'-methyl ether (133) 

Compound 1 was isolated as a colourless solid, and was assigned a molecular formula C22H24O5 

based on HREIMS [M+1] + m/z 369.1702, (Appendix 27A-27K), and NMR data (Table 4. 26). The 

UV (λmax 214, 263, 310 nm), 1H NMR [δH 3.25 (dd, J = 17.4, 3.8 Hz) and 3.15 (dd, J = 17.3 9.5 

Hz) for CH2-; 5.28 (dd, J = 9.5, 2.8 Hz, for H-] and 13C NMR (δC 204.4 (C=O), 53.6 (C-), and 

70.6 (C-) showed the compound has a -hydroxydihydrochalcone skeleton (Muiva et al., 2009).  

Ring A is unsubstituted, as revealed by the 1H NMR spectrum which displayed signals at δH 7.40 

(H-2/6), 7.34 (H-3/5), and 7.26 (H-4) with the corresponding carbon resonances appearing at δC 

126.0 (C-2/6), 128.5 (C-3/5), 127.8 (C-4). Ring B, on the other hand, is tetra-substituted with two 

methoxy and a 2,2-dimethylpyran groups (Table 4. 26), with C-2ʹ, C-4ʹ and C-6ʹ oxygenated as 

expected from biogenetic considerations of chalcones. This was supported by ESI-MS fragment 

ion at m/z 247 (1a). The HMBC correlation of H-5' (δH 6.19) to C-3' (δC 108.3), C-4'' (δC 116.4), 

and C-4' (δC 156.6); H-4" (δH 6.47 to C-4' (δC 156.6) allowed the placement of the 2,2-

dimethylpyran group between C-3ʹ and C-4ʹ with the oxygen at C-4ʹ. The two methoxy groups 

were therefore placed at C-2ʹ (δC 154.6) and C-6ʹ (δC 157.9). Hence, the gross structure of the new 

compound (1) was characterized as 2',6'-dimethoxy-3'/4'(2",2"-dimethyl-2H-chromen-6-yl)--

hydroxydihydrochalcone, trivial name elatadihydrochalcone-2' methyl ether. The ECD spectrum 

showed a negative Cotton effect at 275 nm suggesting S-configuration at the  carbon as 
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elatadihydrochalcone (3), a co-metabolite, which has earlier been reported from T. elata (Muiva 

et al., 2009), and synthetic -hydroxydihydrochalcone (Nel et al., 1999). 

 

Table 4. 26: NMR data for (S)-elatadihydrochalcone-2'-methyl ether (133) in CDCl3 

No δH (J in Hz) (δC) HMBC COSY NOESY TOCSY 

CH2-α 

 

3.25 dd (17.4, 3.8) 53.6 

 

C-7, C- H- - H- 

3.15 dd (17.3 9.5) C-7, C- - - - 

β 5.28 dd (9.5, 2.8) 70.6 C-1, C-3, C-5 H-α H-α H-α 

1 - 143.2 - - - - 

2/6 7.40 m 126.0 C-4, C-β - - - 

3/5 7.34 m 128.5 C-1, C-3, C-5 - - - 

4 7.26 m 127.8 C-2, C-6 - - - 

7 - 204.4 - - - - 

1' - 117.6 - - - - 

2' - 157.9 - - - - 

3' - 108.3  - - - 

4' - 156.6 - - - - 

5' 6.19 s 96.3 C-3', C-4', C-4'' - 6-OMe - 

6' - 154.6 - - - - 

2'' - 77.4 - - - - 

3''  5.55 d (9.9) 127.6 C-3', C-2'' H-4'' 2''-Me, C-4'' H-4'' 

4'' 6.47 d (9.9) 116.4 C-4', C-2'' H-3'' 2-OMe, H-3'' H-3'' 

2''-Me2 1.43 s 28.1 C-2''-Me, C-2'' - H-3'' - 

2-OMe 3.76 s 63.9 C-2' - H-4'' - 

6-OMe 3.75 s 56.0 C-6' - H-5' - 
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4.3.2 Elongatin (87) 

Compound 87 was isolated as a white solid. The UV (λmax 280 nm), (Appendix 28A-20I) and the 

NMR data (Table 4. 27), which showed an up-field singlet at δH 8.02 (δC 156.8), corresponding to 

H-2 of ring C, is characteristic of isoflavones (Nazir et al., 2008). Further, the NMR data revealed 

the existence of two methoxy and a 2,2-dimethylpyrano groups.  

In Ring A, a singlet proton at δH 6.38 (δC 98.0) was assigned to H-8, a ring which otherwise is 

substituted with the 2,2-dimethyl pyran moiety at C-7/C-6 and hydroxy at C-5. The placement of 

the 2,2-dimethyl pyran moiety at C-7/C-6 was established by HMBC correlation of H-8 (δH 6.38) 

with C-8a (δC 159.8) and C-7 (163.0); H-4'' (δH 6.71) correlated with C-5 and C-7. In Ring B, a 

pair of singlets at δH 6.61 (H-3'; δC 101.7 for C-3’) and 6.89 (H-6'; δC 117.1 for C-6’) requires 

substitution at C-2’, C-4’ and C-5. The placement of the methoxy groups was confirmed using 

HMBC experiments. The methoxy group at δH 3.75 was placed at C-2' (δC 151.5) due to its 

correlation to C-2', while the methoxy group at δH 3.85 was placed at C-5' (δC 144.9) due to its 

correlation to C-5'. Therefore, compound 87 was identified as elongatin previously isolated from 

T. uniflora (Abreu & Luis, 2006). 
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Table 4. 27: NMR data for elongatin (87) in CD3OD  

No 1H NMR (δH) (J in 

Hz) 

13C 

NMR(δC) 

HMBC COS

Y 

NOESY TOCS

Y 

2 8.02 s 156.8 C-3, C-4, C-8a, C-1' - - - 

3 - 122.3 - - - - 

4 - 182.5 - - - - 

4a - 106.9 - - - - 

5 - 158.9 - - - - 

6 - 106.5 - - - - 

7 - 163.0 - - - - 

8 6.38 s  98.0 C-4a, C-7, C-8a - - - 

8a - 159.8 - - - - 

1' - 111.0 - - - - 

2' - 151.5 - - - - 

3' 6.61 s 101.7 C-1', C-2', C-4', C-5' - 2'-OMe - 

4' - 153.9 - - - - 

5' - 144.9 - - - - 

6' 6.89 s 117.1 C-3, C-1', C-2', C-4', 

C-5' 

- 2'-OMe - 

2'' - 81.4 - - - - 

3'' 5.74 d (10.1) 131.8 C-6, C-2'' H-4''  H-4'', 2''-

Me,  

H-4'' 

4'' 6.71 d (10.1) 116.1 C-5, C-7, C-2'' H-3'' H-3'' H-3'' 

2'-

'Me 

1.50 30.7 C-2''Me - - - 

2''-

Me 

1.50 30.7  C-2''Me - H-3'' - 

2'-

OMe 

3.75 56.7 C-2' - H-3', H-6' - 

5'-

OMe 

3.85 57.4 C-5' - - - 

 

4.3.3 Elatadihydrochalcone (85) 

Compound 85 was isolated as a yellow oil. The (Appendix 29A-29I) and NMR data (Table 4. 28) 

(δH 3.37 (dd J = 18.2, 9.4 Hz) and 3.45 (dd J = 12.8, 10.2 Hz) for CH2; 5.28 (d J = 9.2 Hz) for 

H-) and 13C (δC = 204.4 for carbonyl, 52.9 for carbon, 70.4 for -carbon) was evident of a -

hydroxydihydrochalcone derivative (Muiva et al., 2009).  
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Ring B is unsubstituted, as shown from the proton NMR spectrum [(δH 7.37 (H-3/5), 7.29 (H-4), 

7.43 (H-2/6), with the corresponding carbons at δC 125.9 (C-2/6), 127.6 (C-4, 128.6 (C-3/5]. Ring 

A is trisubstituted with a hydroxy, a methoxy and a 2,2-dimethylpyran groups. The existence of a 

hydroxy group which is highly deshielded (δH 13.97) suggested that there was strong 

intramolecular hydrogen bonding between the hydroxy at C-6' (δC 162.9) and carbonyl at C-7 (δC 

204.4). The location of the 2,2-dimethylpyran group between C-4' and C-5' was established from 

HMBC spectrum [δH 13.97 (6'-OH) to C-6' (C 162.9) and C-5' (C 103.0); δH 6.66 (H-4") to C-5' 

and C-4']. The methoxy substituent was therefore placed at C-2' (δC 163.2). Hence, compound 85 

was characterized as elatadihydrochalcone, previously isolated from the seedpods of Tephrosia 

elata (Muiva et al., 2009),. 

 

Table 4. 28: NMR data for elatadihydrochalcone (85) in CDCl3  

No 1H NMR (δH) 

(J in Hz) 
δ C HMBC COSY NOESY TOCSY 

α' 3.45 dd (12.8, 

10.2) 

52.9 C-, C-7  H- - H- 

α'' 3.37 dd (18.2, 

9.4) 

52.9 C-, C-7 - - - 

 5.28 d (9.2) 70.4 C-2, C-6 H-' H-6 H-' 

1' - 105.8 - - - - 

2' - 163.2 - - - - 

3' 5.87 s 91.5 C-1', C-2', C-

4', C-5' 

- 2'-OMe - 

4' - 160.8 - - - - 

5' - 103.0 - - - - 

6' - 162.1 - - - - 

7 - 204.4 - - - - 

1 - 143.5 - - - - 
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2 7.43 d (6.9 ) 125.9 C-, C-4, C-6 - - - 

3 7.37 t (7.5) 128.6 C-1, C-5 - - - 

4 7.29 m 127.6 C-2, C-6 - - - 

5 7.37 t (7.5) 128.6 C-1, C-3 - - - 

6 7.43 d (6.9) 125.9 C-, C-2, C-4 - H- - 

2'' - 78.5 - - - - 

3'' 5.46 125.7 C-5, C-2'', C-

2''Me 

H-4'' H-4'', H-2''Me, 

H-2''Me2 

H-4'' 

4'' 6.66 d (10.0) 115.8 C-4, C-5, C-

2'' 

H-3'' H-3'' H-3'' 

2''Me/2''Me2 1.44 s 28.5 C-2'', C-4'', 

C-2''Me 

- H-3'' - 

6'-OH 13.97 s - C-1', C-6' - - - 

-OH 3.43 d, (2.7 ) - - - - - 

2'-OMe 3.79 s 55.8 C-2' - H-3' - 

 

4.3.4 Tephrosin (123) 

Compound 124 was isolated as a yellow oil. The (Appendix 30A-30G) and NMR data (Table 4. 

29) [δH 4.49 (dd, J = 12.4, 1.1 Hz, H-6, δC 64.0), 4.63 (dd, J = 12.1, 2.5 HzH-6, δC 64.0), and 4.57 

(dd, J = 2.4, 1.1 Hz, H-6a, δC 77.3)] and δC 67.6 (C-12a)] are consistent with a 12a-dydroxyrotenoid 

skeleton. The 1H NMR data of ring D revealed a pair of ortho-correlated (J = 8.8 Hz) protons at 

δH 7.73 and 6.47 assigned to H-11 and H10, respectively, with substituents at C-8 (δC 111.3) and 

C-9 (δC 160.9). The placement of the substituent which is a 2,2-dimethylpyrano group (Table 4. 

29) was established by HMBC association of H-4' to C-9 and C-7a.  

Ring A is disubstituted with two methoxy groups, which otherwise displayed two aromatic singlets 

at δH 6.56 (H-1) and 6.46 (H-4). The location of the methoxy groups was established by HMBC 

association of methoxy signals at δH 3.73 to C-2 (δC 144.1); and δH 3.81 to C-3 (δC 151.3) and also 

correlation of H-4 (δH 6.46) and H-1 (δH 6.56) to C-2 and C-3. Hence, compound 124 was 

characterized as tephrosin,  previously reported from M. sericea (Luyengi et al., 1994).  
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Table 4. 29: NMR data for tephrosin (123) in CDCl3  

No 1H NMR (δH) (J in Hz) 13C NMR(δC) HMBC 

    

1 6.56 s 109.5 C-2, C-3 

1a - 111.3 - 

2 - 144.1 - 

3 - 151.3 - 

4 6.46 s 101.2 - 

4a - 148.5 - 

5 - - - 

6a 4.57 dd (2.4, 1.1) 77.3 - 

6 4.49 dd (12.1, 1.1), 4.63 dd (12.1, 2.5)  64.0 - 

7a - 156.8 - 

8 - 111.3 - 

9 - 160.9 - 

10 6.47 d (11.1) 112.0 - 

11 7.73 d, (8.8 ) 129.0 - 

11a - 109.3 - 

12 - 191.5 - 

12a - 67.6 - 

2'Me2 1.45 s 28.7 - 

2'Me 1.45 s 28.7 - 

2' - 78.2 - 

3' 5.55 d (10.1) 128.7 C-2' 

4' 6.60 d (10.1) 115.6 C-7a, C-9, C-2' 

2-OMe 3.73 s 56.5 C-2 

3-OMe 3.81 s 56.0, 56.5 C-3 

12a-OH 4.40 - - 

 

4.4 Bioactivity  

The anti-plasmodial activity of the crude extract and some selected metabolites of M. sericea were 

evaluated against chloroquine-resistant (W2) and chloroquine-sensitive (3D7) strains of 
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Plasmodium falciparum. The antileishmanial action of selected metabolites was also investigated 

against L. donovani strains, both antimony-sensitive (MHOM/IN/83/AG83) and antimony-

resistant (MHOM/IN/89/GE1). The isolated compounds were also evaluated for their cytotoxicity 

against human lung adenocarcinoma (A549), human liver cancer (HepG2), human lung/bronchus 

cells (epithelial virus-transformed, BEAS-2B), immortal human hepatocytes (LO2), and human 

breast cancer cell line (MCF-7). 

4.4.1 In vitro antiplasmodial activity  

Flavonoids have previously been reported to be effective antimalarial and antileishmanial agents 

both in vitro and in vivo (Kaur, Jain, Kaur, & Jain, 2009; Tasdemir et al., 2006) prompting for the 

evaluation of the bioactivities of the isolated metabolites. Using the established protocols, 

antiplasmodial activity of crude extracts of the roots of M. sericea was tested against chloroquine-

sensitive (3D7) and chloroquine-resistant (W2) strains of Plasmodium falciparum (Smilkstein et 

al., 2004b). The root extract exhibited antiplasmodial activity against the W2, and 3D7 strains, 

with IC50 values of 0.62 and 1.86 µg/mL, respectively. Some of the isolated compounds from this 

plant were also evaluated for antiplasmodial activity (Table 4. 30). Lupinifolinol (127) showed 

half-maximal inhibitory concentration of 2.0 µM and 6.68 µM against the W2, and 3D7 

respectively. Lupinifolin (130) showed IC50 of 12.1 µM against the W2, and 3.7 µM against the 

3D7, while mundulinol (64) showed IC50 of 5.9 µM against W2, and IC50 of 2.4 μM against 3D7. 

Table 4. 30: Anti-plasmodial activities of the root extract and selected compounds from M. sericea 

Sample  IC50 

W2 3D7 

Lupinifolinol (127) 2.02 µM 6.68 µM 

Lupinifolin (129) 12.10 µM 3.69 µM 

Mundulinol (64) 5.93 µM 2.46 µM 

Roots  0.62 µg/mL 1.86 µg/mL 
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Chloroquine  0.08 µM 0.08 µM 

 

4.4.2 Antibacterial Activity  

The crude extract of the roots and the major isolated metabolites were tested for antibacterial 

activities against E. coli and B. subtilis. Usambarin D (113) isolated from S. usambarensis showed 

modest antibacterial efficacy (MIC = 9.0 μM) against B. subtilis, whilst the other evaluated 

compounds exhibited no significant activity (MIC >100 μM) against B. subtilis. Elongatin (87) 

isolated from T. uniflora showed moderate antibacterial activity (EC50 of 25.0 μM and EC90 of 

33.0 µM) against Bactilus subtilis. All of the compounds investigated were ineffective against E. 

coli (Error! Reference source not found.). 

Table 4.32: Antibacterial activities (μM) of root and stem extracts and isolated compounds from 

S. usambarensis and T. uniflora. 

  E. coli B. subtilis 

S/N EC5

0  

SE  

range 

EC9

0  

MI

C  

EC

50  

SE  

range  

EC

90  

SE 

 range  

MI

C  

87 - - - -  25 23 29 33 28 40 >12

00 

110 >66

00 

 - -  - >66

00 

- -  -  - -  -  - 

111 >34

00 

 -  -  - >34

00 

 - -   - -  -  -   - 

113 -   -  - -  -  18 16 20 22 18 26 9.0 

114 >25

00 

    >25

00 

>25

00 

189 187 190 230 220 240 106.

3 

119 -  - -  - - 400 325 475 540 420 660 >79

8 

120 -  -  - - - 620

0 

610

0 

630

0 

820

0 

8100 8300 >24

00 

122 5100 5000 5200 - >57

00 

- -  -  - -  -  - 
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Roots  - -   - -  -  -  -  -  -  -    >79

8 

Ampicil

lin 

13.7 19.9

27 

10.5

68 

20.8 - 7.5 6.38

2 

8.93

3  

62.

2 

49.0

65  

73.3

43 

- 

 

4.4.3 Antileishmanial Activity  

Selected compounds were also evaluated for antileishmanial activity against L. donovani using an 

antimony-sensitive (MHOM/IN/83/AG83) and antimony-resistant strains (MHOM/IN/89/GE1) 

(Table 4.31). Sericetin (130) showed IC50 of 5.0 µM and 38.0 µM against the antimony-sensitive, 

strains. Dehydrolupinifolinol (128) showed IC50 of 9.0 µM against the antimony-sensitive strain.  

Nitric oxide (NO) is considered to be a crucial host anti-leishmanial defense substance. Hence 

selected compounds were evaluated for nitric oxide generation. Dehydrolupinifolinol (128) and 

sericetin (130) showed visible increases in NO production in a cell culture with respect to a control 

in an amastigote assay. Dehydrolupinifolinol (128) induced the highest NO production (3.3-fold) 

in the test cells, conferring a stronger NO-mediated protection. 

Table 4.31: Anti-leishmanial activities of selected compounds from M. sericea against L. donovani 

S/NO IC50 (µM) 

antimony-sensitive L. 

donovani 

(MHOM/IN/83/AG83)  

antimony-resistant L. 

donovani 

(MHOM/IN/89/GE1)  

 

For 

RAW 

264.7 

cells  

Nitric oxide 

generation  

 

128 9  Activity not observed 40.9 3.31 

130 5  38  31.4 1.05 

88 6.75  Activity not observed 21.01 0.87 

Miltefosine  5.5 6.7 19.8 NT 
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4.4.5 Cytotoxicity  

4.4.5.1 Cytotoxicity of compounds from Mundulea sericea 

The selected metabolites of M. sericea were investigated for their cytotoxicity against human 

cancer cell lines; liver cancer (HepG2), lung adenocarcinoma (A549). Normal cell; immortal 

hepatocytes (LO2), lung/bronchus and (epithelial virus transformed, BEAS-2B) (Table 4.32). 

Dehydrolupinifolinol (128), mundulinol (64) and sericetin (130) did not show significant toxicity 

against any of the cell lines (IC50 >100 µM). Cell viability was above 50% at all concentrations 

(Figure 4.3). 

 

 

 

 
Figure 4.3: Cell viability curve for dehydrolupinifolinol (128), sericetin (130), stigmasterol (88) 

and mundulinol (64) 

Compound 128 

Compound 130 
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Lupinifolinol (127) was moderately cytotoxic to LO2 (IC50 of 39.7 µM) and, BEAS-2B (IC50 of 

36.6 µM), while lupinifolin (129) was moderately cytotoxic to LO2 (IC50 of 36.6 µM) and strongly 

cytotoxicity to BEAS-2B (IC50 4.9 µM) (Table 4.32). The cell viability decreased with increase in 

concentrations (Figure 4. 4).  

 
 

Figure 4. 4: Cell viability curve for lupinifolin (129) and lupinifolinol (127)  

Table 4.32: Cytotoxicity of selected compounds from M. sericea 

S/N IC50 

A549 (C) BEAS-2B (N) LO2 (N) HePG2 (C) 

127 45.74 µM 36.69 µM 39.74 µM 45.27 µM 

128 >100 µM >100 µM >100 µM >100 µM 

129 98.84 µM 4.99 µM 36.67 µM 10.87 µM 

64 >100 µM >100 µM >100 µM >100 µM 

130 >100 µM >100 µM >100 µM >100 µM 

88 >100 µM >100 µM >100 µM >100 µM 

Paclitaxel 0.0033 µM <0.1 µM <0.1 µM 0.19 µM 

 

Compound 127 Compound 129 
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4.4.5.2 Cytotoxicity from Strebulus usambarensis 

The Crude extract and the isolated metabolites from S. usambarensis were tested for cytotoxicity 

against the MCF-7 human breast cancer cell line. Usambarin A (110) and usambarin B (111) were 

cytotoxic against the MCF-7 human breast cancer cell line with EC50 of 65 and 92 μM respectively 

while compounds 113, 114, 120, 121 and 122 were not cytotoxic with EC50 > 200 μM (Table 4. 

33). 

Table 4. 33: cytotoxic activities of isolated compounds from S. usambarensis 

  Cytotoxicity MCF-7 

S/N EC50 (µM) SE range (µM) 

Usambarin A (110) 65 50 83 

Usambarin B (111) 92 86 100 

Usambarin D (113) 247 90 380 

 Usambarin E (114) 570 560 580 

Usambarin K (120) >740 - - 

 Bergapten (121) >700 - - 

Bergaptol (122) >1100 - - 

 

4.4.5.3 Cytotoxicity from Tephrosia uniflora 

Elongatin (87) was tested for cytotoxicity against the MCF-7 human breast cancer cell line. It was 

also cytotoxic against the MCF-7 human breast cancer cell line with EC50 of 41 μM (Figure 4. 5). 
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Figure 4. 5. Cytotoxicity dose-response curves (SD = 2.8; SE range of 39.6 to 42.6). 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Strebulus usambarensis (Moraceae), and Mundulea sericea (Leguminosae) and Tephrosia uniflora 

(Leguminosae) were investigated for their phytochemicals. The structures of isolated metabolites 

were characterized using NMR, X-ray crystallography, UV spectroscopy, electronic circular 

dichroism and mass spectrometry. Some of the metabolites isolated from these plants were tested 

for their antiplasmodial, antileishmanial, antibacterial and cytotoxicity activities.  

The anti-plasmodial activity of the crude extract of the roots and selected compounds of M. sericea, 

against the chloroquine-resistant (W2) and chloroquine-sensitive (3D7) strains of Plasmodium 

falciparum was determined using established protocols. Antileishmanial activity and anti-

proliferative effect of selected compounds of M. sericea against L. donovani using antimony-

sensitive (MHOM/IN/83/AG83) and an antimony-resistant strains (MHOM/IN/89/GE1) were 

evaluated using MTT assay. Antibacterial activity of the isolated compounds and the crude extracts 

was determined against B. subtilis and E. coli. The cytotoxicity of some of the isolated metabolites 

from S. usambarensis were evaluated against human breast cancer cell line (MCF-7), using MTT 

assay. The cytotoxicity of some of the isolated compounds from M. sericea were evaluated against 

against human cancer cell lines; liver cancer (HepG2), lung adenocarcinoma (A549), normal 

immortal hepatocytes (LO2), lung/bronchus and (epithelial virus transformed, BEAS-2B) using 

MTT assay. 
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The conclusions drawn from these studies are:  

1. Phytochemical analysis of the plants Mundulea sericea, Tephrosia uniflora and Strebulus 

usambarensis resulted in the identification of thirty one compounds of which the new 

compounds reported were, usambarin A (110), B (111), C (112), D (113), E (114), F(115), G 

(116), H (117), I (118), J (119), K (120), L (125) and M (126), and elatadihydrochalcone-2' 

methyl ether (133). Compounds from the roots of Strebulus usambarensis usambarin A (110), 

B (111), C (112), and D (113), have a novel skeleton, while compounds from the stems of 

Strebulus usambarensis usambarin D (113), E (114), F(115), G (116), H (117), I (118), and L 

(125) have a novel skeleton. 

2.  The crude extract of M. sericea roots showed antiplasmodial effect against the chloroquine-

resistant (W2) and chloroquine-sensitive (3D7) strains with half-maximal inhibitory 

concentration values of 0.6 µg/mL and 1.8 µg/mL, respectively. Lupinifolinol (127) had an 

IC50 of 2.0 µM and 6.6 µM against the W2, and 3D7 strain respectively, mundulinol (64) had 

an IC50 of 5.9 µM against the W2 strain and 2.4 µM against the 3D7 strain, and lupinifolin 

(129) showed IC50 of 12.1 µM against the W2, and 3.7 µM against the 3D7. 

3. Sericetin (130) and dehydrolupinifolinol (128) showed efficacy against the antimony-sensitive 

strain with IC50 value below 10.0 µM. Sericetin (130) was also effective against antimony-

resistant strain with IC50 valueof 38.0 µM.  

4. Usambarin D (113) and elongatin (87) had modest antibacterial activity against B. subtilis with 

EC50 of 18.0 μM and EC90 of 26.0 µM, EC50 of 25.0 μM and EC90 of 33.0 µM, respectively. 

However, the other compounds examined were not active (MIC >100 µM).  

5. Usambarin A (110) and usambarin B (111) were cytotoxic with EC50 values of 65 and 92 μM, 

respectively, while compounds 113, 114, 120, 121 and 122 were not cytotoxic with EC50 > 200 
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μM). Lupinifolinol (127) was moderately cytotoxic to the epithelial virus transformed (IC50 

36.6 µM) and immortal hepatocytes (IC50 of 39.7 µM), while lupinifolin (129) was moderately 

cytotoxic to LO2 (IC50 36.6 µM) and strongly cytotoxicity to BEAS-2B (IC50 of 4.9 µM). 

Dehydrolupinifolinol (128), mundulinol (64) and sericetin (130) did not show significant 

cytotoxicity against any of the cell lines (IC50 >100 µM)  

 

5.2 Recommendations 

This study recommends: 

1. This study resulted in the identification of new compounds with novel skeletons from 

Strebulus usambarensis hence further phytochemical investigation is needed,  

2. Some of the compounds isolated from M. sericea showed potent antiplasmodial activity 

however they were cytototoxic against both cancer and normal cell lines, therefore 

flavonoids from Mundulea should be derivatized with aim of retaining the anti-plasmodial 

activity and reducing their cytotoxicity. 
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APPENDICES  

Physical and Spectroscopic Data of Compounds 

Compound 110, A white crystal, HREIMS [M+1]+ m/z 363.1396, UV λmax
 270 nm, 310 nm, 1H 

NMR (DMSO-d6, 600 MHz) δH 9.35 (s, 5-OH), 8.00 (d, J = 8.9 Hz, H-3'), 7.89 (d, J = 8.4 Hz, H-

1'), 7.78 (m, H-2'), 7.59 (d, J = 2.6 Hz, H-6'), 7.38 (s, H-4), 7.23 ( dd, J = 8.9, 2.6 Hz, H-4'), 5.35 

(m, J = 7.5, 1.3 Hz, H-2''), 3.97 (s, 5'-OMe), 3.83 (s, 6-OMe), 3.71 (d, J = 7.5 Hz, H-1''), 1.97 (m, 

H-4''), 1.69 (d, J = 1.6 Hz, H-5''). 13C NMR (DMSO-d6, 150 MHz) δC 157.9 (C-5'), 150.7 (C-2), 

147.8 (C-7a), 147.3 (C-5), 145.5 (C-6), 131.5 (C-3''), 127.3 (C-2'a), 122.8 (C-2'), 122.1 (C-2''), 

119.8 (C-3), 119.3 (C-3a), 118.9 (C-7), 103.9 (C-4), 98.7 (C-6')-, 60.5 (6-OMe), 55.3 (5'-OMe), 

25.5 (C-5''), 23.3 (C-1''), 17.7 (C-4''). 

 

Compound 111, A white solid, HREIMS [M+1]+ m/z 349.1440,1H NMR (Methanol-d4, 500 MHz) 

δH 7.84 (d, J = 8.8 Hz, H-3'), 7.68 (d, J = 8.4 Hz, H-1'), 7.63 (d, J = 8.5 Hz, H-2'), 7.59 (d, J = 2.5 

Hz, H-6'), 7.29 (s, H-4), 7.10 (dd, J = 8.8, 2.5 Hz, H-4'), 5.44 (ddp, J = 7.4, 5.9, 1.5 Hz, H-2''), 3.89 

(s, 6-OMe), 3.75 (d, J = 7.4 Hz, H-1''), 1.99 (d, J = 1.4 Hz, H-5''), 1.73 (d, J = 1.5 Hz). 13C NMR 

(Methanol-d4, 125 MHz) δ 157.3 (C-5'), 152.7 (C-2), 150.0 (C-7a), 146.7 (C-6), 133.1 (C-3''), 

131.3 (C-3'), 128.8 (C-2'a), 124.0 (C-3), 123.9 (C-2'), 123.4 (C-4''), 121.63 (C-6'a), 121.1 (C-3a), 

120.6 (C-7), 116.0 (C-1'), 104.4 (C-4), 103.2 (C-6'), 61.6 (6-OMe), 26.0 (C-4''), 24.6 (C-1''), 18.2 

(C-5''). 

 

Compound 112, A white amorphous solid. HREIMS [M+1]+ m/z 347.1283, 1H NMR (Chloroform-

d, 500 MHz) δH 7.85 (d, J = 8.9 Hz, H-3'), 7.73 (d, J = 8.3 Hz, H-1'), 7.67 (s, H-6'), 7.64 (d, J = 

3.1 Hz, H-2'), 7.36 (s, H-4), 7.16 (dd, J = 9.0, 2.6 Hz, H-4'), 7.06 (d, J = 9.8 Hz, H-4''), 5.81 (d, J 

= 9.9 Hz, H-3''), 4.03 (s, 5-OMe), 1.56 (d, J = 2.0 Hz, H-2''-(Me)2). 
13C NMR (Chloroform-d, 125 

MHz) δ 158.3 (C-5'), 151.6 (C-2), 146.1 (C-7a), 141.8 (C-6), 138.7 (C-5), 130.8 (C-3''), 130.2 (C-

3'), 127.8 (C-3), 123.0 (C-2'), 122.4 (C-6'a), 120.5 (C-3a), 118.2 (C-4'), 117.8(C-2'a), 116.7(C-4''), 

115.8(C-1'), 106.8 (C-7), 104.6 (C-4), 78.0 (C-2''), 55.7 (5'-OMe), 27.9 (C-2''-(Me)2).  
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Compound 113, A white amorphous solid, EIMS [M+1]+ m/z 348.17, 1H NMR (Chloroform-d, 

500 MHz) δH 7.86 (d, J = 8.9 Hz, H-3' ), 7.75 (d, J = 8.3 Hz, H-1'), 7.67 – 7.64 (m, H-2', H-6'), 

7.39 (s, H-4), 7.19 ( dd, J = 8.9, 2.6 Hz, H-4'), 5.58 (s, 5-OH), 5.47 ( tp, J = 7.2, 1.4 Hz, H-2''), 

4.03 (s,5-OMe ), 3.92 (s, 5'-OMe), 3.81 (dt, J = 7.1, 1.2 Hz, H-1'''), 2.00 (d, J = 1.5 Hz, H-5'''), 

1.75 (q, J = 1.4 Hz, H-4'''). 13C NMR (126 MHz, Chloroform-d) δ 158.3 (C-5'), 152.1 (C-2), 149.3 

(C-7a), 145.9 (C-6), 144.5 (C-5) 132.7 (C-3''), 130.2 (C-3'), 128.1 (C-2'a), 122.8 (C-2'), 122.5 (C-

3), 122.0 (C-2'''), 121.1 (C- 6a), 120.2 (C-3a), 119.2 (C-7), 118.3 (C- 4'), 116.1 (C-1'), 103.0 (C-

4), 99.5 (C-6'), 62.3 (C-5OMe), 55.6 (C-5'OMe), 26.0 (C-4''), 24.1 (C-1''), 18.1 (C-5''). 

 

Compound 114, A white crystal, HREIMS [M+1]+ m/z 319.1334, UV λmax
 230 nm, 255 nm, 1H 

NMR (Chloroform-d, 500 MHz) δH 7.78 (dd, J = 8.5, 3.4 Hz, H-8), 7.59 (s, H-5), 7.30 (dd, J = 8.4, 

1.8 Hz), 7.16 (d, J = 2.5 Hz, H-4), 7.11 (dd, J = 8.8, 2.4 Hz, H-2), 6.90 (d, J = 8.3 Hz, H-3'), 6.87 

(d, J = 8.3 Hz, H-2'), 6.40 (d, J = 10.0 Hz, H-4''), 5.61 (d, J = 10.1 Hz, H-3''), 5.55 (s, 4'-OH), 5.13 

(s, 3-OH), 1.52 (s, H-2''-(Me)2). 
13C NMR (Chloroform-d, 125 MHz) δC 153.9 (C-3), 144.2 (C-4'), 

139.6 (C-5'), 138.1 (C-7), 134.6 (C-4a), 131.5 (C-1'), 130.5 (C-3''), 129.7 (C-1), 127.9 (C-8a), 

127.6 (C-8), 126.9 (C-5), 121.1 (C-4''), 119.2 (C-6'), 114.6 (C-2'), 109.7 (C-4), 76.5 (C-2''), 27.9 

(C-2''-(Me)2). 

 

Compound 115, A white solid, HREIMS [M+1]+ m/z 321.1491, UV λmax
 234 nm, 1H NMR 

(Chloroform-d, 500 MHz) δH 7.76 (d, J = 8.2 Hz, H-8), 7.76 (d, J = 8.2 Hz, H-1), 7.55 (s, H-5), 

7.24 (d, J = 1.8 Hz, H-6), 7.14 (d, J = 2.5 Hz, H-4), 7.10 (dd, J = 8.8, 2.6 Hz, H-2), 6.85 (q, J = 

8.2 Hz, H-2', 3'), 5.55 (s, 5'-OH), 5.43 (s, 4'-OH), 5.29 (m, H-2''), 5.00 (s,3-OH), 3.36 (d, J = 6.8 

Hz, H-1''), 1.76 (s, H-5''), 1.68 (s, H-4''). 13C NMR (Chloroform-d, 126 MHz) δC 153.8 (C-3), 144.0 

(C-4'), 142.4 (C-5'), 139.9 (C-4a), 135.7 (C-3''), 134.9 (C-1'), 134.6 (C-7), 129.8 (C-1), 127.8 (C-

8), 127.5 (C-8a) 126.8 (C-5), 126.2 (C-6) 125.4 (C-6'), 122.2(C-2'), 117.8 (C-2), 112.9(C-3'), 109.7 

(C-4), 27.7 (C-1''), 25.9 (C-4''), 18.1 (C-5''). 

 

Compound 116, A white solid, HREIMS [M+1]+ m/z 335.1647, 1H NMR (Chloroform-d, 500 

MHz) δH 7.78 (d, J = 7.4 Hz, H-1), 7.77 (d, J = 8.5 Hz, H-8), 7.55(m, H-5), 7.26(m, H-6), 7.11(m, 
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H-4), 7.09 (m, H-2), 6.97 (d, J = 8.3 Hz, H-3'), 6.90 (d, J = 8.2 Hz, H-2'), 5.58 (s, 3-OH), 5.30 (s, 

4'OH), 5.08 (dq, J = 6.6, 1.5 Hz, H-2''), 3.86 (s, 5'-OMe), 3.33 (dt, J = 6.6, 1.3 Hz, H-1''), 1.58 (d, 

J = 1.4 Hz, H-4''), 1.35 (d, J = 1.4 Hz, H-5''). 13C NMR (Chloroform-d, 126 MHz) δC 153.8 (C-3), 

148.5 (C-4'), 145.6 (C-5'), 139.9 (C-7), 135.7 (C-1'), 134.6 (C-8a), 133.3 (C-6'), 131.5 (C-3''), 

129.7(C-1), 127.8 (C-4a), 127.2 (C-8), 126.9 (C-5), 126.9 (C-5'), 123.5 (C-2''), 117.7 (C-2), 113.3 

(C-2'), 109.7 (C-4), 61.4 (5'-OMe), 26.9 (C-1''), 25.8 (C-4''), 17.8 (C-5''). 

 

 Compound 117, A white solid, HREIMS [M+1]+ m/z 335.1647, 1H NMR (Chloroform-d, 500 

MHz) δH 8.04(m, H-5), 7.81 (d, J = 8.5 Hz, H-8), 7.72 (d, J = 8.9 Hz, H-1), 7.52 (dd, J = 8.5, 1.7 

Hz, H-6), 7.27 (m, H-2), 7.25 (m, H-2'), 7.17 (dd, J = 8.2, 2.1 Hz, H-6'), 6.98 (d, J = 8.2 Hz, H-3'), 

5.23 (m, H-2'', 4'OH, 5'OH), 3.95 (s, 3OMe), 3.83 (d, J = 6.8 Hz, H-1''), 1.91 (d, J = 1.3 Hz ,H- 

4''), 1.69 (d, J = 1.5 Hz, H-5''). 13C NMR (Chloroform-d, 125 MHz) δC 154.7 (C-3), 143.9 (C-4'), 

143.2 (C-5'), 138.3 (C-1'), 135.5 (C-7), 133.4 (C-4a, C-8a), 131.6 (C-3''), 129.1 (C-8), 128.5 (C-

4), 127.4 (C-1), 123.5 (C-2''), 123.0 (C-6), 121.4 (C-5), 120.4 (C-6'), 115.9 (C-3'), 114.8 (C-2'), 

113.8 (C-2), 57.0 (3-OMe), 25.9 (C-5''), 24.3 (C-1''), 18.3 (C-4''). 

 

Compound 118, A white solid, HREIMS [M+1]+ m/z 389.2117, 1H NMR (500 MHz, Chloroform-

d) δH 7.78 (m, H-1), 7.77 (m, H-8), 7.45 (d, J = 1.6 Hz, H-5), 7.13-7.09 (ddd, J = 9.5, 5.8, 2.0 Hz, 

H-2, H-4, H-6), 6.75 (s, H-2'), 5.60 (s, 3-OH), 5.12 (m, H- 2''), 4.94 (s, 4-'OH), 2.96 (d, J = 7.4 Hz, 

H-1''), 2.32 (dt, J = 9.0, 6.7 Hz, H-4'''), 1.68 (t, J = 6.8 Hz, H-3'''), 1.62 (d, J = 1.6 Hz, H-5''), 1.34 

(s, H-2'''-(Me)2), 1.33 (s, H-4''). 13C NMR (Chloroform-d, 125 MHz) δC 153.7 (C-3), 144.5 (C-4'), 

139.0 (C-5'), 138.5 (C-7), 134.8 (C-8a), 132.6 (C-1'), 131.3 (C-3'), 129.8 (C-1), 127.9 (C-4a), 127.7 

(C-8), 127.2 (C-5), 126.5 (C-4), 123.9 (C-2''), 119.7 (C-6'), 117.7 (C-5'), 112.4 (C-2'), 109.6 (C-

6), 74.8 (C-2'''), 33.2 (C-3'''), 32.0 (C-1''), 27.0 (C-2'''-(Me)2), 25.9 (C-5''), 21.9 (C-4'''), 17.7 (C-

4''). 

 

Compound 119, A white solid, EIMS [M+1]+ m/z 334.37, 1H NMR (Chloroform-d, 500 MHz) δH 

7.78 (dd, J = 8.7, 1.4 Hz, H-1, H-8), 7.56 (d, J = 1.7 Hz, H-5), 7.42 (d, J = 16.6 Hz, 1''), 7.23 (dd, 

J = 8.4, 1.8 Hz, H-2), 7.16 – 7.10 (m, H-2', H-4, H-6), 7.08 (d, J = 8.3 Hz, H-3'), 6.86 (d, J = 16.6 

Hz, H-2''), 5.82 (s, 4'-OH), 5.09 ( s, 3-OH), 3.76 (s, 5'OMe), 2.14 (s, H-4'')13C NMR (Chloroform-
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d, 126 MHz) δ 199.4 (C-3''), 154.1 (C-3), 148.9 (C-4'), 146.2 (C-5'), 138.9(C-1''), 138.4 (C-7), 

136.5 (C-1'), 134.6 (C-8a), 132.4 (C-2''), 129.9 (C-1), 129.8 (C-4a), 128.1 (C-6'), 127.7 (C-8), 

127.5 (C-4), 127.4 (C-5), 126.2 (C-2'), 118.3 (C-6), 117.0 (C-3'), 109.7 (C-2), 60.8 (5'OMe), 27.3 

(C-4'') 

 

Compound 120, A white solid, HREIMS [M+1]+ m/z 271.0970, UV λmax
 234 nm, 1H NMR 

(DMSO-d6, 600 MHz) δH 9.26 (s, 4'-OH), 9.06 (s, 7-OH), 7.10 (d, J = 2.0 Hz, H-2'), 7.10 (d, J = 

2.1 Hz, H-2'), 6.97 (d, J = 8.3 Hz, H-5), 6.72 (d, J = 3.2 Hz, H-6), 6.71 (dd, J = 3.9, 2.5 Hz, H-

3'/5'), 6.35 (d, J = 1.0 Hz, H-3), 3.95 (s, H-4), 3.89 (s, 8-OMe). 13C NMR (DMSO-d6, 150 MHz) 

δ 157.1 (C-2), 155.9 (C-4'), 147.0 (C-8a), 145.9 (C-7), 132.2 (C-8), 129.6 (C-2', 6'), 127.6 (C-1'), 

122.3 (C-4a), 114.1 (C-5), 113.0 (C-6), 102.9 (C-3), 60.1 (8-OMe), 33.1 (C-4). 

 

Compound 121, A white solid, HREIMS [M+1]+ m/z  285.1127,1H NMR (Chloroform-d, 500 

MHz) δH 7.11 (d, J = 8.3 Hz, H-6), 6.87 (d, J = 8.0 Hz, H-5'), 6.75 (dd, J = 8.0, 2.0 Hz,H-6'), 6.72 

(d, J = 2.0 Hz, H-2'), 6.52 (dd, J = 8.4, 2.6 Hz, H-7), 6.47 (d, J = 2.6 Hz, H-9), 6.40 (dd, J = 11.8, 

2.0 Hz, H-5), 5.87 (dd, J = 11.8, 4.0 Hz, H-4), 4.29 (ddd, J = 11.7, 3.2, 1.0 Hz, 2), 4.15( m, 2), 

3.90 (dd, J = 5.5, 3.2 Hz, H-3), 3.85 (s, 4'-OMe). 13C NMR (Chloroform-d, 125 MHz) δ 160.5 (C-

9a), 155.7 (C-8), 146.6 (C-4'), 144.8 (C-3'), 134.1(C-6), 133.1 (C-1'), 128.1 (C-5), 121.3 (C-6'), 

114.5 (C-5'), 110.9 (C-2'), 110.1 (C-7), 107.0 (C-9), 75.3 (C-2), 56.1 (4'-OMe), 49.9 (C-3). 

 

Compound 122, A white crystal, EIMS [M+1]+ m/z 216.04, UV λmax
 234 nm, 1H NMR 

(Chloroform-d, 500 MHz) δH 8.16 (d, J = 9.8 Hz, H-4), 7.59 (d, J = 2.4 Hz, H-2'), 7.14 (z, H-8), 

7.02 (m, H-3'), 6.28 (d, J = 9.7 Hz, H-3), 4.27 (s, 5-OMe). 13C NMR (Chloroform-d, 126 MHz) δC 

161.7 (C-2), 158.9 (C-7), 153.1 (C-8a), 150.0 (C-5) 145.2 (C-2'), 139.7 (C-4), 113.0 (C-3), 113.0 

(C-6), 106.8 (C-4a), 105.4 (C-3'), 94.3 (C-8), 60.5 (C-5-OMe). 

 

Compound 123, A white crystal, EIMS [M+1]+ m/z 216.04, UV λmax
 234 nm, 1H NMR 

(Chloroform-d, 500 MHz) δH 7.80 (d, J = 9.6 Hz, H-4), 7.70 (d, J = 2.3 Hz, H-2'), 7.68 (s, H-5), 

7.48 (s, H-8), 6.83 (dd, J = 2.3, 1.0 Hz, H-3'), 6.38 (d, J = 9.6 Hz, H-3). 13C NMR (Chloroform-d, 

125 MHz) δC 161.2 (C-2), 156.6 (C-7), 152.2 (C-8a), 147.1 (C-2'), 144.2 (C-4), 125.0 (C-6), 120.0 

(C-5), 115.6 (C-4a), 106.5 (C-3'), 100.0 (C-8). 
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Compound 124, A yellow oil, 1H NMR (Chloroform-d, 500 MHz) δH 7.73 (d, J = 8.7 Hz, H-11), 

6.60 (dd, J = 10.1, 0.7 Hz, H- 4'), 6.56 (s, H-1), 6.48 (s, H-4), 6.46 (d, J = 0.7 Hz, H-10), 5.56 (d, 

J = 10.1 Hz, H-3'), 4.63 (dd, J = 12.1, 2.5 Hz, H-6), 4.57 (dd, J = 2.5, 1.0 Hz, H-6a), 4.49 (dd, J = 

12.2, 1.1 Hz, H-6), 4.40 (s, 12a-OH), 3.82 (s, 3-OMe), 3.73 (s, 2-OMe), 1.45 (s, 2'Me), 1.39 (s, 

2'Me2). 
13C NMR (Chloroform-d, 126 MHz) δ 191.5 (C-12), 160.9 (C-7a), 156.8 (C-9), 151.2 (C-

3), 148.5 (C-4a), 144.1 (C-2), 129.0 (C-11), 128.7 (C-3'), 115.6 (C-4'), 112.0 (C-10), 111.2 (C-

11a), 109.5 (C-1), 109.3 (C-8), 108.8 (C-1a), 101.2 (C-4), 78.2 (C-2'), 76.4 (C-6a), 67.6 (C-12a), 

64.0 (C-6), 56.5 (3-OMe), 56.0 (2-OMe), 28.7 (2'Me2, 2'Me). 

 

Compound 125, A colorless solid, 1H NMR (Chloroform-d, 500 MHz) δH 9.66 (d, J = 7.7 Hz, H-

10), 7.40 (d, J = 15.9 Hz, H-7), 7.13 (dd, J = 8.2, 2.0 Hz, H-6), 7.07 (d, J = 1.9 Hz, H-2), 6.96 (d, 

J = 8.2 Hz, H-5), 6.60 (dd, J = 15.8, 7.7 Hz, H-8), 5.95 (s, 4OH), 3.95 (s, 3OMe), 2.17 (d, J = 0.9 

Hz). 13C NMR (Chloroform-d, 126 MHz) δ 193.8 (C-9), 153.2 (C-7), 149.1 (C-3), 147.1 (C-4), 

126.8 (C-1), 126.6 (C-8), 124.2 (C-6), 115.1 (C-5), 109.6 (C-2), 56.2 (3OMe, C-14) 

 

Compound 128 A white amorphous solid; UV λmax: 260, 320 nm.  1H NMR (800 MHz, CD2Cl2): 

δH 4.98 (d, J=11.9 Hz , H-2), 4.52 (d, J= 11.9 Hz, H-3), 7.40(m, H-2'/6'), 6.84(m, H-3'/5'), 5.53 (d, 

J=10.0Hz, H-3''), 6.64 (d, J=10.0 Hz , H-4''), 1.45(s, H-2''-(Me)2), 3.19 (m, H-1'''), 5.12 (m, H-2'''), 

1.64*(s, H-4'''), 1.60*(s, H-5'''), 11.37 (s, 5-OH); 13C NMR (125 MHz, CD2Cl2): δC 83.0(C-2), 

72.6(C-3), 196.2(C-4), 100.4(C-4a), 159.5(C-5), 109.4(C-6), 160.9(C-7), 103.3(C-8), 156.4(C-

8a), 128.8(C-1'), 129.1(C-2'/6'), 115.6(C-3'/5'), 156.4(C-4'), 126.5(C-3''), 115.5(C-4''), 78.6(C-2''), 

28.5 (C-2''-(Me)2), 21.4(C-1'''), 122.2(C-2'''), 131.5(C-3'''), 26.0*(C-4'''), 17.9*(C-5'''). EIMS, m/z 

(rel. int.): 420 (63, [M]+, 4.5 (100, [M-Me]+, 377 (12), 365 (6).  HRMS found 423.1807 for [M+1]+ 

C25H27O6 calculated for 423.1808. 

 

Compound 129, A yellow solid, HREIMS [M+1]+ m/z 420.1560, UV λmax 266 nm, 366 nm, 1H 

NMR (DMSO-d6, 500 MHz) δH 8.04 (d, J = 8.9, H-2'/6'), 6.94 (d, J = 8.9, H-3'/5'), 6.62 (d, J = 

10.0 Hz, H-4''), 5.80 (d, J = 10.0 Hz, H-3''), 5.15 (t, J = 7.1, H-2'''), 3.43 ( d, J = 6.9, 1.2 H-1'''), 

1.76* (s, H-4'''), 1.63* (s, H-5'''), 1.42 (s, H-2''-(Me)2), 9.51 (s, 3-OH), 12.82 (s, 5-OH), 10.15 (s, 

4'-OH). 13C NMR (DMSO-d6, 126 MHz) δc 176.3 (C-4), 159.3 (C-4'), 155.6 (C-7), 152.6 (C-5), 
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132.7 (C-8a), 147.1 (C-2), 135.8 (C-3), 131.2 (C-3'''), 129.4 (C-2'/6'), 128.7 (C-3''), 121.8 (C-1'), 

115.5 (C-3'/5'), 114.9 (C-4''), 106.7 (C-8), 103.7 (C-6), 103.9 (C-4a) 77.7 (C-2''), 27.7 (C-2''-

(Me)2), 25.5* (C-4'''), 21.1 (C-1'''), 17.8* (C-5'''). 

 

Compound 130 A yellow solid; 1H NMR (800 MHz, CD2Cl2): δH 5.34 (dd, J = 12.9, 3.0, H-2), 

3.04 (dd, J = 17.0, 12.9, H-3), 2.80 (dd, J = 17.0, 3.1, H-3),  7.32 (m, H-2'/6'), 6.88 (m, H-3'/5'), 

5.50 (d, J = 10.0, H-3''), 6.63 (d, J =10.1 , H-4''), 1.44 (d, H-2''-(Me)2), 3.20 (m, H-1'''), 5.14 (tt, J 

= 7.6, 7.6, 1.6, H-2'''), 1.65* (s, H-4'''/5'''), 5.21 (d, J = 1.8, 4'-OH), 12.24 (s, 5-OH); 13C NMR (200 

MHz, CD2Cl2): δC 78.7 (C-2), 43.4 (C-3), 196.7 (C-4), 102.8 (C-4a), 159.5 (C-5), 108.8 (C-6), 

160.1 (C-7), 103.0 (C-8), 156.7 (C-8a), 131.2 (C-1'), 127.9 (C-2'/6'), 115.7 (C-3'/5'), 156.0 (C-4'), 

78.3 (C-2''), 126.1 (C-3''), 115.4 (C-4''), 28.5 (C-2''-(Me)2), 21.6 (C-1'''), 122.6 (C-2'''), 131.3 (C-

3'''), 26.0* (4'''), 18.0* (5'''). 

 

Compound 64 A yellow paste; 1H NMR (800 MHz, CD2Cl2): δH 5.08 (d, J = 11.9, H-2), 4.51 (d, 

J = 11.9, H-3), 7.46 (t, J = 7.4, H-2'/6'), 7.57 (d, J = 7.5, H-3'/5'), 7.42 (t, J =7.4, 4'), 5.54 (d, J = 

10.0, H-3''), 6.65 (d, J =10.0 , H-4''), 1.47 (s, H-2''-(Me)2), 3.20 (qd, J = 14.0, 7.3, H-1'''), 5.14 (m, 

H-2'''), 1.66* (s, H-5'''), 1.62* (s, H-4'''), 11.41 (s, 5-OH); 13C NMR (125 MHz, CD2Cl2): δC 83.1 

(C-2), 72.6 (C-3), 196.2 (C-4), 136.7 (C-4a), 159.3 (C-5), 109.4 (C-6), 160.7 (C-7), 103.3 (C-8), 

156.1 (C-8a), 136.7 (C-1'), 128.7 (C-2'/6'), 127.5 (C-3'/5'), 129.2 (C-4'), 78.6 (C-2''), 126.4 (C-3''), 

115. 5 (C-4''), 28.5 (C-2''-(Me)2), 21.4 (C-1'''), 122.3 (C-2'''), 131.5 (C-3'''), 25.9* (4'''), 17.9* (5'''). 

 

Compound 131, A yellow amorphous solid; 1H NMR (800 MHz, CD2Cl2): δH 7.52 (m, H-3'/5'), 

8.21 (m, H-2'/6'), 7.47 (m, H-4'), 5.65 (d, J = 10.0, H-3''), 6.75 (d, J =9.9 , H-4''), 1.48 (s, H-2''-

(Me)2), 3.53 (d, J= 7.1, H-1'''), 5.23 (tt, J = 7.3, 1.4, H-2'''), 1.69* (d, J =1.6, H-4'''), 1.84* (d, J = 

1.6, H-5'''), 6.69 (s, 3-OH), 11.87 (s, 5-OH); 13C NMR (200 MHz, CD2Cl2): δC 145.0 (C-2), 136.5 

(C-3), 175.9 (C-4), 103.8 (C-4a), 153.2 (C-5), 107.9 (C-6), 153.2 (C-7), 105.1 (C-8), 157.4 (C-8a), 

131.3 (C-1'), 128.8 (C-3'/5'), 127.7 (C-2'/6'), 130.2 (C-4'), 78.1 (C-2''), 128.4 (C-3''), 115.8 (C-4''), 

28.5 (C-2''-(Me)2), 21.7 (C-1'''), 122.3 (C-2'''), 132.0 (C-3'''), 25.9* (4'''), 18.2* (5'''). 

 

Compound 70 A colourless solid; 1H NMR (500 MHz, CD2Cl2): δH 7.91 (s, H-2), 7.87 (s, H-5), 

6.79 (d, J = 0.7, H-8), 7.12 (d, J = 8.4 , H-2'), 6.63 (dd, J = 8.4, 0.8 Hz, H-3'), 5.64 (d, J = 9.0, H-
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3''), 6.60 (d, J =8.4 , H-4''), 1.46 (s, H-2''-(Me)2), 5.74 (d, J = 9.9, H-3'''), 6.45 (d, J = 10.0, H-4'''), 

1.5 (s, H-2-Me2), 3.59 (s, 6'-OMe); 13C NMR (125 MHz, CD2Cl2): δC 153.9 (C-2), 121.7 (C-3), 

176.1 (C-4), 118.7 (C-4a), 123.7 (C-5), 119.6 (C-6), 158.1 (C-7), 104.1 (C-8), 157.7 (C-8a), 117.2 

(C-1'), 131.8 (C-2'), 112.5 (C-3'), 154.5 (C-4'), 115.0 (C-5'), 154.3 (C-6'), 76.1 (C-2''), 130.4 (C-

3''), 117.3 (C-4''), 28.6 (C-2''-(Me)2), 78.0 (C-2''''), 131.8 (C-3'''), 121.5 (4'''), 28.0 (C-2'''-(Me)2), 

62.0 (6'-OMe). 

 

Compound 63 A white solids; 1H NMR (500 MHz, CD2Cl2): δH 6.75 (d, J = 1.0, H-1), 6.44 (s, H-

4), 4.17 (dt, J = 12.2, 1.0, H-6), 4.60 (dd, J = 12.1, 3.1, H-6), 4.94 (dq, J = 3.1, 1.5, H-6a), 6.49 (d, 

J= 8.6, H-10), 7.82 (d, J = 8.6, H-11), 3.84 (m, H-12a), 5.23 (dd, J = 9.7, 8.2, H-2'), 3.31 (dd, J = 

15.8, 9.8, H-3'), 2.94 (dd, J = 15.8, 8.1, H-3'), 1.75 (t, J = 1.2, 4'-Me).5.06 (dt, J = 1.7, 1.0, H-5'), 

3.79 (s, 2-OMe), 3.75 (s, 3- OMe); 13C NMR (125 MHz, CD2Cl2): δC 110.3 (C-1), 143.9 (C-2), 

149.5 (C-3), 100.9 (C-4), 147.4 (C-4a), 66.4 (C-6), 72.3 (C-6a), 158.1 (C-7a), 113.1 (C-8), 167.5 

(C-9), 105.0 (C-10), 130.1 (C-11), 113.4 (C-11a), 189.2 (C-12), 44.7 (C-12a), 104.9 (C-12b), 88.0 

(C-2'), 31.3 (C-3'), 56.4 (3-OMe), 55.9 (2-OMe), 17.2 (4-'Me). 

 

Compound 132 A yellow oil; 1H NMR (500 MHz, CD2Cl2): δH 7.41 (s, H-1), 6.45 (s, H-4), 4.22 

(ddd, J = 10.9, 5.1, 0.8, H-6), 3.59 (m, H-6), 3.50 (m, H-6a), 6.97 (d, J = 8.0, H-7), 6.38 (d, J = 

8.0, H-8), 5.46 (m, H-11a), 3.40 (m, H-1'), 5.30 (m, H-2'), 1.75 (t, J = 1.4 Hz, H-4'), 1.82 (d, J = 

1.3, H-5'), 1.48 (s, H-3''), 6.21 (dd, J=17.7, 10.5, 4'') , 5.36 (m, H-5''), 6.00 (s, 3-OH), 5.42 (s, 9-

OH); 13C NMR (125 MHz, CD2Cl2): δC 129.0 (C-1), 112.2 (C-11b), 126.7 (C-2), 156.3 (C-3), 

105.7 (C-4), 155.6 (C-4a), 66.6 (C-6), 40.1 (C-6a), 118.9 (C-6b), 122.5 (C-7), 108.3 (C-8), 156.0 

(C-9), 110.4 (C-10), 158.5 (C-10a), 78.6 (C-11a), 23.4, (C-1'), 121.6 (C-2'), 135.3 (C-3'), 18.0 (C-

4'), 26.0 (C-5'), 40.2 (C-1''), 27.2 (C-2''), 27.2 (C-3''), 148.0 (C-4''), 113.9 (C-5''). 

 

Compound 133, A white amorphous solid,1H NMR (Methylene Chloride-d2, 500 MHz) δH 7.28 

(s, H-1), 6.87 (s, H-10), 6.46 (s, H-4), 6.37 (s, H-8), 5.77 (s, 7-OH), 5.49 (d, J = 7.1 Hz, H-11a), 

5.22 ( s, H-2'), 5.17 – 5.05 (m, H-5'), 4.93 (t, J = 1.7 Hz, H-6), 4.26 (dd, J = 10.9, 4.8 Hz, H-6), 

3.56 (ddd, J = 10.8, 7.1, 4.9 Hz, H-6a), 3.36 (ddd, J = 15.4, 9.5, 1.2 Hz, H-3'), 3.02 (ddd, J = 15.3, 

7.7, 1.3 Hz, H-3'), 1.79 (t, J = 1.2 Hz, 4'-Me). 13C NMR (Methylene Chloride-d2, 126 MHz) δ 

160.6 (C-3), 154.0 (C-4a), 146.5 (C-7), 144.2 (C-4'), 126.9 (C-1), 120.8 (C-2), 119.7 (C-1a), 111.5 
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(C- 6b), 102.9 (C-4), 97.4 (C-8, C-10), 86.6 (C-2'), 78.6 (C-11a), 68.3 (C-6), 40.3 (C-6a), 33.9 (C-

3'), 16.9 (C-4'Me). 

 

Compound 85, A yellow oil, HREIMS [M+1] + m/z 369.1702, UV λmax 210, 254, 310 nm,   1H 

NMR (Chloroform-d, 500 MHz) δH 7.43 – 7.38 ( m, H-3, 4, 5), 7.38 – 7.30 (m, H-2, 6), 6.46 ( d, J 

= 9.9 Hz, H-4), 6.19 (s, H-5'), 5.54 (dd, J = 10.0, 2.2 Hz, H-3''), 5.30 – 5.24 (dd, J = 9.5, 2,8, ), 

3.76 ( d, J = 2.0 Hz, 6'-OMe), 3.75 (s, 2'-OMe ), 3.25 (dd, J = 17.4, 2.8 Hz, '), 3.15 (dd, 

17.3,9.5,''), 1.43 ( s, 2''Me2, 2''Me). 13C NMR (Chloroform-d, 126 MHz) δ 204.4 (C-7), 157.9 (C-

2'), 156.6 (C-6'), 154.6 (C-4'), 143.2 (C-1), 128.5 (C-2, 6), 128.2 (C-4), 127.2 (C-3''), 126.0 (C-3, 

5), 116.4 (C-4''), 108.3 (C-3'), 96.3 (C-5'), 70.6 (C-), 63.9 (2'-OMe), 56.0 (6'-OMe), 53.7 (C-), 

28.1 (2''Me2, 2''Me). 

 

Compound 87 , A white solid, Uv λmax 280 nm, 1H NMR (Methanol-d4, 500 MHz) δH 8.00 (s, H-

2), 6.89 ( s, H-6'), 6.70 (d, J = 10.0 Hz, H-4''), 6.61 (s, H-8), 6.38 (d, J = 0.7 Hz, H-3'), 5.73 (d, J 

= 10.1 Hz, H-3''), 3.83 (s, 5'OMe), 3.73 (s, 2'OMe), 1.47 (s, 2''Me2).
 13C NMR (Methanol-d4, 126 

MHz) δC 182.5 (C-4), 160.9 (C-7), 157.6 (C-8a), 153.9 (C-5), 149.3 (2'), 142.8 (5'), 129.7 (3''), 

122.3 (C-3), 117.1 (C-6'), 116.1(C-4''), 111.0 (C-1), 106.5 (C-4a), 101.7 (C-3'), 95.9 (C-8), 79.2 

(C-2''), 57.4 (2'OMe), 56.7 (5'OMe), 28.5 (2 2''Me2). 

 

Compound 124, A yellow oil, 1H NMR (Chloroform-d, 500 MHz) δH 7.73 (d, J = 8.7 Hz, H-11), 

6.60 (dd, J = 10.1, 0.7 Hz, H- 4'), 6.56 (s, H-1), 6.48 (s, H-4), 6.46 (d, J = 0.7 Hz, H-10), 5.56 (d, 

J = 10.1 Hz, H-3'), 4.63 (dd, J = 12.1, 2.5 Hz, H-6), 4.57 (dd, J = 2.5, 1.0 Hz, H-6a), 4.49 (dd, J = 

12.2, 1.1 Hz, H-6), 4.40 (s, 12a-OH), 3.82 (s, 3-OMe), 3.73 (s, 2-OMe), 1.45 (s, 2'Me), 1.39 (s, 

2'Me2). 
13C NMR (Chloroform-d, 126 MHz) δ 191.5 (C-12), 160.9 (C-7a), 156.8 (C-9), 151.2 (C-

3), 148.5 (C-4a), 144.1 (C-2), 129.0 (C-11), 128.7 (C-3'), 115.6 (C-4'), 112.0 (C-10), 111.2 (C-

11a), 109.5 (C-1), 109.3 (C-8), 108.8 (C-1a), 101.2 (C-4), 78.2 (C-2'), 76.4 (C-6a), 67.6 (C-12a), 

64.0 (C-6), 56.5 (3-OMe), 56.0 (2-OMe), 28.7 (2'Me2, 2'Me). 
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Appendix 1A: 1H NMR (600 MHz, DMSO, 25°C) spectrum of usambarin A (110). 

Appendix 1B:. 13C NMR (150 MHz, DMSO, 25°C) spectrum of usambarin A (110). 
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Appendix 1C: COSY (600 MHz, DMSO, 25°C) spectrum of usambarin A (110). 

  

Appendix 1D: HSQC (600 MHz, DMSO, 25°C) spectrum of usambarin A (110). 
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Appendix 1E: HMBC (600 MHz, DMSO, 25°C) spectrum of usambarin A (110). 

  

Appendix 1F:. NOESY (600 MHz, DMSO, 25°C) spectrum of usambarin A (110). 
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Appendix 1G:.TOCSY (600 MHz, DMSO, 25°C) spectrum of usambarin A (110). 

 

Appendix 1H: HRMS spectrum of usambarin A (110). 
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Appendix 1J:. UV spectrum of usambarin A (110). 

 

Appendix 1K:. X-ray structure of usambarin A (110). 
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Appendix 2A: 1H NMR (500 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 

=  

Appendix 2B:. 13C NMR (125 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 

 



 

141 

 

Appendix 2C: COSY (500 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 

 

Appendix 2D:. HSQC (500 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 
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Appendix 2F:. HMBC (500 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 

 

Appendix 2G:. NOESY (500 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 
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Appendix 2H:.TOCSY (500 MHz, CD3OD, 25°C) spectrum of usambarin B (111). 

 

Appendix 2I:.HRMS spectrum of usambarin B (111). 
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Appendix 3A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 

 

Appendix 3B: 13C NMR (125 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 
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Appendix 3C:.COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 

 

Appendix 3D:.HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 
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Appendix 3E:. HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 

 

Appendix 3F: TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 
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Appendix 3G: NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin C (112) 

 

Appendix 3H: HRMS spectrum of usambarin C (112) 
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Appendix 4A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 

 

Appendix 4B: 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 
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Appendix 4C: COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 

 

Appendix 4D:. HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 
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Appendix 4E:.HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 

 

Appendix 4F:. TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 
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Appendix 4G. NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin D (113) 

 

Appendix 4H. HRMS spectrum of usambarin D (113) 
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Appendix 4I: X-ray structure of usambarin D (113) 

 

Appendix 4J:. Uv spectrum of usambarin D (113) 
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Appendix 5A:. 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 

 

Appendix 5B:. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 
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Appendix 5C:. COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 

 

Appendix 5D:. HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 
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Appendix 5E:. HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 

 

Appendix 5F:.NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 
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Appendix 5G: TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin E (114) 

 

Appendix 5H: HRMS spectrum of usambarin E (114) 
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Appendix 51: Uv spectrum of usambarin E (114)

 

Appendix 6A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin F(115) 

 

  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

200 220 240 260 280 300 320 340 360 380 400

A
b

so
rb

an
ce

Wavelenght

UV spectrum of 114



 

158 

 

Appendix 6B: 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin F (115) 

 

Appendix 6C: COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin F (115) 
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Appendix 6D: HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin F (115) 

  

Appendix 6E: HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin F (115) 

 



 

160 

 

Appendix 6F: NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin F (115) 

 

Appendix 6G:.TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin F (115) 
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Appendix 6H:.HRMS spectrum of usambarin F (115) 

 

 

Appendix 61: Uv spectrum of usambarin F (115) 
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Appendix 7A:  1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 

 

Appendix 7B: 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 
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Appendix 7C: COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 

 

Appendix 7D: HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 
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Appendix 7E: HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 

 

Appendix 7F: TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 
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Appendix 7G: NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin G (116) 

 

Appendix 7H: HRMS spectrum of usambarin G (116) 
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Appendix 8A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117) 

 

Appendix 8B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117) 

 



 

167 

 

Appendix 8C.. COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117)

 

Appendix 8D: HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117)
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 Appendix 8E: HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117)

 

Appendix 8F: NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117)
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Appendix 8G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin H (117)

 

Appendix 8H. HRMS spectrum of usambarin H (117)
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 Appendix 9A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin I (118) 

 

Appendix 9B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin I (118) 
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Appendix 9C. COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin I (118) 

 

Appendix 9D: HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin I (118) 
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Appendix 9E: HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin I (118) 

  

Appendix 10A: 1H NMR (600 MHz, DMSO, 25°C) spectrum of usambarin J (119) 
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Appendix 10B: 13C NMR (600 MHz, DMSO, 25°C) spectrum of usambarin J (119)

 

 Appendix 10C: COSY (600 MHz, DMSO, 25°C) spectrum of usambarin J (119)
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 Appendix 10D: HSQC (600 MHz, DMSO, 25°C) spectrum of usambarin J (119)

 

Appendix 10E: HMBC (600 MHz, DMSO, 25°C) spectrum of usambarin J (119)
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Appendix 10F: NOESY (600 MHz, DMSO, 25°C) spectrum of usambarin J (119)

 

Appendix 10 G: TOCSY (600 MHz, DMSO, 25°C) spectrum of usambarin J (119)
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Appendix 10H: HRMS spectrum of usambarin J (119)

 

 Appendix 11A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120) 
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Appendix 11B: 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120)

 

Appendix 11C: COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120)
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Appendix 11D. HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120)

 

 Appendix 11E: HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120)
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Appendix 11F. NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120)

 

Appendix 11G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin K (120) 

 



 

180 

 

Appendix 11H. HRMS spectrum of usambarin K (120) 

 

Appendix 12A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Bergapten (121) 
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Appendix 12B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of bergapten (121) 

 

Appendix 12C. COSY (500 MHz, CDCl3, 25°C) spectrum of bergapten (121) 
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Appendix 12D: HSQC (500 MHz, CDCl3, 25°C) spectrum of bergapten (121) 

 

Appendix 12E: HMBC (500 MHz, CDCl3, 25°C) spectrum of bergapten (121) 
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Appendix 12F: NOESY (500 MHz, CDCl3, 25°C) spectrum of bergapten (121) 

 

Appendix 12G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of bergapten (121) 
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Appendix 12H: Uv spectrum of bergapten (121) 

 

Appendix 13A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Bergatol (122) 
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Appendix 13B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Bergatol (123) 

 

Appendix 13C. COSY (500 MHz, CDCl3, 25°C) spectrum of Bergatol (122) 
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Appendix 13D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Bergatol (122) 

 

Appendix 13E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Bergatol (122) 
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Appendix 14A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123)  

 

Appendix 14B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123) 
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Appendix 14C. COSY (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123) 

 

Appendix 14D: HSQC (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123) 
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Appendix 14E: HMBC (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123) 

 

Appendix 14F: NOESY (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123) 
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Appendix 14G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of 12a-hydroxydeguelin (123) 

 

Appendix 15A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Furaladehyde (124) 

 



 

191 

 

Appendix 15B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Furaladehyde (124) 

 

Appendix 15C. COSY (500 MHz, CDCl3, 25°C) spectrum of Furaladehyde (124) 
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Appendix 15D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Furaladehyde (124) 

 

Appendix 15E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Furaladehyde (124) 

 



 

193 

 

Appendix 16A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin L and M (125 & 

126) 

 

Appendix 16B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of usambarin Land M (125 & 

126) 
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Appendix 16C. COSY (500 MHz, CDCl3, 25°C) spectrum of usambarin L and M (125 & 126) 

 

Appendix 16D: HSQC (500 MHz, CDCl3, 25°C) spectrum of usambarin Land M (125 & 126) 
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Appendix 16E: HMBC (500 MHz, CDCl3, 25°C) spectrum of usambarin L and M (125 & 

126) 

 

Appendix 16F: NOESY (500 MHz, CDCl3, 25°C) spectrum of usambarin L and M (125 & 

126) 
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Appendix 16G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of usambarin L and M (125 & 

126) 

 

Appendix 17A. 1H NMR (800 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127) 
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Appendix 17B. 13C NMR (200 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127) 

 

Appendix 17C. COSY (800 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127)
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Appendix 17D. HSQC (800 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127) 

 

Appendix 17E. HMBC (800 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127)
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Appendix 17 F. TOCSY (800 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127) 

 

Appendix 17 G. NOESY (800 MHz, CDCl3, 25°C) spectrum of Lupinifolinol (127)
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Appendix 17 H. HREI-MS of Lupinifolinol (127) 

 

Appendix 17 I: UV spectrum of 128 
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Appendix 17J: ECD spectrum of 128 (in methanol) (0.01M) 

 

Appendix 18A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of dehydrolupinifolinol (128) 
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Appendix 18B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of dehydrolupinifolinol (128) 

 

Appendix 18C. COSY (500 MHz, CDCl3, 25°C) spectrum of dehydrolupinifolinol (128) 
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Appendix 18D: HSQC (500 MHz, CDCl3, 25°C) spectrum of dehydrolupinifolinol (128) 

 

Appendix 18E: HMBC (500 MHz, CDCl3, 25°C) spectrum of dehydrolupinifolinol (129) 
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Appendix 18F: NOESY (500 MHz, CDCl3, 25°C) spectrum of dehydrolupinifolinol (128) 

 

Appendix 18 G. HREI-MS of dehydrolupinifolinol (128) 
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Appendix 19A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 

 

Appendix 19B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 
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Appendix 19C. COSY (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 

 

Appendix 19D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 
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Appendix 19E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 

 

Appendix 19F: NOESY (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 
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Appendix 19G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of Lupinifolin (129) 

 

Appendix 20A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 
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Appendix 20B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 

 

Appendix 20C. COSY (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 
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Appendix 20D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 

 

Appendix 20E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 
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Appendix 20F: NOESY (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 

 

Appendix 20G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of Mundulinol (64) 
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Appendix 21A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 

 

Appendix 21B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 
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Appendix 21C. COSY (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 

 

Appendix 21D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 
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Appendix 21E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 

 

Appendix 21F: NOESY (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 
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Appendix 21G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of Sericetin (130) 

 

Appendix 22A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of munetone (70) 
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Appendix 22B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of munetone (70) 

 

Appendix 22C. COSY (500 MHz, CDCl3, 25°C) spectrum of munetone (70) 
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Appendix 22D: HSQC (500 MHz, CDCl3, 25°C) spectrum of munetone (70) 

 

Appendix 22E: HMBC (500 MHz, CDCl3, 25°C) spectrum of munetone (70) 
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Appendix 23A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of rotenone (63) 

 

Appendix 23B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of rotenone (63) 
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Appendix 23C. COSY (500 MHz, CDCl3, 25°C) spectrum of rotenone (63) 

 

Appendix 23D: HSQC (500 MHz, CDCl3, 25°C) spectrum of rotenone (63) 
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Appendix 23E: HMBC (500 MHz, CDCl3, 25°C) spectrum of rotenone (63) 

 

Appendix 24A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of striatine (131) 
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Appendix 24 B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of striatine (131) 

 

Appendix 24C. COSY (500 MHz, CDCl3, 25°C) spectrum of striatine (131) 
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Appendix 24D: HSQC (500 MHz, CDCl3, 25°C) spectrum of striatine (131) 

 

Appendix 24E: HMBC (500 MHz, CDCl3, 25°C) spectrum of striatine (131) 
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Appendix 25A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of 7-Hydxoxy-9-methoxy-2,3-

(prop-1-en-2-yl)-dihydrofuranpterocarpan (132) 

 

Appendix 25B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of 7-Hydxoxy-9-methoxy-2,3-

(prop-1-en-2-yl)-dihydrofuranpterocarpan (132) 
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Appendix 25C. COSY (500 MHz, CDCl3, 25°C) spectrum of 7-Hydxoxy-9-methoxy-2,3-(prop-

1-en-2-yl)-dihydrofuranpterocarpan (132) 

 

Appendix 25D: HSQC (500 MHz, CDCl3, 25°C) spectrum of 7-Hydxoxy-9-methoxy-2,3-(prop-

1-en-2-yl)-dihydrofuranpterocarpan (132) 
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Appendix 25E: HMBC (500 MHz, CDCl3, 25°C) spectrum of 7-Hydxoxy-9-methoxy-2,3-(prop-

1-en-2-yl)-dihydrofuranpterocarpan (132) 

 

Appendix 26A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Stigmasterol (88) 
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Appendix 26B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Stigmasterol (88) 

 

Appendix 26C. COSY (500 MHz, CDCl3, 25°C) spectrum of Stigmasterol (88) 
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Appendix 26D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Stigmasterol (88) 

 

Appendix 26E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Stigmasterol (88) 
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Appendix 27A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-

methyl ether (133) 

 

Appendix 27B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-

methyl ether (133) 
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Appendix 27C. COSY (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-methyl 

ether (133) 

 

Appendix 27D: HSQC (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-methyl 

ether (133) 
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Appendix 27E: HMBC (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-methyl 

ether (133) 

 

Appendix 27F: NOESY (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-

methyl ether (133) 
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Appendix 27G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of (S)-elatadihydrochalcone-2'-

methyl ether (133) 

 

Appendix 27H: HRMS spectrum of (S)-elatadihydrochalcone-2'-methyl ether (133) 
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Appendix 27I: ESI-MS spectrum of (S)-elatadihydrochalcone-2'-methyl ether (133) 

 

Appendix 27J: UV spectrum of (S)-elatadihydrochalcone-2'-methyl ether (133) 
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Appendix 27K: ECD spectrum of (S)-elatadihydrochalcone-2'-methyl ether (133) 

 

Appendix 28A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 
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Appendix 28B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 

 

Appendix 28C. COSY (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 
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Appendix 28D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 

 

Appendix 28E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 
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Appendix 28F: NOESY (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 

 

Appendix 28G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of Elongatin (87) 
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. Appendix 28H:ESI-MS spectrum of elongatin (87) 

 

Appendix 28I: UV spectrum of compound (87) 
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Appendix 29A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 

 

Appendix 29B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 
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Appendix 29C. COSY (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 

 

Appendix 29D: HSQC (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 
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Appendix 29E: HMBC (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 

 

Appendix 29F: NOESY (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 
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Appendix 29G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of Elatadihydrochalcone (85) 

 

Appendix 29H: ECD spectrum of elatadihydrochalcone (85) 
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Appendix 29I: ESI-MS spectrum of (S)-elatadihydrochalcone (85 

 

Appendix 30A: 1H NMR (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 
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Appendix 30B. 13C NMR (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 

 

Appendix 30C. COSY (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 
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Appendix 30D: HSQC (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 

 

Appendix 30E: HMBC (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 
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Appendix 30F: NOESY (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 

 

Appendix 30G. TOCSY (500 MHz, CDCl3, 25°C) spectrum of 12a-Hydroxydeguelin (123) 

 


